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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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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.

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.

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.

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.

O < Impedance

=T <«— Bus

% < 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
Impedance
Il\ln? edance (Breaker
No (Rsla ) 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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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

ED £% U B I | B2 q“.?” 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, .,

G0 To ISIM...

Go To TMS...

G0 To HIVAYE. ..

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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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 olE] =]8x
Project Dacument Edit YView Run Component One-line | window Help
B N Fiw  BE N[0 E][GL ot sives Rl qaaar==p&T oot alha /]
TRE Til Horizantaly - —
=GR aMTEx s 00TE .00 i POV B IS AF | @aTon s Al V(T
Close &l
Component Subviers
Hame ’Mi Go To Companent Editar Chr+T = Di‘
5 7
T ——T———  GoloArcFlsh., T
T Ga To Equipment Evaluation.
o M Go To Data Yisualizer. . =
Go To ISIM... j
GaToTHE... CURRENT IN AMPERES
cBL Go To HIWAVE.
Go To Reliability ‘ [RiT=A
‘i Zt 1 FDRC, TCC{FDR_C.drw) T
2 Z Component Editor - Scenariol Base Project ]
w 30VERALL DRW
4 MTRE.TCC (MTR_M3 drwf)
| [ swmirccami dw)
4 emia % | o Mi— =
CAF = |
CBLIA FLTR-Tune? i
| FTA
i o R1THA El
| =
| Tzaem ! il =
GRS | =
| @
! m
| s}
| S
sl TXA | | E
TR H &
> Go To TCC—
[ THASEC |
Fla |
0.10
Mt
0.01
05 1 10 100 1K 10K
| = MTR1tcc Ref. Voltage: 4160Y  Current in Amps x 10 MTR1.drwr =
K| O O J7|KTN ] W)

[l component Editor - Scenario Base Project ] B [=] 3]

Compahent Subviews:
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why
ce
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Fiom: T4 PR © Hid Tap

To  T®ASEC " Single Phase

Go to Component Editor

El
Expand Shiirk

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

b

R

X

.

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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LVDist B
480 V
l B Jr) %
B-Pnl 2 ) 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\ll-z Panel-3
,_\ I 480 V
% e i —\
bl 2 Sub-Bkrl Subfeed 3 L1
ConnectedKVA 120.55 WESTINGHOUSE Size 6 50.00 Amps
FD SERC 1/Phase
PhaseA 145.00 Amps
PhaseB 145.00 Amps ggnsor/Trip 50.0 A Bﬁgtﬁ};\olvé\l ft
PhaseC 145.00 Amps Settings
Opening Clearing Curve

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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1 # '

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

$ e !

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

@ NETWORK FDR ”
RML
B1 LR fo R
1 RTIL CET2 CBTH
e n L.
T e LA
i ES
)
CBT1 éy e T TI
] C%%MM% e
This is a Link Tag o M ) T
Filrer 11th
AukeT "
=
15 B2
. L Il :
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 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:

%

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.

==== BU3: TX & PRI

LOAD FROM: T1 3EC
LOJSES THRU FEEDER:
LOAD

TO: TX 4 BEC

LOSSES THRU TRANSF:

K1

PROJECTED POWER FLOW:

FPROJECTED POWER FLOW:

DESIGN WOLTS:

PU BUZ VOLTAGE: 1.003

CEL1 &
393.2 EW 236.58 EVAR
0.1 EW 0.0 EWVAER
TX A
393.Z EW Z36.5 EKVAR
0.6 KW 3.9 EWAR

Sample Study Report for Load Flow Study

FEEDER AMPS:

0.1 EVAa

TRANSF AMPS:

3.9 EVLh

13800 BUS WOLTS:

=101 x|
-l
13847 xVD: -0.34
ANGLE: -1.1 DEGREES
19.1 VOLTAGE DROF: 2. (VD: 0.0z

459.0 EWh PF:0.86 LAGGING
19.1 VOLTAGE DROP: 74, (WD: 0.54 —J

459.0 EVh PF:0.56 LAGGING
o
LA B
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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

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 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]

| [¥ InService @

Impedance Hame: ||:-I
Ampacity Selection
Ampacity Calculation Libram... | I+

Phwysical

Damage Curve
Reliability Data
Uszer-Defined Fislds

D atablock Conductar Type

Manufacturer: [IEEE 141 - Red Book Description; MEC Table 310-E67, &

Duct Material

Drata State: ICompletE vl

Inzul Type  Ineul Clazz  Woltg [L-L)

|I:0pper

| |N0n-Magnetic | |EF'H

| |Mv | |1EDE|IJ |

Scenario Manager... I

All - Jumnp... |

Conductor Descr: [3-1/C Installation:
Cable Size: IB vI BTG

Circal,

\
[eYC| =] |Conducters in Parallel/Phase: |1 'I Length: |250.0 |Feet >
i@ C10 . LA
@1 [ | Eus Connection
& Erm Phaszeq — Mal
@ c13a (o | W & || = | Valueschangedina
g C138 e 5B | scenario so that they
C14 )
@ C1e Ta: 004-T:¢ B PRI F C don_ t match the base
& 17 | project are color-
Expand || Shink I coded in light red.
x| The Scenario Manager is used to create and
Scenarios: switch between multiple scenarios. When
giect ] changes are made in the base project, you can
M aximum Fault Open Tie .
Masimum Faul Close Tie Core | selectively promote the changes to all of the
Mmoo T - scenario projects. The default setting is to do
ename... -
[ Rene. | not promote base changes to scenarios.
[elete |

v

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

Eramate to Base... |
Exit |
Help |

—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
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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.

A change made in the Data
Visulaizer is automatically
Farmat: IFormaH j Components.. | Scenarics... Options... 8 reflected in the prOJeCt datab.ase'
i Here the length of Cable C1 in
<<| I |>>| Datablock. .. Query... Format... o )
1 Component Field Basze Project Scenariod Scenarlo 1 was .Changed from 200
105 |Subfeed 28 Cable(s) in Parallel |1 1 feet to 250 feet in the Data
107 |C1 Lencth (ft) 200.00 250.00 4—— Visualizer. The change is
108 _[C10 Length (ft) 50000 50000 automatically made in the project
103 |ETT Lerein SERE S database and reflected in the
110 |C12 | el (8 400 00 40N On .
— R Component Editor.
112 |C13E i
13 [t14 Impedancs Mame: |':1
114 |C16 Ampacity Selection
115 |17 *;Ln}llﬂs?ccgly Calculation Library... | W Link to Lib
16 [C18 galmc"-:gl? E[t;r\tfe Manufacturer: [IEEE 141 -Fied Book | Description: [HEC Tjble 31067 ]
17 |Ce U::—DI ;Enea Eields
18 |2 Datablock Conductor Tupe  Diuct Material Inzul Tupe  Inzul Elai Wolke [L-L)
8 o3 |C0ppel | |Non-Magnetic | |EPF| | |MV || |15nnu |
120 |C4 Scenario Manager Conductor Descr: Installation: -
= |
1212 = all | Jump.. | Cable Size: IB 'l AWE  Circular Mils: ﬁ _
1z3 |E7 (Y] ;I Conductors in Parallel/Phaze: |1 'I Length: |250.0 [Feet
oo & cio ;
& = &1 _I Bus Connection I™ DoMat 5ize
el [® 02 | on. | i —

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... ((: tax 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 |C1 Length () 200.00 250,00
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
193 |C14 Length (ft) 100,00
114 |E16 Lenath () 20000 i+ Replace with  Multiply By
115 |C17 Length () 200.00 — |
115 |C139 Length () 40000 IS—
117 |c2 Length (ft) 200.00
198 |c21 Length (ft) 100,00
119 |C3 Length (ft) 200,00
120 |C4 Length (ft) 20000
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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.. |} Lptons.. 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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- C

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.

EUE-0001
13800 W

il

14, XF2-0001

[ Type O
Size 1000.0 kVA

Pri Delta
Sec Whre-Ground

| BUS-0002
4160V

L, XF2-0002

[ Type DT
Size 5000 kVA
PriDelta
Sec Whre-Groand

| BUS-0003
480 V

= (CBL-0001
Size 2
1/Phase
Type THWH
Length 1000 fi

| BUS-0004
480 V

LOAD-0001
FatedSize 95.00 Amps

\

UTIL-0001
Avalable 3P 2000 MVA
Available SLG E0.0 MVA

Fig. 1. One-line diagram for Part 1 of the tutorial Project.
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& * 1 + 1 -

, 3
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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C &)
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. Inthe 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]

F i,

Help

Fig. 3. Create the Tutorial Project.
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5. Anew 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.

—loix
| | | | I =l
0 R N S I O U 0 SO O NS I U A I S SN N URNS NN SUUN 0 OO SO NN NN S S NN I8 S

\ | \ \ \ 1 \

| | | | | | |

| | | | | s |

| | } } | | |

| | | | |

| | | | | | |
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| s | | \ | \

— T | | | | |
| | | | | | | L
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| | | | \ ‘ |

TR | | | |

| | | | | |

| | | | 1
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| | | | |

T T R EREE \
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| | | | |

| | | s | s i \

| | | | | | | s |
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| | | | | ! -
. . \ \ -

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 - Scenario| Base Project ] C:\PTW32\projects\Tutorial_V8.0\Tutorial_V8.0.prj

Project Document Edt View Run Component Onedine Window Help.

[BFNFREBE W ESEdmmesy fmv b YE ARSI H[aaaaar==r 0T o0t uia /]

551 11TNEOO L.DRW

Expand |5

L=GHGHAEm i 0O i BO@OBET IGwwmn || b 2 b @b~y E+ia@Fs | 0dons b | Bdds VT

[ 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).

£

D=Gw s Ems DTS EHT I (O vesw

Ellrie m

vE R P r®ton -V} EFFERFT Mew Induction kMotar
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.

