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SKM Power*Tools for Windows

Power'Tools Tutorial

This tutorial describes the basic concepts required to operate PTW efficiently and provides
step-by-step instructions to create a power system model. There are 8 sections in the
tutorial and each section will require approximately 15 minutes to complete. You must
complete Part 1 first, but the remaining parts can follow in any order.
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Important Concepts

Project Files

All project related information is stored in a separate folder created for each project. The
folder is created automatically when you start a new project in PTW. All the one-line
diagrams, report files and project data files for each project are stored in the project folder.

Database

One of the most important concepts in PTW is that the database stores all of the project
information. An individual component may be displayed on any number of one-line
diagrams and TCC drawings, but it is a single entity in the database. You can add
components to the project database from a TCC drawing, a one-line diagram or the
Component Editor.
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We recommend adding components to a one-line diagram and referencing them on TCC
drawings. The one-line diagrams provide a convenient way to describe the power system
topology and component connections. The actual component names, connections, and data
are stored in the database and only referenced on the one-line diagrams and TCC drawings.
Deleting a component from the database will automatically remove it from all of the one-
line diagrams and TCC drawings where it was displayed.

Multiple One-line Diagrams

Since the database stores the entire project and system model information, all or any
selected part of the system model can be displayed on any number of different one-line
diagrams. This allows you to have an over-all system one-line as well as smaller one-lines
that display specific sub-stations, areas, processes, buildings, etc. Groups of components
can be copied from one one-line diagram and copied to other one-line diagrams. You can
also selectively hide and display project components on any of the one-line diagrams. If
you understand that the one-lines and TCC drawings simply display components and their
connections from the project database, you can understand how a component or group of
components can be displayed on multiple one-lines in the same project.

Connecting Components on the One-line

It is important to note that system studies require definition of impedance between
designated points in the power system. Traditionally, these designated points are called
“Buses” and the impedance components connecting the buses are called “Branches”.
Traditionally, each end of an impedance component must be connected to a bus.
Components that don’t have defined impedance or the negligible impedance are ignored
(such as relays, breakers, switches, etc.) can be connected in series with impedance devices
without affecting the impedance connections. A few examples will help illustrate the
allowable connections in PTW:

- You cannot place two impedance components in series without an interconnecting bus or
bus-node. (When we refer to impedance components, we mean cables, 2-winding and 3-
winding transformers, transmission lines, pi impedances, motors, generators and loads.)
If you connect two impedance components in series, PTW will automatically insert a bus
or bus-node.

LU_' < Impedance

=t «&— Bus

L < Impedance
__ <+—— Bus
WhALS
< Impedance
<«—— Bus
< Impedance

Invalid Valid
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- In order to connect any two buses, you must use at least one impedance device. This
means that you cannot connect two buses with only a protective device (such as a fuse or
circuit breaker). Once you have an impedance device in the connection, though, you may
insert multiple protective devices into the connection.

No

No Impedance

I d (Breaker
No (g}:lz a)lnce and Relay)
Impedance Y
(Relay) <— Impedance <— Impedance

(Cable) (Cable)

Invalid Valid Valid

- To simulate a tie breaker, you must use an impedance device such as a cable or a pi
equivalent impedance component. The pi equivalent usually works best:

Pi impedance
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Navigation between Windows and Documents

PTW is made up of several different Document types including One-line diagrams, Reports,
Time-Current-Coordination (TCC) drawings, Data Visualizer, and the Component Editor.
It is important to know how to navigate between the different Windows and Documents that
may be open. Each Document Type has a separate icon and can also be accessed from the
Document menu. The document icons follow:

ED £% U & I | B

The icons represent in order:

Component Editor; One-lines; TCC Drawings; Reports; Data Visualizer; and Libraries.

If you want to navigate to a different document that is already open, use the Window menu
to display a list of open documents. If you become out-of-step with the tutorial, use these
options to navigate back to the correct document.

= KM Power*Tools - Scenario[ Base Project ] G PTW324projects, PLANTPLANT.PR]
Project Document  Edit  Wiew Run  Component  One-line | Window Help

SRR EE \.?” i H% [ Cascade Shift+F5

T e o Tile Horizonkally
b=GWeHTamsDODE Tile: Wertically Shift-+F4
M EF JV t/ | ? Arrange Icons

Close all

50 Tioy Compoenent Edibor T
Qo Ta TCC Drawing. ..

G T At Flash,. .

50 Tioy Equipment: Evaluation, .

G0 1o Data Yisualizer, .,

Go To ISIM...

Go To TMS...

o To HIWAYE...

G0 To Reliabilicy

1 DEAW 1. DRW

2 GEMPROT. TCC (GEMBUSZ0, DR
3 Component Editor

4 MAIMDRAW DR

The Window Menu lists the documents that are presently open and has a check mark next
to the document that is in focus (on top). The menu options in PTW will vary depending on
which type of document is in focus. It is important to know how to switch between open
documents in PTW to use the program efficiently.
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Go-To Navigation

The Go-To navigation feature allows you to navigate through PTW by passing selected
components from one document to another automatically. For example, if you are on a
one-line diagram, you can select a group of components and use the Go-To-TCC function
to display the selected components on a Time Current Coordination drawing. Similarly,
you can use the Go-to-Component Editor function to display the selected components you
wish to edit in the Component Editor. In general, the Go-To option opens the selected
document (One-line, TCC, TMS Setup, Library, Arc Flash table) and transfers information

automatically.

% SKM Power*Tools - Scenariol Base Project ] C:\PTW32 \projects\DEMO\DEMO. prj

Project Dacument Edit YView Run Component One-line | window Help

o) 1>

Go to Component Editor

[

B30 FR BEN[ERE ST == sives Rl qaaar==p&T oot alha /]
Til: Horizonk —
b= AHTEmz00TE 00" diwrs ro v Er I Fr@a@ons h[ER LT
Clase 4l
Companent Subviews
o To Camponent Editar Chri+T _oix|
Ga To Arc Flash,.. =101
o To Equipment Evaluation,
o To Data visuslzt.., =
GaTalsmM.. :I
ST CURRENT IN AMPERES
Ga Ta HIWAVE
o To Reliability ‘ [RiT=A
1 FORC.TCC{FDR_C.dr) Fi
2 Component Edtor - Scenario] Base Project ]
v GOVERALLDRW
4 MTRG.TCC (MTR_M3.chs)
[ swmirccami dw)
& ema % l i Mi————=
CBLI & FLTR-Tune?
=T FTA
~ FLTR-
o R1THA E
| mxaEm u =
GRS =
%
Q
Ja]
auls TEA ‘ | 1 E
Fagleic | o
—= Go To TCC—=
[ THASEC |
FlA
010
1
001
0z 1 10 100 1K 10K
= MTR1tcc Ref Voltage: 4160 Current in Amps x 10 MTR1 drw =
K| ] 7| KIS W)
[l component Editor - Scenario Base Project ] B [=] 3]
Compahent Subviews:
TR - Name: | %A ¥ InSemvice [incomplete =] why
Transfarmer Impedance = -
Automatic LTC Manufacturer Type MI“
gz{&iﬁi%‘z: Library... | Link to Lib [HOHE Dry Type
User-Defined Fields
Datablack Nominal k/4: [3750.0 7| Full Load kA |37 [ DaMot Size
Primary Secaondary
Cannection: IDella j IWya-Ernund j
Scenario Manager.. Fated Voltage: 13800 WiLL) [4180 VIL-L)
GoTo | | Jump Bus Voltage: 13800 Ly [41E0 VL)
— Full Load Amps 1563 520.4
— T
Phase Shit Angle deg [ Lick [ INST Protection
Bus Connection Tup

% Thies Phase [Standard Shel =

Single Phase
- id Tap
" Single Phase

Connections...

From: T= A PRI
To: THASEC

Expand Shiirk

Go-To functions are available from the Windows menu or Right Mouse Click menu.
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Datablocks

Datablocks provide a method for displaying selected component information on one-line
diagrams, TCC drawings and in spread-sheet style reports. The datablock format
definitions are user-definable and can display any combination of database fields for each
component. The following example shows a datablock on a TCC drawing. Note that if the
settings of the protective device are changed, the values shown in the datablock will be
updated automatically since they are linked directly to the project database.

1000

100

0.10

0.01

This i5 a textblock
wihich allows you to
add notes

B-5vWBD1

CURRENT IN AMPERES

S re R

N

e

&

.

SQUARE D
LE, Micralogic
LE

Trip 250.0 A,
Plug 175.0 A
Seftings Fhase

LTD [2-14 Sec.) 2

LTPU(0.5-1.0xP) 1.0 {1754)

STPU (2-8 x P 5 (5754)
STD (0.1-0.5 Sec.) 0.1 (12t Out)
INST (2.5-8 x P} 8.0 [ 14004

0.5 1

10 100 1 10K

L&ABUST e Ref Voltage: 4160% Current in Amps x 1 LABUS19 DRV

SANODIS M ML

Sample datablock showing setting information on a TCC drawing.
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Datablocks on One-line Diagrams

PhaseB 145.00 Amps
PhaseC 145.00 Amps

Sensor/Trip 50.0 A
Settings
Opening Clearing Curve

LVDist B
480V
B Jr) %
B-Pnl2 ) SQUARE D =
GE KC CAP1
TFK 225A
225A Sensor/Trip 150.0 A
Sensor/Trip 150.0 A Settings
Settings Thermal Curve (Fixed)
Thermal Curve (Fixed) INST (5-10 x Trip) 8.43
INST (LO-HI x Trip) HI
Fdr2 = M1
Size 1 RatedSize 100.00 hp
1/Phase Load Factor 1.00
Type THWN X"d 0.1700 pu
Length 100.0 ft
—— Zgge\l]— 2 Panel-3
— I 480V
EE‘] = Wi —\\
Pnl 2 Sub-Bkrl Subfeed 3 L1
ConnectedKVA 120.55 WESTINGHOUSE Size 6 50.00 Amps
PhaseA 145.00 Amps FD SER C 1/Phase
’ 50 Type THWN

Length 50.0 ft

Sample datablock format showing selected input data on one-line diagram.

More specifically, any change to the input data or output results are written to the project
database and updated instantly in the datablock display.
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Textblocks

Textblocks allow you to display user-defined text-notes on one-lines or TCCs.

Link Tags

Link Tags allow users to dynamically link from a location on a one-line diagram to another
location on the same one-line diagram or to a different one-line diagram. User can now
also dynamically link from the one-line diagram to other document types in PTW (TCC,
*rpt files) and outside of PTW(*.pdf, *.bmp, *.etc).

Dynamically linking a one-line to another one-line

g NETWORK FDR "
RML
B1 LR fo R
1 RTIL CBT2 BT
e n L.
. L L AT
i ES
: —
CBT1 éy e T =
C%%MM% Fiba 7
This is a Link Tag o M ) T
Fikr 11th
AunlET m
<
15 B2
L L :
When the user clicks on the “See Drawing B2” link “B2 Drawing”, this drawing shows the load connected
tag, the B2 drawing will then open up. downstream of bus “B2”.
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Output Forms
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Output forms allow you to customize the format of your printed TCC drawings, One-line
diagrams and other output plots and graphs. A sample output form that includes a TCC
drawing, one-line diagram, title block and company logo follows:

Reports

In addition to graphical output, there are four types of output reports: study text reports,
enhanced text reports, datablock reports and Crystal reports. Study reports (*.RPT) are
fixed-format reports that are generated automatically when the studies are completed.
Enhanced Text Report (*.RP2) allows for image insertion along with enhanced text and
picture editing and formatting. Datablock reports and Crystal reports are both generated
from data stored in the project database. Datablock reports provide a quick way to generate
a custom list of data. Crystal reports provide custom formatting capabilities for the
experienced user.

B LrRPT =1l =l
=
==== BU3: TX A PRI DESIGHN WVOLTS: 13800 BUS WOLTS: 13847 3VD: -0.34
PU BUS VOLTAGE: 1.003 MMGLE: -1.1 DEGREES
LOAD FROM: T1 SEC CEL1 & FEEDER AMPS: 19.1 VOLTAGE DROP: 2. EWD: 0.0z
PROJECTED POWER FLOW: 03,2 KW 236.5 KVAR 450.0 KVA PF:0.86 LAGGING
LOSSES THRU FEEDER: 0.1 KW 0.0 KVAR 0.1 EVa
LOAD  TO: TX & SEC TX & TRANSF AMPS: 19.1 VOLTAGE DROD: 4. %¥D: 0.54 [
PROJECTED FOWER FLOW: 395.2 KW 236.5 KVAR 459.0 KVA FF:0.56 LAGGING
LOSSES THRU TRAMNSF: 0.6 KW 3.9 EWAR 3.9 EVh
-
KN ol

Sample Study Report for Load Flow Study
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SKM Systems Analysis, Inc

Spatians Arabis,

May 16, 2008 o132 FAGE ]

BALSNCED VOLTAGE DROP AND LOAD FLOW ANALYSIS

VOLTAGE EFFECT ON LOADS MODELED
VOLTAGE DROP CRITERIA: BRANCH = 3.00% BUS = 5.00

U5: TX A PRI DESIGN VOLTS: 13400 BUS VOLTS: 13847 WD: -0.34
== FU BUS VOLTAGE: 1.003 ANGLE:  -1.1 DEGREES

LOAD FROM:  T1 SEC CBL1 A FEEDER AMPS: 19,1 VOLTAGE DROP: 2. WO 002
FROJECTED POWER FLOW: 393.2 KW 2368 KVAR 4530 KVA PF:0 26 LAGGING

LOSSES THRU FEEDER: 0.1 K¥ 0.0 KvER 0.1 Ky

LoAD  TO: TH A SEC TLA TRANSF AMPS: 19,1 VOLTAGE DROP: 74, WD 0,54
FROJECTED POWER FLOW: 393.2 KW 2368 KVAR 4530 KVA PF:0 28 LAGGING

LOSSES THRU TRANSF: 0.6 KW 3.9 KR 3.9 Kb

Sample Enhance Study Report for Load Flow Study

Sample Datablock Report
|5 - 10l |

Scenario: Base Project

Bus

ComponentName RatingVoltage (V) LF Voltaze (V) LF VD% (%)

001-UTLLITY CO o 68631.40 0.53

002-TX A PRI o 67693.06 188

003-HV SWGR 0 1363733 118

004-TX B PRI 0 1363478 1.20

Cable

c Name e Bus  Ampacity (A) LF VA (VA) LF VAR Loss (KVAR)
c2 003-HVEWGR |275.0 0.00 0.00

C3 003-HVSWGR  |315.0 4732.58 233

2-Winding Transformer

Ci Name C iBus LFEW (kW) LF kVA (VA
TXC 004-TXBPRI |315.55 366.11
TXE 007-TXEPRI (2592.95 3245.10
TX3 005-TXCPRI 43541 454 36

Frint... IPrintSetup...l Dpt\ons...l Font... | Save.. | Cloze | Help |

Datablock Report showing selected load flow results from project database
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Sample Crystal Report Format

Project: PLANT

Load F low Study Settings

Load Flow Summary Report

Include Socurce Impedance
Solution Method
Load Specification

Yeas
Exact (Ttarativa)
Connected Load

Bus Voltage Drop %

Branch Veoltage Drop 3%

3.00
3.00

Swing Generators

Source IniQut Service Vpu Angle kW kvar VD % Utility Impedance
Ul In 100 0.00 14,7243 1.851.5 0.53 001 020
PV Generators

Participation InfOut -—-MNoltage--—--- -—-—-kvar Limits-—-—--- -————-Actual-———-

PV Source Service Sched. Actual Min.. Max KW kvar

Gl In 1000 1000 0 400.0 500.0 3283

G2 In 1.000 0.980 0 300.0 1.000.0 800.0

G3 In 1.000 0.980 0 300.0 800.0 500.0
Buses

Bus Name In/Qut Service Design Volts LF Volts Angle Degree PU Volts WD
001-UTILITY CO In 65,000 68,631 -1.68 0.8% 0.53
002-TX A FRI In 65,000 67,693 =572 0.88 1.85

Crystal Report format showing selected load flow results from project database
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Multiple Scenarios

Multiple scenarios of a single project may be stored for comparison. Changes made in the
base project can be automatically reflected in the other scenarios. For example, your base
project may represent the existing system while the scenarios reflect planned expansion,
proposed changes to protective device settings, addition of power factor correction
capacitors, proposed adjustments to transformer taps, alternative tie breaker operating

positions, etc.

If you change the length of a cable in one of the scenarios, the change is stored only in the

scenario and highlighted in a different color

®]| Component Editor - Scenario[ Scenariol ]

Component Subviews:

=101.x]

Impedance Hame: ||:-I

Ampacity Selection
Ampacity Calculation
Phwysical

Damage Curve
Reliability Data
Uszer-Defined Fislds
[ratablock

Library... | b L

Conductor Tupe

Duct Material

Inzul Type

| ¥ In Service @
Drata State: ICompletE vl
Manufacturer: [IEEE 141 - Fed Book | Description: [NEC Table 31067, &

Inzul Clage  Yolts [L-L)

|I:0pper

| |N0n-Magnetic | |EF'H

| |Mv

| |1EDE|IJ |

Scenario Manager... I

Conductor Descr: [3-1/C Installation:

| -] | Cable Size: | | AWE  Cioulg bl

all Jump... able Size: |6 ircul N

ey =] |Conducters in Parallel/Phase: |1 'I Length: |250.0 |Feet >

@10 L

i@ 11 _I Buz Connection

@12 Canin... | Phase — Mal .

@ c13a W & || # | Valueschangedina

g C138 From:— DOSH\ SWGR Ve il scenario so that they

C14 ,

& 15 Tee (04T B PRI 7 dog t match the base

i@ 17 hd project are color-
Expand || Shrirk I coded in light red.

] The Scenario Manager is used to create and
Scenarios:

ch

EC

urm Fault Open Tie
Mavimum Fault Cloze Tie
Minimum Fault Open Tie
Minirum Fault Close Tie

Clone |
Rename... |
[Drelete |
Eramate to Base... |

v

Exit |
Help |

Scenario Description:  [Press Chil+Enter to start a new ling)

—When Changes are made to a Component in the Baze Project
" Promote Ease Changes Only to Unmodified S cenario Fields
" Promote &l Fields in the Base Component to &1l Scenarios

' Do Mot Promote Baze Changes to Scenarios

switch between multiple scenarios. When
changes are made in the base project, you can
selectively promote the changes to all of the
scenario projects. The default setting is to do
not promote base changes to scenarios.
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Data Visualizer

The Data Visualizer is similar to a datablock report; however the fields displayed have a
direct 2-way link to the project database. Changes made to any data field displayed in the
Visualizer are updated in the project database.

ITIﬁ-.' Data Yisualizer

A change made in the Data
Visulaizer is automatically
reflected in the project database.

Scenario 1 was changed from 200

automatically made in the project

Format: IFormaH j Components... | Scenarios... Options... ((: he 1 h of Cable C1 i
<<| s | >>| Datablack. .. Query... Farmat... {+ Here the engt 0 able m

1 Component Field Basze Project Scenariod X
105 |Subfeed 28 Cable(s) in Parallel |1 1 feet to 250 feet in the Data
107 o Length (ft) 200.00 000 <@eeem—— Visualizer. The change is
108 [C10 Lenath (ft) 500,00 500.00

e | Lt @ 500,00 500.00 database and reflected in the
110 |C12 | morestle (6 40000 Aon .

T ST [l component Editor - Scenario[ Scenariol ] Component Editor.

112 |C13B Comporent Subsviews:

C14

178 Impedanice MName: |'::1 ||7

114 [E16 Ampacity Selectio_n

195 |17 éLnch-CItly Caleulation Library... | W Link to Lib Data State:

i

::? E;S g::}gﬁﬁfg:{: anufacturer: ||EEE 141 - Red Book | D escription: |NEC le|8 J10E7. 5|

18 |2 g:?;ﬁ:é'l?e‘j Fields Conductor Tupe  Diuct Material Inzul Tupe  Inzul Elai Wolke [L-L)

19 103 [Copper | [Nentagnetic | [EPR | Q| [15000 |

120 |C4 . Conductor Deser: |3-1/0 Installation: -

121 |5 Scenario Manager. . |

53 | IA” 'l Jump... | Cable Size: IB 'l AWG Circular Mils: ﬁ _

1z3 |E7 (Y] ;I Conductors in Parallel/Phaze: |1 'I Length: |250.0 [Feet

128 |6 @ c1o .

T & C11 _I Buz Connection I™ DoMat 5ize

— @E12 ’7 Corn.. I rF'hase-l rMatriH—|

The Data Visualizer can be used to make global changes to project data. By selecting a
group of cells and using the Visualizer>Global Change menu, you can replace or scale
values in the selected cells. This case for example will reduce the length of the selected

cables by 10% in Scenario 1.

Format: IFormat‘I j Components... | Scenarios... Options... C M?“ I” Show Differer
 Min [ Show Comme
<<| < | s |>>| D atablock... Querny... Format... & Mone | Show Minddz
1 Component Field Basze Project Scenariol
106 |Subfeed #24 Cahle(z) in Parallel |1 1
107 |c Length (ft) 20000 250.00
108 |C10 Length (ft) 500.00 |
109 |C11 Length (ft) 500.00 |
110 |C12 Length (ft) 100.00 |
111 |C13 4 Length (ft) 300.00 |
112 |C13B Length (ft) 300.00 5I
113 |C14 Length (ft) 100.00
e [t TR L T
Cancel |
195 |C19 Length (1) 0000 IS—
17 |c2 Length (ft) 200,00
118 |C21 Length (ft) 100.00
119 |C3 Length (ft) 400.00
120 |C4 Length (ft) 200.00
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The Data Visualizer is also useful for comparing results between multiple scenarios. Any
combination of scenarios, components and data fields may be displayed. In this example a
comparison of three phase fault current between the Base Project and Scenario 1 is shown.
In Scenario 1, the length of cable C1 was changed from 200 feet to 100 feet, and the
transformer tap on transformer TX A was changed from 2.5% to 5%, resulting in higher
fault current. Similar comparisons can be made between multiple scenarios for arc flash
incident energy, voltage drop, etc.

_ioix
Format: | Farmat - Components.. | Scenaros.. |i Gptions... C Mar [ Show Difference
" Min [~ Show Commert
<<| < | |>>| Datablack... Huery... Format... & Mone [ Show Min/Max Colo
q Component Field Base Project Scenariol =
2 |o01uTILTYCO  [intSymRMs 3P ey (83277 465045
3 |02t a PRI IntSymRMS 3P (A) |1548 69 1880.76
4 |003-Hv SwGR IntSymRMS 3P (A) |7973 48 506693
5 |004-T<E PRI IMtSymRMS 3P (4) |77E7.26 7951 40
£ |005-THD PRI It SymRMS 3P (4] 1021 71 1047 44 -
7 |006TH3FRI InitSymRMS 3P (&) |7593.02 7957 BS
g |007-TXEFRI IntSymRMS 3P (A) |7571.29 796494
5 |009-D5 SwiGi IntSymRMS 3P (A) (390218 400514
10 |009-TXC PRI InitSymRMS 3P (A) |3872 .50 397493
11 [010-MTR 10 IMtSymRMS 3P (4) 370013 379945
12 |011-TH3SEC IMASymRMS 3P (4) 16341 53 1669090
13 |012-T%3 TER InitSymRMS 3P (A) 1706267 1743534 -
<] |

To control the list of components displayed in the Data Visualizer, you can select
components from the list, or run a query. The attributes displayed in the Visualizer are
selected in the Datablock format specification.
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Part 1 - Build System Model

You are now ready to begin the step-by-step tutorial. When completed, the power system
designed in Part 1 of this tutorial will look like Fig. 1. This part of the Tutorial needs to be
completed before proceeding to the other sections.

EUS-0001
15800 ¥ ‘

UTIL-0001
Availshle 3P 200.0 MVA
w4 XF2-0001 Available SLG 60.0 MVA
" Type Oh

Size 10000 kVA

Pri Delta
Sec Whre-Ground

| BUS-0002
4160V

vl XF2-0002
N:MType DT

Size 5000 kVA
PriDelta

Sec Whre-Groand

| BUS-0003
480 V

il
u

= CEL-0001
Y

1/Phase

Type THWH
Length 1000 ft

| BUS-0004
480 V

LOAD-0001
FatedSize 95.00 Amps

Fig. 1. One-line diagram for Part 1 of the tutorial Project.
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Start Power*Tools for Windows (PTW)

When you start a new Project, you should first set the application options to ensure that you
are working with the correct engineering standard and units of measurement, as the
following steps show:

1. Go to Start>Programs>Power*Tools for Windows and click the PTW32 icon
€ PTW32 (o start PTW.

2. Make sure that no projects are open by clicking Project>Close, then Go to
Project>Options>Application to set the correct engineering standard and units of
measurement.

3. Click on Project>New command, as shown in Fig. 2.

=, SKM Power*Tools

Project Docurment  EdiE View Run Component  Window  Help

Bachkup,..

Backup Librarss., .
atatistics, ..
Delete...

Expark...

Impatk...

Merge...

Database Lkility. ..
Compress Library, ..

Fig. 2. Using the Project>New command.
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Build a System

PTW provides two building tools you use to create Projects: the One-Line Diagram, which
you use to build the electrical system, and the Component Editor, which you use to enter
component data. Both tools appear automatically when you begin a new Project.

4. In the Project Name box type Tutorial_V8.0, as shown in Fig. 3, then click the Save
button. (You don’t have to add the prj extension because PTW will do it for you.)
PTW will create a new folder called Tutorial_V8.0and place the Tutorial_V8.0.prj
project file within that folder. Every project in PTW has its own folder because PTW
stores other project-related files, such as One-Line Diagrams and data files, in the
folder with the prj file.

Save i I I} projectz j . I-:_-:F v
\CIDC_Demo CHIEC3 [CHISIMPRIS
IC)DEMO ICHIEC363 ICISIMwWindEeniDF
I Hiwave [CISIMPRIL [CPLANT

ICHIECL [CHIsIMPRIZ [CHPLANTIES
IC)IECT 2001Edition I I5IMPRIE I Reliabilicy_Evalue
\CIIECE [CISIMPRI4 I Template

1] |

Praject: Tutorial _V2.0 Save

Project Filer  C:APTW32Nprojectsh T utanial 8. 08T utarial 8.0, Eemee]

Help

F i,

Fig. 3. Create the Tutorial Project.
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5. A new One-Line Diagram and Component Editor dialog box appear when you create
the new Project. We will build the Project using the One-Line Diagram.

T TR =Y
(IEEEEEEIEEEEEEEEE SRR EEREERIE
T T T o e e e e e T e P o T T S e e R S e R R T R R
| ‘ ‘ | |
\ ; \ \ \ 1 \
| s \ \ \ s \
2 i | \ \ \ i \

| | | ! 1 1 \

- —— - ———————————+ e — = o ——r————p—=
\ s \ \ | | \

O—f+——— | \ i s i
| | | | | | | L
\ s \ \ \ s \
\ s \ \ \ s \

A O SO SO SO OO SO0 T SO SO T S SO S O SOV SO
o | \ \ \ | \
TR | | | |
| | \ \ | |
| | \ : :
| | \ \ \

\ \ \ \ \

i — - I T \
| \ | : |
| | \ \ \

\ \ \ \ \
i \ i \ i i ‘
| | | | | 1 1 1 1
ﬂﬁffw4ffﬁf+7ﬁ77+ﬂfprf7ﬁ47fﬁ74_ﬂ77+ﬁffﬁkf_
L] e
. | | - | ‘ \ \ -

1. The One-Line Diagram’s name appears in the title bar.
2. Build the One-Line Diagram within the viewport.
3. The dotted lines are a background grid for alignment.

4. The dashed lines are page guides that show where the page breaks will fall if the
One-Line Diagram is printed in tiled mode.

5. Scroll over the One-Line Diagram using the scrollbars.
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Note: If you zoom out of the
drawing enough, you will see a
window like the one on the left. The
red border around the one-line is the
drawing area border. You will not
be able draw anything beyond this
red border.

A\

Drag the corners of the One-Line Diagram to increase its size until it covers nearly the

entire screen, as shown in Fig. 4. (You can also use the Maximize @ button, but we
discourage doing so when you’re just beginning because you cannot flip to the
Component Editor or other windows as easily.)

SKM Power*Tools - Scenariof Base Project ] C:\PTW32\projects\Tutorial_V8.0\Tutorial V8.0.prj i ool (ol x|
Project Document Edit View Run Component Onedine Window Help

[BFNFREBE W ESEdmmesy fmv b YE ARSI H[aaaaar==r 0T o0t uia /]
I—GHHHAEmi 00+ BOPOET sCwwmmn|[b s s v v ®p o7} e+ 1047 [0@ 005 0 ||lddas VT

i Component Editor - Scenario| Base Project ]

Companent Subviers:

£ 1LTNE0O L.DRW

Scenario Mana

s

Expand |5

[ 4

Fig. 4. Enlarge the One-Line Diagram window by dragging its borders, not by using
the Maximize button.
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You add components by clicking one of the component buttons on the toolbar, which is
shown in Figure 5. If you can’t tell the identity of a component button, place the mouse
pointer over a button and pause. The button’s function appears in a popup box called a
“fast tip,” as shown in Figure 6. (“fast tips” work for all the toolbar buttons, not just the
component buttons).

|

bD=GEGr w7 omsDOIESHEH"T I [T wsw

Eflrier x

TEENERERRE Hchzafz“-
Fig. 5. Click one of the toolbar buttons to add a Fig. 6. Pause over a button
component to the Project. for a fast tip.

6. Let’s start by adding a bus to the One-Line Diagram. Click the bus toolbar button.
The mouse pointer picks up a new bus component. Move the mouse pointer over the
white viewport area of the One-Line Diagram and click the left mouse button again.
The mouse pointer puts down, or places, the bus component, as shown in Figure 7. A
bus name is automatically assigned (changing names is easy, as we will demonstrate
shortly).

Note: When adding components to a One-Line Diagram, the mouse button uses “push-
pin” behavior, not “drag-and-drop” behavior. Push-pin behavior allows your first click to
pick up the component and your second click to place the component, while drag-and-
drop behavior would require that you hold the mouse button down until placing the
component. This special "push pin" behavior makes component placement easier. Once
the component is on the one-line, the drag and drop behavior is used.

=lolx|
I 5|
|
—BU3-0001 :
|
|
|
|
|
|
|
| |
|
|
|
|
|
|
|
|
|
| =
Kl [ a7

Fig. 7. Add a bus to the One-Line Diagram.
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7. Add two more bus symbols using the same process. Separate the bus symbols by a
reasonable distance to leave room for components in between, as shown in Fig. 8. An
option alignment grid can be displayed from the One-line>Grid menu.

EIETE
e
]
Kl L oz

Fig. 8. Add two more buses.

% Tip: Just because a component has been placed on the one-line, its placement is not
permanent. At any time, you can move a component by clicking and dragging the
component. Also, if you ever click the wrong component button, you can get rid of the
component by placing the component on the One-Line Diagram, then clicking the
Component>Destroy command to delete the component. Don’t worry about the
message warning you that you’re about to delete from the project database—this is just to
make sure you really want to delete the component.
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8. Add a new Utility component by clicking on the New Utility icon

Componenkt A
T e i 9 @l
i @ A H 73 0 w7 QU @ ﬂ @ E ¥ E UPS VFD and dropping it on

the drawing. Connect the Utility component to BUS-0001 by dropping the connection
point on top of BUS-0001 while moving the Utility symbol or by dragging the connection
point to the bus. If the Utility is not connected, the connection point will be an open circle

and the cursor will appear as "¢ when over the Utility connection point. Don’t be

concerned if your symbols are a little different than the ones shown in the Tutorial. Custom
symbols can be added to the symbol library and each installation of PTW can specify a
different set of default symbols. Symbols can also be changed after they have been added
to the one-line. Selecting different symbols will be covered under a later section of the
tutorial.

=ioix]
=

TUTIL-0001
BUS-0001

|
|
|
|
|
|
|
|
|
|
| [ |
|
|
|
|
|
|
|
|
|
|

Kl [ _’llfl
Fig. 9. Drop the component connection point over the bus and the component will
automatically connect to the bus.
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9. Click the transformer I = @ &S H T Gm s DO O @O B ¥ 3 B s (6]har

icon and connect its top connection point to BUS-0001 and the bottom connection

point to BUS-0002, as shown in Fig. 10.
=D x|
=

UTIL-0001

BUS-0001

°
fos EF2-0001
s

ﬁI
‘BUS-0002

K] N ‘ i
Fig. 10. Connecting a new Transformer between BUS-0001 and BUS-0002.

10. Next, repeat the process and add a new transformer between BUS-0002 and BUS-
0003, a new Cable off BUS-0003, and a new load attached to CBL-0001 as shown.
The new transformer, new cable and new load icons are highlighted as follows:

Y ¥ Y _
=GR AUHTEm 000 FOET § Dww

5 1Line001 drw -10] x|
UTIL-0001
BUS-000L
2uld
ZF20001
&
—T— BUS-0002
a

—T— BUS-0003

CEL-0001

g LOAD-0001

\
\
\
\
\
\
\
\
\
\
\
: \
TR HF2-0002 ‘ _I
\
\
\
\
\
\
\
\
\
\
\
\

L1 i o[
Fig. 11. Add Transformer XF2-0002, Cable CBL-0001 and LOAD-0001.

Notice that when you connected the load to the cable that a node-bus was automatically
inserted. A node-bus acts just like a bus, however the name is hidden from view.
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11.

12.

The next thing we’re going to do is rotate the Utility and bus symbols. Place the cursor
pointer on the drawing area just above and to the left of the utility symbol. Depress the
left mouse button and hold it down while dragging the cursor to the right of the utility
symbol and just below the symbol for BUS-0001. Release the mouse button and the
UTIL-0001 and BUS-0001 will turn blue, indicating they are selected.

I
N =l

UTIL-0001

BUS-0001
eeeccccecscccccce

&

’
EF2-0001
e

—T— BUs-0002

—T— EUS-0003

* CBL-0001

LOAD-0001

|
|
|
|
|
|
|
|
|
|
|
; |
oropg  EF20002 | ]
|
|
|
|
|
|
|
|
|
|
|
|
I

K1 i
Fig. 12. Select UTIL-0001 and BUS-0001

Use the One-Line>Symbol Rotation>Rotate Right 90 Degrees function as shown in
Fig. 13.

£ 5KM Power*Tools - Scenario| Base Project ] C:\PTW32\projects\Tutorial_V8.0\Tutorial_V8.0.prj

Project Documert Edit View Run Component | One-line Window Help
|BD £% 4 B I | B8 | | K2 % B [ Comporent Cobr Y T

Symbol Rotation Retate Left 90 Degrees
SRR = y
O =G A 7S m s 0o Rotate 180 Degrees
5l 1Line001.drw LT
Datablocks

@ a8 8 A& ¢

Datablocks and Nametags

»

»

3

»

Align »

Distribute »

IJTIL_OOO] Data State »
Ui Connection Points »
3

»

»

Textblock

Legend Tag

Link

Jump ko Next Symbal
Annakation »
Annakation Line »

BUS-0001 Corvart to Bus Node

Convert ko Bus
Center Component Picture

Symbol Selecton...
Rk Sumiiok kom oy ]

XF2-0001 Refresh Meter Data

Templates. .

=13

g

BUS-0002

L Il . oz
Fig. 13. Rotate the Utility Symbol and the Utility Bus 90 Degrees.
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13. Move the rotated symbols until they appear as shown in Fig. 14.

BUS-0001

UTIL-0001

£ XF2-0001

LS

BUS-0002

FHF2-0002

e

BUS-0003

CBL-n001

LOAD-0001

Fig. 14. Move rotated utility symbol and rotated bus.

When the one-line diagram is complete, save the one-line Diagram by clicking the Save
toolbar button (or click the Document>Save command), then type “Maindraw” as the name
for the one-line Diagram. For this tutorial, use the default name 11ine001.drw. It is a good
idea to save the one-line diagram from time to time to avoid losing the one-line formatting
changes in case of a power outage or system error.
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Now let’s copy portions of the one-line above to a new one-line.

14.

15.

First we need to create a new one-line. To do this click on Document>New command,
as show below.

£, 5KM Power*Tools - Scenariol Base Project ] C:4,

Project | Document  Edit Wiew Run Component  Or
Component Editar

B
g

One-Line. ..

=
|

Reports. ..
Librarsy. ..
CAPTOR TCC, .,
Daka visualizer

In the File name box, type in “UTILITY SIDE” as shown below and click on the
“New” button.

2%

Look in: | (2 Tutorial V8.0 <] « @ ok B

'aeventlag
El Faindraw, drw

File name: ILITILIT'Y SIDE.dmw Open

Files af type: IDne-Line["_drw] j Cancel

Help

Pl

I e
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16. A new one-line Diagram will appear with “Utility” as the name.
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17. Click on Window>Maindraw.drw command to make the “Maindraw.draw” one-line
active.

Window  Help

ascade Shift+F5
Tile Horizonkally

Tile Mertically Shift+F4
Arrange Icons

Close all

G0 o Companent Edibar i
(a0 To TiCC Drawing. ..

a0 o Arc Flaskh ..

a0 o Equipment: Evaluation. ., .

&m To Data Yisualizer. .

(2o To ISIM. ..

2o Ta TMS, ..

o To HIWANE. ..

o To Reliability

1 MAINDRAW, DR

v 2 UTILITY SIDE.DRMW
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18. Now, highlight/select “BUS-0001”, “UTIL-0001", “XF2-0001", and “BUS-0001" in
“MainDraw.drw” and then click on the Edit>Copy command.

£ 5KM Power*Tools - Scenario| Base Project ] G\PTW32)\projects\Tutorial_V8.0\Tutorial_V8.0.prj

Project Documert | Edit Yiew Run Component One-line “Window Help

5 Q8B Undorore i7conponents iz [ [ 8 I = b 9 DG v e A B S || B &
Redo Gl . — =

G=@us, PO ETIigww| py Db r®fop Y

Cut Chrl+X

Paste Gl

Select all
Find In One-Line. .. Chri+F
Find Mok in One-Line.

5 MAINDRA VIS eI IeE e e

Find in TEC Braving, ..

BUS-0001

L& XF2-0001

1ls

BUS-0002

This will copy the currently selected symbols to the Windows clipboard.

19. Now, make the “UTILITY SIDE.drw” one-line diagram active and click on the
Edit>Paste command.

£ SKM Power*Tools - Scenario[ Base Project ] C:4PTW32'projech
| Project  Document | Edit Yiew Run  Component  One-Line  SwWindow

£E % & I Undo Remove 2 components Ckrl+2 h u§;

[ == ﬁ # . Redn ZEr -5 g E
Lk (o e
as CErl+y
Select Al
Fimd | Im Gne-line. .. Zhrl+F

Find Mok in One-Line. ..
Findlin @ther Gne-lines

Fimd /i TEE Brawing, ..
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20. This will paste a copy of the “BUS-0001", “UTIL-0001", “XF2-0001", and “BUS-
0001” symbols from the windows clipboard into the “UTILITY SIDE.drw” one-line

diagram.
=10l x|
=l
UTIL-0001
BU-0001
Sl XFZ-0001 |
"H 4 s
| BUs-0002
Kl L] 3y

When the one-line diagram is complete, save the one-line Diagram by clicking the
Save toolbar button (or click the Document>Save command).

Notice that what we have done is copy a visual representation of the components
“BUS-0001”, “UTIL-0001", “XF2-0001”, and “BUS-0001" from one single-line
drawing to another single-line drawing. Any changes in the visual representation from
a single-line, such as symbol ration or change of symbol will only be in affect for that
single-line drawing. However, any database changes from a single line on a particular
component, such as size of the utility or size of the transformer will be reflected in the
database and therefore for both single-line drawings.
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21.

Repeat step 14-20, but this time for components “BUS-0002", “XF2-0002”, “BUS-
00037, “CBL-0001", and “LOAD-0001". Also save the third one-line diagram as
“BUS-0002.drw”. The third one-line should look like the one below.

=101 |
-l
BUS-0002
Arakal XF2-0002
o
] BUS-0003
|
? CBL-0001
L ]
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22.

23.

Link Tag and Legend Tag

In the software, the user can link a one-line diagram to another one-line diagram via the
Link Tag function. This function allows users to dynamically link from a location on a
one-line diagram to another location on the same one-line diagram or to a different
one-line diagram. User can now also dynamically link from the one-line diagram to
other document types in PTW (TCC, *.rpt files) and outside of PTW(*.pdf, *.bmp,
*.etc). Furthermore, the user can put Legend Tags on the one-line diagram to make the
one-line diagram more descriptive.

Let’s link single-line diagrams “UTILITY SIDE.drw” and “BUS-0002.drw”.

Make active single-line diagram “UTILITY SIDE.drw”. With the “UTILITY
SIDE.drw” open, click on the One-line>Link>New Link command as shown below.

Edit Yiew Run Component | One-Line Window Help

B | A2 § Ba ¢ ComponentColr IR v M E S R E AR
fe 7T & o & 0 C N‘"“Bg w| b o & b @ton ~v[[] E %
Datablocks

B8 UTILITY SIDE.DRW

Datablocks and Nametags

Align 4
@ Distribute 3
Data State 3
Connection Points »
Textblock L4
Legend Tag 4
Jump to Mext Symbol
Annotation L
Annotation Line L4 ;
Conwert bo Bus hode UTIL-0001

Conwert bo Bus

Center Component Picture
Symbol Selection, .
Refresh Symbols from Library

Refresh Meter Data
Templates... 72-0001

—ﬁ/ g

BUS-0002
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24. A “Link” window similar to the one below will come up.

x

Link Ta Type: % Oneline ¢ TCC ¢ Repot ¢ Esternal

One-Line File

| -

Compaornent [Optional]

| N

Text I1ze Chil+Returm for new line

Attributes. .

| ] 4 I Cancel Help

Link To Type
Specify the type of document to link to.

One-Line File
In this box, specify the one-line to dynamically link to.

Component (Optional)
In this box, specify the component in the one-line to zoom in to.

Text
In this box, users can provide their description for the link tags.

Attributes Button
Use this button to change the attributes of the link box.
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25. For the “One-line File” field, specify “BUS-0002.drw”. To do this, click on the *...”
button as shown below.

x

Link To Type: % Oneline ¢ TCC € Fepot € External

One-Line File

Compaonent [Optional]

Text I1ze Chrl+Feturn for new line

Attributes. ..

(] I Cancel Help

On the window that comes up, select “BUS-0002.drw” and then click on the “Open”
button as show below.

open 21 x|

Look in: | (2 Tutorial_V8.0 R 5l e

eventlog

TMair, drw

UTILITY SIDE. drw

File name: — |BLS-0002.drvy Open

Files of type: IElne-Line[”.drw] j Cancel
Help

Flly

[Ew
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This will assign “BUS-0002.DRW” to the “One-Line File” field.

x

Link To Type: % Oneline € TCC  © Repot © Esterndl

Ore-Line Fils

BUS-0002. dr ]

Compaornent [Optional]
Text I1ze Chil+Returm for new line

ELIS-0002.DRWw

Attributes. .

] 4 Cancel Help

26. Now click on the “...” button for the “Component” field as shown below,

x

Link To Type: % Oneline ¢ TCC ¢ Repot ¢ Esternal

One-Line File

|BL|S-EIEIEIE.|:Irw I /
Compaornent [Optional] r

Text I1ze Chil+Returm for new line

ELIS-0002.DRWw

Attributes. .

] 4 Cancel Help
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The “Find Component” window will come up. Select “BUS-0003” and then click on
the “OK” button as shown below.

Find Component x|

Marme: I Find Mext
Components:

MName I I

- F115-0002
e KF2-0002

d

1
u
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2 |
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L 2 i L 2
ORI SIS e
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Cancel

Guery...

Help

dilicy

This will assign “BUS-0003.DRW” to the “Component” field.

Link X|
Link Ta Type: % Oneline ¢ TCC ¢ Repot ¢ Esternal

Dne-Line File

|BLIS-EIEIEIE.|:Irw |
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27. Now click on the “Attributes” button as shown below.

' Oneline  TCC ( Feport

X

Link To Type: " External

One-Line File
|BL|S-EIEIEIE.|:Irw

Compaornent [Optional]
|EL|S-EIEIEIB

Text I1ze Chil+Returm for new line

ELIS-0002.DRWw

Attributes. .

Help |

o]

Cancel

The “Textblock™ attribute window will come up. In the textblock field, type in “To
"BUS-0002.DRW" drawing.”. Next, check the “Visible” checkbox for the leader.
Also, select “Bottom center” for the origin and “Closed arrow” for the type. Click on
the “OK” button. Then click on the “OK” button of the “Link” window.

— Text
¥ Size to text

Font... |
Front Colar... |
Back Calor... |

& Tranzparent

To "BUS-0002 DRWwW" drawing.

|
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 Shadow Leader r— Border
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ID owh and right j IBottom center j IT hirmest j
Diepth Type Line
IThin ﬂ \ IEIosed Ao ﬂ ISolid j
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28. The “UTILITY SIDE.DRW” window should now look like the one below.

81 UTILITY SIDE.DRW

UTIL-0001

BUS-0001

|, _
Audas XF2-0001 <To "BUS-0002 DRW" drawin@
T

e —

BUS-0002

Notice that the one-line will now have a tag with “To Bus-0002.Drw drawing” text and

an arrow at the bottom center. You can move and re-arrange the “Link tag” so that it
looks like the one below.

UTIL-0001

BUS-0001

AudsE XF2-0001
=3

| BUS-000z (To "BUS-0002. DRW" Drm‘@
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If you double-click on the “Link tag”, the “BUS-0002.DRW” single-line drawing will
open up, with “Bus-0003"" highlighted and in the middle of the one-line drawing like
the one shown below.

Note that you can also dynamically link from the one-line to other document types in
PTW(TCC, *.rpt files) and outside of PTW(*.pdf, *.bmp, *.etc).
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29. Let’s us now put a couple of “Legend Tag” on “MainDraw.drw” to make it more
descriptive.

30. Make active single-line diagram “MainDraw.drw”. With the “MainDraw.drw” active,
click on the One-line>Legend Tag>New Legend Tag.. command as shown below.

£, SKM Power*Tools - Scenario[ Base Project ] C:\PTW32\projects\Tutorial_V8.0\Tutorial V8.0.prj

Project Document Edit Wiew Run  Component | One-line 'Window Help

N = — JELTE Y 1= LI EECECE R XN
=G 5 7T B oow % [ wi[ bt 2 p @S-y} EF IR T
»
Datablocks »
Datablocks and Nametags
Hlign »
— I
_____ Connection Points » UTIL-0001
Textblock N | I %
BUS-0001
Link »
: Jump to Next Symbol
Annotation 3
: Axitalion e , I HF20001
Convert bo Bus Mode " E}
| Comvert ko Bus r_Y
| Center Compaonent Picture |
Symbol Selection .. |
| Refresh Symbols from Library | =4 BUS-0002
| Refresh Meter Data |
| Templates... |
|
| |A 5 XF20002
| &
|
: _|  BUs-0003
|
|
|
|
|
|
|
|
|

|
|
|
|
|
|
| % ceLom
|
|
|
|
|
|
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31.

A “New Tag” window similar to the one below will come up.

X

—Legend Header

Usze Cte+Enter
far new line

Tag Definitions

Hew .. Edit... [elet I
Style Content il : | o

Diescription

Leader Type: € Mone ¢ Opendmow © Closed Amow ) Circle
TagSize: © Smal ™ Medium " Laige

FPaste Tag |pdate Tags Exit Help

Legend Header

The text information entered in this field will show up as the legend tag header/title of
the legend when the lists of legend tags are enabled on the single-line drawing. On a
single-line drawing, the users can enable a list of the legend tags by selecting
View>Legend command on the drop-down menu.

New Button
Use this button to create a new tag definition. See New Legend Tag for more
information on creating a new tag style.

Edit Button
Use this button to edit existing tag definition.

Delete Button
Use this button to delete existing tag definition.

Leader Type

This allows user to specify if the tag that will be generated on the one-line will have a
leader. Users can select between the following options: None, Open Arrow, Closed
Arrow, and Circle.

Tag Size
This allows user to specify if the size of the tag that will be generated on the one-line.
Users can select between the following options: Small, Medium, and Large.

Paste Tag Button
Use this button to create a new tag on the one-line drawing. The new tag created on
the one-line will be based on the style selected.



SKM Power*Tools for Windows

45

Update Tags Button

Click this button to update the selected tag on the one-line based on the leader type and tag

size selected.

Note that the users can also put a list of the legend tags on the one-line by selecting
View>Legend on the drop-down menu. This list of legend tags can also be resized by

putting the mouse pointer on the corner or on the side of the list.

32. In the “New Tag” window, type in “ TUTORIAL PROJECT” in the Legend Header

field. Next, click on the “New” button. Then on the “New Legend Tag” window that
comes up, select “Diamond” for the tag style and type in “1” for the Tag Text field. In

the “Legend Text” field, type in “Utility fault information are based on maximum

values.” Click the “OK” button.

W x| TagTes: |‘I \

Legend Text
(\‘Utilit}l fault information are bazed on magimum values

//

TagSize: ¢ Smal & Medium

_ﬁ Cancel | Help |

" Large

FPaste Tag | lpdate Tags | Exit | Help

— Legend Header
TUTORIAL PROJECT Ize Cti+Enter
far new line
— T ag Definition:
Mew . Edit... Dielet
Style Cantet Diezcription s | : | i |
X

D
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The “New Tag” window will now have the following information.

x

— Legend Header
ITUTDFH.&L PROJECT Usze Chi+Enter

for new line

— Tag Defintions

- . Edit... I Delete
Style Content Description | |

Diamaond |Itiliby Fault information are baged on maximum value:

Leader Type: & Mone ¢ Opendmow ¢ Closed drow ¢ Circle
TagSize:  Small  * Medium " Large

Paste Tag | |Ipdate Tags | Exit | Help |

33. In the “New Tag” window, click on the new button again. Then on the “New Legend
Tag” window that comes up, select “Hexagon” for the tag style and type in “2” for the
Tag Text field. In the “Legend Text” field, type in “All conductors shall be copper.”
Click the “OK” button.

x

— Legend Header
TUTORIAL PROJECT Uz Ctr+Enter
/ for new line
— Tag Definition:
Mew . Edit... Dielet
Style Caontent Dezcription e | : | ElEtE |

Diarnand Utility Fault infrrrnatine are hased an masinum values

Mew Legend Tzg

Tag Style IHeHagon 'I Tag Texst: |2

Legend Text
nductars shall be coppel /

pd

N 0K ZI Cancel | Help | e

lagoie: €7 Smal ' Medum 7 Large

Paste Tag | pdate Tags | Exit | Help
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The “New Tag” window will now have the following information.

x|

— Legend Header

TUTORIAL PROJECT Usze Chi+Enter
for new line
— Tag Defintions
Mew .. Edit... Dielet
Style Caontent Ciescription = ! | okt |

Diarnond 1 |Itiliby Fault information are based on maximum values

Al conduc all be copper

Leader Type: & Mone ¢ Opendmow ¢ Closed drow ¢ Circle
TagSize:  Small  * Medium " Large

Paste Tag |Ipdate Tags Exit Help

34. Let us now paste the “Diamond” tag on the one-line. To do this, in the “New Tag”
window, select the “Diamond” tag, and then click on the “Paste Tag” button

x

— Legend Header
TUTORIAL PROJECT |Jze Cirl+E nter
for news line:
— Tag Definition: V2
Mew . Edit... Delet
Style Cantent Description o ! | i |

Diamond Lkility fault information are baged on maximum va
Hexagon 2 Al conductors shall be copper

Leader Type: & Mone ¢ Opendmow  Clozed &mow ¢ Cicle
TagSize: & Smal ' Medium Large

Paste Tag Update Tags E xit Help
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35. A diamond symbol with “1” in the middle will show up in the center of the single-line
drawing.

=

BUS-0001

=

ZF2-0001

w0

BUS-0002

[

XF2.0002

CBL-0001

1A D-0001

\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
EUS-0003 <> |
\
\
\
\
\
\
\
\
\
\
\
\
\
|

=2

36. The user can then move Diamond tag next to the “UTIL-0001" component like shown
below.

EE] MAINDRAV.DRYY

UTIL-0001

BUE-0001

sl HF2o001

lﬁ/ =

|~ BUS-0002
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37. Let us now paste the “Hexagon” tag on the one-line. To do this, click on the One-
line>Legend Tag>New Legend Tag.. command. In the “New Tag” window, select
the “Hexagon” tag, and then click on the “Paste Tag” button

x|

— Legend Header
ITUTDF!I!—‘-.L FROJECT Use Clrl+E nter

far mew ling

— Tag Definitions

- MHew .. Edit... Delete
Style Comtent [ ezcription | |

Diamond 1 |tility fault information are based on masimum wvalues

Al conductors shall be copper

Leader Type: & None  Opendmow © Closed Snow ¢ Cicle
TagSize: { Small * Medium Large

Paste Tag U pdate Tagsl E «it Help
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38. A hexagon symbol with “2” in the middle will show up in the center of the single-line
drawing. The user can then move hexagon tag next to the “CBL-0001" component like
shown below.

=10/ x|

UTIL-0001

o

ETIS-0001

Al d NF20001

£

| EUs-o002

Al E MFI-0002

£
ETIS-0003

@ § CEL-0001

LOAD-0001 =
Kl [ ﬁ
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39. You can also put a list of the legend tags on the one-line. To do this, select the

View>Legend on the drop-down menu.

View Run Component Onedine Window Help

Toalbars. ..
v Status Bar

Datablocks

Probe

Textblocks
v Protection Components

Legend

Zoom In

Zoom Out

Zoom All

Zoom Area
Zoom Page
Zoom Previous

Aerial

Center Onedine

Alt+Z
Alt+5hift+2
Alt+A
Alt+Y

Alt+shift+aA

Data State Color

Arc Flash Category Color

Arc Flash Worst Case Category Color
w Nametag/Datablock Color

40. A list of legend tags will now be shown on the one-line similar to t the one below.

Note that this list of legend tags can also be resized by putting the mouse pointer on the
corner or on the side of the list.

Kl

LoAsD-0001

-iEix
=
| BIIS-0001 TUTIL-0001
| ‘@
sudd HFLO00L
L TUTORIAL PROTECT
Ttility fanlt information are based on
maximurm values
_ 1 BUs-0002
@ All conductors shall be copper
Awld EF20002
Fa
1 BUS-0003
% CBLOO0I
E
BUS-0004
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Enter Component Data

41. Now that we’ve entered several components and their connections on the one-line
diagram, we can enter system data required to run the basic system studies. Double-
click your left mouse button on the bus symbol for BUS-0001. Do not click on the
name, or a re-name dialog window will appear. When you double-click on the bus

symbol the Component Editor will appear as shown in figure below. Enter 13800 in
the Nominal System Voltage field for BUS-0001.

NOTE: Bus Load Diversity Factor calculates the demand and design loads of a
system. This factor is only used if the “Use Bus Level Load Diversity Factor” option is
selected in Demand Load Analysis setup. Enter a value between 0 and 10.

% SKM Power®Tools - Scenario| Base Project | CG\PTW32\projects\Tutorial_VB8.0\Tutorial_VB.0.prj
Project Document Edit Wiew Run Component  Window Help

BSNEREBEER | 2E|ESR]jspmnFd sy B ES R acaacis=rqaT 00
=GR AT Em+iDOIHO/BET E0wm | b 2 b r@boo~v|[} EF TR0 TC
I VAR '|'|
52! 1LINEDO1.DRW
lBUS-DDDl ‘
— |
UTIL-000L |
Elil Component Editor - Scenario[ Base Projeck ] = |E||1|
iy F o XF20001 Component Subviews:
B C
Equipment & &ic Flash Mame: ‘BUS'UUUW | v InService I
Harmaonic Source
Reliability 01ata
User-Defined Fields I” Node Bus D ata State:
[Dratablock X
—| EBUS0002 Mominal Systern Yoltage: Wolts [L-L) Ilncomplate 'l
Bus Load Diversity Factor
Scenario Manager... | Description: | ‘
Lol HF2-0002 IGD To ‘I Jump... |
2l e Library... | Device No;es..l
Library Motes:
=
| BUSDO03
[T _ILI
4 *
£ cBLOM -]
£ Expand “ Shrink
|
LOAD-0001 |

Enter voltage for BUS-0001.
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42. Click on the “All” selection in the drop-down list box on the far left side of the
Component Editor window. This will display a list of all components stored in the
project database. You can navigate through the list to select each component rather
than picking each component from the one-line.

% SKM Power*Tools - Scenario| Base Project ] C:\PTW32\projects\Tutorial_V8.0\Tutorial_V8.0.prj

Project Documert Edit Yiew Run Component Window Help

ED <% W BRI B L | M2[| % Bs () [S (]| rim = DC v o b [ BE S B[22 e
b=GHANTEmisDOIA OB EOww|| b et b @t -v[[3 31
I
BUS-0001 |
|
UTIL-0001 |
|
[l component Editor - Scenario[ Base Project ] 10O x|
Al XF2-0001 Companent Subviews:
S0
Name: |BUS-0001 ¥ InService I
Haimonic Source
Fielabilty D at:
User Delinod Ficlds I™ Mode Bus Diata Stae:
Datablock
| Bus.o00z e Nominal System ollage: [19800 | Vol (LL] | Incomplete =
Bus Load Diversiy Factor:
Scenaiio Managel Descrptin: | ]
awle XF2.0002
FTE Library. Device Notes.
Library Notes
Enors B
| BUs.0003
] _lj
1 y
CRL.0001 I-|
Expard || Shiirk
|
|
|
LOAD-0001 |

Use the “All” selection on the Component Editor window to list all components
in the project.

43. Enter 4160 in the Nominal System Voltage field for BUS-0002 as shown below.
-lo/x]

Component Subviews;

[

Equipment & Arc Flash M ame: |BU5'0002 | v InService N
Harmanic Source
Reliability Data
User-Deﬁned Fields I” Mode Bus Data State:

Datablock
Yalts [L-L] I Incomplete l

Mominal System Yoltage:

Bus Load Diversity Faefor:

Scenario Manager... | Deescription: | |
All hd Jump... I
=500 / Library... | Device Noﬁes...l

Library Maotes:
w— F||5-000

—LIS-0004 |2
@ ceL-0001
HpRF 2000
B F 20002
M uTiL-0001 |
&0 LoAD-000 | ]

Expand || Shrink
Enter voltage for BUS-0002
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44. Enter 480 in the Nominal System Voltage field for BUS-0003 as shown below.
i

Component Subviews:

B

Equipment & Are Flash Marne: |E'-|S'DDD3 | [ InService [
Harmaric Source

Reliability Data

User-De-;r;ned Fieldz I™ Mode Bus Data State:

Datablock 5
Mominal System Yoltage: 48[‘ ol [L-L) Ilncomplete 'l
Bus Load Diversity Fd

Scenario Manager.. | Desciiption: | |
IAII Vl Jump... |
Libran,... | Device Mates.. |

50001 = l

= p]5-0002

-_—
|«
— 150004
& ceL-00m
HpF 2-0001
BpF 20002
[ U000t -]
& Lo4D-0001 ] ol

-
Expand “ Shirink.

Enter Voltage for BUS-0003.

Library Motes:

45. BUS-0004 is connected to BUS-0003 by a cable, so the bus voltage from BUS-0003 is
automatically transferred to BUS-0004. Therefore you can skip BUS-0004 and move
to Cable CBL-0001. The cable is not linked to a library reference by default which
allows you to enter any impedance values. However library data are available to
minimize data entry. Click on the Library button as shown in the picture below.

[l component Editor - Scenariol Base Project | 10l x|

Component Subviews

;
Ipedance Mame: |CBL-UUUT | v In Semice @

Ampacity Selection

Ampacity Calculation Library... | I Link to Lib Data State |incomplete ¥
Physical

gzi}l‘;ﬁ:f;;: /Manufaclurar: Typical Diescription: |NOMNE

User-Defined Fields

Datablock. Conductar Type  Duct Material — Insul Type  Ineul Class  Wolts [L-L)
|Coppe| | |NonrMagnatic | | | | | |480 |
MI Conductor Descr: Installation l:l

Al hd Jump.
_I Cable Size: l:l AWG Circular Mils: DI
= E|5-0001 Al

— 50002 Conductors in Parallel/Phass: Length Feet

- U5-0003 .
- 500 —Bus Connection——————————— I Do Not Size

T Phase) ~Matis—————
'— I Conn.. | .
mXFZUUU'I W & || W Update Matrix
arpe 5F2-0002 From BUS-0003 ¥ B from Sequence
M uTiL-oo01
& Lo4p-0001 To:  BUS-0004 il Z Matris...

Expand I Shiink

Select Cable Library for CBL-0001.
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46. Select the Copper Magnetic THHN 600V 60Hz 3 Wire+Grnd library reference as
shown. You can apply and close the library window by double-clicking on the Copper
Magnetic THWN selection, or by using the Apply and Close buttons.

»lef (o x|
[= ; CAPTW3Z\LIB\PTWLIE Manufacturer _ Insulation .. | Insulation .. | Irstallation Conductor De... | Voltage Fre;u -
5@ Standard Cable @ Tyoica  NOKE Copper  Bus 3Wie 600V EOHz
E-d Copper @ Tyl NONE Copper Bus IwiesSmd  BOOY  BOHz
Loew @ Typical  NONWE Copper Bus Swlite B0V EOH:
Q(’i;::”’:“’ @ Tyoicd  NONE Copper Bus fwieGmd  BIOV  EOHe
@ Tyl NONE Copper  Magnstic THHN 3 wite EO0Y  EDH:
iV Tunical  NONE Capper nd GO0V
/v @ Tyicsl  NONE Copper  Magnstic THHN 4 wite o0y EOH: |
@ Typical NONE Copper Magnetic THHN dwieBrmd  BIOY  BDHz
@ Ticdl  NONE Copper  Magnetic THWN 3 e B0V EDH:
@ Tyl NONE Copper Magnstic THwN JwiesBind  EOOY  EOHz
@ Tiocal NONE Copper Magnetic THWN 4 wie B0V EOHz
fpph | Desslect| Ciase | Duey. | i ST : o o oo o _»d

47. Now select 2’ in the “Cable Size” field and enter 100 in the “Length” field as shown
below.

[ili] Component Editor - Scenario[ Base Project ] 10l =l

Component Subrvieys:

-
Impedance Hemrer |I:1 | ¥ InService @
.t’-‘-.mpacity Selection
Ampacity Caleulation Library... | W Link ta Lib Data State: Im
Phwzical
E:E‘;‘?ﬂ%ﬁfﬁ‘:{; tanufacturer: Descriplion: NOME
H;ﬁ;ﬁ;cﬁgelj Fields Conductor Type  Duct Material Inzul Type  Insul Class  Malts [L-L]

|E0pper | |Magnetic | | | |THHN | |EEIEI |

Scenario Manager. . I Conductor Descr: |3 Wire+Gmd Installation:

All - Jump...
__II Cable Size: |2 vI AWGE  Cicular Mils:
= F5-0001 = ] -
- 50002 Conductors in ; I'l "I Length:
= EUS-0003 4 — [~ DoMot Size
—S-0004 Bus Conne,

CE -« Cann.. | _1”0 Phage| —Matis———
ﬁxm-uum Lo - ¥ & || M Update Matis
repe 4 2-0002 ran. LIS ¥ B from Sequence
0 UTiL-o0m _

0 LoaD-0001 Tor BUS-0004 v C 2 Matr.._|

Expand | I Shrink

Enter Cable Size and Length.

Note that when the cable is “Linked to the Library” the description and impedance
fields are “gray” indicating that the values are referenced from the library. To edit
these values locally, you must break the link with the library by un-checking the Link
to Lib check box.
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48. Select Transformer XF2-0001 in the Component Editor, and click on the Library

49.

button as shown.

[l cComponent Editor - Scenario[ Base Project ]

=0l x|

Component Subviews:

2 ing Trar &
Tranzformer Impedance
Automatic LTC
Damage Curve
Relizbility Data
User-Defined Fields
Datablock

Scenario Manager... I
All > | Jump... |
= ||5-0001 ‘l

— 50002
w— 50003
— 50004
9'; CEL-0001
o 11
e F2-0002

[ uTiL-oo01

& LoaD-00m

-

Mame: [<F2-0001 ¥ |nSemice Ilncomplete vl

g | Lirk to Lib [NONE i |
Narminal ki FulLoadkv&:[00 | I~ DoMNot Sies

Connection:
Fiated Woltage:
Bus Voltage:

Full Load Amps:
Tap

FPhasze Shift Angls:

wlw
M anufacturer Type n‘.Im

Primary Secondary

IDeIta j IWye-Glound j
v [ v
e Jveo [mJve

0.0 0.0

300 deg [W Link [ INST Pratection

Bus Connection

Connections... |

From: BLIS-0001
Ta:  BUS-0002

Type

+ Thiee Phase IStandard Shell vl

Single Phaze
» Mid Tap

' Single Phase

Expand | I Shirink

Click on the Library to select a Transformer from the Library

Select the Oil Air 60Hz transformer entry, then click on the Apply and Close buttons to
return to the Component Editor.

Il Select Library

CAPTW32ALIBAPTW.LIE M anufacturer Tvpe Capacity Factor | Description =
4 Mranstormer Sl NONE Diy Type 1.00 Description
ﬁ MONE Forced Air 1.33 Description
#NDNE HibW 1.00 Description
S NONE MR 1.00 Description
/w# MONE Qil &ir/Farced Air 125 Description
S NONE ON&F 125 Description
#NDNE ONAN 1.00 Description
#NDNE OYHD 1.00 Description
S NONE REDN 1.00 Descriplion =l

Dese\ectl Cloze I Query...l

Note that the apply button links your transformer to the library. If you want to enter
custom impedance data after linking with the library, use the Deselect Button to break
the link. The data obtained from the library will still be displayed, but the data will be
stored with the component rather than referenced from the library, allowing you to edit
the component data without changing the library. Alternatively, you can uncheck the

“Link to Lib” checkbox on the Component Editor window to break the library link.
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50. Select 1000 in the Nominal kVA field. This is also the screen where we would change
the connections, taps, and voltage ratings. For this tutorial, we will keep the default
settings of Three-phase Delta-Wye Ground connections with nominal tap settings.

E|i| Component Editor - Scenario[ Base Projeck ] - |I:I|1|

Component Subwviews:

i iz XF2 o001 v InS Iﬁ
ransformerlmpedance Hame: _ I InService |incomplete UJJJ

Autamatic LTC b anufacturer Type
g:ﬁgﬁﬁfg‘;‘t’: Library... | Link to Lib [NONE | [0 i |
User-Defined Field
Dotablonl o Norminal kKW <] Eulloadkvas[ | T DoNotSize
1500 =
e ary Secondary

Conngction: (3000 Ita j IW_l,Je-Gmund j
5000
Seenario Manager. . | Hatem 750.0 —hoo Wikl [4180 WL-L]
Al - Jump... | Bus Voltage: BB WLl |41ED WL-L)
b

Full Load Armps: 51 8327151; 20511814

| ]5.0001 =]
- EL5-0003 Phaze Shift &ngle; 30.0 deq [+ Link I_ IMST Pratection
- | ]5-0004
i CeL-000 Bus Connection Type
e Connections. . | % Thiee Phase ISlandard Shell vl
why .
wepn 2F 2-0002 Single Phase
[ umiL-oom From: BLS-0001 € Mid Tap
ﬁ LOAD-0001 To:  BUS-DOD2 " Single Phase

-

E xpand ” Shiink

Specify the Transformer Size
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51. Since you selected a library entry, the impedance values are referenced from the

library. If you want to enter a different transformer impedance, you would uncheck the
Link to Lib option to remove the library link,

Component Subsiews:

1 Erarmer
Transfu:urmer Impedance
Automnatic LTC
Damage Curve
Reliability D ata
I1zer-Defined Fields
Datablock,

Name: |><F2-nnm

| W In Service IInn::n:nmpIete "I UJJU

bl anufacturer Type
Library... | 0 iii [NONE | [0 & |
Maorminal ki UUU 0 FuII Load ki (1150.0 [V Do Mat Size
Prirnary Secondan
[T Iron- = | btie memea el

then enter a new impedance on the Transformer Impedance sub-view shown in below.
On this sub-view you can enter any transformer impedance and optional neutral
impedance. The Calculator buttons can be used to convert Per-Unit or name plate data

to percent R & X values.

[ili] component Editor - Scenariol Base Project ] 10l x|
Component Subviews:
g T ransfarrmer — Sequence Impedance in Percent on Transformer Baze
:Tranzformer Impedance =R Y Calculate from:

Autamatic: LTC
Damage Curve
Reliability Data
Uszer-Defined Fields
D atablock.

Positive:

Zeror 1 0ooa 5 BE23
Impedance Tolerance:  +- &

%ZZ and&’H...J i
Fer Unit... |

2 and RE.. |
%2 and KiwLoss... |

Scenario Manager... |
All hd Jumnp... |

- 50001 =]
-5 0002
-5 -0003
— 50004
& CEL-0001

— Meutral Impedance

Pimany 000000 [F00000 ] ceie. |
Secﬂd 0.00000 | [0.00000 | Cele. |

Sizing Info

¥ Do Not 5i
R (Ohms] ¥ [Ohms] G bl

Sizing Criteria:

IDemand "I

Size To/LF Fiating:

Sr2-0002
[ uriL-ooot
& LoaD-0001

— Mo Load Loz in Percent on Transformer Base —

I FullLoad k& = I

Transformer Base

INc-minaI ki, 'I

F + ¥

-

Expand | I Shiink

User-defined transformer impedance entry.
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52. Select Transformer XF2-0002 in the Component Editor. Use the Library button to

53.

choose a Dry Type transformer and enter 500 in the Nominal kVA field as shown in
the picture below.

[l component Editor - Scenario[ Base Project ] 10l =l

Compaonent Subviews:

inding T ransformer - [<F2-no0z v In Semi Iﬁ
Tranzformer Impedance Wi ol i Sl Incomplets |~ why
Automatic LTC I anufactuner Type “]“

Damage Curve . .
Reliabilty Data ¥ Link taLib [101E |[pwTwe ]

peerDefined Fieids Nominal ki Full Load Kvi: I™ Do Not Size
Primary Secondary
Connection:/ IDelta j IW'ye-Ground j
Scenatio Manager... | Rated Voltage: 4160 VL) 480 WLL)

Library...

Al | Jump... I Bus Voltage: 4160 WL [450 W LL)
e = Full Load Amps: [53.4 6014

= 15-0002 Tap% po | poo__|

- E15-0003 Phase Shift &ngle; -30.0 deg W Link [ INST Protection
= B S-0004 .

& ceL.oom Buz Cohnection Type

e oo Connections... | % Thiee Phase IStandard Shell vl
wwhy -
. )

feeed Single Phaze
0 UTiL0001 From: BUS-0002 C Hid Tap
ﬁ LOAD-0001 To:  BUS-0003  Single Phaze

-

Expand II Shrink
Entry for Transformer XF2-0002.

Select the Utility component UTIL-0001 and enter the data as shown below. The
available utility fault contribution can be entered in MVA, KVA, Amps or as an
equivalent per unit impedance. The per unit voltage can be used to control pre-fault
voltage and load flow source voltage in front of or behind the utility impedance. The
equivalent per unit impedance display will be updated when the component is saved.

[ili] component Editor -0l x|

Component Subwiews:

Harmonic Impedarice Mame: [UTIL-0001 ¥ In Service IIncompIete 'l m

Ee"ag"? D‘Z‘?___ ’ ~ Iritial Dperating Conditions
serDefined Fields | — C
Dt sblock Volage: Voltage Tolerance?:

Fir: |D-D | Mas: |D-D |

Angle:

* Enter Contribution ¢ Enter Per Unit ~ Update.. | [ Infinite Bus

— Utility Cantribution

E Contributio AR Tolerance?
_ ScenarioManager., | [ Phas [2000 P[wva ] [BO00 | Min: [00
IGD To jv JULI Line to Ground: kWA, |8.DDD | b an: |EI.D |

[ U JuTiC-0om A

r~ Per Unit Contribution

R ®
Base/Rated MVA: |1un.u | Pox: |n.nszm?| |u.495139|

Base/Rated Yolkage (L-L: |13sno | Zero: |0.uszssn| |n.ss1 51 9|

r Bug Connection

_I Busz  BUS-000 Connec;ion...l
o
Expand " Shrink.

Utility fault contribution and voltage entry.
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54. Select LOAD-0001 and enter 95 Amps with a 0.8 lagging power factor as below.
il

Component Subviews:

[ET=a=E _
Diivergity and Participation Narmne: |LDAD'UUD1 / | v InSemice
Harmanic Source

Rieliabiity Data Rated Size:

Load Profile

H;?;'S;:EBEI Fields Poweer Factor,  (0-800000 .
Rated Voltage:

S zenanio Manager... I Drescription: | |
Al - Jump... |
- /50001 -

UL Data State:

Ilncomplete 'I

- 5-0002
= 5-0003
- 5-0004
& ceL-00m Bus Connection—————— ~Phasze Connection
ﬁXF;}DDm Connection... | v &  whe-Ground
wF2-0002
E UTIL-00 Buz  BUS-0004 v B ' Wie
_I WV C " Delta

Expand I I Shrink

Load data entry.

55. This completes the data entry for the first section of the tutorial. Return to the one-line
by closing the Component Editor (Document>Close) or by using one of the methods
discussed earlier for Navigating Between Windows and Documents.

56. Next we will use the datablock display to check our input data. With the One-line
displayed, select the Run>Datablock Format menu option as shown in below.

=, SKM Power*Tools - Scenario[ Base Project ] G:\PTW32\projects\Tutorial_VB.0\Tutorial_V8.0.prj

Project  Document Edit  Wiew | Run  Component  One-Line Window Help

&3 'I‘?\\\, =l I | e Balanced System Studies... Ctrl+A F 4 O D0 ¥ o 44
Transient Motor Starting (TMS) | '
h = & &% 7T Industrial Simulation (ISIM) lE ups UFIJH ? é $ P

B8l 1LINEDO1.DRW Harmonic Analysis (HIVWAVE)

Unbalanced,Single Phase Studies... Ctrl-+J
Reliability Analysis
DC System Analysis

Equipment Evaluation
Failed Input Evaluation
Failed Equipment Evaluation

Coordination Evaluation
f o EF2.0001 Cable Ampadity...

=

“o

Datablock Report...
Tcc Report. ..

BUS-0002

|
|
|
|
Arc Flash Evaluation |
|
|
|
|
|

Run Datablock Format menu.
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57. Select the Input Data format followed by the Apply and Close button on the Datablock

Format window shown in below. The datablock formats are user-defined groups of
input data and study results that can be displayed in any combination. The sample
Input Data format will display selected input data fields next to each component on the

one-line.

Datablock Format

— Tupe

" Compaonent Editar /

TCC Setting Yiew £
[rata Yizualizer

% One-Line /
TCC One-Line Wiew
" Probe

™ Impart # Export

One-Line Default;
Last &pplied:

Formatz for One-Line and Probe:

/

|ImEedance D ata -- Eomionents ‘ AI

Load Flaw Current
Load Flow Power Data
Meter Data

Protective Device Data

Protective Device Settings
R eliability

B Sequence Current

1B Waoltage Drop

E_LA

JB_LF Current

JB_LF Power

JB_LF “oltage

IB_SC

JE_SC-5L0G

Protective Device Selective Coordination

L4]

Apply
Set Default

=

Pl R

=

=

Edit...
Rename...
Copy
Faste
Delete
Cloze
Help

Impait. ..

