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This tutorial describes the basic concepts requarberate PTW efficiently and provides
step-by-step instructions to create a power systeniel. There are 8 sections in the
tutorial and each section will require approximateh minutes to complete. You must
complete Part 1 first, but the remaining partsfodlow in any order.
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All project related information is stored in a segia folder created for each project. The
folder is created automatically when you startwa peoject in PTW. All the one-line
diagrams, report files and project data files facteproject are stored in the project folder

One of the most important concepts in PTW is thatdatabase stores all of the project
information. An individual component may be dig@d on any number of one-line
diagrams and TCC drawings, but it is a single giithe database. You can add

components to the project database from a TCC drawi one-line diagram or the
Component Editor.
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We recommend adding components to a one-line diagral referencing them on TCC
drawings. The one-line diagrams provide a corar@nivay to describe the power system
topology and component connections. The actuapoo@nt names, connections, and data
are stored in the database and only referenceldeoorte-line diagrams and TCC drawings.
Deleting a component from the database will autaratly remove it from all of the one-

line diagrams and TCC drawings where it was digay

Since the database stores the entire project atensynodel information, all or any
selected part of the system model can be displagethy number of different one-line
diagrams. This allows you to have an over-allaysbne-line as well as smaller one-lines
that display specific sub-stations, areas, prosg$seldings, etc. Groups of components
can be copied from one one-line diagram and copi@dher one-line diagrams. You can
also selectively hide and display project compasnientany of the one-line diagrams. |If
you understand that the one-lines and TCC dravéimgply display components and their
connections from the project database, you canratadel how a component or group of
components can be displayed on multiple one-lingké same project.

It is important to note that system studies reqd@e&nition of impedance between
designated points in the power system. Traditigndiese designated points are called
“Buses” and the impedance components connectingubes are called “Branches”.
Traditionally, each end of an impedance componerstine connected to a bus.
Components that don’'t have defined impedance ondigéigible impedance are ignored
(such as relays, breakers, switches, etc.) caom@ected in series with impedance devices
without affecting the impedance connections. A &amples will help illustrate the
allowable connections in PTW:

- You cannot place two impedance components iesaithout an interconnecting bus or
bus-node. (When we refer to impedance componeetsp&an cables, 2-winding and 3-
winding transformers, transmission lines, pi impeas, motors, generators and loads.)
If you connect two impedance components in seA&%V will automatically insert a bus
or bus-node.

O < Impedanc

—— <«— Bus

% < Impedanc
__ <+—— Bus
WhALS
< Impedanc
<+—— Bus
< Impedanc

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

No
Impedance
:\rl;) edance “— (Breaker
No <« P and Relay)
(Relay)
Impedance
(Relay) <— Impedance <«— Impedance
(Cable) (Cable)
Invalid Valid Valid

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

Pi impedance




8 SKM Power*Tools for Windows

PTW is made up of several different Document tyipekiding One-line diagrams, Reports,
Time-Current-Coordination (TCC) drawings, Data \dkzer, and the Component Editor.

It is important to know how to navigate betweendiféerent Windows and Documents that
may be open. Each Document Type has a separatambcan 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; Repddata Visualizer; and Libraries.

If you want to navigate to a different document ikaalready open, use the Window menu
to display a list of open documents. If you becamtof-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 ptgsepen and has a check mark next
to the document that is in focus (on top). The unaptions in PTW will vary depending on
which type of document is in focus. It is impottémknow 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 navigateugh PTW by passing selected
components from one document to another automigticebr example, if you are on a
one-line diagram, you can select a group of compisnend use the Go-To-TCC function
to display the selected components on a Time Cu@eardination drawing. Similarly,
you can use the Go-to-Component Editor functiodisplay the selected components you
wish to edit in the Component Editor. In genettad, Go-To option opens the selected
document (One-line, TCC, TMS Setup, Library, AragH table) and transfers information
automatically.
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Go-To functions are available from the Windows meniight Mouse Click menu.
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Datablocks provide a method for displaying selec@uiponent information on one-line
diagrams, TCC drawings and in spread-sheet stglert® The datablock format
definitions are user-definable and can display@mybination of database fields for each
component. The following example shows a databtotk TCC drawing. Note that if the
settings of the protective device are changedyahees shown in the datablock will be
updated automatically since they are linked diyetctlthe project database.

Sample datablock showing setting information orCTdrawing.
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LVDist B
480 V
l B Jr) %
B-Pnl2 ) SQUARE D =
GE KC CAP1
TFK 225A
225A Sensor/Trip 150.0 A
Sensor/Trip 150.0 A Settings
Settings Thermal Curve (Fixed)
Thermal Curve (Fixed) INST (5-10 x Trip) 8.43
INST (LO-HI x Trip) HI
Fdr2 = M1
Size 1 RatedSize 100.00 hp
1/Phase Load Factor 1.00
Type THWN X"d 0.1700 pu
Length 100.0 ft
—— ZSS?}'Z Panel-3
,_\ I 480 V
% e i i —\
Pl 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 g%nsor/Trip 50.0 A Egggtlg\c/)vgﬁ
PhaseC 145.00 Amps Settings
Opening Clearing Curve

Sample datablock format showing selected input datane-line diagram.

More specifically, any change to the input datawiput results are written to the project
database and updated instantly in the datablogiagis
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t# "

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

$ mn !
Link Tags allow users to dynamically link from a&dion on a one-line diagram to another
location on the same one-line diagram or to a diffeone-line diagram. User can now

also dynamically link from the one-line diagranother document types in PTW (TCC,
* rpt files) and outside of PTW(*.pdf, *.bmp, *.6tc

Dynamically linking a one-line to another one-line

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 ofiyprinted TCC drawings, One-line
diagrams and other output plots and graphs. A Eaoyiput form that includes a TCC
drawing, one-line diagram, title block and compéogo follows:

%

In addition to graphical output, there are fouratyf output reports: study text reports,
enhanced text reports, datablock reports and Cmggiarts. Study reports (*.RPT) are
fixed-format reports that are generated autom#yiedien the studies are completed.
Enhanced Text Report (*.RP2) allows for image itisaralong with enhanced text and
picture editing and formatting. Datablock repentsl Crystal reports are both generated
from data stored in the project database. Dat&bieports provide a quick way to generate
a custom list of data. Crystal reports provide@usformatting capabilities for the
experienced user.

Sample Study Report for Load Flow Study
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Sample Enhance Study Report for Load Flow Study

Sample Datablock Report

Datablock Report showing selected load flow reduitsh project database
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Sample Crystal Report Format

Crystal Report format showing selected load flosutes from project database
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&

Multiple scenarios of a single project may be sdde comparison. Changes made in the
base project can be automatically reflected irother scenarios. For example, your base
project may represent the existing system whilesttiemarios reflect planned expansion,
proposed changes to protective device settingstiaaadf power factor correction
capacitors, proposed adjustments to transformer &fernative tie breaker operating
positions, etc.

If you change the length of a cable in one of tenarios, the change is stored only in the
scenario and highlighted in a different color

Values changed in a
scenario so that they
don’t match the base
project are color-
coded in light red.

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

The Data Visualizer is similar to a datablock repbowever the fields displayed have a
direct 2-way link to the project database. Chamgade to any data field displayed in the
Visualizer are updated in the project database.

A change made in the Data
Visulaizer is automatically
reflected in the project database
Here the length of Cable C1 in
Scenario 1 was changed from 2@Q0
feet to 250 feet in the Data
¢y \/isualizer. The change is
automatically made in the projec
database and reflected in the
Component Edito

The Data Visualizer can be used to make globalgdsto project data. By selecting a
group of cells and using thésualizer>Global Changemenu, you can replace or scale
values in the selected cells. This case for examjll reduce the length of the selected
cables by 10% in Scenario 1.
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The Data Visualizer is also useful for comparingutts between multiple scenarios. Any
combination of scenarios, components and datasfiglaly be displayed. In this example a
comparison of three phase fault current betweeB#se Project and Scenario 1 is shown.
In Scenario 1, the length of cable C1 was changed 200 feet to 100 feet, and the
transformer tap on transformer TX A was changethf?05% to 5%, resulting in higher
fault current. Similar comparisons can be madeden multiple scenarios for arc flash
incident energy, voltage drop, etc.

To control the list of components displayed in B&a Visualizer, you can select
components from the list, or run a query. Thelattes displayed in the Visualizer are
selected in the Datablock format specification.
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(&)

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

Fig. 1. One-line diagram for Part 1 of the tutoria | Project.
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&  * o+ -

When you start a new Project, you should firstlsetapplication options to ensure that you
are working with the correct engineering standand anits of measurement, as the
following steps show:

1. Go toStart>Programs>Power*Tools for Windowsand click the PTW32 icon
€ PTW32 1o start PTW.

2. Make sure that no projects are open by cliclengject>Close then Go to
Project>Options>Application to set the correct engineering standard and ufits o
measurement.

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

Fig. 2. Using the Project>New command.
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( &
PTW provides two building tools you use to creatgjétts: the One-Line Diagram, which

you use to build the electrical system, and the @mant Editor, which you use to enter
component data. Both tools appear automaticallnsyfou begin a new Project.

4. In the Project Name box typautorial_V8.0, as shown in Fig. 3, then click tBave
button. (You don't have to add tbg extension because PTW will do it for you.)
PTW will create a new folder calléidltorial_V8.0and place th&utorial_V8.0.prj
project file within that folder. Every project RTW has its own folder because PTW
stores other project-related files, such as One-Diagrams and data files, in the

folder with theprj file.

Fig. 3. Create the Tutorial Project.



22 SKM Power*Tools for Windows

5. A new One-Line Diagram and Component Editor didlog appear when you create
the new Project. We will build the Project usihg One-Line Diagram.

/

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

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

5. Scroll over the One-Line Diagram using the scraliba
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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.

Drag the corners of the One-Line Diagram to inaédtsssize until it covers nearly the
entire screen, as shown in Fig. 4. (You can adsothe Maximize  button, but we
discourage doing so when you're just beginning beegou cannot flip to the
Component Editor or other windows as easily.)

Fig. 4. Enlarge the One-Line Diagram window by dra  gging its borders, not by using
the Maximize button.
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You add components by clicking one of the compobeitbns on the toolbar, which is
shown in Figure 5. If you can't tell the identif’a component button, place the mouse
pointer over a button and pause. The button’stion@ppears in a popup box called a
“fast tip,” as shown in Figure 6. (“fast tips” wofér all the toolbar buttons, not just the
component buttons).

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 Diagraglick the bus toolbar button.
The mouse pointer picks up a new bus componentveNtte mouse pointer over the
white viewport area of the One-Line Diagram andicthe left mouse button again.
The mouse pointer puts down, or places, the bupooent, as shown in Figure 7. A
bus name is automatically assigned (changing n&vessy, as we will demonstrate
shortly).

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

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

Fig. 8. Add two more buses.

% Tip: Just because a component has been placed on ttiearits placement is not
permanent. At any time, you can move a compongutitking and dragging the
component. Also, if you ever click the wrong coment button, you can get rid of the
component by placing the component on the One-Diagram, then clicking the
Component>Destroycommand to delete the component. Don’t worry ke
message warning you that you're about to deleta ftee 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 Né&liility icon

and dropping it on
the drawing. Connect the Utility component to BU®31 by dropping the connection
point on top of BUS-0001 while moving the Utilityrabol or by dragging the connection
point to the bus. If the Utility is not connectélde connection point will be an open circle

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

concerned if your symbols are a little differerdrtithe ones shown in the Tutorial. Custom
symbols can be added to the symbol library and eesthllation of PTW can specify a
different set of default symbols. Symbols can dlschanged after they have been added
to the one-line. Selecting different symbols W&l covered under a later section of the
tutorial.

Fig. 9. Drop the component connection point over t he bus and the component will
automatically connect to the bus.
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Y

9. Click the transformer toolbar
icon and connect its top connection point to BUSANd the bottom connection

point to BUS-0002, as shown in Fig. 10.