-loix|
B

—BU3-0001
L]

Kl [
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

=
b= aH T o~ OOCTEYOET i Owwm 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

i
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

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

L« [ _>IL/|

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 = @ #E s ¥ 7T Hm x D @ & @ & B T § Ol s v (5p]hyr

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

point to BUS-0002, as shown in Fig. 10.
=loixi
(rrre—

UTIL-0001

BUS-0001

°
fos EF2-0001
s

ﬁI
‘BUS-0002

| | ‘ AW
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 oI
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.

inix]
=l

UTIL-0001

BUS-0001
eeeccccecscccccce

Aok
EF2-0001
e

—T— BUs-0002

—T— EUS-0003

* CBL-0001

LOAD-0001

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

£l 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 Document  Edit View Run  Component | One-Line ‘“Window Help
(B0 R R & Bl AR Y R

T Symbol Rotation Rotate Left 90 Degrees
I == G 5 A T O o g [ (e
T Nametags
Datablocks

Component Color

Datablocks and Nametags

»

»

3

»

Align »
Distribute »
IJTIL_OOO] Data State »
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 o : 2%
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

£ XFz-0002

e

BUS-0003

CBL-n001

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 1line001.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 Editor
'F One-Line, ..
Reparts. ..
Librarsy. ..
CAPTOR TCC, .,

Drata Yisualizer

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

Peventlag
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.
-loix
| H
| |
| |
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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




32 SKM Power*Tools for Windows

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.
=101 ]
=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 |l | 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-
0003”, “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.

_loix

-
BUS-0002
Arakal XF2-0002
oY
BUS-0003
[
? CBL-0001
L ]
Kl [ | v
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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

= *?” i [ Component Color

v v

oy +HEEHS Y Qe s

Symbol Rotation

AT B om & 0 Dl p B 2 p oy ®fon -] B
MNametags 3
Datablodks »

Datablocks and Mametags 4

Align 4

@ Distribute L
Data State 3
Connection Points »
Textblock L4
Legend Tag L4
Jump to Mext Symbol
Annotation
Annotation Ling »

Conwert b Bus Mode
Conwert bo Bus

Center Component Picture
Symbol Selection, .
Refresh Symbols from Library

Refresh Meter Data
Templates... 72-0001

—ﬁ/ ]

BUS-0002

L
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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 x| « @& cf B~

eventlog

Main, dris

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]

| N

Text I1ze Chil+Returm for new line
BUS-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

[BUS-0002.dra L] /

Compaornent [Optional]

| _f

Text I1ze Chil+Returm for new line
BUS-0002.DRWw

Attributes. .

] 4 Cancel Help




SKM Power*Tools for Windows

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

X
Marme: I Find Mext I
Companents: > - Seroll To Component Type——
Mame {
= BUJ5-0002 @I ﬂ E
A F2-0002 E ﬂ E @ @
i@ CEL-0001 g ﬂ E E |_|
= BL15-0004
i LOAD-0001 g g g @ @
AHAD A H
SOHH
4
Cancel |
Guery... |
Help |

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 |
C riornal]

BUIS-0003 ﬂ
Text |1z Ch+Retum far new line

BUS-0002.DRWw
Attributes. .

g

| ] 4 I Cancel | Help
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27. Now click on the “Attributes” button as shown below.

x|
Link Ta Type: % Oneline ¢ TCC ¢ Repot ¢ Esternal
One-Line File

lBLIS-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.

|
To "BUS 0002, DFw" d =
o "BIS-0002. DRw" drawving.
. B ¥ Size to text
Font... |
Front Colar... | -
Back Calor... | I:[
& Tranzparent
Currert Font: 10 " Opaque
 Shadow Leader r— Border
I~ Wisible Iv Visible ¥ Wisitle
Direction Origin Thickness
IDown and right j IBottom center j IThinnest j
Diepth Type Line
IThin ﬂ \ IEIosed Ao ﬂ ISolid j
\ Colar... | -
oK I Cancel | Help I
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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

Avdst XF2-0001
oD

| 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, *.omp, *.etc).

51 BUS-0002.DRW

. BUS-0002

Awdd HF2-0002

| BU=-0003

CBL-0001

LOAD-0001

L

=10l x|

2l
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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
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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

New . Edit... Delet I
Style Content Description il ! | SEE

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.
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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. Inthe “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.

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

W j Tag Text: I'I
Legend Text

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

//>

Help | |

_ﬁ Cancel |

TagSize: € Small & Medium " Large

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

x|

— Legend Header

ITUTDHIAL PROJECT

Use Chi+Enter
for new line

— Tag Defintions

New. |[ Edt. | Dete |

Description
|Itiliby Fault information are

Style Content

d On masimum

Diamaond

El

Leader Type: & Mone ¢ Opendmow ¢ Closed drow ¢ Circle

TagSize:  Smal " Large

%" Medium

Paste Tag | |Ipdate Tags |

Exit

Help

33. Inthe “New Tag” window, click on the new button ag

ain. 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. Inthe “Legend Text” field, type in “All conductors shall be copper.”

Click the “OK” button.

x|

— Legend Header

|TUTDFEI!—\L PROJECT

Usze Cr+E nter
far new line

/

— Tag Definition:
MHew .. |

Edt. | Delere |

Style Content Description

Diarnand

Mew Legend Tzg

Tag Style IHeHagon 'I

Legend Text

Tag Texst: |2

Utility Fault infrrrnatine are hased an masinum values

nductars shall be coppel

pd

0K ZI Cancel | Help |

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.

— Legend Header
ITUTDF!I.*B.L FROJECT

x|

Usze Chi+Enter
for new line

— Tag Defintions

New .. Edi.. | Delete |

Style Content

Diarnond 1

Description
|Itiliby Fault information are based on maximum values

hall be copper

All conducts

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
|TL|TEIF|IAL PROJECT Use Ctil+Enter
far nesw line
— Tag Definition: V2
Shyle Cartent D ezcription Mew. Ed. | Delete |

Diamond

Ukility fault information are baged on maximum values

Hexagon 2 Al conductors shall be copper
Leader Type: & Mone ¢ Opendmow  Clozed &mow ¢ Cicle
TagSize: & Smal ' Medium Large

Paste Tag

Update Tags

E it

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.

~lolx

BUS-0001

\
\
\
\
L:( : ZF2-0001 }
\ \
\ \
} _ |~ BUS-0002 }
\ \
\ \
‘ iy £ XFz.0002 ‘
L \
\ \ -
\ \
| _|  Evus.oos <> |
\ \
\ \
\ \
‘ CBL-0001 ‘
\ \
\ \
\ \
\ \
\ \
\ \
\ \
\
AD-0001
< PO | ‘ >l_/!
36. The user can then move Diamond tag next to the “UTIL-0001" component like shown
below.

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
ITUTDFHJ’-‘-.L FROJECT

Uz Ctl+Enter
far mew ling

— Tag Definitions
New . Edt. | Delete |

Style Comtent [ ezcription
|tility fault information are based on masimum wvalues
Al conductors shall be copper

Diamond 1

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.

B MAINDRAW.DRW ) [m] ]
| UTIL-0001 ;I
| ' ‘

EUI5-0001
Al d NF20001
£
| EUs-o002
Al E MFI-0002
£
ETIS-0003

@ § CEL-0001

LOAD-0001 =
Kl [ ﬁ



SKM Power*Tools for Windows 51

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 Alt+Z
Zoom Out Alt+5hift+Z
Zoom All Alt+A
Zoom Area Alt+Y

Zoom Page

Zoom Previous
Aerial Alt+shift+aA
Center Onedine

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.

= . =
=
-

BUS-0001 UTIL-0001
d

&

sudd HFLO00L
L TUTORIAL PROTECT
Ttility fanlt information are based on
maxirum vahies
_ 1 BUs-0002
@ All conductors shall be copper
aeald HF20002
Fa
BUS-0003

@ é CEL-0001

BUS-0004

LoAsD-0001

Kl| ] v .4
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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
et T

k2l 1LINEOO1.DRW

BITE-0001 ‘
S |
UTIL-000L |
Elil Component Editor - Scenario[ Base Projeck ] = |E||1|
iy F o XF20001 Component Subviews:
3
Equipment & &ic Flash Mame: ‘BUS'UUUW | v InService I
Harmaonic Source
Reliability 01ata
User-Defined Fields I” Node Bus D ata State:
[Dratablock X
| BUs.0002 Mominal System Yoltage: 123800 Wolts [L-L] IW
Bus Load Diversity Factor
Scenario Manager... | Description: | ‘
Lol HF2-0002 IGD To ‘I Jump... |
2l e Library... | Device Notes.. |
Library Motes:
=
| BUSDO03
I
[T I
£ cBLOM E
£ 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 % UM BRI (e 0 B [ S 2| o I 5 s 9 DE v o B SR R[S B G 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 Bus
Equipment & Arc Flash Name: [BUS-0001 V¥ InService I
Haimonic Source
Fielabilty D at:
User Delinod Ficlds I™ Mode Bus Diata Stae:
Datablock
_| musom:z e Nominal SystemVoltage: [13900 | Volis [L1) | Incomplete =
Bus Load Diversiy Factor:
Scenaiio Managel Descrptin: | |
awle XF2.0002
LA e BN
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.
~loix]

Component Subviews;

Equiprment & Arc Flash Narne: |BU5'0002 | ¥ InSerice [N
Harmanic Source

Reliability Data

User-Deﬁned Fields I” Mode Bus Data State:
Datablock

Mominal Systern Voltage: 4160 Yolts [L-L] |Incomnlete 'l

Bus Load Diversity Faefor:

Scenario Manager... | Deescription: | |
All hd Jump... I

Library... | Device Noﬁes...l

Library Maotes:

—LIS-0004
@ ceL-0001
HpRF 2000
B F 20002
0 uTiL-oom

&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|I| Component Editor - Scenario[ Base Project | - IEII_)
Component Subviews:
Bus
Equipment & Arc Flazh Name: |BU5'DDD3 | ¥ InService [N
Harmaric Source
Reliability Data
User-De-;r;ned Fieldz I™ Mode Bus Data State:

Datablock p I j
Wominal System Yaltage: |40 Walks [L-L) Incamplete
Bus Load Diversity Fd

Scenario Manager.. | Desciiption: | |
Al - 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 Narne: |CBL-UUUT | ¥ InService @
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
= | 5-0001 ‘I
— 50002 Conductors in Parallel/Phass: Length FEEI

= I5-0003

— (50004 ~Bus Connection——————————— I Do Mot Size
[} .. Phaseq —Matrix

SRXF2.0001 Lo | J¥ & || ¥ Update Mais
me}DUM From BUS-0003 7 from Sequence
M uTiL-oo01 v B

& Lo4p-0001 5 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:
DYTioca  mone Capper FwieeGind  BUDY
/v @ Tyicsl  NONE Copper  Magnstic THHN 4 wite o0y EOH: |
@ Typical NONE Copper Magnetic THHN AwiesGnd B0V BOH:
@ 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,
VA CEL-000] e Conn.. | LD Phase - Matis————————
ﬁxm-uum Lo - ¥ & || M Update Matis
repe 4 2-0002 ran. LIS ¥ B from Sequence
0 UTiL-o0m _
i Loap-00m1 Tor BUS-0004 wool|l | ZMai |

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.