Select Datablock format to display selected Input Data .
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58. Input data should be displayed on your one-line diagram as shown in below. At this
point, you may need to move your symbols further apart to make room for the
datablocks. You may also need to go back to the Component Editor to adjust any data
that does not match the data shown in Fig. 29. Remove the datablock display using the
View>Datablock menu option or by using the Toggle Datablock Icon.

RABARBEFEAICNT OO

Toggle Datablock Icon

Note that the number of decimal places displayed for each datablock field is user-
controlled; so don’t be concerned if your values are rounded to less decimal places.

.'- ; d =
rororaworw Rz

BUS-0001 UTIL-0001
, 4 Isc 3P 2000 MV A
| 1300V Isc SLGH 60.0 MV A

¢ XF2.0001
Size 1000.00 kVA

geré ];\)%;fea_emm TUTORIAL PROJECT

I 571400 %,
KR 57 Ttility fanlt inforration are based on

BUS-0002 roadrn values
4160 W

Yo

@ All conductors shall be copper

auld  XF2.0002

SOUTR Size S00.00 VA
FPriDelta
i
X 40 [

BUS-0003
420°%

@§ CEL-0001

£ (11%ize 2 AWC
Copper 3 WireH3md
THHHN, 1000 ft

Ampactty 1300 A

BUS-0004
450

LOaD-0001
95 Amps

Kl I Ay

Input Data displayed on one-line using Datablock option.
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Part 2 - Run DAPPER System Studies

If you do not have any of the DAPPER, A_FAULT or IEC_FAULT system studies, refer to
the table of contents and proceed to the next section describing the study modules that are
available in your PTW software.

1. Once your data matches the data shown in the figure below, you are ready to run the
DAPPER Balanced system studies. Select the Run>Balanced System Studies menu
option as shown below. The A_FAULT and IEC_FAULT options are available under
the Run Balanced System Studies menu.

% SKM Power*Tools - Scenario[ Base Project ] G:\PTW32\projects\Tutorial_V8.0\Tutorial_V8.0.prj

Project  Document  Edit Wiew | Run Component One-Line  Window  Help

Bl WRIF EE
h o= & 5 7T

B MAINDRAW.DRW

§ EFz-0001

Size 1000.00 k%
PriDelta

Sec Whve-Grour

Mo

Balanced System Studies, .
Transient Mokor Starting (TMS)
Industrial Simulation (ISIM)
Harmonic Analysis (HIWAVE)
IInbalancedisingle Phase Studies. .,
Reliability Anaksis

DiZ Syskem Analvsis

Chrl+U

Equipment Evaluation
Failed Input Evaluation
Failed Eguiprment Ewaluation

Arc Flash Evaluation

Chrl+
Chr+D

Query...
Dakablock Format. ..

Datablock Report. ..

A D0 v T

Slws v b o8 o2

?

=101x|

nlt information are based
T vahes.

rtors shall be copper.

WL 57495 ¥
ER57

BUs-0002
TR

Rimning syétem studies on the power system network.

5
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— ¥ Load Flow Setup... | Ilf.rpt [~ &ppend

—» ||V SC 1 ansI Setup...l Isu:.rpt [ &ppend
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The Study menu that appears allows you to select the studies to be run, enter report names
and specify solution options for each study. Select the Demand Load, Load Flow and
Comprehensive Short Circuit studies as shown below. If one or more of the study options
are greyed-out and not available in your licensed version, you can continue with the tutorial
but recognize you may need to substitute reports and datablock references in the rest of the
tutorial with reports and datablocks for the studies you have run.

six

— Studies Fiepart Filz

. AnsifhER
[~ Sizing £ EE Witra SEfup... | Isz.rpt I &ppend

[~ Optimal Pawer Flow Setup... | Iopf.rpt [” Append

&' Comprehensive

" |EC 60909
" |EC 51363

Length of Reported Comporent Mame: & 14 Characters € 30 Characters

[~ Load Schedulss Setup... | |I$.rpt I &ppend

Schedule Output Files: le.rpt

Sustem |nput Data Report: Iinput.rpt [ Append
¥ Ovenarite Evisting Reports Wiew Study Message... |

[ Do kot Display ‘W armings for Unbalanced Components
Default Repart Path: CAPTW 32 projectz\PLANT

Help Format. .. | Header... | Run Cancel
Y

Study selection and setup screen.

2. After selecting the studies, click on the Run button.

For more information about regarding the application for each study, refer to the DAPPER
reference manual on the PTW CD.
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The Study Messages window, as shown in the figure below, will appear while the
studies are running and will remain on the screen after the studies are complete.
Review the study log to make sure there are no Fatal Errors reported. Fatal errors will
occur if some critical data are missing from the input data. Click on the Close button
to close the Study Messages window.

If errors are reported, click on the Edit Errors button to display the components that
caused the errors.

Study Messages il
Fatal Errors: 0 warnings: 0 EditEerrSl Rerun I

Systern: <<< Running Load Flow > ;I
Systern: Map 25, 2016 17:20:20 End of Load Flow Input Data Reading

System: May 20, 2016 17:20:20

Systern: <<< End Load Flow Study >33

System: May 20, 2016 17:20:20

Systemn: <<< Running Short-Circuit Study >

Funning 3PH fault...

Writing to Report and Data Base. ..

Funning SLG Fault...

Writing to Report and Data Base. ..

Fault studies completed ...

Systern:  Short-Circuit Study Report Saved [n:

Systern: CAPTWI2NPROJECTSATUTORIAL_VE.0NSC.RPT

Systern: Map 25, 2016 17:20:20

System: <<< End Short-Circuit Study 35> —_

Help Cloze

Study Messages Window.

If the one-line diagram is open and is the active window, proceed. If the one-line is not
visible, use the Window menu or the Document>One-line menu command to open the
one-line. If you need more help navigating to the one-line, refer back to the section
“Navigation between Windows and Documents” (Page 8)
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Review Study Results

There are several ways to review study results and we will take a quick look at each of
them. The methods you choose to use for your own projects will depend upon the
stage of the project and the personal preferences of the people involved. The first
method we’ll explore is the datablock format. Use the Run>Datablock Format menu
option and select the Load Flow Power Data datablock format as shown in below.
Click on the Apply button followed by the Close button to display the selected
datablock on the one-line. If the Load Flow study was not available when you ran the
studies, select the Bus Fault Currents (Comprehensive) datablock format instead.

 Type

¢ Component E ditor /
TLCC Setting Wiews /
Data Yisualizer

' One-Lline /
TEC Ore-Lite View
" Probe

" Impart / Export

Ore-Line Default:

Farmatz for One-Line and Probe:

Branch Fault Currentz [Comprehensive) ;I
Branch Fault Currents [IECE0903)

Branch Fault Currents IECET363)

Bus Fault Currents [&_FAULT)

Bus Fault Currents [Comprehensive]

Bus Fault Currents [IECE0903)

Bus Fault Currents [IECET363)

[iata State

DC Compedit

Demand Load Data

Device Evaluation 4M5] Branch

Device Evaluation Comprehensive Eranch

Device Evaluation |[EC Branch

Device Fatings —
Harmonics

Impedance Data - Bug Thevenin Equivalent
Impedance Data - Components

Input Data

Load Flaw Curent

Load Flow Power Data
teter Data
Pratective Device Data ;I

Last Applied:  Branch Fault Currents [Comprehensive]

o]
ES

Apply
Cloge

Edit...

Set Default

Rename...

Baste
Delete
Help

Import....

L e

Apply Load Flow Power Data datablock format to one-line.
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The load flow (or fault study) results should be displayed as shown below.
N i1
[

UTIL-000L
619 KW
| 4 435 KVAR.

BU3-0001
13800V

003 % VD

XF2.0001
639 KW

485 KVAR.
PotVD 0.3 % Utility fault irformation are based on

Tt values

@ 411 corductors shall be copper

TUTORIAL PROJECT

%

BIT5-0002
A0V
037 % VD

HF2-0002
1639 kW
JAZ2KVAR
PetVD 0.6 % [ |

%

BUS-0003
40V
087 % VD

£ CELO00L

£ LE3EEW
4T 6 KV AR
PetvD 0.7 %

LFOT 4

LOAD-0001
05,000 Araps

K L] M
Load flow datablock displayed on one-line.

Another option to review study results is to view the standard reports generated when a
study is run. To view a report, go to the Document>Report menu as shown below.

I SKM Power*Tools - Scenario[ Base Project ] C:\PTW 32" pra
Project | Document Edie Wiew Run Component  One-Ling Wi

;E Component Editor El

one-Line.. .,

h = Feparts, .. @ @
m Library...

CAPTOR TCC, .,
Data Visualizer

View study report.
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6. A window similar to the one below will come up.
x

Test Report W6.0 and earlier repart format [RPT files]

WE.5 PTW report format [[RPZ files]

Bepart Yiewer [.BEZ]
V¥ Dizable Report Yiewer

Camvert BET @ BRE Convert all .BPT to BP2 reportz for thiz project

Cryztal Repart Cyztal Bepaort [Verzion 8.0]
Crypstal Repart = Cyztal Repart [Yersion 17.0)
Cloze Help
Text Reports

Text reports are fixed-format reports that are generated automatically when the studies
are completed. These reports are fully editable and saved in .rpt format.

Report Viewer (.RP2)

Expanded Report Viewer user interface and format (.rp2) allows for image insertion
along with enhanced text and picture editing and formatting. The Report Viewer
includes saving to .doc, .txt, and .pdf formats.

Convert RPT to RP2
Convert all .rpt reports in the project into .rp2 format to access advanced editing and
formatting features.

Crystal Report
Crystal Reports provide custom formatting capabilities for the experienced user.
Various Crystal Report templates have been developed and included.

Crystal Report XI
New Crystal Reports provide custom formatting capabilities for the experienced user.
A protective device library report is included.

Disable Report Viewer
Check this box to disable the Report Viewer in cases where it may interfere with the
Balanced System study calculation process.
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7. Click on the “Text Report” button as shown below.

Reports x|

Test Report W6.0 and earlier repart format [RPT files]

WE.5 PTW report format [[RPZ files]

Bepart Yiewer [.BEZ]
V¥ Dizable Report Yiewer

Camvert BET @ BRE Convert all .BPT to BP2 reportz for thiz project

Cryztal Repart Cyztal Bepaort [Verzion 8.0]
Crypstal Repart = Cyztal Repart [Yersion 17.0)
Cloze Help

8. The Open dialog window as show below will come up. There should be one report file
for each study you ran. Either double click on the report name or select it and click on
the Open button.

open 2 x|
Laak ir: Il.’f}TutoriaI_"n.n"E_ﬂ j - % E3-

B INPUT.RPT

B ror

|®]5C.RPT

File narme; ILF.HF‘T Open I

Filez of type: IHepDrt [*.rpt] j Cancel |
Help |

MHew
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The multi-page study report will appear as shown below. The study reports are
individual text files stored in the project folder. Therefore, the reports can be edited
and printed in part or in whole. Most studies have a summary section at the end of the

report.
=lolx|
[ ]
OMay 27, 2016 17:24:08 PAGE 6
BALANCED VOLTAGE DROP AND LOAD FLOW BUS DATA SUMMARY
EEXEXEXEEER EEXXEXEXEXZEXXZEXREDN
BUS NAME BASE VOLT RU VOLT BUS NAME BASE WOLT PU VOLT
BUS-0001 13300, 0.9997 BUS-0002 4180, 0.9963
BUS-0003 480, 0.8803 BUS-0004 430,  0.83835
OMay 27, 2016 17:24:08 PAGE 7
EALANCED VOLTAGE DROP AND LOAD FLOW ERANCH DATA SUMMARY i
EEEEEEEEE EEEEEEZEEZEXZEEEEEERE EEEEEEEEEEER
BRANCH NAME FROM NAME TO NAME TYPE VO% AMPFS KVA RATING%
XF2-0001 BUS-0001 BUS-0002 TX2 0.34 3.36 80.29 6.88
XF2-0002 BUS-oo02 BUS-0003 TX2 0.860 11.15 80.01 16.06
K | 4

||||||| o s e N e
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10. A third option to display input data or study results is to use the formatted Crystal
Reports. To view a report, go to the Document>Report menu. Next, click on the
“Crystal Report” button as shown below.

x

Text Report WE.0 and earlier repart farmat [[BPT filez]
Report Yiewer [FR2) WE.S F‘TW report fl:urr!'nat [.RFE filez]
¥ Dizable Feport Yiewer
Earyvert BET to BE2 Cofiert all BPT to .RFZ2 reports for this project
Cryztal Repart Cwstal Beport [Verzion 5.0]
Crustal Bepart #1 Cystal Beport [Wersion 11.0]

Cloze Help

11. The available Crystal Report formats are displayed in a tree structure as shown in the
figure below. To display the Load Flow Report expand the load flow folder and
double-click on the Load Flow Report.rpt item. If you did not run the load flow report,
select a report format matching one of the studies that you ran.

I PTW Report ¥iewer (version 8) ] 4
———  — ——————————————— —__________

By PTW Feport Yiewsr

Em PT'w Librar Report [ CAPTW3I2ALIBMPT'W.LIB )

B Protective Device Library Feport, ipt

E@ PTw Project Report [ CAPTW32Nprojects\ Tutarial_WES\T utorial_WES.prj ]
|:| Arc Flash
&3 Device Evaluation
&3 Hiwave
EID Load Flaw
: % Load Flow Report Landscape. pt
=ELoad Flow Report.ipt
B3 Refiability
I:l Schedules
-2 Short Circuit - 4_FALLT
{:l Shart Cirzuit - Camprehensive
{:l Short Circuit - IEC_FAULT
{:l Sizing
&3 TCC
B3 Unbalanced - Single Phase
‘B ProjectHeader.ipt

Select Crystal Report format.
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12. The formatted Crystal Report will appear as shown below. The Crystal Reports are
similar to the Datablocks shown on the one-lines as they read and display data stored in
the project database. The reports will contain several pages with headings and sub-
headings. The report formats can be edited using The 3"-party Crystal Reports
Program Version 8.0 or later, but some database and SQL knowledge is required. The
reports can be printed directly or saved in a variety of different file formats. Close the
report after viewing.

Save in Different Format
]

i CA\PTW32\LIB\RPTFMT\Froject\Load Flow\Load F'ow Rep o

—

X W4 2of2 oW ou S &EF & | [ ]#d Tl 100% 0ofD
Preview | /
Buses
Next Page
Bus Hame InfOut Service  Design wolts LF Woks  Angle Degres PU Valts 4D
BUS-M01 I 13 900 13,796 00z Loo 03
BUS-M002 I 4,160 4145 00 Loo 0.3
BUS0003 = 430 475 050 0.9 .87
BUSM00+ = 430 a7z 035 0.9 165
Cables
Fram Bus Compenent IO %D K Kar ks LF Amps  PF
To Bus Hame Service Loss Loss Loss Rating %
BIT5-0003 CEL-0001 I 063 38 476 T05 Q66 n.an
EBUS-0004 L3 02 o6 531

2-Winding Transformers

Frem Bus component it o e bwar Wb LFampr  PF
To Bus : Service Loss Loss loss MM
BUS-0001 HFz-0001 n 034 650 485 803 300 0480
BUS-0002 0.1 04 04 70
EUS-0002 WF2-0002 = 060 &0 482 a0.0 1m0 0an
EBU-0003 0.l 0.6 0.6 16.1
B
4 » é

Crystal Report showing load flow study resulits.

13. For the fourth reporting option, switch back to the Component Editor. You will
generate a datablock report from the Component Editor view. Go to the Component
Editor using the Document>Component Editor menu item as shown in the figure

below, or by clicking on the Component Editor icon -——.

2 SKM Power*Tools - Scenario[ Base Project ] C:\F

Praoject | Documment  Edit Wiew Run  Component O

;3 Component Editor
[ = one-Line...
Reports...
Librarsy...
CAPTOR TCC..,
x| Craka Wisualizer

Switch to the Component Editor.
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14. Make sure that the “All” list option is selected so that all of the project components
appear in the Component Editor. Next select the Run>Datablock Format menu item as
shown.

%, SKM Power"Tools — Scenario| Base Project ] C:\PTW32)\projects\Tutorial VB.0\Tutorial V8.0.prj

Projsct Document Edt View | Run Component Window Help

BSWER BE Ea‘a"cedSvsvemswd'es&M) wiA Ed v e AFEFE|aQ G AGEEEAIAT OO|TIx
T wn & g 77  TransientMotor Starting (TMS) , T 5 S
o=@ 8% Tl smdaton gsiv) 5] ws an” PE R e r®Eon H i EF 1SS :?” @ n
Harmanic Analysis (HIWAVE) _1Ol x|
[ Unbalanced/Single Phase Studies... Ctrl+U UTIL.000L ‘ :I
Reliabiity Analysis 639 kW
DC System Analysis 425 KVAR |
Equipment Evaluation =] 1]

Failed Input Evaluation
Failed Equipment Evaluation

Arc Flash Evalustion Jash Mame: [BUS-0001 | ¥ InSenice I
Coordination Evaluation

Sl Ll Data State;
Query... col+Q Nominal S pstem Yoltage: {13800 Walts [L-L) Incomplete ¥

Datablock Format Crl4D

Desciiption:

DEL Seensio Manager
B -] dump.

—CUS0002

- S 000E

a BUS-0004 5
CEL-O001

20001

| | wFz000z

M uni-oom

\e2

P LoAD 0001

Use the Run>DafabIock Format menu. '

15. Select the “Report — Load Flow Data” datablock format, as shown below, followed by
the Apply and then Close buttons. If you did not run the load flow study, select a
datablock format that applies to the input data or studies you have run.

sl

x
~Type Faormats far TCC r/
Input Data -] Apely /
Load Flow Dat
% Compaoment Editor / F'?;tectiilg Deav?ces
TCLC Setting Wiew £ Reliability Edit |
[ ata Visualizer Report - 4M5| Fault Duty
Repart - Az Flash Wew
Report - Arc Flash Line Side/Load Side
Repart - Arc Flash Line Side/Load Side Worse [
Fepart - Arc Flazh wWorse Caze
; Report -- Bus Fault Current D ata Set Default |
" One-Line / Fenart - i
TCE Dre-Line View = lLeails PR < |
eport - Motor List
" Probe Repaort - Protective Devices Copy |
Feport-TCC Settings
Sizing Data Faste |
TCC Settings
UBE_DLA Delete |
" |mpart / Export UB_LF
i " UE_SC Help |
Wisualizer-&rc Flazh —
Visualizer-&rc Flash PPE x Impart... |
Tec Default:

Select the Report — Load Flow Data Format for the Datablock.
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16. Once the datablock format has been applied to the Component Editor, you can view the
datablock information in the Datablock Subview, as shown below. To display the
datablock information, the Component Subview must be set to Datablock.

=

Component Subvies:

Buz Mame BUS-0001
Equiprnent & Arc Flash Mominal — 13800%
Harmanic Source LF%olts 1373613
Reliability Data WD 003%

Optimal Power Flow
User-Defined Fields

Scenario Manager... |
|ﬁ|| vl Jump---l

LB LS-0001
- 50002
- 50003
- 50004
@ ceL-oo0m
SE2-0001
SsF2-0002
@ uri-oom
& Loao-0om

Expand | I Shirink

Datablock

-

Subview in Component Editor.

17. You can also output the datablock information in a spreadsheet format using the
Run>Datablock Report option, as shown in the figure below.

Fun  Component  Window  Help

Balanced System Studies.., Ctrl+A = <y D0 v e R E
Transient Motor Starting (TMS) . .
Industrial Simulation (ISIM) E Ups UFIJ” '’ $ ‘cll ’

Harmaonic Analysis (HIWAVE)
Unbalanced/Single Phase Studies... Ctrl+U
Reliability Analysis

DC System Analysis

Equipment Evaluation
Failed Input Evaluation
Failed Equipment Evaluation

Arc Flash Evaluation

Coordination Evaluation

Cable Ampadity...

Query... Ctrl+Q
Datablock Format. .. Cirl+D

Datablodk Report...
Tec Repaort...

Generate a Datablock Report.
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18. The datablock report can display any combination of input data or study results in a
spreadsheet format. A datablock report showing load flow study results is shown in

below.
EIE=E
Fus -
Hame SystemPominalVoltaze LF Waolts (W) VD (%)
E1I5-0001 13200 13796.13 0.03
B1IE-0002 4180 4144 75 037
B1I5-0005 430 47558 057
E1I5-0004 430 47207 183
Cable
Hame Bus Current (4] Feal Power (kW) Eeactive Power (kWAR) Feal Losses (kW) Eeactive Losses (kVAE)
CEL-0001 BIUTS-0003 96,60 6375 47.55 0.57 0.ls

2-Winding Transformer

Hame Bus Size (kVA] Pri Carzent (4] Sec Cwrrent (4] Eeal Power (kW) Feactive Power (kVAE]
HF2-0001 BI75-0001 1000.0 338 1115 6354 4355

HF2-0002 BI75-0002 300.0 1115 96 80 388 4718

Trtility =
Hame Current (4] Faal Power (kW) Feactive Power (EVAFR) Pf

UTIL-0001 3.38 6354 4855 0.20

1] | le
Frint... IPrintSetup...l Dptions...l Fant... | Save... | Cloze | Help |

Datablock Report showing selected load flow results.

The datablock reports can be printed directly and saved as Excel files. The datablock
reports provide a great way to generate cable lists, load lists, etc.
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Part 3 - CAPTOR Time Current
Coordination (TCC)

Make sure that you completed Tutorial - Part 1 successfully before beginning this section.

The next few steps demonstrate the procedure for generating TCC drawings for protective
device coordination. You can turn off the Legend if you wish by going to View>Legend
Tag command.

1. Add a new fuse to the one-line diagram by clicking on the new fuse icon and placing it
on the one-line.

ﬂ
P AL D P @k
7

=k
PD-0001
| UTIL-0001
30 kW
| BIIS-0001 43 5 kVAR.

13300 ¥

003% VD @

£ XF2.0001
639 KW
|42 5 KVAR
PotVD 0.3 %

%
wl

BIT5-0002
4160 ¥
037% VD

© XF2.0002

o LEI0EW ||
1452 KVAR

FetVD 06 %

Yo

BII5-0003
480
087% VD

@ = CBLOOOL
£ Ja3BEW
JATE BT AR
FetVD 0.7 %

LFoTa

LOAD-0001
95000 Armps

Kl o oy
Place a new fuse on the one-line.
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Rotate the fuse Right 90 Degrees by selecting the fuse and using the One-
Line>Symbol Rotation>Rotate Right 90 Degrees function as shown below.

Project Document  Edit Wiew Run Component | One-Line  “Window  Help

ﬁmaﬁ|mg|w”]5[ Component Colar » B o nr o e ik D
io Rotate Left 90 Degrees
iy W e =’
h = Gm i ﬂ 7[ o m = m ¢ Rotate 180 Degrees
B 125.0RW Mametags 3
Dtablacks >
Datablocks and Mametags r e
Align 3
FD-0n0s Distribute »
I Data Skate 4
EUs-0001 ) Connection Points 3
13800 W
0.03% VD Textblock >
Legend Tag 3
foadss  EF2-0001 Link 3
] 6391w Jurnp ko Mexk Symbal
425 KVAR R 4
PetVD 0.3 % Annotation 3
Annatation Line 3
Canyert bo Bus Node:
Convert b Bus
_ | Bus-oo0z
4160V Center Component Picture
0.37 %D Symibol Selection..
Refresh Symbols from Library
A F2.0002 Refresh Meter Data
2 639 LW Templates. . |
1 482 EVAR
PetVD 0.6 %%
_ | Eus-D003
480V
0874 VD
% CEL-0001
B a3skw
476 EVAR
PetVD 0.7 %%
LFS7 &
+
LO4D-0001
95000 Areps
-
4] [ H 4

Rotate fuse symbol.

Alternatively, you can use a short-cut Icon to rotate the fuse 90 degrees to the right.

T==p24%
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Move the fuse symbol on top of the line that connects BUS-0001 and transformer XF2-
0001 and it will be connected as shown below.

-0l

UTIL-0001
| £3.9 kW
| EuUs-0001 45.5 kVAR

PD-0001 13800 ¥
\ 0.0% 5D @

—+T

L& xF2-0001
T2 639 LW
AR5 kAR

Yo

PetVD 0.3 %%

BUIS-0002
4160 ¥
037 4% VD

L& xF2o002
L3S kW
1482 kVAR

| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| PetVD 0.6 2% |
| ' =
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
I |

4o

BUIE-0003
480 W
087 4% VD

@ % CEL-0001
£ le3skw
147 6 kVAR
PetVD 0.7 %

LF37T 4

LoaD-0001
95000 Amps

I
* - of

Insert Fuse between Utility Bus and Main Transformer.
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3. Insert a new relay between BUS-0002 and XF2-0002 by clicking on the New Relay
Icon, moving your cursor to position the symbol in the desired location and clicking
your left mouse button to place the symbol as shown in below.

P ER Y r®fon -

/

58l MAINDRAW.DRW -0 x|
=]
UTIL-0001
e 4
| BUs-0a0t
FD-0001
poald EF2-0001
==
| BIIs-0002
] (FD-0002
i —
padd EF2-0002
=T |
| BUS-0003
% CBL-00OI
£
-
LOAD.0001 =
A [ H

Insert a relay between BUS-0002 and XF2-0002.
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Insert a new low-voltage circuit breaker symbol between XF2-0002 and BUS-0003 as

shown below, using the New Low Voltage Breaker icon.
PRy ®fon Y
=lolx|

ii MAINDRAW.DRW
=

UTIL-0001

4.

| .
| BUS-0001 4

FD-0001

L HF2.0001

=

L

BUS-0002

-_OPD-UDEQ

b XF2.0002
[ |

=

g

(01 e
3 PL-0003

| BUS-0003

@ z CBRL-0001

LOAD-0001

K| ml
Insert breaker between XF2-0002 and BUS-0003.
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5.

Insert another low-voltage breaker between BUS-0003 and cable CBL-0001 as shown
below. Now is a good time to save the One-Line Diagram by clicking the Save
toolbar button (or click the Document>Save command). Most document changes in
PTW are saved automatically, but not the one-lines. You should save your one-line
frequently.

EE! MATNDRAVY.DRW

"kb

"]<b

Kl

T T

UTIL-0001

| BUSs-0001
FD-0001

L XF2-0001

=

| BUS-0002

-_OPD-EIEIEIE

b XF2.0002

=

FD-0003 <

BUS-0003

FD-0004

= CBL-0001

LoAD-0001

I

4
©

=101 x|

[

Insert breaker between BUS-0003 and cable CBL-0001.
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Double-click on the symbol for fuse PD-0001 and it will open the Component Editor
window as shown below. Remember to click on the symbol and not the name. If you
double-click on the name, a name change dialog window will appear instead of the

Component Editor.

e
UTIL-000!
— T 4
[ Eusmm 1
FD-0001
AV LN % 11 TRl [7] Component Editor - Scenariof Base Project ]
Fa] Component Subviews
5 Name: [PD-0001 ¥ In Servios
Ricliabiity Data
UserDefined Fields
| EUso002 Datablock I ExEouifval [ ExCooEval  DataState: [incomplete =
~ Protective Dievice Library - Motor fer Laad——————————
Namne:
L ~po-nz e
Mk Disvice Wols: Libray. Fhase
Scensio Manager.. | | Librery Notes...| Function Na Function.. | Teadle |
foTo =] Jump..
sole o |M5eTe =l g | SR kb Series Rafing Testig/R: [0.000 [ |
>
= ® = ~ e Flash Dptio
I Includein Lin Side [~ Failto Operate. [ Exoludds fom Cale
FD-0002
3
- Connetion
Connestions
BUS-0002 Connectsd Protected
From:  BLIS-I001 BUS-I0T
| |t wF2nom 2001
Expand || Shink
PL-004
3
@.‘ CBL-0001
Kl I v

Open the Component Editor with Fuse PD-0001 and select the Library button.

Verify that component PD-0001 is displayed in the Component Editor and Click on the

Library button (highlighted with an arrow in figure below). Double-click on the
Cutler-Hammer CX 15.5 kV 4C-40C fuse from the High Voltage Fuse category to

select the fuse as shown in the figure below.

Select Device

Al | Manufacturer. [CUTLERHAMMER =] Type: | Desc: | Teck: | smps [ ]| lsc ke
E|’ CAPTWIZNLIBNPT.LIE td anufacturer | Type | Description | Yoltage |
=g CAPTOR B CUTLER-HAMMER  CLTO, Z3kv 40-508 23000

i 12 LowYokage Breakers B CUTLER-HAMMER: 15500

@ Maotor/Gen Protection
- g Fuzes -

H CUTLER-HAMMER

hﬂ\:ﬂ:{:‘gz CUTLER-HAMMER:
ey CUTLER-HAMMER:
Relayz

CUTLER-HAMMER

B
B
B
E CUTLER-HAMMER:
B
B
A

f-L1 HV/MY Breakers

[E Specialty Devices

'( Switches

CUTLER-HAMMER
CUTLER-HAMMER
CUTLER-HAMMER

CHTIEFR.HARMER

Apply |Deselect| Cloze | Quer_l,l...l

Select Cutler-Hammer CX 15.5 kV fuse.

CLTO, 8.3-15.5kY

. 4.3k
C, 5.8kY
i, B.3kY
G, 188K Do,

M, 15,8k Singl...
TN, 8.3KY Dokl
M, 8.3kY Single...
DBA, -2, 5,345

neAdl 2 R MR

40-1254
4C-40C
18C-100C
10C-75C
3.8C-40C
90C-175C
45C-100C
120C-300C
BOC-250C
15E-200E Time Lag

AENNE CramA=srd Craad

15500
4300
5500
300
15500
15500
8300

8300

E3000

Fannn
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8. Select the 40C cartridge, as shown in below

lgix
UTIL-0001 ] =]
| BUS-0001 \
| PD.0001 |
| & |
‘ ol
| ;i & XF2-00010 Component Subyisws
‘ i W Fue Rating. | 15500V CX, 4C_4.04 60.0kA B0.0KA =
Reliabilty Data
\ UserDefined Fields .
Datablock. 2
\ BUS.0002 T
| fC. 40,06, 50,0
| L pD-0m2
} Soenario Manager ; Segmert Jj Setting] Selting2
‘ Auld ¥F20002 Gote x| e | |/ [0 Amps JE || = [
;e E E =] =l = | =
‘ PD-0003 ol =l =l =l
Cp il = - || ¥
| Fof 2 — —
BUS-0003 B 5
| - Library. | Function | Toage | Phase Notes
‘ = Insert Segm | Delete Segm
} y PDA0004 [ Expand [ Shirk
\ \
‘ @ = CBL-OO0L ‘
\ \
\ \
\ \
| |
} LOAD-0001 }
\ \
777777777777777777777777 l =
Al ] 'z

Select the 40C cartridge for fuse PD-0001.

9. Go back to the one-line and double-click on relay PD-0002. The Component Editor
will display PD-0002.

lolx)
UTIL-0001 I =l

| BUS-0001 \

| PD-0001 ‘

| & |

\ =101 x|

| puld XF20001 Companent Subviews

‘ T Piotactive Device e [ =

Fielabilty Dat .

\ User Defied Felds (G I I |

| — Datablocl

\

| P oD

ing

} Scenario Managst Segment Jj Sefling Setting2

[ sudd XF20002 soto [l e | |1 =] =[] =

‘ e ] = el =l = | =

\ PD-0003 el =l = ==

‘ ) | || =[] =

| s I || =

| —— BHS Libiay... | Function.. | Togde |Phase Nates...

| B Insert Seam | Delete Segm

} y D004 Espand [~ Shink

\ \

‘ @ & CBL-000L |

\ \

\ \

\ \

‘ LOAD-0001 | -
Kl | a7
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10. Click on the Library button on the Component Editor screen, select the Electronic
Relay category and pick the GE Multilin 745 Transformer relay with a 5 Amp
Secondary CT rating as shown in the figure below. You can either double-click on the
relay selection in the library or use the Apply and Close buttons.

Al Searchl Manufacturer: |GE MULTILIN j Type: Desc: TCCH: I Amps: m lsc ki Ij ‘ollage: ml—

1) Low Voltage Breakers ][ Manufacturer [ Tope [ Description [ Voltage [ TCE No. [ Catalog No. [ SelCoor Notes
() Motor/Gen Protection HOGE MULTILIN 737 50451, 54 CT 230000 1601-0048-DE
B Fuses HO GE MULTILIN 737 SOM/SIN, 14 CT 230000 1601-0045DE
; S Low/oltage HO GE MULTILIN 737 SONJEIN, 54 CT 230000 1601-0048-DF
to He‘;‘f“ Valtage FO GE MULTILIN 745 50451, W1, 14 CT 230000 1601-0161-4
"40 Elciro Mosharical & GE HULTILIN 5 1, B4 CT B01-0161-41
L0 Elctiorin — HOGE MULTILIN 45 50451, W2 1A LT 230000 1601016141 TAB_P...
V40 EC Type HO GE MULTILIN 745 50451, W2, 54 CT 230000 1601016141 A5 P
P LA B xlf#osE MuLTILM 45 S0/ET. W3R 1A LT 230000 1601016141 TaE P
doph | Deselect| Close | Quen. | e b e O P e e VI A

Select GE Multilin 745 Transformer Relay.

11. The Overcurrent Pickup and Extremely Inverse time delay segments should appear as
shown in below. These segments and values represent the defaults set in the library and
can be changed. We will change these values later when we coordinate the devices.

ol
UTIL-0001 | |
I BT { |
PD-0001 |
=

Component Subviews:

" XFL0001 |Pr0tect|ve Dievice Modst I 745 j

Fas

Famd Reliability Data . l__l
Uszer-Defined Fields (T Reftr A =
Datablock

BUS-0002

Setting:
r T-0002 .
__OP Scenario Manager... | Segment: jj Settingl Setting2

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| 3 FD-0004
|
|
|
4

[foTe =] dump.. | || 1 [wi Phase OCFU =T = =1
auld ZFLONDZ ! El i e invese =l =l = [
SR 7 2 |w1 PhaselnstOC PO | [10 =l =l
| =l =] | =
3 FD-0003 - 5| ﬂl j I ﬂ
Library... | Eunction... | Togale |F'hase Notes...l
—— BUS-003 j Insert Segm | Delete Segml
Expand ” Shiink
T
|
|
@ % CBLO0OI |
T | i
1
|| o

Select GE Multilin 745 Transformer Relay.
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12. Select breaker PD-0003 in the Component Editor and click on the Library button as
shown in below. (If the one-line is active and the Component Editor is not, double-
clicking on breaker PD-0003 will automatically open the Component Editor)
1ol
‘Umnnm | B
| e B! A |
PD-0001 |
I o
Component S ubviews:
| auld EF20001 |Pmtective D evice Frame: I j
| Fahd ) Reliahility D ata -
| User-Diefined Fields
| [Dratablock
| | BUS-0002
|
g Setting:
| —OP D-oo02 Scenario Manager. . | Segment jj Settingl Setting2
I IEnTn - Jump... I ri I jl d I d
| alé XF20002 e =l =l o -
| SR r s = || =l =
k]| =l =] | =
o e ol - | R -
—
| Library... Function.. Phase Motes.. |
| —{— BUS0003 J Insert Segm Delete Segm Selective Coordination... | O
| Expand I Shrink
|
| ) PD-0004 i
| |
| @ CBL-0001 |
| T |
K | 1
Select Breaker PD-0003.
13. Expand the Low Voltage Breaker category, select the Static Trip sub group, and the
Square D MX Micrologic LS 100-800 Amp breaker entry as shown in the figure
below.
All | Sear:hl anutacturer: ISQLIAF\E 1] j Type: Desc: I TCCH: Amps: vll |5 ki I - ‘oltage: I -
= 'l_) Low Yoltage Breakers ;l Manufacturer | Type | Description | Voltage | TCC Na.
= P Shatic Trip 12 SOUARE D ME & MEC. Micralogic (Obs.) LS1.100-800 4 600 BE6-1
/1 " | Ground Pault 13 SOUARE D ME, Micrologic LI, 100-4004 600 BEGE

il ;he"“ac'_”‘ag”e“ Melded Case || Iy sqjaRE D ME. Micralogic LS, 100-8004, 600 [
13 Pawer Lt |3 SOUARE D ME, Micrologic LS1, 100-8004 600 BEE7
- Motor/Gen Protection |
2 13 SQUARE D M, Micrologic L1, 100-8006, 500 BEE-11
3 Maotar Circuit Protector 8 s004RE D s 151 vy
2 LUAA] J C =3 o,

QL’ Motor Over Load ;L: - e
2 SOUARE D M, Micrologic LS1.100-8004 E00 EEE-11

4—0 Motor/Gen Relay /7

" Gererstor Desrement |} SOUARE D M, Micrologic (Obs.] LI, 1256004 600 6665

B Fusss i) SOUARED M, Micrologic (bs.] L5, 1259006 600 6665

"0 LowVoltage |7 SOUARE D M, Micrologic (bs.) L51. 1258004 600 6665

: é HighVollage |} SOUARE D NE & NEE, Micrologic [Obs.) LI, 60012504 800 6713

403 Redaus ||y sausrep NE & NEE, Micralogic (0bs.) L5, 50012504 600 671-2
apply | Deseleot | Ciose | ey | |} SOUARE D NE & NEC, Micralogic (Obs.) L5, 60012504 600 8711

I mmiiame n AT L1 annaeas ~on A

Select Square D MX Micrologic LS 100-800 Amp Breaker
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14. Select the MX 480V 800 Amp Frame as shown below

=181
UTIL-0001 I =]

BUS-0001 ‘ ‘

PD-0001 |
igix]

Component Subviews:

o spooon | Eisiestve Device — [4a0% Vi 25008 (550 a00% =

A
e Fiiabity Dala I WX 40005 (B5.0 BUKA =
User Defined Fields 480V MY 400,06 (E5.0 0%
Diatablock BODV MX 400,04 (25.0 8.0)A
Sensor 2400 M4 800,06 (5.0 10.00kA
| BUS0002 BODYMX_800.06 (26,0 10.0kA -
D-0002 i
= _ Scenaiio Manager._ | -l Seting] GitlieE
GoTo =] _dump i nsnsp =] [os = =
) EREE =l (|7 2o easec) B = = |
&7 [Z 2[sTPU A0 £ F) =l[en = =
T ¥ 457D 0105 5ec) = I | |
y  Po0s ol =) =

/ Lbeay... | Eunction.. | Tagge | Phase Notes.
—— BUS003 | metsean | poesean
Expand Shink

FD-0004
J

@ CBL-0001

Kl [ i
Select 480 Volt, 800 Amp Frame.

\
\
\
\
\
\
\
\
\
\
\
\
‘ Anwld ¥F20002
\
\
\
\
\
\
\
\
\
\
\
‘

15. Select breaker PD-0004 in the Component Editor and click on the Library button as
shown below.

=
UTIL-0001 | 5|

BUS-0001 ‘ |

FD.0001 |

=gl

Component Subisws

Frotective D
sli wmom | e —— || =l
Faid ) Fi

clibilty Data
User Diefined Fields
Datablock.

| BUs-0002

Setii

D-0002 3
OF Scenario Manager... Seqment j j Setting] Setting2

\
\
\
\
\
\
\
\
\
\
\
} omEm Al || =
\
\
\
\
\
\
\
\
\
\

GoTa = Jump. g I jl j I j
2wl XF2-0002 =l E -
s s =] = | =
| = || | | - |
) Foom ]| - = ] | =l
Library, j Function. Toggle | Phase Motes
— BUSo00E [ Insert Segm | Delets Segm
Expand Shrink
3 FD-0004 i
/ |
@ = CBLAOOI |
et | .
Kl L "z

Select Breaker PD-0004
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16. Select the Low Voltage Breaker Category, the Thermal Magnetic Molded Case sub-
category, and the GE SF Spectra RMS Mag-Break 70-250 Amp breaker as shown

below.

=Y S s 5
Al | szarch] Manufacturer: [GE ] Type: Dese: TECH: || ok [ =] Voltage: [ |
=g CAPTW3I2ALIBPTW LI Manufacturer | Tvpe | Deseription | Woltage | TCCMe =1
= § CAPTOR 1Y GE FB.2 & 3-Pole 600V 161004 500 DES-013B to -0258
"= \¥BE FC.2 & 3Pole 2400 151004 240 DES-0138 to -0258 J
-1 |4 GE FC, 2% 3Pole 480V 151004 480 DES-0138 ta 0258
) Giround Fault 1y GE FC, 2t 3Pole GO0V 15100 £00 DES-0138 to 0258
Thermal Magnetic: Molded Caze | - o8 ) A o
; ¥ BE SE. Speciia AMS Mag-Break  15-1505 £00 k2151814, - K215...
-1 Power Circuit -y GO0
) Motar/Gen Protection A ' i
B Fusss \¥GE 906, Specira M3 MagBreak 1256004 £00 k2151914, 1920
0 Relays |4 GE 5K, Spectia AMS Mag-Break 30012004 600 k2151934, 1948,
L] HVAMY Brekers |+ GE SKHA, Sipechia RMS 012008 i 2151764, 1774,
Bl Specialy Devices \¥BE SKLA, Spectia AMS 30012008 £00 k2151764, 1775
b Switches |4 GE SKPA, Spectra FAIMS 0012008 600 KZI5-1764, 1778,
|+ GE TE1 151010 i KAEFD, 720 -
Iy e T A anna fon e 2o
Apply | Daselactl Close I Guery | <I | H oz

Select GE SF, Spectra Breaker.
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17. Make the “Maindraw.drw” one-line diagram the active window. This can be done by

clicking your mouse on any part of the one-line window that appears behind the
Component Editor window. It can also be done by using the Window menu item and
selecting the one-line document, or by using the Document>One-Line>Open menu
item if the one-line is closed. Once the one-line is open, select the area that includes
all of the components from PD-0002 down to and including CBL-0001. Itis
acceptable to select BUS-0002 down to and including LOAD-0001 as shown below,
but buses and loads will not appear on the TCC drawings. Select the components by
placing the cursor arrow at the upper-left corner of the desired area, pressing the left
mouse button and moving the pointer to the lower-right corner of the desired area.
When the mouse button is released, the selected components will appear in “blue”, the
selected component color.

LOAD-0001

ESl MAINDRAW.DRW i [ S
B
BUS-0001 UTIL-0001
| d
PD-0001
Aukd ZF20001
£

My~ """ T T T T T TT T T T T T T T =
i | BUIS-0002 i
i !
! !
i i
i F(pD-0002 i
] ]
! ]
: Auld  EF2-0002 i
! =12 :
i !

i 3 PD-0003 i |
i i
: _|_ BuUs-oo03 |
| .
i |
| 3 PD-0004 i
! !
i i
i @ % CBL-0001 i
i !
! ]
i !
! !
i !
i |

-

KN [ ] 3
Select area containing PD-0002, XF2-0002, PD-0003, PD-0004 and CBL-0001.
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18. Our goal is to transfer the selected components to a new Time-Current Coordination
(TCC) drawing. With PD-0002, XF2-0002, PD-0003, PD-0004 and CBL-0001
selected, click your right mouse button anywhere in the one-line window and select the
Go To/Find > Go To TCC Drawing... option as shown below. The Go To TCC
Drawing option is also available under the Window menu, but using the right mouse
button requires less mouse movement.

B8 MAINDRAY.DRY?

E1Js-0001 UTIL-0001
d
PL-0001
Al ZF2-0001
£TE

Mew...

| BUs-0002 Existing. .. Chr+I
Symbol Selection. ..
Disconneck ChH+E

In Service
_C>PD-UUU2 Out of Service

Undo Remove 1 companent  Chr+2

|
|
|
|
|
|
|
|
|
Expand Chr+E |
|
|
|
|
|
|
|
|
|
|

Redn b4
ALl EFR2-0002 Clone
=l Copy Data
Faste Data
4 PD-0003 Destroy
Remove Chrl+R
—} BUs-0003 Jurnp ko Mext Symbal
Zoom »
Go To Component Editor Chrl+T
3 PD-0004 Data State Color Go i
Fird/in TEE Drawing. ..
Query.. kg Go To Arc Flash. ..
Datablock Format. . Chrl+D . .
) o Go Ta Equipment Evaluation. ..
@ % CBL-000L Selective Crordination.. Go To Data Yisualizer .,
Go To ISIM...
Go To THS...
Go To HIWANE.. .
Go To Reliability
Find In One-Line. .. Cht+F
Find Mot in One-Ling. .,
Findin Gther Cne-lines
LOAD-0001 |
|
L I
|
< [

Note that you can add individual components to a selected set of components by holding
the SHIFT key when clicking on the components. The SHIFT key allows you to select new
components without losing deselecting components that are already selected.
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19. Enter a name for the new TCC drawing (TCC1 for example), and click on the “New”
button as shown in the figure below.

i

——————————————————————— —=l
EUS-0001 UTIL-0001 |
o d
I A |
PD-0001 <> ‘
\
sald EF2-0001 |
SR
\
\
1 Busooo2 |
TCC x|
TCC Narme:
' o |
| Do
Mew
Rename...
; ; EFz-0002 Delete:
Cancel
4 PD-0003 Help =
_|  Busooos
\
y  PD-o4 [
\
\
@ % CBL-000L |
\
\
\
\
\
LOAD-0001 |
\
77777777777777777777777 =
A ] 2z

Enter a name for the new TCC drawing and click the New button.

20. A window similar to the one below will appear. Click on the “Yes” button.

=10 ]
TCC Device List: |BUS-0002 'I Librany: |
Bus |Datahlnnk| One-Line | CURRENT IN 4MPERES :I

Name: BLIS-0002 ] 1000
Bus'Voltage:  [4160 W Data Complete

I™ Made Bus
Desciption |
100
PD-0002
Buff Book 242 - Acceptable .
' Damags Due to 5LG Arcing " UserDefine
Fault

WF2-000:

Parameters for Calculating Damage Curve

Conductor Selections: j 10 PD-0003

Acceptable Damage Ke: |0.000 47055

Disconnect lating 0000 Amps

Use-Define Damage Cur ey oumuerm i

SANODIS NI WL

Amps \
\?) ‘with the selected companents from the one-line. do you wish to create a new one-line and assaciate it with this TCC?

Ves Mo |

™ Do nat prompt from now on, new one-line wil nat be created automatically for all new TCCs.

o

0s 1 10 100 K 10K
TCCltce Ref Voltage: 4180%  Current in &mps x 1

KI vz
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21. A new coordination drawing should appear as shown in below.

fill TCC1.TOC (TCCL.drw) i [=] 3]
TEE Deviee List |BUS-0002 - Library, |

Bus | Datablock {UneLine | CLRRENT IN AMPERES :I
[~ Auta Update Are: Flash Result: 1000
| — o |
| b poa
| o0 PO-0002
| P P
| #~ HFZ-000
| o
1o FD-0003 z
| L ousoms z
_ =
| w0
) o &
| o
=
E]
| ! v
@ ERLo0
| CEL-000
77|777‘Ir777777 010
LowCoe -
Kl L] 3
001
05 1 10 100 10K
TCCH ton Ref Voltage: 41600 Current in Amps <1
K| [y

Coordination Drawing Generated from Selected Components.

Notice that on the left side of the screen, on the one-line tab, the portion of the single-
line you have selected from the previous one-line also appears. The software had
automatically created a one-line drawing named “TCC1.drw” which contains that
portion of the single-line you have selected from the previous one-line. The software
also automatically associated one-line “TCC1.drw” with the TCC1.TCC.

22. Select the label for cable CBL-0001 and move it next to the cable damage curve as
shown below. Note that components can be selected by clicking on the label or the
device curve. Data for each component can be changed on the left side of the window.

Fl Tcc1.Toc (Tech.drw) =10l x|
TCC Device List, | CBL-0001 i Library: ‘
Cable | Damage Curve | Datatlock One-Line | CURRENT IN AMPERES j
™ Auto Update &rc Flash Results 1000
| T =
| b opoa
| o PO-0002
| P PR
| P HF2-0002-
| _—
10 =
| i e 7
L] E
| @
) roas m
| =)
E
&
| 1 g
@ CELou0]
77|777‘Ir777777 010
Leanaoal -
L« l C
0.0
0s 1
TCCltec Ref. Volage: 4160% Current in Amps x 1
KT oz

Move label for cable CBL-0001



SKM Power*Tools for Windows 93

23. Select the downstream breaker PD-0004, click on the setting tab, and pick the SFLA
480V, 250 Amp frame, 125 Amp trip and MIN trip setting as shown below. Click
Redraw to update.

fillTcca.Toc (Tec1_z.dew)
TCE Device List |PD-0004 'I

Device Settings |Dalabluck| Dne-L\neI

=10 |

Library:  GE. SF, Spectia RMS MagBreak, 70-2504 ‘

CURRENT IN AMPERES

Frame: [4800 SFLA 250,02 65,0k | 1000
Trip: 125 [+
100 PO-0002
Segment: Jj Settingl Setting?
w1 IMIN dl j I j WF2-0002
] =l =l =l 10 PO-000% E
o = = | = z
| = ]| = £
e S I —
- Redraw I Library... |Eundian. | Toagle | Phase ! P=Hogs: w
Gr Insert Segm | Delete Segml Selective Coordination. | I on
Library Motes: -
(e, 3 &
010
=]
om
o5 1 10K
TCC1tcc Ref. %oltage: 4160%  Current in Amps x 1
KT 1w

Specify setting for downstream breaker PD-0004.

24. Select feeder breaker PD-0003 and select “INST OR” for the 5* segment as shown in
the figure below.

Bl Teca.Tec (rec1_z.dew) =10l x]

TCC Device List: |PD-0003 >

Library:  SQUARE D. M, Micralogic, LS. 100-8004

Device Settings | Datablock | One-Line |

Frame: [480v Mx E00.04 (85.0 10,00k |
Sernsor: | TR Bug [450  ~|
Sogment <2 Setling] Selting2
Fifrumsinsr x|[ors = |
7 2[0TD 24 5e0) =l =] =
I a[sTPUiz10sF)  ][20 =l =
7 4[sTDpa-055ec) ][
I~ 5[insT OR fFed =] |
LTPU0510%F
_BLTD[Z[—ASEE;‘ ! Phase
gTPu 12104 ) o

TD [0.1-0.5 Sec.

1000

100

1n

0.01

1]

as 1

CURRENT IN AMPERES

10

100 H 10K

TCCA toe Ref. Woltage: 4160% Current in &mps x 1 TCC1_2 drw

Select 800A Override segment of breaker PD-0003 in Setting Window.

SONODI3E NI IWIL
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25. Click on the Redraw button to update the TCC drawing. The curves are terminated at
the maximum fault current at the connected bus. The fault current can be automatically
updated from the DAPPER, A_FAULT or IEC_Fault studies or can be entered
manually. The default is to use the DAPPER fault value. For this example, the
Instantaneous override is higher than the fault current and is therefore not shown.

il Tecroe (roctdew) =0l
TCC Device List: | PD-0002 52 Library:  SQUARE D, M, Micralogic, LS. 100-8004 ‘
Devics Settings | Datablock | One-Line | CURRENT IN AMPERES iI
Frame [480v Mo 60000 (5.0 10.0)ka | 1000
Sensor  [so0 x| Bug [4s0 =]
100
Seament Jj Setting] Selting?
R ST TR | [ =] |
7 2[LTD (2 4 5ec) (B =] = 10 .
=
7 2[=TPU 2104 P lfeo =l =l z
7 4[sTD 1055e) |1 I | ﬁ
I~ 5[insT oR ~fFwed =] = S
]
Lbray.. | Functon. | Tosgle | Phase ! °
kit Seom | Delte Seam| Selective Cordination.| [~ 0
4
Library Notes -
1993 =
040
=
oo
05 1 10 100 1K 10K
TCCHdon Ref. Vollage: 4160V Current in Amps x 1 TCCH drw
KV 7

Redraw TCC to display instantaneous override segment.
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26. Select the transformer relay PD-0002 by clicking on the relay name or curve, or by
using the drop-down list box labeled TCC Device List. Drag the relay pickup, placing
it between the transformer FLA marker and the start of the transformer damage curve
as shown in the figure below.

Bl rec L. Toc (TecL.drw) (=[5
TCC Device List; |PD-0002 d Library:  GE MULTILIN, 745, G0/51, w1, Ba CT ‘
Device Settings | Datab\ockl Elne-Lmel CURRENT IN AMPERES il
Modek [ 745 =l 1000
LT Ratio: 100 /5 v
100
Segment: Jj Setting] Setling2
7 ifwiPhaseocPu =]t =] |
7 2[En Inverse =l =N =] 10 =
=
I7 5w Phase nst OCPU > [10 =1 | z
2 5 | -
ro 5 | —
Bedraw I Library... | Eund\on..l Toagle | Phase ! “
Insest Segm | Delete Seqm | Selective Cacudintion. | I~ 017
Library Motes: &
GEK-106635 _I
2004 010
=
om
s 1 10 100 1K 10K
TCC1 fec Ref. Votage: #4160V Currert in Amps x 1 TCCT drw
5
KT oz

Move relay PD-0002 pickup setting.

27. Drag the time delay curve for relay PD-0002 until it is just below the transformer
damage curve as shown in below.

§il Toca.TCC (Toctdrw) N [=]E3]
TCE Devies List; |PD-0002 =] Lbvanr GEMULTILIN, 745 50751, w1, 54.CT ‘

Device Settings | Dalab\ockl Elne-Llnel CURRENT IN AMPERES ﬂ
i | o
LT Ratio: 100 G -
100
Segment: jﬂ Setling! Setting?
% ifwiPhaseocPy =078 =] |
7 2[Est Inverse =lhs = | I o
=
I# 5w PhaseInst 0CPU- =10 =l | u
el I I —
rof 5 I —
Bedraw I Library... IEunct\on..l Toagle | Phase ! @
Inset Gegm | Delete Segm| Selective Coardination..| [~ (11
Library Mot
&
2004 10
L
oo
0s 1 10 100 1K TOK
TCCAtoe Ret. Yolkage: 4160%  Current in Amps x 1 TCCT drw
I 7

Drag relay PD-0002 time delay curve setting.



96 SKM Power*Tools for Windows

28. Using the Setting tab for relay PD-0002, fine-tune the settings by entering 0.8 for the
OC Pickup and 17.0 for the Ext Inverse time delay curve as shown below. Also select
the 3 segment and click on the “Delete Segment” button to get rid of 3™ segment.
Press the Press the Redraw button to update the TCC drawing.

Fll Tcca.Tce (Teca drw) 1Ol x|
TCC Device List: |PD-0002 hd Library:  GE MULTILIN, 745, 50/51, w1, 64 CT ‘
Devide Settings | Datablock | Onedine | CURRENT IN AMPERES fl
Model [ 745 =l 1000
LT Ratio: 100 /s -
100
Segment: J . Settingl SettingZ
JZ 1w Phase 0CPU N~ 08 = =]
2[Eut Inverse Il =N | n =
=
I7 "M\1 Phase Inst OCPU- x| [10 =] | z
ril 5 — | —
rel 3 —
Lbrary... | Function. | Toadie | Phase ! ”
Insert Segm | Delete Seam | Selective Comrdination...| [T 0n
Library Mates: 0y
GEK-108625 2
2004 010
=
om
0s 1 10 100 1K 10K
TCCltec Ref. Voltage: 4150V Currert in Amps x 1 TGO drw
B
KT 7

Change the OC Pickup to 0.8 and the Ext Inverse Time delay to 17.

29. The final TCC should look like the figure below.

filTocs. oo (Teca.drw) =0l
TCC Device List: IPD-UDUZ 'l Library:  GE MULTILIM, 745, 50/51, w1, 54 CT ‘

Device  Settings I Dalablock' Dne'Linel CURRENT IN AMPERES: ﬂ
Model: 745 = 1000
LT Ratio: |WDU ? |5 v[
100
Segment: JJ Settingl Setting2
7 1fwiPhaseocPu |08 el =l
i 2|Exl|mve|se jIW d |1 j 10 5
=
o = =] =l z
o] =
r| 5 — —
Eedlawl Library. |£L|nct|nn | Toagle |Fhase ! “
Insert Segm | Delete Segml Selective Coordination. | =
Library Motes:
=
2004 010
|
om
0s 1 10 100 1K 10K
TCCH tec Ref. Wokage: 4160%  Current in Amps 1 TCCT drw
-
kI H .z
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30. When you are satisfied with the TCC drawing you can print it directly or in a custom
output form. The output forms allow you to print the TCC drawing together with title-
blocks, logos and other documents such as a reports or one-line diagrams. To print the
TCC directly, select the Document>Print function as shown in the figure below.

Document  Edit  Wiew Run  Component S
Component Editor
One-Line. ..
Reports. ..
Library. ..
CAPTOR TCC...
Data Visualizer

Close

Save Chrl4S
Copy As...

Export..,

Print Setup...
Print. .. Chrl+P

Print Preview

Farm Print
Farm Previgw
Form Layouk

1 CHPTWSRY, ATCCL 2 drw

2 CAPTWIZILIEP T LIE

3 CAPTWS32Y, . \Maindraw. drw
4 CAPTWEZ. . \BUS-0002, DR W

Print the TCC drawing directly with the Document>Print function.

31. To print the TCC drawing in a pre-defined form, select Document>Form Print. Next
select the TCC & One-Line 8 ¥2 x 11 Portrait form as shown below.

Print Using Form 5'

Privter: HP Lazerlet 2430 PCL & PFrint ko
Letter, 8.5 by 11 inches, portrait % Printer
" Clipboard
Farms I Shaw Printer Page Size Forms On " Enhanced Metafile
[0 I5IM 8142 1 11 Landscape -]
O Oreling & Title Block 21/2 2 11 Landzcape 0.0 &_50 in.———3

[ TCC & One-Ling 11217 Portrait
O TCC & One-Ling 11=17 pre-printed Landscape
[ TCC & One-Line 81/2 % 11 Landscaps

TCC Area [ TCC tec )

One Line [ TCC1_2.drw |

Title Block [ Title Block. in ‘Title Block' area )

[ TCC & Orne-Line 81/2 % 11 preprinted Portrait

O TCC & Ore-ine on K&E paper

[ TCC 11:17 KE&E preprintad Portrait

M T am KAF narer LI

SelectData...I Clear Data I Frint | Group Print | Close I

11.00 im.

1

Select a pre-defined output form from Document>Form Print
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32. Press the Print button to send the active TCC drawing to the printer using the selected
output form. The results should resemble the plot shown in the figure below.

CUFRENT IN SMFERES
g 1
1 10 = = =
1000 1000
100 F2-0002 100
P D000
10 10
P D-000 4
=
a
1 oo i g
=
P, Fg—
J"‘]‘:
', roem
!, ream
0.10 (1]
- ]
0.0t o0
0.5 1 10 S_ = §
TCC Mame: TCCH Current Scale Ref. Yoltage: 4160%  Current in &mps x 1 Reference Yoltage: 4160
Oneline: TCC
Mary 30, 2008 S:06 AWM SHM Systems Anslysis, Inc.

Select a pre-defined output form from Document>Form Print
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The Form Print option can be used to print individual TCC drawings, send the output to the
clipboard or save the output to an enhanced metafile. The Group Print option can be used
to print all of the TCC drawings in your project with a single mouse click.

33. In addition to printing the TCC drawing, you can also print setting reports and tables in
a variety of different formats. First we will generate a setting report for a single TCC
drawing. Select the Run>TCC Report menu as shown below. Choose OK for the
default report name in the TCC Report window.

+ SKM Power*Tools - Scenario[ Base Project ] :\PTW32\projects\Tutorial_VB.0\Tutorial_V8.0.prj

Project Document Edt View | Run Component Settings Window Help
B R = G
o= G % T

Balanced System Studies...
Transient Motor Starting (TMS)
Industrial Simulation (ISTM)

il Tcc1.Toc {Tect.drw) Hartmonic Analysis (HIWAVE)
T —————  UnbalancediSingle Phase Studies... Ctrl+U
TCC Dewice List. |PD-0002

Reliability Analysis
DC System Analysis

A 9000 v o 5B [ @ QA A
Clwswo|[ b 8 ¢ » r @bt~ 841 @0
JRT=TES

L1, B CT ‘

Device  Setfings | Datablack |
Exquiprrient Evaluation

|

CLURRENT IN AMPERES

Model Failed Input Evaluation

CT Ratin ,mn_ : IE— Failed Equipment Evaluation
Arc Flash Evaluation
Query... i+
Datablock Format... D

Datablock Report...

sognen: 22|

I# 1{w1 Phase DC PU ~|[o8 - -

7 2[Estnverse =17 2l =] 10
g = = =
e = =] =
s = || =) | 5l

Redaw | Lbrary... | Eunction..| Taage | Phase !
Insert Seqm | Delete Seqm| Selsctive Coainatin..| I~ 0
Library Mt =
-

2004 010
Il

om

KIS

F2-0002

SANODIZ MWL

10

100 1K 10K
TCC1ice Ref. Valtage: 4160Y  Current in Amps x 1 TCCT.drw

H 4

Generate TCC Report
34. Select the TCC Name and click on

the OK button. If the project had multiple TCC

drawings you could print reports for a group of TCCs. The standard TCC report can
be sorted four different ways. For this example, sort by Bus Voltage and click OK.

TCC ane:
Help |

x

Select Al |
LI Deselect Al |

TCC Report

= x|
~ TCC Repart Header

¥ Show Headers and Titles
¥ Show TCE Notes
[¥ Shaw TCC Camment

¥ Show Date, Time and Page Mumber

Repart Sorting Options

" Sort By Bus Mame

€~ Soit By Component Name
@ Sort By Bus Voltage

€ Suoit By TCC Device List

- Pratective Device Motes
[ Show Protective Device TCC Motes
™ Show Protective Device Library Note

 Repart TCC Mames and Componets in the TCCs

™ Report All TCC Mames in the Project in T ool ames. ipt
I~ | Inglude &ssoviated One-fine Names

I~ Includz TCE Wotes

I~ Inzludz TCE Comment:

™| Include Component Mames inthe TCE:. [T TEE Device Notes

Select sort criteria for TCC report
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35. Enter the report name TCC1 as shown in the figure below. Click on the “Save” button.

Save ir; I = Tutorizl_v3.0

x| « & et E-

2=

| default
|Cheventlog
ﬂ dbrealid. rpt
=]DL.RPT

=] INPUT RPT
®|LF.RPT
®]5C.RPT

3 kol rpk

File name:

Save I

Save as type:

Repart File [*.rpt]

j Cancel |

i

Enter a name for the new TCC report.

36. The TCC.RPT document will then show up as shown below.

XF2-0002
BUS-0002

Device Name:
Bus Name:

Time Multiplier: 1
Description:
Wominal Size 500. DkMa
Impedance (%7): 4.9939
Inrush Factor:  12.0¢

Setting: 1) LTRU (0.5-1.0 x P)
2) LTD (2- 4 Sec.)
3] STRU (2-10 % P)
4) 5TD [0.1-0.5 Sec. )
5) INST (R

Device Name: PD-0003

Bus Wame: BUS-0003
Function Mame:  Phase

Wanuf acturer SOUARE D
Description: LS, 100-8004
Type: My, Micrologic
AIC Rating: G5kA Override: 10
Frame: M 480V S004
Time Multiplier: 1

Sensor: GO0A

Flug: 4504

0.75
2.0

Fixed

2-Winding Transformer Damage Curve

[337.54)

{5008)
12 t In
{100004)

. ] 54
[
TCC Name: TCCY . too
Bus Voltage: 4160V [/ 480V
Curve Multiplier: 1
Time Adder 0
Rated Volts: 4160 LLf4E0 LL
Pri Connection Delta
Sec Connection Yhre-Ground
TCC Name: TCCY . too
Bus Woltage: 480 o
Fault Duty A0 A —I
Curve Multiplier: 1
Time Adder 0
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37. The report is automatically saved on the disk in the project folder. To close the report,
select the Document>Close menu.

38. To view and print the report, select the Document>Report menu and then click on the
“Text Report” button as shown below.

Test Report W6.0 and earlier repart format [RPT files]

WE.5 PTW report format [[RPZ files]

Bepart Yiewer [.BEZ]
V¥ Dizable Report Yiewer

Camvert BET @ BRE Convert all .BPT to BP2 reportz for thiz project

Cryztal Repart Cyztal Bepaort [Verzion 8.0]
Crypstal Repart = Cyztal Repart [Yersion 17.0)
Cloze Help

39. All of the reports associated with the project will appear in the window dialog. Select
the TCCl.rpt report file and click on the Open button.

open 20 x|

Ll |L:‘;~ Tutorial_V8.0 =] = £ ER-

|25 deFault |®]5c.rPT

\“heventlog .

3 dbealid. rpt

[=]oLRPT

] IMPUIT.RPT

[®]LF.RPT

File: narne: ItCC1 1pt Open I

Files of type: IHepurt [".rpt] j Cancel |
Help |

Mew

Open TCC report.
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40. Again, the report for TCC1 will be opened as shown below.

Dewice Name ¥F2-0002
Bus Mame: ELE-0002

Time Multiplier: 1

Description 2-Winding Transiormer Damage Curve
Mominal Size GO0, OkWA

Inpedance (%£):. 4.9939

Inrush Factor:  12.0¢

Device Name FO-0008
Bus Name: BUs-000
Function Mame:  Phase
Wanuf acturer SUERE D

Description L5, 100-8004%

Type: Mx, Micrologic

AIC Rating: BoKA Dverride: 10

Frame: MK 380V 8004

Time Multiplier: 1

Sensor: S00A

Flug: 4504

Serring: 1) LTPU (0.5-1.0 % F) 0.75 (337.54)
2) LTD [2- 4 Sec. ) 2
3) STPU (2-10 % Py 2.0 (9004}
4) 510 (0.1-0.5 Sec. ) 1 12t 1In
5 INGT R Fixed (10000A)

KN

Sample TCC Report

=] 3]
A
TCC Mame TCCT. tec
Bus Woltage: L160V [/ 4800
Curve Multiplier: 1
Time Adder: 0
Rated Volts: 4160 LL/480 LL
Pri Connection: Delta
Sec Connection:  Wye-Ground
TCC Mame TCCT . tec
Bus Yoltage: 480, v
Fault Duty: Al 1A —I
Curve Multiplier: 1
Time Adder a
H 4
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41. To generate a TCC setting report for the entire project rather than for a single TCC
drawing, you can repeat the process with the Component Editor in focus rather than a
TCC drawing. The first step is shown below. Notice that the Component Editor is on
top and the “All” option is selected to display all of the components in the project.
This will result in a TCC report that contains all of the components in the project.

& SKM Power*Tools

Froject  Document  Edit

ED &3 U B I | B
b= & oo 7T

C Subwi

Equipment F Arc Flash M

Harmonic: Source

Reliability Drata r

User-Defined Fields

Datablock
M
D

Scenario Manager... |

I ; I Jurnp.. |
=
= J5.0002
/50003

- J5.0004

& CeL-0001

S sF 20001
20002

M uTiL-oo01

& LoaD-0001

0 FD-0001 =l

Vies | Run  Component

Window  Help
Balanced Syskem Studies. .
Transient Maotor Starting (TH3)
Industrial Sirnulation (ISIMG
Harmonic Analysis (HIWwAYE)

Unbalanced)Single Phase Studies. ..

Reliability Analysis
[nZ Swskemn Analysis

Chrl+A

Chrl+U

- Scena o[ Base Project ] C:\PTW32\ projects\Tutorial_V8.0\Tutorial_VB.0.prj

FA QI v A E

Elupsum” b b

=101 |

Equipment Evaluation
Failed Input Evaluation
Failed Equipment Evaluation

Arc Flash Evaluation

Query. ..
Datablock Format. ..
Datablock Report...

Chrl+
ChrlD

¢ n Service [N

Data State:

IEDmpIete "I

Expand | I Shrink,

Generate a TCC Setting Report for All Components in the Project.
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42. Another way to report protective device settings is to display them right on the TCC
drawing. This is accomplished by selecting the TCC drawing and using the
Run>Datablock Format command as shown below.

o[ Base Project ] C:"PTW32" projects\Tutorial_VE8.0\Tutorial_VE.0.prj

Run Component Settings  ‘Window Help

Balanced System Studies... crisa A g IE v e B B BaaaaaE+—~4
e o 0 Ewwmbt b @po-v[tEt1o0

i A OAAYD —— =T

Unbalanced/Single Phase Studies... Ctrl+J |
Reliability Analysis

DC System Analysis

CURRENT I AMPERES

Equipment Evaluation
Failed Input Evaluation
Failed Equipment Evaluation

Arc Flash Evaluation
Coordination Evaluation

Cable Ampadty... F2-0002
Query... Ctrl+Q
Datablodk Format...
Datablock Report...
!
W IdBD i 10 -
=
IBD1 A z
A & =
IBD1 A & i
(e
(=]
=
=1
1 i
Device LConnection. |
PD-0002
PD-0003
010
0.1
05 1 10 100 1K 10K

TCC1 e Ref. Voltage: 4160% Current in &mps x 1 TCCT drw

<] |

-

Apply Datablock format on TCC Drawing.

43. Select the TCC Settings datablock and click on Apply as shown below. To close the
Datablock dialog, click on the Close button.

Datablock Format Blx|
~Type Formats for TCC
Input Data | )
Load Flaw D at:
=" Component Editor / F?SlectlagD:v?ces Clase

TCC Setting Wigw / Reliability Edt

Data Visualizer Fepart - ANSI Fault Duty =
Repart - &ic Flash New
Repart - &rc Flah Line Side/Load Side

Repart - Arc Flash Line Side/Load Side Waorse
Repart - Arc FlashWorse Case

Report - Bus Fault Current D ata Set Default
© Oneline/ Report - Harmonics e
TCC One-Ling Yiew Report - Load Flow Data Rename...
Fepart - Matar List
® Frke Report - Protective Devices Copy
Repart-TCC Settings
Sizing Data Faste
UB_DLA Delete

" Import / Export UB_LF

UB_SC Help
Visualizer-Arc Flash —
isualizerAic Flash PPE = Import

Tee Default

Apply TCC Setting Datablock
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44. Move the datablocks to empty areas on the TCC drawing as shown below. The
datablocks and name tags can be turned on and off individually, and font size can be
specified from the Settings>Selected Device Settings menu. The datablocks can be
toggled on or off from the View menu or by using the toggle datablock icon +_=____

CURRENT IN AMPERES
[&D-odo2
*Po-ook2

KF2-0002

\\ \ \ PD-0003

\ \ PO-0004

PD-0002

1000

GE

=F, Spectra RMS Mag-Break
SFLA

Trip 1250 &

Settings Phase

100 RN

SQUARED
M, Micrologic
[LES

Trip 8000 4
Plug 4500 8
Settings Phase

LTPU (0.5-1.0 % F) 0.75 (337.58)
10 LTD (2- 4 Sec) 2
TP (2-10 3 P) 2.0 (9004
STD(01-05 S2c.) 1 (42t In)
IMZT O Fixed (100004)

GE MULTILIN

745

1 Seftings Phase

W1 Phage OC PU 0.8 (B0A)
Ext Inverse 17,1

0.10

05 1 10 100

TCC1ltce Ref Voltage: 4160Y  Currentin Ampsx 1 TCCT.drw

TCC Drawing with device setting datablock.

* Note that ‘Global Changes’ in the Settings Menu can be used to hide component names,
turn on and off short circuit flags, pickup labels, and datablocks. Other TCC specific
changes such as reference voltage, current scale, axis range, grid density, fonts, and fault
current selection can be made in the Settings > TCC Settings Menu. User preference can
be set in Project>Options>TCC as defaults for new TCC or new curve to follow.

SAMNODIS NI FWIL
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45. A datablock report displaying the same setting information can be generated using the
Run>Datablock Report option as shown in below.

Run Component  Settings  ‘Window Help

Balam.aedSysbemSt.lc.lies... Cirl+A 2] ﬂ,.’ @ o v + & # *” @l Q @ @ @Fﬂﬁ + ”
e Suwswo| b § ¢ p @b -V [IEF IO

i o A —— =TT

Unbalanced/Single Phase Studies... Cirl+U |
Reliability Analysis

DC System Analysis -
CURREMNT I AMPERES

LW, A CT.1601-0161-A1

Equipment Evaluation
Failed Input Evaluation
Failed Equipment Evaluation

Arc Flash Evaluation
Coordination Evaluation
Cable Ampacity...

=0 UARE D
RE, M Todogle
e

mmna
Flg w004

Zzlirgs Prase

t¥: u ﬂ‘&aﬂgs‘zﬂl 0.75 3T 54
LBACT, 1601-0161-41 =TPU @0x iz

=y
10 STO@A0S Secd A (P2l kg
iy

=TGR, Flzmd (]
zries R ating: ID.D kit
Pratected MI ZE muLTi

TE
BUS-0002 1 U Fret 66 U D2 GG

71
®F2-0002

El huerse 1
s

o

Datablodk Report...

SAMODIS NI WL

10

om
os A 10 100 1K 0K

TCC oo Ref. Wottage: 41600 Current in Ampz x 1 TCCT drw

K| H
Run>Datablock Report Option

46. The spreadsheet style datablock report, shown below, will appear for the components
displayed on the selected TCC drawing.

of) i

Seenario: Base Project

LV Breakers

Dieseription FrameiSensorPhiz Settings

SQUARE D MXE 80004 Phase

ME, Micrologic B00.04 LTPU(0.5-10x P10.75 (33?.5,!)

LS, 100-2004 450.04 LTD (2- 4 Sec) 2
STPU(2-10 x F) 2.0 (2004)
STD (0.1-0.5 Sec) .1 (I%2t In)
INST OF Fixed (100004)

GE SFLA 25004 Phase

SF, Spectra EMS Mag-Break 12504 MIN

02504

Relays

Dieseription Settings

GE MULTILIN 745 FPhase

45 W1 Phase OC P17 0.8 (304)

50051, W1, 54 CT Ext Inverse 17; 1

Frint... I Print Setup...l Options... | Font... | Save.. | Claze | Help

Datablock Report for devices on TCC drawing.
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47. Another option for reporting the device settings is to prepare a Crystal Report using the
Document>Report menu. Next, click on the “Crystal Report” button as shown below.