Fig. 10. Connecting a new Transformer between BUS- 0001 and BUS-0002.

10. Next, repeat the process and add a new transfdratereen BUS-0002 and BUS-
0003, a new Cable off BUS-0003, and a new loadla¢izh to CBL-0001 as shown.
The new transformer, new cable and new load icam$ighlighted as follows:

- Y

Fig. 11. Add Transformer XF2-0002, Cable CBL-0001 and LOAD-0001.

Notice that when you connected the load to theectii@t a node-bus was automatically
inserted. A node-bus acts just like a bus, howtheename is hidden from view.
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11. The next thing we’re going to do is rotate the itjtiand bus symbols. Place the cursor
pointer on the drawing area just above and todftef the utility symbol. Depress the
left mouse button and hold it down while dragging tursor to the right of the utility
symbol and just below the symbol for BUS-0001. eRsk the mouse button and the
UTIL-0001 and BUS-0001 will turn blue, indicatingety are selected.

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

12. Use theOne-Line>Symbol Rotation>Rotate Right 90 Degreefinction as shown in
Fig. 13.

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 shovig. 14.

Fig. 14. Move rotated utility symbol and rotated b~ us.

When the one-line diagram is complete, save thdinaddiagram by clicking the Save
toolbar button (or click thBocument>Savecommand), then type “Maindraw” as the name
for the one-line Diagram. For this tutorial, uke tefault name 1line001.drw. Itis a good
idea to save the one-line diagram from time to timavoid 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 toeav one-line.

14. First we need to create a new one-line. To dodigg onDocument>Newcommand,
as show below.

15. In the File name box, type in “UTILITY SIDE” as shn below and click on the
“New” button.
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16. A new one-line Diagram will appear with “Utility"ssthe name.

17. Click onWindow>Maindraw.drw command to make the “Maindraw.draw” one-line
active.
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18. Now, highlight/select “BUS-0001", “UTIL-0001", “XFD001", and “BUS-0001" in
“MainDraw.drw” and then click on thEdit>Copy command.

This will copy the currently selected symbols te Windows clipboard.

19. Now, make the “UTILITY SIDE.drw” one-line diagranctave and click on the
Edit>Paste command.
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20. This will paste a copy of the “BUS-0001", “UTIL-0QQ0 “XF2-0001", and “BUS-
0001” symbols from the windows clipboard into théTILITY SIDE.drw” one-line
diagram.

When the one-line diagram is complete, save thdinaddiagram by clicking the
Save toolbar button (or clickhe Document>Saveeommand).

Notice that what we have done is copy a visualasgmtation of the components
“BUS-0001", “UTIL-0001", “XF2-0001", and “BUS-0001from one single-line
drawing to another single-line drawing. Any changethe visual representation from
a single-line, such as symbol ration or changeywi®| will only be in affect for that
single-line drawing. However, any database chafrges a single line on a particular
component, such as size of the utility or sizeheftransformer will be reflected in the
database and therefore for both single-line drasving
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21. Repeat step 14-20, but this time for componentsSEI002”, “XF2-0002", “BUS-
0003", “CBL-0001", and “LOAD-0001". Also save thbird one-line diagram as
“BUS-0002.drw". The third one-line should lookédilthe one below.
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22.

23.

Link Tag and Legend Tag

In the software, the user can link a one-line diagto another one-line diagram via the
Link Tag function. This function allows users tgndmically link from a location on a
one-line diagram to another location on the sangelioe diagram or to a different
one-line diagram. User can now also dynamicatly from the one-line diagram to
other document types in PTW (TCC, *.rpt files) andside of PTW(*.pdf, *.bomp,
*.etc). Furthermore, the user can put Legend Daghe one-line diagram to make the
one-line diagram more descriptive.

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

Make active single-line diagram “UTILITY SIDE.drw"With the “UTILITY
SIDE.drw” open, click on th®ne-line>Link>New Link command as shown below.
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24. A “Link” window similar to the one below will comep.

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

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

Component (Optional)
In this box, specify the component in the one-tm@oom in to.

Text
In this box, users can provide their descriptiantife link tags.

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

/

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

-
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This will assign “BUS-0002.DRW?” to the “One-Lineléi field.

< i

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

7~
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The “Find Component” window will come up. SeleBiJS-0003” and then click on
the “OK” button as shown below.

/

/

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

- >




40 SKM Power*Tools for Windows

27. Now click on the “Attributes” button as shown below

v/

The “Textblock” attribute window will come up. the textblock field, type in ‘To
"BUS-0002.DRW" drawing.’. Next, check the “Vis#djlcheckbox for the leader.
Also, select “Bottom center” for the origin and 8Skd arrow” for the type. Click on
the “OK” button. Then click on the “OK” button tfie “Link” window.
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28. The “UTILITY SIDE.DRW” window should now look likéhe one below.

Notice that the one-line will now have a tag wiffo“Bus-0002.Drw drawing” text and
an arrow at the bottom center. You can moveraratrange the “Link tag” so that it
looks like the one below.
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If you double-click on the “Link tag”, the “BUS-0@QIDRW” single-line drawing will
open up, with “Bus-0003" highlighted and in the dig of the one-line drawing like
the one shown below.

Note that you can also dynamically link from the2dime to other document types in
PTW(TCC, *.rpt files) and outside of PTW(*.pdf, fip, *.etc).
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29. Let’s us now put a couple of “Legend Tag” on “Marnaiy.drw” to make it more
descriptive.

30. Make active single-line diagram “MainDraw.drwiVith the “MainDraw.drw” active,
click on theOne-line>Legend Tag>New Legend Tagcommand as shown below.
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31.

A “New Tag” window similar to the one below will o@e up.

Legend Header

The text information entered in this field will shap as the legend tag headert/title of
the legend when the lists of legend tags are edaii¢he single-line drawing. On a
single-line drawing, the users can enable a lishefegend tags by selecting
View>Legend command on the drop-down menu.

New Button
Use this button to create a new tag definition. Se@ 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 penerated on the one-line will have a
leader. Users can select between the followingogt None, Open Arrow, Closed
Arrow, and Circle.

Tag Size
This allows user to specify if the size of the tlagt will be generated on the one-line.
Users can select between the following optionsalsiedium, and Large.

Paste Tag Button
Use this button to create a new tag on the onedlia@ing. 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 orotheline based on the leader type and tag
size selected.

Note that the users can also put a list of therldgags on the one-line by selecting
View>Legendon the drop-down menu. This list of legend taays also be resized by
putting the mouse pointer on the corner or on ithe af the list.

32. In the “New Tag” window, type in “ TUTORIAL PROJECTn the Legend Header
field. Next, click on the “New” button. Then dnet “New Legend Tag” window that
comes up, select “Diamond” for the tag style amgktin “1” for the Tag Text field. In
the “Legend Text” field, type in “Utility fault idrmation are based on maximum
values.” Click the “OK” button.

—

'
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The “New Tag” window will now have the followingfiormation.

33. In the “New Tag” window, click on the new buttonaéig Then on the “New Legend
Tag” window that comes up, select “Hexagon” for thg style and type in “2” for the
Tag Text field. In the “Legend Text” field, type TAll conductors shall be copper.”

Click the “OK” button.

'
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The “New Tag” window will now have the followingfiormation.

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

'
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35. A diamond symbol with “1” in the middle will showpun the center of the single-line
drawing.

36. The user can then move Diamond tag next to the Et0001” component like shown
below.



SKM Power*Tools for Windows 49

37. Let us now paste the “Hexagon” tag on the one-lifie.do this, click on th®ne-
line>Legend Tag>New Legend Tagcommand. Inthe “New Tag” window, select
the “Hexagon” tag, and then click on the “Paste"Tagton

'
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38. A hexagon symbol with “2” in the middle will shovpun the center of the single-line
drawing. The user can then move hexagon tag oaket“CBL-0001" component like
shown below.



SKM Power*Tools for Windows 51

39. You can also put a list of the legend tags on tieelme. To do this, select the
View>Legendon the drop-down menu.

/

40. A list of legend tags will now be shown on the dine-similar to t the one below.
Note that this list of legend tags can also bezegkby putting the mouse pointer on the
corner or on the side of the list.
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41. Now that we've entered several components and doginections on the one-line
diagram, we can enter system data required toheibasic system studies. Double-
click your left mouse button on the bus symbolB&fS-0001. Do not click on the
name, or a re-name dialog window will appear. W@ double-click on the bus
symbol the Component Editor will appear as showfigure below. Enter 13800 in
the Nominal System Voltage field for BUS-0001.

NOTE: Bus Load Diversity Factor calculates the demarttidesign loads of a

system. This factor is only used if the “Use Busdld oad Diversity Factor” option is
selected in Demand Load Analysis setup. Enter @gevaétween 0 and 10.

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

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

43. Enter 4160 in the Nominal System Voltage field BiS-0002 as shown below.

Enter voltage for BUS-0002
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44. Enter 480 in the Nominal System Voltage field fad$-0003 as shown below.

Enter Voltage for BUS-0003.

45. BUS-0004 is connected to BUS-0003 by a cable, sdtis voltage from BUS-0003 is
automatically transferred to BUS-0004. Therefara gan skip BUS-0004 and move
to Cable CBL-0001. The cable is not linked tobadry reference by default which
allows you to enter any impedance values. Howebearly data are available to
minimize data entry. Click on the Library buttanshown in the picture below.

Select Cable Library for CBL-0001.
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46. Select the Copper Magnetic THHN 600V 60Hz 3 Wiren@Glibrary reference as
shown. You can apply and close the library windigvdouble-clicking on the Copper
Magnetic THWN selection, or by using the Apply adse buttons.

47. Now select ‘2’ in the “Cable Size” field and enf€)0 in the “Length” field as shown
below.

Enter Cable Size and Length.

Note that when the cable is “Linked to the Libratiyg description and impedance
fields are “gray” indicating that the values arferenced from the library. To edit
these values locally, you must break the link whi library by un-checking the Link
to Lib check box.



56 SKM Power*Tools for Windows

48. Select Transformer XF2-0001 in the Component Edéod click on the Library
button as shown.

Click on the Library to select a Transformer from t he Library

49. Select the Oil Air 60Hz transformer entry, thertklon the Apply and Close buttons to
return to the Component Editor.

\

Note that the apply button links your transforneetite library. If you want to enter
custom impedance data after linking with the lipraise the Deselect Button to break
the link. The data obtained from the library sifll be displayed, but the data will be
stored with the component rather than referenaaa the library, allowing you to edit
the component data without changing the librarjteratively, you can uncheck the
“Link to Lib” checkbox on the Component Editor wimd to break the library link.
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50. Select 1000 in the Nominal kVA field. This is akbe screen where we would change
the connections, taps, and voltage ratings. Fstukorial, we will keep the default
settings of Three-phase Delta-Wye Ground connegtigth nominal tap settings.

Specify the Transformer Size
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51. Since you selected a library entry, the impedaratees are referenced from the
library. If you want to enter a different transfeer impedance, you would uncheck the
Link to Lib option to remove the library link,

N

then enter a new impedance on the Transformer lamgedsub-view shown in below.
On this sub-view you can enter any transformer olapee and optional neutral

impedance. The Calculator buttons can be usedneecoPer-Unit or name plate data
to percent R & X values.

el

User-defined transformer impedance entry.
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52. Select Transformer XF2-0002 in the Component Editdse the Library button to
choose a Dry Type transformer and enter 500 ilNtirainal kVA field as shown in
the picture below.

'
/

Entry for Transformer XF2-0002.

53. Select the Utility component UTIL-0001 and entex ttata as shown below. The
available utility fault contribution can be enteiadMVA, KVA, Amps or as an
equivalent per unit impedance. The per unit vategn be used to control pre-fault
voltage and load flow source voltage in front obehind the utility impedance. The
equivalent per unit impedance display will be updatthen the component is saved.