49.

Select Transformer XF2-0001 in the Component Editor, and click on the Library
button as shown.

[l cComponent Editor - Scenario[ Base Project ]
Component Subviews:
Mame: [#F2-0001 ¥ InService Ilncomplete Yl

M anufacturer Type
Library... | I Link ta Lib [NONE i |

—
Narminal ki Full Load K¥ia: I~ Do Mat Sizs

=0l x|

2 ing Transformer
Tranzformer Impedance
Automatic LTC
Damage Curve
Relizbility Data
User-Defined Fields

wlhy
™

Datablock
Primary Secondary
Connection: IDeIta j IWye-Glound j

Scenaria Manager.. | | Rated Volage: VI ViLL)
2l = T | Bus Voltage: WL VILL)
m Full Load dmps: oo oo
= RLJ5-0002 Tap%:
=EL15-0003 Phase Shitt Angle: (30,0 deg W Link [ INST Protection
- 50004 _
@ ceL-oom Bus Connection Type
# 001 Connections... | & Thiee Phaze IStandard Shell 'l
[rLrm .
EEELDUUS; From: BUS-0001 - E;{;g'#aﬁha“’e
&P LoaD-0001 To:  BUS-0002 " Single Phase

Expand ”W

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.

I Select Library >l 101X
CAPTW32ALIBAPTW.LIE M anufacturer I 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.




SKM Power*Tools for Windows 57

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:

Ll iz XF2 o001 In§ Iﬁ
Transformerlmpedance Hame: _ I InService |incomplete UJJJ

Autamatic LTC b anufacturer Type
Damage Curve

Fieliabilty D ata Library... |I™" Link toLib [NONE | [Dnai |
User-Defired Field
Dotablonl o Norrinal kVa; | Eulloadksis[ ] I DoMNotSize
500 =
SRD 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
Q CEL-000T Bus Connection Type

Connections. . | % Thiee Phase ISlandard Shell vl
220002 Single Phase
0 L TL0001 From: BUS-0001 L AR
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:

24 finding Tranzsformer - [=Fz-nom % |n Servi Iﬁ
Tranzfarmer Impedance Hame: | | W InService Incomplete U'JJU
Automatic LTC b arwfacturer Type “]“
Damage Curve ; - —
Fieliabillty D ata Library... | ™ Link to Lit i [NONE | [0 & |
|Jzer-Defined Field
Datablock Nominal kvt [10000 | Full Load kv [11500 | ¥ Do Mot 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.

E|:| Component Editor - Scenariol Base Projeck ]

=101

Component Subviews:

q Tranzformer
:Transformer Impedance

Autamatic: LTC

— Sequence Impedance in Percent on Transformer Baze
%R BH

ga:jigﬁ C[l;r\;e Positive: 1.0000 R EEZ3
eliability Data

UzerDefined Fields Fletiy 1.0000 5.6623
D atablock. -

Impedance Tolerance:  +- - &

Jid;

Calculate from:
2Z and #/R..

%2 and R ...

%2 and kwloss. .

Fer Unit...

Scenario Manager... |

— Meutral Impedance Sizing Info

Al M ‘JL‘LI ¥ Do Mot Size
R [Ohms] % [Ohms]
-5 0002 Primany: : - Calc. | =
==BLI5-0003 / 0.00000 | (000000 | Cale [ |
150004 Zecdfidary: -] Size TarLF Rating
@ ce [Fulload kva =]
m ] — Mo Load Loz in Percent on Transformer Base —
EXFZUUDE = + i Trant .
UTIL-0007 ransformer Base

(&P LoAD-000 0.0000 0.0000 INc-minaI (3% 'I

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
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:
<F2-0002 W InService Ilncomplete vl o
I anwfacturer Type “]“

¥ Link toLib [MONE | [T ]

ding T ransformer
Tranzformer Impedance
Automatic LTC
Damage Curve
Fieliability Data
Uszer-Defined Fields

Datablack MHaominal kyid: I VI Full Load Ky [S00.0 I~ DoMot Size

Marme:

Library...

/ Primary Secondary
Caonnection; I Delta j IW’ye-Ground j
Scenatio Manager... | Rated Voltage: 4160 VL) 480 WLL)

Al | Jump... I Bus Voltags: 4160 YWLL) (480 W L-L)

= ELIS-0001 " l Full Load Amps: B9 4 6014

— J5-0002 Tap% [ooo ] [poo ]

== BLIS-0003 Phase Shift Angle:  [30.0 deg ¥ Link [~ INST Frotection
=l 000¢

& ceL00m Buz Cohnection Type

R 000 Connections... | &+ Thiee Phase IStandard Shell vl
Lo _

By F2-0002 Single Phaze

@ Lo From: BUIS-0002 C Hid Tap

ﬁ LOAD-0001 _I To:  BUS-0003  Single Phaze

Expand I I Shrink

Entry for Transformer XF2-0002.

53. 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:

<Ll . [ i
Famanie Inpedance Mame: [UTIL-0001 ¥ In Service IIncompIete 'l m
Relisbility Data ~ Iritial Dperating Conditions

User-Defined Fields

Dratablock Woltage: pu Yiallem Talreers—==
Arde  [000|ceg Min 00 | maw 00|

% 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.
=IE

Component Subviews:

General Load

. <
Diivergity and Participation Narmne: |LDAD'UUD1 / | v InSemice
Harmanic Source
Fieliability L1ata Rated Size: 95 Data State:
Load Profile

Ilncomplete 'I

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

R ated Woltage: 480

S cenario Manager... I Drescription:
All | Jump... |
= F|S-0001 - I

1AL

- 50002

w— F|J5-0003

= F|S-0004

& CceL-0001 Bus Connection—————— ~Phasze Connection

ﬁxm-num Connection... | v &  whe-Ground
#F2-0002

@ U700t Bus  BLIS-0004 Vv B e
LOAD-0001 ¥ 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

g"é 'I‘?\\\, 5 E | m n Balanced System Studies... Cirl+A F ﬁ‘, 9 o v + i |
Transient Motor Starting (TMS)
iy 1 1
b = @ & o 4 77 Industrial Simulation (ISIM) lE ups UFIJH PR
Hamon Arsi (VA

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

Equipment Evaluation
Failed Input Evaluation
Failed Equipment Evaluation

|

|

|

|

Arc Flash Evaluation |
Coordination Evaluation

f o EF2.0001 Cable Ampadity... |

|

|

|

|

“o

=

Query... Crl+Q
Datablock Format...

Datablock Report...
Tcc Report. ..

BUS-0002

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

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

=

=

=

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

Help

One-Line Default;
Last &pplied:

Pl R

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.

RABBREFEAICNT OO

T‘oEjIe 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.

=10l
BUS-0001 UTIL-0001
. [sc 3P 2000 MVA
| 1300V Isc SLGH 60.0 MV A
auld 3F2.0001
7% Size 100000 kVA
E;é %%}:_ Crromd TUTORIAL PROJECT
I 571400 %,
KR 57 Ttility fanlt inforration are based on
_ | BUS-0002 o values
4160 W

@ 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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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 W R Iw B E

h o= & 5 7T

B MAINDRAW.DRW

Mo

EF2-0001
Size 1000.00 k%
PriDelta
Sec Whve-Grour

Balanced System Studies. ..

Transient Mokor Starting (TMS)

Industrial Simulation (ISIM)

Harmonic Analysis (HIWAVE)
IUnbalancedisingle Phase Studies.., Ctrl+U
Reliability Anaksis

DiZ Syskem Analvsis

A D0 v T

Slwsv | b8 &

=101x|

Equipment Evaluation
Failed Input Evaluation
Failed Eguiprment Ewaluation

5

Arc Flash Evaluation

Query.., Chrl+0
Dakablock Format. .. Ctrl+D
Datablock Report. ..

nlt information are based
T vahes.

rtors shall be copper.

WL 57495 ¥
ER57

BUs-0002
TR

Rimning syétem studies on the power system network.
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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

¥ Divenurite Existing 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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3.