Reports

Text Report

Feport Yiewer [[BEZ]

Earyvert BET to BE2

Cryztal Repart

Cryztal Report =]

x|

WE.0 and earlier repart farmat [[BPT filez]

W5 PT report format [RP2 files]
¥ Dizable Feport Yiewer

onvert all . BFT to \RFP2 reports for this project
Cwstal Beport [Verzion 5.0]

Cyztal Report [erzion 17.0]

Cloze Help

Generate a Crystal Report for All Protective Devices in the Project

48. Select the TCC — Low Voltage Breakers — Static Trip.rpt format as shown below.

[N PTW Report Yiewer (version 8) =1ol =i

=&y PTW Repart Viswer

E| B PTW Librany Feport [ CAPTW32ALIEAPTW.LIE )
-8 Protective Device Library Report.ipt
E| 5 PTWw Project Report [ C:WPTW32\projects\ Tutonial 8. 04 Tutorial v8.0.pi )
- Arc Flash
D Device Evaluation
-0 Hiwave
D Load Flowe
#-1 Reliability
{13 Schedules
f#-{0 Short Circuit - &_FAULT
D Short Circuit - Comprehensive
-2 Short Circuit - IEC_FAULT
-] Sizing
=3 Tec
-] Fuses
(-2 HY-MY Breakers
EID Low Yoltage Breakers
I - Ground Fault
l -3 F'Dwer Circuit

E] PrntDev +_Muli_Functions_ByBus - 300111 rpt
B ProtDev_Mulii_Functions_ByBus. ot
i B ProDey_Phase_Ground - 3011t
B ProtDev_Phase_Ground.ipt
B ProtDey_Phase_Ground_2 - 20WIILipt
B ProtDev_Phase_Ground_2.rpt
B PratDev_Phase_Ground_3 - 30I1Lipt
B ProDev_Phase_Ground_3pt
B ProtDev_Phase_Ground ByBus - 30VI1Lipt
B ProtDeyv_Phase_Ground_ByBus.mt
[+ [:I Thermal Magnetic Maolded Case
[-Z] Motor-Gen Protection
-] Relays
- Specialy Devices
B Protective Device report - 30/1Lipt
B Pratective Device report.ipt
-] Unbalanced - Singls Phase
B ProjectHeader - 10H.rpt

ProtDev_Multi_Functions.rpt

List all protective devices in one table,
each protection function is listed as a
separate row.

ProtDev_Multi_Functions_ByBus.rpt
List all protective devices by bus, each
protection function is listed as a separate
Tow.

ProtDev_Phase_Ground.rpt

List all protective devices in one table,
Phase and Ground functions are listed as
a separate row.

ProtDev_Phase_Ground_ByBus.rpt
List all protective devices by bus, Phase
and Ground functions are listed as a
separate row.

Select the Static Trip Breaker Report from Crystal Report Options.
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49. Since there is only one static trip breaker in the project, only one shown in the report.

ADJUSTABLE LOW WOLTAGE CIRCUIT BREAKER SETTINGS

DESIGHATION TRIF UNIT
SETTINGS
| Fmme alc TYPE Araps .
Leeation/Hame Function | impe ki MFR MODEL | SensorfPlug| Descriptien TYPEMODEL LT Lo, [ 50, |50 THET
P | TME | P | TIME | 12T P
BUS-0003, PL-0003 Phase 800 65 SQUARE D M 800 450 | LS, 100-8004 M, Micrologic 075 2 a0 1 13 Foeed
Crystal Report for LV Breaker Settings
50. Using the Crystal Report option with both Phase and Ground functions in the same
row, a typical setting report with both Phase and Ground functions looks like below
DESIGNATION FRAME TRIF UNIT
; Frme AIC MFR TYPE Arps ; SETTINGS
Lecation/Hiame Aps kA MODEL | Sensorplug | D=5 Pien TYPEMODEL [T [LD_ |50 [ 50 50 [ T&T] 6F [6r0 BT
F.U. TIME P.U. | TME 12T F.U FU
LV DISTRIB.B-8WED] 00 5 | GE TIH 600 600 [ LEL 60-6004 TIH MVTRME-2 0.8 2 15 Min (It k) 02 0.1({I"at )
LW DISTRIE, LVF1 400 65 | MERLIH CE $00H 400 300 | LSL 400-8004 Sersors | Compact CEL STR 1 15 15 03(I2t k) 5 0z AR
GERDY Saup
LW DISTRIB, LWP2 250 65 | SQUARED LE 250 175 | 18I, 100-6004 LE, Micrologic 0.3 2 2 01(I"n Ow) | 25 |02 0.1 i)

Crystal Report for LV Breaker Settings with Phase and Ground functions
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Part 4 - Equipment Evaluation Study

Make sure that you completed Tutorial - Part 1, Part 2, and at least the first 17 steps in Part
3 before beginning this section.

The next steps demonstrate how to use the Equipment Evaluation study module to evaluate
the protective device ratings against the calculated short circuit duties. Equipment
Evaluation also checks for missing input data and compares continuous ratings of protective
and non-protective devices to calculated design loads and load flow operating conditions.
Equipments that fail the evaluation are reported in table form and highlighted in color on
the one-line diagrams.

1. Select the Run Equipment Evaluation option as shown below. If the Equipment
Evaluation module is not available, skip to the next section of this tutorial. If you want
more information about the Equipment evaluation module, contact SKM.

=, 5KM Power*Tools - Scenario[ Base Project ] C:\PTW32' projects| Tutorial_VE.0\Tutorial VB.0.p

Project Document  Edit Yiew | Run  Component  One-Line  Window  Help

£ s F [ | BB ] Balanced System Studies... cri+aA B < G- D0 v ok
T Transient Motor Starting (TMS) i
b = @ & EHE ﬁ Industrial Simulation (ISIM) E G an” '’ é

2! MAINDRAW.DRW Harmanic Analysis (HIWAVE) ;

Unbalanced/Single Phase Studies.,. Ctrl+l
Relizbility Analysis
DC System Analysis

—HCITH———

Equipment Evaluation
FD-0001 Failed Input Evaluation
Failed Equipment Evaluation

L HF2-0001 Arc Flash Evaluation
IS Coardination Evaluation
Cable Ampacity...

Query... Cirl+Q
Datablock Format. .. Cirl+D
—| BUS-0002 Datablock Report...

Run the Equipment Evaluation Option
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The Run>Equipment Evaluation option will produce a table as shown below.

2. Choose between the Protective Device or Non-Protective Device icons as shown
below. The other icon choices are described in the following paragraph.

~inix]

—
Study Result— [ pevice Status Bus Manufacturer Type Description Frame Bus Wolts | Max volts [ LF Amps
- ass 0. 4 . 155.. 4C- 3 .
iy FD-0001 [ BUS-0.. CUTLER-HAMMER <156, 4C-40C Cx, 40C 13200 16500 33
:) FD-0003  Pass BUS-0.. SOUARED M, Mic.. LS, 100-8004 b 480 480 9660
Device Type—

|V POOD04  Pass BUS-D.. GE SF Spe..  70-2504 SFLA 480 480 96.60

~Fault Type
=

- Fault Study—

E®
c

Run/Update
Options.
| | | |

<

Input Eval

[El] Equipment Evaluation =10l x|
Study Result— | peyice Bus Volts Rated Volts Design Amps Ampacit LF% Design’
@ Pl Fass 0 743 7308

Lc¥CBL-0001 430
SRRFO-0001. Pass BUSO. 13800 13800 0.34 EES 330 431 698 587
. arRF2-0001.. BUSD. 4160 4160 034 1115 0.9 1536 693 687
~Device Type— |oln

WHEKF20002.. Pass BUSD. 4160 4160 00 1118 0.9 3.4 1605 1580

2= RRF2-0002.. BUSO.. 480 40 0.60 96.60 95.00 E01.4 16.08 15.80
) [l LOAD-D001 Pass BUSO.. 480 480 165 96.60
el

T
LG
fs =

A

Fault Study—
&
C

Report

Fun/Update.

DOptians
— 4] | |

Input Eval...

Equipment Evaluation Table for Protective and Non-Protective Components

The icon buttons allow you to choose between balanced and unbalanced study results,
protection and non-protection device type and ANSI, IEC or Comprehensive fault analysis
methods. A summary of the icons follows for reference:

o
I_ Balanced Three-Phase Study Results (Select this option for the tutorial).

i}
Single-phase and Unbalanced Study Results

Display Protection Components. For the tutorial select this option.

Display Non-Protection Components
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e T — Compares device rating to total fault current at bus or maximum fault
r o current through branch. For this tutorial select Branch.
/V
— Fault Study—
= Specifies study type ANSI, IEC 61909, or Comprehensive Fault. For
I: ® this tutorial, select the Comprehensive Option.
4, [:

Navigates through the report by jumping to the selected component type,
or reduces the number of components shown in the evaluation list.
Choose from All Non-protection components, buses, cables, 2-winding
transformers, 3-winding transformers, transmission lines, pi impedance,
generators, loads, induction motors, synchronous motors, schedules,
filters, or reduce the number of components reported by custom query.

e 1t 7T
G G

The Report button generates a spreadsheet-style report and the Run Study
button allows you to re-run any combination of studies from the balanced
and unbalanced study options.

Repaort...
Run Study...
Options. ..

Options... button brings up the “Evaluation options” window where the user
can setup the Pass-Fail Limits, Evaluation Criteria, and Input Data Criteria

R 73

Input Eval...

The Input Eval... button generates a report listing components with obvious
input data errors as shown in the following screen.

(98]

Click on the Report button to generate the spreadsheet-style report shown below. The
report can be printed or saved as an Excel spreadsheet file.

[N Fquipment Evaluation Report BNk
Bus | Rated Design Cals | Dev | lso | Calc | Dev | bom | =]
+5
Device | Stalus | Bus | ynpe | ot s | Amps | Ameseity | LF% [ DeelBl R i | Momka | Mom s | k%
[ceL0001 Pess  BUS-0003 | 450 600 063 9880 9500 1300 743 7308
WPIZOODI M) Pass  BUS.OOM | 13600 1300 034 335 330 481 b&s ba7
¥F2.0001 (3e5) BUS OO | 4180 #1GD 034 1115 1088 1596 688 647
¥F2.0002(Fri) Pass BUS-D00Z | 4180 4180 080 1115 1098 694 1806 1580
| xr20002 (500 US| 480 460 0ED SRED SO0 6014) 1606 1580 ]
L0AD-00D1  Pass  BUS-0004 | 480 480 185 9880
[ Fin. | PirtSewp.| Opiors.. | Font. | Save. | Cose | Heb | $KM Disclaimer
[ Equipment Evaluation Report = ] 4
Devicous | g —— oltage (V) | Cortinuous Amps | INT K Close Latch ks, | Rating® PartingTims
Marutacturer BusDevice | LFDevRatingth | CabDewsriss | ColoDsv | VobINTCL | ¥ | Spesd Cylss
EERT Pacs  cx, 155k 13800 EED 903
EIExT] 4c-a0C 15500 40.00 50.00 #0.00 #0.00
CUTLER: HAMMER o, 40c &40 Sapmim
[~ |Po-ooos Pass M, Micrologic 480 9660 100.00
s L 0 s, 480 45000 500 10400
SQUARE D W 247 Symm
[ |Po-oo0s Pass  |SF, Spectra RMS Mag-Break 430 96,50 100.00
s 702508 480 12600 500 10400
e SFLa 7738 S
Piint.. | PintSetup...|  Dptions Fort S Closs Hep | SKM Disclsimes
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4. To save the report as an Excel spreadsheet, click on the save button and enter a report
name in the Save-As dialog window shown in the figure below.

Save in: I = Tutoral_V3.0

I o s e

2l xi

E default
eventlog

File narne:

Save as type: I Excel File [*.=lz]

- Cancel
Sl ==

Save I

Save the Equipment Evaluation Report in Excel Format

5. Close the Equipment evaluation window and navigate back to the one-line diagram.
You can display the results from the Equipment Evaluation module on the one-line
diagram using the Datablocks. Select the Run Datablock Format as shown below.

%, SKM Power*Tools - Scenario] Base Project ] CG\PTW3Z\projects\Tutorial_V8.0\Tutorial_VE.0.prj
Project Document Edit  Wiew | Run  Component  One-Line  Window  Help

s WRis BEE
o= 5 7T
[CEmmees

—HC I
FD-0001

L HEF20001

=

%o

BU5-0002

Balanced System Studies. .. Ctrl+A
Transient Motor Starting (TMS)

Industrial Simulation (ISIM)

Harmenic Analysis (HIVWAVE)
Unbalanced/Single Phase Studies... Ctrl+U
Reliability Analysis

DC System Analysis

Equipment Evaluation
Failed Input Evaluation
Failed Equipment Evaluation

Arc Flash Evaluation
Coordination Evaluation
Cable Ampadity...

Crl+Q

Query...
Datablod: Format. ..

Datablock Report...

=4 9 D0 v 4 44 E| B
Elursum” hogod o h L

c-_OPD-EIDDQ

Run Datablock Format
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Apply the “Device Evaluation Comprehensive Branch” Datablock Format and Close
the Datablock Format Dialog Window.

Datablock Format Bl x|
T Formats for One-Line and Probe:
Arc Flazh - &l
. Arc Flazh [Bus, Line & Load Side] -
" Comporent Editor / &rc Flash (Bus, Line & Load Side] Warst Caze
TCL Setting Yiew / Arc Flagh [DC) Edit |
Data Visualizer Arc Flazh Worst Caze
Branch Fault Currents [&_FALULT] il
Branch Fault Currents [Comprehensive]
Branch Fault Currents [|ECE0305]
Branch Fault Currents |IECET363)
] Bus Fault Currents [8,_FAUILT] Set Default |
% One-Line / Buz Fault Currents [Comprehensive]
TEC Ore-Line View Bus Fault Currents [|ECE0309) Rename... |
 Prob Buz Fault Currents [|ECE1363)
fone Data State Copy |
DC Compedit
Demand Load Data Paste |
[ evice Evaluation ANSI| Branch
i} valuation Comprel Delete |
" Import / Export D evice Evaluation [EC Branch
Device Fatings Help |
Harmanics
Impedance Data - Bus Thevenin Equivalent j Impart... |
One-Line Default:
Last Applied:

Apply the Device Evaluation Comprehensive Branch Datablock Format.

The datablock information including the protective device ratings and calculated
branch fault duties from the Comprehensive Fault module are shown below.

=loix]
=

BU5-0001

] 4
Tt 4

PD-0001 UTIL-0001
Pass

INT 17 %

£l 8 EF2-0001 CIL14%
&7 Pass Comt & %
Cont 7%

BUS-0002

E_OPD-EII]EIZ

L XF2-0002
Pass
Cont 16 %

%

PD-0003
Pass

INT 15 %
Cont 21 %

BUS-0003

3 PD-0004
Pass
INT 13 %
Cont 77 %

E CBL-0001
Pass

Cont 74 %

LOAD-0001

Kl [ d

Datablock Display for Equipment Evaluation Results.

W
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In addition to displaying the Equipment Evaluation Report and Datablocks, you can
graphically identify equipment that fails the evaluation. The options are available on the
Run menu as well as the toolbar icons.

Project Document  Edit View | fun  Component  One-Line  Window  Help

55 U R 5 | PR [ Balanced System Studies... Crith k= 4 o' DG e 4 |
o b Transient Motor Starting (TMS) i i
h = & &% o EHE ?r Industrial Simulation (ISIM) E =2 UFI]H ) é $ ?

E MAINDRAW DRV Harmanic Analysis {HIWAVE) l =

Unbalanced/Single Phase Studies... Ctrl+J
Reliability Analysis
DC System Analysis

Equipment Evaluation

Failed Input Evaluation
Failed Equipment Evaluation

Arc Flash Evaluation

Lo b EF2-0001 Coordination Evaluation
= Pass )
= Coont 7 % Cable Ampacity...
Query... Ctrl+Q
Datablock Format. .. Ctrl4D
Datablock R .
BUS-0002 bl

E__OPD-UDM

Run Equipment Evaluation

Y

Mark Components that Fail the Input Data Evaluation

Mark Components that Fail the Equipment Evaluation.

For this example, none of the equipment fails the input data checks or the equipment rating
limits. However if it had, the symbol for the failed equipment would be highlighted in Red
on the one-line. The Failed Input Data and Equipment Evaluation options are also
available from the Component Editor, whereby only the failed equipment appears in the
Component List.
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Equipment evaluations are performed based on user-defined limits. The following table
found under Project>Options>Equipment Evaluation displays the default equipment

rating limits. You can adjust these limits to meet your specific design goals.

Option Groups:

Startup

Application

Froject Titles and Logo

One-Line

Fieport

Library

Mizcellaneous/Docs Files

Arc Flash E v aluation
uipment Evaluation

TCC

Uzer-Defined Fields

FAulti-Ll zer

eter

Option Subviews:

Ewaluation Criteria
Input Data Criteria

o]
Help |

Cancel

& x|

Equiprent Evaluation Pazz - Fail %

“oltage R ating:
Interruptingl 2o Duby:
‘Withstand b om/C-L
Load Flow Current:
Dezign Current:
Generator Size:

Buz Valtage Drop:

Buz Current Fating:

Branch Yoltage Drop:

Device Yoltage Drop:

Margnal  Fail

W

I+

% [Prot, Cable, Bus, ATS]

* [Protection, Busz)

# [Prot, Buz, Schedule, ATS)
% [Prat, Br, Schedule, ATS)
% [Bus. Br, Schedule, ATS)
% [Generator]

% [Buz)

% [Buz)

*% [Branch]

% [Hfarmer, Gen, Mtr. Load)

Limnits

23

You can also control which evaluations are performed choosing from Short Circuit Ratings,

Continuous Ratings, Individual Circuits in Load Schedules, Exclude Tie breakers and

Exclude All Pi Equivalent Sub-Types.

Option Groups:

Startup

Application

Project Titles and Logo

One-Line

Report

Library

Mizcellaneous Files

Ao Flash E waluation
uiprent Evaluation

TCC

Uszer-Defined Fields

Muilti-U zer

Meter

Option Subviews:

Fazs - Fail % Limits

E v aluation Criteria
Input ['ata Critena

Cancel

o]
Help |

B x|

Iv Short Circuit Fiati

Equipment Evaluation Criteria

ing

V¥ Continuous Rating

V¥ Schedule Circuit

=

[” Exclude Tie Breakers

[ Exclude All Pi Equivalent Sub-Types

[ Show &l Buses

[Uncheck will only show buzes that failed or marginal
in evaluations or have Equipment Category Specified)

[
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The Input data evaluation options are displayed as a separate Subview on the same window.
The input data options can be selectively included or excluded from the Input evaluation.

options x|
Option Groups:

|nput D ata Evaluation Criteria
Startup %
Application

Froject Titlez and Logo
One-Line

Report [V lsolated System without a Swing Bus
Library
Miscellaneaus Files ¥ Unconnected Components
Arc Flash

5' ment Eyaluation I Miszing Libram Feference
USE'.'DEﬁnEd Fields ¥ Missing System Mominal Voltage
Fduilti-U zer

teter

W Miszing Other Input [FatedSize, Fated Yaoltage, Impedance, etc.
Option Subviews:
Pass - Fal % Limits [ Devices Mot Being Evaluated Due to Lack of Input Diata

| Evaluation Criteria
d nput D1 ata Criteria

ok I Cancel
Help |

If you are in the Equipment Evaluation module, you can access the three criteria limits
window by clicking the options button as show below.

Feport...
Run/Update. ..

Cptions. ..

LRIL

Input Exal...
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Part 5 - Arc Flash Evaluation Study

Make sure that you complete Tutorial - Part 1, Part 2, and Part 3 before beginning this
section.

The next steps demonstrate how to use the Arc Flash study module to evaluate the incident
energy and arc flash boundary for each bus location. Arc Flash calculations combine fault
calculations, protective coordination, and empirical equations to calculate arc energy
people may be exposed to when working on or near electrical equipment. Knowing the arc
energy, proper protective clothing can be specified to optimize safety with respect to arc
flash exposure.

Your tutorial one-line should look as follows with Comprehensive Fault Values displayed:

1ojx|
UTIL-0001
PD-0001 BUS-0001
8367 Amps 3P
7531 Amps 3LG
Aead A KF2-0001
= Ts
_ | BUs-nO0Z
2221 Amps 3F
| 2282 Amps 3LG
| ~.PD-0002
)
Anad A ZF2-0002
e
L PD-0003
) [
_ BUS-0003
403 Amps 3F
8492 Amps 3LG
'} PD-0004
@ { CEL-0001
-

LoAD-0001 -

A [ 2y
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Your tutorial coordination drawing from Section 3 should look as follows:

To begin the Arc Flash Tutorial:

-
CURRENT IN AMPERES j
1000 Ap-tonz
HP2-0002
CRL-O FZ-0002
PL-0003
100
4
10 =
m
=
7]
m
I's]
o
=
=]
1 ]
0410
0.01
0s 1 10 100 1K 10K
TCC toc Ref. Wolbage: $160% Current in &mps x 1 TCCT drw -
KN I o 4

Select the Run Arc Flash Evaluation option as shown below. If the Arc Flash Evaluation
module is not available, skip to the next section of this tutorial. If you want more
information about the Arc Flash Evaluation module, contact SKM.

£ 6KM Power*Tools - Scenario] Base Project] C:\PTW32\projects\Tutorial_VB.0\Tutorial VB.0.prj

Project Document  Edit Wiew | Run  Component  One-Line  Window  Help

&3 U B e | FE [ Balanced System Studies. .. Ctrl+a
Transient Motor Starting (TMS)
| wo
L] & " lbt 7{ Industrial Simulation (ISIM)
B8 MAINDRAW.DRWY Harmonic Analysis (HIWAVE)
f — _ Unbalanced/Single Phase Studies... Ctrl-+l

Reliability Analysis
DC System Analysis

A v & dh

I@upsum” hoB %
L

L-0001

| Equipment Evaluation
| Failed Input Evaluation
| Failed Equipment Evaluation
| Arc Flash Evaluation
Ao A WE20001 Coordination Evaluation
| =T Cable Ampacity. ..
| Query... Cirl+Q
| Datablock Format... Crl+D
| Datablock Report...
|  BU3.0002
| 2221 Amps IP
| 2287 Amps 3LG
I ~PD-0002
| O
Run the Arc Flash Evaluation Option
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Alternatively, you can use a short-cut Icon to start the Arc Flash Evaluation module.
13 @ w3 9 v &

The Run>Arc Flash Evaluation option will produce a window as shown below:

Arc Flash - Study Options Bl x|

Standard and Unit | Fauk Curent  Report Options |

Report Option ———————— ~Color Onedine Upstream Mis-Coordination Options
& Bus I ferst Case Wil " Bus + Prot ¥ Check Upstream devices for miscoordination
€ Prot. Line Side ¢ Prot. Load Side
1+ Bus Upstream Levels to Search: |1
€ Bus + Frot. Line Side
" Bus + Line Side + Load Side " Prot. Device | | Mis-Coordination Rtio: 80 %

Line Side + Load Side Fault Confribution [ptions: Demred Fauk Threshold: lBD— % of Total
Dl

1* Line + Load Sides ' Line Sid=
Default Label # Prefix: =

Device to Report in Labels and Summary View ¥ Auto Update Arc Flash Resuts
% Last Trip Device £ Main Device

™ Use Maintenance Mods function for main device

™ Increase PPE Level by 1for high marginal IE

& Report IE/PFE " AsOverdutiedw/oLabel | 1 Peport PPEOthers 1.2.3.4.5
™ Report Function Name for multiple functions

¥ Enable Equipmert Evaluation Notes

¥ Append bus description to bus name
Device Fall to Operate, Use Upstream Devices ¥ Report PPE Level
Al Mains " Nore " Specified in devices | [~ Report Additional User Motes

Shock Approach
Boundary ...

oK | Gancel | Hep |

"Rapnrt Options when Equipment Evaluation Failed

Additional Incident Energy and
Fash Boundary...

Fieport Data:

PPE Table... and Order...

Scenarios...

| Glove Class...

Then click ok to display a table.

If IEEE1584 — Preferred Method NFPA 70E 2015 Annex D.4 method is
selected, the following column headers also appear:

E JArc Flash Evaluation - Base Project - IEEE 1584 - 2002/20044a Edition =1
& DetailView © Summary View Scenanos.. | Custom Label.. | Work Permit.. | Re-Run Study Options.. PPE Table... @& Al GoTo/luery
Bus | ProtDev |ProtDev| Tripf | Breaker
Prolective | Bus | Boted | Boted | Arcing | Delay | Opening Eodp | @ep ||oC Pl || WAy | CieEn? | (e ies Aeiee e
Bus Hame L Ground Boundary | Distance | Eneray FR Clothing | Label #
Device Mame | kY [faut (68) Faul | Faut | Tme | Time Type | (mm) | 7 o | oo
681 | tka) | (sec) | (seod Ly
1[S00 P-0001 1380 83 000 000 2 ooo0ves |_|swe 153 E72 3 A Colemory 30N #1
g

2 ~| -

5 |BUS-0002 PD-0001 416 222 222 220 0141 0000Yes v |SmG w|104 91 36 031 Category 0 2

4 v -

5 |BUS-0003 PD-0003 045 740 740D 43 0458 0000Yes w|PML w| 25 25 13 24 Celegoryd (N #3

5 = =

7 |BUS-0004 PD-0004 045 548 543 392 0025 0000 Yes w|PML w| 35 78 18 030 Category 0 #4

g = =

Arc Flash Evaluation Table
Reading from left to right, the columns have the following definitions:

Bus Name
Fault location for bus report. For line side and load side report options the bus refers to the
equipment where the line side and load side protective devices are connected.

Protective Device Name
Refers to the protective device that clears the arcing fault or portion of the total arcing fault
current.



122 SKM Power*Tools for Windows

Bus kV
Bus voltage at the fault location.

Bus Bolted Fault Current (kA)
The current flowing to a bus fault that occurs between two or more conductors or bus bars,
where the impedance between the conductors is zero.

Bus Arcing Fault
The calculated arcing current on the faulted bus

Protective Device Bolted Fault Current (kA)
The portion of the total bolted fault current, that flows through a given protective device.

Protective Device Arcing Fault Current (kA)

The arc current flowing through each protective device feeding the electric arc fault. Note
that the total arc fault current may flow through several parallel sources to the arc location.
Trip / Delay Time

The time required for the protective device to operate for the given fault condition. In the
case of a relay, the breaker opening time is entered separately from the relay trip time. For
low voltage breakers and fuses, the trip time is assumed to be the total clearing curve or
high tolerance of the published trip curve.

Breaker Opening Time

The time required for a breaker to open after receiving a signal from the trip unit to operate.
The combination of the Trip/Delay time and the Breaker Opening time determines the total
time required to clear the fault. For low voltage circuit breakers, the total clearing time
displayed on the Manufacturer’s drawing is assumed to include the breaker opening time.
Ground

Indicates whether the fault location includes a path to ground. Systems with high-resistance
grounds are assumed to be ungrounded in the Arc Flash calculations. (Available for IEEE
1584 only)

Equip Type

Used only in the IEEE 1584 method to indicate whether the equipment is Switchgear,
Panel, Cable or Open Air. The equipment type provides a default Gap value and a distance
exponent used in the IEEE incident energy equations. The equipment type provides a
default Gap value and a distance exponent used in the IEEE incident energy equations.

Gap
Used only in the IEEE 1584 method to define the spacing between bus bars or conductors
at the arc location.

Arc Flash Boundary
The distance from exposed live parts within which a person could receive a 2nd degree
burn.

Working Distance

The distance between the arc source and the worker’s face or chest.

Incident Energy
The amount of energy on a surface at a specific distance from a flash.
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Required Protective FR Clothing Category (PPE)
Indicates the Personal Protective Equipment (PPE) required to prevent an incurable burn at
the working distance during an arcing fault.

Label #

This allows the user to specify the prefix character that will go on the "Label #" column in
the Arc Flash spreadsheet report. This field can help in sorting out (organizing) the label
when they printed out.

Cable Length From Trip Device
Reports the total cable length from the protective device that trips to clear the fault to the
faulted bus. If there is no cable in between, nothing will be reported.

Incident Energy at Low Marginal
This will report an incident energy value of the bus, if the incident energy on the bus meets
the low marginal criteria value entered in the PPE.

Incident Energy at High Marginal
This will report an incident energy value of the bus, if the incident energy on the bus meets
the high marginal criteria value entered in the PPE.

If NFPA 70E 2015 Annex D .3 is selected, these following column
headers also appear:

[ Arc Flash Evaluation - Base Project - NFPA 70F 2015 Annex D3 -
€ Detaliew © SurmayView  Scenaios.. | CustomLabel..| Work Pemit.. | ReFunStudy | Options.. | PPE Table. | & Al C GaTofQuey
Bus ProtDev |ProtDev Trip/ | Breaker Cable Incident Incident
Protective ok el e e e e e e s et [ Length Fram| Energyat | Energy at
Bus Name Bus kv Arcing of Arc | Arc Type| Boundary | Distance | Energy Label #
Device Name Feutt (o) 10| Fault | Feut | Time | TmeTal | 3021 w5 = e ) TripDevice | Low High
(8) | cA) | (see) | (sec) ) Marginal | Narginal
1 001-UTILITY CO MaxTripTime = 63.00 463 463 418 418 2| 0.000 2 AIr - 632 72 93 0 #1
@20s
2 |002-TKA PR Rz 6900 185 185 060 060 0582 0133 0716 hBoxw| 201 72 93 0 ¥z
3 |003-HV SWGR RM10 13.80 797 797 068 0668 1917 0.083 2 In Box = 239 36 53 0 %3
4 |004-TXB PRI R3 13.80 7.92 7.92 761 781 007 0.083 01 In Box = 83 38 64 0 #4 100.00
5 |005-TXDPRI RT SEC 13.80 1.02 1.02 07z 072 1917 0.083 2 In Box w 125 36 14 0 *5 400.00
& (06T PRI 6 1380 789 798 585 585 0017 0083 01 nBoxw| 83 % 64 0 6 40000

Duration of Arc
The sum of the Trip/Delay Time and the Breaker Opening Time

Arc Type

Identifies whether the fault location is in an enclosure or in open air. In open air the arc
energy will radiate in all directions whereas an enclosure will focus the energy toward the
enclosure opening. The In Box / Air selection is available when the NFPA 70E study option
is selected. For the IEEE 1584 study selection the In Box or In Air is determined
automatically from the Equipment Type specification.
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If DC Systems Arc Flash NFPA 70E 2015 Annex D .5 is selected, these
following column headers also appear:

[ J Arc Flash Evaluation - Base Project - DC Systems Arc Flash (NFPA 70E 2015 Annex D.5) (ANSI)

or Untreated
Fiber

Bus Equivalent Resistance (Ohms):
The calculated system resistance on the faulted bus

DC Bolted Protective Device Fault (kA)
The portion of the total DC bolted fault current that flows through a given protective
device.

DC Arcing Protective Device Fault (kA)

The DC arc current flowing through each protective device feeding the electric arc fault.
Note that the total DC arc fault current may flow through several parallel sources to the arc
location. The DC Protective Device Arcing Fault Current is reported for the immediate
branch connected to the bus so the actual arcing fault current passing through the reported
device might be different from the reported values if the device is not directly connected to
fault location or installed at different voltage level.

Duration of Arc:
The summation of Trip/Delay Time and Breaker Opening Time.

Multiplier:
Specify a safety multiplication factor here. This will affect the calculated incident energy.
Actual incident energy in enclosures could be higher than the calculated incident energy

If NESC 2012 method is selected, the following column headers also
appear:

I Arc Flash Evaluation - Base Project - NESC 2012
Scenaros... | CustomLabel.. | Work Pemit.. | Aefiun Study [ Dplone.. | PPE Table.. | & Al € Go To/Guery
Trip/ Breaker Minimum Rubber
Protective SLG Duration Incident
Erers Devie | BUS | pargn | Doty | Opening | | entType |Allude| 3Phase Gap |Typeof| | | Separation | Approach | [ETET | PRE LevelsNotes | hsutng | |
KV Time | Time/Tol (feet) | Multiplier | (in} | Work Distance (in)| Distance (=) Equipment
Name Fault (kA) (sec) (calem2)
(sec) | (sec) (in) Class
1 001-UTILTY CO MaxTripTime 69.00 3715 2000 0000 2000 SWG - o 1.0 4 Com - L - 40 43 26 Level 4 (*N2) (*Ng) Danger #1
@2.0s (*NESC22)
2 002-TX A PRI R2 69.00 1.169 1.867 0133 2.000 SWG - o 1.0 4 Com - L - 40 43 28 Level 4 (*NS) Danger #2
(*MESC22)
3 |003-HV SWGR R2 13.80 8493 0773 0133 0907 SWG - 0 1.0 2 Com w|LL = 15 26 12 Level 4 (*NESC22) 2 #3
4 |004-TXBPRI R3 13.80 8384 0.017, 0083 0100 SWG - o 1.0 2 Com w(lLL = 15 26 40 Level 3 2 #4

Initial Symmetrical RMS single-line-to-ground fault current. (Reported by Comprehensive

Short Circuit Study.)

Duration of Arc (sec.)
The sum of the Trip/Delay Time and the Breaker Opening Time.

€ DetailView  SummanView  Scenarios... | Custom Label.. | Work Pemit.. | PefunStudy |  Optiors.. | PPETable.. | & &I € GaTo/Guen
5 Bus oc Tripl Breaker 5
5 Pmte?we Bus LEE )| T s Equivalent LE i ) Arcing Delay Opening Duration of Arc - ‘Working Distance EEEE s PPE Level/
us Name Device Bus Fault| Bus Fault Prot Dev Muttiplier Boundary Energy Label #
i KV oY) (k) Resistance Fault (KA} Prot Dev Time Time/Tol (sec.) (in) {in} (caliem2) Notes ("N}
(Ohms) Fault (kA)| (sec.) (sec.)
1
Level 0: Shirt & 0.0-12 #level0=10
pants or calicm"2
coverall,
2 |Nonmeting
(ASTM F1506)
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Altitude (feet or meter)

Altitude of the worksite where the arcing fault could potentially occur. The unit is in feet or
meter depending on the unit selection (English or Metric) in the arc flash study option
window. This will affect the minimum approach distance.

3-Phase Multiplier

Specify here the 3-phase multiplier. This will affect the calculated incident energy. The
calculated incident energy from Table 410-1 to Table 410-3 of NESC 2012 is based single-
phase system. Recommended 3-phase multiplier for open air is 1.2 to 2.2. Recommended 3-
phase multiplier for enclosed location is 3.7 to 6.5.

Gap
Distance of the arc gap

Type of Work
Specify here the type of work: Com (for communications) or Sup (for supply). This will
affect the minimum approach distance.

LL/LG

Specify here whether the work being done is on a line to line (phase-to-phase) or line to
ground (phase-to-ground) system. This will affect the minimum approach distance for
supply type of work

Separation Distance
The distance at which the calculated incident energy from Table 410-1 to Table 410-3 of
NESC 2012 is based

Minimum Approach Distance
The distance from any exposed energized part within which an employee could approach.

Rubber Insulating Equipment Class
The class of rubber insulating sleeves the employee shall wear, in addition to the rubber
insulating gloves.

Detail View or Summary View: & Detal View € Summary View
The detail view in the arc flash report lists all parallel contributions and the accumulated
energy as each contribution is cleared. The summary view lists only the last branch that
clears the significant contribution as defined by the "Cleared Fault Threshold" percentage
specified.

In the Detail View, the program traces each connected branches to find the protective
device that trips first in the branch and lists it under the faulted bus. If the directly
connected branch doesn’t have a protective device, the program walks the branch until it
finds one.

If standard NFPA is followed, the incident energy is calculated using the bolted bus fault
current for all protective devices listed under the bus without consider the reduction of fault
current after some of the devices have been tripped. If IEEE 1584 is followed, the incident
energy is calculated by using the arcing bus fault current left at the bus which consider the
fact that some devices have tripped already and the one that trips later doesn’t see as much
current.
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In the Summary View, only one device under each bus is listed, and that is the one after it’s
tripping a user defined percentage (ie... 80%) of the total fault current would have been

cleared. The user can define the percentage in the Arc Flash Study Options dialog (see
section 1.5.2).

The data associated with the device listed in the summary view will be used in the Bus
Detail report and Arc Flash Label.

L 3 Arc Flash Evaluation - Base Project - IEEE 1584 - 20022004 Edition =1t
 DetailView & Summaw\u"lew Scenanios.. | CustomLabel..| Work Permit.. | Fe-Run Study Options. PPE Table... & Al GoTo/Query
Bus Prot Dev  Prot Dev | Tripd | Breaker . .
Protective | Bus | Bolted Botted | Arcing | Delay | Opening Equip | Gap (A G| (WALAATE) || (REEENE | REEMCE e EEie
Bus Mame | Ground Boundary | Distance | Energy FR Clothing Label #
Device Mame | kY |Zault (k&) Faut Fault Tirme: Tirme: Type | (mm) i) i) faliom2) o
(ki) | (kA) | (sec) | (sec) s
4 BLS-0001 FD-0001 13.80 837 0.00 0.00 2 0.000 Yes - SWG - 153 B72 36 pal Category 3(*M2)  #1
(*13)
2 |BUS-0002 PD-0001 418 222 222 22 044 0.000 Yes w |SWG w | 104 a1 36 03 Category 0 #2
3 |BUs-0003 PD-0003 0.48 740 740 431 0158 0000 Yes | PNL = | 25 25 18 21 Categary 1 (*M3) #3
4 |BUS-0004 PD-0004 0.48 S48 S48 382 0025 0000 Yes | PNL = | 25 78 18 030 Category O #d
. SCenarios...
Scenarios...

This button brings up a window where the user can specify to report Arc Flash results based
on the current scenario opened; or if the project has multiple scenarios, the user can select
Arc Flash results to report the worst case (the one with the highest incident energy) out of
all the selected scenarios. Furthermore, the user can also select Arc Flash result to report
the "Best Case Scenario”. The "Best Case Scenario" is the one with the lowest incident
energy out of all the selected scenarios.

Scenarios

— Digplay Incident Energy From—————————— oK

& Cunent Scenario Cancel

€ WWorst Case Scenario

daip

Help
" Best Case Scenario

—Uze Studp Setup Settings From

& Each Individual 5 cenario

" Cunent Scenario

Select Scenarios:

For instance, if a project has four scenarios, in this window the user can select all of the
scenarios and select the "Worse Scenario" option button. When the user clicks on the "OK"
button, what will be reported by Arc Flash spreadsheet report for each bus is the incident
energy from the scenario with the highest value.
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Similarly, if a project has four scenarios, in this window the user can select all of the
scenarios and select the "Best Scenario" option button. When the user clicks on the "OK"
button, what will be reported by Arc Flash spreadsheet report for each bus is the incident
energy from the scenario with the lowest value.

Selecting worst case will greatly help in printing out the arc flash label for the worst case
situation for those scenarios selected.

Note that for the "Worst Case" or "Best Case" option to work, the scenario that is currently
active must be included in one of the selection you make.

The user can also select which study setup setting to use for each scenario: "Each Individual
Scenario" or "Current Scenario."

If "Each Individual Scenario" option is selected, the software will use the arc flash setting
for each individual scenario. If "Current Scenario” option is selected, the software will use
the arc flash setting from the scenario that is currently active.

In the Arc Flash Report, the scenario where the incident energy being reported came from is
indicated by (*S0), (*S1), (*¥S3), etc. depending on the scenario number.

Custom Label.. Custom Label...

This button will bring up the custom label window where the user can specify the Page
Size, Label Size, Page Margins, Orientation, Rows and Columns of the labels and Spacing
between labels

. YW'ork Permit...
Work Permit

This button brings up the window to generates a work permit required for working on
energized equipment per NFPA 70E 2015

Fe-Fun Studsy
Re-Run Study

This button refreshes the Arc Flash display to reflect updated short circuit values caused by
system changes made since the last arc flash study was run.

Options... . Options...
This button will display Option menu for Arc Flash Study

The Arc Flash Options dialog box lets you select options for running the Study. The Arc
Flash Options dialog box is divided into 3 options tabs: Standard and Units, Fault Current,
and Report Options.

The descriptions of the options of each tab follows:



128 SKM Power*Tools for Windows

Standard and Unit
2ix]
Standard and Unit | Fault Currert | Report Options I
— Standard
¥ |EEE 1584 - Prefemed Method " NFPA 7OE 2015 ~ NE,SC 202 " DC Systems Arc Flash NFPA
MNFPA 70E 2015 Annex D 4 Annex D3 Edition 7OE 2015 Annex D.5

DE Shork Cireuit
AL Short Circuit Method Used in Arc Flash Calculation 5 e Options

. |
’7 ¥ Comprehensive Fault  |EC 60809 ' Unbalanced/Single Phase IEC

|' Flash Boundary Calculation Adjustments

Equipment Below 1 ki: I'Jse Incident Energy Equation to Calculate Boundary j

Equipment Below 240 V: IApph' exception for systems fed by XFMR < 125\VA (IEEE 1584 2002 Section E.B.j

r— Units

& Metic & Jiem™2 " cal/em™2 o e

¢~ English Fﬂddem Energy —————————— "Distance and Boundary

ok | Cacat | Hep |

Standard allows the choice of IEEE 1584, NFPA 70E, or NESC methods. If the IEEE
1584 method is selected, the equations published in the IEEE 1584 2002 and NFPA 70E —
2015 Annex D.4 will be used to calculate the arcing fault current, incident energy, and flash
boundary. The IEEE 1584 method is based on more recent and expanded test data, and is
the preferred method. Since IEEE 1584 method is also part of the NFPA 70E 2015, using
the IEEE 1584 method could be considered as compliance with NFPA 70E as well. If
NFPA 70E method is selected, the equations published in NFPA 70E — 2015 Annex D.3
will be used to calculate the incident energy and flash boundary. If NESC 2012 method is
selected, the tables for NESC 2012 are used to calculate the incident energy and flash
boundary.

AC Short Circuit Method use in Arc Flash Calculation - These three short circuit
calculation method can be used in Arc Flash to calculate the bolted fault current.

- Comprehensive Fault

- IEC 60909

- Unbalanced/Single Phase
According to IEEE Std. 1584.1-2013, section 3 Arc-flash study general guidelines:
Calculations can be run for single-phase equipment using IEEE Std 1584, assuming it has
three-phase service that will yield conservative results.

Flash Boundary Calculation Adjustments - The Flash Boundary is normally calculated
by setting the incident energy to 1.2 cal/cm”2 and use the incident energy equation to
reverse calculate the flash boundary.

An option to use equation: sqrt (2.65 * 3-Phase MVA * t) to calculate the flash boundary
when the voltage level is equal or below 1 kV is also provided. Refer to NFPA 70E — 2015
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Annex D.2 for more details. This option is only available if NFPA 70E 2015 Annex D.3 is
selected.

Equipment Below 240 Volts Options:
There are two options available when the equipment is less than 240V.

- Option1: Report as Category 0 if Fed by XFMR < 125 kVA. (IEEE 1584 2002
Section 9.3.2)

- Option2: Report Calculated Values From Equations. Use normal incident energy
calculation methodology.

English or Metric Units — For NFPA 70E — 2015, IEEE 1584, or NESC 2012 standards,
we allow the choice of English or Metric units. If the English units option is selected, the
incident energy is in Calories/cm”2. The working distance and flash boundary can then be
in inches or feet.

If the Metric units option is selected the incident energy can then be Joules/cm”2 or
Calories/cm”2. The working distances and flash boundary can then be in mm, cm, or m.

Fault Current
5l x]|

Standard and Unit  Fault Cumrent | Report Options I

Mazx Arcing Duration ———— [~ Reduce Generator and Synchronous Mator Fault Contribution To
* Use Global Max Arcing Time 3000 . of Generstor Rated Curent Reduce After
5240 Volts: (2000 | sec
3000 %of Synch Motor Rated Cumert 100 eycles
<= 240 Volts: [z ppp  sec
™ Apply To Generators ™ Apply To Synchronous Motors
" Erterfor Each Bu
erier s [~ Becalculate Trip Time Wsing Beduced Curent
b % Arcing Time far Each Bus... |

r~ Induction Mator Fault Corttribution

Arcing Fault Tolerances...
Include for |5-D cycles ™ Bxclude i < |75 hp

 Treat Fuses As
& Al Curert Limting ¢ All Standard " Specified in Library

Ltility and Impedance Tolerance...

I
Pre-Fault Voltage... |
I
I

Ficed or Movable for Each Bus...

[ Include Transformer Tap — Use 1/2 or 1/4 cycles trip time if arcing fault is in curent limiting range

™ Include Transformer Phase Shift
¥ Include VFD Load Side Buses

Arc Flash Equations for Breakers and Fuses
Define Grounded as SLG/3F Fault »=:
lr % ’7|7 Use Equipment Specific Arc Flash Equation in Protective Device Library

0Kk | canced | Hep |

% Cument limiting starts at 0.01 sec. ™ Use letthrough curve in library

Maximum Arcing Time Duration allows you to specify a maximum (Trip Time +
Breaker Time) for the incident energy and flash boundary calculations. IEEE 1584
Annex B.1.2 stated that “If the time is longer than two seconds, consider how long a
person is likely to remain in the location of the arc flash. It is likely that the person
exposed to arc flash will move away quickly if it is physically possible and two seconds
is a reasonable maximum time for calculations. A person in a bucket truck or a person
who has crawled into equipment will need more time to move away.”

The default for the Maximum Arcing Duration in PTW is set to 2 seconds, if the Trip
Time read from the TCC plus the Breaker Time is bigger than the Maximum Arcing
Duration, the Trip Time will be set to the Maximum Arcing Duration — Breaker Time.
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Sound engineering judgment is always required when making reasonable arc flash
energy estimates.

- Use Global Max Arcing Time: Allow user to enter different maximum arcing
during for system voltage > 240 Volts and system voltage <= 240 Volts.

- Enter for each bus: When this option is selected, the user can click on the “Max
Arcing Time for Each Bus” button, and “Maximum Arcing Duration for Each
Bus” window will come up. See picture below.

x
i Ja
Bus Name T,?)';::;T MSl)l(r‘:tri‘:::g o Sz
fsec) " Bus Name
1 [001UTILITY CO | 690000 10.000
2 |002-TXA PRI £9000.0 5.000 %
3 |003-HV SWGR 13800.0 4.000 M Arcing Duration
4 |004.TX B PRI 13800.0 4.000
5 |005.TXD PRI 13800.0 1.000
6 |006-TX3 PRI 13800.0 4.000 Select Multiple Buses
7 |007-TXE PRI 13800.0 3.000—| Global Change.
3 |008.0S SWG1 14160.0 3.000
9 |009-TX C PRI 4160.0 100.000
10 |010MTR 10 14160.0 5.000
11 |011-TX3 SEC 4160.0 5.000
12 |012.TX3 TER 4160.0 5.000
13 |013.0S SWG2 1160.0 5.000
14 |020DS SWG3 41600 5.000 Cameel
15 |021.TX F PRI 14160.0 1000.000 Help
ET 025 MTR 25 4160 0 2000 ¥

In this window, the user can specify the maximum arcing duration for each buses in the
system modeled. For convenience, the user can also sort the window by bus name, bus
voltage, or maximum arcing duration by selection one of the available options button.
Furthermore, user can change the maximum arcing duration of all the buses globally by
clicking on the “Global Change” button. This helps in modeling your system accurately for
arc flash study, since each bus location you are analyzing may have different maximum
arcing duration depending on the situation.

Arcing Fault Tol
Arcing Fault Tolerances... ng rault ‘olerances

- For the IEEE 1584 standard, specify a low and high tolerance for arcing fault current
calculations. For example, enter a —15% low and +10% high tolerances means the program
will calculate two incident energies one at 0.85* arcing fault current, and another at 1.1*
arcing fault current. For the NFPA 70E standard, specify the percentage of bolted fault
current used to calculate the second incident energy. For example, enter a 38% bolted fault
current means the program will calculate two incident energies one at 100% of the bolted
fault current and another at 38% of the bolted fault current. If the short-circuit method used
is IEC 60909, the calculated maximum and minimum short-circuit currents are used as
arcing fault tolerances.
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Arcing Fault Current Tolerances B x|

— IEEE 1584 - Prefemed Method MFPA FOE 2015 Annex D.4 oK I
Low Tolerance High Talerance
Lo Yaltage Open Air |-1 RO o IEI.EI % ﬂl
Low Yoltage In Box: I-'I 5.0 4 IEI.EI % &l
MediumHigh “Yoltage 0pen Air: I-'I 5.0 E IU.U E M
Medum/HighVohage InBox: ~ [180 %[00 % Fleset Default
Lalc Table
— MFPA F0E 2015 Annes D3 - Caloulate a second Incident Energy at————— W
Low Yoltage E quipments: 38.0 % of Bolted Fault Current
Medium,High “altage Equipments: IW % of Balted Fault Current

Laows Waltage: Bus Yoltage <= 1000 Valts
tediumsHigh Yoltage: Bus Yoltage > 1000 Yolz

The arcing fault current magnitude is a function of the voltage and arc impedance. Since a
small change in arcing fault current can produce substantially different trip times and
incident energy, it is prudent to account for arcing fault current variability through
reasonable tolerances. The IEEE 1584 standard uses a 15% low tolerance for arcing fault
current calculations, and the NFPA 70E suggests using a 38% bolted fault current. The
incident energy is calculated at the low and high tolerance specified and the largest incident
energy is reported. For cases where both the low and high tolerance values result in the
same trip time, the high tolerance will always produce the highest incident energy. For
cases where the low tolerance results in longer trip times, which is often the case, the
incident energy is typically higher at the longer trip time. In the arc flash table, the value is
labeled with (*N3) when the low tolerance arc fault value is used

Pre-Fault Voltage options... ST

This button allows the user to specify the pre-fault voltage options for the short circuit
study. If the short-circuit method used is IEC 60909, the pre-fault voltage is adjusted in the

IEC 60909 SC setup.

5ix]

" Load Flow Results [~ Fe-Furn Load Flav Shudy

Mate: If the "Load Flow Results™ option is selected and
syztem input data changed. check Re-Run Load Flow
Study to obtain the latest pre-fault valtage.

" Per Unit Yoltage I'I-DDD For &l Buzes
= Per Unit Yoltage Eriter forEachBus...l

& Mo Load with Tap

0K I Cancel Help
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Load Flow Results
If the Load Flow option is selected, the load flow voltage at each bus will be used to
calculate the bus and branch fault current when apply a fault to the bus.

PU Voltage for All Buses
If the PU Voltage for All Buses option is selected, the user can enter one single value for
the per unit pre-fault voltage to be used for all bus in the system.

PU Voltage Enter for Each Bus

If the PU Voltage Enter for Each Bus option is selected, the user can enter the per unit pre-
fault voltage to be used at each individual bus and the per unit voltage will be used to
calculate the bus and branch fault current when apply a fault to that bus.

No Load with Tap

If the No Load with Tap option is selected, the per unit pre-fault voltage is calculated by the
program starting from the Initial Operating Voltage from the utility or Swing Bus generator.
Transformer Tap and Phase Shift will be included in the calculation of the pre-fault voltage

if the options are checked in the Calculation Model. This is the default option.

Utility and Impedance Tolerance... ity and Impedance Tolerance. .

The Tolerance option is used by the load flow and short circuit comprehensive study
modules.

2l

0K

— Utility Woltage Tolerance
Cancel
& Regular € Minimum ¢ Maximum

di;

Help

— Utility Contribution Tolerance

 Regular ¢ Mirimum ¢ Masimum

— Cable Impedance Tolerance

& Regular  © Minimum ¢ Masimum

— Transformer Impedance T olerance

& Regulat ¢ Mirimum ¢ Maximum

Utility Voltage Tolerance
Regular

When the "Regular” option is selected, the load flow and short circuit
comprehensive study modules will not use the min and max voltage tolerance
specified in the Utility Component Editor.
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Minimum

When "Minimum" option is selected, the load flow and short circuit
comprehensive study modules will use the "Min" voltage tolerance value
specified in the Utility Component Editor. For example, if the Voltage
per unit is 1.0 and the "Min" tolerance value is 20% (entered as -20.0),
the value that will be used for the load flow and short circuit studies is 0.8
puor [1 pux (1-0.2)].

Maximum

When "Maximum" option is selected, the load flow and short circuit
comprehensive study modules will use the "Max" voltage tolerance value
specified in the Utility Component Editor. For example, if the Voltage
per unit is 1.0 and the Max value is 20% (entered as 20.0), the value that
will be used for the load flow and short circuit studies is 1.2 pu or [1 pu x
(1+0.2)].

Utility Contribution Tolerance
Regular

When "Regular” option is selected, the load flow and short circuit comprehensive
study modules will not use the min. and max. utility contribution tolerance
specified in the Utility Component Editor.

Minimum

When "Minimum" option is selected, the load flow and short circuit
comprehensive study modules will use the "Min" utility contribution tolerance
value specified in the Utility Component Editor for both the Three Phase and Line
to Ground Contribution. For example, if the "Min" utility contribution is 20%
(entered as -20.0), the utility will have the following contributions:

3phase =300 MVA
SLG =100 MVA

The values that will be used for the load flow and short circuit comprehensive
studies are the following:

3phase =300 MVA x (1-0.2) =240 MVA
SLG =100 MVA x (1-0.2) =80 MVA
Maximum

When "Maximum" option is selected, the load flow and short circuit
comprehensive study modules will use the "Max" utility contribution tolerance
value specified in the Utility Component Editor for both the Three Phase and Line
to Ground Contribution. For example, if the "Max" utility contribution is 20%
(entered as 20.0), the utility will have the following contributions:
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3phase = 300 MVA
SLG =100 MVA

The values that will be used for the load flow and short circuit studies are the
following:

3phase = 300 MVA x (1+0.2) = 360 MV

SLG =100 MVA x (1+0.2) = 120 MVA
Cable Impedance Tolerance

Regular

When "Regular” option is selected, the load flow and short circuit comprehensive
study modules will not use the impedance tolerance specified in the cable
impedance Component Editor.

Minimum

When "Minimum" option is selected, the load flow and short circuit
comprehensive study modules will use the "Min" impedance tolerance value
specified in the cable impedance Component Editor. For example, if the tolerance
impedance is +/- 20% (entered as 20.0), the cable will have the following
impedance:

Positive = (R + jX) ohms/1000 Feet
Zero = (R + jX) ohms/1000 Feet

The values that will be used for the load flow and short circuit comprehensive
studies are the following:

Positive = (R + jX) x ( 1-0.2) ohms/1000 Feet = (R + jX) x 0.8 ohms/1000 Feet
Zero = (R +jX) ( 1-0.2) ohms/1000 Feet = (R + jX) x 0.8 ohms/1000 Feet
Maximum

When "Maximum" option is selected, the load flow and short circuit
comprehensive study modules will use the "Max" impedance tolerance value
specified in the cable impedance Component Editor. For example, if the tolerance
impedance is +/- 20% (entered as 20.0), the cable will have the following
impedance:

Positive = (R + jX) ohms/1000 Feet
Zero = (R + jX) ohms/1000 Feet

The values that will be used for the load flow and short circuit studies are the
following:

Positive = (R + jX) x ( 1+0.2) ohms/1000 Feet = (R + jX) x 1.2 ohms/1000 Feet
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Zero = (R + jX) ( 1+0.2) ohms/1000 Feet = (R + jX) x 1.2 ohms/1000 Feet

Transformer Impedance Tolerance
Regular

When "Regular” option is selected, the load flow and short circuit comprehensive
study modules will not use the impedance tolerance specified in the transformer
impedance Component Editor.

Minimum

When "Minimum" option is selected, the load flow and short circuit
comprehensive study modules will use the "Min" impedance tolerance value
specified in the transformer impedance Component Editor. For example, if the
tolerance impedance is +/- 20% (entered as 20.0), the transformer will have the
following impedance:

Positive = (%R + j%X)
Zero = (%R + j%X)

The values that will be used for the load flow and short circuit comprehensive
studies are the following:

Positive = (%R +j%X) x ( 1-0.2) = (%R +j%X) x 0.8
Zero = (%R + j%X) ( 1-0.2) = (%R +%X) x 0.8

Maximum

When "Maximum" option is selected the load flow and short circuit
comprehensive study modules will use the "Max" impedance tolerance value
specified in the transformer impedance Component Editor. For example, if the
tolerance impedance is +/- 20% (entered as 20.0), the transformer will have the
following impedance:

Positive = (%R + j%X)
Zero = (%R + j%X)

The values that will be used for the load flow and short circuit comprehensive
studies are the following:

Positive = (%R +j%X) x ( 1+0.2) = (%R +j%X) x 1.2

Zero = (%R +j%X) ( 140.2) = (%R + j%X) x 1.2

Fixed or Movable for Each Bus... d or Movable for Each Bus..

This button brings up a window where the user can specify for each bus whether it is
defined as "Fixed" circuit part or "Movable" conductor. The will affect the shock limited
approach boundary reported by the arc flash label. A bus defined as "Movable" will have a
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higher limited approach boundary than a "Fixed" bus. For convenience, the user can also
sort the window by bus name, bus voltage, or by "Fixed/Movable" selection options.
Furthermore, the user can change the Fixed/Movable" selection of all the buses globally by
clicking on the "Global Change" button.

Transformer Tap W Include Transformer Tap

If this box is unchecked, all transformers appear without the effect on any taps, and the pre-
fault voltage is relative to the swing bus voltage. By selecting Transformer Tap, PTW
calculates the system pre-fault no load voltage profile based on the swing bus voltage and
transformer tap settings. You must check this box to analyze transformer off nominal
voltages properly.

Transformer Phase Shift V' Include Transfommer Phase Shift

By default, PTW does not include Transformer Phase Shift, the transformer phase shift
angle remains at 0°, and the pre-fault voltage angles in each isolated area of the power
system remain at the swing bus voltage angle. To report unbalanced circuit branch flows,
select the Transformer Phase Shift check box. This option calculates each transformer
phase shift in degrees based on the transformer connection type; the pre-fault voltage angle
includes all transformer phase shifting relative to the swing bus.

VFD Load Side Buses ¥ nclude VFD Load Side Buses

By selecting Include VFD Load Side buses, the program will include the buses on the Load
Side of the VFD in the Arc flash study.

Defined Ground as SLG/3P Fault in % - enter the single line to ground fault current / 3-
phase fault current at the bus in percentage. If the calculated SLG / 3P fault current at the
bus is higher than the value specified by the user, the bus is considered grounded. IEEE
1584 recommended different incident energy equation parameters based on whether a bus is
grounded or not.

Reduce Generator / Synchronous Motor Fault Contribution To — Generators and
synchronous motors do not supply the same amount of fault current after a certain number
of cycles following the fault. For example, the fault current may be reduced from the initial
1000% of the Rated Current (10 per unit) to 300% after 10 cycles. Enter the percentage of
the Rated Current and the number of cycles after which to reduce the fault current to. PTW
assumes a step change from the initial fault current to the reduced value and incident energy
will be calculated using the initial fault current and the number of cycles specified, then
accumulated with rest of the incident energy calculated using the reduced fault current and
the duration at which the protective device trips. The Apply To Generator check box
controls whether the reduction of contribution should be applied to generators. If
unchecked, generator contribution will be the same as the initial fault for the entire arcing
duration. Similarly, the Apply To Synchronous Motors check box controls whether
synchronous motor contribution should be reduced after the number of cycles.

Recalculate Trip Time using Reduced Current — use the decayed fault current from the
Generators and synchronous after the number of cycles to recalculate the trip time and
calculate the incident energy.

Below is description on how "Apply to Generators/Synchronous Motor” check boxes work
in conjunction with “Recalculate Trip Time Using Reduced Current” checkbox.
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If "Apply to Generators/Synchronous Motor” check box is checked and the “Recalculate
Trip Time Using Reduced Current” is unchecked

= PTW uses the initial arcing fault current up to the specified number of cycles
to determine the first accumulation of incident energy.

= [f the protective device protecting the generator did not operate, the current is
reduced using the new bolted fault current value that corresponds to 300% of
the generators FLAs.

=  From that, a new arcing fault current is calculated and is used to determine the
second accumulation of the incident energy. Note that for this option, the
assumption is that protective device protecting the generator will start to
operate at the first current it sees. So the time used for the second portion of
the accumulation is the calculated trip time from the initial current minus the
number of cycles specified.

= PTW adds the two incident energy values to get a total accumulated energy.

If " Apply to Generators/Synchronous Motor” check box is checked and the “Recalculate
Trip Time Using Reduced Current” is checked

PTW uses the initial arcing fault current up to the specified number of cycles to
determine the first accumulation of incident energy.

If the protective device protecting the generator did not operate, the current is
reduced using the new bolted fault current value that corresponds to 300% of the
generators FLAs.

From that, a new arcing fault current is calculated and is used to determine the new
tripping time. To determine the second accumulation of the incident energy, the
new arcing current is used along with the remaining time (new tripping time minus
the number of cycles specified).

PTW adds the two incident energy values to get a total accumulated energy.

This option assumes that the protective device protecting the generator did not
operate on the initial current.

Note also the following:

@)

Arc Flash Study Option "Apply To Generators" option is enabled only if there are
energized generators in the system.

Arc Flash Study Option "Apply To Synchronous Motors" option is enabled only if
there are energized Synchronous Motors in the system.

"Recalculate Trip Time Using Reduced Current” option will be enabled only if the

"Apply To Generators" and/or "Apply To Synchronous Motors" options are
checked.
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Induction Motor Fault Contribution — Specify the number of cycles to include the
induction motor contributions. PTW assumes a step change from the initial fault current
with induction motor contributions to the reduced fault current without induction motor
contributions. To include induction motors all the time, enter a large value as the cycles.
To ignores all induction motor fault contributions from the arcing fault current and the
incident energy calculations, enter O cycles. You can enter a specific induction motor hp
size and check or uncheck the Exclude if <??? hp independently to exclude motors less than
the given hp.

Notice that while ignoring motor contributions reduces the fault current value, it may
increase the trip time and result in higher incident energy.

Fuses treated as ''All Current Limiting, All Standard Fuses, or Specified in Library"

When "'All Standard Fuses" is selected, the arc duration is read from the total clearing
curve at the arcing fault current for all fuses in the project. If the fault current is above the
0.01sec crossing point then 0.01 seconds is used as the trip time. The IEEE 1584 or NFPA
70E standard equation and calculated tripping time are used to calculate incident energy.

When "All Current Limiting Fuses"' is selected, the arc duration is read from the total
clearing curve when the arcing current is below the current-limiting threshold (below the
0.01sec crossing point). When the arcing current exceeds the current-limiting threshold
(above the 0.01sec crossing point) the trip time is reduced to either ¥2 or % cycle based on
the amount of current.

When "'Specified in Library" is selected, (recommended option) the software will check
the “Current Limiting” checkbox and “Use Arc Flash Equation” checkbox in the library to
determine if a device is current limiting or not. The incident energy calculation will be
based on its findings. If the "Use Equipment Specific Arc Flash Equation in Protective
Device Library" check box is not checked and/or no equation is entered in the Arc Flash
page, then the IEEE 1584 or NFPA 70E standard equation will be used with the trip time
reduced to ¥2 or % cycles.

Arc Flash Equations for Breakers and Fuses.
"Use Equipment Specific Arc Flash Equation in Protective Device Library"

If this check box is checked, all the devices that have:
e The "Use Arc Flash Equation” check box checked
e Manufacturer’s tested equations entered in the Arc Flash tab of the specific library
file
e  Fault current is in the range of the equations

The software will calculate the incident energy based on these equations. Otherwise, for the
case of breakers, the IEEE 1584 or NFPA 70E standard equation will be used and
calculated tripping time are used to calculate incident energy. For the case of Fuses, the trip
time will be reduced to ¥ or ¥4 cycles if current limiting conditions are satisfied. This
option is not available if ‘All Standard’ is chosen in the option above (Treat fuses as).
Note:When the "Use Equipment Specific Arc Flash Equation in Protective Device Library"
option is checked, the software will calculate the arcing fault current using the IEEE 1584
or NFPA equations. However, it will use the Arc Flash equation from the library to
calculate the incident energy and 100% of the arcing fault current though the branch is
reported on the Arc Flash window for the device.When the "Use Equipment Specific Arc
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Flash Equation in Protective Device Library" option is unchecked, the software will
calculate the incident energy for 85% and 100% of the arcing fault current and report the
bigger incident energy. The application of the device specific arc flash equations are based
on the assumptions used in the tests as explained in IEEE 1584 - 2002. As mentioned by the
said standard, actual field results can be different if such assumptions such as system
voltage and working distance are different. The user is responsible for verification of such
assumptions used in the study if this option is selected.

- -0l x|
Device | Fuse Rating | Trip I Trip Curves | Arc Flash
Manufacturer:  [BUSSMANN Type: J4Ks. 600V Class J
Description: I'I*EDDN Max Voltage: IEDD
TCC No: ISee Motes Catalog Mo: IJKS-_
™ DC Device @g ¥ Use fArc Flash Equation
Test Standard
1 ANSI
@ UL
" |EC
Links to Extemal Documents...
Notes:
Amp Range Min. Meit Total Clearing ;I
15A n/a 50604 (5-5-86)
30-6004 197-1(10-28-83)) 197-2(10-17-84)
Assumed & -10% cument tolerance on the Total Clearing Curves.

If the manufacturer’s equations are entered in the Arc Flash page, PTW will use these
equations instead of the standard incident energy equations from the IEEE 1584 or NFPA
70E. If no manufacturer’s equipment-specific equations are entered or could be matched
with the cartridge and bolted fault current range, the fuse will be treated as a current
limiting fuse without using the manufacturer’s equations.

If the "Current Limiting..." check box in the library is unchecked and the "Specified in
Library" option is selected, the fuses will be treated as standard fuses without having the
current limiting feature.

For breakers, manufacturers could also provide equipment-specific equations to represent
faster trip time when the fault current reach a certain level, but they are not current limiting
in nature.

For all current limiting fuses, if the trip time of the TCC clearing curve at the branch arcing
fault current is less than Y2 cycles, and the curve is defined below 0.01 seconds, the defined
clearing time is used. Otherwise, the arcing fault current (I,) is compared to the current (Ir.)
where the total clearing curve drops below 0.01 seconds, and the trip time is based on the
following table:

Trip/Delay Time (Tr) Condition
Read from clearing curve L<IL

1/2 cycle ILL<l.<2Ip
1/4 cycle L>21C

The let-through curve option works similarly in which Iy is the first point of the current-
limiting range of the peak let-through curve.
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For fuses with only the average melting time curve available, and the time read from the
average melting curve at the arcing fault current Trips less or equal to 0.03 seconds, add
15% to Tr. If Tr is above 0.03 seconds, add 10% to determine the total clearing time. If
the arcing fault current is above the total clearing time at the bottom of the curve (0.01
seconds), use 0.01 seconds for the time. (IEEE_P1584/ 4.6 Step5)

The protective device library alternatively allows you to enter current limiting equations for
fuses at each bolted fault current range. Arc Flash uses these equations to calculate the
Incident Energy and Flash Boundary instead of the standard IEEE1584 equations.

Equipment-Specific Incident Energy Equations on the Arc Flash Tab - If
manufacturers of low voltage breakers have their equipment-specific incident energy
equations published, these equations can be entered in the Arc Flash tab of the Protective
Device Library. The user must check the "Use Equipment-Specific Incident Energy
Equations on the Arc Flash Tab" check box in order for the equations to be used in the Arc
Flash calculations.

If the "Use Equipment-Specific Incident Energy Equations on the Arc Flash Tab" check
box is checked, but no equation on the Arc Flash tab has a bolted fault current range that
covers the calculated bolted fault current through the device, the Equipment-Specific
equation will not be used. Instead, the device will be treated as current limiting in the
following way:

If the trip time of the TCC clearing curve at the branch arcing fault current is less than 2
cycles and the curve is defined below 0.01 seconds, the defined clearing time is used.
Otherwise, the arcing fault current (I,) is compared to the current (I.) where the total
clearing curve drops below 0.01 seconds, and the trip time is based on the following table:

Trip/Delay Time Condition
Read from clearing curve L<IL

1/2 cycle ILL<l.<2Ip
1/4 cycle L>21L

The let-through curve option works similarly in which Iy is the first point of the current-
limiting range of the peak let-through curve.

Report Option
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Five different report options are available. The report options are named Bus, Protective
Load Side, Protective Line Side, Bus +Protective Device Line Side, and Bus + Line Side +
Load Side. The Bus report is the normal selection however the load side and line side
reports may be useful in specific situations. Refer to the following diagram and
descriptions.
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- Bus option — The bus report assumes that the fault occurs at the equipment bus. If
the bus has multiple contributions, the devices that trip each branch contribution
will be listed in the order they trip, and incident energy will be accumulated until a
significant percentage of the fault current has tripped. The significant portion is
defined by the “Cleared Fault Threshold” percentage you specify.

- Protective Device Load Side option — The load side report applies a fault at the
load side (To End) of each protective device whose line side (From End) is
connected directly to a bus without having an impedance device between the bus
and the protective device. The protective device being evaluated is the one that
clears the fault. The fault current through the device will be used to calculate the
arcing fault current and obtain the trip time from the TCC. You can then select to
include Line + Load Sides Contributions (to represent both ends hot) in calculating
the incident energy, or to include Line Side Contributions only in which case the
load side contributions are not included (now working as if the load side is
disconnected).

- Protective Device Line Side option — The line side report applies a fault at the
line side (From End) of each protective device whose load side (To End) is
connected directly to a bus without having an impedance device between the bus
and the protective device. You can then selected to include Line + Load Sides
Contributions or to include Line Side Contributions only. The first case represent
both ends hot, this occur if the main breaker failed to open, and the next upstream
device is the one that must clear the fault. If there is more than one contribution
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when there is a fault at the line side, incident energy will be accumulated up to the
fault contribution percentage specified. If Line Side Contributions Only is
selected, the load side contributions are not included and it is now working as if
the load side is disconnected.

Note: In the above discussion of Load Side (To End) and Line Side (From End),
we assumed that the power flows from the From End to the To End. If the
direction of power is opposite to our assumption, the devices that would be listed
in the Load Side report under normal power flow direction will be listed in the
Line Side report instead.

- Bus + Protective Device Line Side option — This option combines the bus report
option and the protective device line side report option into one report. Calculated
result for the bus and line side will be listed next to each other for easier
comparison of worst case scenario. A special custom label is supplied by PTW to
put both bus and line side results in one single label.

- Bus + Line Side + Load Side option — This option combines the bus report
option, the protective device line side report option, and the protective device load
side report option into one report. Calculated result for the bus, line side, and load
side will be listed next to each other for easy comparison of the worst case
scenario.

Worst Case Only Checkbox

This checkbox is available if the (Bus + Line Side) or (Bus + Line Side + Load Side)
option is selected. If this check box is checked, the worst (the one with the highest incident
energy) from the Bus, Line, or Load side report will be shown in the report.

Include Line + Load Sides Contributions

- If you select "Include Line + Load Sides Contributions", software will
then include Line + Load Sides Contributions (to represent both ends hot)
in calculating the incident energy.

- If you select "Include Line Side Only", the software will include Line
Side Contributions only in which case the load side contributions are not
included (now working as if the load side is disconnected).

Report Last Trip Device vs. Report Main Device — This option is applicable for the Bus
Report option only and it affects the device reported in the Summary View, Bus Detail and
Bus Label. The last trip device is defined as the protective device that would trip last, when
the percentage of fault current cleared reaches the Cleared Fault Threshold. The “Main
Device” is the one that carries the biggest percentage of the fault current contributing to the
bus.

. Report Last Trip Device
If this option is selected, in Detailed View, the highlighted device is the one
that meets the percent threshold (Last Trip Device). In Summary View, Bus
Detail, and Bus Label, this device, along with its corresponding values in the
Detailed View will be reported.
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. Report Main Device
If this option is selected, in Detailed View, the highlighted device is the one
that carries the biggest percentage of the fault current contribute to the bus
(Main Device). In the Summary View, Bus Detail, and Label this “Main
Device” will be reported. However note that the incident energy, flash
boundary, and other fields from the detailed view will be reported based on
the last trip device.

Report Options when Equipment Evaluation Failed — This section will take Equipment
Evaluation results into consideration for enhanced safety analysis.

- Report IE/PPE — This will show the results at all locations even though the
Equipment Evaluation reports the protective device or bus as Failed.

- As Overdutied w/o Label — The locations having failed equipment will show
OVERDUTY. Arc Flash labels and Work Permits will not be generated for
locations that failed Equipment Evaluation. The results will still be reported for
marginal device evaluation results.

Enable Equipment Evaluation Notes- This checkbox is only available when Report IE/PPE
is selected. If this option is checked, the program will report Equipment Evaluation Notes.
The failed equipment will be marked as (*N21a) for failed protective device or (*N21b) for
failed buses. Marginal device evaluation results are marked as (¥*N20a) for protective
device or (*N20b) for bus.

Device Fail to Operate, Use Upstream Devices - The software will run arc flash based on
the assumption that the Main Device (the protective device with the most arcing current,
when there are multiple contributions to the faulted bus) connected to the bus did not
operate when “All Mains” or “Specified in devices” are selected. That is, the Main Device
(the device with the most current), will be excluded from the arc flash calculation. It will
then automatically use the upstream devices for the arc flash calculation instead. Specified
in devices will exclude main devices that are marked for “Fail to Operate” in the
component editor. All Mains will exclude all main devices regardless of the “Fail to
Operate” status. Select None to disable the device fail to operate feature. Note that the
Device Fail to Operate option is disabled if the "Use Maintenance Mode function for main
device" check box is checked.

Check Upstream devices for mis-coordination, evaluates trip times for backup protective
devices beyond the branch containing the first protective device. Two conditions must be
satisfied for the upstream backup protective device to be reported instead of the immediate
protective device:

Condition 1: The immediate protective device must carry 5% or more of the Cleared Fault
Threshold value (default as 80%) multiplied by the total bus fault current.

Condition 2: The upstream backup protective device must trip faster and carry a fault
current that is bigger or equal to the Cleared Fault Threshold value multiplied by the fault
current through the immediate device.

Upstream mis-coordination is checked by branch, all devices within the branch containing
the immediate protective device will be evaluated and the fastest one will be used to
compare with the fastest device in the upstream branch. If the first valid protective device is
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found in an upstream branch and the trip time is slower than the immediate device, the
search stops there and the immediate device will be reported.

The definition of a valid device is one with a trip curve that is not a Ground Fault type and
the protection function name does not include "Ground", "Earth", "Neutral" or "AF_EX".

If the upstream mis-coordination is not checked, all devices within the branch containing
the first protective device will still be evaluated, and the one with the fastest trip time will
be used in the Arc Flash calculation.

Upstream Levels to Search

The number entered here determines the number of additional branches, consisting of a
protective device or a set of protective devices that are away from the first protective device
protecting the faulted bus, that the software will search for mis-coordination. This will
greatly help when doing coordination and arc flash study to see if any of the protective
devices several braches away from the fault are mis-coordinated with the protective device
next to the faulted bus.

Mis-Coordination Ratio

The value entered here is used to determine if the upstream backup protective device
qualifies to be evaluated for mis-coordination in the arc flash study. Two conditions must
be satisfied for the upstream backup protective device to be reported instead of the
immediate protective device:

Condition 1: The immediate protective device must carry 5% or more of the Cleared Fault
Threshold value (default as 80%) multiplied by the total bus fault current.

Condition 2: The upstream backup protective device must trip faster and carry a fault
current that is bigger or equal to the Mis-Coordination Ratio value multiplied by the fault
current through the immediate device.

Note: The "Mis-Coordination Ratio" is designed to provide some flexibility for cases where
the upstream bus (the bus above the immediate device) has induction and/or synchronous
motors connected to it and the upstream device is totally responsible in clearing the fault for
the downstream device after the motors decayed. It is recommended that a "Mis-
Coordination Ratio" very closed to the Cleared Fault Threshold be entered so that when the
upstream device trips, the fault current through the immediate device is mostly cleared.