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

'
'

Load data entry.

55. This completes the data entry for the first sectibthe tutorial. Return to the one-line
by closing the Component Editddgcument>Clos@ or by using one of the methods
discussed earlier for Navigating Between Windowd Bocuments.

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

Run Datablock Format menu.
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57. Select the Input Data format followed by the Apphd Close button on the Datablock
Format window shown in below. The datablock faisrare user-defined groups of
input data and study results that can be displayady combination. The sample

Input Data format will display selected input diédds next to each component on the
one-line.

/ —

Select Datablock format to display selected InputD  ata.
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58. Input data should be displayed on your one-lingmdia as shown in below. At this
point, you may need to move your symbols furtheraim make room for the
datablocks. You may also need to go back to theg@ment Editor to adjust any data
that does not match the data shown in Fig. 29. dRerthe datablock display using the
View>Datablock menu option or by using the Toggle Datablock Icon.

Toggle Datablock Icon

Note that the number of decimal places displaye@déah datablock field is user-
controlled; so don't be concerned if your valuesraunded to less decimal places.

Input Data displayed on one-line using Datablock op tion.
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| % 0 .%&) &
If you do not have any of the DAPPER, A_FAULT olOBFAULT system studies, refer to

the table of contents and proceed to the nexta@sedtescribing the study modules that are
available in your PTW software.

1. Once your data matches the data shown in the figeley, you are ready to run the
DAPPER Balanced system studies. SelecRilne>Balanced System Studiemenu
option as shown below. The A_FAULT and IEC_FAUL{tions are available under
the Run Balanced System Studies menu.

Running system studies on the power system network.
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The Study menu that appears allows you to seledttidies to be run, enter report names
and specify solution options for each study. SedteeDemand Load, Load Flow and
Comprehensive Short Circuit studies as shown belbwne or more of the study options
are greyed-out and not available in your licensadien, you can continue with the tutorial
but recognize you may need to substitute repoddatablock references in the rest of the
tutorial with reports and datablocks for the stedieu have run.

Study selection and setup screen.

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

For more information about regarding the applicafir each study, refer to the DAPPER
reference manual on the PTW CD.
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The Study Messages window, as shown in the figalevy will appear while the
studies are running and will remain on the scréem the studies are complete.
Review the study log to make sure there are nd Eatars reported. Fatal errors will
occur if some critical data are missing from thauindata. Click on the Close button
to close the Study Messages window.

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

Study Messages Window.

If the one-line diagram is open and is the actiirdaw, proceed. If the one-line is not
visible, use the Window menu or tB®cument>One-linemenu command to open the
one-line. If you need more help navigating todhe-line, refer back to the section
“Navigation between Windows and Documents” (Page 8)
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There are several ways to review study resultsandill take a quick look at each of
them. The methods you choose to use for your onjegts will depend upon the
stage of the project and the personal prefererfdie @eople involved. The first
method we’ll explore is the datablock format. WseRun>Datablock Format menu
option and select the Load Flow Power Data dat&flmenat as shown in below.
Click on the Apply button followed by the Close tautt to display the selected
datablock on the one-line. If the Load Flow stwds not available when you ran the
studies, select the Bus Fault Currents (Compretendatablock format instead.

Apply Load Flow Power Data datablock format to one-  line.



SKM Power*Tools for Windows 67

5. The load flow (or fault study) results should bspitayed as shown below.

Load flow datablock displayed on one-line.

Another option to review study results is to viéw standard reports generated when a
study is run. To view a report, go to thecument>Reportmenu as shown below.

View study report.



68

SKM Power*Tools for Windows

6.

A window similar to the one below will come up.

Text Reports
Text reports are fixed-format reports that are gateel automatically when the studies
are completed. These reports are fully editabtesaved in .rpt format.

Report Viewer (.RP2)

Expanded Report Viewer user interface and formg2).allows for image insertion
along with enhanced text and picture editing amthédting. The Report Viewer
includes saving to .doc, .txt, and .pdf formats.

Convert RPT to RP2
Convert all .rpt reports in the project into .rg2rhat to access advanced editing and
formatting features.

Crystal Report
Crystal Reports provide custom formatting capabdifor the experienced user.
Various Crystal Report templates have been devdlapd included.

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

Disable Report Viewer
Check this box to disable the Report Viewer in sagkere it may interfere with the
Balanced System study calculation process.



SKM Power*Tools for Windows 69

7. Click on the “Text Report” button as shown below.

'

8. The Open dialog window as show below will come Ujere should be one report file
for each study you ran. Either double click onrgygort name or select it and click on
the Open button.
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The multi-page study report will appear as showowe The study reports are
individual text files stored in the project foldefherefore, the reports can be edited

and printed in part or in whole. Most studiesdhavssummary section at the end of the
report.
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10. A third option to display input data or study résus$ to use the formatted Crystal
Reports. To view a report, go to thecument>Reportmenu. Next, click on the
“Crystal Report” button as shown below.

'

11. The available Crystal Report formats are displapetltree structure as shown in the
figure below. To display the Load Flow Report exgpghe load flow folder and
double-click on the Load Flow Report.rpt item.ydfu did not run the load flow report,
select a report format matching one of the stuttiasyou ran.

Select Crystal Report format.
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12. The formatted Crystal Report will appear as shoelow. The Crystal Reports are
similar to the Datablocks shown on the one-linethag read and display data stored in
the project database. The reports will contairesgpages with headings and sub-
headings. The report formats can be edited usieg3¥-party Crystal Reports
Program Version 8.0 or later, but some database&gidknowledge is required. The
reports can be printed directly or saved in a waoé different file formats. Close the

report after viewing.

Save in Different Format

/'

Next Page

Crystal Report showing load flow study results.

13. For the fourth reporting option, switch back to @emponent Editor. You will
generate a datablock report from the ComponenbEdi¢w. Go to the Component
Editor using thddocument>Component Editormenu item as shown in the figure

below, or by clicking on the Component Editor icon .

Switch to the Component Editor.
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14. Make sure that the “All” list option is selectedtbat all of the project components
appear in the Component Editor. Next select thesRatablock Format menu item as

shown.

/

Use the Run>Datablock Format menu.

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

Select the Report — Load Flow Data Format for the D  atablock.
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16. Once the datablock format has been applied to tmp®nent Editor, you can view the
datablock information in the Datablock Subviewshewn below. To display the
datablock information, the Component Subview massét to Datablock.

Datablock
Subview in Component Editor.

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

Generate a Datablock Report.
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18. The datablock report can display any combinatiompdit data or study results in a
spreadsheet format. A datablock report showing fteaw study results is shown in
below.

Datablock Report showing selected load flow results

The datablock reports can be printed directly aaveéd as Excel files. The datablock
reports provide a great way to generate cable lsasl lists, etc.
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g
Make sure that you completed Tutorial - Part 1 sasfully before beginning this section.

The next few steps demonstrate the procedure feergéng TCC drawings for protective
device coordination. You can turn off the Legeingbu wish by goingo View>Legend
Tag command.

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

/

Place a new fuse on the one-line.
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2. Rotate the fuse Right 90 Degrees by selectingube &nd using thene-
Line>Symbol Rotation>Rotate Right 90 Degreefunction as shown below.

Rotate fuse symbol.

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

1
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Move the fuse symbol on top of the line that coms®&JS-0001 and transformer XF2-
0001 and it will be connected as shown below.

Insert Fuse between Utility Bus and Main Transforme .
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3. Insert a new relay between BUS-0002 and XF2-000&liblgsing on the New Relay
Icon, moving your cursor to position the symbothe desired location and clicking
your left mouse button to place the symbol as shiovioelow.

/

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

/

Insert breaker between XF2-0002 and BUS-0003.
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5.

Insert another low-voltage breaker between BUS-GffiBcable CBL-0001 as shown

below. Now is a good time to save the One-Linagbam by clicking the Save
toolbar button (or click th®ocument>Savecommand). Most document changes in
PTW are saved automatically, but not the one-linésu should save your one-line

frequently.

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

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

7. Verify that component PD-0001 is displayed in ttwr@onent Editor and Click on the
Library button (highlighted with an arrow in figubelow). Double-click on the
Cutler-Hammer CX 15.5 kV 4C-40C fuse from the Highlitage Fuse category to
select the fuse as shown in the figure below.

Select Cutler-Hammer CX 15.5 kV fuse.
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8. Select the 40C cartridge, as shown in below

Select the 40C cartridge for fuse PD-0001.

9. Go back to the one-line and double-click on relBy@02. The Component Editor
will display PD-0002.
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10. Click on the Library button on the Component Ed&oreen, select the Electronic
Relay category and pick the GE Multilin 745 Tramsfer relay with a 5 Amp
Secondary CT rating as shown in the figure beldWwu can either double-click on the
relay selection in the library or use the Apply &idse buttons.

—
//

Select GE Multilin 745 Transformer Relay.

11. The Overcurrent Pickup and Extremely Inverse timkaylsegments should appear as
shown in below. These segments and values repriésedefaults set in the library and
can be changed. We will change these valuesvdten we coordinate the devices.

Select GE Multilin 745 Transformer Relay.
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12. Select breaker PD-0003 in the Component Editorcdink on the Library button as
shown in below. (If the one-line is active and @@mponent Editor is not, double-
clicking on breaker PD-0003 will automatically opie Component Editor)

Select Breaker PD-0003.

13. Expand the Low Voltage Breaker category, selecStia¢ic Trip sub group, and the
Square D MX Micrologic LS 100-800 Amp breaker ergs/shown in the figure
below.

-

Select Square D MX Micrologic LS 100-800 Amp Breake r



SKM Power*Tools for Windows 87

14. Select the MX 480V 800 Amp Frame as shown below

Select 480 Volt, 800 Amp Frame.

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

A

Select Breaker PD-0004
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16. Select the Low Voltage Breaker Category, the ThéMagnetic Molded Case sub-
category, and the GE SF Spectra RMS Mag-Break D0A28p breaker as shown
below.

Select GE SF, Spectra Breaker.
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17. Make the “Maindraw.drw” one-line diagram the actwedow. This can be done by
clicking your mouse on any part of the one-linedaw that appears behind the
Component Editor window. It can also be done bgguthe Window menu item and
selecting the one-line document, or by usingdbeument>0One-Line>0Openmenu
item if the one-line is closed. Once the one-fepen, select the area that includes
all of the components from PD-0002 down to andudirig CBL-0001. Itis
acceptable to select BUS-0002 down to and includibgD-0001 as shown below,
but buses and loads will not appear on the TCCidgsy Select the components by
placing the cursor arrow at the upper-left corrfeahe desired area, pressing the left
mouse button and moving the pointer to the lowgintrcorner of the desired area.
When the mouse button is released, the selectedarmants will appear in “blue”, the
selected component color.

N

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 componendsrtew Time-Current Coordination
(TCC) drawing. With PD-0002, XF2-0002, PD-0003,-B@4 and CBL-0001
selected, click your right mouse button anywherthéone-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 Windoanun, but using the right mouse
button requires less mouse movement.

Select the Go To TCC Drawing option using right mou  se click.

Note that you can add individual components tolecsed set of components by holding
the SHIFT key when clicking on the components. SREFT key allows you to select new
components without losing deselecting componeiatisdte already selected.
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19. Enter a name for the new TCC drawing (TCCL1 for eplan and click on the “New”
button as shown in the figure below.

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

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



92

SKM Power*Tools for Windows

21. A new coordination drawing should appear as showselow.

22.

Coordination Drawing Generated from Selected Compon  ents.

Notice that on the left side of the screen, ondhe-line tab, the portion of the single-
line you have selected from the previous one-line appears. The software had
automatically created a one-line drawing named “T@&v" which contains that
portion of the single-line you have selected friwa previous one-line. The software
also automatically associated one-line “TCC1.dnithvhe TCC1.TCC.