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 Edit Errors | 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. 1f 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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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...

o]
=

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.
CHE =]
=

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| _ 4
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.
[ U =10l x|
B
MMay 27, 2016 17:24:08 PAGE 6
BALANCED VOLTAGE DROP AND LOAD FLOW BUS DATA SUMMARY
EXEEEXEEEE EE LT EE T ESEEEEEEEE L EE )
BUS NAME BASE VOLT PU VOLT BUS NAME BASE VOLT PU VOLT
BUS-0001 13800. 0.9997 BUS-0002 4160. 0.9963
BUS-0003 430. 0.9903 BUS-0004 430. 0.9835
MMay 27, 2016 17-24-08 PAGE 7
BALANCED VOLTAGE DROP AND LOAD FLOW BRANCH DATA SUMMARY r
EEEEEEEEE EEEEEEEEEEEEEEEEEEE R EEEEEEEEEEEE
BRANCH NAME  FROM NAME TO NAME TYPE Y% AMPS K¥A RATING%
XF2-0001 BLS-0001 BUS-0002 X2 0.34 3.36  80.29 6.98
XF2-0002 BLS-0002 BUS-0003 X2 0.60 11.15  80.01  16.06
[« | Mz

||||||| o s e N e



SKM Power*Tools for Windows 71

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
s—— — — ————————————————________

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 | /

Next Page Buses
Bus Name InDut Gervice  Design Yolts  LF Voks  Angle Degree PU Volts VD
BUS-0001 h 13,500 13,796 0.02 100 0.03
BUS-0002 h 4,160 4145 0.0 100 037
BUS-0003 h 430 475 0.50 0.99 097
BUS-000¢ h 430 472 035 0.95 163
Cables
From Bus Component InfOdt %D K knar kVA  LFAmps  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
From Bus Component ROt D e bvar K LFAmp1  PF
To Bus : Service Loss Loss loss MM
BUS-0001 XF2-0001 h 034 629 435 303 50 080
BUS-0002 0l 04 04 7.0
BIUS-0002 HF2-0002 Y .60 630 432 s00 110 080
EBUS-0003 o1 0.6 0.6 16.1

-
Al » 4

Crystal Report showing load flow study results.

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

Es SRR @
=G

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

Industrial Simulation (ISIM)

A sy dhEEFH|acaaagEErPhT &0 T

Hww|[h o ¢ b @~V i@ ETNDon

15.

Harmonic Analysis (HIWAVE) -10] x|
Unbalanced/Single Phase Studies... Ctrl+U UTIL.000L ‘ :I
Reliability Analysis 579 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 5
Mode Bus
EEzRnmEle Data State:
Nominal S pstem Yoltage: {13800 Walts [L-L) Incomplete ™
. Description: \
03

| Scenario Manager

I O

| A g 5000

s X

| / A7 | | w—-EUS50003

| Fot' | | mm g 50004

| @ ceL0001 [

| |#er200m
| —— BU e annz
| 3890, M uTiLooom
‘| | & Loep-oo01

Use the Run>DafabIock Format menu. ‘

datablock format that applies to the input data or studies you have run.

Datablock Format

— Type

% Component Editar /
TCLC Setting Wiew £
Data Visualizer

Farmats for TCC

X

Bl x|

Irput Drata
Load Flow D ata

" One-Line /
TCC One-Line View
" Praobe

" |mpaort / Export

Tec Default:

Protective Devices

Apply

3

il

Close

Reliability Edit
Report -- ARSI Fault Dty
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 Data Set Default |
Feport - Harmonics

ort - Load Flow Data Rename... |
Fepart - Maotor List
Repaort - Protective Devices Copy |
Feport-TCC Settings
Sizing Data Faste |
TCC Settings
UE DLA Delete |
UB_LF
UE_SC Help |
Wisualizer-&rc Flazh —
Visualizer-4rc Flash PPE 4 Import... |

Select the Report — Load Flow Data Format for the Datablock.

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
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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.

_iix
Component Subvies:
Buz I arne BUS-0001
Equiprnent & Arc Flash Mominal — 13800%
Harmanic Source LF%olts 1373613
Reliability Data YD 0.03%

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... Cirl+A = g_’y @ I + i E
Transient Motor Starting (TMS) i i

| ] ¥
Industrial Simulation (I5IM) :l s 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.

»lel -10] x|
Bus rY
Hame SystemPominalVoltaze LF Waolts (W) VD (%)

EU:-0001 13800 1579615 0.03

EUT:-0002 4180 414475 037

BUS-0003 480 47538 037

EU:-0004 480 47207 185

Cable

Hame Bus Current (4] Feal Power (kW) Eeactive Power (kWAR) Feal Losses (kW) Eeactive Losses (kVAE)
CEL-0001 BUE-0003 9660 5375 47.55 0.57 0.ls

2-Winding Transformer

Hame Bnas Size (kVA) P Carzent (4] Sec Current (4] Eeal Power (kW) Feactive Power (KVAE)
HF2-0001 BUS-0001 10000 338 1115 8354 48 55

HF2-0002 E1T:-0002 s00.0 11.15 96 .80 E3.BE 4518

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

TTIL-0001 3.36 63,54 4255 020
4| | 3l

Frint... I Print Setup...l Optiohs... | 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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1 Ol %!
T -

y =
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 anew 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

1ol
A |
|
R
@ PO-0001
UTIL-0001
| 639 KW
[ Ersnan 425 KVAR

13300 ¥

003% VD @

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

%
wl

BIT5-0002
4160 ¥
037% VD

Y
w2

B30 W
42 2KVAR

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| PotVD 0.6 %
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

BII5-0003
480
087% VD

@ = CBLOOOL
£ Ja3BEW
JATE BT AR
FetVD 0.7 %

LFoTa

LOAD-0001

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
HF2-0002 I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

95000 Armps

K1l o _'|lj/

Place a new fuse on the one-line.
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2. 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
win W e = Symbol Rotation Ratate Left 90 Degrees
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 »
| . DataState >
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
= 1635 %W 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==p4
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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.

-igix]

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.



SKM Power*Tools for Windows 81

4. Insert a new low-voltage circuit breaker symbol between XF2-0002 and BUS-0003 as
shown below, using the New Low Voltage Breaker icon.

DB D @bt

ii MAINDRAW.DRW B ] 3

UTIL-0001

T
FD-0001

| .
| BUS-0001 4

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 H 4
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

=101 x|

UTIL-0001

} U:D }
FD-0001

| BUs-n001 ' q

&

L XF2-0001

=

"kb

BU5-0002

-_OPD-EIEIEIE

b XF2.0002

"]<b

FD-0003 <

BUS-0003

FD-0004

= CBL-0001
€k

LoAD-0001

Kl _

[

Insert breaker between BUS-0003 and cable CBL-0001.
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7.

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
i vics
S ettings 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: | Amps: | v|| lsc ki
E|’ CAPTWIZNLIBNPT.LIE td anufacturer | Type | Description | Yoltage
=g CAPTOR B CUTLER-HAMMER  CLTO, Z3kv 40-508 23000
B 3 Lowoltage Breakers B CUTLER-HSMMER  CLTOL®3155k  40-1254 15500

{M) Motor/Gen Protection
g Fuses —

CUTLER-H&MMER
CUTLER-HAMMER
CUTLER-HAMMER
CUTLER-HAMMER
CUTLER-HAMMER
CUTLER-HAMMER
CUTLER-HAMMER
CUTLER-HAMMER
CUTLER-HAMMER

CHTIEFR.HARMER

Low Woltage
High ‘Yoltage
Relayz

L1 HY/MV Breakers
[E Specialty Devices
'( Switches

jm i Rimlim ik m il m i

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

Select Cutler-Hammer CX 15.5 kV fuse.

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

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 = - || ¥
(]| [ | | | = |
‘ 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 | Type | Description [ Voltage [ TCE No. [ Catalog No. [ GelCaor Motes
() Motor/Gen Protection HOGE MULTILIN 737 50451, 54 CT 230000 1601-0048-DE 7376
B Fuses HO GE MULTILIN 737 SOM/SIN, 14 CT 230000 1601-0045DE 7371
] g Low/oltage FOGE MULTILIN 737 SONJS1M, 54 CT 230000 16010048 DF 737_5
h He‘;'fh Voltage HO GE MULTILIN 745 50451, W1, 14.CT 230000 1601-0161-41 i
L-#0 Electio Mecharical o GE MULTILIN 5 B4 CT 230000 1B01-0161-41
40 Electronic FOGE MULTILIN 745 50/ET. W2, 14 CT 230000 1601016141
V.0 IEC Type HO GE MULTILIN 745 50451, W2, 54 CT 230000 1601016141
P LR Bt =l|toGE MULTILIN 745 50/ET. W3, 14 CT 230000 1601016141
foply | Desclct| Close | Queny. | L T T R, prose

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.

-l
UTIL-0001 | 5|
| T B0t { |
| PD-0001 |
| _inix
| Component Subviews:
| Auld  ¥F20001 W Model: | 745 =l
T D% | /5
| Datablock
| | BOS-0002
|
r g Setting:
| __OPD ooe2 Seenario Manager... | Segment: jj Settingl Setting2
| [foTe =] dump.. | || |w/1 Phase OC PU =lh =l =l
| skt xEr0m 2 = ¥ 2 IExt Inverse j |1 j |1 j |
: TR 7 2 [w1PhassInstocPU =] [10 =l =l
| =4 =] =l =
B o | | -
| Library... | Eunction... | Togale | Fhaze Motes... |
| —— BUS-003 j Insert Segm | Delete Segml
| Expand ” Shirink.
| 3 PD-0004 T
| |
| |
| @ % CEL-O0OL |
| T | _
1 1
Kl [ 4

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)

UTIL-0001 | B
B £
| IR A |
PD-0001 |
=

Component S ubviews:

Frotective Devi
s x| S — (e | |

= Reliability O ata
User-Defined Fields
Datablock

Y

| BUS-0002

Setting:
D-0002 .
_OP Soenario Manager. . I Segment; jj Settingl Setting2

IEn Ta = Jump... I ri I jl d I d
sl xF20002 e ]| =] | = [
#TR 3 =l = ]
BlE]| | =] =l
) T ol I | E—  —
—
Library... Function.. Phase Motes.. |
—{— BUS0003 J Insert Segm Delete Segm Selective Coordination... | O
Expand I Shrink
3 PD-0004 i
|
@ = CBLOODL |
T | i
!
Kl L 4

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.