Label Options

Default Label # Prefix - This allows the user to specify the default prefix character that will
go on the "Label #" column in the Arc Flash spreadsheet report. This field can help in
sorting out (organizing) the label when they printed out. Note that if a bus already has a
label prefix assigned, changing the default label prefix will not change the label prefix
already assigned to that bus. The Default Label # Prefix will only be assigned to buses
newly created in the project.

Cleared Fault Threshold determines the portion of the Total Arcing Fault current at the
Bus that needs to be interrupted by protective devices to extinguish the arc. Therefore the
remaining portion of Arcing Fault current, if any, can not sustain the arc and will not be
considered in the accumulated incident energy. Enter a value in percent of the total bus
fault current, the default value is 80%, which means that the final arc fault trip time is based
on when 80% or more of the total fault current at the bus has been cleared. In the Summary
View, the last device to trip that reaches the cleared fault threshold is the only protective
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device that will be listed under the bus, and the data from the device will be used in the Bus
Detail report and Bus Label. The cleared fault threshold value is also used to determine
which branches are searched for mis-coordination.

There isn't any recommendation in the NFPA or IEEE1584 for the "Fault Clear
Threshold". But the assumption comes from the fact that when certain percentage of fault
(like 80%) is interrupted by the protective devices then the remaining bolted/arcing fault
percentage/current can not sustain the arc and naturally can not be added to the
accumulated energy. Since the last 5% - 15% of the contribution may take a very long time
to trip (a small current takes a long delay time), then it is not practical to accumulate the
energy up to 100%, because the calculated incident energy would be much bigger than
reality. If the user is setting a "Maximum Protection Trip Time" in the Arc Flash Options
to a realistic number (2 second for example), then the "Fault Clear Threshold" becomes less
of an issue, the user could set it to 100% and we will only accumulate the energy up to 2
seconds anyway.

Auto Update Arc Flash Results IV Auto Update Arc Flash Results

When this checkbox is checked, the software will automatically update the arc flash results
whenever there is a change in the system model. For instance, when user open up a tie-
breaker or change the size of a motor in the system model, the software will automatically
update the arc flash results based on those changes. The user would not need to re-run the
arc flash study.

Use Maintenance Mode function for main device ¥ Use Maintenance Mode function for main device
If this checkbox is checked, the software will run arc flash evaluation based on the
assumption that the Main Device connected to the bus is in Maintenance Mode. (The Main
device is the protective device with the most arcing current, when there are multiple
contributions to the faulted bus.)

For a device to be in Maintenance Mode, the "Maintenance Mode" check box has to be
checked, for one of the function name (such as ARMS), in the Protection Function window.

Note that only one function name in Maintenance Mode can be set at a time.

Also, note that for the "Maintenance Mode" check box to be available for a particular
function name, the function has to be assigned to a phase over-current device in the library
by exiting and setting it in the Component Editor/TCC dialog. Reopening the Protection
Functions dialog box will now show the check box to enable the Maintenance Mode.

Note that this option is disabled if the "Main Device fail to operate, use upstream devices"
check box is checked.

Increase PPE Level by 1 for high marginal IE IV Increase PPE Level by 1 for high marginal IE
When this checkbox is checked, the software will automatically increase the arc flash PEE
Level results by 1 whenever the incident energy calculate is greater than the high marginal
value set in the PPE table.

Report PPE Others, 1,2,3,4,5 ¥ Report PPEOthers 1,2, 3,4, 5

If this checkbox is checked, additional PPE info in the Notes section of the Arc Flash report
will be added. This will show the information from the PPE other 1, 2, 3, 4, 5 column from
the PPE table for the corresponding category.
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Report Function Name for multiple functions ¥ Report Function Name for muttiple functions
When this checkbox is checked, the software will display the Description from the
Component Editor of Bus component on the Arc Flash spreedsheet.

Append bus description to bus name V' Append bus description to bus name
When this checkbox is checked, the software will display the Description from the
Component Editor of Bus component on the Arc Flash spreedsheet.

Report PPE Level ¥ Report PPE Level

The button brings up the PPE table that defines the Personal Protective Equipment
Categories and clothing descriptions used in the reports and labels.

Report Additional User Notes
Active for NESC and DC Arc Flash methods. Check the box to display the User Notes the
Arc Flash spreadsheet.

FPE Table...
PPE Table

If you press the “PPE Table” button, the following dialog will be displayed with the
Personnel Protection Equipment table.

The PPE table defines the Personal Protective Equipment and clothing descriptions used in
the reports and labels. Different label colors may be assigned for each PPE, the Bus Detail
and Arc Flash Label will apply the colors based on the calculated PPE.
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4 a0 990 | 41000 39000 Dangerous! INOTWORKONLY N WORKON DANGER DO NOT WORK ON LIVE!
LIVE! e ONLIVE!
13
&
7
1| | |
IE LowHighMargh. | AddFow | Savess Defaul| FesetDefaut [ 0K | Cancel | Pint | Hep
Project Speciic PPE Toble Location:  C:APTW32\Projects\DemoFR_Clothing.ss3
Load Save

The data supplied as default is taken from Annex H, Table H.3(b) of the NFPA 70E, 2015
edition. Four default PPE Levels are defined based on the applicable range of the incident
energy. Modify these values or add new Categories to this table if needed.

The Notes, Head & Eye Protection, Hand & Arm Protection, Foot Protection, PPE Others 1
to 5 provides user defined additional protections for each PPE range. The Warning Label
Text could be user defined as well. All user defined additional protection fields are
available in the Custom Label.



SKM Power*Tools for Windows 147

You can also choose a background and a foreground color for each PPE. These colors will
be used as the background and foreground color for the SKM Label Title 1, 2, and 3 in the
Arc Flash Label.

A row is reserved in the PPE table for the Dangerous. This allows the users the flexibility
to add descriptions for the Notes, Head & Eye Protection, Hand & Arm Protection, Foot
Protection, and other columns for the PPE Dangerous.

The PPE Table information is project specific. (It will look in the information from the
FR_Clothing.ss3 or FR_Clothing_Metric.ss3 file located in the project's directory).

For new projects created, it will copy and use the PPE table file(s) information from the
LIB directory (specified in the miscellaneous files options group).

If there is no PPE table file(s) existing in the project directory currently opened, it will copy
and use the PPE table file information from the LIB directory (specified in the
miscellaneous files options group).

If there is no PPE table file(s) existing in the LIB directory, it will copy and use the PPE
table file(s) in the Bin directory of PTW32.

Four dynamic pictures for each PPE can also be specified. Switching pictures among the
levels is done automatically.

PPE Pictures 1 FPE Fictures FPE Fictures 3 PPE Pictures 4

SbintresourcetCat | AbintResourcetP
eqory0.brip PE_H3 0.bmp

binbresourcetCat . sbindResourcet\P
egory3.brmp PE_H3 1.bmp

binbresourcetCat . sbindResourcet\P
egond, bmp FE_H3_2.bmp

In the PPE table, there are now four new picture columns where the user can specify
different pictures or logos for each PPE Category. This allows the users the flexibility to
add up to four different pictures or logos for each PPE category in their custom arc flash
label.

Add Row
This button lets you insert a row in the PPE table.

Save
If you had customized a PPE table and want to keep the changes to a file for future use, or



148 SKM Power*Tools for Windows

to use the file on a different project, use the "Save" button. This will save the changes
you’ve made to a *.ppe file in a directory chosen by the user (by default it is save in the
directory of the project that is currently open).

Load

If you had a customized PPE table and had saved it to *.ppe file and want to use it for the
existing project, use the "Load" button. This will load the contents of the selected *.ppe
file to the current PPE table.

Save As Default

If you had customized this table and want to keep the changes as your default, use the “Save
As User Default” button. This will save the changes you’ve made to the FR_Clothing.ss3
or FR_Clothing_Metric.ss3 file in the LIB directory (specified in the miscellaneous files
options group).

Reset Default

If you make changes to this table and don’t want to keep them, use the Reset button to re-
store the defaults from the FR_Clothing.ss3 or FR_Clothing_Metric.ss3 file in the LIB
directory (specified in the miscellaneous files options group).

Print
Use the Print button to print out this table.

@ &l © FromGo To/Querny

The “All” or “From Go To/Query” radio buttons control the buses displayed in the
Evaluation Table. The “All” selection will display all buses in the project. The “From Go
To/Query” option will display buses that meet user-defined Query criteria or were selected
on the one-line before using the Go-To-Arc Flash option.

Other Features available on the Arc Flash pull-down menu include:

When the Arc Flash window is open the “ArcFlash” pull-down menu can be accessed with
following submenus. Some of these submenus are also available from the right-click menu
on the Arc Flash Window.

Bus Detail Generates a detailed label including the protective
device settings, arcing fault current, incident energy at
multiple working distances, and clothing class for the
primary working distance. You can also enter the client
information and job #, etc. Bus Detail can be used on a
single bus or for a selected group of buses. The
description information entered will be re-used for all
buses.

Standard Label The Bus Label provides a summary of the flash
boundary, incident energy and PPE classification at
each bus. The NFPA shock hazard Limited, Restricted
and Prohibited Approach boundaries are also listed
based on the nominal system voltage at the bus.
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Custom Label

Work Permit

Re-run Studies

PPE Table

Auto Update Arc Flash Result

Link/Unlink with Fault Study

Link/Unlink with TCC

Link/Unlink with Ground

Link/Unlink Gap

Displays the custom label window where the
user can specify the Page Size, Label Size,
Page Margins, Orientation, Rows and
Columns of the labels and Spacing between
labels

Generates a work permit required for working
on energized equipment per NFPA 70E 2004.

Refreshes the Arc Flash display to reflect
updated short circuit values caused by system
changes made since the last arc flash study
was run.

Displays PPE Table where Personal Protective
Equipment descriptions are assigned to ranges
of incident energy. The PPE classes,
descriptions and label color for each class are
user-definable.

When this is checked, the software will
automatically update the arc flash results
whenever there is a change in the system
model. For instance, when user open up a tie-
breaker or change the size of a motor in the
system model, the software will automatically
update the arc flash results based on those
changes. The user would not need to re-run
the arc flash study.

You can highlight a bus or multiple buses
from the Arc Flash table and select the Unlink
with Fault Study option to allow you to enter
user-defined values for bolted fault current.
Remember to re-link the rows if you want fault
currents to be updated from the project
database.

You can highlight a bus or multiple buses
from the Arc Flash table and select the Unlink
with TCC option to allow you to enter user-
defined Trip Times for the protective device.
Remember to re-link the rows if you want the
trip times to be updated from the project
database.

You can highlight a bus or multiple buses
from the Arc Flash table and select the Unlink
Ground option to allow you to enter “yes” or
“no” in Ground column.

You can highlight a bus or multiple buses
from the Arc Flash table and select the Unlink
Gap option to allow you to enter user-defined
values for Gap.
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Link/Unlink Equipment Type

Link/Unlink Working Distance

Export to

User defined Arc Flash Table

Include non 3-phase system

Study Options

Study Options Report

Font, Page Margin

Print/Export Option

You can highlight a bus or multiple buses
from the Arc Flash table and select the Unlink
Equipment Type option to allow you to select
your own equipment type from the list.

You can highlight a bus or multiple buses
from the Arc Flash table and select the
working distance to allow you to enter user-
defined values for working distance.

This selection allows users to export the result
into excel, *.htm, or *.ss3 file formats.

This option selection displays the user “User
defined Arc Flash Table” where the user can
enter any user-defined bus voltage, fault
current, and arcing duration and it will
calculate the incident energy and flash
boundary results. You can also click on the
“Custom Label” button it will produce arc
flash label based on those results.

Includes non 3-phase system buses to the Arc
Flash display and report

This option selection will display Option
menu for Arc Flash Study

This option selection will display a window
where the user can print the options that have
been selected in the Option menu for Arc
Flash Study

This option selection will display a window
where the user can select the type of font to
use for the arc flash report

This option selection will display a window
where the user can change page margin, and
page number display for printing.

Most of the menu items are available by clicking the Right Mouse button
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Scenarios...
Scenario...
5ix
- Display Incident Energy Fram ————
@ Cuntent Scenario el
" Worst Case Seenario Help

" Best Case Scenario

r~ Use Study Setup Settings From

& Each Individual Scenario

= Cuntent Scenario

Select Scenarios

Projects having multiple scenarios can run the Arc Flash study for all scenarios or select
ones, and show the best or worst case into one report. For instance, the user selects all of
the scenarios and chose the "Worst Case Scenario" option. The Arc Flash spreadsheet will
report the incident energy with the highest value among all the scenarios for each bus.

Similarly, if the "Best Case Scenario" option is selected, the report will show the incident
energy with the lowest value.

Selecting worst case will greatly help in printing out the arc flash label for the worst case
situation for those scenarios selected.

Note that the "Worst Case" or "Best Case" options will only work when the scenario that is
currently active is included in one of the selection you make.

The user can also select which study setup setting to use for each scenario: "Each Individual
Scenario" or "Current Scenario."

If "Each Individual Scenario" option is selected, the software will use the arc flash setting
for each individual scenario. If "Current Scenario" option is selected, the software will use
the arc flash setting from the scenario that is currently active.

In the Arc Flash Report, the scenario where the incident energy being reported came from is
indicated by (*S0), (*S1), (*S3), etc. depending on the scenario number.

Additional Incident Energy and
Fash Boundary...
Additional Incident Energy and Flash Boundary...

This button brings up a dialog box that allows the users to enter additional working
distances for PTW to calculate the incident energies.



152 SKM Power*Tools for Windows

Additional Incident Energy and Flash Boundary B x|

— Specify Working Distance to calculate Incident Energy and FFE
Working Distance 1: 21.000 inches
Working Distance 2: 24.000 inches

Working Distance 3: 32.000 inches

hRkK

Working Distance 4: 48.000 inches

Mote: Incident Energy at additional ‘waorking Distances will be calculated for
Bus Report only and are available for Datablock report and Custom Label.

— Specify Incident Energy to calculate Flazsh Boundary——————————————————

Incident Energy 1: 4.00 calfcm”™2
Incident Energy 2: 8.00 calfcm™2
Incident Energy 3: 25.00 calfcm”™2

Incident Energy 4: 40.00 calfcm”™2

ki

Mate: Flash Boundary at additional Incident Energies will be calculated far
Bus Report only and are available for Datablock report and Custom Label.

0] 4 I Cancel | Help |

This information could be used to determine the PPE required at the given additional
working distance. You can also specify five incident energies for PTW to calculate the flash

boundaries.

This information could be used to determine the distance from exposed live parts within
which a person could receive a 2nd degree burn for the given additional incident energy.

The additional working distances and the calculated incident energies and PPE at each bus
could be displayed in the datablock and the data fields are available in the Custom Label
Designer. The incident energies entered and the calculated flash boundaries are also

available in the datablock and Arc Flash Label.

Format Editor (‘Arc Flash') i Line001.drw
Component
— LV DISTRIB
g Cable —— 35 Cal/em™Z @ 18inches PRE Categoryl
2% 2Winding Transformer .72 Cal/on™e. at 21 inches
g FWinding Transformer fég%ﬂﬂ %_ ar 2342 ‘Inrfhzss
Transission Line (] {7 0.7 Cal o7, at 48 inches
Ayallable Attibutes 6.6l inches, ar 4 Cal/om”2
— . [L0.88 inches, at 8 Calfon’Z
AF BreskerTime Pz ¥ 6.4 inches, at 25 Cal fem"Z
pType H.08 inches, af 40 Cal/am”2

AF_G
AF_Glovellass
G d

B

016-HeA
0.7 Calfem”? @ 18 inches PPE Category 0

= Sibfeed #24 E

L7 PAMEL 53

AR m|

0.51 Cal/em™2, ar 2l inches
0.41 Calfem™2, at 24 inches
0.26 Cal/on”2, at 32 inches
0.13 Cal/em™2, at 48 inches
6 inches, at4 Cal/em™2
3.93 inches, at 8 Calfan ™2
1.96 inches, at 26 Cal/em™2
1.48 inches, at 40 Calfem™2

£

[zl
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The Custom Label Designer allows individual data fields to be selected and placed in the

desired locations.

Custom Label Design - Style [_SKM_Risk_Label Sample 01 - Avery 6878 - Portrait]

Fields

O &dditional Distance 1

O &dditional Distance 2

O &dditional Distance 3

O additional Distance 4

O Incident Energy at Distance 1

O Incident Enerqy at Distance 2
O incident Energy at Distance 3
O Incident Energy at Distance 4
[ PPE Level at Distance 1

[ PPE Level at Distance 2

[ PPE Level at Distance 3

[ PPE Level at Distance 4

[ PPE Description at Distance 1
[ PPE Description at Distance 2
[ PPE Description at Distance 3

! l FPF Nezcrintinn at Niztanee d_l_l
4 »

|

-

- Field Layout Settings [Inches]

|1.2— width: W

=

Y |267 Height:
W Show Field Border W Background Opagque
VTV BWM RV L& PPE Level Colar

I‘IMPoint - © UserDeine [ |

Text Format

[Bial Black., 14, Bold - Fort..

Yertical Alighment: I Center j'
Harizontal Alignment: IEenter 'l

[ TestWrapping

¥ Show Label Border Copy | Pastel Hesetl

Bl

o]

Cancel Help

[14For =] I

‘The name of the equipment bug entered in the Component Editor,

Shock Approach Boundary...

Shock Approach
Boundary ...

This button brings up a window that will allow the user to customize the Shock approach

boundary table.
sl
Lirnited Approach Limited Approach Boundany (in Restricted Appraach [in
Yelge e () Boundary [|n']j'[jMovabIe] e [Fixed] B Boun?:l‘;ry L
1 50 oo oo oo
| 2 | 150 1200 420 oo
| 3 | 750 1200 420 120
| 4 | 15000 1200 e0.0 260
| 5 | 36000 1200 20 20|
| B | 48000 1200 36.0 330
| 7 | F2500 1200 36.0 280
| g | 121000 128.0 36.0 400
| 9 | 145000 13z0 1200 460
| 10 | 165000 140.0 140.0 51.0
| 11 | 242000 156.0 156.0 Ea0
| 12 | 362000 1840 184.0 o0
| 13 | S50000 2280 2280 1420
| 14 | 800000 285.0 285.0 1910
18
| 16 |
17
| 18 |
19 hd
Save Az Default | Fieset Diefault | Insert Row I akK I Cancel | Help |

This window allows the user to customize the Shock approach boundary table. Note that
the voltage range is in unit of voltage and boundaries are in units of inches.

The Shock Approach Boundaries Table information is project specific. (It will look in the
information from the “ShockBoundary.ss6” file located in the project's directory).
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For new projects created, it will copy and use the “ShockBoundary.ss6” file information
from the LIB directory (specified in the miscellaneous files options group).

If there is no “ShockBoundary.ss6” file existing in the project directory currently opened, it
will copy and use the ShockBoundary.ss6 information from the LIB directory (specified in
the miscellaneous files options group).

If there is no “ShockBoundary.ss6” file existing in the LIB directory, it will copy and use
the “ShockBoundary.ss6” file in the Bin directory of PTW32.

Add Row
This button lets you insert a row in the table.

Save As Default

If you had customized this table and want to keep the changes as your default, use the "Save
As User Default” button. This will save the changes you’ve made to the
“ShockBoundary.ss6” file in the LIB directory (specified in the miscellaneous files options

group).

Reset Default

If you make changes to this table and don’t want to keep them, use the Reset button to re-
store the defaults from ShockBoundary.ss6 file in the LIB directory (specified in the
miscellaneous files options group).

Glove Class...
Glove Class...

Glove Class Table 2l x|

Ok I
“aoltage Range Glove Clasz
Cancel
500 0o Help
1000 0
7800 1
17000 2 Save &z Default |
26500 3
36000 4 Feset Default
Ihzert Fow

This table allows customization of the Glove Class Table. Note that the voltage range is in
unit of voltage. The default Glove Class table information comes from ASTM D 120-95.
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Class 00 has a maximum use voltage of 500V and Class 0 has a maximum use voltage of
1000V. Since 480V systems can be greater than 500V, it is recommended to use Class 0 on
480V systems.

Insert Row
This button inserts a row in the Glove Class table.

Save As Default

If the Glove Class table has been modified, use the "Save As Default" button to save the
changes and make the modified table as the default. The new default table will be used

when a project is created and when the "Reset Default" button is pressed in any existing
projects.

Reset Default
If the Glove Class table has been changed, use the Reset button to restore the default values
if the changes are undesirable.

Report Data

d Order...
Report Data and Order... = =

This button brings up a window that will allow the user to specify which of the twenty
available fields will be displayed in the Arc Flash spreadsheet report. Furthermore, the user
can also specify the order in which they will appear in the Arc Flash spreadsheet report.

For instance, if you don’t want to show the equipment type, you can simply uncheck the
display checkbox next to that field. If you want the “Bus kV” field to show up on the first
column, you can just type in the number “1” in the column order next to that field and the
bus voltage will them show up on the first column of the report.

x
[rata Header | Display | Column Order
| 1 |BusName I 1
| 2 |Protective Device Name I 2
| 3 |Busky v 3
| 4 |Bus Boled Fault (k&) v 4
| 5§ |BusArcing Fault (k&) r 5
| B |ProtDev Bolted Fault (k&) v B
|7 |Prot Dev Arcing Fault (k) v 7
| 8 |Tripd Delay Time [ssc.] v 8
| 8 |Breaker Opening Time [sec.] v ]
| 10 |Ground v 10
|_11_|Eaquip Type W~ 11
| 12 |Gap (mm) v 12
| 12 |Arc Flash Boundary (mm) v 132
|14 |Working Distance [mm) c2l 14
| 15 |Incident Energy [J/cm2) c2l 15
| 16 |Required Pratective FR Clothing Categorny c2l 16
| 17 |Label# I 17
| 18 |Cable Length From Trip Device E I 18
| 19 |Incident Energy at Low Marginal 19
20 |Incident Energy at High Marginal r 20
ok | Cancel | E fi He-arrangel

The following are the meaning of those fields:

Bus Name: Fault location for bus report. For line side and load
side report options the bus refers to the equipment
where the line side and load side protective devices are
connected.
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Protective Device Name:

Bus kV:

Bus Bolted Fault:

Bus Arcing Fault:

Prot Dev Bolted Fault:

Prot Dev Arcing Fault:

Trip/Delay Time:

Breaker Opening Time:

Ground:

Equip Type:

Gap:

Arc Flash Boundary:

Working Distance:

Refers to the protective device that clears portion or
total of the arcing fault current.

Bus voltage at the fault location.

The current flowing to a bus fault that occurs between
two or more conductors or bus bars, where the
impedance between the conductors is zero.

The calculated arcing current on the bus.

The portion or total of the bolted fault current, that
flows through a given protective device.

The portion or total of arcing current flowing through
each protective device feeding the electric arc fault.
Note that the total arc fault current may flow through
several parallel sources to the arc location.

The time required for the protective device to operate
for the given arcing fault condition. In the case of a
relay, the breaker opening time is entered separately
from the relay trip time. For low voltage breakers and
fuses, the trip time is assumed to be the total clearing
curve or high tolerance of the published trip curve.

The time required for a breaker to open after receiving
a signal from the trip unit to operate. The combination
of the Trip/Delay time and the Breaker Opening time
determines the total time required to clear the fault.
For low voltage circuit breakers, the total clearing time
displayed on the Manufacturer’s drawing is assumed to
include the breaker opening time.

Indicates whether the fault location includes a path to
ground. Systems with high-resistance grounds are
assumed to be ungrounded in the Arc Flash
calculations.

Used only in the IEEE 1584 method to indicate
whether the equipment is Switchgear, Panel, Cable or
Open Air. The equipment type provides a default Gap
value and a distance exponent used in the IEEE
incident energy equations.

Defines the spacing between bus bars or conductors at
the arc location.

The distance from exposed live parts within which a
person could receive a 2nd degree burn.

The distance between the arc source and the worker’s
face or chest.
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Incident Energy:

PPE Level/Notes (*N):

Label #:

Cable Length From Trip Device:

Incident Energy at Low Marginal:

Incident Energy at High Marginal:

Re-arrange W

The amount of heat energy on a unit of surface
at a specific distance from the location of arc
flash.

Indicates the Personal Protective Equipment
(PPE) required to prevent an incurable burn at
the working distance during an arcing fault.

This allows the user to specify the prefix
character that will go on the “Label #” column
in the Arc Flash spreadsheet report. This field
can help in sorting out (organizing) the label
when they printed out.

Reports the total cable length from the
protective device that trips to clear the fault to
the faulted bus. If there is no cable in between,
nothing will be reported.

This will report an incident energy value of
the bus, if the incident energy on the bus meets
the low marginal criteria value entered in the
PPE.

This will report an incident energy value of
the bus, if the incident energy on the bus meets
the high marginal criteria value entered in the
PPE.

The purpose of this button is to prevent user from having duplicate column number when
they are re-ordering the fields manually. Furthermore, it there is any missing columns
(columns chose not to be displayed) it will use the number after the missing column.

Reset ﬂ

The purpose of this button is to reset the order of the table to its default setting.
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Notes Section

(*N1) - Out of IEEE 1584 or NFPA 70E Ranges. LEE equation is used in this case and
applicable for Open Air only.

(*N2) - Percentage of fault current cleared is less than the Cleared Fault Threshold
specified in the study options

(*N3) - Arcing Fault Current Low Tolerances Used.

(*N4a) - Equipment Specific Incident Energy and Flash Boundary Equations Used.
(*N4b) — Current-Limiting Fuse in Use. Fault in current-limiting range tripping in ¥2 or Y4
cycle.

(*N5) - Mis-coordinated, Upstream Device Tripped.

(*N6) - Special Instantaneous Protection in Use. Refer to Bus Equipment & Arc Flash
subview.

(*N7) - Trip Time Unlinked with TCC.

(*N8) - Fault Current Unlinked with Fault Study results.

(*N9) - Max. Arcing Duration Reached. The time taken for the protective device to clear
the fault is longer than the Max. Arcing Duration specified in the study options.

(*N10) - Fuse Cable Protector Modeled. Shows when the fuse is connected to a cable w/
multiple conductors in parallel. The current thru the fuse is divided by the #parallel to read
the trip time.

(*N11) - Out of IEEE 1584 Range, Lee Equation Used. Applicable for Open Air only.
Existing Equipment type is not Open Air. Shows if data at the bus is out of the IEEE 1584
Range.

(*N12) - Out of IEEE 1584 Gap Range

(*N13) - PPE up one Level.

(*N14a) - INST Protection. User to define trip time.

(*N14b) - Zone Selective Interlock (ZSI) in Use. If one of the protective device directly
connected to the bus has a ZSI function, the bus will use the ZSI function curve for the trip
time.

(*N15) — Fed by Transformer Size < 125 kVA, on bus boltage level <240V; Report as
Level 0

(*N16) — Trip Time Recalculated.

(*N17) — Directional Function Operated.

(*N17A) — Directional Function DID NOT Operate. Prot Dev Arcing Fault is not reported.
Shows when the direction of the fault is not the same as the selected direction in the
Directional function.

(*N19) — Differential/Summation Function.

(*N19A) - Differential/Summation Function DID NOT Operate. Prot Dev Bolted and
Arcing Fault are not reported. The note indicates that the arcing fault was not interrupted by
this function.

(*N20b) - Equipment Evaluation Marginal for Protective Device

(*N20b) - Equipment Evaluation Marginal for Bus

(*N21a) - Equipment Evaluation Failed, OVERDUTIED PROTECTIVE DEVICE
EQUIPMENT FOUND-Inappropriate to provide arc flash risk results.

(*N21b) - Equipment Evaluation Failed, OVERDUTIED BUS EQUIPMENT FOUND-
Inappropriate to provide arc flash risk results.

(*N22) — Main Device failed. The upstream device is used

(*N23) — The Maintenance Mode Function is used

(*NESC20) - Out of NESC Voltage Range for Incident Energy Table 410.

(*NESC21) - Out of NESC Fault Current Range.

(*NESC22) - Out of NESC Max Clearing Range.

(*NESC23) - Out of NESC Voltage Range for Min Approach Distance Table 431.
(*NESC24) - Out of NESC Altitude Range.

(*NESC25) - Out of NESC Max Over Voltage Factor Range.
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(*NESC26) - NESC SLG Fault is Zero.

(*DCAF1) — Voltage above 1000 VDC. Per NPFA 70E 2015, Arc Flash DC equation
applies to DC systems rated up to 1000 VDC.

(*DCAF2) — DCAF Fault is zero

(*S0), (*S1),(*S2),..etc — Indicates which scenario the incident energy being reported came
from.
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Important Concepts: No Protective Device To Clear the Fault

You may wonder why is there no protective device bolted fault or arcing fault current
reported for protective “BUS-001" of the Arc Flash Evaluation table in the Tutorial project.
From the one-line, you can see fuse “PD-001" is connected to this bus, why didn’t any fault
current show up?

[ Arc Flash Evaluation - Base Project - IEEE 1584 - Preferred Method (NFPA 70E 2015 Annex D.4)

@ DetalView © SummawpView  Scenaos. | Custom Label. | Wik Pemit.. | Refun Study [ Options.. | PPE Tablee. | ¢ &l & Go To/Guer
Bus | Bus | ProtDev |ProtDev| Trip/ | Breaker
g Protective | Bus | Bolled | Arcing | Bofted | Arcing | Delay | Opening Equip | Gap |ArCFlash |Working | noident | ppp ) ooy otes
us Name : Ground Boundary |Distarce | Eneray Label #
Device Name | kv [aut (k&) Faul | Faut | Faut | Tme | Tims Type | (mm) e )
() (k) k&) | (sem) | secy (in) Gy | e=teng)
1 [Posom MaxTrpTime 1380 637 815 837 815 2 0000|ves j swej 182 | 670 % 20| (n2)(Ng) #1
@20s

Careful inspection of the fault study result from the following picture shows that for a fault
at BUS-001, the bus fault current is 8367 Amps, but the current from the down stream
branch through fuse PD-0001is zero. This is because the load down stream is a non-motor
load. All of the contribution therefore comes from the Utility. Since there are no protective
devices specified between the utility and the bus, the fault can’t be cleared. The PPE
requirement is listed with the (*N2) indicates that the Cleared Fault Threshold percent
specified in the Study Setup was not reached.

UTIL-0001
— | . Isc 3P 8367 A
[ é Isc SLG 7531 A

PD-0001 BUS-0001 @

Isc 3P 8367 A

Isc SLG 7531 A

Aol XF2-0001
= s 3P Pri0 A

“Nsc SLGPri 0 A
JAse 3P 2221 A
JIse SLG 2282 A

Note that where a protective device is not found or where the trip time is longer than a few
seconds that additional review may be required to account for how much energy is released
before the worker can move to a safer distance. For example, you may want to check the
energy generated over the first few seconds to see if the worker would be capable of
moving out of the way, or if most of the damage is already done. This check can be done
by setting the Maximum Arcing Duration to 2 seconds. In the example above, (¥*N9)
indicates that the time taken for the protective device to clear the fault is longer than the
Max. Arcing Duration is specified in the study options.
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Important Concepts: Effects of Trip Time

To demonstrate the effects of trip time, change the Short Time Delay (STD) setting for

breaker PD-0003 from 0.1 to 0.32 seconds. This can be done in the Component Editor or
from the TCC drawing you created in Section 3 as shown:

=10l
TCCDevice List [PD0003 ] Liary: SOUARE D MX, Micrologic, LS, 100-8004 |

Device  Seffings | Datablockl Dne-LineI CURRENT IN AMPERES j
Frame: . () 5.0 10.07kA 1000
Senzor ISUD 'l Plug: | 450 'I
100
Segment; JJ Setting] Setting2
FuPums0sp) x| [075 =
7 2[LTD [2- 4 5ec) B 10 2
¥ 3 [sTPU 2104 P) v z
7 457D 01-05 5ec ) a2 ﬁ
=]
(B vl =
1 In]
Bedraw I Library... |£undiar1 | Toagle | Phasze
Insert Segm | Delete Segml Selective Coordination | I~ on
Library Motes: .
1993 _I
010
oo
o5 1 10 100 1K 10k
TCCH too Ref. Woltage: 41600 Current in &mps k1 TCC drwe =
K| 4

Note that when this change was made, the Arc Flash calculation was updated to reflect the
new trip time for an arcing fault at Bus-0003. The trip time changed from 0.158 seconds to
0.494 seconds, the flash boundary increased from 25 inches to 51 inches, and the incident
energy increased from 2.11 cal/cm2 to 6.6 cal/cm2. The higher energy results in a clothing
class change from 1 to 2.

% DetailView  Summary View Scenarios | Custom Lahel | ‘wlark Permit | Fe-Fiun Study | Options | PPE Tahle | & Al 7 GoTo/Query
Bus Prot Dev |Prot Dev| Trip/ Breaker . .
Prutep‘we Bus | Bolted Bolted | Arcing Delay | Opening Equip Gap GFEFTED WDrklng [rEieT PPE Level / Notes
Bus Name Device y Ground Boundary | Distance | Energy Label#
Name kY |Fault (k&) Fault Fault Time | Time/Tol Type {mm} {in) {in) (caliem2) *Ny
(k&) (k&) (sec.) (sec.)
BUS-0001 MaxTripTime 13.80 B8.37 837 8.15 2 0.000 Yes SWG 152 670 36 21 (*N2) (N9} #0001
@208 M M

2 -
3 |BUS-0002 PD-0001 416 222 222 188 0.267 0.000 Yes « [SWG 104 15 36 0.50 (*N3) #0002
4
5 PNL 25 18 e (*N3) #0003
[

-
BUS-0003 PD-0003 0.43 7.40 T.40 431 0.000 Yes «
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According to the results above, if the fault is on “Bus-0003”, “PD-0003" will see an arcing
fault current of 4.31 kA and will trip at 0.494 seconds. To verify this we can go to the
TCC. Open or make “TCC1.TCC” active. Select “PD-0003" and then click on the
Settings>Selected Device Settings.. command. A window, similar to the one below will
show up. Click on the “Arcing Fault and UDF Flags” and then, check on the “Show Arcing
Fault current for Worse case Incident energy” and ”Show Other Arcing Fault Current
(dash-dot)” check boxes. Also make sure to highlight the “Bus-0003" bus.

51
Device I Flags I Datablocks Arcing Fault and UD Flags |

Device: PD-0003, 480V, TCC Ref: 13800V
[~ Show User Defined Flags Amps (dot)

From (s) Ta s} Current 1: 0000
Time: [1000000  [o.010 Curent 2 |7

[ Show Constant Incident Energy Lines or User Defined Line
From To

Cument: I I 0. Amps ™| Estend to Fickup
Time: IC.C1C IC.C1C Sec I |Incident Energy Lines:

Select a bus to apply 8 3phase fault, Arcing Fault Cumrent
flag plotted will be based on the Arc Flash "Bus’ option only

BUS-0002 ' Buses Directly Connected

" 1Branch ¢ 2 Branches
Al Buses in Onedine

" All Buses in Project

_ ———
v Show Arcing Faulk Curent for Worst Case |ncident Energy
¥ Show Other Arcing Fault Current [dash-dat]

ok | Cancel | Hep |

Click on the OK button.
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CURREMT IM AMPERES

1000
[Ap-choz
B |xFe-0002
CEL-0
WF2-00072
100
PO-0002
-
10 =
m
=
0]
m
[
PO-0003 =
=
1 )]
BL-0001
At4.31 kA, “PD-0003”
will trip at 0.494 seconds
010
0m
05 10 100 10K,

TCC1 toe Ref Volage: 41600 Currert in Amps 21 TCCT drwe

A TCC window should now be similar to the one above. The TCC will now show two
vertical lines. One showing the arcing fault current for worse case incident energy (dark
line) and the other showing the non-worse case arcing fault current (dashed line). With the
arcing fault flags shown on the TCC, we can easily see and verify that at 4.31 kA, “PD-
0003 will trip at 0.494 seconds.

On the TCC, you can also plot the C-lines. Constant incident energy line (C-Line) is a
sloped line on a TCC that describes the relationship of a finite series of time and current
combinations for which energy remains constant. For buses or system with single source of
contribution, this C-Line can then be used as an aid in overcurrent device coordination to
demonstrate visually which setting regions might be adjusted to reduce the arc flash hazard.
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In our example, select the “PD-0003” curve on the TCC. Right-mouse click and then select
“Selected Device Setting” option. On the window that comes up select the “Arcing Fault
and UDF Flags” tab.

TCC Device- Setting Properties B x|

"Device | Fiags | Datablocks Arcing Faut and UD Flags |

Device: PD-0003, 480V, TCC Ref: 13800V

™ Show User Defined Flags Amps {dot}

From (s) To is) Currert 1. =41
Time: |1DDD.I}DD ID.D1D Curert 2 |:.:::

¥ Show Constant Incident Energy Lines or User Defined Line
From To

Curmrent: Im-n'l 1000000 Amps ¥ Bxtendto Pickup
¥ Incident Energy Lines

Select a bus to apply a 3phase fault, Arcing Fault Cumrent
flag plotted wil be based on the Arc Flash "Bus” option only

BUS-0002 % Buses Directly Connected
" 1Branch ~ 2 Branches
€ All Buses in Onedine
¢ All Buses in Project

¥ Show Arcing Fault Cument for Worst Case Incident Energy
V¥ Show Other Arcing Fault Curent (dash-dot)
[~ Show Worst Case Arcing Fault Label (amps, bus location)

ok | cancel | Hep |

In this window click on the checkboxes for the “Show User Constant Category Line or User
Define C-line”, “Extend to Pickup”, and the “Category C-Lines.” For the current “From”
and “To” field, enter in 10 and 100,000.0consecutively. Click the “OK” button.
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CURRENT IN AMPERES

1000

100

Category{3

10 Catedory 2.

Catogary 1. -

PD-0003

Category &

Catenory (B

0.10 .
The worst case arcing

current flag hits the trip
curve between Category
2 and Category 1 C-line.

H———<FZ-0002

om
05 1 10

100

TCC1tce Ref Woltage: 4160%  Currentin Ampsx 1 TCC1.dnw

SANCDIES NI FWIL

10K

The C-lines on the example above represents the top incident energy range of each PPE
category per NFPA 70E standard PPE table. With the “PD-0003" STD setting = 0.32, you
can see from the TCC above that the worst case arcing current flag hits the trip curve
between Category 2 and Category 1 C-line. From here, we can visually see from the TCC
that the resulting incident energy for this particular setting will result in a Category 2

situation. This matches the result of the software for “Bus-0003".
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Important Concept: Accumulated Energy from Multiple Contributions

The concept of accumulated energy is based on conditions where parallel contributions feed
a single fault location. Referring to the following diagram, a fault at MCC1 Bus is fed
from three parallel contributions (Utility, Generator, Motor). Each contribution will trip at
a different time and the worker will be exposed to a varying amount of energy as each

branch trips.

U1

Utility Fuse

]

@

E Generator Fuse

Trips in 0.07 Sec
{ (14kA Arcing Fault)

Trips in 0.5 Sec.
/ (6kA Arcing Fault)

) LVB1

ct

) LvB2

c2

MCC1 Bus

Fault
Location

)

LvB3

C3

Decays within first
& / 6 cycles
M1

Trips in 39 Seconds
(0.9 kA Arcing Fault)

Motor Contribution

For this example, the worker is exposed to all three contributions for the first 0.07 seconds,
the motor and generator for the next 0.03 seconds, and the generator contribution for

another 0.4 sec.

Fault

at Bus

h

Arcing

Current

Utility
+

Generator
+

Accumulated
Energy at Bus

Motor

Gen
+

Motor

Generator Only

Time from beginning of Arc

048

A
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The Arc Flash study reports the accumulated energy from all three contributions. If the
Utility had been the only significant contribution, the energy would have been accumulated
only for the first 0.07 seconds, the time when the utility contribution was cleared. In this
case, the utility is 67% of the total and the generator contribution was 28% of the total.
Therefore both the utility and generator were both determined to be significant
contributions as defined by the 80% ““Cleared Fault Threshold” percentage specified. Both
the Utility and the Generator must trip before the 80% Cleared Fault Threshold is reached.

Important Concept: Detail View versus Summary View

The detail view in the arc flash report lists all contributions to the location of the fault and
the accumulated energy as each contribution is cleared. The summary view lists only one
protective device with the final accumulated incident energy. As mentioned before, the
selection and display of this device is based on the chosen Labels and Summary View
Report Options.

If the Labels and Summary View Report Option is set to “Report Last Trip Device”, the
Summary View will list the last device to trip whereby the accumulated current tripped
meets or exceeds the specified Cleared Fault Threshold percent (for example when at least
80% of total fault current has cleared).

If the Labels and Summary View Report Option is set to “Report Main Device”, the
Summary View will list the device that carries the largest percentage of the fault
contribution to the bus.

In the following example, 3 branches contribute current to the bus as the location of the
fault.

UTIL

r C R-Util
GEN
A TX1 @
= ;O R-Gen
Arcing Fault Arcing Fault
7.76 kKA 2.24 kA

! !
ol b

Arcing Fault
0.67 kKA

Gen-Bug|

C1

Ml
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The Detail View for the bus report lists all 3 contributions, the trip time for each branch,
and the cumulative energy when each branch clears. For this example, the Utility
Contribution clears in 0.23 seconds, the Generator Contribution clears in 1.12 seconds, and
the Synchronous Motor clears in 7.21 seconds (assuming no AC decay), but displays the 2
seconds maximum time specified in the study setup. When the Utility branch clears, the
incident energy is 2.84 cal/cm?2 (Class 1). When the Generator Branch clears 0.89 seconds
later, the accumulated energy is 5.54 cal/cm2 (Class 2).

(™ Summary Wiew Seenarnos | Custom Label | ‘Waork Permit. | Fie-Fun Study | Options. | PPE Tahle | & Al (" GoTo/Query
Prat D Prot D Tripd | Break
Bus Name F‘r_nlectwe Bus Biﬁ:d an\lesu .Lumingev D;‘Izy O;;i\r?gr Ground Equip | Gap ';:]Eu?d?: ;sttr::lge Igif’?’: Required Protective FR Lahsl #
Device Marme | kv Fault (k) Izka:;l Fault (kA) (ZIQ;E) (2::) Type | (mrm) i i) (caliem) Clothing Category
1 |Gen-Bus R-Ltil 416 11.00 8.0 776 015 0083 Yes w [SWG ~| 104 88 36 28 Categary 1
2 |Gen-Bus R-Gen 4.16 11.00 23 224 1032 0083 Yes w |SWG v | 104 174 36 35 Categary 2 #1
3 |Gen-Bus R-h1 4.18 11.00 0.69 067 1917 0083 Yes v |SWG v | 104 192 36 6.1 Categary 2 (*N9)
4 E
The Utility contribution is 73% and the generator is 21% of the total arcing fault current at
Gen-Bus. With the Cleared Fault Threshold option set to 80%, the Summary display and
Labels will report the energy accumulated up to the time when at least 80% of the total fault
current is cleared. This occurs when the Generator contribution is cleared. The Summary
View lists only the generator branch protective device since when the generator trips, 94%
of the fault current has cleared. This means that the arc will be diminished and the
remaining contribution (6%) cannot sustain the arc.
A
Accumulated
Energy at Bus
10.67kA
Utility 2.91 kA
Arcing +
Fault Generator
Current + Gen 0.67 KA
At Bus Motor +
Motor
Motor only
»
>
0.15s 0.882s 0.885s
The Summary View displays the generator branch protective device as the last tripped
device with the total accumulated incident energy up to interruption of this device.
¢ Detail View (@ Summavy\/le Seenanos... Custom Label.. Wark Permit... Fie-Run Study Qptions... FPE Tahle. ® Al GoTo/Query
Prat D Prot D Trip/ | Break
Bus N Protective | Bus EE;-IISd Er?ﬂtesu ﬁrxommgev Den\Zy O;Ze:nr?gr G q Equip | Gap ng F‘;Sh ;\/n‘rkmg Igcldent Required Protective FR Label #
us Hame Device Mame | kY £ EIII EkA Fault |Fault (k&) Time Time roun Type | {mm) oundary | Histance ”‘I:_‘:‘Tgyz Clothing Category ahe
ault (kA) A (zec) (zec) (in) (in} (calfcm2)
1 |Gen-Bus R-Gen 416 11.00 23 224 1.032 0083 Yes «|SWG - | 104 174 36 515 Categary 2 #1
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Important Concept: Minimum and Maximum Faults

It’s important to consider both minimum and maximum fault conditions when performing
arc flash calculations. The reason why both are important is illustrated below:

CURRENT IN AMPERES

1000
Panel Main Arcing
100 Fault
Current
based on
Minimum
Fault
o
Arcing %
10 Fault =
Current (%}
based on 3
Maximum o
— Fault =
Trip time of 177
1.05 seconds
1 for Minimum
Fault
0.10 Trip time of
: 0.07seconds
for Maximum
Fault
0.01
05 1 10 100 1K 10K

tcc5.tcc Ref. Voltage: 480 Current Scale x1070 1Line001.drw

On the TCC drawing you can see that the trip time remains in the instantaneous trip region (0.07
seconds) for a maximum arcing fault. Using a smaller minimum fault current due a different mode
of operation for the network results in a lower fault current that takes slightly more than one
second to trip (1.05 seconds). Using the maximum fault current, the incident energy is calculated
as 1.22 J/cm?2 resulting in a Class 0 FR Clothing Class. Using the minimum fault current, the
incident energy is 11.9 J/cm?2 resulting in a Class 1 FR Clothing Class. For this case, the lower
fault current results in a longer trip time producing higher incident energy exposure to the worker.
Making conservative assumptions regarding both the minimum and maximum fault currents will
provide higher certainty in specifying the proper clothing class and selecting conservative
protective device settings.

Prot Dev | Prot Dev | Trip/ | Breaker

Bus Arc Flash | Working | Incident

Protective | Bus Bolted | Arcing | Delay | Opening Equip | Gap Required Protective FR
HER Device Name | kV Bl Fault  Fault (kA) Time | Time Fovd Type | {mm) BT L T Clothing Category
Fault (kA) i) ) || e (mm) (mm) (Jfem2)

1 Panel Bus Panel Main 048 218 218 176 0.071 0.000 Mo jPNLj 25 260 610 124 Category 0
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Prot Dev | Prot Dev| Trip/ | Breaker

EE Bolted | Arcing | Delay | Opening Groun

Protective | Bus Equip | Gap GRelREs | W) | (et Required Protective FR

Bus Name ) Bolted id Boundary | Distance |  Energy
Device Name | kV Faut (<A) Fault  [Fault (kA) Time | Time Type | (mm) ) o Wiem2) Clothing Category
(kA) fsec) | (sec)
1 [Panel Bus Panel Main ~ 0.48 1.35 1.35 119 1.057 0.000 Mo j PNL j 2 103 610 1§ Category 1

Important Concept: Relationship Between 3-Phase Fault and Arcing
Fault

The equations used to calculate the magnitude of an arcing fault are relative to the available 3-
phase bolted fault current. Single-line to ground and line-to-line faults are not directly considered
when calculating arcing fault or incident energy. While it’s recognized that many arcing faults
are initiated by a line to ground fault, the arc flash equations in the IEEE 1584 standard are
relative to the available bolted-3-phase fault current for the following reasons:

a) 3-phase faults give the highest possible short circuit energy in AC equipment.

b) Arcing faults that begin as line-to-line or line-to-ground faults quickly escalate into 3
phase faults as the air ionizes across the phases. The high-speed video photography of
arc flash tests show the arc rotating between the phases and the metal box. The tests were
performed on grounded and ungrounded systems and the arc fault equation includes a
grounded/ungrounded variable.

PTW will ignore ground fault devices. When using multi-function devices, make sure that
the first function is defined as “Phase”. If a separate relay component is used as a ground
fault device, make sure that the function name is set to “Ground” or “Earth”. Relays with
the function name set to Ground or Earth will be ignored in the Arc Flash calculations.

Important Assumptions:

- Arc Flash searches the entire system topology, starting from the faulted bus out, to
find the first protective device with an over-current trip curve. When the first
device is located, the search is discontinued (i.e. assumes coordination with
upstream branches). The next upstream protective device may be included in the
search by selecting the “Check upstream devices for mis-coordination” option. If
there are multiple contributions to the faulted bus, the search process will be
repeated until each contribution is cleared by it’s protective device, or the search
reaches the end of the topology. Protection functions with a name of “Ground”,
“Earth”, or “AF_EX” will be excluded from the protective device search and the
next upstream device is used instead. Upstream refers to the flow of power from
the primary sources of power to the faulted location from the perspective of
standing at the fault location.

- The trip time is determined for all protective devices located in the branch that
contains the first trip device and the device with the fastest trip time for the given
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arcing fault current is used.

Worker is stationary during the entire arc flash incident (constant working
distance).

Induction motors contribute continuous sub-transient current until removed at user
specified time ‘x’, unless they are specifically excluded from the arc flash study.

When applying generic current-limiting fuse representation, the current-limiting
range is assumed to start where fuse clearing curve drops below 0.01 sec.

When applying generic current-limiting fuse representation, fuses operating in the
current limiting range are assumed to clear in %2 cycle for currents 1 to 2 times the
current where the current-limiting range begins, and % cycle for currents higher
than 2 times the current where the current-limiting range begins.

Interrupting device is rated for the available short circuit current (no equipment
damage is considered).

Upstream branch devices are properly coordinated with downstream branch
devices. The next upstream protective device may be included in the search by
selecting the “Check upstream devices for mis-coordination” option. The device
that clears the arcing fault fastest is used.

Ground fault and motor over load devices are not included.

For multi-function protective devices, only the first function is used to determine
the trip time.

Reports only the larger incident energy based on low or high tolerances applied to
the calculated arcing fault current.

When the total fault current cleared is less than the threshold percent specified in
the study setup, or no protective device is found, the bus is labeled as Dangerous
and the incident energy and flash boundary are not reported.

If the trip time obtained from the time current curve is larger than the maximum
protection trip time defined in the study setup, the maximum protection trip time is
used.

This completes the Arc Flash section of the Tutorial
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Part 6 - Motor Starting Analysis

Make sure that you completed Tutorial - Part 1 successfully before beginning this section.

This section demonstrates how to simulate motor starting effects. We will look at a
simplified “snap-shot” impact motor start study using the load flow study module and a
more detailed time-based simulation using TMS. If you have not completed the CAPTOR
protective coordination tutorial, your one-line will not display the protective device
symbols. The protective devices are not required for this part of the tutorial.

1. To begin the motor starting calculations, we need to add a motor to our base tutorial
project. Although we can connect multiple components to a bus-node, it’s easier to
work with a regular bus. To change the bus-node between cable CBL-0001 and load
LOAD-0001, select the node by clicking on it or by drawing a selection box around it
as shown below.

ol
| UTIL-0001
T+ I A |
PD-0001 BUS-0001 <>
Ll HF20001
<70TE
| BIE-0002
F(FD-0002
wdd ®F2-0002
="
PD-O003
J
o
_|  BUs0003
PD-0004
)
NN
| | :
| @ CELOOOL | :
| | :
| |\‘
; LosD-0001 '
|
K| L ]z

Select Bus-Node to convert to Bus.
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When the Bus-Node is selected, use the One-Line>Convert to Bus menu option to convert
the bus-node to a bus. The bus name is BUS-0004 and will be displayed automatically.

= SKM Power*Tools - Scenario[ Base Project ] C:\PTW32\projects\Tutorial_VB.0\Tutorial_VE.0.prj

Project Document Edit Yiew Run  Component | One-Line Window Help

B &% W I | | K2 % B

o= G5t 8o 5 [0

S

£8 MAINDRAW.DRW

—_— T
PD-0001

5 ¥F2-0001
2

| BUs-0002

[ (pD-0002

§ o XF2-0002
3

PD-0003
)

Component Color
Symbaol Rotation

* v

TR VAL ]

psurp|[| b B

Mametags
Datablocks
Datablocks and Nametags

Align

Distribute

Data State
Connection Points

LA R R J

TIL-0001

Textblock

Legend Tag

Link

Jump to Next Symbol
Annotation
Annotation Line

v

Convert to Bus Node

Convert to Bus

Center Component Picture
Symbal Selection. ..
Refresh Symbols from Library

Refresh Meter Data
Templates. ..

BUIS-0003

PD-0004
2

CEL-D001

LOAD-0001

2. Stretch BUS-0004 by positioning the cursor just past the right edge of the bus until the
cursor changes to a Left and Right arrow. When you have the correct cursor displayed,
hold down your left mouse button and drag the cursor to the right. This will extend the
bus. Next select the New Induction Motor icon and attach the new motor to BUS-0004
as shown in the figure below.

@

)

BUB-0003

PD-0004

CBL-0001

LOAD-0001
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&, SKM Power*Tools - Scenario[ Base Project ] C:\PTW32\projects\Tutorial_VB.0\Tutorial_V8.0.prj
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Add Induction Motor MTRI-0001 to BUS-0004.



176 SKM Power*Tools for Windows

2. Double-click on the symbol for motor, MTRI-0001 to display the motor data in the
Component Editor. Enter 100 hp for the rated size, as shown in the figure below.

[ll] component Editor - Scenario] Base Project | o ] 4|

Camponent Subswisws:

dLicti - [MTRI-0001 W |n Servi d
Diverzity, Loading, Particip Mame: | ||- M estvice Ilncomplete J @
AMSI Contribution

TEC Starting Curve Library.. | [~ Link toLib banufacturer: |NEMA =
TH5/75IM Defaults
E:{gﬁiﬂ:ﬁ Sgt‘am Mumber of Matars: IHunning 'l [~ Maotor Graup < 50 hp
Load Profile
User-Defined Fields Rated Yoltage: 480 Yolts [L-L] _FLA Calculator... |
Datablock -
Rated Size: 100 I hp j Tatal Size: 100

Scenario Manager... | Power Eactar: 0.8000 ILag j Starting PF: (0.3000

IGc- To =] Jump. | Effiiency: [0.8000 | FLa; [120804] |RasFLa; (5862

Lagh TR 000 il Poles: Synchronous rpm; (1800.00

Description: | |
B G it Phaze Connection
: v A " Sive-Ground
Cannection... | VB & wiye
< Bus: v C " Delta

Expand " Shirinlk

Specify Induction Motor Rated Size in Component Editor

3. Now that we have added a 100 HP motor, we need to re-run the load flow analysis to
evaluate the steady-state current, power and operating voltage. Select the
Run>Balanced System Studies menu item.

= 5KM Power*Tools - Scenario[ Base Project ] C:\PTW32\projects\Tutorial_VB.0\Tutorial _VB.0.prj

Project Document Edit View | Run Component Ore-line Window Help
G ER B :
Transient Motor Starting (TMS)
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b = & o o 77 Industrial Simulation (ISIM)

— Harmonic Analysis (HIWAVE)
Unbalanced/Single Phase Studies... Ctrl+U
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Balanced System Studies. ..

==& G D0 v o
¥ 3§ (O ues vep mc

Equipment Evaluation
Failed Input Evaluation
Failed Equipment Evaluation

E ArcFlash Evaluation
EF20001 Coordination Evaluation
Bl Cable Ampacity...
0
Query... Cirl+Q
Datablock Format... cil+D
Datablock Report...
BUS-0002
Chop o002

Al
;v"T'; XF20002

Run Balanced System Studies Option
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Check the Load Flow study option (uncheck other studies) and click on the Run button.
Under normal circumstances, when adding a motor you should re-run the demand load

analysis and sizing study to evaluate the cable and transformer sizes and re-run the

short circuit and equipment evaluation modules to determine the impact on equipment

ratings. However for this example we will focus only on motor starting.

Bix

— Studies Fepart File

[~ Demand Load Setup... I Idl.rpt I Lppend
. ApsidNED l—
[ Sizing ! [EE Wirha Setup... | s2.rpt I™ Zppend

v Load Flow Setup... | Ilf.rpt [ &ppend
[~ Optimal Power Flow Setup... | Iopf.rpt I Zppend

% Comprebensive

[SC ¢ &Sl Setup...l Isc.rpt I™ fppend
! |EC GO30S
) |EC 61363

Length of Reparted Companent Mame: @ 14 Characters ¢ 30 Characters

[~ Load Schedules Sefup... I Ils.rpt ] Append

Spstem Input Data Repart: Iinput. Tpt ™ Append
¥ Overwiite Existing Fleports Yiew Study Message... |

[~ Do not Display Wamings for Unbalanced Components
Default Report Path: CAPTW3AZNprojects"\TUTORIAL V3.0

Help | Format... | Header... | Run I Cancel |

Run Load Flow Study.

Check the Study Messages Window to make sure there are no errors and close the

Dialog Window.

Study Messages
Fatal Errors: O Wwarnings: 0 EdilElfosl Rern I

Swvstern: Map 25, 20M6  07:43:46

Syztenn:  Input Data Report Saved in

Swstern: CAPTWI2WPROJECTSATUTORIAL_VE.OMNPUT RPT
Swstern: May 25, 2016 07:43:46

Syztern: <<< Running Current Injection Load Flow Study 22>
Crunching Murnbers...

Creating Report...

Updating Data Base ...

Load Flow Qutput Report is Saved in:
CAPTWIZAPROJECTSATUTORIAL WE.OM\F.RPT

Systemn: May 25, 2016 074346
Systen: <<< End Load Flow Study »»»

Help Cloze

Review Study Messages Window.
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We’ve already looked at several ways to view output results and for this exercise we
will display results on the one-line with a datablock. Select the Run>Datablock
Format option as shown below. The One-line must be in the active Window to display
the datablock.

Project Daocument  Edit \u'iaw‘Run Component  One-line  Window  Help

£ “\\ = e | BB @ Balanced System Studies... Cirl+A
o 0 Transient Motor Starting (TMS)
b= & 7T Industrial Simulation (I5IM)
£ MAINDRAW.DRW Harmenic Analysis (HIWAVE)
______ Unbalanced/Single Phase Studies... Ctrl+J
Reliability Analysis
DC System Analysis

=<3 9 v & fhE RS
Swsw|[ b 2 b @t b -

UTIL-0001

O

Equipment Evaluation
Failed Input Evaluation

Failed Equipment Evaluation
A L0001

Arc Flash Evaluation
Coordination Evaluation
Cable Ampadty...

%o

ctrl+Q

Datablock Repart... |
BUS-0002

] PD-0002
—O

é’n
2773

Run the Datablock Format Selection Option

XF2-0002

Select the Load Flow Power Data format and click the Apply button followed by the

Datablock Format

Formats for One-Line and Probe:

=
|x

— Type
Eranch Fault Curents [IECE0303) ] Apply
~ ) Branch Fault Currents [IECE1363) Clase
Component Editar / Bz Fault Currents (8_FALILT)

TLCLC Setting Yiew / Buz Fault Currents [Comprehensive) Edit

Data Visualizer Bz Fault Currents (IECE0909)
Buz Fault Currents [I[ECET363) -
Data State
DC Compedit

Demand Load Data
Device Evaluation AMS| Branch

Set Default

" Import / Expart

e

& Oneline / Device Evaluation Camprehenzive Branch
TCC One-Line Yiew Device Evaluation [EC Branch Rename...
Device Ratings
€ Probe Harmonics Copy

Impedance Data - Buz Thevenin Equivalent
Impedance Data - Camponents

Input Diata

Load Flow Current

Lioad Flow

teter Data
Protective Device Data

L«

Protective Device Selective Coordination

Paste
Delete

Help

PR e

Import..

One-Line Default:

Lazt Apphed:  Load Flow Power Data

Close button as shown in the figure below
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Select Load Flow Power Data datablock format.

The power flows and voltage drops from the steady-state load flow study will be
displayed on the One-line as shown in the figure below. Notice that the voltage drop at
BUS-0004 is just over 4%. Next we will switch the motor to a “snap-shot” starting
condition and compare the voltage drop. The number of decimal places shown can be
controlled in the datablock format, so don’t be concerned if your display shows more
or less decimal places than the data shown in the figure below.

=0
[

UTIL-0001

| 1613 kW
— { 1248 VAR

FD-0001 BUS-0001
13800 W

0.07 % YD

5 XF20001
L1613 EW
<1248 EVAR
PotWD 0.9 %

o

BUI5-0002
4160 ¥
0.94% YD

é-_OPD-DEIDQ

L& ®F2.0002

& 1609 KW
1225 KVAR.
PetVD 1.5%

L PL.0003
3

L

B175-0003
T 40 [
2.46% VD

L PD-0004
3

CBL-0001

L
W

1601 EW
L1138 4 EVAR
FotVD 1.7 %
LF 248 &

BUS-0004
4207
421 % YD

LOAD-0001
95.000 Arps MTRI-0001
100.000 hp

4] _ v
Display Steady-State Load Flow Results
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9. Double-click on motor MTRI-0001 to view it in the Component Editor. Change the

Status from Running to Starting as shown in the figure below.

EI:' Component Editor - Scenariol Base Project ]

Canpanent Subrigwms:

Driversity, Loading, Particip
ARSI Contribution

TCC Starting Curve
THSA75IM Defaults
Harmonic Source
Fieliability Data

Load Profile

User-Defined Fields
Datablock

Scenario Manager. .. |

IGDTD 'I Jump...l
AT RI-o00T |=]

=

=101 x|

Mame: |MTFII-IJDD1

| [¥ InService IIncnmpIete 'I @

Library... [~ Link toLib Manufacturer: INEM-"'\j
Mumber of Maotors:

Stating *| [ Motor Group < 50 hp

FLA Calculator... |

Fated Voltage: ng.
Rated Size: 100 Ihp j Total Size: 100
Paower Factaor: 0.8000 ILag j Starting PF; (03000
Efficiency: |D.annu | FLA: |1zn_sn4s| LRA/FLA: |5.882
Fuoles: Synchronous rpm: |1500.00
Description: | |
o ’ Phase Connection
uz Connection
W &  wiye-Ground
Connection... | v e o
Bus: v C " Delta

Expand I | Shrink:

Change motor status from Running to Starting in Component Editor.

10. Re-run the steady-state load flow solution by selecting the Run>Balanced System

Studies option.

£ SKM Power*Tools - Scenario[ Base Project | C:\PTW32\projects\Manual 8.0 P\Manual 8.0 P.

Project Document Edit Wiew | Run Component Window Help

Balanced System Studies...

ED s U R e | B W

|= 4 9 ¢ v

Transient Motor Starting (TMS)
Wiy
b= & & 7T Industrial Simulation (ISIM) P & (O es veo
et s AN ETES
Component Subviews: En?aéjr;&;e:nﬁllng!e Phase Studies... Ctrl+J
— eliabili alysis
Diversity, Loading. Partici M. DC System Analysis proplete jv @
AMS| Contribution ) .
TCLC Starting Curve Equipment Evaluation :l WEM =
THSA=5I Defaults = Failed Input Evaluation
Harmonic Source Failed Equipment Evaluation
Fefiabilty Data N s Group < 50 hp
Load Profile Arc Flash Evaluation
User-Defined Fields R oot ool FL Caloulaor._ |
Datablock oordination Evaluation
R Cable Ampadity...
Scenario Manager... | P Query... Crl+0Q g PF: |0.2000
Datablock Format... Ctrl+D
IAll vl Jump.. . |6.5000
—DI & Datablock Report. .. A3

=5 01001 =l |p  TecReport... b rpr: [T0000 |

Select Run>Analysis Option
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11. Check the Load Flow option and click on the Run button as shown in the figure below.

Balanced System Study Setup Elx|

—Studies Fiepoit File

™ Demand Load Sefup.. Idl.rpl = Append
& LrsifNEL
I~ Sizing € IEE Wiring Sefup | Isz pt I~ | &ppend

¥ Load Flow Setup... | I\f.rpt [~ Append
I Optimal Power Flow Sefup.. | Inpf pt I~ Append

& Comprehensive

[CISC ¢ g Seflp.. | Isc.lpt I~ | &ppend
£ |EC 60309
£ |EC B1363

Length of Reported Companent Mame: @ 14 Characters ¢ 30 Characters

™ Load Schedules Setup | I\s ot I~ Append

System Input D ata Repart: I\npul.rpl [~ Append
¥ Owenwiite Existing Reports Wiew Study Meszage

™ Do not Display Warnings for Unbalanced Components
Default Report Path: CAPTW32vprojects\TUTORIAL_VE.0

Help | Format. | Header. | Run I Cancel |
Run Load Flow Study

12. Review and Close the Study Messages dialog window shown in the figure below.
Notice that the voltage drop at BUS-0004 is now approximately 14% representing the
initial voltage drop when the motor starts. This is compared to a 4% voltage drop when
the motor is running. Switching the motor from Running to Starting instructed the load
flow to use the Fault Contribution Xd” and X/R to calculate an equivalent starting
current. The model was also switched automatically from Constant kVA to Constant
Impedance to better represent the motor starting characteristics.

£ MAINDRAW.DRW

UTILQ001
| & I
| N G06.4KVAR
FD-0001 BUS.0001
13300V
0324 %D
aule  xF2000L
HOYR oKW
606 4 KVAR
Pel¥D 27%

L susome
4180 Y
403 % VD Fatal Erars: 0 Warnings: 0 Edit Enors Rewn

D02 Syster May 25, 2016075303
SysterInput Data Feport Saved in
System CAPTW32\PROJECTSSTUITORIAL Va DNNPUT RPT
XF20002 Syster May 25, 2016075303

4
System: <<< Rurring Current Infection Load Flow Study >
R j‘ggt e | Cmching Humbers
P, Creating Feport
i} ¢ Updating Data Base
) PDam Load Flow Dutput Feportis Saved in
CARTWAPROJECTS\TUTORIAL VEM\LFRFT
BUS.0003 System: May 25, 2016075303
— v System: << End Load Flow Study »»>
10.49 % VD
PD0004
)
Help Close
CBL 0001
@ 2527w
U558 2KVAR
Fet¥D 39 %
IF 7094
— BUS.0004
207
1437% VD
LOAD-0001
95.000 Anups MTRLO0OL
100,000 by
Kl ] L

Review and Close Study Messages Window.
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13. We are now ready to do a transient motor study analysis. To do this select on the
Run>Transient Motor Starting as shown in the figure below.

Project Document  Edit  Wiew | Run Component  One-Line  Window  Help

Balanced System Studies. ..
Transient Motor Starting (TMS)

BO £ U B I | ER &
=& 5t
CRCmss

Cirl+a

Industrial Simulation (ISIM)

Harmaonic Analysis (HIVWAVE)
Unbalanced/Single Phase Studies... Ctrl+U
Reliability Analysis

DC System Analysis

=<4 90 v edaE B
wsun || b B % » L @ ¢
| —1O] x|
UTIL-0001 -]
3659 KW
4*4 606 4 KVAR

Equipment Evaluation
Failed Input Evaluation
Failed Equipment Evaluation

=-0001

0o v
%% WD

O

Arc Flash Evaluation
Coordination Evaluation
Cable Ampacity...

crl+Q
Cirl+D

Query...
Datablock Format...

Datablock Report...

14. In the next window that comes up click on the “Motor” tab

started. Move the motor to the column on the right.

TMS - Select Components

Source  Motar IBus |Eranch|

Auailable Moatars

Selected Mators

x|

p |l MTR-000
<4 |
i i b
Connection Info:  Bus: BUS-0004
*Yolkage: 480 W
Status: In Service
Cloze | Carce! | Spply | Help |

. Select the motor to be

Motors in the left column will be modeled as Constant kVA if their status is
“Running” and Constant Z if their status is “Starting”. Note that for TMS, you do
not need to add any source or buses. However it's a good idea to add any downstream
buses, which may suffer a voltage drop due to the motors starting. If a source is not
assigned, it will assume an infinite source (a generator or utility with very low
impedance with perfect exciter and governor).
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If the “TMS — Select Components” window does not come up, right-mouse click on

“Casel” as shown below and the window will come up.

@ TMS - Study-Case Yiew
T}
I Time I Ewent Owher

El-f@ Transient Motor Starting

ED Study
R
Lt Tt Sty
Mews Case
Renarne

Select Components. ..

Madel Setup and Bynamic Events, .

Makor Group Acceleration. .,

Run Studsy
Plat...

15. Choose the Bus Tab on the TMS — Select Components window and select the busses
where you want to store voltage plots from the simulation. For our example transfer all
of the busses to the Selected Busses list by double-clicking on each one or by using the
transfer button >>. When finished selecting the buses, click on the Close button.

TMS - Select Components

Sourcel Motar  Bus IBranchI

Available Buses

Selected Buzes

W E(S-0001
W E(5-0002

W E]5-0003
EmE(S-0004

X|

Cloge

Canzel

Apply

Help
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16. The TMS — Data Channel View Window should now be shown. A default Study folder
and Casel setup should appear. Different cases can be used for different starting

17.

scenarios such as full voltage or reduced voltage starts, different sequence of motors to

be started, etc. Before proceeding, select the plot channels to be saved for Casel

during the TMS study. By default several common plot channels are selected. Select

the remaining plot options as shown below.

© TMS - Data Channel Yiew

=-f@ Transient Motor Starting
20 Studyd
B Casel
B! MTRI-DOM

=101

Time | Event Qwner Event Deseription Bus Info Input Trigger |

Motor |Eus |

Double-click on motor MTRI-0001 and the TMS — Motors window will appear as
shown below. This is where you can specify the motor model, load model, current
base, torque base, moment of inertia, and controller type of the motor. The data
entered here normally will come from motor nameplate data.

> TMS - Study-Case Yiew

=101

/@ Tvensient Motor Stating Tine | v e ]
- Study
E %‘ “ éﬂm Models |Dynamm Events |
{6t MTRLO0M Mator and Laad Model Librar
Deselect totor Model!
Library.
Deselect Load Model:
[ LT T
TrentBase: [1402020 A ToqueBase: [P55200 s W T >
S
|
— . [348915 i Approsimate
TEEA P ilk2: Ibst2
4& Starter and Controller tode)
Ay
7 f'l hioel Full'éoltage hd
NI
MTRI-O00T[ F
GetDefaul Setings | SavedsDefaul |
oK Caneel Apply Help
Evenll Hunlﬁlaphl F'Iutl | | | |

Here, notice that the “Link with Rated” checkbox is checked. If this check box is

checked the software will calculate the current base and torque base value based on
data entered in the induction motor sub view. If you uncheck this checkbox, you can
specify your own torque base and current base. For this example, make sure that the

link with rated checkbox is check.
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18.

For the “WK2” field value, the value there is an approximate value, calculated by PTW
based on the motor’s size, rpm, and so on. If you do not know the motor’s moment of
inertia, you may use this default value. Otherwise, enter the motor’s moment of inertia.
In this example use the default value of 34.8915 1bs-ft2.

For the controller, select “Full Voltage”.

The ““Save As Default” and “Get Default Setting” functions are designed to make the
process of assigning motor, load, and controller for multiple TMS cases easier.

“Save As Default” button

When the user clicks on this button, all the information in the "Models" tab page will
be save as the default settings for the selected motor. These values will be used
whenever the user assigns the same motor to an existing case or onto a new case for the
project.

“Get Default Setting” button
When the user clicks on this button, all the information in the "Models" tab page will
be filled in by the default settings.

We now need to assign the motor model and load model. To do this, click on the
“Library” button.

x|

Models | Dynamnic Eventsl

— Motor and Load Model Library

Deselect Mator Model: |

Library...
Deselectl Load Model: |
Current Bage: IHD-2029 A Torque Basze: |295-5203 flbz [+ lﬁ'g{;glth
r— boment of Inertia for Motar Only

whe [H3915 st

— Starter and Controller Model

7

Model: I Fulloltage j

Get Default Settings | Save Az Default |

ak. | Cancel | Apply | Help
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19. Select the Typical Graphical Motor model as shown below and click on the “Apply”
button.

Mator x|

todels | Diynarnic Eventsl

— otor and Load Model Library

Deselect Mator Model |
Library... |
Deselect | Load Model: |

Current Basze: |14D.2029 A Torque Base: |295.82E|8 flbs W H;{‘e‘é\"th
r— Moment of [nertia for Matar Only

Sl 2 |34.8915 |bs-ft2 Approximate |

-4 CAPTW3INLIBWPTW.LIE & || Mame I
=@ 15IM £ THS A MEMA &
{T) Flux Induction Motar Model mNEMA E

T3 Mator Moded

: 11 Single Rotor
™% Double Rotor
Graphical Mataor
o0ad Model

I-;’. Exponertial
I’;/. Graphical Load
| Polynomial

< Plararina LI

Apply |Deselect| Cloze | Query...l

B MEMAC
A MEMAD
4%, NEMA LG »500HP

20. Select 100 HP 1800 RMP Fan load from the Exponential Load library as shown below
and click on the “Apply” button.

Motor =
Models | Dyniamic: Eventsl

— Mator and Load Model Library

Dezelect Matar Model  [Typical
Library...
—I Deselect | Load Model:  [Fan 100 HP 1300 RPM

Current Base: |14EI.2E|28 A Torque Base: IZSE.EZDB fths W H;t‘e;\"th
— Moment of Inertia far Mator Orly

Wik |34.8815 Ibz-ft2 Approximate |
select Library

=@ CAPTW3ILIBVPTW LIB Mame |
= ISIM/THS L, 500 HP PUMP
. @ Flus Induction Mator bodel I__/. Comp SO0HF 1500 FFM
1% Motor Model
"7 Single Rotor
Fan 100 HF 3600 RPM
% g?aupbr:i:iﬂtm L Fan 100 HP 900 RPM
L% Load Madel L Fan 250 HP 1800 RPM
e L Fan 250 HP 3600 RPM
i L Fan 250 HP 900 RPM
Graphical Load
I~ Polynomial L Pump 100 HP 1800 RPM
..~ Damping L Pump 100 HP 500 RPM
L Pump 100 HP 500 FPM1
—~  Apply | Dieselect | Cloze | Query... | }_/. Purnp 250 HP 1800 RPM

Click on the “Close” button.
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. Now, click on the “Dynamic Events” tab. When you click on “Dynamic Events” tab
the following window will show up. This is where you can specify also the dynamic
event for the motor selected.

Motor x|

Modele  Dynamic Everts |

Mator Name:  MTRI-0001 - Event Data

Bus Mame:
Bus Voltage: 4804

Evert Time; |1.00 Sec.

Time Dependent Event

Initial Status—————
’75' Off Line: " Online % Start Mator

" Load Change  Multiplier 0.00

Event List " Tiip Mater

1.00 Start (& Tine

‘oltage Dependent Event

" StatMater  Monitor Bus:
I ELIS-0001 x l

Maritar Bus Waltage:

Delate E t| I
Delete Evenl 0.00 Per Unit

" Trip Matar

0K | Cancel | Apply | Help |

Each motor represented dynamically in TMS can be assigned its own initial status and
starting or tripping event. For this example, verify the initial status is “Off Line”, enter
1.0 for the Event Time (in seconds), select the Start Motor radial button under Time
Dependent Event, and press the Create Event button. Click on the “Apply” and then the
“OK” button to continue.