Select the label for cable CBL-0001 and move it nexhe cable damage curve as

shown below. Note that components can be seldgteticking on the label or the
device curve. Data for each component can be etbhog the left side of the window.

Move label for cable CBL-0001
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23. Select the downstream breaker PD-0004, click orséfiting tab, and pick the SFLA
480V, 250 Amp frame, 125 Amp trip and MIN trip $egtas shown below. Click
Redraw to update.

of

o od

Specify setting for downstream breaker PD-0004.

24. Select feeder breaker PD-0003 and select “INST fdRthe 8" segment as shown in
the figure below.

Select 800A Override segment of breaker PD-0003 in  Setting Window.
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25. Click on the Redraw button to update the TCC drgwilihe curves are terminated at
the maximum fault current at the connected buse fahlt current can be automatically
updated from the DAPPER, A_FAULT or IEC_Fault segdor can be entered
manually. The default is to use the DAPPER faalug. For this example, the
Instantaneous override is higher than the faultecitrand is therefore not shown.

Redraw TCC to display instantaneous override segmen  t.
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26. Select the transformer relay PD-0002 by clickingtmnrelay name or curve, or by
using the drop-down list box labeled TCC Device.LiBrag the relay pickup, placing
it between the transformer FLA marker and the sthithe transformer damage curve
as shown in the figure below.

Move relay PD-0002 pickup setting.

27. Drag the time delay curve for relay PD-0002 unti§ijust below the transformer
damage curve as shown in below.

Drag relay PD-0002 time delay curve setting.
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28. Using the Setting tab for relay PD-0002, fine-ttime settings by entering 0.8 for the
OC Pickup and 17.0 for the Ext Inverse time delaye as shown below. Also select
the 3¢ segment and click on the “Delete Segment” buttoget rid of 3' segment.
Press the Press the Redraw button to update thedf&wing.

O—,

TN

Change the OC Pickup to 0.8 and the Ext Inverse Tim e delayto 17.

29. The final TCC should look like the figure below.
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30. When you are satisfied with the TCC drawing you pant it directly or in a custom
output form. The output forms allow you to prinetTCC drawing together with title-
blocks, logos and other documents such as a repootse-line diagrams. To print the
TCC directly, select thBocument>Print function as shown in the figure below.

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

31. To print the TCC drawing in a pre-defined formestDocument>Form Print. Next
select the TCC & One-Line 8 ¥2 x 11 Portrait fornshewn below.

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

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

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

Generate TCC Report

34. Select the TCC Name and click on the OK buttorthéfproject had multiple TCC
drawings you could print reports for a group of T®CO he standard TCC report can
be sorted four different ways. For this exampdet by Bus Voltage and click OK.

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

Enter a name for the new TCC report.

36. The TCC.RPT document will then show up as showavel
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37. The report is automatically saved on the disk engloject folder. To close the report,
select thédocument>Closemenu.

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

~

39. All of the reports associated with the project wjtipear in the window dialog. Select
the TCCL.rpt report file and click on the Open bnit

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

Sample TCC Report
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41. To generate a TCC setting report for the entirgeotaather than for a single TCC
drawing, you can repeat the process with the Coetdaditor in focus rather than a
TCC drawing. The first step is shown below. Netibat the Component Editor is on
top and the “All” option is selected to display aflthe components in the project.
This will result in a TCC report that contains @fiithe components in the project.

N\

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

Apply Datablock format on TCC Drawing.

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

Apply TCC Setting Datablock
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44. Move the datablocks to empty areas on the TCC dgas shown below. The
datablocks and name tags can be turned on andddffdually, and font size can be
specified from theSettings>Selected Device Settingmenu. The datablocks can be
toggled on or off from the View menu or by using thggle datablock icon

TCC Drawing with device setting datablock.

* Note that ‘Global Changes’ in the Settings Meian be used to hide component names,
turn on and off short circuit flags, pickup labedlad datablocks. Other TCC specific
changes such as reference voltage, current sgiaaage, grid density, fonts, and fault
current selection can be made in 8witings > TCC SettingdMenu. User preference can
be set irProject>0Options>TCC as defaults for new TCC or new curve to follow.
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45. A datablock report displaying the same settingrimi@tion can be generated using the
Run>Datablock Report option as shown in below.

Run>Datablock Report Option

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

Datablock Report for devices on TCC drawing.
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47. Another option for reporting the device settingiprepare a Crystal Report using the
Document>Reportmenu. Next, click on the “Crystal Report” buttashhown below.

/

Generate a Crystal Report for All Protective Device

s in the Project

48. Select the TCC — Low Voltage Breakers — Static .fpipformat as shown below.

Select the Static Trip Breaker Report from Crystal

ProtDev_Multi_Functions.rpt

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

ProtDev_Multi_Functions_ByBus.rpt

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

Report Options.
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49. Since there is only one static trip breaker ingh@ect, only one shown in the report.

Crystal Report for LV Breaker Settings

50. Using the Crystal Report option with both Rhasd Ground functions in the same
row, a typical setting report with both Phase amdu@d functions looks like below

Crystal Report for LV Breaker Settings with Phase a  nd Ground functions
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Make sure that you completed Tutorial - Part 1f Paand at least the first 17 steps in Part
3 before beginning this section.

The next steps demonstrate how to use the EquipBwattiation study module to evaluate
the protective device ratings against the calcdlatert circuit duties. Equipment
Evaluation also checks for missing input data aswdgares continuous ratings of protective
and non-protective devices to calculated desigdd@and load flow operating conditions.
Equipments that fail the evaluation are reportetidte form and highlighted in color on

the one-line diagrams.

1. Select the Run Equipment Evaluation option as shHostow. If the Equipment
Evaluation module is not available, skip to thetrs@ction of this tutorial. If you want
more information about the Equipment evaluation ab@dcontact SKM.

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-Piigéebtevice icons as shown
below. The other icon choices are described iridhawing paragraph.

e

Equipment Evaluation Table for Protective and Non-P  rotective Components

The icon buttons allow you to choose between baldand unbalanced study results,
protection and non-protection device type and ANESG or Comprehensive fault analysis
methods. A summary of the icons follows for refee

Balanced Three-Phase Study Results (Select thimndjor the tutorial).

Single-phase and Unbalanced Study Results

Display Protection ComponentEor the tutorial select this option.

Display Non-Protection Components
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Compares device rating to total fault current & bumaximum fault
current through branchFor this tutorial select Branch.

Specifies study type ANSI, IEC 61909, or ComprehenBault. For
this tutorial, select the Comprehensive Option.

Navigates through the report by jumping to theelt component type,
or reduces the number of components shown in thkiation list.
Choose from All Non-protection components, busables, 2-winding
transformers, 3-winding transformers, transmis$iiwes, pi impedance,
generators, loads, induction motors, synchronousmsoschedules,
filters, or reduce the number of components regdstecustom query.

The Report button generates a spreadsheet-stylet s the Run Study
button allows you to re-run any combination of s#gdrom the balanced
and unbalanced study options.

Options... button brings up the “Evaluation optiomgfidow where the user
can setup the Pass-Fail Limits, Evaluation Criteaiad Input Data Criteria

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

3. Click on the Report button to generate the spresgtsttyle report shown below. The
report can be printed or saved as an Excel spreatfie.
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4. To save the report as an Excel spreadsheet, alitheosave button and enter a report
name in the Save-As dialog window shown in therégoelow.

Save the Equipment Evaluation Report in Excel Forma  t

5. Close the Equipment evaluation window and navigatek to the one-line diagram.
You can display the results from the Equipment &atibn module on the one-line
diagram using the Datablocks. Select the Run Datkl-ormat as shown below.

Run Datablock Format
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6. Apply the “Device Evaluation Comprehensive BranElatablock Format and Close
the Datablock Format Dialog Window.

Apply the Device Evaluation Comprehensive Branch Da  tablock Format.

7. The datablock information including the protectilevice ratings and calculated
branch fault duties from the Comprehensive Fauliufeare shown below.

Datablock Display for Equipment Evaluation Results.
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In addition to displaying the Equipment Evaluat®eport and Datablocks, you can
graphically identify equipment that fails the eation. The options are available on the
Run menu as well as the toolbar icons.

Run Equipment Evaluation

Mark Components that Fail the Input Data Evaluatio

Mark Components that Fail the Equipment Evaluation

For this example, none of the equipment fails tipeii data checks or the equipment rating
limits. However if it had, the symbol for the fadl equipment would be highlighted in Red
on the one-line. The Failed Input Data and Equigtri&raluation options are also
available from the Component Editor, whereby ohly failed equipment appears in the
Component List.
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Equipment evaluations are performed based on wefared limits. The following table
found undeiProject>Options>Equipment Evaluation displays the default equipment
rating limits. You can adjust these limits to mgetir specific design goals.

You can also control which evaluations are perfatmigoosing from Short Circuit Ratings,
Continuous Ratings, Individual Circuits in Load 8dhles, Exclude Tie breakers and
Exclude All Pi Equivalent Sub-Types.
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The Input data evaluation options are displayea separate Subview on the same window.
The input data options can be selectively incluoleexcluded from the Input evaluation.

If you are in the Equipment Evaluation module, gan access the three criteria limits
window by clicking the options button as show below
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40 . & )

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

The next steps demonstrate how to use the Arc Blasly module to evaluate the incident
energy and arc flash boundary for each bus locathor Flash calculations combine fault
calculations, protective coordination, and emplréguations to calculate arc energy
people may be exposed to when working on or neatredal equipment. Knowing the arc
energy, proper protective clothing can be spectiiedptimize safety with respect to arc
flash exposure.

Your tutorial one-line should look as follows wifomprehensive Fault Values displayed:
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Your tutorial coordination drawing from Sectionf3sild look as follows:

To begin the Arc Flash Tutorial:

Select the Run Arc Flash Evaluation option as sho@low. If the Arc Flash Evaluation
module is not available, skip to the next sectibthis tutorial. If you want more
information about the Arc Flash Evaluation modulentact SKM.

Run the Arc Flash Evaluation Option
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Alternatively, you can use a short-cut Icon totstae Arc Flash Evaluation module.

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

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:

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

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

Protective Device Name
Refers to the protective device that clears tha@ifault 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 Eswtwo 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, tHatvs through a given protective device.

Protective Device Arcing Fault Current (kA)

The arc current flowing through each protectiveide¥eeding the electric arc fault. Note
that the total arc fault current may flow througiveral parallel sources to the arc location.
Trip / Delay Time

The time required for the protective device to apefor the given fault condition. In the
case of a relay, the breaker opening time is ethteeparately from the relay trip time. For
low voltage breakers and fuses, the trip time ssia®d 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 xéiegia signal from the trip unit to operate.
The combination of the Trip/Delay time and the BwaOpening time determines the total
time required to clear the fault. For low voltagieuit breakers, the total clearing time
displayed on the Manufacturer’s drawing is assutogdclude the breaker opening time.
Ground

Indicates whether the fault location includes dpatground. Systems with high-resistance
grounds are assumed to be ungrounded in the Ash Eculations. (Available for IEEE
1584 only)

Equip Type

Used only in the IEEE 1584 method to indicate wlethe equipment is Switchgear,

Panel, Cable or Open Air. The equipment type plesvia default Gap value and a distance
exponent used in the IEEE incident energy equatibine equipment type provides a
default Gap value and a distance exponent usdebitEEE incident energy equations.

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

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

Working Distance

The distance between the arc source and the werlea® or chest.

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

Label #

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

Cable Length From Trip Device
Reports the total cable length from the proteatigeice that trips to clear the fault to the
faulted bus. If there is no cable in between, mathiill be reported.

Incident Energy at Low Marginal
This will report an incident energy value of thespifi 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 thespifi 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 Qmugpiiime

Arc Type

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

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 curreraittfiows through a given protective
device.