Al | Sear:hl Manutacturer: ISQUAF\ED j Type: Desc I TCCH: Amps: ljl 55 ki m oltage: Ijl_

R Lov Valtage Breckers = [ Manufacturer | Type | Description | wakage | TEC Mo
g} Static Trip 12 SOUARE D ME & MEL, Micrologic [Obs | L. 100800 & 600 BEE-1

Py " | Ground Pault '3 suARE D ME, Micrologic L, 100-8004 500 6eEE
. ‘: ;hermacl.Maglnet\c Molded Case :, SOUARE D ME. Micrologis LS. 100:500, e g

< @ Motor/Gen Prtecion p sUARE D . Meroiog Rl 0 o7

: }? SQUARED 500 66611

M, Micrologic LI, 100-

; '3 Motor Circult Protector
QL’ Matar Over Load

40 Motor/Gen Relay !

SOUARE D I gic
SOUARED M, Micrologic LS1.100-8004

I .
" Gererstor Desrement 1) SAUARE D M, Micrologic (Obs.] LI, 1256004 600 6665
B Fusss |} SOUARE D M, Micrologic (bs.] L5, 1259006 600 6665
"0 LowVolage |7 SOUARE D M, Micrologic (bs.) L51. 1258004 600 6665
LB HighVollage |} SOUARE D NE & NEE, Micrologic [Obs.) LI, 60012504 800 6713
403 Redaus ||y sausrep NE & NEE, Micralogic (0bs.) L5, 50012504 600 671-2

I

apply | Deseleot | Ciose | ey | p) SQUARE D NE & NEC, Micrologi (bs.| L5, 60012504 600 8711

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:

Evpard [ Shink

FD-0004
J

@ CBL-0001

Kl I Mz

\
\
\
| Awld ¥F2.0001 W Frame: [480v < 25008 (850 BORA |
‘ B Ficlibilty Data T WY A0 660 0k =
| UserDefined Fiskds 330 M 400.04 [E5.0 B.0)kA
Datablock B W6 40004 (250 Bkt

| Sensar 240 Mo 80004 [65.0 10.0kd
\ | BUSO002 BOOY M 80004 [25.0 10,0k -
\

i gy
‘ O scenaioanager | -l Seting] Setting?
‘ GoTo =] _dump 7 1 [LTPU 5.0 P) =lfos = =
‘ IV T [ =l (|7 2o easec) B = =l L
‘ ST I7 2[sTPU 210 %F) =l[en = =
| ¥ 457D 0105 5ec) = I | |
o Ol o — —
| / Library... | Eunction... | Toggle |Phase Motes...
| —— BUSH03 | oo seon | poktcseom
\
\
\
\
\
\
.

Select 480 Volt, 800 Amp Frame.

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
Faadic) Reliabilty Data

User-Defined Fields

Datablock

| BUs-0002

Setii

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

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

GoTa =] _dump il = =T =
2wl XF2-0002 =l E -
s s =] = | I~ |
| = || | | - |
3 FD-0003 [N 5I l jl ﬂ I j
Library j Function, Toggle | Phase Notes
—— BUS0003 | Insert Segm | Delets Seqm
Evpard [ Shink
y  FD-004 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.
ol5) -0 x
&l | Ssarchl Manufacturer. |GE ] Tpe Dese: TCCH: Anps: - | lacs e -|| Voltage: [ |
=g CAPTW3I2ALIBPTW LI Manufacturer | Tvpe | Deseription | vollage [ TCENo, [4]
B8 CAPTOR 1Y GE FB.2 & 3-Pole 600V 161004 DES-013B to -0258
|5 ) Lowokage Brezkers ¥ GE FC.2 & 3Pole 240V 151004 DES-0136 to -0258 J
-1 +|} Stetic Trip Iy 6E FC, 26 3-Pole 430V 151004 DES-0138 to 0258
- % Ground Fault I
e e 1y BE FIC, 2 3-Pole GO0V 151004 DES-D138 to 0258
: erma Megneliziolied Lass | 1y e pectia AMS Mag 151608, k2151814, - K215...
o1 Power Circuit p

) Motar/Gen Protection

B Fusss i)GE SG, Speciia M Mag-Break 1256004 600 K2151914, 1924
0 Relays 1) GE 5K, Spectia AMS MagBreak  300-12004 600 K2151938, 1944,
L] HVAMY Brekers 'Y GE SKH4, Spectia RMS 30012004 800 k2151764, 1774,
Bl Specialy Devices ¥ GE SKLe, Spectia AMS 30012008 600 k2151768, 1774,...
b Switches ¥ GE SKP&, Spectra MG 30012008 600 K2151768, 1774,..
'Y GE TE1 151004 800 k215710, 720

‘li,ﬁr ne dar anna | o o 2o

Apply |Daselact| Close I Guery |

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 [ ] M 4
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 |
Pt d
| b |
PL-0001 <> |
Al ZF2-0001 I
£TE |
New... |
| BUs-0002 Existing. .. Chr+I |
Symbol Selection. .. |
Expand Chr+E |
Disconneck ChH+E |
In Service
_OPD'UDD2 Qut of Service |
Undo Remove 1 companent  Chr+2 |
Redn ChrY |
Al ZF20002 Clone |
=l Copy Data |
Faste Data
) PD0%3 —— |
Remove Chrl+R |
—} BUs-0003 Jurnp ko Mext Symbal |
Zoom » |
Go To Component Editor Chrl+T
3 PD-0004 Data State Color Go To TCC D g
Findin TEE Drawing. ..
Qoo ik Go To Arc Flash, .
Datablock Format. . Chrl+D . .
i L Go To 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 I
|
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
T \
\
\
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]
TCC Dievice List | BLIS-0002 - Library |
Bus | Detablock {Onetine | CLRRENT IN AMPERES :I
Aute Updates Ares Flash Resuls
r P 1000 PO
p— | er-nde
b poous
100 PD-0OOZ
anall X0
& F2-000
oo
1a FO-0003 =
L csoms E
[ | =
I
— #
o
=
S
1 &
@ AL
CEL-000T
B 010
LowCoe -
Kl| ] v

05 1 10 100 10k

TCCH ton Ref Voltage: 41600 Current in Amps <1

V| [z

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.

il rcorrec (Tec.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
p— =l
P
100
U I
FE
Foanns
; 0 z
i 7
L] E
P
o iy
(=3
2
g
1 2
@ CELoud]
B 0410
(LS4 I) |
K1} i D
001
ns
TOCTtoo Ret. Vokage: 4160Y Current in Amps x 1
KT oz

Move label for cable CBL-0001
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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)

TCC Device List |PD-0004 'I

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

=10 |

Device Settings |Dalabluck| Dne-L\neI

Erame: |4B0v SFL& 26002 65 D =l
Trip: 125 -
Segment: Jj Settingl Setting?
A T ]| ]| =
B2 =l =l =
o = = | =
| = ]| =
el =l = =z
- Redraw I Library... |Eundian. | Toggle | Phase
@r Insert Segm | Delete Segml Selective Coordination. | T On
Library Motes: —
(e, 3 &
=]

CURRENT IN AMPERES

1000
100 PD-0002
WFZ-0002
10 PO-0003:
1 PO-0004
010
om
05 1 10 10K

TCC1tcc Ref. %oltage: 4160%  Current in Amps x 1

KT

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.

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

TCC Device List: |PD-0003 >

=101 x|

Device Settings | Datablock | One-Line |

Frame: [480v 1 e00.04 55.0 0.0k =l 1000
Sensor [0 ¥| Bug [450  ~|
100
Sogment <2 Satiing] Setting2
Fifrumsinsr x|[ors = |
I% 2[LTD (24 5ec) |8 =l =l 10
I7 3 [5TPU 210 P) =][20 )] =l
7 4[sTDpa-055ec) ][
I~ 5[ ST OR x| [Fivedt = |
LTPU (0510 F 1
_BLTD[Z[—ASEE;‘ ! Phase
STPU (210 %F) -
157D (1105 Sec g
o
[kli}
0.01
03

1]

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

CURRENT IN AMPERES

SONODI3E NI IWIL

1 10

100 H 10K

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

SAONODIS MWL
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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.

il Tce Lo (Tec.drw) =] 3}
TCC Device List: |PD-0002 - Library:  GE MULTILIN, 745, 50/51, W1, 54 CT ‘
Devige Settings | Datablock | One-Line | CURRENT IN AMPERES il
Model [ 745 =l 1000
LT Ratio: 100 /5 v
100
Segment: Jj Settingl Setting?
7 ifwiPhaseocPu =]t =] |
7 2[En Inverse =l =N =] 10 =
=
I7 5w Phase nst OCPU > [10 =1 | z
2 5 | -
r 5 | —
Bedraw I Library... | Eund\on..l Toagle | Phase ! “
Insest Segm | Delete Seqm | Selective Cacudintion. | I~ 017
Library Nak
BV 05635 =
2004 040
=
om
0s
TCCldee Ref. Vokage: $160V  Currentin Amps x 1 TCCT drw
B
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.
=10l
TCC Device List, |PD-0002 'I Librare:  GE MULTILIN, 745, 50/51. 1. 54 CT ‘

Device Settings | Dalab\ockl Elne-Llnel CURRENT IN AMPERES j

Model 745 = 1000

CT Ratio: 100 A

[Ap-nfoz

100
p—y Setling] Setting?

7w Prasencpy = [079 =] =l

17 2[Exinverse =l = =l 10 =

7 3wt Phase lnst OGP0 =] [10 = =l z

=E] = = [~ A

o =l H A
w

Bedraw I Library... IEunct\on..l Toagle | Phase !