. You should now have one event showing for Casel in the TMS — Study Case View
windows as shown in figure below. Click on the Run button at the bottom of the
window to run the TMS study.
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© TMS - Data Channel Yiew ;IEIEI

E-f@ Transisnt Motor Starting Time Event Dwner Ewent Description Bus Info Input Trigger |
E-(] Study 100 MTRI-0001 Start @ Time BUS-0004
B Casel
~j5i MTRI-00M
Matar |Eus |

23. Select the Run button on the TMS Study dialog window, accepting the default report
name and setup options.

x|
Funring Caze Folder  Study o
Case = Casel Setup |
Report Name: T it Header |
Lines Per Fage: |557 Caneel |
Report Time Step: |D57 sBC 4|HEID

Excel Data Point Report Duratoin; Once Every: IEI.1 0 B0
Saved Tao: TMS_<StudyMName:_<CazeM ame>_Channel xlz

Default Report Path: v Ovenarite existing repart
CAPTW32Nproject:s\TUT OR 1AL _VE.0
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24. Review the Study Messages to verify that there are no errors. If errors exist you may

need to review the steps used to assign the motor and load models or to define the

event. When successful, select the Close button and proceed with the tutorial.

Study Messages
Fatal Emars: 0 Warnings: 0 EditEerrSl

Syztern: Begin TMS Engine

Syztermn: End THMS Engine

Systemn: Initial Load Flow Finished

Systern: Dynamic components initialization finizhed
Syztern: Event time decizion finished

Systemn: Event netwark, building finished

Systerm: Engine iz Running, Please Wait..

Systern: May 25, 2016 07:38:26
<< Studyl - Cazel »» End of Dynamic Simulation
Syztern: ** Review TMS LOG repart =

Help

Systerm: May 25, 2016 07:38:26 End of Load Flow Input Data Reading
Syster: May 25, 2016 07:38:26

Systemn: <<< End Load Flow Study »>»

Systern: May 25, 2016 07:38:26

<< Studyl - Cazel »» Bunning Dynamic Simulation

Cloze

25. Select the Plot button at the bottom of the TMS — Study-Case View Windows and click
New on the TMS — Plot dialog as shown in the figure below.

@ TMS - Study-Case Yiew
_
Time I Event 0wner | Event Description | Bus Info | Input Trigger

EH@ Transient Matar Starting
E|[—_‘| Studyl
E| Cazel
@ MTRI-0001

1ol x|

100 MTRI000T Start @ Time

TMS - Plot

Flat

Il Open

BUS-0004 * ..

-1

Delete
Cancel

Help

Fename,..

T,

MTRI-0007 v v v v v v v v

v v v v v
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26. Select the Motor Speed plot for motor MTRI-0001. Click on the Bus tab and select the
Bus Voltage plot for BUS-0001 as shown in the figure below.

© THS - Study-Case ¥iew - Plok (Plot1) = Dljl
[=-f@ Transient Mator Starting 8.87, 1836.73 Plot1
— —
E‘"%’ Udﬂ Siudy! - C2521 - MTRHOOO1 - hotor Speed Siudy! - C2521 - BUS-0001 - BusWollage
. % MTRI00M tames £ 170E
13730 |snn-§
= 13785 E
= = 1250+
> 13750 £, £
B o0
B4377s g‘muu E
£ g £ 7s0E
n 5 E
@ 13765 E e
13760
250
13755 =
b e T
1 i 2 3 4 s 3 7 5 i w41 12
Time ¢seconds)
Motor  Bus |
@O‘P
3
%,
Fa
BUS-0001 | [+
BUS000Z| ™
BUS-0003| ™
Event| Run | Graph| Plat BUS-O004|

27. A real handy function to compare different conditions is to copy the case, make minor
changes and run the new case. For this example we will make a new Case to start the
motor using a different type of starter. To begin the process, change the name of Casel
to Full Voltage as shown in the figure below. This can be accomplished by clicking on
the name twice (slowly), or using the Case>Rename menu option.

@ TMS - Study-Case Yiew - Plot {Plot1) =101 x]
—_—
El-f@ Trarsient Motor Starting 0.45, 130232 Plot1
=] Studyl — —
z Full Voltagd] Stuchyl - Full Yoltage - MTRI-0001 - Motor Speed Studyl - Full Yoltage - BUS-0001 - Bus Yoltage
@ MTRI-OO01 127es £ 1750E
13700 £ —
13785 F o F
£ FZ12s0+
Stazen £ E
o F T1o00 +
13775+ B E
= E& E
=13770 f 5 T50
o 3= F
5 ES F
D13765 T = gop L
13780 £ F
E 250+
13755 F E
C D'\II\III Lol da ol ta b L gLl
T f T T T T T T T T T T
0 1 2 3 4 5 [ E g 10 11 12
Time (Seconds)
Motor  Bus I
@%
%
%,
o
BUS-0001 | @
BUS-0002 |
BUS-0003] [
Eventl Run | Graph| - Plot | EUS-0004|
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28.

29.

With the Full Voltage Case selected, click on your right mouse button and select the
Copy function as shown in the figure below.

@ TMS - Study-Case Yiew - Plot {Plot1})
_—_

El f@ Transient Matar Starting 3,35, 1737.31

B Studyl

[ety Study

Mew Case

Rename

Select Components. ..

Model Setup and Dynamic Events,

= [=] e

Flot1

— —
Studyd - Full \ltage - MTRFOO01 - hiotor Speed Studyd - Full “ttage - BUS-0001 - Bus \blage

Motar Group Acceleration..,

Run Study
Flot...

alls

Faste

Wiews Event
Wiew Graph

150 To One-Line

Go Ta Component Editor
150 T TEE Drawing
G T Librarsy:

Chrl+T

Chrl+5hifb+HL

2 3 4 5 3 10 11

5 13 7
Time (Seconds)

12

Find i One-Line:
Find in TEE Drawing. ...

Chrl+F

Associate One-Line Diagram, ..
Save TMS Curve for TCC Maokor Starting

Eventl F\uanlaph Flat HBUS-DUMi r ‘

Click on the Study Folder, Study]1 first with the left mouse button then with the right
mouse button, and select the Paste option as shown in the figure below.

TMS - Study-Case Yiew - Plot {Plot1)
—_—_

E-f@ Transient Motor Starting -0 46, 1543.37

= &

e Studsy:

Mew Case

Rename

Select Components...

Made! Setup snd Dynamic Events. ..

=10l x|

Flot1

— —
Ul “soitage - WTRIOO0T - hiotor Speed Studyd - Full “vbttage - BUS-D001 - Busvoltage

MMatar Group Acceleration...

Run Skudy
Plat...

Cuk
Copy

View Event
Mievy Graph

Go o One-Line T
G0 Tia Compenent Editar
(G 10 THEE Drawing.. .

GO Tia Library:

ChrlShifeHL

2 3 4 8 3 10 1

El [ 7
TIme (5econas)

12

Finid i One-Line Chrl+F

Firnd i TEE Drawing, ..

Associate One-Line Diagram, .
Save TMS Curve For TCC Mokar Starking
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30. Rename the new Case to “Auto TX” to differentiate it from the Full Voltage case.
Right mouse click on MTRI-0001 under “Auto TX” case and then select “Model Setup
and Dynamic Events..”

& TM9 - Study-Case Yiew - Plot (Plot1)

N
=@ Transient Mator Starting -009, 1633 6 Flot1

Ef:l Studyl —
. Stdy - Full woltage - MTRHIOO1 - kidtor Speed
- FulVoltage

et MTRIDO0 13735 £ 1750
E-E] Auto T

...... W 13730 s
[et Studsy
Mew Caze

Eemarme
Select Components. ..

Model Setup and Dynamic Events. ..

Makor Group Acceleration. ..

31. On the window that comes up select the “Auto Transformer” as the controller. As
shown below, set the tap to 0.85, the control function to Time, and the time to 15
seconds.

Motor x|

todels I Dynamic Events |

— Motar and Load tadel Library

Dezelect Mator Model:  [Tupical
|
Deselect Load Modet  IFan 100 HP 1800 RPM

Current Base: |14D.2D29 A Torque Base: |295.B208 [T v Hz{;g\“th
— Moment of Inertia for Mator Only

k2 |34.891 5 Ibs-ft2 Approzimate |

r— Starter and Controller Models

Madel: IAutoTransformer j Contral Function: ITime 'I

Tap: ID.SEDD pu
T: |15 E=ln]

Get Default Settings | Save Az Default I

Ok | Cancel | Apply I Help |

Click on the “Apply” button and then click on the “OK” button.
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32. With the “Auto TX” case selected, click on the Run button. TMS will run the case that
is selected. Accept the default report name and setup options.

& TMS - Study-Case ¥iew - Plot {Plot1})

E-f@ Transient Motor Starting
E-CJ Studyl
E| Ful Yaltage
[ MTRI-0001

MTRI-0001

=10 x|
0.1z, 1081.01 Plot1
— —
Sy - Full ol e - MTRHITH - Wokr Sneed Shiy 1 - Full el bge - BUSHII - Bus viol e
ATTES 1w+
13r=q ‘n_é
g g‘mj
31:73: o E
E“TTS E“ng
2 mmfr St
F § E
@ y3ras sot
13ran E
=T
13785 E
u-lllllll Ll L gl da gl ol i 11111
o 1 z 3 . s 5 = s wm o oz
Time gEecond=)
AN
oGBS\
fq‘g‘),?)'%@‘%%%q‘o
% NG Q‘%fé NN
ERNCRNRNY RNG o LT ENT
U %zc & (5] o = 2 Ny ~f

33. When the study is complete, review the Study Messages dialog to make sure there are
no errors. If there are errors, review the previous steps related to input and setup.
Close the Study Messages dialog to view the results.

Study Messages x|

Fatal Emars: 0 wamings: 0 Edit Erars |
Suztern: May 26, 2016 03:38:25 End of Load Flow Input Data Reading ;I

System: May 26, 2016 08:38:25
Suztern: <<< End Load Flow Study >
Suztern: May 25, 2016 08:38:25

¢ Studyl - Auto T »> Running Dynamic Simulation
System: Begin TMS Engine
Syztemn: Initial Load Flow Finished
Syztern: Dynamic components initialization finished
Suztern: Event time decizion finizhed
System: Event netwark, building finished
Suztermn: Engine iz Running, Please Wait..
Syztern: End TS Engine
Suztern: May 26, 2016 08:38:25
¢ Studyl - Auto T 3> End of Dynamic Simulation
System: ** Review TMS LOG report #

Help Cloze
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34. With the “Auto TX * Case selected, select the Motor Speed plot option and notice that
it starts slower than the first case. With the “Auto TX” case, the motor starts at about
13.0 seconds, whereas in the “Full Voltage” case, the motor starts at about 8.5 seconds.
Click on the Bus tab and select the Bus Voltage plot for BUS-0001. You can now see
from the plot that with the “Auto TX” case, the voltage drop on “Bus-0001" is not as
severe.

To change the style of the plot from for printing, select the Plot>Properties> menu.
Then click on the “Graph Color” Tab and in the Viewing Style section, select
“Monochrome+Symbol” option. Click on the “Apply” and then the “OK” button. You
should see a plot that resembles the one below. There are many features under the Plot
menu where you can customize the display options and save your default configuration.

@ TM5 - Plot ¥ariable ¥iew - Plok (Plok1) -0 5'
—
E-f@ Transient Matar Starting 0.1, 134028 Plot1
=[] Studyl + — & —
= Study - Aute T~ MTRI-DO0 - Motor Speed  Studyd - Full Voltage - MTRI-O001 - Motor Speed
E FullVoItage o ¥
; MTRI-0001 Study1 - Full Voltage - BUS-0001 - Bus Vahage Studyd - Auto TX.- BUSOO001 - Bus Veltage
=] Auto T F E
1amsf L
—F MTRI-0001 t E
1t e b
| tames L E
@ = 1250
§1m-5& b
o F2omf
FaTs£ 8 L
= o
[=} Fon
o1ty T
o FE
[ o ey
130 -L E
20
1376 L E f
[ o N S T T Ty v

oo 25 50 75 100 125 150
Time (Seconds)

BUS-0001 [ ™
BUS-0002| ™
BUS-0003| T
Eventl F\uanlaph Plat BUS-0004 |

This completes the Transient Motor Starting tutorial. For more information on
selecting different starter types or adding new motor and load models to the library,
refer to the TMS Reference Guide on the PTW CD.



SKM Power*Tools for Windows 195

This Page Intentionally Left Blank



196 SKM Power*Tools for Windows

This Page Intentionally Left Blank



SKM Power*Tools for Windows 197

Part 7 - Harmonic Analysis (HI_WAVE)

Make sure that you completed Tutorial - Part 1 successfully before beginning this section.

This section demonstrates how to simulate harmonic content and distortion within the
power system.

Before we begin the Harmonic analysis simulation, we need to make sure your tutorl
project is in the correct state. If you have not completed the CAPTOR protective
coordination tutorial, your one-line will not display the protective device symbols. The
protective devices are not required for this tutorial. If you have not completed the
Transient Motor Starting (TMS) tutorial, follow the first two steps in the TMS section to
add a 100 HP Induction motor to your one-line.

To begin our Harmonic Analysis simulation, we first need to assign a harmonic source
profile to motors or loads. For our example we will add the harmonic source profile to
motor MTRI-0001 as if we were evaluating the impact of using a variable-speed drive.

1. From the one-line, double-click on motor MTRI-0001 so that it appears in the
Component Editor as shown in the figure below. Verify that the motor status is
Running.

JT=I

Component Subviews:

nduction kotor . [MTRI-0001 : Iﬁ
Diversity, Loading, Particip Narme: | | I/ In Senvice | Incomplete

AMNSI Contribution
TCC Starting Curve Library... | I Link toLib Manufacturer INEM!—\j
THMSA=5IM Defaults

H ic5 )
H:{igbnirl?tlj Dgtgce Mumber of Mators: Running ¥ ¥ Motar Group < 50 hp
Load Profile j S

zer-Defined Fields Rated Yaoltage: FL& Calculator... |
Datablock

I Rated Size: 100.000 | fhp =l Total Size: 100
Scenario M
I o Efficiency: 08000 | FLa: [140202] LRasrLs:

Puales: Synchronous rpm:

Dezcription: | |
B o el Phase Connection
. v A " wWye-Ground
Connection... | 7B = wive
- Bus: v C " Delta

Expand | I Shirink
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2. Choose the Harmonic Source Subview and click on the Library button as shown in the
figure below.

m:l Component Editor - Scenario[ Base Project ] = Ellil

Component Subviews:

Induction Motar Harmanic Source Library

Diversity, Loading, Particip
Deselectl Model: |

ANS| Contribution
TICC Starting Curve

 Harmar Ce
i cliability D ata

Load Profile
Uszer-Defined Fields
D atablock.

Scenario Manager...

CE

&l ~1 dump. |
prmperyry Ml Select Library e -0 x|
- CAPTW3I2ALIBNWPTW.LIE [ ame | Harmaonic 5 ourc &
| 112 pulse - Dobinzon Current
| AAE pulse - Dabinson Current
@ cBL AAAL Drive Current -
s
mXF2 AAARC Fumace Curent
ey XF2 AN Fluorescent Lights Current
@ur APIEEE 12 Puke Curent
g L0 AP IEEE 18 Puiss Cunent
AAIEEE 24 Pulse Current -
Expar Apply | Deselect | Cloze | Cuery. | 4 | | Moz

Select Motor Harmonic Source Subview and Click Library Button

3. Select the Typical 6 Pulse IGBT harmonic source model and click on the Apply button.
This model defines the harmonic content for MTRI-0001 used in the harmonic
analysis. The selected library model should appear in the Component Editor as shown
in the figure below. Close the Select Model window to continue.

;] component Editor - Scenariol Base Project ] ]
Companent Subviews:
Induction Mator . Harmonic: 5 ource Library
Diversity, Loading, Particip
ANSI Contribution
Library... I Deselect | Model:

Harm e Ll | adel: | 4‘
Fieliability 0ata o
Load Profile 0
Uszer-Defined Fields a
Diatablock a

Scenano Manager.. | E
Al <1 dump.. | H
[=reyy{ M Select Library =5 o ] 4
- ; CAPTWIALIBYPTW LIB Mame 8 I Harmaonic Sourc AI
m—p |t ey HiwislE la¥al Switchmide Pawer Supply Current
|l AT Transfor@er Overexcited urrent
%W A Typical 12 Pulse et

- .
xXFz A Typical FPulse Current
e FE Typical B Pulse IGE Current
g um A Typical B Pulze SCR Current
@ AN Typical AC Drive Current
A Typical DC Drive Current -
Expar Appl Deselect | Close | Query.. | 4 H .z
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4. Select the Run>Harmonic Analysis (HIWAVE) menu item as shown below.

=, 5KM Power*Tools - Scenario[ Base Project ] G\PTW32\projects\Tutorial V8.0\Tutorial_V8.0.prj

Project  Document Edit Wiew | Run Componsnt One-Line  Window  Help

£ U R IE | B [ Balanced System Studies... Cirl+A .Eﬁe 4 9 IC v 4 3 | H s
T Transient Motor Starting {TMS) i T

b= & % 7T Industrial Simulation (ISIM) IEI us IIFIJ”J vEE P ®

Harmonic Analysis (HIWAVE) ! _ IEII il

Unbalanced/Single Phase Studies... Ctrl+U UTIL.0001 LI

Reliability Analysis

DC System Analysis q

Equipment Evaluation @
Failed Input Evaluation
A EoxX Failed Equipment Evaluation
o
=% Arc Flash Evaluation
Coordination Evaluation
Cable Ampadity...
— H Query... Cirl+Q
" Datablock Format. .. Ctrl+D
Datablock Report...
3 FO-0002
=0
& L HF2-0002
£

Select Run>Harmonic Analysis (HIWAVE) Function

The Select Components dialog window will appear. This dialog is used to select the
Buses where you want to store harmonic voltage distortion results; and branches where
you want to store harmonic current distortion results.

Select Components x|

Bus | Branchl

Available Buges Selected Buses

EmE|]5-000
EmE|5-0002
EmE|5-0003

EmE|5-0004 55

£8

OF. I Cancel Spply Help

Select Components window




200 SKM Power*Tools for Windows

6. For our small example we will select all of the buses, so double-click on each bus or
select the buses and use the [>>] transfer button. The buses should move from the
Available Buses to the Selected Buses list as shown in the figure below.

x
Bus | Branch I
Available Buses Selected Buses
I B 5-0001
B 5-0002
I B 5-0003
- I B (5-0004
L€
D D
Ok Cancel Spply Help

Select the Buses to Store Voltage Distortion Results.
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Follow the same process for the Branches. Since this is a small project, select all of the
branches as shown in the figure below. When selections are complete, click OK.

Select Components |

Bus Branch I

Avallable Branches Selected Branches
(&L CBL-000
2 =F2-0001
3 HFZ-0002
Fr
<4
[ D B

Yoltage [V]:
From Bus:  BUS-0002 4160
ToBuz  BUS-0003 4a0
Status: In Service
(] Cancel Epply Help

Select Branches to store Current Distortion Results

The HIWAVE Study-Case-Plot Window will appear with the selected buses and
branches listed under Casel. With Casel selected, click on the Run button at the
bottom of the Window. This will run the harmonic analysis for the current system and
store the results in Casel.

zHiWave - Study-Case View - Plot (Plot1 - Distortion Spectrum}) oy [

£ F Hiwave Plot1 - Distortion Waveform
=07 Studyl
B[] Casel

- pUS-0001
- BIS-0002 075
- BUS-0003
- 550004 050+
& ceLO0m
i XF2-0001 0254
= WF20002

1.00+

-0.00+

¥ Axis #1

-0.25—

-0.50+

-0.75-4

-1.00
TN T T T T T N N TN T O T O Y O A

-1.00 075 -0.50 -0.25 -0.00 0.25 0.50 07s 1.00
Time (1 Cyele) or 0-360 dearees

Plot1 - Distortion Spectrum

Run Plat Graph > -|Im ﬂl?s u‘m ﬂlz Nm::‘::uw u‘z u;u n;s u‘:u
HI_WAVE Study — Case View Window
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9. The HIWAVE Study setup dialog window will appear where you can specify report
names and select different study options. For this example, select the default settings
and click on the Run button.

Hiwave - Study x|

Running Caze Folder = Studyl L

Caze= Casel Setup...

Study Selectionz
LF Setup...
¥ Eur Load Flaw
Header...
¥ Run Frequency Scan

Farmat...

i

¥ Run Harmonic Distortion

Cancel

Irput Report M arne: IHW—lNPUT-HPT Help

:

Load Flov Repart Name: IH'W'_LF.FIF'T

Hiwave Feport M arme: |H|W-"1'~‘-.-"E.HF'T

¥ Owerwrite Existing Reports

HIWAVE Study Setup Dialog.

10. Review the Study Messages Window to confirm there are no fatal errors. If errors
exist, review the previous steps to help identify what you may have missed. To
continue, close the Study Messages Window by clicking on the Close button.

Study Messages
Fatal Emars: 0 Warnings: 0 EditEerrsl

System: <<< Running Mewton Load Flow Study »x»

Syster: May 26, 2016 10:20:22

Syztern: <<< Running Load Flow >>»

System: May 25, 2016 10:20:22 End of Load Flow Input Data Reading
Systern: writing Load Flow Report:

Syztern:  Load Flow Study Report Saved in:

System: C:APTWA2projectzA\ TUTORIAL_VE.0\HW_LF.RPT
Syster: May 26, 2016 10:20:22

Syztern: <<< End Load Flow Study »>»

Syster: May 26, 2016 10:20:22

<< Studyl - Cazel »>» Running Harmonic Frequency Scan
Syztern: May 25, 2016 10:20:23

<< Studyl - Cazel »» Bunning Harmonic Distortion

Syster: May 25, 2016 10:20:23

Syztern: End of Harmonic Analysis

Help Cloze
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11. After the study runs and results are stored in Casel, each bus and branch listed under
Casel will have a check box. Double-Click on the check box for transformer XF2-
0002 and cable CBL-0001 and the distortion plot will appear as shown below. Notice
that the current through cable CBL-0001 is shifted with respect to the current through
transformer XF2-0002. This is caused by the 30 degrees phase shift of the Delta-Wye
transformer connection.

=101 x|
[ = Aviaee .. = Hiwave 540,133 Plot1 - Distortion Waveform
=+ Studyl - m—

Studyl - Casel - CBL-0001 - Branch Distortion Current Wwaveform
—

'
Study! - Casel - XF2-0002 - Branch Distortion Current iWaveform
204

/ % [CRCEL-000
ni HF2-0001
/ B w002

o o = -
o m o om
P

Branch Dtertion Currem Wawtorm (pu)

1
o a0 100 150 200 250 300 350
Time (1 Cycie) or 0-360 degrees,

Plot1 - Distortion Spectrum

) |
Sy - Cave 1 -£8 L - BECh Dis oplon CuTen Snecim Sh1y1 - Cave 1 - XFRIER - Breren Dis brlen CUTENI pECh

s I
P | S S VO S S S S S W S S S WA ST S

Huan\ollGraph»I m 1 F 3 ¢ 5 & 7 ® B M@ 11 12 13 e 15 18 1T 15 18 M T T T e W W [ | ™ W N =
Hemcric orter

Current Distortion for cable CBL-0001 and transformer XF2-0002.

12. Next we will make another case to compare results for the system with and without a
capacitor. Click on Casel first with the left mouse button, then with the right mouse
button. Select the Copy function in the pop-up menu as shown below.

=10l x|

1262, 077
+ —
Studyl - Casel - CBL-0001 - Branch Digtortion Current Waveform

=28 Hiwave Plot1 - Distortion ¥Waveform

=] Shudyl
=] wﬂ
Cm v Study
~-[Jm  Hew Case
--[Jm  Rename
~-_]m  Select Components...
u]

02 - Branch Distortion Current Waveform

E% Run Study
z_' Plat...

Cut

Paste

Go To One-Line CerhT
Go To Compaonent Editar i
Go To Component Editor with Harmonic Sources 1E'|D 15‘D 2,3',3 Zﬁln SE‘IEI 35',3
Go Ta TCE Drawing. . Time (1 Cycle) or 0-360 degrees
Plat1 - Distortion Spectrum
Find im Cme-Line: Chrl+F [ [
Find in TCC Crawing... o1 - Brarch b eton Cuen) Epechum Shatyt - Gase 1 - XFROUE - Brarch bis kelon Cunen Spechum
Associate One-Line Diagram. ..
-
1E-I...|.|‘.‘..._.....‘L..._..‘..L...
Fun | Plot | Graphss R EEEEEEEEEEEEE
armeoriz omer

Copy Case1l
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13. Click on the Study folder first with the left mouse button and then with the right mouse
button. Select the Paste option in the pop-up menu as shown in figure below.

" iwave - Study-Case Yiew - Plot (Plot1 - Distorkion Spectrum) 1ol x|

= Hiwave D -
= ﬁm/ R Plot1 - Distortion Waveform

RGN se1- CBL-0001 - Branch Distortion Current Waveform
New Case

Rename se1 - ¥F2-0002 - Branch Distortion Current Wawvelonm
Select Components, .

Py Sl
Plot.

cut
Capy

Go To One-Line T
(Go To Component Edtor

Go Ta Companent Editor with Harmonic Sources

G0 T TEC Draiig)

Findlin@ne-Line GrlHF
Findin TEE Draving; .

fsssoriate One-line Disgram, .

i
SO L

i} 50 100 150 200 250 300 350
Time (1 Cycle) or 0-360 degrees
Plot - Distortian Spectrum

o) o)
- Sty - beve - soLEDN -6 Shain 4 Case -1 2R -
ozs 1

L
Fun Piot | Graph>> IR EEEE R R R R E EE EEEEEEEEEE

Paste copy of Case1 in to Study folder.

14. Return to the one-line diagram. Stretch BUS-0002 by positioning the cursor just past
the right edge of the bus. Move the cursor until it changes to a Left and Right arrow
(re-size cursor). When you have the re-size cursor displayed, hold down your left
mouse button and drag the cursor to the right. This will extend the bus. Next, select a
new capacitor symbol from the toolbar and attach it to BUS-0002 as shown below. If
you cannot locate the capacitor symbol, make sure the Filter toolbar is enabled on the
View>Toolbars menu.

i SKM Power*Tools - Scenario[ Base Project ] C:\PTW32\projects\Tutorial_V8.0\Tutorial_V8.0.prj

Project Document Edit View Run  Component  One-Line  MWindow Help
B 0FRBEN =2 SR 46 wmF4 50K v & #hFE
h=GHaMATEmsDOIHOEAT I Fwmwm| b8 & b

=10
=
UTIL-0001
PD-0001 BIUS-000L
foadd EF2.0001
ST

_OPD-UUU2

FLTR-0001
Auld ®F20002
£

Add Capacitor to BUS-0002
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15. After you have attached the capacitor to BUS-0002, double click on the capacitor
symbol to recall the Component Editor. From the Component Editor, click on the

Filter Design button as shown in the figure below.

[il] component Editor

Compaonent Subwiews:
Filter

Fieliability Data
Uszer-Defined Figlds

D atablock

Scenario Manager... |
[GoTo x| Jumo.. |

faadr| TH-0001 L

[ -
E xpand ” Shrink

=10l x|

Name: |FLTR-0001

Type: I Capacitor Bank hd l

— Pogitive Sequence———————————

| [ |nService T
Drata State: Ilncomplete 'l

Zero Sequence

L henries
C micro-farads

ohimns

r Bug Connection

Connectiar... |

Bus: BUIS-0002

™ wiye
I & " Delta
WV C ~ Delta-Cap

Phase Connection
I A—‘ # wive-Ground

Select Filter Design Button to Size Capacitor

16. Enter 100 kVAR in the Capacitor Bank Design window and click on OK. This will
convert the capacitor kKVAR entry into micro-farads on the Filter subview.

Capacitor Bank Design

Rated Yoltage:
Rated k\aR:

Effective VAR Calzulator

|41 &0 Lire - Line

|1 ili| kAR

x|

{* Enter Rated KWVAF at Rated Valtage
" Enter Effective kAR at Bus Yoltage

Fiequired Capacitor at Bus Woltage: 4160

IIJ kAR

Cannection:

IW_l,le-Gmund - I

Wiye

Calculated C [micro-farads): 15327885

o]

Cancel |

Specify 100 kVAR Capacitor in Design Window.



206 SKM Power*Tools for Windows

17. Return to HIWAVE Study Screen. If you closed the window previously, use the
Run>Harmonic Analysis (HIWAVE) menu option to recall the HIWAVE screen.
Select Case2 as shown in the figure below and press the Run button. It’s OK if results

from Casel are still shown in the graph.

;HiWave - Study-Case Yiew - Plot (Plot1 - Distortion Spectrum)
——————————————

=101 |

Plot1 - Distortion Waveform

150

0z 000 D28 nso
T () Cyok) O0-I60 e es

07s

1m0

Flot1 - Distortion Spectrum

== Hiwave 035, 1.00
=3 Study! 1o0E
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[ BUS-000 nsnE
- [Jwm BUS-000Z E
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/v < mm BUIS-000T EE L
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- mm BUS-0003
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oo £
- 025 £
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075 £
Rl R

050

028 025 050

100
Hammonle Order

078

1m0

Run | Plat | Graph»l 100 075
QD/'Select Case2 in HIWAVE Study-Case View

18. In practice, you may want to change the report name to match the case description,
however for this sample accept the default report names and press the Run button to

run the simulation for Case2.

HiWave - Study

Running Caze Folder = Studyl

Caze = Casel

Study Selectionz

¥ Eur Load Flaw

¥ Run Harmonic Distortion

X

Setup...
LF Setup...
Header...

Farmat...

i

Cancel

Input Feport Marne: IH'W'_lNF'LIT.FEF'T

Load Flovw Repart Name: IH'W'_LF.FIF'T

Hiwfave Report Mame: |H|W-"1'~‘-.-"E.HF'T

¥ Owerwrite Existing Reports

Help

:

Run Harmonic Simulation for Case2.
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19. Review the Study Messages dialog to make sure there are no errors and press the close

button to continue.

Study Messages EI
Fatal Errars: 0 Wwharnings: 0 EditEerrsl

Systern: <<< Running Mewton Load Flow Study >3 ;I
Systern: May 25, 2016 1210:45

Systern: <<< Running Load Flow >3

Systern: Map 25, 2016 12:10:45 End of Load Flow [nput D'ata Reading
System: ‘wiiting Load Flow Repart:

Systern:  Load Flow Study Report Saved in;

Systern: C:APTW32\projectsATUTORIAL Wa.00MW LF.RPT

Systern: Jun 17, 2008 1210:45

Systern: <<< End Load Flow Study >3

Systern: Map 25, 2016 1210:45

<< Studyl - Cazed »» Running Harmanic Frequency Scan

Systern: Map 25, 2016 1210:45

<< Studyl - Caze2 »» Running Harmanic Distartion

Systern: Map 25, 2016 1210:46

Systern: End of Harmonic Analysis —_

Help Cloze

Review Study Messages Dialog.

. Select BUS-0002 from Casel and from Case2 to compare the two cases. Notice that
the 13 harmonic is much more pronounced in Case2 than it is in Casel. This is
caused by the capacitor that was added in Case2. Deselect any other components that
may be displayed so that only BUS-0002 in Casel and BUS-0002 in Case2 are shown.

s Hi¥ave - Study-Case View - Plot (Plot1 - Distortion Waveform) =lo x|

Bl Hiwave 461, 1.68 Plot1 - Distortion Waveform
=7 Studyl - — 4 —
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— i
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Fig. 15. Compare Results from Different Cases.
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21. Click your left mouse in the bottom plot window and click on the Graph button until
the Scan Magnitude plot appears. Re-size the windows to enlarge the Scan Magnitude
plot. Notice that the impedance for Case?2 is very large at the 13" harmonic, which acts
to amplify the 13™ harmonic currents present in the system.

=8 Hiwave
= Studyl

£ Casel

- [CJwm BUS 000
[Flm= BUs 0002
CJm= BUs-0003
[CJm Bus 0004
O& ceLoom
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. O wFeomz
B Case2

-~ [CJw= gUS-D001
-~ [Flm- BUS-D002
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~ [CJwm 8US-D004
- |CI{R CBL-0001
ni HF2-0001
- D= wF20002

Run Plat

s Hittave - Study-Case View - Plot (Plot1 - Scan Magnitude}
e

o [ S}
27013, 172 Plot1 - Distortion Wauweform
+ m— & —

SWay ~Care 1 -8 US-0002 - 115 DM VoRags Wau: Fom SWay1 ~Care2 -8 US-0002 - 115 DM VoRags Wau: Fom
2 isf
H
HRLES
8 osf
EDD,
T
TR
Eanf
ERERS

e e
a 50 100 150 200 250 300 30
The (i Cyck) or0-360 degress
Flot! - Scan Magnitude
- —— A —

Studyi - Came | - BUS-O002 - Bus Scan rpedance hagniude Studyl - Case2 - BUS-0002 - Bus Scan ITpedanc hiagniude
32250
" 200 F
217 £
£ E
o F
LEE S
#1250 £
% joo0 £
a E
2 vt
£ smf
] E
@ 250 F
1 £
4 E
K E

a 5 1 15 20 25 3 3% 40 a5 50
Harmonic Onder

Frequency Scan Plot Comparison for BUS-0002.

22. As the final exercise we will change the capacitor to a single-tuned filter. Return to the
Component Editor and select the capacitor FLTR-0001. Change the Type field from
Capacitor Bank to Single Tuned Filter as shown in the figure below.

E|:| Component Editor

Component Subviews:

Reliability 0 ata
User-Defined Fields
D atablock,

Scenano Manager... |
IGDTD 'I Jump... |

faag™ L TH-0001 =
4

-
Expand | I Shirirk

=101.x]

Name: |FLTR-0001

| W In Service g

Type: Single Tuned Filter 'l
Fiesistar
Harmonic 0 Feactor
pacitar Bank
— Pasitive ale Tumned Filker

High Fasz Filter

[ ata State: Ilncomplete 'l
Filtker Design...

Zemn Sequence

Uy

E: \% ohms
henries
. micro-farads

(]

L herries

f. (1000000 | ghme
C: (159327885 | pmicro-farads

r— Bus Connection

Connection... |

Bus: BUS-0002

Fhase Connection

¥ & & \Wye-Ground
T Wiye

VB " Delta

Vc " Delta-Cap

Change Capacitor FLTR-0001 to Single Tuned Filter.
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23. Click on the Filter Design button and change the Harmonic Order to Tune to 4.8. Itis
common to tune the filters to a value just below the most dominant frequency.
Although our system has a resonance at the 13" harmonic, our 6-pluse harmonic source
has predominantly 5% and 7" harmonics. After entering 4.8 in the harmonic order,

24.

click the OK button.

Harmonic Order to Tune: |4-8 A

Capacitar R ated Voltage:

aF

|41 =] Line - Line [~ Detuned

x|

actor: |2D. i}

Capacitor Size: 100 kAWAR

Effective kKWMAR Calculator

% Enter Rated kKWAR at Rated Vaoltage

" Enter Effective kv&R at Bus Yoltage

Fequired Capacitor at Bus Voltage: 4160 100 kMAF

Connection: IW}'E-E round - I
e
Calculated B [ohms): 1.8026E7
Calculated L [henries): 0.019924
Calculated C [micro-farads): 15327885

Cancel

o]

Tune to 4.8 harmonic order.

Return to the HIWAVE Study Window, Copy Case2 and Paste the copy into folder
Studyl. The copy/paste function will create a new case called Case3. If you need
help, refer back to steps 12 and 13. Select Case3 as shown below, and click on the Run
button. Click Run on the HIWAVE Study Setup screen and close the Study Messages
Window after the study is complete.

=-gHiWave - Study-Case Yiew - Plot {Plot1 - Scan Magnitude)

-2 Hiwave
£ Studyl

144.70, -1.62

- m—
Stdy! -Cage 1 - BUS-0002 - Bus Dib bos Wokage ljaue Fam

=101x]|

Flot1 - Distartion ¥Wavefarm

A —
Stayt - Caze2 - 8 US-0002 - 812 Dot Volage Waue Fom

-] Casel
-~ [C]wm BUS-0001
[Ew= BUS-0002
- [C]mm BUS-D00Z
- [CJwm BUS-D004
0@ ceL-oam
ni HF20001
D= xFz0002
& Case2

g - -
W B i

&
in

T O o VA WOIET T (A
Lo o
= B

o

-|]wm BUS-0001 o so
- |- BUS-0002

250 aon 3sn

150 200
Thne (1 Cyck) or0-360 degrees

Cwm BUS-0003 008, 131741
- [ BUS-0004

-O@& ceL-oom

» —
Studyl - Cased - BUS-0002 - Bus Sean Ipedance hignitude

Flot1 - Scan Magnitude

& —
Studyl - Case2 - BUS-0002 - Bus Sean Irpedance agniude

ni HF2-0001 =3
-3 w¥F2-0002 4
ok
/vU == BUS-0001 2 1sm
- mm BUS-D002

——mm BUS-0003 % 1
= BLIS 0004

]
4

& CBL-00m <
i HF2-0001 2
3 XF20002 i

@
a8

h_|

Plat IGraph)) o s 10

Run Case3.

25 30 35 40 a5 s0
Harmenic Order
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25.

Select BUS-0002 from Casel and Case3 and uncheck any other selections. The filter

reduces the impedance at the 5" harmonic to near zero and the remaining impedance
values are less than the original case without the capacitor. The resonance condition
from the capacitor is eliminated by creating the filter.

- [Jwm BUS-0004
O&. ceLoom
Df *F2-0001
[l ®F20002
=] Casel

[CJwm EUS-0001
- [Jwm BUS-0002
- [Jwm BUS-0003

[CImm EUS-0004
--O0@& ceLoom
ni *F2-0001
D= =r20002
=] Case3

[Elmm BUS-0002
/ Clmm EUIS-0003
1 CIwm BUS-0004
- @& ceL-oom
ni *F2-0001

2 RF20002

Run I Flat |Graph>>|

ave - Study-Case Yiew - Plot (Plot1 - Scan Magnitude)

=10 |

18502, 1.37 Plot1 - Distortion Waveform

+ m— A —
Study! - Cas:3 - BUS-0002 - Bus Dislortion Yoitage WiaweForm Studyl - Case1 - BUS-0002 - Bus Disortion Yoitage WisweForm

Bis Ditortion Voltags WaweF orm (pu)
B
h

[ s0 100 250 200 350

150 200
TIMe (1 Cyieyor 0-360 degrees

Plot1 - Scan Magnitude

A —
Studyl - Cawe1 - BUS-0002 - Bus Scan ITpedance hagniude

 m—
Studyd - Case3 - BUS-0002 - Bus Scan mpedance bagnhude

o s 10 15 0 25 a0 kS 40 a5 50
Hammonie Order

Frequency Scan Plot Comparing Case1 and Case3.

26. Results from the harmonic simulation can also be displayed on the one-line diagram
using the datablock feature. Navigate back to the One-line diagram and select the
Run>Datablock Format menu item as shown in the figure below.

Project Document Edit Wiew | Run Component  One-line  “Window Help

B0 RE Ed
h=— & a2kt 7

i R

“f

Balanced System Studies... Cirl+A == S QD0 v 4 §h | B = H”J @ Q€
Transient Motor Starting (TMS) El T T |H N $ % L ® 2#—0 ¢ ~ J
Industrial Simulation (ISIM) U [l
Harmonic Analysis (HIWAVE) ; ;IEILI
Unbalanced/Single Phase Studies... Cirl+U ;I
Reliability Analysis
DC System Analysis
Equipment Evaluation UTIL-0001
_ Failed Input Evaluation @
Failed Equipment Evaluation
Arc Flash Evaluation BUS-0001
= : Interrupt 8.4 k&
Cccrdlnatlon.Evaluahon Interrupt 3R 8.0
a a Cable Ampadity...
£
D ormat...
Datablock Report. .. |
BUS-0002
Interrupt 2.2 kd
Interrupt 3R 5.8
-_OPD-DDM ?_
FLTR-0001 o

KFz-000z2

Run the Datablock Format Display Option
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27. Select the Harmonics Datablock Format as shown below, click on the Apply button to
apply the datablock and click on the Close button to continue.

six]
. Faormats for One-Line and Probe:
ype 5 Apply |
ranch Fault Currents [&_FALLT) ;I
. Branch Fault Currents [Comprehensive]
© Component Editor / Eranch Fault Cuments [IECE0909)
TLLC Setting Yiew / Branch Fault Currents [IECE1363] Edit |
D ata Visualizer Bus Fault Currents [4_FALLT)
Bus Fault Currents [Comprehensive] New |
Bus Fault Currents [[ECE0309)
Bus Fault Currents |[ECE1363)
[Cata State
i DC Compedit Set Default |
& One-Line / Demand Load Data
TCC One-Line Yiew Device Evaluation ANS| Branch Rename. . |
 Prob Device Evaluation Comprehenzive Branch
fane Dievice Evaluation IEC Branch Copy |
[Device Hatinis Paste |
Impedance Data - Buz Thevenin Equivalent
Impedance Data - Components Delete |
" Import # Export Input D ata
Load Flaw Current Help |
Load Flow Power Data
Meter Data LI Import... |
One-Line Default:
Last Applied  Bus Fault Currents [4_FALILT]

Select Harmonics Datablock Format

28. The results from the last harmonic simulation will be displayed and your screen should
be similar to the one shown in the figure below.

i
UTIL-0001
PD-0001 BUS-0001 @
¥_THDO1%
V_RME 1379727
i) £ XF2-0001 V_TIF 49
=Ty ILTHDI0Z%
I_RM3 704
I T21535
K35
BUS.0002
V_THD16%
V_RMS3 41484W
V_TIF&10
(Do z
FLTR-0001
i) £ XF2-0002
&2 LTHDIOL %
T_RMS 294 &
PD-0003 1_Teda46
)} 1k43 i
_1 Busoo:
V_THD33%
V_RMS3 4720
e Ty V_TIF175.4
CEL-0001
= I_THD 301 %
I_RME 2546 &
LT731869
1 K43
BUS-0004
¥_THDAT %
V_RMS 46407
V_TIF 208 5
LOAD-0001
MTRI-0001
K| i oz

One-line with Harmonics Datablock.
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29. The harmonic simulation also generates detailed reports that can be viewed and
printed. To view and print the report, select the Document>Report menu and then
click on the “Text Report” button.

x

Text Report WE.0 and earlier repart farmat [[BPT filez]

W5 PT report format [RP2 files]

Feport Yiewer [[BEZ]
¥ Dizable Feport Yiewer

Earyvert BET to BE2 Convert all BPT to .RF2 reports for this project

Cryztal Repart Cwstal Beport [Verzion 5.0]
Crustal Bepart #1 Cystal Beport [Wersion 11.0]
Cloze Help

Recall Harmonic Report.

30. Inthe Open dialog window, select the Hiwave.rpt file, which was the default report
name specified when we ran the HIWAVE simulation, and press the Open button.

open 2| x|
Look in: | (23 Tutorial_v8.0 ~| « & of E-

default ®]Hw_LF.RPT
eventlog ®]INPUT RPT
ISIMTEMP E|LF.RPT

#]SCRPT
#]TeCLrpt
File name: — |HwavE.RPT Open |
Files of type: IHep.:.rt [*.rpt] j Cancel |
Help |

MHew

Open HIWAVE Report
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3

different levels of detail. The total voltage distortion summary format is shown the

figure below.

31. The report will display the total voltage and current distortion throughout the system in

TOTAL YVOLTAGE DISTORTION
Bus Name Yol tage Y_FMS(Y) V_TIF Y_THO(%) IEEE-518
BUS-0001 13800 13787.25 4,9288 0.1315 5.0
BUS-0002 4160 4145, 43 61.0271 1.6373
BUS-0003 480 472.04 175. 4149 5.5016
BUS-0004 430 464,04 203, 4988 6.6752

Summary Report for Voltage Distortion.

This completes the tutorial for the Harmonic Analysis module, HIWAVE. For a discussion
on the HIWAVE program and how to add new harmonic sources to the library, refer to the
HIWAVE reference manual on the CD.



214 SKM Power*Tools for Windows

This Page Left Blank



SKM Power*Tools for Windows 215

This Page Left Blank



216 SKM Power*Tools for Windows

Part 8 - Transient Stability (1*SIM)

Make sure that you completed Tutorial - Part 1 successfully before beginning this section.

This section demonstrates how to use the I*SIM transient stability module. The primary
focus of transient stability is to evaluate the performance and stability of local generation
under changing loads, operating configurations, and other system disturbances.

Before we begin the Transient Stability simulation, we need to make sure your tutorial
project is in the correct state. If you have not completed the CAPTOR protective
coordination tutorial, your one-line will not display the protective device symbols. The
protective devices are not required for this tutorial. If you have not completed the
Transient Motor Starting (TMS) or HIWAVE tutorial, follow the first two steps in the TMS
tutorial section to add a 100 HP Induction motor to your one-line.

If you already completed the HTWAVE harmonic analysis tutorial, you will first need to
delete the filter/capacitor FLTR-0001 by following steps 1 — 2. If you have not run the
HIWAVE harmonic analysis tutorial, you can skip to step 3.

1. Navigate to the One-line and select the filter/capacitor FLTR-0001. Use the
Component>Destroy menu item as shown in the figure below, to delete the
component from the project database.

 5KM Power*Tools - Scenario[ Base Project ] C:\PTW32\projects\Tutorial VB.0\Tutorial VB.0.prj

Project  Document  Edit View Run | Component Cne-Line  SWindow  Help

ED &% W\ B e B W2 e £ A 0 IC v o 4 B
i Clone
=G T B0 LR ACE
_oix
Destroy ;I
Existing... Ctrl+
Expand Cirl+E UTIL-0001
Collapse Ctrl-+ q
Rename...
Remove Hide Ctrl+R _— Q>
Disconnect Ctrl+8
A ko XF2-000
= "\g In Service
Out of Service
Update TCC Names...
Update Oneline Names BUS-0002
r CPD-DDDE
E- J
huadd  XFZO0OZ L
L7778
FLTE-0001

Destroy (Delete) Filter/Capacitor FLTR-0001 added in HIWAVE Tutorial
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2. Click on the OK button to confirm the component Destroy (Delete) function.
six

% Destroy removes all selected symbols and deletes the assodated

§ companents from the project database.

Do you want to continue?

OK | Cancel I

OK to Confirm Component Destroy (Delete) Command.

3. Stretch BUS-0002 to make room to add a generator by positioning the cursor just past
the right edge of the bus. Move the cursor until it changes to a Left and Right arrow
(re-size cursor). When you have the re-size cursor displayed, hold down your left
mouse button and drag the cursor to the right. This will extend the bus. Next, select
the New Generator icon and attach the generator to BUS-0002 as shown in below.

Project  Document  Edit  Wiew Run  Component  One-Line  MWindow Help
SN RFR BRI s2E SR 4B mFS 90K v ¢ aE B
b= s&HTEmiNOIPSET EEwm| b8 ¢ b @t

B8 MAINDR AW.DRW _ 1Ol x|

: UTIL-0001
P-0001 BUIS-0001 @

Sndd  HF2-0001 :

g

CEN-0001
YL LLLLLL] }H
BUS-0002
4 :PD-DDDE
fondd  HF2-0002

H“j[“g -

Add New Generator to BUS-0002.



218 SKM Power*Tools for Windows

4. Double-click on the generator GEN-0001 symbol to display the generator in the
Component Editor. Enter a Rated Size of 1000 kVA as shown in below.

[l component Editor - Scenario[ Base Project ] 10 x|
Component Subviews:
T .

ANS| Contribution Name: |GEN-0001 | ¥ InService @
Decrement Curve

Harmonic Source Rated Woltage: Data State:

Reliability Data

User-Defined Fields Rated §i Ilncomplete 'l

D atablock

Power Factor: ILead 'l FLa:
Poles: Synchronous rpm: ,W

Scenario Manager... | r Iwitial Operating Conditions and Participation Factars
IGU To ]' ‘JULI Schedule: IVoIts & Angle [SB) ‘l

Angle: Deq.
Woltage: pu

Buz Connection————— &
Three Phase lm,ye_ﬁ oud -

Bus Connection... | - Single Phase
BLIS-0002 LIV
;I  Single Phase

Expand II Shrink

Enter 1000 kVA for the Generator Rated Size.

5. Change the Generator Schedule to PQ and enter 40 kW and 30 kVAR as shown in the
figure below. For the transient simulation, the kW and kVAR entries are only initial
conditions. The actual generator performance will be controlled by detailed models of
the generator, governor, and exciter.

|I|I|l:omponent Editor - Scenario[ Base Project ] — |EI|5|

Component Subviews:

IC Mame: |GEN-DDD1 | v In Sewice@
Decrement Curve

Harmonic Source Fiated Woltage: 4160 W (L) Data State:

Reliability D ata
Uger-Defined Fields Fated Size: 1000 Ik\,-'A I Ilncomplete 'l
Datablock aiee s

Power Eactar:

N
Pales: D Symchronous rpm;  [1900.00

Seenario Manager. . | r Initial O perating Conditions and Participation Factors—————————
IGD Ta vI dump... | Schedule: |k & kvar (PG)

v B +—2)
K ar: 30 e
Buz Connection——— &
Three Phaze m"’}'e'ﬁ ond =

Bus: Connection... | s Single Phass
BUS-0002 it
LI " Single Phase

Expand ” Shrink.

Specify generator initial conditions.
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6. Select the Run>Industrial Simulation (ISIM) menu item as shown below.

& SKM Power*Tools - Scenario[ Base Project ] C:\PTW32\projects\Tutorial V8.0\Tutorial VB.0.prj

Project  Document  Edit Yiew | Run  Comporent  One-Line  Window Help

;E % 5 = | ﬂ n Balanced System Studies. .. Cirl+a ij& ﬁ‘,: D DG v i 34
Transient Motor Starting {TMS)
wlu 1 1 1
b= G 5t 77 Industrial Simulation (ISIM) e ”J PR oY
Harmon: Al (4VIAVE) =
- — —— —— —— ——  Unbalanced/Single Phase Studies... Ctrl+UJ F— — — — — — —| AI
Reliability Analysis
DC System Analysis
UTIL-0001
Equipment Evaluation 1911 bW
Failed Input Evaluation 03 2 KVAR

Failed Equipment Evaluation

Arc Flash Evaluation

-_OPD-IZIDD2

|
|
|
|
|
| :
| Pet'
|
|
|
|
I
|

Bkl ES Coordination Evaluation
SR 0 cable Ampadty...

QUETY... crl+Q

Datablock Format. .. Ctrl+D

Datablock Repart...
BUS-0002
a0V
0.70% VD

Run Industrial Simulation (ISIM) Setup

O

it does not appear use the Case>Select Components menu item until the Select
Components window shown in the figure below.

I1SIM - Select Components

Source |M0tnr | Bus | Branch | Relay | 5vC

Awailable Sources

(@ GEN-0001
[ uTiL-ooo

>

<

D B
Connection Info;

Waltage [V]:

Status:

Selected Sources

X

Cloze I [Eatice]

Apply Help

The first time into ISIM, the Select Component Window will automatically appear. If
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Select Components for I*SIM

8. Select Gen-0001 and UTIL-0001 and transfer them from the Available Sources column
to the Selected Sources column. You can transfer them by double-clicking on each, or
by selecting them and using the [>>] transfer button.

ISIM - Select Components x|

Source |M0t0r | Bus I Branchl Relay | SvC I

Available Sources Selected Sounces

{E) GEN-0001
[MuTiL-oom

> |
«

e D
Connection Info: — BUS-0000

Woltage [V]: 13800

Sktatus: Ih Service

Cloze I Cance| | Lnply Help

Select GEN-0001 and UTIL-0001.

9. Select the Motor tab and transfer Motor MTRI-0001 to the Selected Motors column as
shown below. This identified that we will be assigning a dynamic model to this motor
rather than representing the motor as a constant load in the simulation.

x
Source  Mator IBus I Branchl Relay | SWC I

Awailable Motors Selected Matars

T TRI-00m

> |
«

il . O

Connection Info; - Bus: BUS-0004

Woltage: 480 Y]

Status: In Service

Cloze I Cance| Lnply Help
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Select Motor MTRI-0001.

10. Select the Bus tab and transfer BUS-0001, BUS-0002, BUS-0003 and BUS-0004 to
the Selected Buses column as shown in the figure below. In a larger system you select
only the buses where you want to store and display bus voltage and frequency.

x
Sourcel Mator  Bus |Branch| Relay | SWC I

Awvailable Buzes Selected Buges

EmE(S-0001
EmE(5-0002
EmE(5-0003

EmE(5-0004

Cloze | Cance| | Lnoply | Help |

Select Buses to Report and Store Simulation Results.

11. Select the Branch tab and transfer all of the cables and transformers to the Selected
Branches column as shown below. In a larger system, select only the branches where
you want to report and store current and power flows during the simulation.

x
Sourcel tdotor | Bus Branch | Relay | SWC I

Available Branches Selected Branches

&L CaL00m
3k <F2.0001
3 KF20002

«

B O D
Voltage [V]:

From Bus:  BUS-0002 4160

ToBus  BUS-0003 480

Statusz: In Service

Cloze Cance| Lnoply Help
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12.

13.

Select branches for reporting.

When finished selecting components, close the Select Components window by clicking
on the Close button. The ISIM Study-Case View menu will appear as shown in the
figure below. This is primary ISIM interface where we will assign dynamic models
and events and display the simulation results.

Study-Cas =10 x|
. ndustrial Simulation Time Ewent Ovurer Event Description Bus Info

] Shudyl

B[] Casel

N GEN-0001
UTILO0
1 MTRI-000
1050001
= EUS-0002
= EUS-0003
- RIS 0004
& CBL-DOM
i XF2-0001
3R ¥F2:0002

Source |Mul0| | Bus | Elanchl

.
%@@ ?@@j Q%.éﬁ% : Q&:Q%o@%

% P T
Y
NG N, o )
GENooM | W T C | C [
Ewent HunlElaphl Plat utioom | T T

ISIM Study-Case View.

Double-click on Generator GEN-0001 from the Casel list. The Source Model Setup &
Dynamic Events windows will appear as shown below. Click on the Library button to
select the machine, exciter and governor models for this generator.

e o __
o/
= . Industrial Simulation Time [ Source Mame: GEM-0001 Bus Mame: EUS-0002 Woltage: 4160 W

E-(] Study .
-] Casel |51k Source Library
) IfiEr-J-DEu:n = Library..
LTIL-o001 Source Type: ISyn:humzed Generator J/_I
MTRI-0001 %
; Machine Modek
BUS-0001 I /
BUIS-0002 Ewciter Model: I
BUS-0003
m-_BUS-0004 Governor bodsl |
g ceLoom
gk wF2O000 PSS Model |
¥ WF20002

Event List Evert Data

Saurce | p
|\ & Loss of Excitation ¥
PR © EBlocked G IEI.UEIEIEI
% ] Delete Evenll ocked Giovernor
¢ " Trip Generator seconds

N
GEN-0001 oK | Help Create Event |
UTIL-0001

Open Generator Model Setup and Event window.
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14. Select the Round Rotor Gas Turbine model and click on the Apply button as shown in

the figure below.

Selec

E -4 CAPTWIZLIBWPTW LIB
B FEIM A TMS

/ Machine Mode!

Exciter Mode!
Governor Mode!
= 1SIM
- E Pawer Spstem Stabilizer Madel

Apply Dese\ectl Close | Guery. |

Mame Maodel Type

25| =101

[«

|E Clazzical Machine
Diesel Generator

[M]IEEE 9BUS Classical 1
[M] IEEE 3BUS Classical 2
[M]IEEE SBUIS Classical 3
|E Infinite Bus

IE Infinite Machine

IE Round Rotor Nuclear Unit
IE Round Rotor Steam Uit

IE Double Cage Induction Generatar

IE Fiound Rotor Steam Unit < 300kY4
[H] Round Rotor Steam Urit > 30004

Classical Machine

Diesel Generatar

Double Cage Induction Generatar
Classical Machine

Classical Machine

Classical Machine

Infinite Bus

Irfirite Bus

Found Rotor Nuclear Unit

Round Raotor Fossil Sheam < 300 MUA
Fiound Rotor Fossil Steam < 300 MYA
Fiound Rotor Fossil Steam > 300 MYA

Apply the Round Rotor Gas Turbine Unit model

15. Click on the Exciter Model and Apply the 1979 IEEE Type 1 Exciter as shown in the

figure below.

Select Library
£ CYPTW3LIBYPTW LIE
B 1#5IM ¢ THS
achine Model
uciter Model
Govemor Model
=G "SI
*[F] Power System Stabilizer Model

Apply |Dese\e:t| Cloge | Query... |

MName Model Type

olel-lox|
|A

E] 1968 IEEE T1 Amplidyrie N4 108
E] 1968 IEEE T1 &mplidyre NATO1

E] 1968 IEEE T1 Westinghouss Silver
[E] 1968 IEEE T1 wastinghouse TRA
979 1EEE Type 1
981 IEEE Type AC1
[E] 1981 IEEE Type AC2
[E] 1981 IEEE Type AC3

[E] 1981 IEEE Type 5T1

[E1 1981 IEEE Type 5T2

E:| 1968 IEEE ST1 Westinghouse Mag... 1968 IEEE Standard Type 1'westinghouse Mag-4-Stat

E] 1968 IEEE T1 Amplidyrie NAT43 [ <.
E:| 1968 IEEE T1'Westinghouse Rotorol 1968 IEEE Standard Type 1w estinghouse Rotaral

1968 IEEE Standard Type 1 Amplidyne Ma108
1968 IEEE Standard Type 1 Amplidyne MNa101
. 1968 |EEE Standard Type 1 Amplidyne Na143 [ < SKW )

1963 IEEE Standard Typs 1Westinghouse Silverstat

1381 IEEE Recommended Type AC2
1381 IEEE Recommended Type AC3
1381 IEEE Recommended Type AC4
1381 IEEE Recommended Type DC3
1381 IEEE Recommended Type 5T1
1381 IEEE Recommended Type 5T2 LI

®

Apply the 1979 IEEE Type 1 Exciter

16. Select the Turbine Governor Model and Apply the General Use entry as shown below.
After applying the Governor Model, close the selection window by clicking on the
Close button.

1*GIM / TMS
[M] Machine Model

®

Apply Deselectl Cloge | Query...l

Mame I Model Type

el 18] x]

[ -

General Use

® lzoch, Diesel

® General lzochronous

General Purpose

General Purp

Tmax =165 Isochronous Diesel

® lzoch. Diesel Tmax = .22
® lzoch. Diesel Tmax = . 325
® |zochronous Diesel

® |zochronous Solar Turbine
® Simple Gas Tumbine

® Standard Hydro

® Standard Steam Turbine
® Synchronous Diesel

For T il

Isochronous Diesel
Isochronous Diesel
Isochronous Diesel
Uszer Defined Model
Simplified Gas
Standard Hydro
Standard Steam
Synchionous Diesel

Apply General Use Governor Model.
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17. The three library selections you made should now appear on the ISIM Source Model

Setup Window. Click on the OK button to continue.

x
Source Mame:  GEM-0001 Buz Mame: BUS-0002 oltage: 4160 W
—15IM Source Librany

Sournce Type: ISynchonized Generator j
M achine Model: IHound Fotor Gas Tumbine Unit [Round Rotor Gas Turbine Unit)
Euciter Model: I'I 973 IEEE Type 1 [1973IEEE Standard Type 1)
Gowernar todel; IGeneraI |gachronous [General Purpose)
PSS Model: I
Event List: — Event Data
@ Logs of Excitation £vent
LialbinlEvar | " Blocked Govemnar ID'DDDD
€ Trip Generstor seconds
oK Help | Create Event |

Review Library Selections for Generator GEN-0001.

18. Double-click on Utility UTIL-0001 from Casel to assign a dynamic model and click

on the Library button as shown in the figure below.

Source Name:  UTIL-0001 Bus Name: B

ISIM - Source Model Setup & Dynamic Events

LS-0001 Wolkage:

ﬂ-
13800 W

- Sk 5 W _I_I- i} il
=] . Industiial Simulation Ul Smren Ly
=-{] Studyl Source Tupe: - Libirany
=]

GEN-0001 Machine Madzl I /

UTIL-0001 . )

MTRI-0001 Exciter Model: I

BUS-0001
- BUS 0002 Govemar Model I
B0 PsSMode |
- BL5-0004
& CBL-000
: i HF2-000
3 WF2-0002 )

E-vent List Event Data
@ Loss of Excitation et
DEIEIeEvenIl " Blocked Govemar ID'DDUU
" Trip Generator seconds
Create Event 8]
ok Hel 7
[ ] Sesobren] Y
GENOOOT[ V¥ [T I [ [ [ O F ¢
Everi]| LT GfaDh| F'Int| oo [P O D C 0 O 0 - 0 C 00 frf ¢

Select Library Model for Utility UTIL-0001.
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19. A Utility can be represented as a large generator or as an infinite bus. For this
simulation select the Infinite Machine entry that is based on the Infinite Bus model.
When using an infinite bus model, you do not need an exciter or governor. After
applying the Infinite Machine selection, press the Close button to continue.
Select Library 0 =3 N ] 29
[ COPTWIRLBWTWLE 0 [Name [ Modellpe [ -

I"SIM / TMS
Machine Model
/ Exciter Mode!
) Govenor Model
E-k 51
[F] Power System Stabilizer Model

Classical Machine

Diesel Generator

Diouble Cage Induction Generator
EEE 9BLIS Classical 1

JEEE 9BUS Classical 2

IEEE 9BIS Classical 3

Infinite Bus

rifinite Machine
Riound Fotor Gas Turnbine Uit
Found Rotor Nuclear Unit

Riound Fotar Steam Lnit
Fiound Rotor Steam Uit < 30004
Found Rotor Skeam Unit > 300MA

Apply IDess\ecll Close | E!uery...l

Classical Machine

Diesel Generator

Double Cage Induction Generator
Classical Machine

Classical Machine

Classical Machine

Irifinite Bus

Infinite: Bus

Round Rotor Gas Turbine Unit

Fiound Rotor Nuclear Unit

Round Rotor Fossil Steann < 300 kA
Fiound Rotor Fossil Steam < 300 MyA
FRound Rotor Fossil Steam > 300 MyA

Apply Infinite Machine Selection to Utility UTIL-0001.

20. Verify that the Infinite Machine selection is displ

ayed as the Machine Model for UTIL-

0001 as shown below. Press the OK button to continue.

ISIM - Source Model Setup & Dynamic Events

Source Mame:  UTIL-0001 Bugz Mame: BUS-0001

x|

oltage: 13800

—15IM Source Librany

Source Type: ISynchonized Generatar

= [ |

tackine Madel: Ilnfinite Machine (Infinite Bus)

Emciter Model:

Gaowernar todel: I

PSS Model: I
Ewvent List: — Event Data
@ Logs of Excitation £vent
Delete Event | i~ Blocked Governar ID'DDDD
€ Trip Generstor seoonds
oK Help | Create Event |

Verify Machine Model Sele

ction for UTIL-0001.
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21. For the motor in this tutorial, we are going to create a custom model. Select the
Document>Library menu item as shown in the figure below.

= SKM Power*Tools - Scenario] Base Project ] C:\PTW32\projects\Tutorial_V8.0\Tutorial_VB.0.prj

g’"ﬂ Component Editor
'F Cne-Line. ..
Repoarts...

Library...
CAPTOR TCC, .
Data Visualizer

Project | Document Edit Wiew Run Case Plob ‘Window Help

%@|”ﬁf@fmsﬁeﬂf€@3m(+ﬁ|#

HOB T EOww | b @

=101x|

Close
Save
Save As...
Export...

TS

Print Setup...
Print Layout...
Print...

Print Preview

Cirl+f

Form Print
Form Preview
Form Layout

TUTIL-0001

1 CH\PTW32ILIBIPTW LIE
2 CPTW3E2Y, . \HIWAYE.RPT
3 CAPTW32Y, . \Maindraw. drw

4 C\PTW32Y, . \PLANTYMTR2E. DR

| .
i 4
BUS-0001

V_THDO.Ll %
V_BIWS 137972V

Time Event Dwner

[

Ewent Description

Open PTW Library Document to Create Custom Motor Model.

22. Open the Ptw.lib file stored in the \PTW32\LIB folder by selecting it from the list, then
click on the Open button as shown below.

PTW Library

e

Laak in; I I lib

~| « @& cF E-

Defaulk
eventlog
RPTFMT
RPTFMT_XI

Changes,lib

Filz name: IF'tw.Iil:n

Open

Filez of bype: IF'TW Libramny [*.lib]

j Cancel

Help

o

[ e

Open Ptw.lib library file.



SKM Power*Tools for Windows 227

23. Select the ISIM Library category and click on the + symbol to expand the list.

E--; CAPTWIZMIBPhw b

Mame |

& B CAPTOR

P [CRI-SIM / THS
- 1S

A HWAWE

I:I--tHf Transmiszion Ling
$ Transformer

#-f@ Standard Cable
- |EE Wirng Cable
-FL Single Core - PipeType
fﬁf tator Control Center
o B

(&) Load Profile

-G Reliabiity

F-meg OC Equipment

Select ISIM Library

24. Select the Induction Motor Model category from the ISIM Library list as shown in the
figure below.

#E C:\PTW32\ LIB\PTW.LIB

' {M] Machine Model

{8) Synchronous Motor Model
Flu Induction Motor Model
Enrciter Model

{9 Governor Model

“T8 Motor Model

E Load Model

-k 1*5IM

- HIWAVE

-4 Transmission Line

$ Transforrmer

-fg Standard Cable

E-{@ |EE Wirng Cable

H-FE Single Core - PipeT ype

fE’ Mutar Control Center

Dl

=

{T) Flux Induction Matar

@ Flu Mator @Bus20

{I) 1st=6.5, Tst=1.5, Tmax=2.3
@ Single Cage Flus

4|

Select Induction Motor Model Category.

E- %\F‘gﬁhﬁé\ll:i‘bwtw.lib = Mame [ Model Type
-
g ‘ ["GIM / TS {T) Double Cage Flu Double Cage Flux Level Induction b otar

Double Cage Flux Level Induction Matar
Double Cage Flux Level Induction Matar
Double Cage Flux Level Induction Maotor
Single Cage Flux Level Induction kaotar
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25. Click your right mouse button on the right half of the Library window and select the

New option from the pop-up menu shown below.

Select New from Right-Mouse pop-up menu.

=lof x|
g caron A fwame [ dedelTepe
B ISIM 4 TMS . .
Machine Model
% Synchronous Maotor Model (@ Flus Inchaction Motor CHI+E n Motor
(T} Flux Induction Moter Model () Flu Motor @Bus20 Save Ctries i Motar
[E] Exciter Madel (D 1st=E5, Tst=15, Tm&k=2 Rename n Motar
() Gavernar Model (D) Single Cage Flus Mator
Cut Chrl+i
Copy Chr+C
Paste ChHl44
-~y HIWAVE (g [x] Chtl+-Z
(-4 Transmission Line Delete Del
----- X Transformer
- Standard Cable Merge Frame/Ratings
-4 IEE “iing Cable Replace Trip Curves
B-FL Single Core - PipeT ype Replace Arc Flash Equations
fg Il;"iuostor Cantrol Center sl
& Load Profile Copy Al
- Rediabiity — o
[+-me§i DC Equipment = Show Al -
Bl KN e T [ ) I Wl

26. Select the Double Cage flux level induction motor model and press OK to continue.

Models x|

Single Cage Flux Level nduchion b atar

Diouble Cage Flux |nduction katar

Cancel |

Select Double Cage Flux Level Induction Motor model.
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27. A new model with a default name and typical values will appear as shown below.
Select the Motor Parameter Estimation button to calculate custom parameters.

28.

=0lx|

#“: CAPTW32'LIB\PTW.LIB : Induction™otort - Flux Induck:
151 Model |
[UE S Inductioniatarf |Double Cage Flus Level Induction Matar
[escription Yalue Remark. B
1 |RaAmature resiztance 0.0030
2 | T' Transient time constant 0.3643 T>T"
3 | T" Sub-transient time constant 0.0043
4 |H Inertia constant 1.0000
5 |0 Load damping factor 1.0000 zee help
£ % Steady-state aimature reactance 38230 e
7 A Trangient motar reactance 0.2750 KX
8 %" Sub-transient motor reactance 01750 R Rl
9 | ®lLeakage reactance 01120
10 |E1 Firzt zample voltage 1.0000 El1<E2
11 | 5e(E1] Saturation factor at E1 0.0300 SelE1] < SelE2)
12 |E2 Second sample voltage 1.2000 o
13 | 5e(E2] Saturation factor at E2 01200
14 Trominal Mominal Taranes -1 (000 hul

tatar Characteristic: Plat...

atar Paramﬁer Estimation...
=

-

Motor Paramekter Estimator

Desired wieightings
st (81 o
Tatart: |12— |1—
Tmaw 122 o
PRttt 102 I
FRated |09 [

Motor Parameter Specifications

M axirumn T orgue Dceurs at Speed

Select the Motor Parameter Estimation button.

Actual

st IE.DSEM‘I

Tstart: IW
Trnax: Iw
PFstart: IW
PFrated: Im

0PU & 1RU

oK

Cahcel

Calculate I

Enter the desired values for motor current, torque and power factor as shown below
and press the Calculate button. This estimating tool generates motor model
parameters, and calculates current, torque and power factor values from the model.
Weighting factors can be used to help match the desired values. For our example, the
estimated model is sufficient without adjusting the weighting factors. Verify that your
Actual values are similar to those shown below and press OK to continue.

x|

Use the Parameter Estimation to Generate a Custom Motor Model.
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29. Change the name for your model to 100 HP Motor as shown below.

#3 C\PTW32\LIB' PTW.LIB : InductionMotore - Flux Inducti =1ol x|
151M Model |
Mame: I'I ooHP K |Double Cage Flux Level Induction katar
Y
Description Valus Femark, _
1 |Ra Amature resistance 0.0110
2 |T' Transient time constant 0.2716 T>T"
3 |T" Sub-transient time constant 0.0030
4 H Ikertia constant 1.0000
5 |D Load damping factor 1.0000 zee help
E | Steady-state aimature reactance 26225 e
7 | Transient motar reactance 0.2723 KX
8 |=" Sub-transient motor reactance 0.1434 X' Rl
9 |¥lLeakage reactance 0.0975
10 |E1 First sample voltage 1.0000 E1<E2
11 |SelE1] 5 aturation factor at E1 0.0300 SelE1) < SelE2)
12 |E2 Second sample voltage 1.2000 —
13 |SelE2] Saturation factor at B2 01200
14 Trormimal Wominal Tore -1 00001

I ator Parameter E stimatior...

Mator Characteristic: Plat..

Change the name for your custom motor model.

30. Change the Inertia constant for your motor to 3.0, the Load damping factor 2.0, and the
Nominal Torque to —0.9 as shown in below. The load damping factor controls the
shape of the load torque curve, the Inertia constant defines the inertia of the motor and
the load, and the nominal torque defines the rated load torque. For more details, refer

to the on-line help or ISIM reference manual. Close the window to continue.

=101 x|

#3 C:\PTW32'LIB" PTW.LIB : 100 HP - Flux Induction Mokor
I5IM Hodel |
Marne: I1 00 HA |Double Cane Flux Level Induction Motar

Description Walue Femark

2 |T' Transient time constant 02716 T>T"

3 |T" Sub-transient time constant 0.0030

4 |H Inertia constant 3 $g/

f [ Load damping Factor 2.0 zee help

E * Steady-state armature reactance 26225 o

7 | Transient motor reactance 0.2729 KR!

g |%" Sub-trangient motor reactance 0.1454 K Rl

9 =l Leakage reactance 0.0975

10 E1 First zample voltage 1.0000 E1<E2

11 |SelE1] Saturation factor at E1 0.0300 SelE1] < SelE2)

12 |EZ Second zample voltage 1.2000

13 |SelE2] Saturation factor at E2 0.1200

14 |Thominal Mominal Torque -0.9000 /

4]

Maotar Parameter E stimatian...

Motar Characteristic Plat... |

Change Inertia Constant, Load Damping Factor and Nominal Torque
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31. Close the library and return to the ISIM — Study-Case View. Double-click on motor
MTRI-0001 in Study! to open the Model Setup dialog as shown below. Click on the
Library button to pick a motor model from the library.

- Data Channel Yiew Ol x|
EI-. Industiial Simulation Time I Event Owner | Event Desciiption | Bus Infa |

20 Sy CEE——— x

=- Cazel
: GEN-O0 Models | Dynamic Eventsl
UTIL-0001 r~Metor and Load Model Library
Y MTRI-0003

BUS-0001 Deselect | Plot | Motor Model |
BUS-0002 = |
EUS-0003 Deselect | Load Modet: |

BLIS-0004 -
CBL-D001 Curert Base: [1#02029 A TorqueBase: [PHF0E s F poicih
3 MF2000T
o HR0 —Moment of Inertia for Motar Only

Whk2: |34.BE1 5 Ibs-ft2 Apprazimate

r— Starter and Contraller Model

odel IFuII Yoltage j

Source

if’\ Get Default Settings | Save Az Default |

0K | Cancel | Lppli | Help | G{Pg

Eventl Run | Graphl Plat | MTRI-0_— [

Open Model Setup Window for Motor MTRI-0001.

32. Select the 100 HP Motor model we added to the library and click on the Apply button.
Click on the Close button to continue.

=IC

. Industrial Simulation | Time Ewent Dwner | Event Descriotion | BusInfo | |

E\D Studyl _ ]

Cazel

GEN-0001 Madels | Dynamic Events |
UTIL-0001
% W TRI-0002 Motor and Load todel Library

Deselectl Plot...lMotorModeI: I
Deselectl Load Modet |

Curent Base: |14D.2D29 A Torque Base: |285.E2UB fibs [ H;k e:;ﬂh

CAPTWIALIBVPT'W.LIB Maodel Type
@ 100 HP Double Cage Flux Level Inductio
@ Double Cage Flus Double Cage Flux Level Inductio
L Single R @ Flux Induction Motor Double Cage Flux Level Inductio
% Dmgbel' F?totr (D) Flux Motar @Bus20 Double Cage Flux Level Inductio
m‘ G:aL::h?caIDMDo[lor (T} I2t=F.5, Tst=1.5, Tmax=2.3 Double Cage Flux Lewel [nductio
B Lf. Load Mads! @ Single Cage Flux Single Cage Flux Lewvel Induction
L_/‘ Exponential
In_{ Graphical Load —
B Palynomial
[ # Miarnminn LI
Apply | Deselect | Cloge | Guery.. |
o
I
A
ak | Cancel Apply Help | P N
M

] B [ [ac]] A | ' L

Apply 100 HP Motor model to MTRI-0001.
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33. Double-click on BUS-0001 in Casel to open the Bus Model Setup & Dynamic Events
window. Click on the Apply Fault radial button and enter 0.1 seconds in the Event
Time field. Click on the Create Event button to save the event.

- Study-Case View
EI--. Industrial Simulation Time Ewent Owner Event Description Bus Info |

~=10]%|

BLIS-0002
BLIS-0003
i EE BUIS-0004

=7 Studyl
B Casel
® cEnaom X
UTIL-0001 Bus Mame: BUS-D00 Voltage: 13800 v
MTFI-0003 1
BUS-0001 181 Bus Libray—\ ——/

Bus Load Modsl I

(2)
N

Library...