DC Arcing Protective Device Fault (kA)

The DC arc current flowing through each protectiegice feeding the electric arc fault.
Note that the total DC arc fault current may fldwotugh several parallel sources to the arc
location. The DC Protective Device Arcing Fault &t is reported for the immediate
branch connected to the bus so the actual arcidgdarrent passing through the reported
device might be different from the reported valifi¢se device is not directly connected to
fault location or installed at different voltageréd

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

Multiplier:
Specify a safety multiplication factor here. Thdl affect the calculated incident energy.
Actual incident energy in enclosures could be highan 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 faglirrent. (Reported by Comprehensive
Short Circuit Study.)

Duration of Arc (sec.)
The sum of the Trip/Delay Time and the Breaker Qqpiiime.
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Altitude (feet or meter)

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

3-Phase Multiplier

Specify here the 3-phase multiplier. This will afféhe calculated incident energy. The
calculated incident energy from Table 410-1 to €atl0-3 of NESC 2012 is based single-
phase system. Recommended 3-phase multiplier fam ap is 1.2 to 2.2. Recommended 3-
phase multiplier for enclosed location is 3.7 6. 6.

Gap
Distance of the arc gap

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

LL/LG

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

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

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

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

Detail View or Summary View:

The detail view in the arc flash report lists atallel contributions and the accumulated
energy as each contribution is cleared. The sumxiew lists only the last branch that
clears the significant contribution as defined ey tCleared Fault Threshold" percentage
specified.

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

If standard NFPA is followed, the incident energgalculated using the bolted bus fault
current for all protective devices listed under Ihis without consider the reduction of fault
current after some of the devices have been trippid@EEE 1584 is followed, the incident
energy is calculated by using the arcing bus faudtent left at the bus which consider the
fact that some devices have tripped already andribehat trips later doesn’t see as much
current.
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In the Summary View, only one device under eachiblisted, and that is the one after it's
tripping a user defined percentage (ie... 80%) otdi@l fault current would have been
cleared. The user can define the percentage iArth€lash Study Options dialog (see
section 1.5.2).

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

Scenarios...

This button brings up a window where the user gatiéy to report Arc Flash results based
on the current scenario opened; or if the projastrultiple scenarios, the user can select
Arc Flash results to report the worst case (thewdtiethe highest incident energy) out of
all the selected scenarios. Furthermore, the @wealso select Arc Flash result to report
the "Best Case Scenario". The "Best Case Scenaribe one with the lowest incident
energy out of all the selected scenarios.

For instance, if a project has four scenarioshiswindow the user can select all of the
scenarios and select the "Worse Scenario” optittotnMWhen the user clicks on the "OK"
button, what will be reported by Arc Flash spreagsiteport 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 thimdow the user can select all of the
scenarios and select the "Best Scenario” optiotoutVhen the user clicks on the "OK"
button, what will be reported by Arc Flash spreagsiteport for each bus is the incident
energy from the scenario with the lowest value.

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

Note that for the "Worst Case" or "Best Case" aptmwork, the scenario that is currently
active must be included in one of the selectioniyaike.

The user can also select which study setup setiinge for each scenario: "Each Individual
Scenario” or "Current Scenario.”

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

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

Custom Label..

This button will bring up the custom label windoweve the user can specify the Page
Size, Label Size, Page Margins, Orientation, Ravgs@olumns of the labels and Spacing
between labels

Work Permit
This button brings up the window to generates &wpermit required for working on
energized equipment per NFPA 70E 2015

Re-Run Study
This button refreshes the Arc Flash display tcetfupdated short circuit values caused by
system changes made since the last arc flash saslyun.

Options...
This button will display Option menu for Arc FlaSkudy

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

The descriptions of the options of each tab foltows
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Standard and Unit

Standard allows the choice of IEEE 1584, NFPA 70E, or NES€thods. If the IEEE

1584 method is selected, the equations publishéteitEEE 1584 2002 and NFPA 70E —
2015 Annex D.4 will be used to calculate the ardmgt current, incident energy, and flash
boundary. The IEEE 1584 method is based on moentend expanded test data, and is
the preferred method. Since IEEE 1584 method s adst of the NFPA 70E 2015, using
the IEEE 1584 method could be considered as congaiaith NFPA 70E as well. If
NFPA 70E method is selected, the equations puldigh®lFPA 70E — 2015 Annex D.3

will be used to calculate the incident energy dashf boundary. If NESC 2012 method is
selected, the tables for NESC 2012 are used taletdcthe 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 toutale the bolted fault current.

- Comprehensive Fault

- |IEC 60909

- Unbalanced/Single Phase
According to IEEE Std. 1584.1-2013, section 3 AasH study general guidelines:
Calculations can be run for single-phase equipmsing IEEE Std 1584, assuming it has
three-phase service that will yield conservativailts.

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

An option to use equation: sgrt (2.65 * 3-Phase MMAto calculate the flash boundary
when the voltage level is equal or below 1 kV sogbrovided. Refer to NFPA 70E — 2015
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Annex D.2 for more details. This option is only #afale if NFPA 70E 2015 Annex D.3 is
selected.

Equipment Below 240 Volts Options
There are two options available when the equipnsdiess than 240V.

- Optionl: Report as Category 0 if Fed by XFMR $ X¥A. (IEEE 1584 2002
Section 9.3.2)

- Option2: Report Calculated Values From Equatitise normal incident energy
calculation methodology.

English or Metric Units — For NFPA 70E — 2015, IEEE 1584, or NESC 2018dseds,

we allow the choice of English or Metric unitsthie English units option is selected, the
incident energy is in Calories/cm”2. The workingtdhce and flash boundary can then be
in inches or feet.

If the Metric units option is selected the incidenergy can then be Joules/cm”2 or
Calories/cm”2. The working distances and flash dawcan then be in mm, cm, or m.

Fault Current

Maximum Arcing Time Duration allows you to specify a maximum (Trip Time +
Breaker Time) for the incident energy and flashrimtary calculations. |IEEE 1584
Annex B.1.2 stated théalf the time is longer than two seconds, considewHong a
person is likely to remain in the location of the #ash. It is likely that the person
exposed to arc flash will move away quickly isiphysically possible and two seconds
is a reasonable maximum time for calculations. efspn in a bucket truck or a person
who has crawled into equipment will need more timmove away.”

The default for the Maximum Arcing Duration in PTig/set to 2 seconds, if the Trip
Time read from the TCC plus the Breaker Time igbighan the Maximum Arcing
Duration, the Trip Time will be set to the MaximuXrcing Duration — Breaker Time.



130 SKM Power*Tools for Windows

Sound engineering judgment is always required whaking reasonable arc flash
energy estimates.

- Use Global Max Arcing Time: Allow user to enter different maximum arcing
during for system voltage > 240 Volts and systeftage <= 240 Volts.

- Enter for each bus: When this option is selected, the user can ditkhe “Max
Arcing Time for Each Bus” button, and “Maximum Angi Duration for Each
Bus” window will come up. See picture below.

In this window, the user can specify the maximunirgy duration for each buses in the
system modeled. For convenience, the user carsatsthe window by bus name, bus
voltage, or maximum arcing duration by selectiom ofthe available options button.
Furthermore, user can change the maximum arcirggidarof all the buses globally by
clicking on the “Global Change” button. This heipsnodeling your system accurately for
arc flash study, since each bus location you aatyzimg may have different maximum
arcing duration depending on the situation.

Arcing Fault Tolerances...

- For the IEEE 1584 standard, specify a low anth bidgerance for arcing fault current
calculations. For example, enter a —15% low ar@@4 high tolerances means the program
will calculate two incident energies one at 0.8E¢irrg fault current, and another at 1.1*
arcing fault current. For the NFPA 70E standapeictfy the percentage of bolted fault
current used to calculate the second incident gngfgr example, enter a 38% bolted fault
current means the program will calculate two inotdenergies one at 100% of the bolted
fault current and another at 38% of the boltedtfeutrent. If the short-circuit method used
is IEC 60909, the calculated maximum and minimuprtsbircuit currents are used as
arcing fault tolerances.
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The arcing fault current magnitude is a functionhef voltage and arc impedance. Since a
small change in arcing fault current can produdsstantially different trip times and
incident energy, it is prudent to account for agdiault current variability through
reasonable tolerances. The IEEE 1584 standardaube% low tolerance for arcing fault
current calculations, and the NFPA 70E suggestgusid8% bolted fault current. The
incident energy is calculated at the low and haérance specified and the largest incident
energy is reported. For cases where both the talthggh tolerance values result in the
same trip time, the high tolerance will always proelthe highest incident energy. For
cases where the low tolerance results in longetitries, which is often the case, the
incident energy is typically higher at the longdp time. In the arc flash table, the value is
labeled with (*N3) when the low tolerance arc fawdtue is used

Pre-Fault Voltage options...

This button allows the user to specify the pretfaaltage options for the short circuit
study. If the short-circuit method used is IEC 689Be pre-fault voltage is adjusted in the
IEC 60909 SC setup.
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Load Flow Results
If the Load Flow option is selected, the load fleeitage at each bus will be used to
calculate the bus and branch fault current whetyapfault to the bus.

PU Voltage for All Buses
If the PU Voltage for All Buses option is selectéite user can enter one single value for
the per unit pre-fault voltage to be used for ai m the system.

PU Voltage Enter for Each Bus

If the PU Voltage Enter for Each Bus option is stdd, the user can enter the per unit pre-
fault voltage to be used at each individual busthedoer unit voltage will be used to
calculate the bus and branch fault current whetyapfault to that bus.

No Load with Tap

If the No Load with Tap option is selected, the peit pre-fault voltage is calculated by the
program starting from the Initial Operating Voltafgem the utility or Swing Bus generator.

Transformer Tap and Phase Shift will be includethencalculation of the pre-fault voltage

if the options are checked in the Calculation ModEhis is the default option.

Utility and Impedance Tolerance...
The Tolerance option is used by the load flow arattscircuit comprehensive study
modules.

Utility Voltage Tolerance
Regular

When the "Regular" option is selected, the load/fmd short circuit
comprehensive study modules will not use the mihraax voltage tolerance
specified in the Utility Component Editor.
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Minimum

When "Minimum" option is selected, the load flowdashort circuit
comprehensive study modules will use the "Min" agé tolerance value
specified in the Utility Component Editor. For exalm if the Voltage

per unit is 1.0 and the "Min" tolerance value i8®2@ntered as -20.0),
the value that will be used for the load flow ahdrs circuit studies is 0.8
pu or [1 pu x (1-0.2)].

Maximum

When "Maximum" option is selected, the load flovdaort circuit
comprehensive study modules will use the "Max" agdt tolerance value
specified in the Utility Component Editor. For exalm if the Voltage
per unit is 1.0 and the Max value is 20% (entesed®@0), the value that
will be used for the load flow and short circuitidies is 1.2 pu or [1 pu X
(1+0.2)].

Utility Contribution Tolerance
Regular

When "Regular" option is selected, the load flow ahort circuit comprehensive
study modules will not use the min. and max. ytitibntribution tolerance
specified in the Utility Component Editor.

Minimum

When "Minimum" option is selected, the load flowdashort circuit
comprehensive study modules will use the "Min"itytitontribution tolerance
value specified in the Utility Component Editor fmwth the Three Phase and Line
to Ground Contribution. For example, if the "Mintility contribution is 20%
(entered as -20.0), the utility will have the feliog contributions:

3phase = 300 MVA
SLG = 100 MVA

The values that will be used for the load flow ahdrt 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 flovdatort circuit
comprehensive study modules will use the "Max'itytdontribution tolerance
value specified in the Utility Component Editor fmwth the Three Phase and Line
to Ground Contribution. For example, if the "Mautility contribution is 20%
(entered as 20.0), the utility will have the foliag contributions:
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3phase = 300 MVA
SLG = 100 MVA

The values that will be used for the load flow ahdrt 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 ahort circuit comprehensive
study modules will not use the impedance tolerapeeified in the cable
impedance Component Editor.