Inset Gegm | Delete Segm| Selective Coardination..| [~ (11

Libramy Motes: -
GEK-106E35 J
2004 10
oo
0s 1 10 100 1K TOK

TCCAtoe Ret. Yolkage: 4160%  Current in Amps x 1 TCCT drw

Ll | 1
Drag relay PD-0002 time delay curve setting.
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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|
1 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
Modek: i 1000
LT Ratio: |WDU ? |5 v[
100 20002
Segment: JJ Settingl Setting2
7 1fwiPhaseocPu |08 el =l
i 2|Exl|mve|se jIW d |1 j 10 5
=
o = =] =l z
rf 5 | -
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 ¥ x 11 Portrait form as shown below.

x
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

O TCC & One-Line 2% 11 Landscaps
e-Line 11 Portrait

- [& TCCArea(TCC tee )

[& OneLine [ TCC1_2.dmw )
-[& 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 KEF marer 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
LEIL-DDD‘I
100 F2-0002 100
P D000
10 10
P D-000
1 i 1
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.

HON003S MI JWIL

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. Inaddition 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

S5 B [ Seedsymensudes.  Cien e piD0 v ok Faaaaaar==4

e Transient Motor Starting (TMS) i T 5 e
=G T i smuston (15T} JEs u:n” PEE P @ e H P Ex 1 &F
ETCC1.TeC (Tec L drw) Hatmonic Analysis (HIWAVE) i _10l x|

T —————  Unbalanced/Single Phase Studes... Chri+L ‘

TCE Device List [Fo-0002 P T | w154 CT
D System Anal i
Davios Selings | Databicok | e T CURRENT IN AMPERES :|
o Equipment Evslustion
Model Failed Input Evaluation
CT Rt ,mn_ p IE— Failed Equipment Evaluation
are Flash Evaluation
Qusry.., Gl
Datablock Format. . D Famng
Datablock Report...
p—i ToC . P00
I# 1{w1 Phase DC PU -|[0s - -
7 2[Extinverse =17 = =] 10 =
=
g = = = N
| ] =l =l FD-000 ﬁ
o
o £ — — g
1
Redaw | Lbrary... | Eunction..| Taage | Phase 2
Insert Seqm | Delete Seqm| Selsctive Coainatin..| I~ 0 BL-0001
Library Notes: =]
GEK-1 06535
2004 010
om
05 1 1 100 T 0K
TCC1tcoc Ref voltage: 4160 Curtent in Amps x 1 TCCT drw
4l | [

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 Mame: ~ TCC Report Header—————  ~Report Sarting Dptions ——————
I¥ Show Headers and Titles © Sort By Bus Mame
[T - Cancel |
¥ Show TCC MNotes £~ Soit By Component Mame
Help | IV Show TCE Camment @ Sort By Bus Voltage

¥ Show Date, Time and Page Mumber € Suoit By TCC Device List

x

- 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

Select Al | I™ Inciud= Associsted neine Names
=l Dessectal | I Inciude TOC Hetes
™| Include TEC Comment Cancel

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

Select sort criteria for TCC report
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35. Enter the report name TCCL1 as shown in the figure below. Click on the “Save” button.

Save ir; I = Tutorizl_v3.0

x| « & et E-

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

=] INPUT RPT
®|LF.RPT
®]5C.RPT

3 kol rpk

File name:

Save I

Save astype: |Report File [.1pt)

j Cancel |

Enter a name for the new TCC report.

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

Device Name: XF2-0002
Bus Name: EUS-0002

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

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

Setting: 1) LTPU (0.5-1.0 x P} 0.78
2) LTD (2- 4 Sec.) 2
31 5TPU (2-10 x P) 2.0
4 51D (0.1-0.5 Sec.) A
51 IMST CR Fixed

4] |

2-Winding Transformer Damage Curve

[337.54)

{5008)
12 t In
{100004)

g [=[ 5]

TCC Name: TCCY . too
Bus Voltage: 4160V [/ 480V
Curve Multiplier: 1

Time Adder 0

Rated Volts:

4160 LLs480 LL

Pri Connection Delta

Sec Connection Yhre-Ground
TCC Name: TCCY . too
Bus Woltage: 480 o
Fault Duty A0 A
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 TCC1.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 - Scenao[ Base Project ] C:\PTW32\projects\Tutorial_V8.0\Tutorial_VB.0.prj

Froject Document Edit Wiew | Run  Component  ‘Window Help

£E I:Q.L. = E | B LJ  Balanced System Studies... Chrl+-n = oy ;@; IC + 4
Transient Maotor Starting (TH3)
wlu W 1 1
O » ]
b= & & 7T smulation {I5IM) O] ups "F"” oo
[l Component Editor - ScenaEEE Analysis (HIWAVE) -0l x|
- lnbalanced/Single Phase Studies... Ctri+U |
Component Subviews:  paliahifiy Analysis
Equment % &rc Flash M I S e ¢ InService I
Harmonic: Source

A Equi k Evaluati
Reliability Drata CI.LIIpl'I'lEn Vel ":'.n
User-Defined Fields " Failed Input Evaluation _
D atablock Failed Equipmant Evaluation Data State:

M IEDmpIete "I

Arc Flash Evaluation

oD Query. Chrl+Q
| Datablock Format. .. Ctrl+D
Datablock Report...

Scenario Manager...

Al - Jurnp.. |

= J5.0002
/50003

- J5.0004

& CeL-0001

S sF 20001
20002

M uTiL-oo01

& LoaD-0001

0 FD-0001 =l

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

e I C Edomv e HEBES A Q@S+
ransient Motor rting 1 1 1 . T =

Industrial Simulation (ISIM) IE 0 UFDH ’ a ‘3 i ® ¢_O ¢ o J i 5 % E @ Q‘
Harmonic Analysis {(HIVWAVE) ) ;Iglil

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

DC System Analysis e
CURRENT IN AMPERES

Equipment Evaluation
Failed Input Evaluation
Failed Equipment Evaluation

Arc Flash Evaluation
Coordination Evaluation

Cable Ampadty... F2-0002
Query... Cirl+Q
Datablodk Format...
Datablock Report...
!
W IdBD i 10 -
=
IBD1 A z
A & =
IBD1 A & i
(e
(=]
g
1 i
: Qonnection...l
Device
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
v
i v

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 Flow D ata
=" Component Editor / Protective Devices Clase
TCC Setting Wigw / Reliability Edt
D ata Visualizer Repart - 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

T45

1 Seftings Phase
W1 Phage OC PU 0.8 (B0A)
Ext Inverse 17,1
0.10
0.01
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 w1, 54 CT, 1601-0761-41

DC System Analysis -
CURREMNT I AMPERES

Equipment Evaluation
Failed Input Evaluation
Failed Equipment Evaluation

Arc Flash Evaluation
Coordination Evaluation

Cable Ampacity...
26 UARE D
W, Tciegle
[
ey
Datablodk Report... e P
b smeays e s
.54CT, 1601015141 0 | S -
X X INET OR, Flamd (10000 g
zries R ating: ID.D Jey m
=
EEEEEE—, [a
Caonnection, | P
Protected = SEMULTILIN =l
e =
BUS-0002 1 T e o6 pu 0z 2
Exl ruerse 17; 1
¥F2-0002

s

o

10

om
os A 10 100 1K 0K

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

]| 17
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 =]

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

x|

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

=Ry PTw Report Wiswer

Protective Device Library Report.ipt

m PTw Library Report [ CAPTWIZ\LIBVPTW.LIE |
i=|

ProtDev_Multi_Functions.rpt

E| 5 PTWw Project Report [ C:WPTW32\projects\ Tutonial 8. 04 Tutorial v8.0.pi )
i w0 At Flash
{1 Device Evaluation
-0 Hiwave
D Load Flowe
#-1 Reliability
{13 Schedules
f#-{0 Short Circuit - &_FAULT
: {21 Short Circuit - Comprehensive
{20 Short Circuit - [EC_FAULT
-] Sizing
=3 Tec
+-(_] Fuses
{2 Hv-MY Breakers
Low Yoltage Breakers
; 1 Ground Fault
l [:I F'Dwer Circuit

H PrntDev Multi_Functions_ByBus - 30V rpt
B ProtDev_Multi_Functions_ByBus rpt
B ProtDey_Phase_Ground - 20vI1Lipt
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

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
row.

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
. Frame #IC TYFE Amnps .
Location/Mame Function | ampe kil MFR MODEL SensorfFlug|  Deseription TYPEMODEL (%) Lo, |50 [ 5.0 THET
FU. | TME [Pu. | TmE | BT PLUL
BUS-0003, PD-0003 Phase o0 65 SQUARE D M 800 450 | LS, 100-B004 M, Micrologic nrs 2 a0 1 ). Frred
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 FRUME TRIF UNIT
i Fi Al MFR TYPE A " SETTINGS
Leeatiantame Amps KA WODEL | sensarfbiug | C2=orPHion TYREMODEL [T L0 |50 [50 &0 [ TBT[6F [G6F0 T
F.U. TIME P.U. | TIME 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 | MEELIN CE400H 400 300 | LSL 400-8004 Sensore | Compact CE, STR 1 15 15 03(I"A k) 5 02 A"k
GERDY S5Up
LY DISTRIE, LWP2 250 65 | SQUARED LE 250 175 | LET, 100-6004 LE, Micrologic 0.5 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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2 .3 i & )

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
—HTH———

Relizbility Analysis
DC System Analysis

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.

i
—
"E‘“‘d-\" HES“”—‘ Device Status Bus I Manufacturer Type Description Frame | Bus valts | Max volts [ LF Amps

@ iy B FDO00T  Pass EUS-0.. CUTLER-HAMMER 0+ 165, 4C-40C O, 40C 13800 15500 336
W POLOO03  Pass BUS-0.. SOUARED M Mic.. LS, 100-8004 B 480 430 96.60
|V POOD04  Pass BUS-D.. GE SF Spe..  70-2504 SFLA 480 480 96.60

Device Type—

Pl =&

"
o
i~ Fault Type—
=k

- Fault Study—

=@

Feport...

i

Run/Update.