Delete Event | & Ewent Data

@ CBL-0007 Event List

f b

T XF2-0001 & ApplyFaut © ClearFay/ ¢ Load Change 1

L3p XF20D02 b
+ 3Phase 5L L LG AEC &

Constant Current: IU.UU 0.00
Constant Impedance: IU.UU 0.00

Event Time: Sec Create Event |
r~ Load Chana; Fault Impedance
37 kWAR R =
Corstant ki Jo.o0 [T o000 [0 ooooo

pu [100 MY2 base]

0K

| Help

Fig. 16. Apply a Fault condition at BUS-0001.

34. Click on the Clear Fault radial button and enter 0.233 seconds in the Event Time field
to represent an 8-cycle fault at 60 Hz. Select the Create Event button to save the event.

Select the OK button to close the Setup window and continue.

- Study-Case View

=101

| Bus Info |

= . Industrial Sirulation Time I Ewent Dwner | Event Description
=7 Studyl
B Casel
3 ten oo I
UTIL-00m Bus Mame:  BLS-ON01 Valtage 3800 4
MTRI-0002
BUS-0001 51k Bus Librar 1 N
BUS-0002 \/ (>
BUS.0002 Bus Load Modet | \( 2 L‘hil
- EUS0004 /

@ ceLoom Event List Delate Event Evamoata*

[ " ApplyFaul @ Clear Faull /0 Load Change

Lo xF20002 N

& 3Phese SLG L © UG ABC
Event Tme:  [0.2330 Sec Create Event
~Load Chang Fault Impadan
K KyAR R ®
Constant Ky |u.uu |u.uu 0.00000 |u 00000
Constant Current: 0.00 0.00 pu [100 Mya baze)
Constant Impedancs: (0100 0,00 ok | Help
Evert| FRun | Graph| Flat |

Add event to clear fault at 0.233 seconds.
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35. Double-click on UTIL-0001 in Casel to open the Source Model Setup & Event
Window as shown below. Select the Trip Generator radial button and enter 0.233
seconds in the Event Time field. This will trip the Utility off-line when the fault is
cleared simulating isolation from the Utility under fault conditions. Press the Create
Event button to save the event. Press the OK button to continue.

36.

T
E|--. Industrial Simulation
=] Studyl Source Mame:  UTIL-0001 Bus Name: BUS-0001 Woltage: 13800 v
=) Casel
GEM-0001 —15IM Source Library
UTIL-0001 - |
( 1 TR0 Souce Type: ISynchonlzed Generatar j Library..
BUS-0001 Machine Modsk: Iln[inile tachine [Infinite Buz]
= ELIS-0002
- B113-0003 Exciter Model: I
- ELIS-0004
&, CBL-0001 Governar Model: I
T ¥F2-001
3 KF20002 PSS tModel: I
o
Eent List: \ /

Ewent Data V\
 Loss of Excitatior . Event
" Blocked Govenar ID'2330

{* Trip Generator seconds

Create Event

Add Event to Trip Utility at 0.233 Seconds.

Double-click on MTRI-0001 in Casel to open the Model Setup and Event Window.

Click on the “Dynamic Events” Tab. Click on the Off

Line radial button under Initial

Status. Click on the Start Motor radial button and enter 5.0 seconds in the Event Time
Window. This event will simulate starting or re-starting the motor after losing the
Utility. Press the Create Event button to save the event. Press the OK button to

continue.
x
E-.E..{I__rlllju;:[:adljlmulalmn Models Dynamic Events |
=] Casel
GEM-0001 Motor Mame:  MTRI-0002 - Event Data
UTIL-000 :
MTRI-0003 B s Event Time:  |5.00 Sec. | Cieate Eventl
Bus Voltage: 480 @ A
Initial Status \\ Time Dependent E vent
’7 = Off Line " OnLine 1 Start Matar
4
" Load Change Multiplier: W
]
Evwent List:  Trip Motor
‘oltage Dependent Event
 Gtart Matgr  Monitor Bus:
IBUS-DUD1 =
" Trip botor
tonitar Buz Yoltage:
Delete Event | IW Per Urit
oK. | Cancel Apply Help

Set Event to Start Motor MTRI-0001 at 5 Seconds.
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37. Select Casel and verify that the 4 events appear as shown below. Put checks in the
plot channels for GEN-0001 and UTIL-0001 as shown at the bottom of the figure
below. These selections represent the parameters that will be saved during the ISIM

simulation.

[ oventvew =

E|--. Industrial Simulation Time | E vent Owner | E vent Diescription | Bus [nfo I
=3 Studyl Ao TR0 Start @ Time BLUIS-0004 * 480,00
3¢ Casel =000 BUS-0001 £pply Fault BUS-0001 = 13800.00
GEN-0001 I BUSO00T Clear Fault BILIS-001 * 13800 Oy
UTIL-000 |[Mozss0  umiLoom Tiip Generator EUS-0001 * 13800.00v
MTRI-0003
BLUS-0001
- 150002
. BUS-0003
| mm BUS-0004
&L CBL-00m
i ®F2:0001
L3R XF20002

Source |Molor | Bus | Branch]|

GENOODT fe | @ | | I
Evantl HunlBlaphl Plntl TN A el el

Verify Event List and Specify Plot Variables to be Saved.

38. Select the Motor tab and add checks to the motor parameters as shown at the bottom of
the figure below.

[ satameivien x|
= . Industrial Simulation Time Event Owner I Ewent Description I Bus Infg
B[] Studyl Hfso000 MTRIO003 Start @ Time BUS-0004 * 480,00V
-] Casel m=(1000  BUS-0001 Apply Fault BUS-0001 * 1380000V
GEN-00M mm(2330 BUS-O001 Clear Fault BUS-0001 * 1380000V
UTIL-D0 (Mozzn uTiLoom Trip Gieneratar BLIS-0001 * 1360000
MTRI-0003
BUS-0001
- B1J5-0002

. T WF2-0001
3 WF2-0002

Source Motar IBus I Branchl

A danEialad
%"’og‘%@ &\

T3 BN

A
G D%Ld & O, %,
- RN AR IR
MTIRIDNE @ W W W

I e v

Select Motor Parameters to calculate and save.
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39. Select the Bus Tab and add checks to store the Bus Voltage and Bus Frequency for the
buses as shown below. Click the Run button to proceed with the simulation.

- Data Channel Yiew
E|--. Industrial Simulation Time I Event Owner I Event Description I Bus Infa |

=10] x|

& 5.0000

1000
2330

([ ozz30

B Studwt
=] Casel

GEN-0001
-4} UTIL-000
~-frdl MTRI-0003

- BUS-0001
= BUS-0002
.- BUS-0003
- BLIS-0004
&L CBL-000M
i HF20001
3 XF20002

BUS-0001
EUS-0001

MTRI-0002

UTIL-0001

BUS-0004 * 480,00

BUS-0007 * 13800.000
BUS-0001 = 13800.000
BUS-0001 = 13800.000

Start @ Time
Apply Fault
Clear Fault
Trip Generatar

Source I Motar BJS

\%

I Branch I

BLIS-0001 Cr -
BUS-0002 [mll
BUs-000:| T T
Evenll Run | Graphl Flot | pus-oond | - T

Bus Parameters to calculate and save.

40. Change the Maximum Simulation Time to 50 Seconds as shown below. Click on the

Run button to begin the simulation.

om-stdy x|

Running Case Folder = Study Fun
Caze= Casel LF Setup... |
Input Fepart Hame: |SIM_INP.RPT| Header.. |
Demand Load Repart M ame: I|S|M_D|—A-HPT Farmat... |
Load Flow Repart M ame: I|S|M_LF-HPT Cancel |
|51k Diynamic Beport Mame: I|S|M_DYN-HPT Help |

151t Log Feport Marme: I|5|M_LUG.F|F'T

v Ovenwite existing report

—I5IM Study Setup Data

' |se Global Study Setup

Aingle Reference Machine:
b axirnum Sirmulation Time:

Simulation Time Step:

Excel Data Point Report Duration: Once Ewery: ID.1D Seconds
Saved To: [SIM_<Studui ames_

v Model Frequency Dependent Netwark,

" Use Case Study Setup

[NONE =l
|5E|-EID Seconds
I'I /16 Cpcle VI

<CazeMame>_Channel.=lz

Set the Simulation Time and Run Simulation.
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continue.

Study Messages
Edit Errors |

Fatal Errors: 0 Warnings: O

41. Review the Study Messages dialog to confirm there are no errors and close dialog to

Syztem: CAPTW 32\projectzh TUTORIAL Wa.0MSIM LF.RPT
Syster: May 25, 2016 171414

Systemn: <<< End Load Flow Study »>»

Syster: May 25, 2016 171414

<< Studyl - Cazel »» Bunning Dynamic Simulation
Systemn: Begin 151 Engine

Syztern: Initial Load Flow Finished

Systern: Dynamic components initialization finizhed
System: Event time decizion finizhed

Syztem: Event network, building finished

Systerm: Engine iz Running, Please Wait..

Systern: End 15IM Engine

Systern: May 25, 2016 171415

<< Studyl - Cazel »» End of Dynamic Simulation
Systemn: = Review |SIM LOG report =

N\

Help |

Cloze

Review Study Messages.

42. Select the Graph button and check the GEN-0001 Speed Deviation option as shown in

the figure below.

- Study-Case Yiew - Plot (Plot1) =00 =]
-l Industial Simulation 3755, 180157 Plot1
B[] Studyl Study 1 - Caset - GER-0001 - Speed
B Casel E
® GEN-00D1 1800
[1] uTiL-oo01 17e5-F
----- HTRIO00 E
- BLIS-0001 1700
- ELS-0002 E
- ELS-0003 51785
- BUS-0004 I E
(g CBL-00M =
T E
3 HE20000 8 1rrs
2 KF20002 = E
1770
1785 F
175!]72
BT IR T TN TN T I T N S T B T T 0 B IR BB B
o 5 10 15 20 25 35 40 45 a0
Tirne (Seconds)
Source | Mator | Bus | Branch |
e 2 AN
A A 3
By BRGNS e T
) ENORG o N, N,
(NG
% Y R o,
GENDODI[ W T T T
uTIL0d01T| I~
Event Graph| Plat

Speed Deviation plot for GEN-0001.
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43. Select the Bus Tab and check the Bus Voltage field for BUS-0002 as shown in the
figure below. You can see the voltage drop to near zero when the fault occurs, a
voltage drop when the motor starts and a transient over-voltage condition when the
motor reaches full speed.

- Plot Graph View - Plot (Plot1)

E-. Industrial Simulation
=7 Studyl
B ] Casel

(8} GEN-0001
-~} UTIL-00m
-t MTRI-0001

- EU5-0001
- EU5-0002
- BUI5-0003
- BU5-0004
& ceLoom
i HF20001
I ®KF2-0002

Event|[ Aun | Gizph| Pt |

21.18, 1801.52

4500

4000

3500

[
i
2 g
g2 8

2000

Bus Voltage 1 (volts)

I}
2
8

1000

500

=loix|

Plot1

- m—
Study 1 - Case! - GEN-0001 - Speed

s —
Study1 - Caset - BUS-0002 - Bus Woltage 1

brrrrtrrrrbrerberert e teerrbeeer b

o s 10 15 20 30 35 40 45 =0

25
Tirne (Seconds)

Source | Motor  Bus |Elanch|

RN &, AR R &
B Q‘f:%"“.; B pd e Q”L%.a
7 49 & P fad o& - /& < eg

EUS-0001

BUS-0002

BUS-0003

BLIS-0004

i

Add Bus Voltage for BUS-0002 to Plot.

You can define any number of graphs and plot any number of different variables on a single
plot. You can also compare plot results from different cases on a single plot. Refer to the
[*SIM Users guide and Reference manual on the PTW CD for additional information.
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Part 9 - Single-Phase and
Unbalanced 3-Phase Studies

Make sure that you completed Tutorial - Part 1 successfully before beginning this section.
This section demonstrates how to perform single-phase and unbalanced three-phase
calculations.

Before we begin this section, you need to make sure your tutorial project is in the correct
state. If you have not completed the CAPTOR protective coordination tutorial, your one-
line will not display the protective device symbols, which is okay. You should destroy any
extra components added specifically for the HI_WAVE or I*SIM portions of this tutorial.
Remember to use the Component>Destroy function rather than Component>Remove,
which simply hides components on the one-line and doesn’t delete them from the project
database. The system should contain only the following components:

=

=
PD-0001 EUE-0001 @
. | 4

UTIL-0001

14 ZFa-0001

45

9

| BU3-0002

4 :PD-DDDE

18 xF2-0002

9

L PD-0003
3

BUE-0003

L PD-0004
)

@ g CEL-0001

b

LOAD-0001 MTRI-0001
|« [ .
Base Project for Single-Phase and Unbalanced 3-Phase Module.

BUSE-0004
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To begin, we will run the unbalanced calculations on the balanced system for comparison.

Select the Run>Unbalanced/Single Phase Studies as shown below.

Project Document Edit View | Run Component One-line Window Help
5%5E|MH Chrl+-a
o= {3 5 A 7T

Balanced System Studies...
Transient Motor Starting (TMS)
Industrial Simulation (ISIM)
Harmanic Analysis (HIWAYE)
Unbalancedf E

Reliability Analysis
DC System Analysis

== 4 0 DC v o 44 @ H

Elwswo|| b § & by ®

| =lol x|

Equipment Evaluation

1]
&
¢

L0001

Failed Input Evaluation
Failed Equipment Evaluation
1.0
4 F2-0001 Arc Flash Evaluation
£
QUErY... ChrHQ
Datablock Farmat, .. Ctrl+D
Datablock Report. ..
_ | BUS-000Z
4 ~FD-0002
0O
Al HF20002

T

Run the Unbalanced/Single Phase Studies.

Check the Demand Load (DL), Load Flow (LF), and Comprehensive Fault (SC) study

options, and click on the Run button.

x|
Studies | DL | Siging | LF | SC | Schedue| DMSLF| SE | OPF | Dutput|
— Studies Report Files

— [V Demand Load (DL JLaRPT
[ Feeder and Transformer Sizing ISZ.HPT

—— [+ Load Flow [LF] |LFRPT

—P[\# Comprehensive Fault (SC)
I™ Load Schedule |Ls.RPT
[~ DMS Load Flow |
[~ State Estimation [SE) ISE.HPT

Default Report Path ;. CAPTWI24projects\TUTORIAL_WED

For Crystal Reports, Go To: Document - Crypstal Report - Unbalanced - Single Phase..

Help Cancel Format... Run

Cloze

Run the Selected Studies
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3.

Check for errors in the Study Dialog Output Window.

Unbalanced/Single Phase Study Setup

Studies| DL | Sieing | LF | ST | Schedule| DMS LF| SE

v

Mumbers of Warnings: 0

Mumbers of Fatal

| oPE

Wiew Emor |

x|

Dutput |

Map 25, 2016 132338 Finizh Demand Load Reading Input D ata
Map 25, 2016 132338 Finizh Demand Load Find Loops

Map 25, 2016 132338 End Demand Load Analysis

Load Analyzis Report iz Saved in:

CAPT'W 32\projects\ TUTORIAL v8.0\LA.RPT

Map 25, 2016 132338 Begin Mewton Load Flow Analpsiz
Map 25, 2016 132338 End of Load Flow Input 0 ata Reading
Map 25, 2016 132338 End of Mewton Load Flow Analysis
‘wiiting Load Flow Feprat;
Load Flow Study Report Saved in:
CAPT'W 32\projects, TUTORIAL WE.0MWLF.RPT

May 26, 2016
May 26, 2016
May 26, 2016
May 26, 2016
May 26, 2016

13:23:38 Begin Comprehenzive Fault

13:23:38 Finish Comprehensive Fault Input D ata Reading
13:22:38 Finish 3P Fault for & Buses

13:22:38 Finish SLG Fault for Al Buzes

13:23:38 End Comprehensive Fault

Help Cancel | Rur Cloze

[

Review the Output Windows for Errors and Warnings

4. From the One-line, select the Run>Datablock Format menu option as shown.

Project  Document  Edit View | Run  Component  One-Line  ‘Window  Help

7 U R [F | PR [ Balanced System Studies... Cirl+a

Transient Motor Starting (TMS)
o= G 50 7T

Industrial Simulation (ISIM)
£ MAINDRAW.DRW

Harmonic Analysis (HIVWAVE)
Unbalanced/Single Phase Studies... Ctrl+U
Reliability Analysis

DC System Analysis

Equipment Evaluation
Failed Input Evaluation
Failed Equipment Evaluation

P -
#F2-0001 Arc Flash Evaluation

Coordination Evaluation
Cable Ampadity...

90

Ctrl+Q

Query...
Datablock Format. ..

BUE-0002
Datablock Report. ..

<4 G v iE B
Slwsveo| » 8 2 by ®@®
=10l x|

=

®
‘

001

& :PD-DDDE

Aol b EFI0002
:Y"TS

Select Single-Phase Distribution Cable
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5.

Select the UB_LF Current datablock option and click on the Apply button. Click on
the Close button to close the window.

Datablock Format
— Type
" Component E ditor #

TCLC Setting Yiew /
Data Wisualizer

& One-Line /
TCC Ore-Line View
" Probe

™ Impart / Export

Ore-Line Default:
Lazt Applied:

Farmats for One-Line and Frobe:

Bl

Pratective Device Selective Coardination
Protective Device Setlings

Reliability

Report - AMSI Fault Duty

Report - Arc Flazh

Report - Arc Flash Line Side/Load Side
Report - Bus Fault Current Data
Report - Load Flow Data

Schedule

Schedule_MCC

Schedule_Panel

Schedule_SWED

SelCoor Test

TCC Settings

IJB Sequence Current

IJB Voltage Drop

B L&

JB_LF Power
UB_LF Waoltage
UB_SC
UB_SC-5LG

PRl

i/

loze

Edi...

Set Default
Rename...
Copy
Faste
Drelete

Help

Pl

= Import....

Apply the UB_LF Current Datablock

Results from the Unbalanced Load Flow study will be displayed. Since the system is
balanced, phase A, B and C are equal and match the results from the balanced study.

ol

BUS-0001 : <l>
] d

PD-0001
XF2-0001
aule
&
Cop.a002
ry 5 o
SOUTE OXF2-0002 | A: 2833
3 PD-0003
BUS-0003
@ 3 PD-000+
CBL-0001

| hl
UTIL-0001

BUS-0004

pim LOAD-0001
2

kil

]

1$m‘mmca

Specify Cable as Phase A Only
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7. To simulate an unbalanced condition, let’s assume that we lose one phase of cable
CBL-0001. The load remains constant but power from phase A is lost. Uncheck Phase
A for cable CBL-0001 as shown below.

[ili] component Editor

=101 x|

Component Subriews:

Impedance
Ampacity Selection

Scenario Manager... |
IGDTD 'I Jumip... |

Name: |c:B L-0001

| W In Service @

Ampacity Caloulation Liare.. | W Link to Lib Data State: [incompiets. |

Physical

g:i}gﬁﬁfg;: Manufacturer: Description: MONE

H:;g:cfl:ed Fields Conductor Type  Duct Material Insul Tepe  Insul Class  Walks [L-L)
|C0pper | |Magnetic | | | |THHN | |EDD |

Conductor Deser: |3 Wire+Gmd Installation:

H

Cable Size: |2 vl A0

Circular Mils:

= [ ;I Conductors in Parallel/Phase: |1 'I Length: |100.0 |Feet
Bus Connection I™ DaMat Size
L. | Phase lriz:
[~ i &V Lpdate Matris
From  BLIS-0003 rml; ——
v B
J T BUS-0004 ¥ C Z hatriz... |

Expand Il Shrink

Uncheck Phase A for cable CBL-0001.

8. Select the Run>Unbalanced/Single Phase Studies menu to re-run the unbalanced
studies.

Run Component One-dline Window Help

Balanced System Studies. .. Cirl+A
Transient Motar Starting {TMS)

Industrial Simulation (ISIM)

Harmonic Analysis (HIWAVE)

"

gle Phase Studies...
Reliability Analysis
DC System Analysis

Lnbalanc

Equipment Evaluation
Failed Input Evaluation
Failed Equipment Evaluation

Arc Flash Evaluation
Coordination Evaluation

Cable Ampadity...
Query... Ctrl+Q
Datablock Format... Ctrl+D

Datablock Report...
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9. Confirm that the Demand Load, Load Flow and Comprehensive Fault studies are
selected and click on the Run button.

Unbalanced;Single Phase Study Setup: ll

Studies |DL | Sizing | LF | SC | Schedue| DMSLF| SE | OFF | Output|

— Studiez Repart File
—— [¥ Demand Load (DL L& RPT

[~ Feeder and Transformer Sizing |SZ.F|F'T

¥ Load Flow [LF) ILF.HPT
¥ Comprehensive Fault [SC)

I™ Load Schedule LS.RPT
[~ DMS Load Flow [
™ State Estimation (SE) |SE.F|F'T

Default Report Path:  C:APTW32hprojectt TUTORIAL 8.0

Far Crystal Reports, Go To: Docurent - Crystal Report - Unbalanced - Single Phaze...

Help Cancel Format... | Run (Close |

Run the Datablock Format Option

10. Check for fatal errors in the Study Dialog Output Window.
x

Stdies| DL | Sizing | LF | SC | Schedul| DMSLF| SE | OPF  Output |
MNumbers of Fatal 0
-
Mumbers of “Warnings: 2

CAPTW 32projects\TUTORIAL 8. 0MLARPT ;I

May 25, 2016 13:39:38 Begin Mewton Load Flow Analysis
May 25, 2016 13:39:38 End of Load Flow Input D ata Reading
May 25, 2016 13:39:38 Warning: Load: LOAD-0001 Phase & is NULL,
May 25, 2016 13:39:38 W aming: Load: MTRI-0001 Phase A iz MULL,
May 25, 2016 13:39:38 End of Mewton Load Flow &nalysiz

Wwiiting Load Flow Reprat:

Load Flow Study Report Saved in:
CAPTW 324projectsh TUTORIAL _¥8.04LF.RPT

May 25, 2016 13:39:38 Begin Comprehensive Fault

May 26, 2016 13:39:38 Finish Comprehensive Fault Input Data Reading
May 26, 2016 13:39:38 Finish 3P Fault for &l Buses

FOWARNING ™ WARNING ™ WaRNING ™

Fault Phaze iz changed to B in Bus : BUS-0004

May 25, 2016 13:39:38 Finish SLG Fault for Al Buses

May 25, 2016 13:39:38 End Comprehensive Fault

Help Cancel Run Cloze
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11. With the one-line diagram active, select the Run>Datablock Format menu item.

Project  Document  Edit  Wiew |Run Component  One-Line  Window Help

g‘% % 5 E | E n Balanced System Studies. .. Ctrl+a = ﬁ, I@; |1 V]
Transient Motor Starting {TMS) = e
h =i % rru':'r' lbt 73 Industrial Simulation (ISIM) El UPS UFD :> g
Harmanic Analysis (HIVWAVE) Ol x]
— Unbalanced/Single Phase Studies... Ctrl+UJ ﬁ
Reliability Analysis 1
DC System Analysis
Equipment Evaluation
| Failed Input Evaluation
& £ XF2.0001 Failed Equipment Evaluation
g i
Arc Flash Evaluation
Coordination Evaluation
Cable Ampadty... .
| BUS-000Z QuEry... P
Datablock Format...
| S— Datablock Report... |
gy
Auadd HXF20002
£ e

Run the Datablock Format Option

12. Select the UB_LF Current format then click on the Apply button followed by the Close
button. This will apply the selected datablock to the one-line and close the selection

window.
Datablock Format @\ ]
Type Farmats for One-Line and Probe: Apply |
Impedance Data - Components ;I
" Compornent E ditor Load Flow Current
TCL Setting View ¢ Load Flaw Paowver Data e Edit... |
A Meter Data
Dl sz Protective Device Data Mew...

Frotective Device Selective Coordination
Frotective Device Settings

Last Applied:  UE_LF Current

f* OneLine / Reliability Set Default |
. . B Sequence Current

TLCC Orne-Line Yiew LB Yoltage Drop Fename... |

" Probe LB L&
LB LF Current Copy |

UE_LF Power

UB_LF %olage Pazte |

™ Import / Expart LUB_SC
UB_SC-5LG hd Lelete |
One-Line Default: Help |

Import...

Apply the Unbalanced Load Flow Current Datablock Format.
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13. The current in cable CBL-0001 is split between the remaining B and C phase
conductors. The currents upstream split through the Delta-Wye transformations and
are displayed as a complex magnitude and angle. Please note that no assumption is
made whether or not the motor or load will continue to operate under this condition.
As with a balanced load flow, the unbalanced load flow represents one instant in time
with loads represented as constant kVA, constant current or constant impedance.

=101

-l
| BUS-0001 | :
T | : 4
PD-0001 UTL-0001
XF2.0001
& ubLF CureEni
=T A:757/-1801° A
B:7.62/-17639° A
<4 €282/ 81674
BUS-0002
e oon2
Akl ublL F Current
2T XF20000 | A 1630/ -3TA0°A .
B:28.39/17274°A : [
A € 1657/ 22.04%A |
) PD-0003
BUS-0003
3} PD-0004
BT A uwbLF Current
@ CBL-00ot B: 4462/ 14
€ 48.74
BUS-0004
MTRIO0003
Kl _ 2P

Phase Currents Displayed in Datablocks
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14. Similarly, sequence currents can be displayed. Select the Run>Datablock Format
menu item as shown.

IE Component One-line Window Help
Balanced System Studies. .. Ctrl+a
Transient Motor Starting (TMS)

Industrial Simulation (ISIM)

Harmonic Analysis (HIWAVE)
Unbalanced/Single Phase Studies... Ctrl+U
Reliability Analysis

DC System Analysis

Equipment Evaluation
Failed Input Evaluation
Failed Equipment Evaluation

Arc Flash Evaluation
Coordination Evaluation
Cable Ampacity...

Query... crl+q L7
Datablod: Format...

Datablock Repart. ..

Run the Datablock Format Option

15. Select the UB Sequence Currents format then click on the Apply button followed by
the Close button. This will apply the selected datablock to the one-line and close the
selection window.

six

Faormats for One-Line and Probe:
— Type

Apply

N

Frotective Device Selective Coondination ;I
- ) Protective Device Settings
Component Editar / Feliability

TLCC Setting Yiew / Repart -- ANS| Fault Duty

Drata Yisualizer Repart - &rc Flash
Repart - Arc Flash Line Side/Load Side
Report -- Bus Fault Cunrent Data
Report -- Load Flow D ata
Schedule
_ Schedule_MCC Set Defaul
& One-Line / Schedule_Panel

TCC Dne-Line Yiew Schedule_SwED AT
SelCoor Test
" Probe TCC Seftings Copy
LB Sequence Current

LB Voltage Drop Faste

LIE_La
IJB_LF Current Delete

" Impart # Export UE_LF Power
LB_LF Yaltage Help
UB_SC —
UB_SC-SLG = Impaort...

OE

Mew...

dddddl}

Ore-Line Default:
Last Applied: B Sequence Cument

Apply the Unbalanced Sequence Current Datablock Format.
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16. The positive, negative and zero sequence currents will be displayed as shown below.
Under balanced conditions, the negative and zero sequence currents will be zero,
however under this unbalanced condition negative sequence currents exist. Knowing
the possible negative sequence current under normal unbalanced operating conditions,
abnormal unbalanced conditions and unbalanced fault conditions are needed to set
negative sequence relays for proper coordination.

Lo
]

TIL-0001

BUSH001

ST |
PD-0001

XF2-0001

& IPos 57204
ST TN 2897A
T Zero 0.000 A

BUS0002

. PD-0002
—C

XF2.0002
IPos 189754
Neg 06124

T Zero 0.000 A

Y

) PD-0003
BUS0003

J PD0004

BUS-0004

LOAD-0001 MTRI0003

U

Kl _ | 4

Sequence Currents Displayed in Datablocks
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17. The Unbalanced/Single Phase studies can be used to simulate any combination of
single-phase, two-phase and three-phase distribution systems. In addition to
applications in Rural Utilities, City Distribution, and unbalanced industrial operating
conditions, it is useful for single phase distribution in commercial and light industrial
applications. For a simple example, we will expand the existing project to include a
single-phase transformer where we can evaluate the impact from the single-phase loads
and calculate the fault currents. Stretch BUS-0002 and add a transformer (XF2-0003),
bus (BUS-0005) and load (LOAD-0002) as shown.

-loix
| BUS0001 |
'u:ﬂ' I E 1 q
PD-0001 UTIL-0001
XF2-0001
iy
=T
—_—)
_____ ~ — BUS0002
I |
F () PD0002 1 |
1 1
XF2-0002 I suls 1
XF2-0003
3 | I 2 A T |
SO I |
| [N | [
BUS-0005
3 PDO003 1 _ | 1
BUS0003 | 1
1 | |
1 1
3 PDO004 1 Yy I
1 | 1
% CBEL-0001 e o e = o =
o} =
BUS-0004
0AD-0001 MTRLOOD |
Kl L v

Add Transformer, Bus and Load to Project One-line.
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18. Double-click on transformer XF2-0003 from the one-line or scroll through the
component list in the Component Editor to edit the transformer data.

=101.x]

Component Subviews:

" - [#F2-0003 IS finconpets =]
Transfurmerlmpedance e | ||_ N Semvice |incomplete ¥ UJJJ

Automatic LTC b anufacturer Type

[Damage Curve . . .
Reliability Data Library... | Link to Lib |NONE || |

UzerDefined Fields .
Diatablock Mominal ki, Full Load ki [~ DoMot Size

Frimarny Secondary
Connection: I Delta j IWye-Gru:uund j

ScenaioManager.. | | Ratedvokage:  [4180  Jwiy [0 Jwiy
||3,j To =] dump. | Bus Yoltage: ‘-I[L-L] EV[L-L]

(a0 d Full Load Ampes:

ey <F2-0003 Top 3% - -

Phase Shift Angle: deg [v Link [ IMST Protection

Buz Connection Type
Cormections... | % Three Phaze IStandard Shell j
Single Phaze
From: BIJS-0002 hid Tap
To:  BUS-D005 " Single Phaze

[~
Expand | I Shrink

Select Transformer XF2-0003 in the Component Editor

19. Click on the Library Button and select the Typical Pole Mount Single-phase
Transformer from the Transformer Library. Click on the Apply button to apply the
selection and the Close button to close the library window.

= ; CAPTW32AlbA P i Manutacturer Type Capacity Factor Description I

- % Transfarmer * MOME Dry Type 1.00 Description
#NDNE Farced Air 133 Description
ﬁNDNE HykY 1.00 Description
SMNONE MY 1.00 Description
* MOME il Air 1.15 Description
ﬁNDNE Oil Air/Forced A 1.25 Description
SMNONE ONAF 1.25 Description
SMNONE ONAN 1.00 Description
* MOME 0wHD 1.00 Description
ﬁNDNE REDN 1.00 Description
4¥S0UARE D EES3H 1.00 EE__S3H. 15t 333kVA, TP Energy Efficient
SSOUARE D EESIHF 1.00 EE_ S3HF, 15t 333kVA, Watchdog TP1 En,
SHSOUARE D EET3H 1.00 EE__ T3H. 15 ta 760kVA, TP Energy Efficient
4¥S0UARE D EET3HE 1.00 EE__T3HE, 15 to 300KV, Watchdog TP En.
SSOUARE D EET3HECU 1.00 EE__ T3HECU, 15 to 500KV, Watchdog TP1
SHSOUARE D EET3HCU 1.00 EE__ T3HCU. 15 ta 500kYA, TP Energy E ffici
#SHUAF\E o EET3HF 1.00 EE__T3HF, 15 to BO0KVA, Watchdog TP1 En
4¥S0UARE D T3HFCU 1.00 EE__ T3HFCU, 15 to GO0KVA, Watchdog TPT ...
S SOUARE D ET3HFISML 1.00 EE_ T3HFISHL, 15 ta SO0KVA, K-4, TP1 Ener...
Y SOUARE D EET3HFISHLP 1.00 EE_TEHFISNLF’,1Etn B0k, K13, TPTE

Apply I Deselect | Close I Query... | »pica Fale Mount Single-

Select the Single-phase Pole Mount Transformer from the Library
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20. Select the 100 kVA Size as shown.

[l component Editor

Component Subrwiews:

nding Transformer
ranzformer Impedance
Automatic LTC
Dramage Curve
Reliability D ata
User-Defined Fields
Dratablock

Scenanio Manager. .. |
IGoTo 'I Jump... |

=
Expand | I Shrink.

o) x|
Mame; [+F2-0003 v InService IIncompIete 'l UJJU
tdanufacturer Type r.]“
Library... | Link to Lib [Typical | [Pole Mount ]

Nominal Kyt v| Eulloadkva: [00 ] [ DoMNotSize
20 = hary Secondany
275
Connection: |50.0 ilta j IWye-G round j
75.0
Rated Voltag% YLy o VL)
1870 . ]
Bus Voltage: 200 =) WLl |0 WL-L)
Full Load &mps: 0.0 0.0
Tap % |u.un | |n.uu |
Phase Shift &ngle: deg W Link [~ INST Frotection
Bz Connection Type
Connections. . % Thiee Phase IStandard Shell vl

Single Phaze
L Mid Tap

" Single Phaze

From: BUS-0002
To:  BUS-0005

Select 100 kVA for the Nominal Size.

21. Select the Single Phase Mid Tap Option and enter the secondary transformer and bus
voltage as 240 Volts (L-L). This will provide 120 V L-N volts on the secondary. The

same mid-tap transformer can be used to provide 240 V L-L volts.

E|I| Component Editor

Component Subyiews:

nding Transformer
Transformer Impedance
Autormatic LTC
Damage Curve
Reliability D ata
User-Defined Fields
D atablock,

Scenario Manager.. |
IGDTD 'I Jump...l

| -]
Expand | I Shrink.

=101 x|

Mame: [#4F2-0003 ¥ InService Ilncomplete vl

Manufacturer Type

Library... | Link to Lib [To0icd] | [Fole tount ]

Haominal ki I‘IIJEI.D 'I Full Load ki, [100.0 [™ Do Mot Size

wlw
ﬂ'l'ﬂ

Primary Secondary
Conmection: IW_l,le-Ground j I Delta j
Rated Voltage: |2402 |viw [240 \QE-L]
Bus Voltage: [en Jven [0 VT
Full Load fnps: i |41E7 o~
Tap Z: |D.DEI | |D.EID |

[~ INST Pratection

Type
" Three Phase
« ESipgle Phase

Buz Connection

Connections... |

Frimary: IA - l

From: BUS-0002
To:  BUS-0005

" Single Phase Sec

Select Single Phase Mid Tap Option and enter 240 L-L Voltage.
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22. Double-click on load LOAD-0002 on the one-line, or click the “All” radial button on

the Component Editor and scroll down to LOAD-0002. Enter 100 Amps for the Rated
Size and uncheck Phase B and C (leaving only Phase A checked).

[l component Editor

=101 x|

Caomponent Subviews:

Name: |LDAD-DE|E|2

Diversity and Participation

| ¥ InService

Harmnanic Source

Reliability D ata
Uszer-Defined Fields
[ratablock.

Rated Size:

Powser Factor;  |0.-500000

Rated Yoltage: 240

Yolts [L-L]

[rata Stabe:

Ilnc-:-mplete 'l

Scenario Manager... I Deescription: |

[GoTo =] dump.. |
=]l 000002 =]

Bus Contection

Connection... |

Bus: BUS-0005

-]

Connection
% Wye-Ground
" Wye
" Delta

Expand | I Shrink.

Select Load LOAD-0002 and enter 100 Amps on Phase A.

Select the Run Unbalanced/Single Phase Studies menu item.

lﬁ Component One-line Window Help
Balanced System Studies. .. Cirl+A
Transient Motor Starting (TMS)
Industrial Simulation (ISIM)
Harmonic Analysis (HIVWAVE)

igle Phase Studies...

Unbalanced;!

Reliability Analysis \

DC System Analysis

Equipment Evaluation
Failed Input Evaluation
Failed Equipment Evaluation

Arc Flash Evaluation
Coordination Evaluation

Cable Ampadity...

Query... Cirl+Q
Datablock Format. .. Ctrl+D
Datablock Report. ..

Run the Unbalanced/Single Phase Studies.
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24. Select the Demand Load, Load Flow and Comprehensive Fault Options and click the

Run button.
Unbalanced/Single Phase Study Setup x|
Studies | DL | signg |LF | SC | Schedule| DMSLF| SE | OFF | Output|
— Studies Fieport File:
oy Demand Laad (DL JLaRPT
~ g
™ Feeder and Transformer Sizing ISZ.HPT
’F Load Flaw [LF] JLFRPT

V¥ Comprehensive Fault [SC)
I" Load Schedule JLS.RPT

-

[~ DMS Load Flow |

[~ State Estimation [SE) ISE.HPT

Default Repart Path:  C:APTW325projectsh TUTORIAL V8.0

For Crystal Reparts, Go Ta: Document - Crystal Report - Unbal?d - Single Phasze...

Help Cancel Farmat... | Fiun Cloze |

Select AB Phase Specification

25. Review the Output dialog window to make sure there are no fatal errors then click the
close button. If errors are reported, click the View Error button, correct the errors and
re-run the studies before continuing.

Unbalanced/Single Phase Study Setup ll

Studies| DL | Sidng | LF | 5C | Schedule| DMSLF| SE | OPF  Output |

Mumbers of Fatal 1]
Wiew E |
Mumbers of Warnings: 2 1284 Eror
CAPTW32vprojects\ TUTORIAL VE.0MLARPT :I

May 25, 2016 07:16:17 Begin Mewton Load Flow Analysis
May 25, 2016 07:16:17 End of Load Flow Input D ata Reading
May 25, 2016 07 16:17 Warning: Load: LOAD-0001 Phase A is MULL,
bay 25, 20016 071617 Waming: Load: MTRI-0001 Phase A i= MULL,
May 25, 2016 07:16:17 End of Newton Load Flow Analysis

“wiriting Load Flow Reprat;

Load Flow Study Report Saved in:
CAPTW32vprojectss TUTORIAL ¥E.04LF.RPT

May 25, 2016 07:16:17 Begin Comprehensive Fault

May 25, 2016 071617 Finish Comprehensive Fault Input Data Reading
May 25, 2016 071617 Finish 3P Fault for Al Buses

UWARMING ™ WARNING ™ WARNING ™

Fault Phase is changed to B in Bus : BUS-0004

May 25, 2016 071617 Finish 5LG Fault for All Buses

May 25, 2016 0716:17 End Comprehensive Fault

Ll

Help Cancel | Fiun Cloze

Review the Output Messages for Errors.
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26. From the one-line diagram, select the Run>Datablock Format option to display
selected output results on the one-line.

Run Component Orne-line Window Help

Balanced System Studies... Ctrl+A
Transient Motor Starting (TMS)

Industrial Simulation {ISIM)

Harmonic Analysis (HIWAVE)
Unbalanced/Single Phase Studies... Cirl+U
Reliability Analysis

DC System Analysis

Equipment Evaluation
Failed Input Evaluation
Failed Equipment Evaluation

Arc Flash Evaluation
Coordination Evaluation
Cable Ampacity. ..

QUETY... Ctrl+Q
Datablodk Format...

Datablock Report...

™~

Run Datablock Format Option.

27. Select the UB_LF Current format, click on the Apply button to display the selection
and click on the Close button to close the window.

51
1 Formats for One-Line and Probe:
ype - : - — Apply |
Protective Device Selective Coordination d
Frotective Device Setti
" Component Editar /£ H:iiaEEiI::;E FYIEe SEHings
TCC Setting Yiew / FReport -- ANS| Faulk Duty Edit |
D ata Visualizer Report - ArcFlash )
Fieport - Arc Flash Line Side/Load Side Mew
Report -- Bus Fault Current Data
Fieport -- Load Flow D ata
Schedule
_ Schedule_MCC 5 et Default |
% One-Line / Schedule_Panel
TCC One-Line View cheduI?_SWBD Rename.. |
elloar Test
" Probe TEE Settings Copy |
LB Seguence Current
1UB “alkage Drop Faste |
LB L&
LIE LF Current ﬂl
= Import / Expart UB_LF Power
LE_LF Yoltage Help |
UB_SC -
UB_5C-5LG d |mpaort... |
One-Line Default:
Lazt Applied:  UE Sequence Cumrent

Apply the UB_LF Current Datablock.
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28. The phase currents given the unbalanced open-line condition and the new single-phase
transformer and load should be displayed.

10| x|
BUS0001 |
IU:DI I : 1 ‘
PD.0001 UTIL-0001
| xF20001 :
Muadas ublF Curent i
AT AS25/-I0ITEA :
l B:762/-176.61°4 !
4 C316/9345°A ;
| BUS-0002
I PDO002 5
i |
| xF2-0002 wLE  ubLF Coment
Madsl ublF Curent T Adl/30784
SOUT2 A 1631/-3114°A B0.00/000°A
T B2859/17271°A 4 | C:000/0.00° A [
4 C1657/2204°4 !
) PD-0003 —|— BUS0005
1 BUS0003 |
) PD0004 LOAD-0002
£ CBL-0001 |
@ £ ubLF Corrent |
1 B:24480/14286°A -
4 C24874/204°A :
RUS-0004
LOAD-0001 MTRI0003 |
4] [ ap

Load Flow Phase Currents Displayed in Datablocks.

Repeat the process to display the Unbalanced Single-line to ground fault currents.
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29. From the one-line diagram , select the Run>Datablock Format option.

Run Component Orne-dine Window Help

Balanced System Studies. ..

Transient Motor Starting (TMS)

Industrial Simulation (ISIM)
Harmenic Analysis (HIWAVE)

Unbalanced/Single Phase Studies.., Ctrl+U

Reliability Analysis
DC System Analysis

Ctrl+a

Equipment Evaluation
Failed Input Evaluation
Failed Equipment Evaluation

Arc Flash Evaluation
Coordination Evaluation
Cable Ampacity...

Query...
Datablock Format...

Datablock Report...

Run Datablock Format Option.

30. Select the UB_SC-SLG format, click on the Apply button to display the selection and
click on the Close button to close the window.

Datablock Format

— Tupe

" Companent Editar /
TCC Setting Wiew /
Data Wisualizer

 One-Line /
TCC One-Line Yiew
" Probe

" Impart / Export

One-Line Default:
Last Applied:

Formats for One-Line and Probe:

Pratective Device Selective Coordination
Protective Device Settings

R eliability

Report -- AMS] Fault Duty
Report - &rc Flash

Feport - &rc Flash Line Side/Load Side
Fepart - Bus Fault Current D ata
Fepart - Load Flow Data
Schedule

Schedule MCC
Schedule_Panel

Schedule SWED

SelCoor Test

TLCC Settings

JB Sequence Current

JB Voltage Drop

JB_Le

JB_LF Current

IJB_LF Poweer

JB_LF Yoltage

IJB SC

JB_LF Current

[UBscslc

b
bx

Apply
Cloze
Edit...

MHew. ..

Set Default
Rename. ..
Copy
aste
Delete
Help

|mpoit...

Pl e

Apply the UB_SC-SLG Datablock.
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31. The phase currents given the unbalanced open-line condition and the new single-phase
transformer and load should be displayed.

E! MATNDRAW.DRW ol
| Al
EUS-0001 | :
PD-0001 UTIL-0001
Lec BLG |
20001 A TS41A :
£ ub8C IritSym 3P |
A 338604 :
il B: 338684 |
C 836744 :
| BUS-0002
] i Lic 5LG
¢ () PD-0002 : & 2266
T ' vhEC InitSym 32
1 XFR-0003 A 224334
2-0002 P I B: 2307.84
& o b : C: 24254
= |
= E |
BUS-0005
Isd 3LG
BD-0003 | A1mmya |
) BUE-0003 1hEC InitSsym 3P
Isc 3LG A 1015954
T A sderg B 1015854
wbEC InitSym 3B ¢ 00A
:] A T403.1A ]_D_'_D: .
D.ne B 802454 ADLOO2
; C 300314 |
w CBL-0001 |
| BUS-0004
! Ise SLG
| B:i0EeA
QAT ubEC Init Svm 3P
oo MTRI-0003 | 5. 2803A
B: 654.7A
C: 497824

Phase A to Ground Fault Current Displayed in Datablocks.
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An option to display study results is to use the formatted Crystal Reports. To view a report,
go to the Document>Report menu. Next, click on the “Crystal Report” button as shown
below.

x

Text Report WE.0 and earlier repart farmat [[BPT files)
Report Yiewer [FR2) WE.S F‘TW report fl:urr!'nat [.RFE filez]
¥ Dizable Feport Yiewer
Earyvert BET to BE2 Convert all BPT to .RF2 reports for this project
’/
Cryztal Repart Cwstal Beport [Verzion 5.0]
Crustal Bepart #1 Cystal Beport [Wersion 11.0]

Cloze | Help |

Select the Unbalanced-Single Phase / Load Flow / Load Flow A,B,C Phases Report.

X PTW Report Viewer (version 8) o [m]
Y —————————————————

=%y PTw/ Report Yiewer
= PTW Library Report [ CAPTW3I2ALIBAPTW.LIE |
B Protective Device Library Report.mpt
Eﬁ FPTW Project Report [ C:APTW325projectsh T uborial W8 OWT wtorial_WE.0.pr )
{20 A Flash
&2 Devics Evalustion
#-0 hiwave
& Load Flow
&1 Reliabiity
&3 Schedules
[#-{2 Shart Cireuit - &_FALLT
D Short Circuit - Comprehenzive
- Short Circuit - IEC_FALILT
&1 Sizng
D tco

-] Unbalanced - Single Phase
fj D Demand Load
’L:J{:l Load Flow
/ ----- B Load Flow 3 Phase Totals - 20111 rpt
B Load Flow 3 Phase Totals.ipt
----- B Load Flow 4 B C Phases - 30111t
E I=FLoad Flow £ B.C Pha al

B Load Flow ‘Worst Phaze - 3011 ipt

-3 Short Circuit

B Input Report [English) - 30WI1rpt
B Input Report [English).rpt

B ProjectHeader - 10H.rpt

Load Flow Crystal Report Selection
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Double clicking on Load Flow A,B,C Phases.rpt will open the report as shown.

X 4 4

P M e S & F & |l o |:|M Tetsh0

10072

Oof0

Preview

Project: Tutorial_V8.0
Base Project

Load Flow A, B, C Phases

Unbalanced /Single Phase Load Flow Study Settings

Inciude Source Impedance
Inciude Transfarmer Phase Shift
Salution Method:

Load Specification

Yes
Ho
Exact (Iterative)

Commected Load

Bus Yoltage Drop % 500

EBranch Yaltage Drop % 300

Swing Generators

Source In/out Service  Init vpu Angle kw kvar WD Utility Impedance
UTIL-0001 In 100 000 118.08 3.50 008 008 4 0.50

Phase A to Ground Fault Current Displayed in Datablocks.

Use the ' ® button to move to the next page, and the following report will appear.

ojectiUnbalanced - Single Phase'Load Flow'\Load Flow A,B,C Phases.rpt

=1olx]|

| X W 4 2ot2e b Mo S & F &[0z =] #h  Toan  100% 0of0
Provion |
’ H
Bus A,B, C Phases
Bus Hame IniOut Service Design Volts LF Volts Angle Degree PU Volts WD
BUS-0001 In 13,800 A 796396 005 1.00 0.04
B 786093 -120.02 100 0.08
786577 11988 100 0.02
BUS-0002 In 4,160 AL 239596 -30.50 100 024
B 237902 -150.51 083 084
C: 238436 89.51 089 0.73
BUS-0003 In 480 A 27636 -60.22 1.00 0.28
E: 27132 17858 088 209
i 265.93 58.94 097 260
BUS-0004 In 430 A 0.00 2012 1.00 0.00
E 26626 179.73 096 382
< 262.04 5891 095 544
BUS-0005 In 240 A 119.48 -30.74 100 044
-8 11971 149.50 100 024
< 0.00 120.00 1.00 0.00
Impedance A, B, C Phases
From Bus Component Name kW lvar kva LF LTC
To Bus In/Qut Service %VD kW kvar kVA Loss Loss Loss. Amps Tap% %PF
BUS-0001 XF2-0001 A 020 6213 2147 6573 1370 1681 2176 825 9452
BUS-0002 In B 086 3342 5065 6063 -21.06 992 2328 762 55.07
c 070 2251 1124 3507 762 2536 2648 3.16 89.46
BUS-0002 XF2-0002 A 004 3881 452 3807 3881 452 3007 1631 9933

The Crystal Reports can be printed directly or saved in a variety of formats.
completes the Single-Phase/Unbalanced module Tutorial.

This
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Part 10 - Distribution Reliability and
Economic Evaluation

Reliability Analysis Objectives

The Reliability study module provides the following analysis for distribution power
systems:

Load Point Reliability Indices calculation
Protection Zone Reliability Indices calculation
Utility System Evaluation

Distribution System Evaluation

O O O O

The Load Point Reliability includes the following indices for each load and motor in the
system:

o MTBF mean time between failure, MTBF = MTTF + MTTR
o Failure Rate A failures per year

o MTTF mean time to failure (1/ 1), or years per failure

o Annual Outage Time total hours of downtime per year

o MTTR average outage time, or average downtime per failure
o Annual Availability% (1 - total outage hours per year / 8760) * 100

o EENS expected energy not supplied per year

o ECOST total damage cost in k$ per year due to failures

The Protection Zone Reliability includes the following IEEE indices for each protection
zone in the system:

o SAIFI system average interruption frequency index
(interruptions/customer-year)

o SAIDI system average interruption duration index (hours/customer-yr.)

o CAIDI customer average interruption frequency index (hours/customer-
interruption)

o ASAI average service availability index

o ASUI average service unavailability index

o EENS expected energy not supplied index (kWh/year

o AENS average energy not supplied (kWh/customer-year)

o ECOST total damage cost in k$ per year due to failures

The Utility System Evaluation includes the following aspects of the utility portion of the
system:

o Installed Cost  equipment costs

o Operation switching and lockout complexity

o Reliability probability of failure and mean time to repair

o Expansion process that must be shutdown for maintenance and expansion
o Recovery capacity to isolate from supply line faults

capacity to recover from equipment and bus faults
capacity to recover from breaker failures
o Evaluation overall system evaluation
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To calculate the load point reliability and protection zone reliability indices, you need to
collect information such as equipment failure rate, restoration time. For utility and
distribution systems evaluation, you need to know the system configurations, equipment
costs, and whether spare equipments are available or not, and most importantly, the costs of
power outage.

To predict the system reliability at a future time, the program estimates the failure rate and
restoration time at the year of evaluation based on historical data. Enter the historical
failure rate and restoration time in the Customer Reliability Data library and Year Installed
for the components of interests in the Component Editor, and Evaluation Year in the study
setup. The program will come up with a mathematical representation of failure rate and
restoration time as a function of (Year Evaluate — Year Installed). The predicted failure
rate and restoration time at the evaluation year will be used in the calculation of reliability
indices and cost evaluations.

Reliability Analysis Study Scope

The reliability analysis is designed to cover distribution and industrial systems. Loop
systems with multiple utilities and co-generation sources can be analyzed. In addition to
calculating all the standard IEEE indices, this module emphasizes risk assessment and
design evaluations of industrial facilities where IEEE indices don’t give you a straight
forward comparison on the initial investment vs. the cost impact from loss of production.

Reliability Analysis Module vs. Other Study Modules in PTW

Like all other study modules in PTW, the reliability analysis module uses the same project
database and one-lines, and has access to all other study results such as load flow, short
circuit and protective device coordination settings, etc.

Similar to TMS, ISIM, and HIWAVE, the reliability analysis module has its own Study-
Case Tree to manage different studies for easy evaluation of alternatives. One scenario
could be as simple as running the study with the intent to repair a motor at failure, while
another scenario could be to keep a spare motor and replace it at failure. The calculated
reliability indices and costs from two different scenarios can be compared and quantitative
trade-off can be made.

The Concept of a Zone

A zone is a portion of the power system within which a fault would cause the first upstream
protective device to trip and isolate the entire zone from the system. Basically, any
protective device (except a fuse) and the down stream system that use it as the primary
protection make up a zone. A fuse is not considered the main protection device for a zone
since it can’t be switched on and off manually.
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Data Entry in Component Editor

A new Reliability Data sub-view is added to each component type in PTW to gather basic
information such as failure rate, restore time, equipment cost, year installed, etc. Make sure
that you complete PTW Tutorial - Part 1, Part 2, and Part 3 before beginning this section.
The next steps demonstrate how to enter reliability related data in the component editor.

1. Since a fuse without a switch can not be the primary zone protection, the first step is to
add a switch as shown below (PD-0005). Also add a MV/HV Breaker (PD-0006).

=101 x|
=]
PD-0003 | @

— | ‘ TTIL-0001
PL-0001 \ EUS-0001
fwe AL NFE2-0001
I ) )
Add switch to define
primary protection zone.
_ | Ewsooo:
PD-0002
0
[y Fo-00s
Add HV/MV Breaker |
S NER-0002
T |
PD-0003
J
_| Eusom:
PD-0004
J
= CEL-0001
H
_| EBusooos
LOAD-0001

4| | bl
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2. Select the Reliability Data sub-view of Utility UTIL-0001 from the Component Editor,

press the Library button and double click the “Utility — IEEE — Single circuit” from the

Customer Reliability Data library. The permanent failure rate and restoration time will be

displayed from the library. Alternatively, you can type in custom values directly.

- SKM Power* Tools - Scenario| Base Project ] G:\PTW32\projects\Tutorial_V8.0\Tutorial V8.0.prj

| Fraject Document Edit Wiew Run Companent Window

Help

|]-;Em5r|mu|w”;s--”Jé@m@fﬁw;@ S e AEES l*”]QQ@@é

00001 BUS-0001

[/l Component Editor :
A lE 3F10001
s Component Subviews

N UTIL-000L

Uiy
Harmoric Impedance

UserDefined Fields

e Datablock

PD-0002
¥

TD-0006
GoTo = Jump.
[u JUTICo007 B

& 2F2.0002
Fa T
PD-0003
)

BUS-0003

Select Library

4P CAPTWIZALIBAPTWLIE
-G Reliabiliy

3G Customer Reliabil

PD-0004
)

CEL-001
£

BUS-0004
Apply | Deoselect | Close |

- Utity Feliabilty Info:

Permnarent Failure Rate: 1.9560

Restoration Time: 1.32

falursdyr

hours

Librarg... | Deselect |Ut||\ty—IEEE—SmQIEmlcu\t

~Equipnient Data:

Cost K$
Year Indalad

[ =

Name Desciption -
" Termination, Cable 138K\ ERM R&M [for 3 conductors]

BEEE  Termination, Cable BO0-15kY  ERM RAM [for 3 conductors)
R Transtormer (EEE] 0115000
A Transtormer >10 WA ERM RAM
Y ransfomer, 300 KA - 10 M4 ERM RAM

Ouery.. |

3. Select the Reliability Data sub-view of Transformer, XF2-0001 from the Component

Editor, press the Library button and double click the “Transformer (IEEE)-601-15000V”
from the Customer Reliability Data library. The Permanent Failure Rate and Repair Time

will be filled in from the library. Alternatively, you can type in the values directly.

the Replace Time, Equipment Cost, and the Year Installed as shown.

[l compaonent Editor

Companent Subwiews:

=101 x|

2\ inding Transformer -~ Reliability Data

Transformer Impedance

Automatic LTC r~ Failure Rate:

D amags Curve

User-Defined Fields

Permanent Failure Rate: 0.0030 Fdor

D atablock

BRepair Time:

Scenario Manager... I

Switching Time:

r— Restoration Time:

Replacement Time:

Equipment Cost:

:' -SE.UEIU Kk
m 0

- " v Spare Available
Il

[GoTo =] dump.. |

lelary--| Deselectl ‘Tlansfmmer (IEEE}-E01-15000%

*ear Installgd.

Select Library
\PT\N"32\LIB\F'TW LIE

? Customer Reliability [ ata

Apply IDese\ectI Close | Quew..l

Hame

el 1ol

: Temination, Cable 138k
Term\natlom Cabla E00-15kY

:ﬁ' ‘Woltage Regulator
4

ERM RAM [for 3 conductors)
ERM RAM [for 3 conductors)
E01-15000%

ERM R

ERM RaM

PREF

FREP

|EEE - Single circuit

PREF hd

Enter



264 SKM Power*Tools for Windows

4. Select the Reliability Data sub-view of XF2-0002 from the Component Editor, press the
Library button and double click the “Transformer, 300 KVA —10 MVA, ERM RAM” from
the customer reliability data library. The Permanent Failure Rate and Repair Time will be
filled in from the library. Alternatively, you can type in the values instead of using the
library data.

Enter the Replace Time, Equipment Cost, and enter the Year Installed as shown.

ol

Companent Subviews:

24inding Transformer —Reliability Data
Tranzfarmer Impedance .
Automatic LTC el R

[ L
W Permanent Failure Rate: 0.0004 fdwr

User-Defined Fields
Datablock

 Restoration Time: ————— —Equipment Cost:

Eiepair Time; hr 0 s
r -

Scenario Manager. Replacement Time: |4
[GaTe =] | ™ Spare Available
GoTo x| dJump. Switching Time: m hr .

Library. I Deselectl |Transformer, 300 KA - 10 MyA-ERM Rk

Year Installed:

= ; SPTWIALIBAPTW LIB Mame D escription

; 3G Termination, Cable 138Ky ERM RAM [for 3 conductars)
- Customer Reliabilty Data Termination, Cable B00-15KY  ERM RiAM [far 3 conductars)
Tranzformer [IEEE] E01-15000%

Transformer > 10 Mya ERM RaM

B

s Ll

Apply |Dase|act| Cloge | Quew...l
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5. Select the Reliability Data sub-view of Cable CBL-0001 from the Component Editor,
press the Library button to bring up the custom reliability data library and double click the
“Cable, 600V Tray-ERM RAM?” from the library. The permanent failure rate and repair
time will be filled in from the library.

The cable has another permanent failure rate and restoration time for each termination of
each phase. In the following example, the permanent failure rate is 0.004 and the cable
termination (each end) data is entered as 0.0001 f/yr. For example, if the cable is 3 phase
with 5 conductors per phase, the total permanent failure rate of the cable would be (0.004 +
3 #2%0.0001).

The switching time is used to simulate a disconnect switch. It is assumed that there is a
disconnect switch for each branch. When there is a fault somewhere in the zone, the main
protection device for the zone will trip, then the disconnect switch will open to isolate the
fault. After that, the main protection device will close to restore power for the rest of the
zone. The switching time represents the total time it takes for these actions to take place.
For branches where no disconnect mechanism is present, enter a switching time equal to the
repair time.

i x|

Component Subrviews:

Cable — Cable Data

Impedance .

Ampacity Selection rellire{ite

g:yi‘?g:l-'" Calculation Permanent Failure Rate;  |0.00400 fpr/1000 feet
Damage Curve

Uzer-Defined Fields Festoration Time————————————— Equipment Cost:
Datablock

Bepair Time: 2.00 b

Scenarnio Manager... | Switching Time: hi
IGDTD *I Jump... I

P

[ Spare &vailable

[Library. | Desslect| [Eable. B0V TrayERM RAM |
Year Installed:

— Cable Termination Data [per phase, each end)

Fermanent Failure B ate: -0om fépr
Restoration Time: b

s
Expand ” Shrink

+]2] 10| x|
E--; CAPTWIALIBAPTW . LIB I arne I Description -]

= Relistility % Cable, 5 kv Conduit sbove Gr...  ERM Réh
kit Custamer Relisbility D ata B Cable, 5 kY Tray EFRM Bah i
- Cable, 00V OH Conduit ERM Ran
iR Cable, GO0V ERM RaM
% Cable, G00V-15kY Duct Bank ERM RAM -

Apply |Deselect| Cloze | Quel_l,l...l :I | M oz




266 SKM Power*Tools for Windows

6. Select the Reliability Data sub-view of LOAD-0001 from the Component Editor, press
the Library button for Customer Damage Function (CDF) and double click the “Type2,
Industrial” from the library. A table listing the cost related to each failure duration will be
filled in from the CDF library. Move to the reliability data section and press the library
button to select “Heater, Electric, General” from the Custom Reliability Data library, enter
the number of customers as 1.

_ioix

Component Subviews:

General Load Custormer D amage Function [COF) ~ COF Library
Diversity and Participation | Lib l Desel |
Harmanic 5ource Duration Cost (BAD IR gselect
Reliability I:ata {minute) Lithrary Key:
User-Defined Fields 1 1 183| | [Thoe2 |
D atablock. | 2] 20 287 N

B - .00 Jul scrlg ok

4 240 2516 |I Hustrial |

5 i M 15 | 480 55.81
[Cemahliomm | | |2 ] 200l Yeprnstated: [390
IG0 To j‘ M 7 | ] 0.00f - ERuipment Cost:
@] 0:0-0001 8 | 0 0.000 | [f.o00 kg
] a 0.0o B
ﬁ 0 000 [ Spare Awailable

Reliability ['ata

FEailure Rate: 0336 fépr  Bepair Tine: 2.53 hir
# of Customers: Replace Time: hir

I__ib[a[y___l Dege|ect| |Heater, Electic-General |

[ \

Expand I I Shrink,

Il Select Library

=4 CAPTWIZALIBWPTW LIB M ame Dezcription
=" Reliability
i}, Customer Damage Function
Iﬁ, Typed Comrmercial _—
B, Typed Agricultural
B Typed Residential -
Apply | Deselect | Cloge | Clueny... | ‘1 | | H

Il Select Library 0 =2 ]
CAPTw 32ALIBAPT W LIE Drescription -]
, Mierator, Steamn Standby ERM Ratd
:@ Heater, Electric

- Customer Reliability Data

General

@ Heater, Forced Air PREP i
B Irvverter PREP
@ Lightring Arrester PREF -

Apply |Deselect| Cloge | E!uer_l,.l...l :I | Moz




SKM Power*Tools for Windows 267

7. Select the Reliability Data sub-view of Protective Device PD-0001 from the Component
Editor, press the Library button for Custom Reliability Data and double click the “Fuse, 5-
15kV-PREP” from the library. The Permanent Failure Rate and Repair Time will be filled
in from the library. Enter the Equipment Cost and Year Installed.

L=

Component Subviews:

Pratective Device
Settings

User-Defined Fields
Dratablock

— Reliability 0 ata

— Failure Fate

Permanent Failure R ate: 0.0007 fpr

— Restoration Time

Equipment Cost:

Repair Time: |U- 50 | hr

Switching Time: hr

[Libray.. | Deselect| [Fuse, 5-16K/-PREP |
‘Year Installed:

[0220 | ks

Scenano Manager... |
[GoTo =] Jump.. |

[ EaEiny]

V¥ Spare Available

»5 10| x|
- CAPTW3IALIBWPTW LIE Mariie Description ;l
=5 Fielibilty G Fuse, 0-5kY PREF
w1 Customer Reliability O ata B Fuise, 515Ky
G Fusedswitch 15 kY Enclosed ERM R —
G Fusedswitch 5 k¥ Enclosed ERM R
9 Gas Turbine Generator IEEE -
Apply | Deselectl Cloze | Quemny... I :I | H oz

There are six protective devices in this project. The data for all six devices follows:

Device Library Failure Repair Equipment Year
Rate Time Cost Installed
(failures/year)  (hours) (k$)
PD-0001 Fuse, 5-15kV-PREP 0.0007 0.5 0.22 1990
PD-0002 Protective Relays-IEEE 0.0002 5 7.5 1990
PD-0003 Circuit Breaker LV-IEEE 0.0027 4 8.7 1990
PD-0004 Circuit Breaker LV-IEEE 0.0027 4 14 1990
PD-0005 Disconnect Switch-IEEE 0.0061 3.6 0.5 1990
PD-0006 Circuit Breaker MV-IEEE 0.0036 83.1 10.0 1990

Select each protective device and enter the reliability data for each. This completes the
data entry portion of the tutorial. The next section will outline the study setup options.
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Setting up a Reliability Study

After defining the reliability data for each of the components in the component editor, the
next step is to setup a reliability study. Start the Reliability Analysis module by selecting
the Reliability Analysis from the Run menu, or by pressing the toolbar icon.

Project  Document  Edit \n'iew|Run Component  One-Line  Window  Help
52 Ut 5 i | & Balanced System Studies... crl+a  |E Ay 9 D0 ¥

Transient Motor Starting {TMS)
- whly = 1
[ @ e 7T Industrial Simulation (ISIM) :I_”-I_UPS SE ! ¢

£5 MAINDRAW.DRW Harmonic Analysis (HIVVAVE) =10l x|

Unbalanced,Single Phase Studies... Ctrl+J ‘l

Reliability An

DC System Analysis

— ) .
Equipment Evaluation

PL-000]1  Failed Input Evaluation
Failed Equipment Evaluation

Al WF2-0001 )
o Arc Flash Evaluation

Coordination Evaluation
Cable Ampadity. ..

BI75-0002 Query... Crl+Q
-1 Datablock Format... Ctrl+D

R Datablock Report...
i Tec Report...

[‘] DL-0006

Once you start the Reliability Analysis module, the following study manager appears with a
default study named “Studyl”. You can rename it to a more descriptive name.

_oj x|

D

Study Summary

1 System Average Interruption Frequency Index,
SAlF] [intermuptions/customer-yr]

. System Average Interruption Duration Index,
@ lEE_E |!’1.C|ICBS Riesults 2 ’ SAIDQI_Lhours.-"CTJstomer-yr]
o Reliabilty Study Setup Customer &verage Intermuption Frequency Indes,
o Custom Setting Comporests C&IDI[hr/ customer-interruption]
@ Cost Evaluation 4
B Utility System Installed Cost
% Distibution System Installed Cee | & Average Service Unavailability Index, ASUI
11*?’2 Lltility System Evaluation

Load Paint Indices Results

Average Service Availability Index, A54]

= Distribution System Evaluation & ﬁVBraEEﬁgFgﬁhgghit%ﬁgﬁydr]lndex,
T Energy Mot Supplied Index, EMS[kiwihyr) P
1] | >l ® ECOST [k/year)
Fun = I | _}I_/!

Selecting each different folder/icon on the left hand side will bring up its corresponding
context on the right hand side. For example, selecting the root of the tree will show a list
all major aspects of study results for all studies in this project, selecting the Study folder
will show major results in the current study only, selecting Reliability Analysis under the
study will lists all reliability related indices, and selecting Cost Evaluation under the study
will lists all cost related evaluation results. Since we haven’t run the study yet, there are no
results listed under the Load Point Indices Results or IEEE Indices Results folders.
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Reliability Study Setup

& Reliability Analysis
-3 Studp

y Analysis - Study-Case Yiew =10l x|

— Calculation Models

: ) Fuze

=] @ Rieliability Analysis r Dizconnects Switches % Includs E

@ Load Point Indices Results ™" Include Load Reliabilty MEMElE (e

4@ |EEE Indices Results Transforme— | Failure Frabability: |D.DD

- ZFa Reliability Study Setup _ | o

. zolation Time: 050 hirs
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The reliability study setup contains the following study parameters:

@)

Disconnect Switches

Disconnect switches allows restoration of all load points between the supply point
and the point of isolation before the repair process has been completed. The
option assumes that you have a disconnect switch that can isolate each problem
area and can re-energize the unaffected areas. Additional control can be achieved
by setting the repair and switching times appropriately for each branch.

Include Load Reliability

If Include Load Reliability is checked, the reliability analysis will include failure
rate and restoration time of all loads and motors in the Load Point Indices
calculations.

Replace or Repair Transformers

Corresponding replace or repair time entered from the component editor will be
used in the calculations. This is a global setting for all transformers in the project
for the current study. If you would like to set a few transformers to use the replace
time while all other transformers are using the repair time as set in the global
setting, you will need to select them in the Custom Setting Components list and
make changes from there.

Fuse Settings

Fuses allow disconnection of its load point until the failure is repaired. Thus will
not affect or cause the disconnection of any other load point. The Failure
Probability of fuse is the chance of fuse not being able to operate successfully. If
the failure probability is 0.1, the fuses operates successfully 9 out of 10 times

when required. The Isolation Time of fuse is the time it takes for all failures to be
isolated.
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Alternative Supply
In the event of a system failure, the normally open tie-breaker can be closed in
order to recover loads that have been disconnected.

Transfer Load Probability

It is not always feasible to transfer all loads that are lost in a distribution system
onto another feeder through a normally open point. All loads that are lost will be
transferred if the probability is 1.0. The Transfer Load Probability is active only
when the Alternative Supply option is selected.

Age Factor

The Customer Reliability Data library allows you to enter the historical data for
failure rate and restoration time for each year in the past. A curve fitting program
is used to define a mathematical representation for failure rate and restoration time
as a function relative to the year installed. If the Include Age Multiplying Factor is
checked, the Evaluation Year field can be entered

and the Reliability Analysis program will use the evaluation year and year installed
to adjust the failure rates and repair times. See Reliability Data Library for more
information.

Evaluation Year
Enter a current or future year you want to calculate reliability and related costs.
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Custom Setting Components

The Study setup parameters apply to all components in the project for the particular study.
If you have parameters that need to be specified at the component level, you can use the
“Select Components” menu to add these components to the “Custom Setting Components”
list, and change the settings individually. For example, repair times are used by default for
all loads and motors. But you can select LOAD-0001 and change it to use the replace time
instead.

=1ol x|
Dewvice Name InfOut Service Type
Reliability Analysis 1 ﬂ hd
<% Load Paint Indices Results 2 ﬂ -
@ IEEE Indicas Results i {RELT - Select Components x|
g q Protective Device Load | Branch |
) Cost Evaluation 5
[ Sy Awailable Motars Selected Motars
Rename
= I!!UT\L—UUUT
Run Study
3>
Cut
Copy
Faste aa
Print
Frint Preview

Run 4 I Connection Info: ~ Bus: BUS-0004
Woltage: 480 W
Status: In Service

0K I Cancel Ay Help

=10 x|

Pieliability Analysis Dewvice hame In/Out Service
-0 Stuch
- Feliahility Analysis LO&D-0001 In Service
¥ Load PointIndices Results
4% |EEE Indices Results
-F» Reliability Study Setup
F» Custom Setting Components ||~ |
1 CostEvaluation 5
B

1
2
3
4
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Running a Reliability Study

Once the study setup parameters are set and the custom setting components are selected and
settings are set, you are ready to select the “Run” button to run the study.

To run a study, select any folder under the study name you would like to analyze and
simply press the “Run” button on the bottom left corner of the reliability study tree.
Alternatively, you can select “Run Study” under the Reliability menu or the right mouse
menu.

The load point indices and IEEE indices will be calculated and the study progress/log
report will be listed under the study setup output window. Any input data errors and
warnings will be reported in this window for your review. It is highly recommended that
you resolve all errors and understand all warnings before proceeding to the indice results.

Study-Case Yiew - |I:I|l|

Fieliability Analysiz

r— Calculation Model

0 StUdél“abim}, Analysis [ Disconnects Switches Il:_use

43 Load Paint Indices Results I™ Include Load Reliabilty Il [vesss

-4gp IEEE Indices Results Tl Failure Prabahility: IU-UU

? Ez:;brilté;:;Zygoe;;znems ’1"‘ Replace " Repair |zolation Time: 050 hrs
= [ﬁ Cost Evaluation

3 Utility System Installed Cost Alternative Supply Maodels

b Distiibution System Instalied Co: [~ Akemnative Supply Transfer Load Probability: |1 .00

%2 Uhility Spgtem Ewvaluation

43 Distribution System Evaluation —&ge Factor

™ Include Age Multiplier Factor Evaluation Year |2DDS

May 25, 2016 08:58:26 Study Hame: Shudyl

May 25, 2016 08:58:26 Begin Reliability Program

May 25, 2016 08:58:26 Finizh B elhiability Input Data Reading
May 25, 2016 08:58:26 Finizh B eliability Indices Calculation
May 25, 2016 08:58:26 Finizh B eliability Output D ata Writing
| »|| |Mav25, 2016 08:53:26 End Reliabiity Program

Running All Studies

If you made changes on the study setup parameters or custom component settings within
each study, it may be useful to setup a few different studies for comparison and run them in
one action. To run all studies in the project, select the root of the reliability study manager
tree and simply press the “Run” button on the bottom left corner, or select the “Run Study”
menu option.

If you make change on the system topology from the one-line or change data from the
component editor from one study to another, then you are using different studies just to
keep track of output results. In this case, you should run each study right after the changes
are made and do not run all studies in one action.
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Load Point Reliability Indices

MTTR, Aue. Annual Annual
Device Name | MTEF fy) | MTTF 1) FB”L(‘f:F S"ate Ot T v || @iz Wi || sl (Eﬁmsr) (E;,OS;)
i ) {hrin) (%) i ¥
LoAD-0001 05062 05060 1476 2.08 108 9995348 | 257.09 2.0935

-0 1=~ 3 - N S VS P DR B

10

The Load Point Reliability includes the following indices for each load and motor in the
system. Definitions for the indices follow. Most of them come from the IEEE Standard
493-1997 Gold Book - “Design of Reliable Industrial and Commercial Power Systems”:

(0]

MTBF The mean exposure time between consecutive failures of a
component. It can be estimated by dividing the exposure time by the number of
failures in that period, provided that a sufficient number of failures have occurred
in that period. MTBF = MTTF + MTTR

Failure Rate The mean number of failures of a component per unit exposure
time. Usually exposure time is expressed in years and failure rate is given in
failures per year.

MTTF Mean time to failure (1/ 1), or years per failure

Annual Outage Time: Total hours per year when a component or system is not
available to properly perform its intended function due to some event directly
associated with that component or system.

MTTR The mean-time to repair or replace a failed component. It can
be estimated by dividing the summation of repair times by the number of repairs,
and, therefore, it is practically the average repair time.

Availability The long-term average fraction of time that a component or
system is in service and satisfactorily performing its intended function.

Annual Availability% (1 - Annual Outage Time / 8760) * 100, 8760 I the total
hours per year.

EENS Expected energy (kWh) not supplied per year.
ECOST Total damage cost in thousands of dollars (k$) per year due to
failures.

ECOST =c(r)* P* 4

c(r): cost which depending on the outage time ($/kW), this can be obtained from
Customer damage function (CDF) of each load.
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IEEE Reliability Indices

Device Mame SalF SalDl CAID ASAl AsUI EENS AEMS ECOST

1 _|FD-0002 1.976 4.07% 2062 0933535 0.000485 2575 28749 20935

2 |FD-0003 1.976 4.075 2062 09353535 0.000465 2575 28749 20935

| 3 |PD-0004 1.976 4.075 2062 09353535 0.000465 2575 28749 20935

4 |PD-0006 1.976 4.075 2062 09353535 0.000485 2575 28749 20935
5
£
?
8
H
10

The IEEE Reliability Indices include the following indices for each protective device in the
system.

O System Average Interruption Frequency Index, SAIFI (interruptions/customer-yr.)

Total number of customar interrupts 2AN
SAIFI = = —
Total number of customers served 2N

where A; is the failure rate and N is the number of customers of load point i.

o System Average Interruption Duration Index, SAIDI (hours/customer-yr.)