Minimum

When "Minimum" option is selected, the load flowdashort circuit
comprehensive study modules will use the "Min" ingrece tolerance value
specified in the cable impedance Component Ed#oir.example, if the tolerance
impedance is +/- 20% (entered as 20.0), the cailllbave 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 ahdrt circuit comprehensive
studies are the following:

Positive = (R + jX) x ( 1-0.2) ohms/1000 Feet ={X) x 0.8 ohms/1000 Feet
Zero = (R + jX) ( 1-0.2) ohms/1000 Feet = (R + 0.8 ohms/1000 Feet
Maximum

When "Maximum" option is selected, the load flovdatort circuit
comprehensive study modules will use the "Max" idgee tolerance value
specified in the cable impedance Component Ed#oir.example, if the tolerance
impedance is +/- 20% (entered as 20.0), the cailllbave 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 ahdrt circuit studies are the
following:

Positive = (R + jX) x ( 1+0.2) ohms/1000 Feet =HfX) x 1.2 ohms/1000 Feet
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Zero = (R + jX) ( 1+0.2) ohms/1000 Feet = (R + J..2 ohms/1000 Feet

Transformer Impedance Tolerance
Regular

When "Regular" option is selected, the load flow ahort circuit comprehensive
study modules will not use the impedance tolerapeeified in the transformer
impedance Component Editor.

Minimum

When "Minimum" option is selected, the load flowdashort circuit
comprehensive study modules will use the "Min" iigrece tolerance value
specified in the transformer impedance ComponeitbEdror example, if the
tolerance impedance is +/- 20% (entered as 20@)ransformer will have the
following impedance:

Positive = (%R + j%X)
Zero = (%R + j%X)

The values that will be used for the load flow ahdrt 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 atart circuit
comprehensive study modules will use the "Max" idgee tolerance value
specified in the transformer impedance ComponeitbEd-or example, if the
tolerance impedance is +/- 20% (entered as 20@)ransformer will have the
following impedance:

Positive = (%R + j%X)
Zero = (%R + j%X)

The values that will be used for the load flow ahdrt 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...

This button brings up a window where the user gartify for each bus whether it is
defined as "Fixed" circuit part or "Movable" contluc The will affect the shock limited
approach boundary reported by the arc flash laBddus defined as "Movable" will have a
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higher limited approach boundary than a "Fixed". bleer convenience, the user can also
sort the window by bus name, bus voltage, or byeé@iMovable" selection options.
Furthermore, the user can change the Fixed/Movaalettion of all the buses globally by
clicking on the "Global Change" button.

Transformer Tap

If this box is unchecked, all transformers appeiinaut the effect on any taps, and the pre-
fault voltage is relative to the swing bus voltadgy selecting Transformer Tap, PTW
calculates the system pre-fault no load voltagdilprbased on the swing bus voltage and
transformer tap settings. You must check thistiecanalyze transformer off nominal
voltages properly.

Transformer Phase Shift

By default, PTW does not include Transformer PI&is#, the transformer phase shift
angle remains at 0°, and the pre-fault voltageesngl each isolated area of the power
system remain at the swing bus voltage angle.eport unbalanced circuit branch flows,
select the Transformer Phase Shift check box. dii®n calculates each transformer
phase shift in degrees based on the transformerection type; the pre-fault voltage angle
includes all transformer phase shifting relativéhis swing bus.

VFD Load Side Buses
By selecting Include VFD Load Side buses, the mmogwill 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 curreBt /
phase fault current at the bus in percentageheltalculated SLG / 3P fault current at the
bus is higher than the value specified by the ukerbus is considered grounded. IEEE
1584 recommended different incident energy equatamameters based on whether a bus is
grounded or not.

Reduce Generator / Synchronous Motor Fault Contribtion To — Generators and
synchronous motors do not supply the same amouattifcurrent after a certain number
of cycles following the fault. For example, thelfazurrent may be reduced from the initial
1000% of the Rated Current (10 per unit) to 3008&rdfO cycles. Enter the percentage of
the Rated Current and the number of cycles aftéchwiio reduce the fault current to. PTW
assumes a step change from the initial fault ctitcethe reduced value and incident energy
will be calculated using the initial fault curreartd the number of cycles specified, then
accumulated with rest of the incident energy caltmd using the reduced fault current and
the duration at which the protective device trifise Apply To Generator check box
controls whether the reduction of contribution didche applied to generators. If
unchecked, generator contribution will be the samthe initial fault for the entire arcing
duration. Similarly, the Apply To Synchronous Mataheck box controls whether
synchronous motor contribution should be reductst #fie number of cycles.

Recalculate Trip Time using Reduced Current- use the decayed fault current from the
Generators and synchronous after the number oésyolrecalculate the trip time and
calculate the incident energy.

Below is description on how "Apply to Generatorsi@yronous Motor” check boxes work
in conjunction with “Recalculate Trip Time Using ®Reced Current” checkbox.
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If "Apply to Generators/Synchronous Motor” checkbscheckedand the “Recalculate
Trip Time Using Reduced Current” ismchecked

PTW uses the initial arcing fault current up to fpecified number of cycles
to determine the first accumulation of incidentrgye

If the protective device protecting the generaidrrbt operate, the current is
reduced using the new bolted fault current valag dorresponds to 300% of
the generators FLAS.

From that, a new arcing fault current is calculaded is used to determine the
second accumulation of the incident energy. MNbg for this option, the
assumption is that protective device protecting demerator will start to
operate at the first current it sees. So the tisex for the second portion of
the accumulation is the calculated trip time frdra initial current minus the
number of cycles specified.

PTW adds the two incident energy values to getad &mcumulated energy.

If " Apply to Generators/Synchronous Motor” cheakbs checkedand the “Recalculate
Trip Time Using Reduced Current” éhecked

PTW uses the initial arcing fault current up to sipecified number of cycles to
determine the first accumulation of incident energy

If the protective device protecting the generafdrrebt operate, the current is
reduced using the new bolted fault current vala¢ ¢trresponds to 300% of the
generators FLAs.

From that, a new arcing fault current is calculaad is used to determine the new
tripping time. To determine the second accumutatibthe incident energy, the
new arcing current is used along with the remaitiimg (new tripping time minus
the number of cycles specified).

PTW adds the two incident energy values to geta &mcumulated energy.

This option assumes that the protective deviceeptivly the generator did not
operate on the initial current.

Note also the following:

(0]

Arc Flash Study Option "Apply To Generators" optisenabled only if there are
energized generators in the system.

Arc Flash Study Option "Apply To Synchronous Mdtoggtion is enabled only if
there are energized Synchronous Motors in the syste

"Recalculate Trip Time Using Reduced Current”" optidgll be enabled only if the
"Apply To Generators" and/or "Apply To Synchrondators” 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 shgmge from the initial fault current

with induction motor contributions to the reducedlf current without induction motor
contributions. To include induction motors all tivee, enter a large value as the cycles.
To ignores all induction motor fault contributioinem the arcing fault current and the
incident energy calculations, enter 0 cycles. Yaun enter a specific induction motor hp
size and check or uncheck the Exclude if <??? tippgendently to exclude motors less than
the given hp.

Notice that while ignoring motor contributions rees the fault current value, it may
increase the trip time and result in higher inctdsrergy.

Fuses treated as "All Current Limiting, All Standard Fuses, or Specified in Library"

When "All Standard Fuses" is selectedthe arc duration is read from the total clearing
curve at the arcing fault current for all fuseshia project. If the fault current is above the
0.01sec crossing point then 0.01 seconds is ustd @sp time. The IEEE 1584 or NFPA
70E standard equation and calculated tripping ileeused 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 belowdineent-limiting threshold (below the
0.01sec crossing point). When the arcing currecéeds the current-limiting threshold
(above the 0.01sec crossing point) the trip timedsiced to either ¥z or ¥4 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 FlaBlquation” checkbox in the library to
determine if a device is current limiting or noheTincident energy calculation will be
based on its findings. If the "Use Equipment Sjeéirc Flash Equation in Protective
Device Library" check box is not checked and/oeqaation is entered in the Arc Flash
page, then the IEEE 1584 or NFPA 70E standard mauatll be used with the trip time
reduced to ¥z or ¥ cycles.

Arc Flash Equations for Breakers and Fuses.
"Use Equipment Specific Arc Flash Equation in Protetive Device Library"

If this check box is checked, all the devices thave:
The "Use Arc Flash Equation” check box checked
Manufacturer’s tested equations entered in theFAash tab of the specific library
file
Fault current is in the range of the equations

The software will calculate the incident energydzhsn these equations. Otherwise, for the
case of breakers, the IEEE 1584 or NFPA 70E stdnefguation will be used and

calculated tripping time are used to calculatedent energy. For the case of Fuses, the trip
time will be reduced to % or ¥ cycles if currentiting conditions are satisfied. This

option is not available if ‘All Standard’ is chosenthe option above (Treat fuses as).
Note:When the "Use Equipment Specific Arc FlashdEgun in Protective Device Library"
option is checked, the software will calculate &heing fault current using the IEEE 1584

or NFPA equations. However, it will use the Arc$Haequation from the library to

calculate the incident energy and 100% of the grfanlt current though the branch is
reported on the Arc Flash window for the device. Wtiee "Use Equipment Specific Arc
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Flash Equation in Protective Device Library" optierunchecked, the software will
calculate the incident energy for 85% and 100%efdrcing fault current and report the
bigger incident energy. The application of the de\8pecific arc flash equations are based
on the assumptions used in the tests as explain&EE 1584 - 2002. As mentioned by the
said standard, actual field results can be diffeifesuch assumptions such as system
voltage and working distance are different. The isseesponsible for verification of such
assumptions used in the study if this option iscteld.

If the manufacturer’s equations are entered inAtteeFlash page, PTW will use these
equations instead of the standard incident eneqggtens from the IEEE 1584 or NFPA
70E. If no manufacturer's equipment-specific equaiare entered or could be matched
with the cartridge and bolted fault current rarthe,fuse will be treated as a current
limiting fuse without using the manufacturer’s etjpias.

If the "Current Limiting..." check box in the librarg unchecked and the "Specified in
Library" option is selected, the fuses will be tezhas standard fuses without having the
current limiting feature.

For breakers, manufacturers could also providepagemt-specific equations to represent
faster trip time when the fault current reach daierdevel, but they are not current limiting
in nature.

For all current limiting fuses, if the trip time tife TCC clearing curve at the branch arcing
fault current is less than %% cycles, and the cigekefined below 0.01 seconds, the defined
clearing time is used. Otherwise, the arcing fauftent (}) is compared to the current)l
where the total clearing curve drops below 0.0bsds, and the trip time is based on the
following table:

Trip/Delay Time (Tr) Condition
Read from clearing curve aflL

1/2 cycle 1<1a<21L
1/4 cycle 4>21,

The let-through curve option works similarly in whil. is the first point of the current-
limiting range of the peak let-through curve.
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For fuses with only the average melting time clavailable, and the time read from the
average melting curve at the arcing fault curremsliess or equal to 0.03 seconds, add
15% to Tr. If Tr is above 0.03 seconds, add 10%etermine the total clearing time. If
the arcing fault current is above the total clegtime at the bottom of the curve (0.01
seconds), use 0.01 seconds for the time. (IEEE_47158 Step5)

The protective device library alternatively alloyesu to enter current limiting equations for
fuses at each bolted fault current range. ArctHes®s these equations to calculate the
Incident Energy and Flash Boundary instead of thedard IEEE1584 equations.

Equipment-Specific Incident Energy Equations on theArc Flash Tab - If

manufacturers of low voltage breakers have thaifmgent-specific incident energy
equations published, these equations can be eritetleel Arc Flash tab of the Protective
Device Library. The user must check the "Use Eapipt-Specific Incident Energy
Equations on the Arc Flash Tab" check box in ofdethe equations to be used in the Arc
Flash calculations.