Options.

< I |

Input Eval

[El] Equipment Evaluation =10l x|
Study Result— | peyice Bus Volts Rated Volts Design Amps Ampacit LF% Design’

LCACELO001 P 430

SRRFO-0001. Pass BUSO. 13800 13800 0.34 EES 330 431 698 587

T

arRF2-0001.. BUSD. 4160 4160 034 1115 0.9 1536 693 687

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

2= kRF2-000z. BUSO. 480 480 0.0 9560 55,00 6014 1608 1580
2 [l LOAD-0001 Pass BUS-D. 480 480 1.65 9560

El
B

- Device Type—

el
et T
6 oM
fs =

-

ault Study—

&

o

Report

Fun/Update.

Dptiorns

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:

El

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

Single-phase and Unbalanced Study Results

~]

Display Protection Components. For the tutorial select this option.

@

Display Non-Protection Components
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~ Fault Type — Compares device rating to total fault current at bus or maximum fault
= current through branch. For this tutorial select Branch.
Pl
— Fault Study — n .
= Specifies study type ANSI, IEC 61909, or Comprehensive Fault. For
= @ this tutorial, select the Comprehensive Option.
4, c

Navigates through the report by jumping to the selected component type,
= s | or reduces the number of components shown in the evaluation list.

o Choose from All Non-protection components, buses, cables, 2-winding
v ¥ 7T transformers, 3-winding transformers, transmission lines, pi impedance,
0 J ¢ generators, loads, induction motors, synchronous motors, schedules,

= filters, or reduce the number of components reported by custom query.
o =
dh
Elm— 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
Run Study... and unbalanced study options.

QI Options... button brings up the “Evaluation options” window where the user

Input Eval... can setup the Pass-Fail Limits, Evaluation Criteria, and Input Data Criteria

Hildd

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

w

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.
EEINI=F:
Bus Rated LF Design Calo Dev Isc Cale Dev Mom |2
Device |Status | Bus | ugp eps V0% poape | Ameecty | L | Dew(Bl A B e | Mamka | Mom ks | kath
ICBL-0001 Pass  BUS-0003 480 B00 0B9 98850 9500 13000 7431 7308
KF2-0001 (Pri) Pass  BUS-0001 136800 13800 034 336 330 481 6495 687
_XFZVEIEIEH (Sec) BUS-0002 4160 #B0 034 1115 1086 1586 648 687
_XF2-UUU2 (Priy  Pass  BUS-0002 4160  #E60 060 1115 1098 B9.4 1B.06 15.80
_XFZVDDDZ (Sec) BLIS-0003 480 480 060 9660 4500 6014 1606 1580 |
_LOAD-UUU‘W Pass  BUS-0004 480 480 185 9860
Finl. | PirtSetp..| Opiors.. | Font. | Save. | Cose | Hep | $KM Disclaimer
=13/ -l x
DevicaBius =g Fceii Voltags (W) | Continuous Amps INT ks, Close-Lateh k& | Rating® PartingTime
Manufacturer BusDevice  LFDewRating¥% | CalcDeviSeries CaleDev ot ANTC-L Speed Cycles
PO-0001 Pass  CX,15.5kY 13800 336 8303
BUS-0001 4C-40C 15500 40,00 5000 80,00 80,00
[ |cuTLER HAMMER CX, 40C G40 Symm
[ PO-0003 Pass M, Micrologic 480 9660 100,00
| |Bus-nonz LS, 100-8004 480 45000 6500 104 00
[ SQUARE D M 2147 Symm
[ PO-0004 Pass  SF, Spectra RMS Mag-Break 480 9660 100,00
| |Bus-nonz 70-2504 480 12500 6500 104 00
[ oe SFLA, 7728 Symm
Print. | Print Setup. Options. Font Save. Clase Help ||7 SKM Disclaimer
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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

s WRis BEE
o= 5 7T
[CEmmees

—HC I
FD-0001

L HEF20001

=

%o

BU5-0002

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

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...

TR | R
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.

six]
T Formats far One-Line and Prabe:
Arc Flazh - &l
. Arc Flazh [Bus, Line & Load Side]

" Comporent Editor / Arc Flazh [Buz, Line & Load Side] Worst 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
] raluation Comprehern 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]
=

BUS-0001
] 4
I 4

PD-0001 UTIL-0001
Pass

INT 17 %
£ XF2-0001 CIL14%
Pass Comt & %
Cont 7%

Y

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 |
Transient Motor Starting (TMS)
wlo 1 1
= @ " o EHE ?r Industrial Simulation (ISIM) E UPS UFI]H i é $ ’?
varmonc Arlyss (GHAVE } =

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... Cirl+Q
Datablock Format. .. Ctrl4D
| Busom:2 Datablock Report. ..
E:_OPD-UEIIH
v . .
Run Equipment Evaluation
2
Mark Components that Fail the Input Data Evaluation
.T.
'

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

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

o]
Help |

Cancel

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)

[




116 SKM Power*Tools for Windows

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 Flagh

:E quipment E valuation
TCC

Uszer-Defined Fieldz
Fduilti-U zer

teter

Iv Missing Libram Feference

¥ Missing System Mominal Voltage

W Miszing Other Input [FatedSize, Fated Yaoltage, Impedance, etc.
Option Subviews:

Fazz - Fail % Limits
| Evaluation Criteria
d nput D1 ata Criteria

[~ Devices Mat Being Evaluated Due to Lack of Input Data

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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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:

-1a/x]

UTIL-0001

PD-0001 BITE-0001
8367 Amps 3P
7531 Amps 3LG

Aead A KF2-0001
=T

BUE-0002
2221 Amps 3F
2282 Amps 3LG

4 ~PD-0002
)

LA HF2-0002

45

T

) PD-0003 _I

| BU3-0003
403 Amps 3F
8492 Amps 3LG

L PD-0004
)

= CBLOO0I
@1

LoAD-0001 -

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

-
CURRENT IN AMPERES j
1000
F2-0002
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

To begin the Arc Flash Tutorial:

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

&% UhE 5 Ml @ Balanced System Studies. . Ctrl+A i;E 4 0'DC v o B

o Transient Motor Starting (TMS) T T
=& = o lbt 7{ Industrial Simulation (ISIM) IE| U llFIJ” ¢ ¢ \é‘ ¢
e

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

L-0001
Equipment Evaluation
Failed Input Evaluation
Failed Equipment Evaluation
Arc Flash Evaluation l>
Ao A WE20001 Coordination Evaluation
=Ts Cable Ampacity. ..
Query... Ctrl+Q
Datablock Format. .. Ctrl+D
Datablock Report...
|  BU3.0002
2221 Amps 3P
2287 Amps 3LG
E_:_OPD-DDDE

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 Fiatio: 80 %
Line Side + Load Side Faulb Contribution Options: Demred Fauk Threshold: IBD— % of Total
& Line + Load Sides € Line Side Only

Default Label # Prefix: 3

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
I | iebics Expapmeat Evohisison Notea ™ Report Function Name for multiple functions

¥ 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

Additional Incident Energy and
Fash Boundary...

"Rapnrt Options when Equipment Evaluation Failed

Shock Approach
Boundary ...

Fieport Data:
and Order...

oK | Gancel | Hep |

PPE Table... | 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
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.
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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:

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.

[ 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
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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)

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:

SLG Bolted Fault
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.

I Arc Flash Evaluation - Base Project - NESC 2012
Scenarios... | CustomLebel..| Work Pemit.. | Fefiun Study [T ") PPETabe. | & A1 £ GoTo/Guey
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

€ 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)
or Untreated
Fiber
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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:  Detail'iew € Summary iew
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

 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 Fram
& Cunent Scenario
€ WWorst Case Scenario

" Best Case Scenario

—Uze Studp Setup Settings From

& Each Individual 5 cenario

" Cunent Scenario

Select Scenarios:

Pro
nurn Fault 0

daip

oK
Cancel

Help

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 humber.

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

Work Permit Weork Permit...

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

Re-Run Study Fe-Fun Studsy

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... :  Opfions..
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:
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Standard and Unit
i
Standard and Unit | Fault Currert | Report Options I

— Standard

{+ |EEE 1584 - Prefemed Method = NFPA 70E 2015 ¢~ MESC 2012 " DC Systems Arc Flash NFPA
NFPA 70E 2015 Annex D .4 Annex D3 Edition 70E 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

¢~ English Incidert Energy —————————————— Distance and Boundary
’7 & J/em™2 " cal/em™2 ’7 & mm  om C'm

' Metric

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 MVVA * 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.

- Optionl: 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
=[E|

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: |5.0 cycles ™ Bxclude i < |75 hp
Pre-Fault Voltage...

|
|

Uttty and Impedance Tolerance. .. | ~ Treat Fuses As
|

Fixed or Movable for Each Bus... & All Curent Limiting Al Standard " Specified in Library

[ 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 Tolerances. .. |

Arcing Fault Tolerances...
- 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.



SKM Power*Tools for Windows 131

Arcing Fault Current Tolerances B x|

—|IEEE 1584 - Prefenred Method MFP& YOE 2015 Annex D.4

Low Tolerance High Talerance |LI
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 VVoltage 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... Uity 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
pu or [1 pu x (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 + j%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) ( 1+0.2) = (%R + j%X) x 1.2

Fixed or Movable for Each Bus. .. Fixed or Mavable 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.

VED Load Side Buses ¥ Include 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.

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
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 FLASs.

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:

(0]

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 0 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 ¥ 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 %2 or % 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.

%5 C:\PTW32\LIB\PTW.LIB : BUSSMANN, JKS, 600V Class J, 1-600A - Lo - o) 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

MNotes:

Links to Extemal Documents...