S of customer interruption durations 2 UNy
SAIDI = =

Total number of customears served N

where U; is the annual outage time and N; is the number of customers of load point
i.

o Customer Average Interruption Frequency Index, CAIDI (hours/customer-
interruption)

sum of customer Interruption durations Z UN;  SAIDI

CAIDT = = =
total number of customer interruptions zﬂﬁ.NI SATFT

o Average Service Availability Index, ASAI

_ customer hours of available service ) N, 28760 =5 UN,

customer howrs demanded >V, x8760
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Average Service Unavailability Index, ASUI

ASTIF — customer hours of unavailable service 1
customar howrs demanded

Expected Energy Not Supplied Index, ENS (kWh/yr.)
ENS = total energy not supplied by the system = Z LUy

where L, ;) is the average load connected to load point i.

Average Energy not Supplied, AENS (kWh/customer-yr.)
total energy not supplied by the system Z Lol
total mumber of customers served Z N,

where Ly is the average load connected to load point i.

AENS =

ECOST =c(r)* P*
c(r): cost which depending on the outage time ($/kW), this can be obtained from
Customer damage function(CDF) of each load.
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Utility System Evaluation

The economic analysis for cost-reliability evaluation cannot be considered in a general
sense. Most of the reasons and justifications are managerial decisions that can only be
made based on your business goals. However, the reliability analysis conducted in Part 3
and Part 4 should provide you with one of the most important input parameters in your
decision making process. The basis for the method used in the program for utility and
distribution system evaluation comes from IEEE paper No. PCIC 2000-02 “Improvements
in Modeling and Evaluation of Electrical Power System Reliability” by John E. Propst and
Daniel R. Doan. Combining the reliability indices with these system evaluation methods
bring reliability and cost considerations together in an easy to manage, scenario-based tool
to help you make decisions effectively.

Utility System Configurations

Selecting the “Utility System Installed Cost” under the “Cost Evaluation” folder will bring
up the following dialog for you to select a utility system configuration. There are 7 choices
ranging from the simplest (least expensive, and least reliable) Single Source, Single
Transformer, to the most complex (most expensive, and most reliable) Dual Source, Dual
Transformer with Ring Bus configuration. As you select a different configuration, a sample
one-line next to the selection will show its basic design.

Refer to John E. Propst and Daniel R. Doan’s paper for more detail on the cost-reliability
trade-off for these configurations.
#: Reliability Analysis - Study-Case Yiew

=]
ey systems

G- Reliabilty Analysis
B Studyl

E[ﬁ Fieliability Analysiz
Load Paint Indices Results

4@ IEEE Indices Results

e Reliability Study Setup

- Custom Setting Components

@ Cost Evaluation

3 Ltiliey Syztem Installed Cost

ﬂ Distribution System Installed Cost
@n Utility System Evaluation

I-Eﬂ Digtribution Syzstem Evaluation

% Single Source, Single Transformer
' Single Source, Dual Transformer
£ Dual Source, Single Transformer

£ Dual Source, Dual Transformer

" Dual Source, Dual Transformer with Tie Breaker

€ Dual Source, Dual Transformer with Three Ereakers

= Dual Source, Dual Transformer with Ring Bus

§

Air Bwitch
Ereaker
Transformer

Breaker

Cancel
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Utility System Installed Cost - Single Source, Single Transformer

Select single source, single transformer, and the program will fill in the equipment required

for this configuration, the cost for each piece of equipment, and the total cost for the utility

portion of the system.

eliability Analysis - Study-Case ¥iew-5Single Source, Single Transformer - |EI|5|
-2 Reliabiity Analysiz ) ) Cost -
B Cl Studyl Equipment Bequired k$7each] Amaurnt Taotal (k]
=8 [fﬂ Rsliability Analysis 1 [High Side Bus - Ut 00 1 40.00
<@ Load Point Indices Results 2 [HV Metering Section 5000 1 5000
----@ IEEE Indices Resuks 3|V Breaker Section 5000 1 150.00
. Reliabity Study Setup 4 |2 Brezker Swiches 45.00] 45.00
¢ g Custom Setting Components 5 _[MainTiansformer w/Frat Ba5 00 1 595,00
EI [ﬁ Cost Evaluation G
Utility Systern Inzstalled Cost 7
ﬂ Distribution System Installed Cost g
%ﬂ IItiliby Spstemn Evaluation q —
-4 Digtribution System E valuation 10 | Tatal 280.00
1
Run | Canfig. | 12 |
Customize the a Default Configuration
You can customize what’s in each default configuration by entering new equipment with the
cost and number of each. Once you choose “Save As Template”, the list will be saved as
the new default. The next time you choose the same configuration, you will see your
customized equipment list and pricing for the utility portion of the system.
eliability Analysis - Data ¥iew-5Single Source, Single Transformer - |EI|£|
E-§* Reliabilty Analysis - . X Cost =)
[:l Single SRC-T i E quipment Required [k$a"2;ch] Amaunt Total [k$)
-] Reliabilty Analpsis 1_[High Side Bus - Uti 40.00 1 4001
B Cost Evaluation 2_|HV Metering Section Eoon 1 B0
§f Uity System Installed Cost 3 |HY Breaker Section 16000 1 16001
ﬁ Distibution System Installed Cost 4 | air Breaker Switches 45.00 1 A5.01
&= Utiity System Evaluation 5 |MainT ransfomer w/Prot EE00 1 ]
L0 Distribution Spstem Evaluation & |& Mew Equipment 100.00 2 200.01
E‘ [:l Dual SRC-TK, Ring Bus 7 Seleck Components, ..
! [fj Fieliability Analysiz — a Run Study
E- [f'j Cast Evaluation q =
ﬂ Utility System Installed Cost 10
3 Digtribution Spstem Installed Cozt _I 11 [Tatal ) 1020.01
Print -
Run | Config. | 12 Prink Prexyiew — vI
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Utility System Evaluation - Single Source, Single Transformer

Once the utility system configuration is selected and the installed cost is known, you can
proceed to the “Utility System Evaluation” folder under the study. Select one of the
following 3 types of default weighting factors and press OK.

:#- Reliability Analysis - Study-Case ¥iew-Single Source, Single Transformer
e _____________________________________________Jj
ot . o . l—'—'—
=5 Reliability Analysis

el x

B[ Reliabiity Analysis

B[] Cost Evaluation ¢ % Rsliahity Dominated Weighting

----- E Itility Spstem Installed Cost

----- . Distribution System Installed C
%2 Ikility Spstem Evaluation
8B Distribution System Ev
E-] Dual SRC-TH, Ring Bus

i~ Cost Dominated Weighting

i~ Typical Business Weighting

Cancel |

Run | En:nnfig.l W eight

Each type of default weighting factor emphasizes different aspects that affect the decision.
The default weighting factors come from Tables 1, 3 and 7 of John E. Propst and Daniel R.
Doan’s paper.

Adjust the “Value” and “Weights %” for each aspect that affects the system evaluation,
based on the particular needs of your business or system. The total system value is 140 in
the configuration. This is a relative value to be compared with other proposed
configurations.

System Feature tetric [rescription Yalue weights % Tatal
1 Operational |ssues SWitChiEanm‘;Tsx!E;CkDUt Simple [2 switches) L} 5.00 25.00
2 Reliability Frobability of Failure 96.8% 1 40,00 40.00
? Mean Time ta Repair 3980 1 20,00 20,00
4 P’°°Sﬁfjtg‘;; st be UKty Line Shutdan Al 1 5.00 500
5| Maintenance or Expansion | Primary Equiprment and Bus Shutdown Al 1 B.00 5.00
? Main Transformer Shutdown Al 1 5.00 5.00
7 Recovery Capability lzolate from supply line Faults Mone 1 375 378
K Fiecaver flom quipment Nane 1 375 375
q Recover frgalt'iransformel Mare 1 175 175
10 Recover from breaker failure|  Shutdown until repaired 1 375 375
11 Cost Capital E stimate 880.00 5 B.00 25.00
12 Syztem Evaluation Yalue 140,00




SKM Power*Tools for Windows 279

You can customize “Value” and “Weights % in each default configuration by modifying
them and choosing “Save As Template”.

Copy, Paste and Rename a Study

To compare the simple configuration you selected with a more complex one, rename the
study “studyl” we just created to “Single SRC-TX” by clicking on the study name (two
single clicks), or by using the “Rename” feature from the menu item. Then “Copy” the
study and select the root of the tree to “Paste” the study. The copy and paste functions are
available from the Right Mouse menu and also from the Edit menu. Notice that you are not
allowed to paste a study under another study, you must paste with the main Root
(Reliability Analysis) selected. Rename the study you just copied to “Dual SRC-TX, Ring
Bus”. You should see two different study folders displayed as follows:

=-:§: Reliabilty Analysis Hew Study B+ Reliability Analysis
EI--@ B —-(C] Single SRC-Tx
EI (] Reliability Analysis Select Companents, ., [ﬂ Rieliability &nalysis
i 4% Load Point Indices Results E@ Cost Evaluation
@ IEEE Indices Result: Run Study ----- ﬂ Ltility System Installed Cost
i g Feliability Study Setup cut ----- ﬂ Diistribution System Installed Cost
i beg Custom Setting Components - ~ IEZ Utility System Evaluation
EI @ Cost Evaluation Lo Dlstnbutu:un System Evaluation
E Utility Syztem Installed Cost e h__h—%—_“‘“ -
ﬁ Distribution System Installed Cost Print -
Igﬂ Utility Syztem Evaluation I;rint stz E|[|f| Cost Ewvaluation
Igﬂ Diztribution Systemn Evaluation -1 i 3 Utility Systerm Installed Cost
----- i Distribution System Installed Cast
%2 Ltility System Evaluation
lgﬂ Diiztribution Svstem Evaluation

Utility System Installed Cost - Dual Source, Dual Transformer with Ring
Bus

Click on the “Config.” button and select the “Dual Source, Dual Transformer with Ring
Bus” utility system configuration for the new study, and overwrite the old evaluation data.

[ Single SRC-TX

B Reliabiity Analysis
=| [ﬁ Cost Evaluation L
FR B Utility Systern Installed Cost " Single Source, Single Transformer B U
----- 4 Distribution System Installed Cast @ gl Smmee Bvel Temsfme
18 |ty System E valuation ) I
; ,gn Distribution System Evaluation £ Dual Source, Single Transformer _{
E| {3 Dual SRC-TX, Ring Bus " Dual Source, Dual Transformer e ——rq
- @ Reliability Analysis € Dual Source, Dual Transformer with Tie Breaker wﬁ ut_
=| [ﬁ Cost Evaluation :
_____ B Utiity System Installed Cost € Dual Source, Dual Transformer with Thres Breakers oy o
----- B Digtribution System Installed Cost & Dual Source, Dual Transfarmer with Ring Bus
l-gﬂ Utility Systerm Evaluation
43 Distribution Systern Evaluation

Cancel
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You can see that the total utility system cost changed from $880,000 for the single source,
single transformer case to $ 2,670,000 for the dual source, dual transformer with ring bus
case.

Equiprient Reguired [k$52§tch] ArmoLint Tatal [kE)
1 |High Side Bus - Ltil 40.00 G 240.00
2 [HY Metering Section A0.00 2 100.00
3 [HY Breaker Section 150.00 4 E00.00
4 |Air Breaker Switches 45.00 12 540.00
B |MainT ransformer w/Prot. 595.00 2 1190.00
5
v
a
3
10 | Total 2670.00

Once again, select the “Reliability Dominated Weighting” as the default weighting factors
for the new study and press OK.

-#- Reliability Analysis - Study-Case ¥iew-Dual Source, Dual Transformer with Ring Bus
6 ___________________________________________Jj

=
B Relishility Analysis

: System Feat
5-CJ Single SAC-TH pREERE

[fj Reliability Analysis 1 Operational lssues S
E|[f,| Cost Evaluation
----- ﬁ Itility Swater Installed Caost L
2 A ehability Pral

----- i Distribution System Installed Cost

%ﬂ Itility Syztem Evaluation Weighting Factor =l

%ﬂ Drigtribution System Evaluation
-] Cual SREC-T, Ring Bus
[ Reliabilty Analysis

/J: R eliability Dorminated W eighting

B[] Cost Evaluation " Cost Dominated "Weighting

----- E Ltility System Installed Cost
----- ﬁ Digtribution Systern [nstall
%2 Ltility Supgtem Evaluat
%2 Digtribution Systenf Evaluation

Fun | Eunfig.l 'W'eightl

™ Tupical Business Weighting

Cancel |
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Utility System Evaluation - Dual Source, Dual Transformer with Ring Bus

Proceed to the “Utility System Evaluation” folder under the “Dual SRC-TX, Ring Bus”
study to adjust the “Value” and “Weights%” for each aspect that affect the system value.

Syztem Feature kM etric Description Value Wwieights % Total
1 Operational |ssues SWitChiCanm‘;TSx!I;CkDUt Complex [16 switchez) 1 15.00 15.00
2 Reliability Probability of Failure 40.5% 4 10.00 4000
T Mean Time to Repair < 0.001 5 5.00 25,00
4 Process that must be Ukity Line Mo Shutdawn Required 5 11 1665
[ Shutdman for
5 Maintenance or Expansion | Primary Equipment and Bus Mo Shutdown Required 5 333 16.65
? M air Trarsfarmer Mo Shutdown Reguired ] 334 16.70
7 Fecovery Capability |zclate from supply line faults]  Transfer to Second Source 5 250 1250
? HBCD;EQELDUT ;ﬁfment Tranzfer bo Second Source 5 250 1250
i Recover frfc‘-aT“Tsransfolmer T rar]rs[f‘;arzstfomsr:;ond 5 280 1280
10 Recowver from brealk.er failure Mo Shutdown 5 280 1250
11 Cost Capital Eztimate 2670.00 1 50.00 50,00
12 System Evaluation Value 230,00

Utility System Evaluation - Result Comparisons

After an increase of capital investing from k$880 for the single source, single transformer
case to k$2670 for the dual source, dual transformer with ring bus case, how much have we
improved in terms of system reliability, maintainability, recovery, and operability? The
Study shows that the “System Evaluation value” increased from 140 to 230. Remember
that these are relative numbers to help you compare qualitative factors in a quantitative
manner.

For more in-depth discussion on the weighting factors and financial risk using this
evaluation model, refer to IEEE paper No. PCIC 2000-02 “Improvements in Modeling and
Evaluation of Electrical Power System Reliability” by John E. Propst and Daniel R. Doan.
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Distribution System Evaluation

Select the “Distribution System Installed Cost” under the “Cost Evaluation” folder will
bring up the following dialog to select a Distribution system configuration. There are 8
choices ranging from the simple radial (least expensive and least reliable) to the most
complex (most expensive and most reliable) Double Bus/Breaker Primary Selective
configuration. As you select a different configuration, a one-line next to the selection will
show its general design. Alternatively, you can build a detailed one-line that includes the

entire distribution system.

#: Reliability Analysis - Study-Case Yiew-Simple
_—

E-§- Reliability &nalysis

B[] Single SRCTX

@[] Reliability Analysis

E[ﬂ Cost Evaluation

[ 3 Ltility System Installed Cost
----- 3 Digtribution System |nstalled Cost
lgﬂ Lltility System E valuation
lgﬂ Diistribution System Evaluation
E--J Dual SRC-TX, Ring Bus
B[ Reliatiity Analysis
EI@ Cost Evaluation
----- B Ultility System Installed Cost

----- b Distribution System Installed Cost
43 Lty System Evaluation
4% Diigtribution System Evaluation

o (e

Distribution Systems

" Load Data from D atabase
™| Buto Spnc. Diata with Database

' Simple Radial

" Dual Supply Fiadial - Single Bus

" Dual Supply Fadial with Tie Breaker
= Dual Supply Loop with Tie Breaker
£ Dual Supply Primarny Selective

~ Double Bus / Double Breaker Radial
" Double Bus/Double Breaker Laop

' Double Bus/Breaker Primary Selective

s

]
P o

ik

big

oot et e

bid

B S o

Cancel |

Distribution System Installed Cost - Single Radial

Under the “Distribution System Installed Cost” folder of “Single SRC-TX”, choose “Single
Radial” and press OK. The following table will appear as the typical single radial
distribution system installed cost list.

Equipment Required [k$§2§tch] Armount Total [k$]

1 |Main Trangformer w/Prot. 59500 1 59500
2 |Bus Duct - Ukl to Swar 7EB.50 1 7EB.50
3 |MY Metering Section .20 1 .20
4 |MY Main Breaker Sechion 33.80 1 33.80
A |MY Tie Breaker Section 42.00 1] 0.00
E |MY Feeder Breaker Sections 34.40 B 206,40
7 |Crozzover Bus 13.20 1] 0.00
g |MV Switch Sections 1.00 1] 0.00
9 | 500 mom Wb Cable 41.30 B 24780
10 [5Sub Primary Switches .20 13 AE1.60
11 | Unit Transformes 1.00 13 AR3.00
12

13 [Total 2310.30
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Distribution System Installed Cost — Load Data From Database

The most useful option on top of the 8 fixed configurations is “Load Data from Database”.
Once you select this option, the check box “Auto Sync. Data with Database” will be
enabled.

Distribution Systems x|

% Load Data from Database
¥ Auto Sunc. Data with D atabase

Simple Radial

Dwal Supply Radial - Single Bus
Dwal Supply Radial with Tie Breaker
[wal Supply Loop with Tie Breaker
[wal Supply Primany Selective
Diouble Bus / Double Breaker Radial
Double Buz/Double Breaker Loop

8 e B B e i i B |

Double Buz/Breaker Primary Selective

Cancel |

The Distribution System Installed Cost folder will show all equipments/devices in this
project with the cost of each (including whether there is a spare or not) reading from the
components you entered in the project database. If you choose to let the program
automatically synchronize the data, the distribution installed cost list becomes read only.
Any changes made to project (add/destroy components, or change cost data from
component editor) will be updated to the distribution installed cost list automatically.

Equipment Required Lost [k$/each] Amount Tatal [k$)

1 |BUS-0001 0.an 1 0.00
2 |BUS-0002 0.00n 1 n.aon
3 |BUS-0003 0.an 1 000
4 |BUS-0004 0.00n 1 n.aon
5 |CEL-00M 0.an 1 000
E |=F2-0001 ah.00 2 170,00
7 |=F2-0002 40.00 1 40.00
g [UTIL-000 0.an 1 0.00
9 |LOoAD-000 0.an 1 000
10 |PD-0001 022 2 044
11 |PD-0002 750 1 7.A0
12 |PD-0003 270 1 a.70
13 |PD-0004 1.40 1 1.40
14 |PD-0005 040 1 0.50
15 |PD-0006 10.00 1 10.00
16

17

18

19

20 |Total 238.54
A
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Distribution System Evaluation - Single Radial

Proceed to the “Distribution System Evaluation” folder under study “Single SRC-TX”.
Select the “Reliability Dominated Weighting” as the default “Value” and “Weights%”.

:#: Reliability Analysis - Study-Case Yiew-Simple Radial

=4+ Reliability Analysiz
! Systern Feat
- Single SRC-TX pEEM TESUE

[fj Reliability Analyziz Weighting Factor ﬂ

B[ Cost Evaluation
----- ﬂ [Itility Systemn Installed Cost

----- ﬂ Diztribution System Installed Cost
q“,‘z [Itility Systern Evaluation
-8 Distribution System Evaluatio
-] Dwal SRC-T, Ring Bus
E-[ Reliabiity Analysis
[["j Cost Evaluation

Run | Eu:unfig.l Weightl

Also click on the “Config.” Button and select “Simple Radial”. The following distribution
system evaluation results will appear. Again, you can customize the distribution installed
cost list or the distribution system evaluation Value and Weights % in each default
configuration by making your modifications and choosing “Save As Template”.

/‘F Reliability Dominated ‘weighting
" Cost Dominated Y eighting

" Typical Business Weighting

] Cancel |

Syztem Feature etric Description Value Weights % Total
1 Operational |zsues SWItChIEanm':T;!I}?Ckwt Simple Operation 5 500 25.00
2 Rieliability Prabability of Failurs 97.0% 1 30,00 30.00
3 Mean Time to Repair 437 1 30.00 30.00
Process that must be Itility System and b ain
8 Shutdawsn Far Transformer(g] 2l 1 =00 =00
5 Maintenance or Expansion Main Bus Al 1 E.00 £.00
Diztribution Feeders and
5 S witch Coniors Connected Load 1 E.00 £.00
7 Recoveny Capability |solate from Uil Faults Mone 1 200 200
8 |zolate from Main Bus Faults Mone 1 .00 0.00
|zolate from Feeder or
£ Switch Center Faults flone L D Uil
10 Cost Capital Estimate 2310.30 3 5.00 25,00
11 Syztem Evaluation ' alue 128.00
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Distribution System Installed Cost - Dual Supply Radial with Tie Breaker

For the purpose of comparison, select “Dual Supply Radial with Tie Breaker” as the
distribution system configuration for the “Dual SRC-TX, Ring Bus” study folder, and
choose the “Reliability Dominated Weighting” option.

#>Reliability Analysis - Study-Case ¥iew-Dual Supply Radial-Tie Breaker
_

I=TR
Distribution Systems x|

Fieliability &nalysis
Single SRC-TX

[ﬁ Rieliability Analysiz " Load Data from Database
EI@ Cost Evaluation = Auto Syne. Data with Database wlas wlas
----- ﬂ Utility System Installed Cost
----- f Distribution System Installed Cost | ¢~ Simple Radial E — E
lgﬂ Utility Spstem E valuation I 5 : el
4% Digtribution 5 ystem Evaluation Dt Sl Rl - Sl B
Dual SRC-TX, Ring Bus % Dual Supply Fadial with Tie Ereaker
: [ Reliability Analysis £ Dual Supply Loop with Tie Breaker L — U
El@ Cost E.\faluatlon " Dual Supply Primary Selective
----- B Utility System Installed Cost _
.....  Distribution S ystem Installed Cost = Double Bus / Double Breaker Radial
-8 Lty System Evaluation " Double Bus/Double Breaker Loop T ™
4% Distrbution System Evaluation ¢ Double Buz/Breaker Primary 5 elective

o B ]

You will get the following distribution system evaluation results. Comparison of the two
distribution system configurations “Single Radial” and “Dual Supply Radial with Tie
Breaker” show that the installed cost jumps from k$2310 to k$3088, and the overall system
evaluation value improved from 128 to 268.

Syztem Feature I etric Dregcription WValue ‘Weights % Total
- Switching and Lockout -
1 Operational |ssues Complasity Slightly Complex 5 5.00 25.00
2 Reliability Probability of Failure /IE 4 30.00 120.00
3 Mean Time to Repair 319 2 30.00 B0.00
Pracess that must be Utility Syatem and Main -
4 S hutcown far Transtomer(s) Mo Shutdown Required 5 3.00 15.00
5 Maintenance or Expansion b ain Bus Half of Flant 2 £.00 12.00
Diztribution Feedars and
g Sitch Centers Connected Load 1 £.00 E.00
7 Fecovery Capability |zolate from Utility Faults Transfer to Second Source 5 3.00 15.00
a |solate from Main Bus Faults Half af Plant 2 0.oa 0.00
Isolate from Feeder or

J Switch Center Faults Nane 1 0.00 0.0
10 Cost Capital Estimate 3088.80 3 5.00 15.00
11 Syster Evaluation Yalue 268.00
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Custom Damage Function Library

To display the custom damage function library, select Library under the Document menu
and choose the PTW Library. The custom damage function library is part of the PTW
library under the Reliability folder.

Document  Edit Wiew Run Component  One-line  Window  Help

Cu:umpu?unent Edikar % El| H?—’LI' .@f "ﬁﬁl‘ EﬁE ?—’L" @ v + | M
oot PETE[p b &b ®bon

| Select Document Type ﬂ

CAPTOR TCC, .,
Crystal Report \ Document Type:

Close Demand Load Libram Cancel |

Save Chrl+35
Save fs.., Help |
Export...

W8 O PTW32)\LIB\PTW.LIB -0
¥

B- C:APTW 324 ib4Phw. ib Mame I Description
E g CAPTOR I’\-_/.T_l,lpe'l Large users
D'"ﬁj THS T Type2 [rdustrial
- € 15IM [ Typez Commercial
o HIWﬂV.E . . B,Type4 Agricultural
[]--eﬂf Transmigsion Line I"_/.T . Fresidertial
----- s Transfarmer ¥pe EsiHEnta
[]_g Standard Cable Iﬂ_{T_l,lpeE Gt & inst.
w8 Single Core - PipeType k2 Type? Dffice & bldg.
].El tatar Control Center B Typed 40% commercial, BO% residential

r [1amage Function
Reliability Drata

Al 1library related features you have learned from other library types apply here. These
include copy, paste with in the same library or between different libraries, etc.
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A typical custom damage function library follows. Each row in the table represents failure
duration and its associated cost per kW for not being able to supply power to the load. The
table shows for longer failure durations, cost may increase. For example, in some process
facilities, the costs from a short loss of power may be minimal, but a for longer power

losses the lost product costs could be extremely large.

ﬂ": C:HPTW 325 LIBYPTW.LIB : T¥pel - Customer Da

Custormer D amage Function |

M ame: Typel

D ezcription: ILarge LzErs

Currency Exchange. ..

=10l I

?rﬁfﬁﬂfe? Cost (BFIKA
1 1 1.01
2| 20 1.51
3 ] 2.23
4 240 3.97
5 | 480 5.24
B 0 0.00
T 0 0.00
g 0 0.00
g 0 0.00
10 0 0.00

The advantage of having such a user definable library allows you to model your plant
accurately. You can select the same library for all loads with the same characteristic. If
you need to modify or update your damage function, you can simply change the library

without changing any of the loads.
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Custom Reliability Data

Library

The custom reliability data library is right next to the custom damage function library. A
long list of existing library entries is shipped with the program. Most data comes from
IEEE papers including: “Survey of Reliability and Availability Information for Power
Distribution, Power Generation, and HVAC Components for Commercial, Industrial, and
Utility Installations” by Peyton S. Hale and Robert G. Arno. The libraries are completely
user-definable and should be updated as more historical data pertinent to your own industry

becomes available.

#E C:\PTW32\LIB\PTW.LIB

E--; CAPT W 32MibAPhwlib

&- B CAPTOR

w- @ THS

B 151

0y HIWAWE

E-4f Transmission Ling

----- $ Tranzformer

M-8 Standard Cable
=-48 Single Core - PipeTppe
fﬁ Fator Contral Center

=0 Relishiliy
E‘ Customer Damage Function
------ LI Customer R eliability Data

Hame | Dlegcription

=101 |

B pccumulatar [Pressurized)

@ Accumulator [Unpressurized)

@ Air Compreszar [Electric)

X7 A Compressar [Fuel]

X7 air Diver

& air Handling Urit Mon-Humid wo/Dr.
- dir Handling Urit Pan Huid

@ Air Handling Unit Spray Humid wa.....
7 Air Handling Unit Spray Humid wa...
G unrestor, Lightring 35kY-230KV

- turestor, Lightring Sky-15kY

X Battery Charger

B Battery Gel Cell-Sesled

G- Battery Lead Acid

- Battery Nickel-Cadmium

@ Blower wia Drive

% Bus Duct A000 it

B Cable 120Ky

X Cable Connection

- Cable DC Inzulated

) Cable HY Aerial

) Cable LY Ahove Ground Air

G- Cable LY Abave Ground Conduit

@ Cable LY Above Ground Tray

@ Cable L above ground

§: Cable L Buried Conduit

& Cable Ly Buried Duct

- Cable L Direct Buried

: Cable Ly /My Aerial

B Cable MY Above Ground Air
1]

FREF

FREF

FREP

FREP

FREP

FREP

RatP

RamF

RamF

ERM-Rak

ERM-Rakd

FREP

FREP

FREP

FREP

FREP

FREF

ERM Rk

FREF

PREFP [units: per 1000 ft)
PREP [units: per mile]
PREFP [units: per 1000 ft)
PREFP [units: per 1000 ft)
FREF [units: per 1000 ft)
IEEE [units; per 1000 ft)
FREF [unitz; per 1000 ft]
FREF [unitz; per 1000 ft]
PREP [units: per 1000 ft)
PREP [units: per mile]
PREFP [units: per 1000 ft)
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Reliability Data Page

The custom reliability data for all equipment types are kept in the same library. There are
no sub-categories to distinguish them. It is therefore important that you enter a meaningful
name and description for each entry.

The Failure Rate Units are useful only for cables and transmission lines that have a length
in the component. Pi-equivalents using a single core or pipe type library also have a length
in the component to adjust the selected failure rate unit. For all other components, choose
no unit, which simply means failures per year for the component.

The failure rate aging factor equation is defined as:
Failure Rate Aging Factor = CsX® + C4X* + C3X3 + C:X2 + CiX! + Gy

The total failure rate is calculated as:
Total Failure Rate = Failure Rate * Multiplying Factor * Failure Rate Aging Factor

The repair time aging factor equation is defined as:
Repair Time Aging Factor = CsX° + C4X* + C3X? + C:X2 + CiX! + G

The total repair time is calculated as:
Total Repair Time = Failure Rate * Multiplying Factor * Repair Time Aging Factor

The parameters Cs, C4, C3, C2, Ci, Cp are disabled because they are calculated from
historical data entered on the “Failure Rate Aging Factor” page, and “Repair Time Aging
Factor” page. If no historical data are entered on the 2™ and 3™ pages, these parameters
will be enabled for the user to enter.

M3 O PTW32'LIB\PTW.LIE : Cable L¥/M¥ Aerial-PREP { -0 x|

Relizbility D ata | Failure R ate &ging Factor I Fepair Time &ging Factor

Equipment N arme: IEabIe Ly Ay Aerial

Diezcrption: IPHEP [uritz: per mile)

— Failure:
. Failure Rate Unite:——————————
Failure R ate: IEI.EI4?'I h fhur
£ ho unit £ per 1000 feet

uiltiplying Factor: |1— & per mile " perkm.
—Aging Factor Eguation Parameters
cs: [00000000 g4 [oooooOD0 g3 [0.0000000°
cz [00000000 ¢ [oooooooo co: [1.0000000°

— Fepair Time:

Hours: I'I-82 hir Multiplying Factor:

Aging Factar Equation Parameters

5 IEI.EIEIDDEIEIEI Cd: IEI.DEIEIEIEIEID 3 |0.0000000
C2: Imm Cl: IEI.DEIEIEIEIEID Co: |1.0000000

:

Ll
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Failure Rate Aging Factor

Enter the Year (number of years in service) and its associated Failure Rate in the table. The
longer the equipment has been in service, the more likely it is going to fail in most cases.

The aging factor can also be used to adjust for different levels of maintenance and
environmental factors. Choose a Fitting Model to find a set of equation parameters that
would best fit the original data. In the following example, we choose a 3-Order fitting

model, which implies that Cs and C, are zero. The original data is plotted in blue, the curve

fitting result is plotted in red, and the calculated aging factor equation parameters are

displayed.

ﬂ": C:PTW3IZHLIB\PTW.LIB : Cable L¥/™M¥ Aerial-PREP (units: pe

=101 x|

Rieliabiliy Data  Failure Rate Aging Factor | Repair Time fging Factaor I

A-Order

'ear | Failure Rate =
1 0.0j 0.04717 |
2 1.0 004723
3 20 0.04733
4 20 0.04751
5 a0 0.04300
G
v
g
3
10 -
Eitting todel:

Ch: |0.0000000° C2: {-0.0014332

004304

00475

004734

00477+

00476 4

004754

00474

004734

00472+

00471

orginal [ata - Fallure

Fallure

B e gl

oo

0%

10

1k

Z0 =z
Yedr

30 35 0

C4: 00000000 -

0.0025030

C32 |00004645 Co-

1.0000000

Refregh |
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Repair Time Aging Factor

Enter the Year (number of years in service) and its associated Repair Time in the table.

The equipment may not necessarily take longer to repair even though it has been in service
longer. Choose a Fitting Model to find a set of equation parameters that best fit the original
data. In the following example, we chose a 2-Order fitting model, which implies that Cs, C4
and Cs are zero. The original data are plotted in blue, the curve fitting result is plotted in

red, and the calculated aging factor equation parameters are displayed.

ﬂ": C:WPTW324LIB\PTW.LIB : Cable L¥,/™¥ Aerial-PREP (units: pe

=101 x|

Fieliability [1ata I Failure Fate Aging Factor  FRepair Time Aging Factar |

2-Order

'2ar | Repair Time =
1 0.0j 1.82000 |
2 1.0 200000
3 30 222000
4 40 230000
5 50 230000
B
7
a
3
10 -
Eitting todel:

C5: (0.0000000 C2

-0.0109731

orginal [ata - Fallure

Fallure

[235
[2.30+
(225 4
[2 20+
[2.15+
[2.10+
205+
(200
195+
1490
135
120

Wear

C4: 00000000 -

0108120

C3: 00000000 -

1.0000000

Befresh |

This completes the Reliability section of the Tutorial.
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Part 11 - Advanced Topics and
Helpful Hints

Make sure that you completed Tutorial - Part 1 successfully before beginning this section.

This section describes functions that will increase your efficiency with the PTW software.
Topics include Customizing the One-line diagrams; Running Queries; Applying Custom
Datablocks; Making Custom Symbols; Adding User-Defined Fields; Project Backup,
Managing Multiple Scenarios, Cloning and Copying Component Data, Using Project
Templates, and Exporting One-Lines and TCC Drawings. This section provides a simple
over-view of several important features and concepts. For more detailed information about
any of the topics, refer to the Users Guide and Reference Manuals supplied on the PTW
CD.

Project Options

1. The Project menu lets you set project-related options. There is a function to make a
copy of your project. There is another option to make a backup copy of your project.
Project>Copy As copies only the project files, whereas Project>Backup makes a
copy of your project, library, datablocks and custom forms necessary for someone else
to use your project. There is also an option to merge two projects together. To explore
additional options, select the Project>Options menu item.

Project Document Edit View Run  Compar

TdEw .,
CIRET,
Close

Copy As...
Backup...
Backup Library...
Statistics...
Delete. ..
Export...
Impert...
Validation...
Merge...

Scenario Manager...
Promote To Scenarios 3

Options... " Ctrl+0
Lagir... \

1 CAPTWS32Y,.. \TUTORIAL_WES.PRJ
2 TUTORIAL_Wed_Unbalanced. pri

3 CAPTWE2Y. . \PLANTIPLANT.PR]
4 TUTORIAL_WEO_ISIM.pri

5 C:APTWEZY. . \TMS_WES. pri

6 Equip_Eval_Sample_1.prj

7 CAPTWER, . \Problem 5-1.prj

a3 CAPTWIR projectst 1230123, pri

Exit

Project Options.
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3.

Under Project>Options there are several categories listed in the Option Groups. Scan
through the option groups to familiarize yourself with the capabilities. For example,
the Application group is used to specify ANSI/IEC and English/Metric formats for the
input screens and symbols. The One-Line group is used to specify fonts for component
names and datablocks, select default symbol rotation orientation, bus and connection

line thickness and default symbol assignments as shown in the figure below.

Optiot Groups:

Startup
Application

Project Titles and Loio

Report

Library

Mizcellanzous Files
Arc Flagh Evaluation
E quipment E valuation
TCC

User-Defined Fizlds
ulti-Ll ger

Meter

Option Subviews:

Current Pro 3
Mew Project Settings
Current Project Colors
Mew Project Colors

Cancel |
Help |

5|

r— Fort Information

Te:-ctbloc:k...l Nametag...l Datablock...l

=k

r— Frinted Thickness

Buz lm
Line IThin ‘I

—Auto-Generated Bus
" BusBar ' BusMode

¥ Exclude From Studies

r— Grid Guide Lines

b3 |3 Symbal ‘I

—Mew Sumbol Spacing

><=E| Y= Symbolz

v |35mbel 7|

r— On Oneline Load
ILast Applied D atablock j

fZaom 41 =]

¥ Dizplay Energized State

Save Dneline Every miry

— Schedule Symbol Spacing
><= = Symbalz

— Current and Mew Project

Default Symbol Assignment and
[atablockMametag Orientations

anst | b |

Project One-Line Options

The Project>Options Library group is used to specify the libraries used for each
project. Each project can reference its own custom libraries or share common libraries.

Option Groups:

X

Startup

Application

Project Titles and Logo
Ore-Line

Feport

Mizcelaneous Files
Arc Flazh
Equiprient Evaluation

Uszer-Defined Fields
Fulbi-Uzer
Meter

DOption Subrigws:

Current Project Libr
Mew Project Libraries
Spreadzheet Colors

Canhicel

o]

Help |

Libraries Uzed By Curent Project

PT* Library:

|C:\PTW3ZALIB\PTW.LIB | Browse... |
Demand Load Librany:

[CAPTW32\LIBVANSLDLD | Browse... |

[tz

Project Library Specification
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4. The TCC Option Group is used to specify default colors, time and current axis ranges,
reference voltage and current scale, use of fault current, grid density, color and line
style as shown in the figure below. Most of these options are default settings that can
be over-ridden for each individual TCC drawing.

options x|

Option Groups:

Startup — Grid Label

Application _
Project Tilles and Loga Fort:  [Arial, Regular, 8 |  Fort |
One-Line

Report

Library
izcelaneous Files
Arc Flazh  Grid

EEuiiment E valuation
Drengity Caolar Style

zer-Defined Fields
Fuilti-Ll zer

¢ Solid
Meter [10 Ticks/Decade > 1 -
Option Subviews: Colorl " Dot

Device dppearance
Device Flag

Device D atablock,
TCC Layout — Textblocks
TCC Fault Current

HEIE
its

Label Density: I‘I Label:/Decade j

TCC All Devices Font:  [Adial, Regular, & | Fant |

ak. I Catcel |
Help |

Project Options for CC Defaults.

Document Export

1. Any one-line diagram or TCC drawing can be exported to WMF and DXEF files for
inclusion in Word documents and CAD drawings. To export a drawing, open the one-
line or TCC drawing you wish to export and choose the Document>Export option as
shown in the figure below

Document  Edit Wiew Run  Component
Camponent Editor
one-Line. ..
Reports., ..
Library...
CAPTOR TCC, .
Daka Wisualizer

Close
SaEve S
Save &s...

Print Setup...

Print Layout, .,

PrirE.. Chrl+P
Prink Preview

Farm Prink
Form Preview
Farm Layaouk

Document>Export Option
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One-line diagrams, TCC drawings, schedules and reports can be exported to DXF,
Enhanced Metafile and Clipboard formats. When multiple documents are selected for
export, the file names will match the document name with the export format extension.

Erport x|

r— Document Type to Export

= TCC

" Schedule ¢ Report

Cancel |

Document Mames:

Select All Documents |

BLIS-0002. 0w
UTILITY SIDE.drw

Path Ta Export:

— Drestination

¢ [DF file
" Single Layer Symbols
 Multi-Layers by Type
{~ One Layer Basic

' Enhanced Metafile

" Clipboard

— Source

e Al " Selection

CAPTWw 324 project:s\TUTORIAL_VES

Browsze... |

Form Print

1. Another important feature to understand is the Form Print capability. This feature

allows you to print multiple documents on a single pre-defined form. For example, you
can print a one-line diagram, TCC drawing, Title block and Company Logo all on the
same page with a single function. To define a new form or change an existing form,
select the Document>Form Layout option shown below.

Prnjectngcument Edit Wiew Run Component ©

g’E Component Editor

F One-Line. ..
Repaorts...
Library. ..
CAPTOR TCC. .,

Data Yisualizer

Close
Save

Save As,
Expork...

Chr{5

Prink Setup...
Prink Lavout, ..

Prink...

Prink Preview

Chrl+P

Farrn Prink

Farm Preview

Form Layout
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2. To edit an existing form, select the form description. Buttons are also available to add
new forms, delete existing forms, rename forms, copy forms, and import forms.

Fom=ede x|
Farms |Page | Areas | Une-Llnel Heportsl TCC I Title Elockl Flat | Pu:luresl

Form

ISIM & ISIM 8172 % 11 Portrait

151 8142 % 11 Landscape

Oneline & Title Block 8 1/2 % 11 Landscape
TCC & One-Line 11x17 Portrait

- ilrai

TCC & Orne-Line 8 1/2 % 17 preprinted Partrait
TCC & Ore-ine on K&E paper
TCC 11%17 KAE preprinted Portrait
TCC on K&E paper

THS5 & TMS 81/2 % 11 Portrait

THS 21/2 0 11 | anderane =
MNew ... Delete Rename. Copy... | Impart.. |
Description

QK I Cancel Help

Edit Printing Forms

3. The tabs across the top of the Form Edit window are used to define the page size,
assign the document types and areas on the page, and custom settings for each
document type. The print form shown in Error! Reference source not found.
includes areas for a TCC drawing, One-line diagram and Title block.

Formsedie =
Forms | Page Areas |Dne-Line| Hapurlsl TCC I Title BIDCKI Plot I Picluresl

Form : TCC One-Line 81/2 & 11 Landscape

0,0
Aleas

One Line Area Up
Title: Block —I

Mew... | Delete | Flenamel

Area Data Type:

bs A
Top Left Camer ID'SUU 0500 inches ITCC Drawing j

Battom Right |5'252 000 G hes ™ Print \ith Barder
EBrder Line Width: |14 Paint X

ak I Cancel Help

Print Forms Area definition.
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Customization options for the TCC area are shown in below. The options include
specifications for grid density, fonts, colors, margins, datablocks, and many other

parameters.
EETTEEE—

Foms | Page | Areas | One-ine | Reports TCC | Tite Block | Plot | Fictures |

Form : TCC One-Line 8 1/2x 11 Landscape

TCC Drawing Areas

' Last Applied
' Defaut

Grid Density

Datablocks
" Not Visible

I~ Dual Densty

4—0.50 in.

[10 Ticks/Decade =] |

= | Dividing Paintin Each Decade

|

Grid Label Densty:

1 Labels/Decade | »

[¥ Dotted Grid Lines

I~ Colors to Black and White
™ Maintain Aspect Ratio

I~ Print Grid Area Only

I~ Print Default Title Block
[¥ Print Curent Ads Label
[ Print Time Ais Label

[~ Hide Device Label f Datablock  Grid Berder Line Wicth Default B

is also displayed

Cument Axis
Time Auds:
Grid Label

11.00 in.—%

Bix]

Device:  Fort | [Anal, 5size, Reqular

Gid:  Color | LneWidh: [Harine =] [

Border Margin Factors:  x: |0.80 y: [1.00

Cument Decades Line Width: | Hair line. =
Time Decades Line Width:  |Hair line 2
Grid Label Line Width: Default b

Foni. | Color | [FiXymbolsExtended, 6 size. Regular

Font | Color | |PIXymbolsExtended. 6 size, Regular

Font | Color | |PIXymbolsExtended. 6 size, Regular

[Top Orty =] "' Use Grd Color
|w;m Only =] Use Grid Color
I~ Use Grid Color

Ok | cancel | Hep

TCC Area Specification in Print Forms.

An example of the Print Form output is shown in the figure below. In this form, the

TCC drawing, One-line diagram and Title-block are specified. Datablocks are turned-
on for the TCC drawing and.

1000

CURRENT IN AMPERES

Fo-ooce
F2-002

SQUARE D
WX, Mioralogic

1
Trp E004

GEMULTILN
798

795
Getings Ph.

W Phaze OC PU S @08
Extinvarse 17,1

LTD (2- 4See)2
STRU 240 P) 20 (3008
STD (105 S6sy A (P2t in)
INST OR Ficad (100008)

P2 0002

Tip 12504
Setings Fhase
M

o
SF. Spactia RMS Mag-Break

BL 0001

TCC: torl

CurrentScale x 1 Reference Valtage: 4160

I3

1000

10

SOMOD3S NI L

June 17,2008

_ BUS-0002
D002
& £ XF1-0002
ﬂT
BD-0003
)
_1 Busom3
PD-0004
J
= CBLOODI
—T— BU=-0004
LOAD-0001
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Custom Symbol Creation

1. Custom systems can be added to the one-line symbol library using the Symbol

Generator program. Select the Symbols Generator Icon from the PTW Program Group

)v| .~ Computer - Local Disk (C:) ~ PTW32 ~ bin -

Burn

QOpen

Organize +

[ Favorites
Bl Desktop
& Downloads
1= Recent Places

- Libraries
3 Documents
J“. Music
| Pictures

EE videos
1M Computer
B-_;". Local Disk (C:)

® Data (Z:)

?ﬂ Metwork

New folder

Name

¥8 hdd32
(B HnsTALL
5 hidinst
& hldrv32
& KeyUtil
& Imsetup
& Imuninst
M NHSRYW32
== pdfprint
@ rrwaz
@ RegDel
P pus st
’ skmdemao

Refer to the PTW Users Guide for more details.

Custom Datablock Formats

1.  With any one-line open and in focus, select the Run>Datablock Format option as

shown below.

Project

Ba0EREEE
I = G o 1 TT
N
LRSS

S —
FD-

A ld HF2-0001

A7 3PLF_CurrentF
4121403
B:8.55/-15"
Lo C:RBd iRl

Document  Edit  Wiew |Run Component  Cne-Line

Balanced System Studies. ..
Transient Motor Starting (TMS)
Industrial Simulation (TSI}
Harmonic Analysis {HIWAYE)
UnbalancedfSingle Phase Studies. ..
Reliability Analysis

DiC Syskem Analysis

Window  Help

Chrl+-A

Chrl+U

= 4 QI v

Equipment Evaluation
Failed Input Evaluation
Failed Equipment Evaluation

001

Equipment Evaluation
Arc Flash Evaluation
Coordination Evaluation
Cable Ampacity...

e,
Datablo

Datablock Report...
TCC Report...

ChlFG

Datablock Format Definitions
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To add a new datablock format, select the “New” button as shown below.

Datablock Format

Last Applied: UB_LF Current [—

x|
Type Formats for One-Line and Probe: 2pply |
arc Flazh -
e Flash [Bus, Line & Load Side) Cloze |
¢~ Compaonert Edior 4 Branch Fault Currents [&_FALLT] -
TCC Setting View / Branch Fault Currents [Comprehensive) Edi... |
- Branch Fault Currents [IECEDS03]
DetE sl Branch Fault Cunents [IECE1363]
Buz Fault Currents (&_FALILT]
Bug Fault Currents [Comprehengive]
n 1 Buz Fault Currents [IECE0303) Set Default |
 Oneline/ Bus Fault Currents [IECG1363)
TCE One-Line Wiew Data State E— |
" Probe Demand Load Data
Device Evaluation &N51 Branch Copy |
Device Evaluation Comprehensive Branch
Device Evaluation |[EC Branch Faste |
" Import / Export Device Ratings
Harmonics LI Delete |
One-Line Default: Help |

Create New Datablock Format

Enter a new format name, for example, type My Format as shown below. The
datablock format can display any combination of data fields for each component type.
For this example, we will display the initial symmetrical three-phase fault current at
each bus.

Format Editor { Format_001 )

Component Type: Farmat Mame:

_ [Py Formet
@ Cable

v 2inding Transfarrmer Ok I Cancel | Help |

w o
aop 3 inding Transformer
Tranzmiggion Line

TTr E quivalent
[ |1 T LI

|2

X

Available Attributes: Dizplayed Attributes:

ECI0Y F act Al AddioEnds

InductorCost —_—

InitF aultBusy'oltage 3P
] P

|nitS ymB

InitSymRMS 3P Angle
InitSymAMS LL

Init5ymRMS LL Angle [rsert dbowe |
InitSymAMS LLG

InitSymAMS LLG Angle Irizert Below > |
InitSymAMS SLG

InitSymAMS SLG Angle

InService Mave Up -»
KeylnLibrarny —
LeadOrLag Maove Down -»

LF Curent

LF lglandFrequency :
LF kWA Attribute Template:

LF KVAR =l |

<- Hemove

LF PF ™| Show ZeroYalue / Blank Text

LF oltage Wectar: I i l

LF *aoltage[ %)

LF *oltagedngle ;I Comples: I - l

Enter Name for new Datablock Format
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Select Bus under Component Type (this is the default). Next select the InitSymRMS
3P option in the Available Attributes column. Click on the “Add to End” button to
transfer the field to the Displayed Attributes column. With InitSymRMS 3P selected in
the Displayed Attributes column, change the Attribute Template to Isc 3P %1.0
9%2mps. This will display the description Isc 3P in front of the fault value at each bus.
The %1.0 will display the fault value with no digits beyond the decimal place, and the
units will be displayed as Amps. %?2 is the placeholder for the Units of the selected
field. %a will append multiple datablock fields on a continuous line rather than
plotting each field on a separate line. When complete, click on the OK button.

Format Editor ( Format_001 ) Bl x|
Component Tppe: Format Mame:
_ [y Farmal

& Cable
A 2winding Transformer ok I Cancel | Help |

Ao Fwinding Transformer
A4 Transmission Line
TR Equirealent

M ki =l

Awailable Attributes: Dizplayed Attributes:

AF_ArcingF ault@PratBr m

AF_ArcingFault@ProtBus
AF_ArcTupe
AF_BoltedFault

AF_BoltedFault@ProtBus

AF_Boundary Insert Above > |
AF_BreakerTime

AF_BusBarBoxDepth Insert Below - |

AF_BusBarBowHeight

AF_BusB arB owwidth

AF_BusBarConfig tove Up ->
AF_EquipType —_—
AF_Exclude_Bus dove Do ->
AF_Exclude_LineSide _—
AF_FB@IET

AF_FB@IEZ Attribute Template:

AF_FB@IEZ *1.0%

N IIsc 3P %1.0 %2mps /
AF_Gap ¥ Show Zera Valus £ Blank Text
AF_GloveClass

AF_Grounded Wector: AB.C

AF_IE=wD1

AF_JE@WD 2 =l Complex: |Fieal + Imag |

<- Remove

4

4

Edit Attribute Template

With your new format definition selected, click on the Apply button to apply your
datablock to the one-line. Click on the Close button to close the Datablock Format
selection window.

six]
Formats for One-Line and Probe:
- Tope fppl
Branch Fault Curents [Comprehensive] - R
. Branch Fault Currents [|[ECE0309)

" Comporent Editar / Branch Fault Currents [|ECE1363) O
TLC Setting View / Bus Fault Currents [&_FAULT) Edit
Data Yisualizer Busz Fault Currents [Comprehensive] -

Bus Fault Currents [IECE0309) e
Bus Fault Currents [IECE1363)
Diata State
DC Compedit

) Demand Load Data Set Default

&+ One-Lineg / Device Evaluation AMS| Branch
TCC One-Line Wiew Device E valuation Comprehensive Branch Rename...

" Piob Device Evaluation |EC Branch

robe Device Ratings Copy
Harmonics
Impedance Data - Bus Thevenin Equivalent fasie
Impedance D ata -- Components
Input Data Delste

 Impaort / Expart Load Flow Cument
Load Flow Pover Data Help
heter Data
T | o
One-Line Default:
Last &pplied:  UB_LF Current

Apply Datablock Form
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6. The three-phase symmetrical fault current should be displayed on your one-line along
with the attribute template text as shown in the figure below. Datablocks can be
displayed on One-line diagrams, TCC drawings and in the Component Editor.

B MAINDRANY.DRW

¥ 1

=10l |

FD-0005 @
|

S

PD-0001

L& ZF2-0001

=2

| EUs-0002
Ise 3P 2220 21 Amps

4+ ~FD-0002
—0

' ‘ UTIL-0001
BUs-0001
Isc 3P 8367 40 Amps

Datablock Format display on One-line.

=

7. For datablock fields that are calculated from the unbalanced calculations, such as load
flow current, you can choose vector specifications from Phase Summation, Maximum
phase, ABC Phases, AB, BC, CA, A, B, or C Phases.

e
Component Type: Farmat M ame:
- - IMy Format
B 24/inding Transformer K I Cancel | Help |

L -
o 3Winding Transformer
Transmizsion Line

7: Fl Equivalent
[ || AT

Ayailable Attributes:

#/Conductars

AdditionalD erating

Alternate Cubicle M ame
Alternate Desc 1

Altemnate Desc 2

Alternate Name

Altemate Type

Alternate UID

Ampacity

Ampacity [['amageCurve)
Ampacity Sec

AmpacityD escription

AMS| 3P Crest/Peak

AMS| 3P Crest/Peak_To
AMSI Aszypm 3P Mom

AMSI| Az 3P Mo To Bus
AMS] Azpm S5LG Mom

AMS] Azpm SLG Mom To Bus
AMSI 5LG Crest/Peak
AMSI SLG Crest/Peak_To
ANS| Sy 3P INT

ANS| Sym 3P INT To Bus
AMSI Sym 3P LY

-

Dizplaved Attributes:

ubLF CurrentT o

AddtoEnd -»

<- Remove

Inzert Above -» |
Inzert Below -+ |

Move Up -»

Move Down -+

Attribute Template:
IubLF_EunentTo %1 %2

V' Show Zero Walue / Blank Text

Wector:
Summation

Comples:

Datablock Format display on One-line.
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8. You can also choose from Real and Imaginary, Magnitude and Angle, Magnitude and
Power Factor, or Magnitude only formats.

Format Editor { My Format ) &l x|

Compaonent Type: Fammat Mame:

L - IMy Farmat
@ E@_d
W 2Winding Trarstarmer ak. I Cancel | Help |

rrwrn FWinding Transformer
A Transmission Line
7z Pl Equivalent

| |1 W LI

Available Attibutes; Displayed Attributes:

#/Conductors S Add to End

AdditionalD erating -
Altermate Cubicle Mame <- Remave
Altermate Desc 1

Altemate Desc 2

Altemate Mame Insert Above >
Altemate Type

Altermate UID Insert Belaw >

Ampacity

Ampacity (D amageCurve)

Ampacity Sec Move Up-»

AmpacityDescription —

ANSI 3P Crest/Peak. Move Dawn > »|5

AMSI 3P Crest/Peak_To
ANSI Asym 3P Mom

4NS] Aeym 3P om To Bus AR VETHEE

ANSI Asym SLG Mom bLF_C tTo %1 %2

ANSI Asym SLG Mam To Bus |sbLF_CurentTo

AMSISLG Crest/Pesk V¥ Show Zero Value / Blank Test

AMSISLG Crest/Peak_To

AMNS| Sy 3P INT Wector: IA, B.C 'I

AMS| Spm 3P INT To Bus

ANSI Spm 3P Ly x| Complet [Redl + Imag -]

Magnitude, Angle

Magnitude, Power Factor
tagnitude:

Datablock Format display on One-line.

One additional customization option is to append multiple datablock fields to a single line.
In the following example, note that the %a in the attribute template field indicates that the
following field will be appended to the same line. In this case the Quantity per Phase and
the Size will be displayed on the same line in the datablock.

Format Editor { My Format ) EIEI
Component T ype: Format Mame:;

—— BUS-0003 - Fs = I\nput Data
430 &
45 2 winding Transformer ok | cecel | Hep |
PD-0004 i Fwinding Transformer
‘} A4 Transmission Line

7T Pl Equivalent

1] NATT™ - |

Avallable Athibutes: Displayed Attibutes:

H/Conductors a

_hddtoBrd > | blesios
Additionallerating R ConductorT ype
ES CBL-0001 Alternate Cubicle Name ﬂ Conductor Desc
Altenate Desc 1 InsulationClass
5 4 (1) Size 2 AWG Altemate Desc 2 InsulationType
Copper 3 Wire+Grnd  |4ltemate Name Insert Above -> | | | ength
/ THHN. 100.0 ft Altemate Type

Alternate UID Insert Below -
Ampacity 130.0 4 Ampacity _
Ampacity ([DamageCurve]
Ampacity Sec Move Up -»
BUS-0004 AmpacityD escription —
480V ANS| 3P Crest/Peak tove Down ->
ANSI 3P Crest/Peak_To S
ANS| Asym 3P Mom

ANS| Asym 3F Mom To Bus Attribute Template:
ANS] Asyrn SLG Mom |[‘Z1]‘Za

ANS| Asym SLG Mom To Bus

ANSISLG Crest/Peak

I / I~ Show Zero Value / Blank Test
ANSI Sy 3P INT Wector IA, B.C i
ANS| Sy 3P INT Ta Bus

ANSI Sy 3P LY =l Comples: [Feal + mag ~

LOAD-0001
95 Amps

o T W
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Custom Queries

1.  With the Component Editor open and in focus, select the Run>Query option as shown

in the figure below.

Project Document  Edit  View | Run  Component ‘Wwindow Help
RNl T =
h = & 5t 7T

]
[l component Editor

Component Subviews:

Balanced System Studies. .. Ctrl+a
Transient Motor Starting {TMS)

Industrial Simulation (ISIM)

Harmonic Analysis (HIVWAVE)
Unbalanced,Single Phase Studies... Ctrl+J

Reliability Analysis
DC System Analysis

¥ InService N

Equipment & Are Flash M
Harmoric Source
R eliability D ata r

Optirnal Power Flaw
User-D efined Fields

Equipment Evaluation
Failed Input Evaluation
Failed Equipment Evaluation

Diata State:

D atablock M

Arc Flash Evaluation
Coordination Evaluation
Cable Ampadity...

I Complete l

Scenano Manager... |
Al A Jump... I

LalF! | 01

| 5-0002

Query...

Datablock Format...
Datablock Report...
Tecc Report...

Ctrl+D

— 50003
— 50004

@ ceL-000

A F 20001

e F 2-0002

0 uriL-ooot

@ Loap-0001

0 PD-0001 =l

Expand ” Shirink.

Run Query in Component Editor

Select the pre-defined query “All 2 Winding Transformers”. Click on the Run button

to run the query and the Close button the close the Query window.

Query Category:

Jinding Transfarmers
“A)l 3 Winding Transformers
| Buzes
&l Cables
| COMPOMENTS
“&| Filters
*)l Impedance Devices
&1 Induchion botars
“&)| Loads
“4| Meters
“&| Matars
&l Mon-botor Loads
=&l PiF mniveal=mb

— Guery Result Set
* Replace
" Memge

x

Rur
Wew...
Edit...
Delete
Cloze

Impart....

Help

dldd;

Run the Query and Close the Window
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3. All of the transformers in the project will appear in the Component Editor list as shown
in the figure below. The queries allow you to select any group of components that
match a specific set of criteria. For large projects, the queries are very useful. Note
that you can run a query on a one-line diagram as well.

ol

Component 5 ubwiews:

n 11 . [<F2-000 In Service [Compiete ¥ ]
Transfarmer Impadance Name: |—| ¥ InServics | Camplete wly
Automatic LTC I arufacturer Type “]“
azmﬂﬁfg‘;‘{: Libwary.. | Link ta Lin [NONE | [0 & |
User-Defined Fields X
D atablock Nominal kid: [1000.0 Full Load ki |1150.0 ¥ DoMot Size

Primary Secondary
Connection: IDeIta j IW_l,le-Ground j

Scenario Manager... | Rated Yolkage: 13800 WLl [4160 WLL)
I Query ¥ l Jump... I Bus Voltage: 13800 WLl [41E0 WL

- Full Load Amps: W W
wxFz0002 TapZ 0.00
Phase Shift Angls: 30.0 deg W Link [ INST Protection
Bus Connection Type

Connections... | &+ Three Phase IStandard Shell vI

- Single Phase
From: BUS-0001 id Tap

To:  BUS-DO0Z2 € Single Phase

[~
Expand | I Shrink

Results from Query displayed in Component Editor.

4. Next we will use the results from the query with a datablock format to create a
transformer list. Select the Run>Datablock Format menu item as shown below.

Project  Document  Edit ViewlRun Component  Window  Help

LE I'&& = = | Bl L] Balanced System Studies... Cirl+A = & Bl | v
Transient Motor Starting {TMS) —
wiu 1
b = & & 477 Industrial Simulation (ISIM) El e UFIJ”J ’ $
e e (D ~i55
Companent Subviews: Unbalanced/Single Phase Studies... Ctrl+J
2 - —  Reliability Analysis
Transfarmer Impedance N DC System Analysis plete jv wlas
Autornatic LTC i ) ype “Tn
Damage Curve Equipment Evaluation
Reliability Data - Failed Input Evaluation
zer-Defined Fields i i i
Datoplgk Mo Failed Equipment Evaluation ¥ Do Not Size
Arc Flash Evaluation
C Coordination Evaluation
Cable Ampadity...
_ ScenaioManager.. | | F : VI
Query... Cirl+Q
Iﬂuery jv JULI £ Datablock Format. .. Vil
:l F Datablock Report...
HrexF2-0002 1 TecReport...
Phase Shift Angle: 30.0 deg [ Link [~ INST Protection
Bus Connection Type .
Connections... | & Three Phase IStandard Shel vl
Single Phase
From: BUS-0001 Mid Tap
To:  BUS-0002 © Single Phaze
Expand ” Shrink.

Run Datablock Format in Component Editor
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Select a pre-defined format called “Input Data”. Click on the Apply button to apply
the datablock and click on the Close button to close the Datablock window.

six]

X

Farmatz far Companent E ditor:

— Tupe
Data State “ Apply |
Equipment Evaluation i
& Component Editar / Faqunp Currerts [4_FALILT)
TCC Setting iew / Fault Currentz [Comprehensive) Edit |
Diata Visualizer Harmanics . )
Impadance Data - Bus Thevenin Equivalent Herm
Impedance Data - Components
Load Flow Data
. Protective Devices Set Default |
" One-Line / Rieliability
TCC One-Line Yiew Repart - AWS] Fault Duty Rename... |
 Probe Fepart - &rc Flash ) ) )
Repart - &rc Flazh Line Side/Load Side Copy |
Repot - &rc Flash Line Side/Load Side Worge [
Report - Arc Flash Woarse Case = faste |
Fepart - Busz Fault Curent Data
Repart - Harmanics Delste |
" Import / Export Feport - Load Flow Drata
Repart - Motor List Help |
Repaort - Protective Devices
Report-TCC Settings ;I Irnpart... |

Component Editar Default;
Last Applied:

Apply the Input Data Format

Select the Run Datablock Report option to generate a spread-sheet style report for the
selected transformers. The datablock report will display information only the
components listed in the Component Editor

Project  Document  Edit '-z'iew|Run Compaonent  Window  Help

g"E I.‘&\L'? 5 = | m n Balanced System Studies... Cirl+a il 1_1,: oD ¥
Transient Motor Starting (TMS) T
ol 1
b= & &% e 8 77 Industrial Simulation (ISIM) [5] ps vep ||J 0 B
Harmonc Al (1AVE) 1o/
) Unbalanced,Single Phase Studies... Ctrl+J
; = — Reliability Analysis
Transformer Impedance N DC System Analysis plete j' "'j""
Automatic LTC ) ) YpE “Tn
Damage Curve Equipment Evaluation
Reliability [rata _  Failed Input Evaluation
Optimal Powser Flaw Failed Equipment Evaluation .
UserDefined Fislds No e M Do Nat Size
D atablock Arc Flash Evaluation
C Coordination Evaluation
Cable Ampacity...
Scenario Manager... I F e : YILL)
Datablock Format. .. Cirl+D
que'-'r' | M o Datzblo ViLl
> F* Datablock Repart...
wRF2-0002 1 TecReport..
Phase Shift Angle: 30.0 deg v Link [ INST Pratection
Bus Connection Type .
Connections... | &% Thiee Phase IStandard Shell 'I
Single Phaze
From: BLS-0001 kid Tap
To:  BUS-0002 " Single Phase
Expand II Shrirk,

Run Datablock Report.
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7.

The fields specified in the datablock format appear in a spreadsheet format as shown in
the figure below. In practice, you will make your own datablock format to include
Component Name and Connected Bus when generating a transformer list, cable list or
transformer list. The datablock format we selected was designed for the one-line or
Component Editor display where you visually see the component name and connected

bus.

Il Data Block Report

Project: Tutorial V3.0

ol 0] x|

Scenario: Base Project

2-Winding Transfornmer

(kWA Pri Comm Pri Tap (%) Sec Conn Sec Tap (%)
1a00.0 Dielta 0.0o Whre-Ground 0.00
5000 Dielta 0.00 Wre-Ground | 0.00
Frint... I Frint Setup...|  Ophions... Font... Save... Cloze

Datablock Report

User Defined Database Fields

1.

Custom database fields can be added to the PTW project database. These fields can be
used to keep track of part numbers, serial numbers, installation dates, maintenance
schedules, replacement costs and any other information you may want to store. The
custom database fields are added using the Project>Options>User Defined Fields as
displayed in the figure below.

x|

Option Groups:

Startup

A pplication

Froject Titles and Logo
One-Line

Report

Libram

Mizzellaneous Filex
Arc Flash

E quipment E valuation
TCC

Uzer-Defined Fields

Option Subviews:

Current Project Fields
Mew Project Fields

ak. I Cancel |

User-Defined Figlds far Current

Fields:

5

Component
[T -
Ll =11
Impedance Component
@ Cable
% 24%finding Transformer
o 3winding Transformer
Transmizzion Line
73 FI Equivwalent
Source Component
m sty
Synchronous Generator
General Load
ﬁ MNon-Motor Load
Motor Component

New | Edt | Delete |

@ Induction Matar =

Save Field Defintions To File... Edit File Field Defintiors... |

Help |

User-Defined Fields
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Custom fields can include text, numbers, dates, times or currency. The user-defined
fields can be used in Queries and Datablocks just like standard PTW fields.

Create a User-Defined Field x|

Attribute Description: IS erial Numbeq

— Type

 Sing Default Iritial |

" Mumeric Decimal Places: I':I

™ Date

R ange Checking
i Time
[T Perform Bange Checking
™ Currency [ho digits)
i |-1 007 ° I‘I 007

" Curency [2 digits] i - il -
itz INune j
Mate that in the Component Editor the date iz normally interpreted as Cancel |
being entered in month/day/year format but can be entered in
day-manth-year format if the manth abbreviation iz used az in Help |
NA- 12001

User-Defined Fields
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Component Clone

1. One of the most useful time-saving features in PTW is the Component Clone option.
Component Clone makes a copy of a selected group of components, assigning new
names to the components and copying the data assigned to the original components.

To use the clone feature, select the group of components you want to clone as shown in
the figure below.

) MATNDRAW.DRW =101
BUS-0001 ;I
PD-0001 UTIL-0001
audd xF20001
TR GEN.0001
£
BUS-0002
(PD-302

b XFz0002

s
T
3 FD-0003

EUS-0003

PD-0004
3

CEL-0001

LOAD-0001 MTRI-0003

Kl o v 4

Select components for cloning.

E1IS-0004
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Use the Component>Clone menu item and a new set of the selected components will
appear as shown in the figure below.

Project Document Edit Wiew Run | Componert One-Line  Window Help

BO £7 U F s | BB & | k2 hew. B @ I == B 25 D6 v ok B
e Clone
Y R - N E N
Copy Daka
Bl MAINDRAV.DRW Paste Data ! _ o) x|
BUS Destroy ;I
Existing. .. Chrl+I
PD-0001 Expand ChrH+E
Collapse Chrl+L
Remame. .,
Remove/Hide Ctri4+R
Disconneck Chrl+E
ol HF2-0001 In Service
T Qut of Service
Update TCC Names...
Update Oneline Names
B1Is-0002
OPD-DUDZ
r PL-0005
aule xhoete
T
3 ARDA003F2-0003
s _I
—|— BUS;00@D-0008
| EBUs-0005
PO-0004
b
3 FD-0007
CHL-0001
= CEL-0002
EUS-0004
] BUS-0006
AT
LOAD-0001 MTERI-0003
vI

Clone the Selected Components.
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3. With the new components highlighted, position your cursor over the top of one of the
symbols (until the 4 arrow cursor appears), depress the left mouse button and drag the
selected components to an empty space on the one-line. Once the components are in
position, you can release the left mouse button. Connect the new group of components
as shown in the figure below.

=

BUS-0001 B
Tsc 3P 2000 MVA
=T | 13800 W Tsc BLG A0 MVA
PD-0001 UTIL-0001
awld  XF2-0001
SO Bize 100000 KA GEN-0001
FriDelta & 100KV A
Sec Wye-Ground X'd0Zpu
YZ 57499 %
BUS-0002
4160V
PD-0002 PD-0005
¢ ¢
& £ F2.0002
FOTE Size S0000KVA Awdd HFZ0003
PriDelta SO e Size 50000 KVA
Sec Wye-Ground PriDelta
%Z 4,5999 % PD.000S Hec Wye-Cround
Poo003 ) wzagooo e I
_|  Busoo _|  Busoms
4207 420 W
FD-0004 FD-0007
3 )
CBL-0001 CEL-0002
(L) Size 2 AWC (1) Size 2 AWG
Copper 3 Wire+Gmd Copper 3 WireHGmd
THHHN, 1000 ft. THHHN, 1000 ft
Ampacity 1300 & Ampacity 1300 &
BUS-0004 BUSE-0008
4207 4207
LOAD-000L MTRI-0001 LOAD-0002 MTRI-0002
05 Asmps 100.000 hyp 05 Asmps 100.000 hp
Load Factor 1.00 Load Factor 1.00
d017 pu X'd017 pu i
Kl i oz

Position and Connect the new components.
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Copy Data / Paste Data

1.

The Copy Data / Paste Data function can save you time when entering component data.
For example, select transformer XF2-0003 on the one-line and use the
Component>Copy Data command as shown on below. You can then select any other
transformer or group of transformers and use the Component>Paste command. The
information entered for transformer XF2-0003 will be copied to the selected
transformers.

Project Document  Edit  Wisw Run|Component One-Ling  Window Help

BO &% U R e | B0 & | K2 Hew... -1 e MR Tie ) | RV el
b = G 5 i Pf 7T 5 o BYEiEwwm|be b i®k
= T
Destroy ;I
——————+H[ I+——  Existing... Chrl+I _'_4
PD.0001 Epeme CrHE a0t
Collapse Chrl+L
Renames. ..
Remove/Hide Chrl+R
A8 HF2-0001
=0T Disconnect Ctrl+B 1
In Service
0Out of Service
Update TCC Names...
Update Oneline Names BI=-0002
[~ FPD-0002 1 ~PD-0003
i) O
Audal HF2-0002 1
= Al HF2-0003
i
3 PD-0006 3
PD-0003
_ | Busooo: _ | Busooos
|

Select component to copy data from.
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Default Project Data

1. 'When new components are added to a project, default data is assigned to the
component from the “Default Project”. The default project is installed in the Library
folder and read from the Miscellaneous Files path specification. The location of the
default project is in C:\PTW32\lib\Default. The default project contains one of each
component type. You can edit the default project to specify default values that will
minimize data entry when building a new project. You can also assign new data to the
default project using the Component>Save as Default menu item.

Project Document Edit View Run | Component Window Help

BO £ U 5 e | 7 & | K2 :ew e == B DC ¥ o

=& 5o T O E— B T % = vusunn

5! MAINDRAW.DRW Paste Daka _
[l cComponent Editor - Scenario] LIy o ]

Destroy Multiple. ..

Component Subvisws:
.
i ¥ In Service @

Impedance Harme: Promote Multiple. ..

Ampacity Selection

Ampacity Caleulation Librar Expand Cirl+E a State: ICgmpIete 'l
Phizical oollapse CErHL

Damage Curve _
Fielizbility Data Manufac o Notes... orc [NONE—— 1]
Bzf;ﬁ;;r: ed Fields Conduct  Fumchion [otes. . Insul Class  Walts [L-L]

Copper  Update TCC Names...

Update Oneline Names
= Conducto ; |ation: I:I
Scenario Manager... |
Cable Size: |2 'I AWG  Circular Mils: [BE3E0

Conductors in Parallel/Phaze: m Length: |100.0 [Feet
_I — Bus Connection " DoMot Size

Conn... | Phaseq —Matis————

o v & || ¥ Update Matiz
rar: BUS-0003 v B from S equence

To: BUS-0004 (mlls Z Matiis... |

|
Expand || Shirinlk

Default Component Data in Default Project.
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Template Files
Another time saving concept is to use template projects rather than a blank project when

creating a new project. A template project contains groups of components and data that are
typical for new projects you will likely work on.

Template Example

Let’s say from the Demo project you wanted the “CBL1 B” branch to be a template so that
you can use all the components in that branch to other projects.

1. Open up the “Demo” project and open the “Overall.drw” one-line file.

2. Select the “CBL1 B” branch so that it is highlighted

UTLITY CO

UTIL BUS

EXAMPLE PROJECT FOR SKM POWER*TOOLS FOR WINDOWS

RITL

CB1 CO-GEN

Al T1
£
[
.
H : IisEC
I = !
CBI A H H FITXC
£ : :
ca? = H % cBLiB : TXC
CBL1A FLTR-Tune’ T :
=1 : aule
FLTR-Tung e
.
| Txarmm H .
MIBUS B H IXCSEC
CRITXA . — H
7 cB1swED
A TXA ==
by H ==
g Fei SWBD
H H CBLIC
—] Txasec H H =
H H
FlA H H
. o H | BNLBUS
H H
H H
= MTRL0003 H
M1 Sesnsnsnnnunnns H

I
paon

PNL
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3.

Click on the one-line drop-down menu and then select “Template”

One-Line  Window  Help

Components

Datablocks and Mametags
Data State

Conneckion Poinks

* ¥ v v

Legend Tag
Textblock
Conneckion Line
Lirk,

Annotation

*r r¥ r v

Convert ko Bus Node
Corvert bo Bus

Symbol Selection. ..
Refresh Symbols from Library

Refresh Meter Data

4. The template window similar to the one below will come up.

Templates - (G\PTW32\LIB\Default)

§ Substation 1

i Substation 2
-] Feeder

-] 480V MCC FS
-] 480 MCLC MCP
#0430V MCC TMCE

MHotes

Mote dezcribing the template

K1

Bl

Create... | Delete | Paste | Zoom In | Zaom Out Zoormn Al |

Rename... | Mew Folder... | Exit I Agzign To Toolbar Button. ..
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Here, you can click on the new folder to create a folder where you want to put the
new template in. You can name the new folder “Demo”. Then, in the “Demo”
folder, you can click on the “create” button, and name it “CBL1B Branch”. This
will create the new template name “CBL1B Branch” in the DEMO folder. See
below. Click on “exit” button to exit out of the template window.

Templates - (C:\PTW32\LIB\Default) Bl x|
= ’a Template ﬂ
-3 Substation 1

-3 Substation 2 ? CBL1B

{ ] 4800 MCC FS
+ {7 4800 MCC MCP
(-] 480v MCC TMCE M3 BUS
E|-D_ Feeder _
[ C5L1E Branch
ﬂ FIB
MTRI-0003
Naotes
Mote descibing the template
I ;I_I
Cieate | Delete | Paste | Zaom | | Zoorn Out | Zoom Al |

Fiename... | Mew Folder.. | Exit I Aszign Ta Toolbar Buttan.. |

You can now use this template to any other project that you have.

To use the newly created template, you can open up any project (Plant from our
example)

In the “Plant” project, you can open up the “Maindraw.drw”” one-line file.

Click on the one-line drop-down menu and then select “Template”

One-Line  Window  Help

Companents

Datablocks and Mametags
Diata Skake

Conneckion Poinks

r r v v

Legend Tag
Texthlock
Conneckion Line
Lirk:

Annatation

* ¥ ¥ r T

Convert ko Bus Mode
Convert ta Bus

Symbal Selection. ..
Refresh Symbols from Library

Refresh Meter Data

Templal
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9. A window similar to the one below will be displayed.