If the "Use Equipment-Specific Incident Energy Eipres on the Arc Flash Tab" check
box is checked, but no equation on the Arc Flabthtes a bolted fault current range that
covers the calculated bolted fault current throtighdevice, the Equipment-Specific
equation will not be used. Instead, the device vélitreated as current limiting in the
following way:

If the trip time of the TCC clearing curve at thatch arcing fault current is less than %2
cycles and the curve is defined below 0.01 secdhdgjefined clearing time is used.
Otherwise, the arcing fault currenf)(is compared to the current)Wwhere the total
clearing curve drops below 0.01 seconds, and ifnhé¢inme is based on the following table:

Trip/Delay Time Condition
Read from clearing curve a¥lL

1/2 cycle 1<1a<2IL
1/4 cycle d>210

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

Report Option
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Five different report options are available. Theamt options are named Bus, Protective
Load Side, Protective Line Side, Bus +ProtectiveibeLine Side, and Bus + Line Side +
Load Side. The Bus report is the normal selectmnmever the load side and line side
reports may be useful in specific situations. Redehe following diagram and
descriptions.

(@1l
N

=T

- Bus option— The bus report assumes that the fault occuleaquipment bus. If
the bus has multiple contributions, the devicesttifaeach branch contribution
will be listed in the order they trip, and incidemtergy will be accumulated until a
significant percentage of the fault current hgspied. The significant portion is
defined by the “Cleared Fault Threshold” percentgme specify.

- Protective Device Load Side optior The load side report applies a fault at the
load side (To End) of each protective device whHipeeside (From End) is
connected directly to a bus without having an ingme# device between the bus
and the protective device. The protective devigiadevaluated is the one that
clears the fault. The fault current through theickewill be used to calculate the
arcing fault current and obtain the trip time frdm TCC. You can then select to
include Line + Load Sides Contributions (to repréd®th ends hot) in calculating
the incident energy, or to include Line Side Cdmnttions only in which case the
load side contributions are not included (now wogkas 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 whoad side (To End) is
connected directly to a bus without having an ingmeg device between the bus
and the protective device. You can then selectédctude Line + Load Sides
Contributions or to include Line Side Contributiaady. The first case represent
both ends hot, this occur if the main breaker thiteopen, and the next upstream
device is the one that must clear the fault. éf¢his more than one contribution
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when there is a fault at the line side, incidergrgy will be accumulated up to the
fault contribution percentage specified. If Linel&iContributions Only is
selected, the load side contributions are not dediuand it is now working as if
the load side is disconnected.

Note: In the above discussion of Load Side (To Eamd) Line Side (From End),
we assumed that the power flows from the From Briti¢ To End. If the
direction of power is opposite to our assumptibe, devices that would be listed
in the Load Side report under normal power flovediion will be listed in the
Line Side report instead.

- Bus + Protective Device Line Side optior This option combines the bus report
option and the protective device line side repptiam into one report. Calculated
result for the bus and line side will be listed texeach other for easier
comparison of worst case scenario. A special custbel is supplied by PTW to
put both bus and line side results in one sindiella

- Bus + Line Side + Load Side optior- This option combines the bus report
option, the protective device line side report @ptiand the protective device load
side report option into one report. Calculated ltdsu the bus, line side, and load
side will be listed next to each other for easy parison of the worst case
scenario.

Worst Case Only Checkbox

This checkbox is available if the (Bus + Line SideYBus + Line Side + Load Side)
option is selected. If this check box is checkld,worst (the one with the highest incident
energy) from the Bus, Line, or Load side report bé shown in the report.

Include Line + Load Sides Contributions

- If you select "Include Line + Load Sides Conttibns", software will
then include Line + Load Sides Contributions (foresent both ends hot)
in calculating the incident energy.

- If you select "Include Line Side Only", the sofire will include Line
Side Contributions only in which case the load sidetributions are not
included (now working as if the load side is disoected).

Report Last Trip Device vs. Report Main Device- This option is applicable for the Bus
Report option only and it affects the device repaiih the Summary View, Bus Detail and
Bus Label. The last trip device is defined asptatective device that would trip last, when
the percentage of fault current cleared reache€lgmred Fault Threshold. The “Main
Device” is the one that carries the biggest pesgmbf the fault current contributing to the
bus.

Report Last Trip Device

If this option is selected, in Detailed View, thgllighted device is the one
that meets the percent threshold (Last Trip Devite)Summary View, Bus
Detail, and Bus Label, this device, along withcibsresponding values in the
Detailed View will be reported.
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Report Main Device

If this option is selected, in Detailed View, thghlighted device is the one
that carries the biggest percentage of the faufeaticontribute to the bus
(Main Device). In the Summary View, Bus Detailddrabel this “Main
Device” will be reported. However note that theidlent energy, flash
boundary, and other fields from the detailed vieWlve reported based on
thelast trip device

Report Options when Equipment Evaluation Failed -This section will take Equipment
Evaluation results into consideration for enharsafdty analysis.

- Report IE/PPE — This will show the results at adidtions even though the
Equipment Evaluation reports the protective dewicbus as Failed.

- As Overdutied w/o Label — The locations havinggdiequipment will show
OVERDUTY. Arc Flash labels and Work Permits willtlie generated for
locations that failed Equipment Evaluation. Theuhesswill still be reported for
marginal device evaluation results.

Enable Equipment Evaluation Notes- This checkbmalyg available when Report IE/PPE
is selected. If this option is checked, the progwahreport Equipment Evaluation Notes.
The failed equipment will be marked as (*N21a)fglted protective device or (*N21b) for
failed buses. Marginal device evaluation resulésraarked as (*N20a) for protective
device or (*N20b) for bus.

Device Fail to Operate, Use Upstream DevicesThe software will run arc flash based on
the assumption that the Main Device (the protedlisgice with the most arcing current,
when there are multiple contributions to the fadilbeis) connected to the bus did not
operate whenAll Mains” or “Specified in deviceSare selected. That is, the Main Device
(the device with the most current), will be exclddeom the arc flash calculation. It will
then automatically use the upstream devices foatbdlash calculation instea8pecified

in deviceswill exclude main devices that are marked for 'EaiOperate” in the
component editorAll Mains will exclude all main devices regardless of thail'fo
Operate” status. Seleldbneto disable the device fail to operate feature eNbat the
Device Fail to Operate option is disabled if thesélMaintenance Mode function for main
device" check box is checked.

Check Upstream devices for mis-coordinationevaluates trip times for backup protective
devices beyond the branch containing the firstqutdte device. Two conditions must be
satisfied for the upstream backup protective detadee reported instead of the immediate
protective device:

Condition 1: The immediate protective device mastyc5% or more of the Cleared Fault
Threshold value (default as 80%) multiplied by tibiel bus fault current.

Condition 2: The upstream backup protective dewicst trip faster and carry a fault
current that is bigger or equal to the Cleared tFBluleshold value multiplied by the fault
current through the immediate device.

Upstream mis-coordination is checked by branchdealices within the branch containing
the immediate protective device will be evaluated the fastest one will be used to
compare with the fastest device in the upstreamdbrdf the first valid protective device is
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found in an upstream branch and the trip timed/st than the immediate device, the
search stops there and the immediate device wikperted.

The definition of a valid device is one with a tdprve that is not a Ground Fault type and
the protection function name does not include "@d3u"Earth”, "Neutral” or "AF_EX".

If the upstream mis-coordination is not checkelbddevices within the branch containing
the first protective device will still be evaluatehd 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 numbeddfamhl branches, consisting of a
protective device or a set of protective devices #ne away from the first protective device
protecting the faulted bus, that the software séthrch for mis-coordination. This will
greatly help when doing coordination and arc flststtly to see if any of the protective
devices several braches away from the fault arecousdinated with the protective device
next to the faulted bus.

Mis-Coordination Ratio

The value entered here is used to determine Hiplseream backup protective device
qualifies to be evaluated for mis-coordinationhia &rc flash study. Two conditions must
be satisfied for the upstream backup protectivecaeto be reported instead of the
immediate protective device:

Condition 1: The immediate protective device masty5% or more of the Cleared Fault
Threshold value (default as 80%) multiplied by tibkal bus fault current.

Condition 2: The upstream backup protective demiast trip faster and carry a fault
current that is bigger or equal to the Mis-CoortoraRatio value multiplied by the fault
current through the immediate device.

Note: The "Mis-Coordination Ratio" is designed toyade some flexibility for cases where
the upstream bus (the bus above the immediatee)avés induction and/or synchronous
motors connected to it and the upstream deviastadly responsible in clearing the fault for
the downstream device after the motors decayésiréicommended that a "Mis-
Coordination Ratio" very closed to the Cleared £&htreshold be entered so that when the
upstream device trips, the fault current throughithmediate device is mostly cleared.

Label Options

Default Label # Prefix - This allows the user teaify the default prefix character that will
go on the "Label #" column in the Arc Flash spréees report. This field can help in
sorting out (organizing) the label when they printeit. Note that if a bus already has a
label prefix assigned, changing the default lalpefip will not change the label prefix
already assigned to that bus. The Default Lalitdefix will only be assigned to buses
newly created in the project.

Cleared Fault Threshold determines the portion of the Total Arcing Fauitrent at the

Bus that needs to be interrupted by protectiveadsvio extinguish the arc. Therefore the
remaining portion of Arcing Fault current, if arggn not sustain the arc and will not be
considered in the accumulated incident energyerEmtalue in percent of the total bus

fault current, the default value is 80%, which neetirat the final arc fault trip time is based
on when 80% or more of the total fault currenhatlbus has been cleared. In the Summary
View, the last device to trip that reaches therelddault threshold is the only protective
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device that will be listed under the bus, and thewdrom the device will be used in the Bus
Detail report and Bus Label. The cleared faukshold value is also used to determine
which branches are searched for mis-coordination.

There isn't any recommendation in the NFPA or IEEIfor the "Fault Clear
Threshold". But the assumption comes from thetfaatt when certain percentage of fault
(like 80%) is interrupted by the protective devitlesn the remaining bolted/arcing fault
percentage/current can not sustain the arc andatigtoan not be added to the
accumulated energy. Since the last 5% - 15% ofdnéribution may take a very long time
to trip (a small current takes a long delay tintle¢n it is not practical to accumulate the
energy up to 100%, because the calculated incilerigy would be much bigger than
reality. If the user is setting a "Maximum ProtectTrip Time" in the Arc Flash Options
to a realistic number (2 second for example), therf'Fault Clear Threshold" becomes less
of an issue, the user could set it to 100% and iNe@mly accumulate the energy up to 2
seconds anyway.

Auto Update Arc Flash Results

When this checkbox is checked, the software wilbeatically update the arc flash results
whenever there is a change in the system modelinBtance, when user open up a tie-
breaker or change the size of a motor in the sysatenel, the software will automatically
update the arc flash results based on those chafgesuser would not need to re-run the
arc flash study.

Use Maintenance Mode function for main device

If this checkbox is checked, the software will ang flash evaluation based on the
assumption that the Main Device connected to tlseidin Maintenance Mode. (The Main
device is the protective device with the most araarrent, when there are multiple
contributions to the faulted bus.)

For a device to be in Maintenance Mode, the "Maiatee Mode" check box has to be
checked, for one of the function name (such as ARMShe Protection Function window.

Note that only one function name in Maintenance ®odn be set at a time.

Also, note that for the "Maintenance Mode" check tmbe available for a particular
function name, the function has to be assignedptioeae over-current device in the library
by exiting and setting it in the Component Edit@( dialog. Reopening the Protection
Functions dialog box will now show the check boxtmble the Maintenance Mode.

Note that this option is disabled if the "Main Dewifail to operate, use upstream devices"
check box is checked.

Increase PPE Level by 1 for high marginal IE

When this checkbox is checked, the software wilbaatically increase the arc flash PEE
Level results by 1 whenever the incident energgutate is greater than the high marginal
value set in the PPE table.