Amp Range Min. Melt Total Clearing ;l
154 n/a 50604 (5-5-86)
30-6004 157-1(10-28-83)) 157-2(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 % cycles, and the curve is defined below 0.01 seconds, the defined
clearing time is used. Otherwise, the arcing fault current (l.) 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 (Tr) Condition
Read from clearing curve la<lI_

1/2 cycle IL<l,<21I.
1/4 cycle la>21,

The let-through curve option works similarly in which I is the first point of the current-
limiting range of the peak let-through curve.



140 SKM Power*Tools for Windows

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 %
cycles and the curve is defined below 0.01 seconds, the defined clearing time is used.
Otherwise, the arcing fault current (l5) is compared to the current (1) 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 la<IL

1/2 cycle IL<la<21I.
1/4 cycle la>21C

The let-through curve option works similarly in which I is the first point of the current-
limiting range of the peak let-through curve.

Report Option

Arc Flash - Study Options Ji=1 b3

Standard and Unit I Fault Curent ~ Report Options I

Report Option —————— —Color Onedine Upstream Mis-Coordination Options
' Bus I= sforst Case Ol ¢ Bus + Prot ¥ Check Upstream devices for mis-coordination
" Prot. Line Side ~ Prot. Load Side

¥ Bus Upstream Levels to Search: 1
" Bus = Prot. Line Side
" Bus + Line Side + Load Side  Prot. Device Mis-Coordination Ratio: 20 %
LLire Side + Load Side Fault Contibution Options Cleared Fault Threshold: ISD— % of Total
@ Line + Load Sides ! Line Side Ol

Default Label # Prefoc: 7

[~ Use Maintenance Made function for main device

Device to Report in Labels and Summary View ¥ Auto Update Arc Flash Resutts
@ Last Trip Device ' Main Device

[™ Increase PPE Level by 1 for high marginal IE
¥ Report PPE Cthers 1,2, 3. 4.5
™ Report Function Mame for muttiple functions

* Report IE/PPE " A Overdutied w/o Label
¥ Enable Equipment Evaluation Notes

¥ Append bus description to bus name
Device Fail to Operate, Use Upstream Devices ¥ Report PPE Level
Al Mains % None " Speciiedin devices | [~ Report Addiional User Hotes

Shock Approach
Boundary ...

ok | cancad | kep |

"Heport Options when Equipment Evaluation Failed

Additional Incident Enengy and
Flash Boundary...

Freport [ata

PPE Table... and Mider...

Scenarios... Glove Class...
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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.

- 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). Inthe 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 ¥ Increase PPE Level by 1for 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 I Repart Function Name for multiple 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 ¥ 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.

PPE 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.

M Personal Protective Equipment Table R 1=5 e [=[ 3]

Incident | Incident Fiequired

Eneray From | Eneray T
[caliom™2) | [calfem®2)

IE Low
Margingl
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PPE Level
8
[cal )

PPE Level R"L‘z‘n';“;? Q'PEE Nates Head & Eye & Heating Protection
[ealfom™2)

Clothing Layers

Level Level
Background | Foregiound L\;{;"”T‘E‘
Color Color

Shit & pants or coverall,
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nnnnn
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IE LowHighMargh. | AddFow | Savess Defaul| FesetDefaut [ 0K | Cancel | Pint | Hep
Project Speciic PPE Toble Location:  EAPTW32\Projects\DemolFF_Clothing 553
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.
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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
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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.



SKM Power*Tools for Windows

149

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...
51
r Display Incident Energy From————————
@ 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 humber.

Additional Incident Energy and
o ) 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.
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Additional Incident Energy and Flash Boundary

Working Distance 1:
Working Distance 2:
Working Distance 3:

Working Distance 4:

21.000

I—
|24.DDIZI
|32.DDIJ
|48.DDD

Mote: Incident Energy at additional ‘waorking Distances will be calculated for
Bus Report only and are available for Datablock report and Custom Label.

inches

inches

inches

inches

— Specify Working Distance to calculate Incident Energy and FFE

Bl x|

Incident Energy 1:
Incident Energy 2:
Incident Energy 3:

Incident Energy 4:

4.0

8.00

25.00

40.00

0

:

ki

calicm™2
calicm™2
calicm™2

calicm™2

— Specify Incident Energy to calculate Flazsh Boundary——————————————————

Mate: Flash Boundary at additional Incident Energies will be calculated far
Bus Report only and are available for Datablock report and Custom Label.

o]

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 5 1Line0071 . drw

Component

-
@ Cable

2 2Winding Transtomer
e 3Winding Transtormer
Transmizsion Line

Ayailable Attributes:

AF_BraakerTime
EquipType
Bus Side Calc:

AF_GloveClass
AF_Grounded
£ 1

AR m|

LY DISTRIB

[2.72 Calfem™2, at 21 inches
219Calfem™2 at 24 inches
136 Cal/em™2, at 32 inches
0.7 Cal/em™2. at 48 inches

6.6l inches, at 4 Calfom™2

10,89 inches, at 8 Cal/em”2
5,44 inches, af 28 Cal/em™2
{08 inches, at 40 Calfem ™2

— 35 Cal/on”2 @ 18 inches PPE Category |

016-HeA
0.7 Calfem”? @ 18 inches PPE Category 0

Sibfeed #24 ;
L7

PAMEL 53

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 bus entered in the Component Editor.

Shock Approach Boundary... Boundary ..

This button brings up a window that will allow the user to customize the Shock approach

boundary table.
i
Lirnited Approach Limited Approach Boundany (in Restricted Appraach [in
Yelge e () Boundary [|n']j'[jMovabIe] e [Fixed] B Boun?:l‘;ry L

1 50 0o 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
| 15 |
| 16 |
| 17 |
| 18 |

19 hd

SavEAsDefaulll Reset Default | Insert Row I ok 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 Uass...|
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.

Report Data & Order x|

[rata Header | Display | Column Order
v 1

Buz Name
Protective Device Name

Bus k¥

Bus Bolted Fault [kéy)

Bus Arcing Fault kb

Prot Dev Bolted Fault (k4

Prot Dev Arcing Fault [k

Tripd Delay Time (sec.]

Breaker Opening Time [sec.]

Ground

Equip Type

Gap [mm]

Arc Flazh Boundary (mm)

wiotking Distance (rm]

Incident Energy [J/cm2)

Required Protective FR Clothing Categary
Label #

Cable Length From Trip Device

Incident Energy at Low Marginal

Incident Energy at High Marginal

S I N

=

1
12
13
14
15
16
17
13
19
20

o

W

=

@

@

=

=
N

a U(I?I?I?ITI?I?I?I?ITITITI—ITITI?I—I

@

[
=

ok | Cancel | 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 ue'a”f'”ge

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 %
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 kVVA, on bus boltage level <240V; Report as
Level O

(*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 |FrotDev| Trip/ | Breaker
Projective | Bus | Bolted | ArSho | Boted | Arcing | Defay | Opening oo | Ecuip | Gap
Device Name | kv [“ault (k&) Faul | Faut | Faut | Time | Time Type | (mm)
k) | (k&) | k) | (ssc) | (sscd
BUS-0001 MaxTripTime 1380 837 815 837 815 2 oomoves _[sws |12 670 36 21 (N2} (*Na) #1
@208

Arc Flash | Working | Incident
Boundsry | Distance | Energy | e Cevel/Notes | )y

Bz Maime
(in) () | (esliom2) CH)

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 hon-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
E— é Isc SLG 7531 A

PD-0001 BUS-0001
Isc 3P 8367 A

Isc SLG 7531 A

XF2-0001

Alec 3PPri0 A
“Msc SLGPri0 A
JAsc 3P 2221 A
JAse SLG 2282 A

=
S
3 &o

=™

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:
=
TLCC Device List: IF’D-DDDS 'l Library:  SOUARE D, M, Micrologic, LS, 100-8004 |

Device  Seffings | Datablockl Dne-LineI CURRENT IN AMPERES j
Frame: b, [65.0 10.0]kA 1000
Senzor ISUD 'l Plug: | 450 'I
100
Segment; JJ Setting] Setting2
FuPums0sp) x| [075 =l =
o 2[LTD (2-4 5ec) =l = =l 10 g
¥ 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 =
<] Hls

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 |EustnmLaheI | “wiork Permit | Ha-HunStudy| Options. | PPE Tahle

& Al " GoTo/GQuery

Bus Prot Dev |Prot Dev| Trip/ Breaker

Protective " N Arc Flash | Working | Incident
Bus Name Device Bus | Bolted Bolted | Arcing Dz.alay Opening Ground Equip Gap Boundary | Distance | Energy PPE Level / Notes
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}
@208 M M
- -

BUS-0002 PD-0001 416 222 222 188 0.267 0.000 Yes « [SWG - | 104 15 36 0.50 (*N3)

@ | en | b

- -
BUS-0003 PD-0003 0.43 7.40 T.40 431 0.000 Yes «|PNL -| 25 @ 18 (*N3}
-

Label#

#0001

#0002

#0003
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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 “TCCL1.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.

5/
Device I Flags I Datablocks Arcing Fault and UD Flags |
Device: PD-0003, 480V, TCC Ref: 13800V

[~ Show User Defined Flags "'Dfl?s (dat)
From (s) To s} Cument 1. |12

Time: |1DI}I}.I}DD II}.I}1D Curert 2- li

[ Show Constant Incident Energy Lines or User Defined Line

From To
Cument: IC.C II.I Amps ™| Estend to Fickup
Time: I:.: 10 I:.: 10 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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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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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 timmslivhere parallel contributions feed
Referring to the follogidiagram, a fault at MCC1 Bus is fed
from three parallel contributions (Utility, GenesgtMotor). Each contribution will trip at

a different time and the worker will be exposeé tearying amount of energy as each

a single fault location.

branch trips.
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For this example, the worker is exposed to alldlwentributions for the first 0.07 seconds,
the motor and generator for the next 0.03 seca@rdbsthe generator contribution for

another 0.4 sec.