Templates - (C:\PTW32\LIB\Default) Bl x|

Ela Template ﬂ
o § Substation 1
3§ Substation 2 § CBL1E
[ Feeder 8
[ 480 MCCFS
{7 480 MCC MCP
D 480 MCC TMCE M3 BUS

ER_] Feeder
PR CELIE Branch

ﬂ FIB

jel

MTRI-0003

Al _>l_I
Create... | Delete moomln | Zoom Out | Zoom Al |

Rename... | Mew Falder... i Agsigh To Toolbar Button.... |

Motes

Mote dezcribing the template

10. Select the template named “CBL1B Branch” and then click on the paste button.

11. This will create the “CBL1B Branch” branch in the “Maindraw.drw” one-line of
the plant project.

| BLUE LD :n:rwl

!
ci |
g |
|
|
. 025-MTR2B ___l_____ __________
LV 6.4 kA | CBLIB
LV X/R 8.0
Interrupt 5.6 kA |
Interrupt X/R 771, & yz8 |
F-M25 é :
| — M3 BUS
Y mes |
|
|
| E F1B
|
|
o
21 | O’
‘ | MTRI-0003
|
3
| |

12. This new “CBL1B Branch” will have the same information as the one from the
Demo project
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Azzign To Toolbar Button....

Assign to Toolbar Button...
This button allow user to create template copy and paste shortcuts.

1) Click on the template you desire to create a shortcut

Templates - (C\PTW32\LIB\Default) Blx
=1 Templates ﬁ E2-2 RFUSE -
{480 MCCFS
(] 480Y MCC MCP
£ 480V MCC THCB
T} TMCE 100hp {F22 5t
THCE 10hp F2.2 505
TMCE 200hp &
TMCE 28hp
i o} TMCES0hp
i -3 TMCEPNL
: E2-2 FOR
=] Feeder
1 Ez2mUs
Motes @
Mote describing the template
E22 MTR -
T D
Create... I Delete I Paste | ZoomIn I Zoom Out | Zoom All |

Rename... I Mew Falder.. I Exit I ALzsign To Toolbar Button... |

2) Click “Assign to toolbar Button...” and assign your template to any number from
0-9 then click ok

Templates - (C:\PTW32\L1B\Default) =l x|
=1 Templates E2.2 RFUSE =
- 480V MCC FS

F-{] 480 MCC MCP
=1 480 MCC TMCE

—c99 R

™ B/
™ 2lx|
™ [p
™
™ |2
Lt TM g
=] Fesder 5
H §
7
]
|
Motes
——— Ok | Cancel || Clear |
Mote dezcribing the
KIS _'l_I
Create,.. | Delete | Paste | Zoorm [h | Zoom Elutl Zoom Al |
Rename.. | Mew Folder... | Exit | Azzign To Toolbar Buttan... |

3) Right click on the toolbar > select “Template”
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i SKM Power*Tools - Scenario[ Base Prg
Project Document Edit View Run Comp
— i el

LR N e bt

I o= v Edit

v Print

v Tools

v Component

v Protective Device

v One-line

w TCC

v Case

v Filter

v Color Oneline
DC Components

v Status Bar

4) You should see the following toolbar appear

O1234|/567819

Click on the light up yellow number “1” to paste the shortcut template to your
project.
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Scenario Manager and Data Visualizer

Now that you’re comfortable developing PTW projects, running studies on those projects,
and analyzing the projects’ data, you’re ready to increase your productivity and
sophistication in PTW by learning how to use “Scenarios.”

What is a Scenario?

To explain what a “Scenario” is, we’ll offer a typical situation you might find yourself in:

Let’s say you’ve finished a PTW project that represents a small manufacturing plant. One
day, the plant manager says he’d like to add a new motor to the system, but has 4 different
possible places for it, and wants you to run a Load Flow/Voltage Drop Study analyzing the
effects of the motor in each of these 4 different places. Ideally, he’d like to install the motor
in the place where it’ll cause the least amount of voltage drop. One way to do this would be
to use PTW’s Project>Copy As command and create 4 different copies of your existing
PTW project, then add the motor in each spot within each of those 4 different projects, and
run the Load Flow/Voltage Drop study within each of those 4 projects. This approach
would certainly work, but would be very unwieldy—each time you want to run the Load
Flow/Voltage Drop study on one of those 4 different projects, you’d need to close the
project you’re in, open the different project, run the study, print out the study results, and
repeat the process for the next project.

Another way you might approach this problem would be to add the motor within your
current project at Possible Spot 1, run the study and print its results, then destroy the
component and add the motor again at Possible Spot 2, run the study and print its results,
then destroy the component, and so on. This method alleviates having to repeatedly open
and close projects, but it still requires the repeated data entry of component data, and leaves
the possibility that you may inadvertently mess up the original system you worked so hard
to design.

In both approaches to the problem, you’re able to get the data you want, but after a fairly
tedious and lengthy process. Wouldn’t it be nice if you could try out all these different
scenarios within your existing project? To be able to see the Load Flow/Voltage Drop
results of the 4 different motor locations without having to make changes to the existing
system, and without having to switch between 4 different projects? And best of all, be able
to see the Load Flow/Voltage Drop results in a single spreadsheet with the results side-by-
side, rather than having to compare 4 separate sheets of paper?

This is exactly what Scenarios enable you to do. Scenarios are just like copies of a PTW
project, except that they exist within your current project. Because they exist within your
current project, they’re optimized for easy comparison of study data, and for updating one
another with changes made to the system. They’re called “Scenarios” because they enable
you to perform “what if”” scenarios on your current project to study the effects, but without
forcing you to make any changes whatsoever to your existing project.

What are the Scenario Manager and Data Visualizer?

You work with Scenarios in PTW using two tools, the Scenario Manager and the Data
Visualizer. Despite their different names, these two tools complement one another,
providing the power and versatility of Scenarios. The first tool, the Scenario Manager,
allows you to manage the different Scenarios, such as creating and deleting them, renaming
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them, and switching between them. The second tool, the Data Visualizer, provides a way to
view the differences in data between the Scenarios. In our previous example, where we
wanted to see the effects of adding a motor in each of 4 different locations, the Data
Visualizer lets us see the Load Flow/Voltage Drop results in a spreadsheet, so that the
results of each of the locations appears in a column. The Data Visualizer lets us easily see
the differences among these scenarios at a glance

Create Scenarios in the Tutorial Project

1. Let’s begin by opening the Scenario Manager. To open the Scenario Manager,
click the Projects>Scenario Manager command:

% SKM Power*Tools - Scenario[ Base Projel

Project Document View Run Device Wind:
New...
Open...
Close
Copy As...
Backup...
Backup Library...
Statistics. ..
Delete, .
Export...
Irport...
Validation...
Merge...
Database Wiy,

Scenario Manager. ..

Options... Cirl+0
Leagi ..
The Base Project is the entire project
2. This opens the Scenario Manager: you’ve been working on, so it can’t be
[ | deleted.
Scenanios:
Clane
Fename...

Delete | To create a Scenario based on the
Base Project, we’ll Clone it.
Framote to Baze.., |
E it |

Help |

Scenario Description:— [Press Chl+Enter ta start a new ling)

—When Changes are made to a Component in the Basze Project

" Promate Base Changes Only to Unmadified 5 cenario Fields

£~ Promote A1l Fields in the Baze Component to 4ll Scenarios

' Do Mot Promote Base Changes bo Scenarnios
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Notice how the “Scenarios” list currently shows just one Scenario, the “Base
Project.” The Base Project represents the entire project that you’re been working
on. Notice how the Delete button is grayed out; that’s because you cannot delete
the Base Project. (Later, we will explain how you can replace the Base Project
with one of your scenarios by using the “Promote to Base” option; for the time
being, though, just remember that you must always have a Base Project.)

Scenariol

Now we will create a Scenario:

Create the Scenario and Make Changes to It

3. Let’s create our first Scenario by cloning the Base Project. To do so, click the
“Clone” button. Notice how the Scenario Manager now shows two Scenarios, the
“Base Project” and a new one called “Scenariol”:

Scenario Manager

Scenanios:

- | After we clone the Base Project,
we see the clone appear with the
name “Scenariol.”

D We’ll switch to the Scenario by
elete |

clicking the “Activate and Exit”

Fromate to Baze... | button.

Exit |
Help |

Scenano Description:  [Press Chil+Enter to start a new ling)

—When Changez are made to a Component in the B aze Project
" Promote Ease Changes Only to Unmodified Scenario Fields
= Promate Al Figlds in the Base Component ta Al Scenarios

&' Do Mot Promote Ease Changes to Scenarios
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4. With “Scenariol” highlighted, click the Activate and Exit button. The
Component Editor reappears, and initially it might seem like we’ve just returned to
the project we were working on. In actuality, though, we’re in a copy of the entire
project, and any changes we make to Scenariol will only appear in Scenariol and

not in the Base project.

5. To prove this, let’s try changing some data in Scenariol. In the Component Editor,
switch to the cable component C1:

_injx]

Component Subviems:

Impedance
Ampacity Selection
Ampacity Caleulation
Physzical

[Dramage Curve
Fieliability [ ata
Uszer-Defined Fields
Datablock.

Scenanos Manager... |

I,-’.'-,II vl Jump. . |

- i’
-
-
-y
-
LCAC|
T
T2
T3
M neTwoRE FOR 7]

b arme: |E'| | ¥ InService @

Library... | W Link to Lib Data State: ||:Dmp|ete v|
Manufacturer: De&criptinn: MOME

Conductor Tupe Dt b atenial Ineul Tupe  Ineul Clags  Walks [L-L)
|Eu:up|:uer ||Nnn-Magnetic || ||THW’N ||EDEI |

Conductor Descr: (4 'fire+Gnd Installation: |:|
Cable Size: |10 | AWG  Circular Mils: [105800
Conductors in Parallel/Phase: |2 'I Length: [100.0 |Feet

Bus Connection [ DoMot Size

Conn... | Fhasze | Matis————

v & || W Update Matrix
From: B3
v B from Sequence

Tor B4 WV C £ Matria |

6. Change the Length from 100 Ft to 105 Ft

| niztallation:
AWGE  Circular Mils: [105500
IE vI Length: |105.0 |Feet

[T DoMat Size

[




SKM Power*Tools for Windows 323

After you click Save, you’ll notice that the field turns to a different color (by
default, the color it changes to is peach, but you can choose whatever color you
want by using the Project>Options>Application>Diffs option). This is PTW’s
way of telling you that the field you just changed represents a departure from the
Base Project. In fact, any data field that you change will indicate to you that it’s
now different from the Base Project by changing to this color.

1 [nztallation:
AWG Circular Mils: 105600 4
I 2 T I Length: Feet

The color change indicates that
the field’s data is now different
from the data in the Base Project.

[T DoMotSize

To summarize what we’ve done here, we’ve changed the length of the cable
component C1 from 100 feet to 105 feet within Scenariol only. If we go back to
the Base Project, we’ll see that the cable component C1 still shows a length of 100
feet. To switch back to the Base Project, click the Project>Scenario Manager

command again:
#, SKM Power*Tools - Scenario| Base Proje]

Project Document WView Run Device Winde
New...
Open...
Close
Copy As...
Backup...
Backup Library...
Statistics...
Delete. ..
Export...
Import...
validation. ..
Merge...
Database WEliy,. .

Scenario Manager...

Options... Ctrl+0

Logint ..
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9. Next, highlight “Base Project” and click the “Activate and Exit” button:

x

Scenanios:

Clone |
Renare... |
[Delete |
Framote to Base... |

Scenano Dezcription;  [Presz Chil+Enter to start a new ling]

—Ww'hen Changes are made to a Comporent in the Baze Project
" Promate Base Changes Only ta Unmadified 5cenario Fislds
" Promote &l Fields in the Base Component to &1l S cenarios

* Da Mot Promate Base Changes to Scenarios

10. Go to the cable component C1 in the Component Editor and you’ll see that it still
shows its length as 100 feet:

[il] component Editor o ] 4
Compaonent 5ubviews:
Name: [ | @ msevie (@)
Impedance

Ampacity 5 election Library... | ¥ Link ta Lib Data State: Icgmplete vl

Ampacity Calculation

Physical M anufacturer: Description; |HOMNE
Drammage Curve

E:giglgﬁn[;‘ztgields Conductor Type  Duct Maternial Insul Type  Insul Class  Yalts (L-L)

Dratablock: |C0|3|39l | |N0n-Magnetic | | | |THWN | |BDD |

MI Conductor Descr: (4 %W/ire+Gmd Installation: l:l
I.t‘-‘«ll Vl Jump...I

Cable Size: |10 w| AWGE Circular Mg Ny
- - |
m—F7 Conductars in Parallel/Phase: I 2 T I | gtk [100.0 |Feet

m—F

-y Bus Connection———————

-— 5 Cann... I Phazeq —Mativ———
g v & || v Update Matrix

o T1 From: B3 from Sequence
T2 B

ﬁTB Ter B4 ¥ Z Matriw... |
0 neTwiorK FOR x|
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11. As you can see, we now have 2 copies of the same project: the Base Project, and
Scenariol. When we make a change to the data in Scenariol, the change does not
affect the data in the Base Project. This gives us the power to experiment with
Scenariol and see how changes to it will affect its operation.

12.

Let’s make one more change to the data in Scenariol. First, open the Scenario

Manager again, highlight “Scenariol,” and click the “Activate and Exit” button:

Scenario Manager

Scenarios:

X

|Base Fraject ——— Ativate and Ewit I
Clane |
Rename... |
Delete |
Promote to Base... |
Exit |

Help |

Scenario Description:  [Press Chl+E nter to start a new ling]

—w'hen Changes are made to a Component in the Basze Project
' Promote Base Changes Only to Unmodified S cenario Fields
" Promote &l Fields in the Base Component to All Scenarios

% Da Mot Promate Base Changes to Scenarios

13. Next, switch to the utility component “Network Fdr”:

[l component Editor

=101

Component Subviews:

Harmonic Impedance — Initial Operating Conditions

Mame: (METWORK FDR ¥ In Service Il:omplete 'I m

Reliability D ata o
User-Defined Fields Yoltage: [1.000 |pu Wialiege Taleree———
D atablack B .
gl Mir: |U-D | Max: |E'-El |
* Enter Contribution ¢ Enter PerUnit  Update.. | [ Infinite Bus
- — Lltility Contribution
M Contribution XAR: Tolerance?

IAII vl Jump... |

- A|
Ll =¥

Line to Ground: <>|B|

Three Phase:  [75.0 e j|15.uuu| Mir: |D.D

|15.DDD| Max: |D.D |

Ll = X}

r— Per Unit Cantribution
-y

—F
@

e T

Baze/Rated My

i}

X

|1uu.u

|  Pos: [0.088632] [1.330380)

Base/Rated Voltage [L-L) |‘I3SDD | Zerm: |D.2BBD?B||3.891141|

Tz

r— Bus Connection

e
o T3 Bus: Bl

ME T ORK FDR

Caonnection. .. |
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14. Change its Voltage from 1.000 to 0.95. Once again, notice how the field changes
color after you change the data, to indicate that its data now differs from the data
in the Base Project.

|nitial Operating Conditions —

Waoltage: pLi
Angle; deqg

* Enter Contribution € Enb

Run a Load Flow/Voltage Drop Study on Scenariol

15. Now that we’ve modified Scenariol, let’s run a Load Flow/Voltage Drop study on
both Scenariol and the Base Project, and compare the results to see how the
changes we made will affect it. Click the Run>Balanced System Studies
command:

Fur  Compoment  MWindow  Help

Balanced 5 m Studies. .. k
Transient Makar Skarking (TS}
Industrial Simulation (ISIM)
Harmaonic Analysis (HIWAYE)

16. Select the “Load Flow” study option and click Run:
Blx

— Studies Repart File

[ Demand Load Setup... I Idl.rpt [~ &ppend
A AnsiHER
[ Sizing b IEE i Setup. I Isz.rpt [T &ppend

W Load Flow Setup. .. | Ilf.rpt [ &ppend
[ Optimal Power Flaw Setup... | Iopf.lpt [~ Append

& Comprehensive

[T SC ) a5l Setup...l Isc.lpt [~ &ppend

£ |EC B0309
£ |EC E1363

Length of Reported Component Mame: @ 14 Characters 30 Characters

[ Load Schedules Setup,.. | IIs.lpt [~ Append

Schedule Output Files: |s.rpt

System Input Data Feport: Iinput.lpt I~ Append
¥ Ovenwite Existing Feports Wiew Study Message... |

[~ Do not Display “arrings for Unbalanced Components
Default Report Path: CAPTW32Yprojects\TUTORIAL_BackuphS cenariol

Help | Farmat... | Header. .. | Run I Cancel

17. This runs the Load Flow/Voltage Drop study on Scenariol. Now let’s the run
theLoad Flow/Voltage Drop study on the Base Project. To do so, switch to the
Base Project by clicking Project>Scenario Manager, selecting “Base Project,”
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and clicking the “Activate and Exit” button.

18. Run the Load Flow/Voltage Drop study again as we did above. Since we’ve run
the Load Flow/Voltage Drop study on both the Base Project and on Scenariol, we
now have Load Flow/Voltage Drop Study data available to be compared. We do

the data comparison using the Data Visualizer.

Analyze the Differences in the Data Visualizer

19. Open the Data Visualizer by clicking the Document>Data Visualizer command:
e ey £

Docurnent  Edit Wiew  Rum Componenl

| Component Editor
one-Line. ..
Repart...
Libraty. ..

| CAPTOR TOC...
! Crystal Repork

20. This opens the Data Visualizer window:

Tﬁ-.- Data Yisualizer

=101 ]

Format: Components... | Scenarnios... Options... " Man I” Show Difference
Wi [~ Show Comment

<< I < | > | 55 I Datablock. .. Quey... Format... [~ Show Min/Max Color

1 Component Field Baze Project

2 | MName 1

3 | Bluz B3

4 1 Size (AW 10

5 | MNeutral Size 2

g |1 Cakle(s)in Parallel |2

7 o Length (1t) 100,00

g | MNeww/Existing Size -

g |1 In Service In -

21. The data which appears in the Data Visualizer window is determined by the
datablock which is currently applied. Since we want to see the results of the Load
Flow/Voltage Drop study, we’ll apply the Load Flow datablock.

22. Click the Datablock button L
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23. In the Datablock window, select the “Load Flow Data” datablock format and click

Apply, then Close:

— Type

' Companent Editar /
TCC Setting YWiew /
Drata Wisualizer

" One-Line /
TCC One-Line View
" Probe

" Impart / Expart

Component Editor D efault:

Faormats for TCC

['ata State

Equipment Evaluation

Fault Currents [&_FALILT]

Fault Currents [Comprehenzive)

Harmonics

Impedance Data - Buz Thevenin Equivalznt
Impedance Data -- Components

InEut D ata

Protective Devices

Fieliability

Report - AMS| Fault Duty

Feport - Arc Flash

Report - Arc Flash Line Side/Load Side
Report - Arc Flash Line Side/Load Side Worse C
Feport - Arc Flash Wworse Caze

Report - Bus Fault Current Data
Feport - Harmonics

Report - Load Flow Data

Report - bMotor List

Fieport - Pratective Devices
Report-TCC Settings

KK

|2
x

Apply
Cloze

N\

Edit...

i

Mew...

Set Default
Renare...
Capy
Faste
Delete

Help

P FlTE

Impart. ..

24. The Data Visualizer window will now show Load Flow/Voltage Drop data for the

Base Project:

Iif;Data Visualizer

=10lx|

Farmat; Companents. Scenarios. .. Optionz... " Max [~ Show Difference
 Min [~ Show Comment

<<| < | > |>>| | Datablock.. Quemn... Farmat... * MNone [ Show Min/ax Colar

1 Caomponent Figld Basze Project

> [ LF Current (&) 257 41

3 | Real Power (K 170.01

4 |C1 Reactive Power (KvaR) (124 67

5 |C1 Real Lozzes (K 1.26

E |C1 Reactive Losses (KWAR) (043

7 |C1 “aoltage Drop (%) 059

g |C1 P 0.81

25. However, we want to compare the results between the Base Project and Scenariol.

To display both of them, click the Scenarios button

Scenaros...
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26. In the window that appears, select both “Base Project” and “Scenariol”, then click
the OK button. (Hint: In order to select both of the Scenarios, click one, hold
down the Ctrl key, and click the other one.)

Cancel

x|
_ Corcel |

27. Now we’re getting somewhere! When the Data Visualizer reappears, we can see
the results of the Load Flow study side by side, making it easy to compare the
results:

ol

28.

29.

Componerts... | Scenarios... Options... £ Man I” Show Difference
 Min [” Show Comment
<< I <> I By | Datablock. .. Clueny. . Format... & Mone [ Show Min/May Color

1 Component Field Base Project Scenariol

2 ci LF Current (&) 25741 27367

3 |C1 Real Pawver (KA 17001 170.25

4 |C1 Reactive Power (kv AR 124 67 12475

5 |C1 Real Losses (KA 126 1.50

g |C1 Reactive Lozzes (kWAR) (043 0.5

7| Woltage Drop (%) 058 066

g 1 Pt 051 0.81

This column shows Load
Flow/Voltage Drop results
for the Base Project.

This column shows Load
Flow/Voltage Drop results
for Scenariol.

Right now, we’re just viewing the results for the cable component C1. If we want

to show all the components, click the Components button

Caompanents...

In the window that appears, click the first bus B1, hold down the Shift key, and

select the last component in the list, then click OK:
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x
Hald the Chl key ta select multiple components or the Shift key to select a range.
EemporEmis | | —Scrall To Companent Type——

N E xizts? -
are N:zss gl ﬂ E @
- s o o
Mo g ﬂ g E E
e N EE
i EEE-|v
o
Ha ; E ; E E
o HodH
No Scenarnio; IBase Project vl
Mo | |
EE * Replace
Ha " Merge Cancel |
N
NE Querny. . |
N
oo |

30. The Data Visualizer window will now show all the components and their study

data:
i
Format |Format! Eatipansnti.| Scenarios.. | Options.. | © Max [ ShowDiference
 Min [ Show Comment
«| <> ] Datablock Query Format & None [ Show Min/Max Color

1 |Component Field Biase Project Zcenariol a]
z (Bt rlominal (W) 1350000 13500.00
3 | LF Yolts(y) 13800 00 13110.00
1 B WD (%) 000 .00
£ |82 ominal () 416000 4160 00
B |[B2 LF vols(v) 405770 3660.40
7 B2 D (%) 174 7.20
PR Maminal (v 450,00 40,00
g |63 LF olts(v) 47285 445 26
10 |B3 WD (%) 149 724
11 |e4 Mominal () 450,00 40,00
12 |84 LF Volts(v) 470,00 44208
13 |84 D (%) 208 [E i
14 |BE Maminal (v 450,00 40,00
15 |85 LF olts(v) 46922 44087
16 |BS WD (%) 225 515
17 |c1 LF Currant (&) 257 41 27367
18 (C1 Real Power (KA 17001 17025
19 |C1 Reactive Power (kVAR)  [12467 124 75
20 (C1 Real Losses (W) 126 1.50
2 |C1 Reactive Losses (KYAR) 043 0.51
22 (C1 olttage Drop (3] 059 0 6
23 |C1 Pt 061 0.81
24 |T1 Size (KA 5000.00 5000 00 =

31. If we wanted to sort the data by the field instead of by the component name, we

click the Options button D PHERS:.

32. In the Options window, select Attribute and click OK:
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— Group Data By

- Eompo?{

& Attribute

— Group Colar
Color 1:

Color 2;

1l

tdin/rda= Color

1

Carcel

X
_ Carcel |

Calor 1:

Calor 2:

r— Colar for Difference

L

33. When the Data Visualizer window reappears, the data will now be sorted by the
Field instead of by the component, and we can easily see all the % Voltage Drop

fields together:

I
Format: | Formatl v Components... | Scenarios... Optian: | © Max I” Show Difference
= Min [ Show Commet
< | <|» | >3 | Datablock... Huery.. Format... % None [ Show Mintax Color
1 Component Field Biase Project Scenariol =
2 |B1 Maminal (%) 13800.00 13800.00
1 [BZ Harminal (%) 416000 4160.00
4 |B3 Harminal (%) 450,00 430,00
5 [B4 Mominal (%) 430,00 43000
5 |BS Harminal (%) 450,00 430,00
7 |B1 LF “aolts(%) 13800.00 13110.00
g (B2 LF “aolts(%) 4057 .70 3860.40
g [B3 LF alts(v) 47285 445 76
10 |B4 LF alts(v) 470,00 442 05
11 |BS LF alts(v) 469,22 440 57
12 |B1 WD (%) 0.00 .00
13 B2 YD (%) 174 720 —
14 |B3 WD (%) 1.49 724
15 |B4 WD (%) 208 7.0
16 |BS WD (%) 225 515
17 |c1 LF Currert (4 257 41 T3 ET
13 [C1 Real Power (K¥W) 170,01 170.25
13 [C1 Reactive Power (kvAR)  [124 67 12475
20 (1 Real Lozses (KWW) 1.26 1.50
21 (O Reactive Lozzes (kVAR) |0.43 0.51
22 (O Woltage Drop (%) 059 066
27 |01 [ 0.3 0.3
24 |METWORE FDR Current (Amps 188.82 201.28 -
Scenario 2

34. Now let’s create another scenario.
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Create the Scenario and Make Changes to It

35. Begin by opening the Scenario Manager by clicking Project>Scenario Manager.

This time we’re going to clone Scenariol, rather than clone the Base Project

(PTW lets you make clones of clones).

ﬂ

Scenariog:

| Baze Project
__ Pename. |
Help |

Scenario Description:  [Press Cirl+Enter to start a new ling]

—when Changes are made to a Component in the Base Project
' Promate Base Changes Only to Unmodified Scenario Fields
€ Promate Al Figlds in the Base Companent to All S cenarios

' Do Not Promote Base Changes to Scenarios

36. With “Scenariol” selected, click the Clone button.

new Scenario named “Scenario2”:
x

Scenarios:

Baze Project = :
|Scena[i01 Activate and Exit | /

Rename... |
Delete |
Promote to Base... |
Exit |

Help |

Scenario Description;  [Press Chil+Enter to start a new ling]

—when Changes are made to a Component in the B aze Project
¢ Promote Base Changes Only to Unmodified 5 cenario Fields
" Promote &1l Fields in the Baze Component ta All Scenarios

* Do Mot Promate Base Changes to Scenarios

Rename...

Clone

This creates a

37. Let’s rename this scenario to something more descriptive. Click the Rename

button and in the Rename window type the name “Energy
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Conservation Plan” and OK:

x

Cumment Mame ; ~CEN9/i02

Fename to; IEnerg_l.J Conzervation Plan|

Ok ‘E I Cancel |

Exit, as shown following:

ﬂ

Scenariog:
Activate and Exit j
Clane |
Rename... |
Delete |
Promaote to Base. .. |
Exxit |
Help |

Scenario Description:  [Prass Chrl+Enter to start a new line)

—when Changes are made to a Component in the Base Project
" Promate Base Changes Only to Unmodified Scenario Fislds
" Pramate &l Fields in the Base Companent ta All Scenarios

' Do Mot Promate Base Changes to Scenarios

38. Now select our new “Energy Conservation Plan” scenario and click Activate and
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39.

40.

Switch to the Component Editor. At this point, we only want to see the
components whose data differs from the data in the Base Project. The Component
Editor gives us a filter feature to do this. To filter the component list for just the
different components, select “Diff” from the drop-down list:

= il Component Editor

Component Subvigws: ’7 Component Subyieds ...the Component Editor filters for just the
_ : P components whose data differs from that in the
Busz Library When we select Base Project.

Harmonic Source “Diffs”...
Reliability 0 ata o |
Uzer-Defined Fields :
D' atablock Manufacturer: | Typice
Conductor Type  Du
|D:u|:u|:uer | |N|:|n-b
Scenarios M | i
Sceparnios Manager. .. | Conductor Descr E

Al - Jump...l IDiff; vI Jump...|
Cable Size: |1/0

All N @ :I |
ety [ HETWORK FDR
GoTo Conductars in Parallel!

|— Bus Connection——

~

As you might recall, the cable component C1’s length was 100 feet in the Base
Project, and we changed it to 105 feet in Scenariol. In this scenario, we’ll change

it to 95 feet:
| ¥ In Service @

D ata State: IEDmpIete vI
D escription: |NDNE |

al Inzul Type  Inzul Class  “olks [L-L]

i |[THwN_ |[so0 |
] stalation: [ ]
WG Circular Mils:

[ =] Lengh

[T DoMat Size

=
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41. Now switch to the utility component “Network Fdr.” As you may recall, in the
Base Project we had entered 1.0 for the pu Voltage, and in Scenariol we changed
it to 0.95. In this scenario, we’ll change it to 1.05:

Name: [NETWORK FOR | ¥ In Service II:u:umpIete -] [!]

— Initial Dperating Conditions

Yoltage:  [1.050 4Tpy Yoltage Tolerance - -
Angle: deg Mi: |':|-':| | Max: |EI.EI |

¥ Enter Contibution © Enter Per Unit Update... | [ Infinite Bus

— LItility Cantribution
Contribution ®iR: Tolerancesx
Julili|

Three Phaze:  |75.0 IMVA j 15 Pir:
Line to Ground: [ LY [ VR

Run a Load Flow/Voltage Drop Study on Scenario2

42. Now let’s run the Load Flow/Voltage Drop study on this scenario so we have data
to compare with Scenariol and the Base Project. Click Run>Balanced System
Studies, select just the “Load Flow” option, and click Run:

51

— Studies Fiepart File

™ Demand Load Setup... | Idl.rpt ™ Append
A% AnsifNER l—
[~ Sizing ) [EEYiina SEtup.. | sz.1pt I~ &ppend

v Load Flow Setup... | ||f-f|3t [~ &ppend
[~ Optimal Power Flow Setup,.. | Ic-pf.rpt I~ Append

¢ Comprehensive

[TSC ¢ &g Getup,.. | Isc.rpt I é&ppend

= |EC B0909
" |EC 61363

Length of Feported Component Mame: 14 Characters € 30 Characters

[~ Load Schedules Setup.. | IIs.rpt I &ppend

Schedule Output Files: ls.rpt

Spstemn Input Data Report: Iinput.lpt ™ Append
¥ Ovenwiite Existing Reports View Study Message... |

[~ Do not Display W arnings for Unbalanced Components
Default Report Path: CAPTW32projectsh TUTORIAL_BackuphScenarial

Help | Format. .. | Header... | Run I Cancel
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Analyze the Differences in the Data Visualizer

43. Now we can compare the Load Flow/Voltage Drop data between the Base Project
and the two Scenarios. Click the Document>Data Visualizer command to open
the Data Visualizer window:

LiBix
Format: | Formati - Components... | Scenarios... ol  Max I” Show Difference
" Min [ Show Comment
<<| <| > I >>| Datablock. . Query... Farmat... @ None |~ Show Min/Max Color

1 Component Field Base Project Scenariol =
2 B1 Mominal (4 1380000 13800.00
ECE Marminal (V) 416000 4160.00
4 B3 Maminal (% 430,00 430,00
5 B4 Mominal (%) 450,00 450.00
RES Marminal () 430.00 430.00
7 B1 LF “alts(v) 13800.00 1311000
a B2 LF “alts(v) 4087 .70 3860.40
q B3 LF %alts(v) 47285 443,26
10 |B4 LF %alts(v) 470,00 44205
11 |B5 LF atts(v) 45922 440,57
12 |B1 WD (%) 000 500
13 |B2 WD (%) 174 7.20 L
14 |[B3 WD (%) 144 7.24
15 |B4 YD (%) 208 7.90
15 |B5 WD (%) 225 515
17 |1 LF Current (4) 257 41 27367
13 |1 Real Povwer (KW 170.01 170.25
19 |1 Reactive Power (KWAR) (12467 12475
20 |1 Real Loszes (KW) 126 1.50
71 | Reactive Lozzes (kvAR) (043 0.51
22 |1 Woltage Drop (%) 059 0B
23 [C1 Pi 081 0.81
24 |METWORK FDR Current (A)mps 188.32 201.28 -

44. Click the “Scenarios” button, hold down the Ctrl key, and select all 3 names:

Select Scenarioz To Display:

X
Cancel |
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The Data Visualizer now shows Load Flow/Voltage Drop Study data for the Base Project,
Scenariol, and the Energy Conservation Plan:

=1olx|
Farmat: | Farmatl A Components... |i Scen Options... " Max I” Show Difference
& Min [~ Show Comment
e | o | 3 | Datablock... Huery... Farmnat... & Mone [ Show Mindax Color

1 Component Fieldd Basze Project Scenariol Energy =
2 B1 Mominal (%) 13800000 13800.00 13800.00
3 B2 Mominal (%) 4160.00 4160.00 41E60.00
4 B3 Mominal (%) 480.00 450.00 480.00
5 B4 Mominal (%) 480.00 450.00 480.00
[ BS Mominal (%) 430.00 430.00 430.00
7 E1 LF %alt=s() 1 3800000 1311000 14490.00
2 B2 LF wolts(v) 4057.70 3560.40 4313.35
q B3 LF “olt=(%) 47285 4435 26 20016
10 |B4 LF “olt=(%) 470.00 442 .05 497 .61
11 |BS LF Yalts(v) 46922 440,87 497 21
12 [B1 YD (% 0.00 5.00 _5.00
13 |B2 YD (%] 174 7.20 _3.69 L
14 |B3 YD (%) 149 7.24 4.20
15 |B4 WD (%] 208 7.90 36T
15 |B5 WD (%) 225 515 359
17 |C1 LF Currert (&) 257 41 27367 24313
18 |C1 Real Power (k) 170.01 170.253 169.52
19 |C1 Reactive Power (kYAR) 12467 12473 124 .60
20 |C1 Resl Losses (kW) 1.26 150 107
21 |C1 Reactive Losses (KWAR) |0.43 051 036
22 |C1 Yoltage Drop (3] 053 0EE 053
23 |1 Pt 0.51 051 051
74 |METWORKFDR  |Current (&)mps 185 52 201 25 177 80 =
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Global Change (Use Plant Project)

45. Open up the “Plant” project. Let’s begin by opening the Scenario Manager. To
open the Scenario Manager, click the Projects>Scenario Manager command:

SKM Power*Tools - Scenario[ Base Proje}

Project Document View Run Device Winde
Mew...
Open...
Close
Copy As...
Backup...
Backup Library...
Statistics...
Delete. .
Export...
Import...
Validation. ..
Merge...
Database Ukt

enario Manager...

Options... Ctrl+0

Legin...

46. Let’s create our first Scenario by cloning the Base Project. To do so, click the
“Clone” button. Notice how the Scenario Manager now shows two Scenarios, the
“Base Project” and a new one called “Scenariol”:

ﬂ

Scenarios:

|Base Fraject ————— Activate and Exit I
Clone |
Fename... |
Delete |
Promote to Base. . |
Exit |

Help |

Scenanio Description:  [Press Chil+Enter to start a new ling]

—when Changes are made to a Component it the Base Praject
" Promaote Baze Changes Only to Unmodified Scenario Fislds
" Promate &l Fields in the Base Component to &ll Scenarios

¢ Do Mot Promate Base Changes to Scenarios
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47. With “Scenariol” highlighted, click the Activate and Exit button.

48.

49.

50.

51.

52.

Open the Data Visualizer by clicking the Document>Data Visualizer command:
L R

Docurnent  Edit Wiew  Rum Componenl

| Component Editor

One-Line. ..
Repart...
Libraty. ..

| CAPTOR TOC...
! Crystal Repork

This opens the Data Visualizer window:

Iflﬁ-l' Data Yisualizer

=10l x|

Compaonents... | Scenarios... Optioks... " Man I” Show Difference
 Min [ Shaw Comment
< | <| > I $53 | Datablack... Cuery... Format... & None [ Show Mindiax Color
1 Component Field Base Project =l
> (10 Mame (s [1]
3 |C10 Bus BLDG 115 SERY b
4 |C10 Size [(AWE) 500
5 |C10 Meutral Size 30
g |C10 Cable(s) in Parallel |1
7 |cio Length (ft) 50000
a |C10 Mew Existing Do Mot Size -
q |C10 In Service In -
10 (C11 Mame CN1
11 |c1 Bus BLDG 115 SERY
1z |c11 Size [AWE) 500
12 011 Meitral Size ehii| hl

The data which appears in the Data Visualizer window is determined by the
datablock which is currently applied. Since we want to see the cable data input

information, we’ll apply the “Input Data” datablock.

Click the Datablock button L

In the Datablock window, select the “Input Data” datablock format and click

Apply, then Close:
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53. Next click on the “Query” button and select “All cables” and click on the “Run”
button.

Query Categony:

Al Queries

Queny:

*All 2 Winding Transformers a
*All 3 Winding Transfarmers Edit..
*All Buses =

*4)l Cahles

*ALL COMPOMNENTS Delete

*All Filters

*All Impedance Devices
*All Induction Motors
*4)l Loads S
*All beters

“All botars

*All Man-Motar Loads

*&ll Fi Frinisealmnt LI

Close

Help

T

— Query Result Set
@ Replace
( Merge

54. This will list all the cables along with its input data block information.

55. Now click on the “Options” button and select “attributes” options. This will sort
the results by attributes

56. Click on the “Scenario” button and select both the “Base” and “scenario 1”.

x|
Select Scenarios To Display:
Cancel |
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This will show the information for both the Base and scenario 1.

Liix
Format: | Formati - Components... | Scenarios... Optiong... " Man I” Show Difference
 Min [~ Show Comment
<< | < x> I 3 | Datablack... Query... Farmat... & Norne [ Show Min/Max Color
1 Component Field Base Project Scenariol =
105 |Subfeed #1 Cablers) in Parallel |1 1
106 |Subfeed #24, Cablers) in Parallel |1 1
107 |C1 Length (ft) 200.00 200.00
108 |C10 Length (ft) S00.00 00,00
109 |C11 Length (ft) S00.00 00,00
110 |C12 Length (ft) 100.00 100.00
111 |C13A Length (ft) 300.00 300.00
112 [C13B Length (ft) 300.00 300.00
113 |C14 Length (ft) 100.00 100.00
114 |C16 Length (ft) 200.00 200.00
115 |C17 Length (ft) 200.00 200.00
115 |C18 Length (ft) 400.00 400.00
117 |C2 Length (ft) 200.00 200.00
118 |C21 Length (ft) 100.00 100.00
119 |C3 Length (ft) 400.00 400.00
120 |C4 Length (ft) 200.00 200.00
121 |C5 Length (ft) £0.00 £0.00
122 |C6 Length (ft) 250.00 250.00
123 |C7 Length (ft) 1000 10,00
124 |C8 Length (ft) 1000 10,00
125 |C3 Length (ft) 300.00 300.00
126 |Subfeed #1 Length (ft) 100.00 100.00 ]
127 |Subfesd #24, Length (ft) 100.00 100.00
128 |C1 e Existing Size - |Size -
129 |C10 e Existing Do Mot Size ~ |Do Rot Size -
130 |C11 e Existing Do Mot Size ~ |Do Rot Size -
131|012 e Existing Size - |Size -
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57. Select all the cables lengths in scenario 1, right-click your mouse and then select
“Global Change”

-0

Format: | Format] - Companents... | Scenario: Options... " Max I” Show Difference
= in ™ Show Comment
£ | < | 3 | Datablock.. Ouery.. Format... & Mone [ Show Min/Mas Color
1 Component Fieldd Base Project Scenatiol -
105 |Subfeed #1 Cable(s) in Paralel |1 1
106 |Subfeed #24 Cable(s) in Paralel |1 1
107 |C1 Length (1) 200.00 20000
102 |10 Length (ft) 500.00 |
109 |C11 Length (ft) 500.00 |
110 |12 Length (ft) 100.00 |
111 |C13A Length (1) 300.00 | Components. ..
112 |C12B Length (ft) 300.00 | Scenarios...
Options. ..
C14 Length (f 100.00
1ig ) | Dratablock Farmat. .. Crl+D
114 |C16 Length (ft) 200.00 | — .
115 |C17 Length (ft) 200.00 |
115 |19 Length (ft) 400,00 | . nge.. |
Save Yisuslizer Format.. .
117 |c2 Length (1) 200.00 |
118 |c21 Length (1) 100.00 | Save As
119 |C3 Length () 400,00 | [Fiooo
Page Margin...
120 |C4 Length (1t) 200.00 |
121 |5 Length (1) 50,00 | Print... Curk+p
122 |6 Length (1) 250,00 | IFInS FrEts
123 |C7 Length (1) 10.00 | Go To One-Line Chrl+T
124 |C8 Length (ft) 10,00 | Go To Component Editar
125 |C9 Lencth (1) 300.00 | 22 12 ;f:;:::"”g'“
126 |Subleed #1 Leemein @il TN | G0 To Equipmen‘t‘ IE\"6|LIEUUI‘I. 0o
127 | Subfeed #24 Length (ft) 100.00 | Go/Ta Library Cerl4ShiftHL
128 |C1 Mesw Existing Size - |Size L i
— - - Find it One-Line ChrlT
129 |C10 Mesw Existing Do Mat Size  |Do Mot Size Find In TCC Drawing
1an |C11 e Existing Do Mat Size  |Do Not Size
131 |C12 e Existing Size - |Size -
e e - - >

58. Select “Replace with” option and type in “100” in the new value field and click on
the “OK” button.

Global Change il

(614
(& Replace with  Multiply By _
Cancel |

Mew Value: 100

This will replace the length of the cables in “Scenariol” to 100 feet.
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More Information about Using Scenarios

Here is some additional information about using Scenarios:

The 3 Choices for Changes to the Base Project

When you look at the Scenario Manager window, you’ll notice that you’re given 3 choices
for how changes made in the Base Project will affect the scenarios:

YWwihen Changes are made to a Component in the Baze Project
* Promote Base Changes Only to Unmodified S cenario Fields
" Promate &l Fields in the Base Component ta &l S cenarios

" Do Mot Promate Base Changes to Scenarios

These innocent-looking options is actually quite important, because they have a profound
effect on what will happen to your scenarios when you make changes to the Base Project.

Earlier in this tutorial we made the statement that “changes made to Scenarios won’t affect
your Base Project.” This is true, but the converse, that changes made to your Base Project
won’t affect your Scenarios, isn’t necessarily true. Here’s how the 3 choices work:
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Option Explanation For Example
Promote When you make a If you have
Base change to a Cable 1 (in Base Project)
Changes component in the Length: 100 ft., Size: 600
Only to Base Project, that
Unmodified | data will populate
Scenario up to all Scenarios
Fields only where data Cable 1 (in Scenariol)
hasn’t already
been changed . Length: 50 ft., Size: 600
and you change the length of Cable 1 in the Base Project to 30
feet and the size to 225, the size of Cable 1 in Scenariol will
change to 225, because its size has been unmodified from the
value in the base, but the length will not change to 30, because
its length had already been modified from 100 to 50.
Promote All | When you make a If you have
Fields in the | changetoa Cable 1 (in Base Project)
Base component in the Length: 100 ft., Size: 600
Component Base Project, that
to All data will populate
Scenarios up to all Scenarios
even if the data has | Cable 1 (in Scenariol)
been changed.
Length: 50 ft., Size: 600
and you change the length of Cable 1 in the Base Project to 30
feet and the size to 225, the size of Cable 1 in Scenario 1 will
change to 225, and the length will change to 30 feet, because
the selected option automatically pushes up all changes
regardless of whether they were modified in the Scenario or
not.
Do Not When you make a If you have
Promote change to a Cable 1 (in Base Project)
Base component in the Length: 100 ft., Size: 600
Changes to Base Project, that
Scenarios data will not

populate up to any
Scenarios.

Cable 1 (in Scenariol)
Length: 50 ft., Size: 600

and you change the length of Cable 1 in the Base Project to 30
feet and the size to 225, the size of Cable 1 in Scenario 1 will
not change, and its length will not change either. This is
because this option prevents any changes made in the Base
Project to populate to any of the Scenarios.
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Below are some information on buttons and checkboxes of the data visualizer window.

=l x]

Companents... | Scenarios... Options.... C Max I” Shaw Difference
" Min ™ Show Caomment
Datablock. .. | Gy, | Format. .. @ Mone [ Show MinAMas Colar

Components
The Components button will bring up the Component Existing Dialog for you to select
components from any scenarios.

Scenarios

The Scenarios button will bring up a list of all the existing scenarios in this project, you can
multiple select the scenarios to be displayed for comparison and reporting. If a component
doesn’t existing in all scenarios, the data fields will be blank out for the scenario in which
the component doesn’t exists.

Options

The Options button will bring up a dialog for you to choose how the data will be layout —
By Component or By Attribute. If By Component is the choice, all data field selected from
the Datablock format will be listed together under the same component, then move to the
next component. If By Attribute is the choice, one attribute/data field of all components of
the same component type will be listed together, and then move to the next attribute/data
field of the same component type. Furthermore, you can also specify group color and color
for differences between base and scenarios.

Group Data By
Component
If By Component is the choice, all data field selected from the Datablock format
will be listed together under the same component, then move to the next
component component type.

Attribute

If By Attribute is the choice, one attribute/data field of all components of the same
component type will be listed together, and then move to the next attribute/data
field of the same.
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Group Color
The Group Color section allows for easy distinguishing of groups by the use of user
selectable colors. The two colors will alternate between groups.

Color for Difference
Distinguish differences between the base project and scenarios through user selectable
colors. Selected Difference Color will apply to corresponding Group Color.

Datablock
The Datablock button will bring up the Datablock Format dialog for you to select an
existing datablock format to apply or to create a new format Format Editor dialog box.

Query

The Query button will bring up the standard Query Using the Query Editor Dialog for you
to select an existing query or to create a new query. Components that matched the query
criteria can be merged with the ones already in your view, or you could choose to replace
what you already have in the view.

Format

The scenarios, components, datablock format, and display layout selected can be saved as a
Data Visualizer format. All saved formats are listed under the Format list, the last applied
one will be re-applied once the Data Visualizer is closed and re-opened.

Min or Max Column

When either of the Min or Max radio button is selected, a new column will be displayed
next to the last selected Scenario to show the Maximum or Minimum value for all of the
respective fields among the selected Scenarios.

Show Difference

When "Show Difference" checkbox is checked, those field values that are different from the
base will have a different color. The colors can be specified in the "Options" window of the
Data Visualizer. See also Options (Data Visualizer)

Show Comment
When "Show Comment" checkbox is checked, a new column will be displayed next to the
last selected Scenario to show the value has changed.
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Show Min/Max Color

When " Show Min/Max Color " checkbox is checked, and the “Max” or “Min” option is
selected, those field values that have the Maximum or Minimum value for all of the
respective fields among the selected Scenarios, will have a different color. The colors can
be specified in the "Options" window of the Data Visualizer. See also Options (Data
Visualizer). This will help identify which scenario did the maximum or minimum value
came from.

Additional Tips

¢ Deleting a Scenario does NOT touch the Base Project—If you find that a
particular scenario is of no use anymore, you can delete it in the Scenario Manager
by selecting it and clicking the Delete button. This will not affect your Base
Project or any of your other scenarios; it only deletes the selected scenario.

¢  Components added in a scenario are indicated using the same “Diff”’ color
Just as you can change component data in a scenario and those changes won’t
affect the Base Project, you can also add and delete components in a scenario and
those added or deleted components also will not affect your base project. You can
tell if a component has been added in a scenario because its symbol in the
Component Editor will display a box around its symbol, using the “Diffs” color
(peach by default) that’s set in the Project>Options>Application>Diffs option:

il

Component Subwietws:
In the Data
Impedance : :
Ampacit_l,l Selectiop Vlsuahzer, a
gfn:p‘_a-:ltly Caleulation Library.. | I Link to Lib Diata State: ICompIete component that
= E . .
. only exists in

Retatin Doty [loeicd  Joescrpi
ek tanufacturer: |Typical Description: |MOME .
Relibility Data some Scenarios

User-Defined Fields - .
D atablock Conductor Tepe  Duct katenal Class  Yaoltg will appear as a
E blank column in

Scenario Manager.. | Conductor Descr: Iristallation: the othlers. Iglthls
Al | Jump... | Cable Size I:I AWG Circular Mils: ICI cxample, cable

Mame: |CB|—'002E | [+ InService

Inzul Type

|Eo|:||:|er | |Non-Magnetic |

“CBL-0026”
@ ‘I Conductors in Parallel/Phase: Length: Feegf exists in
gg? | | Bus Connection———————— M DoMoty Scenariol and
@12 Car.. | Phase | [~ Matiis Scenario3, but not
g EEE Fram: W & || M UpdateMati{ in Scenario2 or
% HE ¥ B fram Sequenet  the Base Project.
@ 15 Te: il 2 Matiis. Ly
@ 17 | | |

Expand " Shrink

The “Promote to Base” button in the Scenario Manager will replace the Base
Project with a Scenario—When you click this button, it gives you the option of
making a backup copy of your Base Project. This is because this option will
actually replace your Base Project with the selected scenario. Proceed with caution
when using this option! It’s useful in those cases where you’re absolutely certain
that a Scenario fits your needs best, or the existing Base Project is irrelevant or
out-of-date, and you want to promote a Scenario to be your new Base Project.
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Database Utilities

In the rare event that a project database becomes corrupted, database utilities are available
to recover and re-index the database files. To access the database utilities, close all projects
and use the Project>Database Utilities Option:

Project Document Edit View Run  Comporn
Mew...
Open...
Close
COpy A, .,
Backum, ..
Backum Librarsy ..
Statistics, ..
Delete...
Expork. ..
Impork, ..
Walidation ..
[Merge...
Database Utility...
Compress Library...

Scenatio Manager. .,
Promote To Scenarios k

Options... Ctrl+0

Laginte . .

Recent Praject

Exit
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UNDO

UNDO feature is now available in the one-line diagram with unlimited steps. Undo for
Destroy, Connect/Disconnect, etc. is also available.

B 10.1NEC01.DRW -|o|x
BUS 000 ! =
epocor oo !
P \
- |
|
sUst002 |
|
L |
|
|
PR ) |
# |
| |
) P03 |
Lo ‘
5 s |
|
caLaon
,,,,,,,,,,,,,,,, -
0006 |
|
Loapao |
prensy |
KN W]

Let’s say you have the one-line as shown above.

B8 11INEO0L.DRW - o] x|
BUs0w0l =
—
BD-0001 UTL-0001 | _I
L |
&
|
) |
1 susoo: |
|
o PDO0 |
|
s |
- |
|
) PD-0003 |
BUS-0003 |
| hd
IR s

You are then left with just the following
components.

=t

BUS0001

L

BDo00r vTIo%01
)
A

BUs00

o oz

ke e
[ PDo00s

BUS003

' EDo00s

caLoon

Loapa001

JrN— -l

The 5 objects that were accidentally destroyed
will be returned to the one-line and database.

—lo[x|

1LINEOOL.DRW

Bus001 | -
a0l g | o
) e \
e |
R :
SKM Power*Tools x|
io o
9 ) Destroy removes all sekected symbols and deletes the assocated components from
the project database. Do you want to continue?
ok a0 _
' epoons
1
b o
caLaon
T e |
Loapouot l
ATRL00L
KNS}

You then accidentally destroyed the highlighted
components.

|Edit View Run Component One-Line

Undo Destroy 5 components Ctrl+Z i

Redn T+
L i+
Copy Cinl+Z
Eastie i+
Select Al

Find... Ctrl+F
Einel in TECS Dramwing.,.

You can click on the edit drop-down menu and
then select “Undo Destroy 5 components”.
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Find component in any one-line or TCC

Find component in any one-line or TCC feature is now available.

Let’s say you are searching for a certain component in a project that you know exists on
several one-lines and you want to quickly find it on one of the one-lines. You can do the
following steps.

1) From the component editor, select the component you are searching for.

[ili] component Editor - Scenario] Base Project ] 10l x|

Component Subviews:

Setting Mgz |LVF'2 | ¥ InService I)
Reliability Data |
User-Defined Fields ;

Diatablock [~ ExEquiEwal [~ ExCoor Eval Data State: ICDmpIete ,I

— Protective Device Library - Static Trp
Mame:  SUUARE D LE, Micrologic LS1, 100-B004 6811

Max Device Wolts: 500 Library... | Fhasze

Library Motes... | Function NDLes...l Eunction... | Toggle |

Scenano Manager... |
al - Jump...l Series Rating: k& Seriez Bating Test %/R: 1.750
A Flazh Optior:
O FTXGSEC = A BRI

[‘J FM25 [ Include inLine Side [ Failto Operate | Exclude from Cale

r— Contection

_l Connected Pratected Connections... |
From: LV DISTRIB LV DISTRIE
LI To C16 C1E

Expand || Shrink

2) Click on the Edit drop-down menu and then select “Find in One-line”

Edit ‘iew Run Component Win

Zuk R
Eopy Chrl+E
Paste Ll

Find in Cne-Line CtrHF

Find Mat in One-Line. ..

Find in TCC Drawing. ..

3) A window similar to the one below, which lists the one-line the component
belongs to, will then show up. From here, you can select the one-line that you
want to see the component in and then select the “OK” button.
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Find Component in Dne-Lines x|
e it
Labus19.diw Cancel

4) It will then open up the selected one-line window with the component selected in
focus.

5 MAINDRAW.DRW _c

TX3L ]P F2
B-SWBD1

J M5

C14 Ci6

Jr LvP3

016-H2A

- —-———————

017-H1A

You can do the steps above similarly on any TCC by selecting below:

|E|:|i|: Wiy Run Component  Sin

|' ok s { R

1 iTopy ZhrlHE

I Paste Chr| -
Find in Cne-Line krl+F

1 Find Mot in One-Line. ..

i Find in TCC Drawing. ..

You can also find any devices not in any one-line by selecting below:

Edit View Run Component Wi

Zut [ e
Zopy Zhr|+E
Paste (Zhr( -
Find in One-Line Ckrl+F

Find Mot in One-Line. ..
Find in TCC Drawing. ..
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Data State

New “Data State” drop-down list in Component Editor and TCC to identify data entry
status including: Incomplete, Estimated, Complete and Verified. Users can query

components with "Incomplete” Data State and continue work; or globally change the 'state’
of all selected components in the Data Visualizer. A toggle switch is provided on the One-
line Toolbar and View menu so the Data State Colors can be turn on or off. Symbol Colors

will take effect when the Data State Colors is off.

View Run Component Ore-line Window Help

Toolbars...
v Status Bar

v Datablocks
Probe
Textblocks

v Protection Components
Legend

Zoom In Alt+Z

Zoom Out Alt+shift+Z
Zoom Al Alt+A

Zoom Area Alt+Y

Zoom Page

Zoom Previous

Agrial Alt+5hift-+A
Center Onedine

Arc Flash Category Color
Arc Flash Warst Case Category Color
Mametag/Datablock Color

Colo: Oneline K|
(wgoe v

Bx|

One-Line Colorz Used By Curent Project

— Screen Colors

Background... | I:l

Selected.. | -
Out of Service... | I:l
Mot Energized | l:l
Mot 3 Phase... | -

23

— Data State Colors

Complete... |-
vaiied. | [

Option Groups:
Startup
Lpplication -
Project Titles and Logo Ll
[ vt | [
Feport
Library Color 1. |
Miscelansous Files -
Arc Flash Evaluation Clen 2 |
Equipment Evaluation ool -
TCC
User-Defined Fields _ ooz | [
Multi-User
Mater Color 4... | -
Option Subvisws: Color 5 I -
Color E... | -
Color 7... | I:l
— Equipment E valuation
0K I Cancel | Failure... I -

Help

Estimated... | l:l
Incomplete.. | I:I

Let’s say you are entering data for a couple of motor components on a large project based

on estimated values. You then want to flag these motors as estimated values so that later on
you can quickly find them on the one-line and come back to them to enter in the exact
values. You can do the following steps.

1) In the component editor of the component that you want to flag, in the “Data
State” field, select “Estimated”.

Component Subviews:

=10l x|

Estimated = I @

D

AMS] Contribution
TLCC Starting Curve
Harmonic Source
Reliability [ ata
Load Profile
Optimal Power Flow
User-Defined Fields
Dratablock

Scenario Manager. . |
Al - Jump... |

Library. ..
Murmber of Mators:

Fiated Yaoltage:
Fiated Size:

FPower Factar:

Efficiency:
Ml 25 132 <] |- ¥
.@"E Poles:
Mz H2
Ml hze e Description:

I Link to Lib- Manufacturer:

IHunning 'I
ol (L)

Complete
| Werified

ated

Incomplete

FL& Calculator... |

2000 [hp

j Total Size: 2000

|n.9300

| FLa: [322545] LRasrLa:

f ]

Synchronous rpm:
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2)

3)

4)

In the Project - Options—=> One-line = Current Project Colors window, you can
select different colors for different state.

Option Subviews:

Caolor 5.

ata State Calars

Current Project Settings

Select the color you

Mew Project Setlings

oprions_______ ]
Option Graups: One-Line Colars Used By Current Project %
Startup
Application —Symbaol Colars———————  ~ScreenColars—————————————————
Froject Titles and Logo
EErE—— Defaut Background. | [
Report
Library Color 1. Selected.. -
Miscellaneous Files
Egquipment Evalustian Caolar 2.. Out of Service...
oseve. | []
UserDefined Fields Calor 3 Mot Energized
Multi-User = = g l:l
Meter Color 4. Mot 3 Phase... -
o Caolor B. c et .
T omplete.. want for different state.
ew Project Colors Color 7
= Werified

Estimated
Incomplete...

—Eguipment Evaluation

Gt Eailure...
Help

i CECEEEED

i

While the one-line that has the component you want is active, click on the “Toggle

£
e v V| T

Data State Color” icon.

In the one-line, the color of the component you have flagged as “Estimated” will show up with the sa
color that matches with what is specified in the “Data State Color” section, in the Project > Options-
One-line > Current Project Colors window.

MAINDRAW.DRW In the one-line, that motor will have
the color that matches with what is
026-TX 6 PRL 025-MTR 25 L “ .
- — | specified in the “Data State Color
J' section, in the Project 2> Options—>
Mz One-line > Current Project Colors
Fa F i
i Fnos WlndOW;
TXE . }
2 o/ v |
\
F TX 6 SEC Q }
\
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Automatically Generate the Associated One-line
Diagram for the TCC Drawing by Using the “Go to
TCC” Feature.

To automatically generate the associated one-line diagram for the TCC drawing by using

the “Go to TCC” feature, do the following:

1) Select an area from the one-line.

|
= |
Q07-TX E PRI [
THE &uldd
RT SEC gyl
BLDS 115 SERW
1 [a358
|
026-TX & PRI 025-JWTR 25
S-M25
1 F-i25
TH &
full
P M25
FTxX & SEC
<l | ’l;/!
2) Click on Window> Go To TCC Drawing command.
| window Help
Cascade Shift+F5
Tile Horizonkally
Tile Wertically Shift+F4
arrange Icons
Close All
Go To Component Editor Chrl+T

Ga To TiZC Drawing. ..

o To Arc Flash,.,,

ao To Equipment Evaluation. ..
Go To Data Wisualizer. ..

Go To I5IM...,

Go To TMS.,..

Go To HIWAYE. .,

Go To Reliability
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3) Enter a name for the TCC and click the “New’ button.

TCC EI

TCC Mame:

IMEE‘ [pen |
GenPrat.too
Le&Busz] 9boe Mew
b ainProt oo
k25 teo Rename...
ktr2a. to

Delete

Cancel

i

Help

4) The following dialog will prompt you with a choice to create a new one-line.

SKM Power*Tools

With the selected companents fram the one-line, do you wizh to create a new one-line and associate it with

\?{) this TOC?

Thiz one-ing will ghow up in the One-ine tab of the TCC,

es Mo

™ Do not prompt fram now on, news one-ine will not be created automatically for all new TCCs.

Answer YES to allow PTW to automatically create a small one-line with the same
name as the TCC with the selected components from the main one-line. It will
also associate it with the new TCC. The new one-line will have a .drw extension.



356

SKM Power*Tools for Windows

5) A window similar to the one below will show up.

il mz5.7CC (M25_2.drw)

TCC Device List, |A7 SEC -

Library:

=10l

Dewce' Setlimgs' D atablock DHE'LMEI

Update Arc Flash Resits |

426

B
T T T mOT-TXERRIT T T T T
TXEAI
ST
RT SEC
ELD 116 SERY
lcll

1000

100

010

0.0

[« |

CURRENT IM AMPERES

R SEC

THE

o

R

F-t2

a5 1 10 100

M25tcc Ref. Woltage: 13800% Current in Amps 21

TH Inrush
X

10K

SAMODIS NI FWIL
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Plotting Multiple Protection Function in the Same TCC

Plotting multiple protection function in the same TCC feature is now available.

To plot multiple protection function in the same TCC do the following:

1) Place the first function (Phase) in the TCC.

il Lvp2.1CC (LVP2.drw) —olx]
TCC Device List |LVP2 - Library.  SQUARE D, LE. Micrologic. LS| 100-600A ‘
Device | Setings | Datablock | One-Line | CURRENT IN AMPERES :’
- I
Name: Complete w] ) 1000
Bus Voltage and Fault Current
e L —
lrﬁus\luhage [r80 vV lscAmps [773
100
Phase
Rediaw | Library.. | Funcion. | Toggle |
Library Info:  Low Voliage Breakers - Staic __Function Notes. o e
S
SQUARE D, LE. Micrologic, LS. 100-600A 2
&
MaxDev Volis: 600 Series Rating: [0.0 KA m
8
—c S
Connection 4 .
Connected Protected =
From: LV DISTRIB LVDISTRIB
To.  cl6 c16
010
[ibrary Notes
0.01
05 1 10 100 1K 10K
LVP2icc Ref.Voltage: 480 Currentin Amps x 1 -
4 » A

2) Then go to the Component menu, click “Existing” and select the same protective
device.

Component Settings Window He

Remove Cirl+R

Clone
Copy Data
Faste Data
Destroy

3) Click on the “Function” button.

-

Device  Settings | Datablock | One-Line |

Frame J420v LE 2508 (65KA =l

Sensor O Plug 75
Seqment List j Setting Setting?

Flifirrupstoxr 2|05 =l =l

¥ 2[LTD (214 Sec) =] = =l
¥ 3[STPU 28 F) =k = =
 4[sTD01055ec)  x][o1 = -

J7 5[INST 25-8x P) =125 = =
Redraw | Library... Toogle | Phase

Insert Seqm | Delete Seqdk Selective Coordination...| [~ 1

Library Notes: =
1333

L o
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4) In “Protection Functions” window, click on the “New” button. Next type in
“Ground” in the “Function Selected” field. The “Ground” function name will then
show up in the second row. Also, make sure that the check box for the “Plotted in
TCC” for the second row is checked. Set the “Type” for the second row to “over
current” and the sensor to “Neutral.” Click on the “OK” button.
six
LWF2 Low Yoltage Breakers - Static Trip ] |
Manufacturer: ARE Cancel |
Type: EMAX, PR1T1(G) 1 Help |
Descriptions: 800-50004F, UL
Mew Inzert | Update
Function Selected. Cut Copy Paste Bdvanced Settings... |
. Settings in 2 . X X . &
P | Graleg. | Sesdh| (Ussdn | el | 2| Lol PolSOP consor | e | sumain
atablock
1 |Phaze [ v = [l I |l v b i
3 =
4 r (i i [ [ r z Ower Current z
5 I_ |_ |_ |_ |_ I_ = Ower Current =
B r Il | Il Il r || Over Current Jad
T I Il | Il Il r r hd Over Current Jad
g r r r r r r r hd Over Current Jad
3 I' r [l r r r r | OverCurrent = =
5) Now, notice that on the left side of the TCC, the function name is now set to

“Ground”.

il Lvp2.TcC (Lvp2.drw)
TCC Device List:  |LYP2Z- Ground > Library:  SQUARE D. LE. Micrologic. LSI. 100-600A,

Device | Setiings | Datablock | One-Line | CURRENT
- 1
7 1000

Name: (U2 ICump\ete - I)

VPe———r—F—1
Bus Voltage: |50 Isc Amps 9788

100
Ground
Redraw | L\brary Eunction Toggle

Library Info: Function Motes. "

Max Dev Volts: Series Rating: {0.0 KA
C
i 1
Connected Protected m‘

From: LV DISTRIB LVDISTRIB
To: C16 C16

’rﬁus Voltage and Fault Current.
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6) Click on the “Library” button. Select and apply any ground fault device from the
Captor library.

TCC Device List ILVP2 - Ground LI Likrary:  SCOUARE D, LE, Micralogic, LSI, 100-6004,
Device | Settings | Datablockl One-Line | CURRED
= |
Name:  |BUa ICompIete LI |) 1000

Bus Voltage and Fault Current

LVPe—
Bus Voltage: |4EU V. IscAmps: Ia?aa

100

Ground
Redraw | Library... | Eunction...l Taooggle |

Library Info: Function Notes... | 10
Max Dev Volts: Series Rating: ID.D kA

Connection

Connected Protected Connection.. | 1
From: LVDISTRIB LV DISTRIB
To C16 ci6

21 | Manufacturer: [SQUERE D =] e | Desc: | Teow: | O |_;” lsc ki

=@ CAPTWIZLIB P lib + || Manufacturer | Type | Description | voltage |
BB CAPTOR Bs00e N .
4 G ] . Dig .
= 2 Lowoltsge Breskers 1) SOUARE D DSI/DSLIL Digivi..  GF, 20012004 500
oy E‘at'cd“;p | ') SQUARE D G4, Inst. Relay 412004 500
|: ”'f“” lh‘:‘“t o Mol 1 SOUARE D Gé, Time Delay R 4-12004 K00
1S P et 1) SQUARE D GC, Ground Censor  100-12004 500
@ Motor/Gon Proection 'y SOUARE D GC-2004 0.03-0.304 £00
I
B Fuses 'y BOUARE D GC-2008 0.30-3.04 £00
b Bt =lf 13 souere D GC-200C 3304 500
I
Apply | Queny... I Cloze I Deselectl ]Cr"”‘nf al e annn A cnn
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7) You will see both the phase and ground functions in the same TCC.

-
CURREMT IM AMPERES j
1000 0
Kl
Kl
K]
K
K]
K]
Al
%
&
oo LWP2 - Phas
LWP2 - Ground
10 -
=
m
=
7]
m
I's]
=]
5
1 0
010
oot ooooooo:ooo
eta e tete et e e T %a %t e e %,
I X o 3 SRl
[ a5 L 8 L S R R 5 S B0 8
05 1 10 100 1K 10K
toot toc Ref. Waltage: 480% Current in Amps x1
-
4 | | H 2

To turn off any function plotted on the TCC, you can go back to the “Protection
Functions” window and uncheck the corresponding “Plotted in TCC” column.

oz x]

LvP2 Lows Yoltage Breakers - Ground Fault
Manufacturer: SOUARE D Cancel |
Type: DSADSL, Digitip RS 51046104371 0/Powerlogic Help |
Dexcriptiong: GF. 200-12002
Mew |rzert Update
Function Selected: IGmund Cut Copy Pasta Advanced Settings... |
Settings in p . .
Function Hame | One-Line ALrlch:clialgh E UjEdEIS ﬁ !TIZECNQ Sensor Type Summation Direction
Datablock WP
1 Phaze v v v v Phase = [Cwer Current -
z “- | . |r'-J| witral n Ower Current
3 r Il [ * |Crver Current -
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Registry Entries (Error on Startup)

PTW Setup information and default application settings are stored in the Windows
Registry. An example of Registry Entries viewed through the Windows REGEDIT
program follows:

£ Registry Editor ) =] %]
Registry  Edit  Wiew Favorites Help
- HKEY_CLRRENT_USER 2] [Hame [ Tvpe | Data
-3 AppEvents [aB) (Defauit) REG_SZ {value not set)
{3 console [aB)currency REG_SZ 1
{3 control Panel [aB)EnableErrorBesp  REG_SZ 1
3 envrenment @ EnableSuccessBeep REG_SZ 1
(2 ideriies @ EnableWarningBeep REG_SZ al
' 8 ;:Z&Zj:d LavOl E ErrBackgroundColor REG_SZ 255
5B Printers [ab]ErrForegroundColor REG_SZ 0
B e [3B)Frequency REG_SZ 60,000000
22 Software @ MairFrame REG_SZ -002 0001 1018 0769 0000 0001
- [E3 Adobe @ PentumWarning REG_SZ 1
B0 471 Technologies [aB)ProjectStarp REG_SZ 1
-0 Autodesk L [aBlprojectstatLs REG_SZ 1
@ Classes [aB]protecton REG_SZ z
-3 nterTrust [aB]saveDesktop REG_5Z 1
- Inverse [aB]standard REG_SZ 0
- Kodak (2B Units REG_SZ 0
£1-(E3 Local AppWwizard-Generated Applcations E armBackground... REG_SZ 65535
B 8 Lotus [aB)warnForeground... REG_SZ 0
H Iicrografy
-3 Microsoft
w-Ea MNetscape
B3 o0BC
-{Z3 Policies
Fi1-(E3 Seagate Software
=] Cl SKM Systems Analysis, Inc.
o@c
: {2 Ground Mat
-3 ptw3z
-3 bin
3 tsimBlockDiagrarm
£+ sk P
= =l Bt
My Computer\HKEY_CURRENT _USERSoftwareySKM Systems Analysis, Inc.\C \ptw32piniSKM Power*Tocls\Application A

separate set of Registry Settings is stored for each PTW installation. The settings can be
found under HKEY_CURRENT_USER : Software : SKM Systems Analysis, Inc. The two
important items to be familiar with are the ProjectStartup and Protection Settings.
ProjectStartup=1 remembers the state of the project when you closed PTW. In rare
circumstances the remembered state may not be valid and will cause an error on startup. If
you cannot open PTW and no meaningful message is displayed, set ProjectStartup=0 to
open PTW without any project. Protection=1 is for a hardware key and Protection=2 is for
a software key. If you ever need to switch from one type of key to another, the Protection
setting must be changed.

An alternative to editing the Registry is to use a utility program supplied with PTW that
deletes the PTW Registry entries and returns them to default values. The utility program is
called REGDEL.EXE and can be found in the PTW32\BIN folder. The “Delete PTW32
Registry Key” utility program is also available under the Start>Power*Tools for
Windows menu. The RegDel utility has options to reset several common settings.

PTW Registry Cleanup Utility

— Type of FTW settings to clean up

& Recent project list and recentfile list anhy

Cancel
¢~ Toolbar positions only
Help

il

" Hardware / Softwara key praferance only

" ALL settings in the registry for PThW
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On-Line Help

1.

Familiarize yourself with the on-line help options. The on-line help can provide
guidance in the efficient use of PTW. The on-line help icon displays an arrow and
question mark as shown in the figure below.

ED &2 U F I |FR & | k2

On-Line Help

The on-line help can be called from anywhere in the program and tries to bring up
relevant information to your location in the program. In the following example,
clicking the On-line help button while displaying a motor in the Component Editor and
clicking the mouse anywhere on the Component Editor retrieves information about the
entry fields available for motor specification.

Contents |Igdex I gearchl

1 Introduction to PTW

Q Component Types

@ One-Line Diagram

=4[] Componert Editor

@ Introduction to the Component Editor

Cloning a Component
Connecting and Disconnecting Components

In Service/Out of Service
Destroying Components from a Project

Q Scenario Manager & Data Visualizer
@ DAPFER

@ CAPTOR

@ A FALLT

@ |EC 60909 Fauk Analysis

Q |IEE Wiring Regulation

@ |EC 61363 Fauk Analysis

Q Unbalanced/Single Phase Study
Q Equipment Evaluation

@ Arc Flash

@ TMS

& HI_WavE

% DC System Analysis
Q Technical Support and Copyright Information

New command (Component menu)

(5]

Use this command to add a new component to the current Project. The new component
contains default values, but is otherwise unconfigured, and uncennected to the power system.

ﬂ: Dialog Box Options:

From the Component Editor

“fou can create a new component in the Project at any time. When you add a new compoenent
to the Component Editor, PTW automatically creates and adds the component to the Project.
After you add a new component, that component appears in the components box regardless of
the component set being displayed. Mew components have certain default data associated with
them depending upen type, and that you may want to edit based on the needs of the Project. To
add a new component, either click the appropriate button on the Toolbar, or use the
Component=New command. PTVW automatically assigns a unique name to the component. This
component name will appear next to the symbol in the C Box ofthe C

Editor. (For more information on the Components Box, see Introduction to the Component Editor}.
“fou can change this component name at any time. See Renaming a Component in the
Component Editor.

From a One-Line Diagram

When you add a new symbol to a One-Line Diagram, you are really doing two things at once:
creating a component in the Project and placing an associated symbol on the One-Line Diagram
to represent that new component. Now that the new component exists, t is a discrete object
like any other component, meaning that the symbol can be removed from the One-Line Diagram
without affecting the component as it is stored in the Project.

To add a new component to a One-Line Diagram, either click the type of component on the
Toolbar or use the Component=New command. Now move the pointer to the One-Line Diagram
Viewport. A shadow image of the symbol follows the pointer. Click the mouse button to place
the symbol on the One-Line Diagram and in the Project. (See Connecting and Disconnecting
Compone: One-Ling Diagram for more help with this proc: i i

E Power*Tools for Windows Help iIBI ;IEIEI
& il
Hide Back Print  Options
N

Select topic contents for help
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User’s Guide and Reference Manuals on CD

In addition to the context sensitive on-line help, a complete User’s guide and Reference
manuals in PDF format are supplied on the PTW CD.

The complete User’s guide and Reference manuals is located in the “DOCS” folder of the

PTW CD.

,‘G()ﬂ .~ Computer ~ Local Disk (C:)[ ~ [PTW32 + Doc
1

s

[ Favorites
B Desktop
& Downloads
¥& OneDrive

Bl Desktop
= Libraries
3 Documents
,J? Music
[ Pictures
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Managing Libraries

1. The key to managing libraries is the knowledge that you can have multiple libraries
open and can copy and paste between them. As you add new entries to a library or
modify an existing library, you should mark the entries with your initials or an
identifier. If you add a ~ at the beginning of the Catalog Number field, clicking on the
Catalog No. heading will sort the entries by this field. Entries beginning with ~ will
appear at the bottom of the list. This process makes it easier to identify the library
entries you’ve modified and copy them to other libraries.
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Identify and Sort Library Entries

2. To copy library entries from one library to another, open the source library and a
destination library, highlight the library entries you want to copy and use the
Device>Copy function as shown below. Next, position the destination library to the
category that matches the copied devices and use the Device>Paste menu item.
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Select library entries to copy
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3.

It is important to note that each project stores a reference to a specific library. The
projects can share a master library or reference a local library customized for each
project. The project library is specified in the Project>Options>Library menu as

shown below.

Option Groups:

Startup
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(23

Library Specification for each Project

Upon completion of each project and at intermediate stages, you should use the

Project>Backup function to make a backup copy of your project. The Project Backup
feature copies your project and library files to a new folder that can be backed-up to a
different drive, floppy disk, CD, or other backup media. The backup library contains
only the library entries used in the project.
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Congratulations on Completing the PTW Tutorial:

Thank you for taking the time to complete the SKM PTW tutorial. Review the User’s
Guide and Reference Manuals supplied on the CD for a more detailed description of PTW
features and application. If you have questions that were not answered in the tutorial or
reference materials, please contact the SKM Technical Support staff at (310) 698-4700.
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