Report PPE Others, 1,2,3,4,5

If this checkbox is checked, additional PPE inféhie Notes section of the Arc Flash report
will be added. This will show the information fraime 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
When this checkbox is checked, the software wilptiiy the Description from the
Component Editor of Bus component on the Arc Figsleedsheet.

Append bus description to bus name
When this checkbox is checked, the software wilptily the Description from the
Component Editor of Bus component on the Arc Fisieedsheet.

Report PPE Level
The button brings up the PPE table that define$#rsonal Protective Equipment
Categories and clothing descriptions used in therte and labels.

Report Additional User Notes
Active for NESC and DC Arc Flash methods. Checkiibe to display the User Notes the
Arc Flash spreadsheet.

PPE Table

If you press the “PPE Table” button, the followitiglog will be displayed with the
Personnel Protection Equipment table.

The PPE table defines the Personal Protective Begripand clothing descriptions used in
the reports and labels. Different label colors mayssigned for each PPE, the Bus Detall
and Arc Flash Label will apply the colors basedtmncalculated PPE.

The data supplied as default is taken from AnneXahle H.3(b) of the NFPA 70E, 2015
edition. Four default PPE Levels are defined basethe applicable range of the incident
energy. Modify these values or add new Categdoidisis table if needed.

The Notes, Head & Eye Protection, Hand & Arm Priite; Foot Protection, PPE Others 1
to 5 provides user defined additional protectiarssach PPE range. The Warning Label
Text could be user defined as well. All user dediradditional protection fields are
available in the Custom Label.
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You can also choose a background and a foregroalnd for each PPE. These colors will
be used as the background and foreground coldhéo8KM Label Title 1, 2, and 3 in the
Arc Flash Label.

A row is reserved in the PPE table for the Dangerothis allows the users the flexibility
to add descriptions for the Notes, Head & Eye Rtair, Hand & Arm Protection, Foot
Protection, and other columns for the PPE Dangerous

The PPE Table information is project specificwill look in the information from the
FR_Clothing.ss3 or FR_Clothing_Metric.ss3 file lwzhin the project's directory).

For new projects created, it will copy and useRFE table file(s) information from the
LIB directory (specified in the miscellaneous filgstions group).

If there is no PPE table file(s) existing in thejpct directory currently opened, it will copy
and use the PPE table file information from the HiBectory (specified in the
miscellaneous files options group).

If there is no PPE table file(s) existing in théldirectory, it will copy and use the PPE
table file(s) in the Bin directory of PTW32.

Four dynamic pictures for each PPE can also bdfsgbSwitching pictures among the
levels is done automatically.

In the PPE table, there are now four new pictuterans where the user can specify
different pictures or logos for each PPE Categdtis allows the users the flexibility to
add up to four different pictures or logos for e®EPE 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 Keeghanges to a file for future use, or
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to use the file on a different project, use thev&adutton. This will save the changes
you've made to a *.ppe file in a directory chosgrthe 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.ippe file and want to use it for the
existing project, use the "Load" button. This Wwilhd the contents of the selected *.ppe
file to the current PPE table.

Save As Default

If you had customized this table and want to kéepchanges as your default, use the “Save
As User Default” button. This will save the chasgeu’ve made to the FR_Clothing.ss3

or FR_Clothing_Metric.ss3 file in the LIB directofgpecified in the miscellaneous files
options group).

Reset Default

If you make changes to this table and don't warkietep them, use the Reset button to re-
store the defaults from the FR_Clothing.ss3 or HBthihg_Metric.ss3 file in the LIB
directory (specified in the miscellaneous filesiops group).

Print
Use the Print button to print out this table.

The “All” or “From Go To/Query” radio buttons cowlirthe buses displayed in the
Evaluation Table. The “All” selection will displaall buses in the project. The “From Go
To/Query” option will display buses that meet udefined Query criteria or were selected
on the one-line before using the Go-To-Arc Flastioop

Other Features available on the Arc Flash pull-down menu include:

When the Arc Flash window is open the “ArcFlashilqlown menu can be accessed with
following submenus. Some of these submenus areagistable from the right-click menu
on the Arc Flash Window.

Bus Detail Generates a detailed label includimgptiotective
device settings, arcing fault current, incidentrgget
multiple working distances, and clothing classtfa
primary working distance. You can also enter tient
information and job #, etc. Bus Detail can be used
single bus or for a selected group of buses. The
description information entered will be re-useddtr
buses.

Standard Label The Bus Label provides a summattyeofiash
boundary, incident energy and PPE classification at
each bus. The NFPA shock hazard Limited, Restticte
and Prohibited Approach boundaries are also listed
based on the nominal system voltage at the bus.
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Custom Label

Work Permit

Re-run Studies

PPE Table

Auto Update Arc Flash Result

Link/Unlink with Fault Study

Link/Unlink with TCC

Link/Unlink with Ground

Link/Unlink Gap

Displays the custom label windowngttbe
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 forking
on energized equipment per NFPA 70E 2004.

Refreshes the Arc Flash displagftect
updated short circuit values caused by system
changes made since the last arc flash study
was run.

Displays PPE Table where Personal Rineec
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 checkieel 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 swr 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 ntiple 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 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 mulégouses

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 ashar 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 ai® 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 exportrémilt
into excel, *.htm, or *.ss3 file formats.

This option selecti@plays 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-phasensymises to the Arc
Flash display and report

This option selection will displayt@p
menu for Arc Flash Study

This option selection willpdésy 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 degph window
where the user can select the type of font to
use for the arc flash report

This option selection will diay a window
where the user can change page margin, and
page number display for printing.

Most of the menu items are available by clicking Right Mouse button
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Scenario...

Projects having multiple scenarios can run theAash study for all scenarios or select
ones, and show the best or worst case into onetréfmy instance, the user selects all of
the scenarios and chose the "Worst Case ScenatiohoThe Arc Flash spreadsheet will
report the incident energy with the highest valomag all the scenarios for each bus.

Similarly, if the "Best Case Scenario" option iteseed, the report will show the incident
energy with the lowest value.

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

Note that the "Worst Case" or "Best Case" optioitisonly work when the scenario that is
currently active is included in one of the seletjou make.

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

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

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

Additional Incident Energy and Flash Boundary...

This button brings up a dialog box that allows disers to enter additional working
distances for PTW to calculate the incident enstgie
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This information could be used to determine the RRfired at the given additional
working distance. You can also specify five incidenergies for PTW to calculate the flash
boundaries.

This information could be used to determine théadise from exposed live parts within
which a person could receive a 2nd degree burthégiven additional incident energy.

The additional working distances and the calcul&iedient energies and PPE at each bus
could be displayed in the datablock and the datddiare available in the Custom Label
Designer. The incident energies entered and thelea¢d flash boundaries are also
available in the datablock and Arc Flash Label.
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The Custom Label Designer allows individual da¢édf to be selected and placed in the
desired locations.

Shock Approach Boundary...
This button brings up a window that will allow theer to customize the Shock approach
boundary table.

This window allows the user to customize the Sheqmroach boundary table. Note that
the voltage range is in unit of voltage and bouidaare in units of inches.

The Shock Approach Boundaries Table informatigorigect specific. (It will look in the
information from the “ShockBoundary.ss6” file loedtin the project's directory).
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For new projects created, it will copy and use“BteockBoundary.ss6” file information
from the LIB directory (specified in the miscellanss files options group).

If there is no “ShockBoundary.ss6” file existingtive project directory currently opened, it
will copy and use the ShockBoundary.ss6 informatiom the LIB directory (specified in
the miscellaneous files options group).

If there is no “ShockBoundary.ss6” file existingtive LIB directory, it will copy and use
the “ShockBoundary.ss6” file in the Bin directofyRT'W32.

Add Row
This button lets you insert a row in the table.

Save As Default

If you had customized this table and want to kéepchanges as your default, use the "Save
As User Default" button. This will save the chasigeu’ve made to the
“ShockBoundary.ss6” file in the LIB directory (sjifeed in the miscellaneous files options

group).

Reset Default

If you make changes to this table and don't warkietep them, use the Reset button to re-
store the defaults from ShockBoundary.ss6 fildh@ltIB directory (specified in the
miscellaneous files options group).

Glove Class...

This table allows customization of the Glove Claable. Note that the voltage range is in
unit of voltage. The default Glove Class tabl®infation comes from ASTM D 120-95.
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Class 00 has a maximum use voltage of 500V andsQl&ss a maximum use voltage of
1000V. Since 480V systems can be greater than 50@®/fecommended 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, usé$la@e As Default" button to save the
changes and make the modified table as the defaibikt. new default table will be used

when a project is created and when the "Reset Defautton is pressed in any existing
projects.

Reset Default
If the Glove Class table has been changed, udRdbet button to restore the default values
if the changes are undesirable.

Report Data and Order...

This button brings up a window that will allow theer to specify which of the twenty
available fields will be displayed in the Arc Flagtreadsheet report. Furthermore, the user
can also specify the order in which they will appieahe Arc Flash spreadsheet report.

For instance, if you don’t want to show the equiptrigpe, you can simply uncheck the
display checkbox next to that field. If you wanét'‘Bus kV” field to show up on the first
column, you can just type in the number “1” in dwumn order next to that field and the
bus voltage will them show up on the first colunfith@ report.

The following are the meaning of those fields:

Bus Name: Fault location for bus report. For kige and load
side report options the bus refers to the equipment
where the line side and load side protective device
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 protectiweadethat clears portion or
total of the arcing fault current.

Bus voltage at the fault location.

The current flowing to a bus fabhht occurs between
two or more conductors or bus bars, where the
impedance between the conductors is zero.

The calculated arcing currenttos bus.

The portion or total of thated fault current, that
flows through a given protective device.

The portion or total of argicurrent flowing through
each protective device feeding the electric artt.fau
Note that the total arc fault current may flow tingb
several parallel sources to the arc location.

The time required for the protgetdevice to operate
for the given arcing fault condition. In the casea
relay, the breaker opening time is entered sefgrate
from the relay trip time. For low voltage breakarsl
fuses, the trip time is assumed to be the totalrirlg
curve or high tolerance of the published trip curve

The time required for a beeat open after receiving
a signal from the trip unit to operate. The corakion
of the Trip/Delay time and the Breaker Opening time
determines the total time required to clear thét.fau
For low voltage circuit breakers, the total clegriime
displayed on the Manufacturer’s drawing is assutoed
include the breaker opening time.

Indicates whether the fault location inelsié path to
ground. Systems with high-resistance grounds are
assumed to be ungrounded in the Arc Flash
calculations.

Used only in the IEEE 1584 methodhttidate
whether the equipment is Switchgear, Panel, Cable o
Open Air. The equipment type provides a defaulp Ga
value and a distance exponent used in the IEEE
incident energy equations.

Defines the spacing between bus bars or ctormdust
the arc location.

The distance from exposedpiags within which a
person could receive a 2nd degree burn.

The distance between the arcceoand the worker’s
face or chest.



SKM Power*Tools for Windows

157

Incident Energy:

PPE Level/Notes (*N):

Label #:

Cable Length From Trip Device:

Incident Energy at Low Marginal:

Incident Energy at High Marginal:

Re-arrange

The amount of heat energy onitafiisurface
at a specific distance from the location of arc
flash.

Indicates the Personal Ptated&quipment
(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 tot&lledength 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 repom &ncident energy value of
the bus, if the incident energy on the bus meets
the low marginal criteria value entered in the
PPE.

This will rep@m 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 fh@aving duplicate column number when

they are re-ordering the fields manually.

Furthemenit there is any missing columns

(columns chose not to be displayed) it will usertbenber after the missing column.

Reset

The purpose of this button is to reset the ordeéhetable to its default setting.
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Notes Section

(*N1) - Out of IEEE 1584 or NFPA 70E Ranges. LERi&tipn is used in this case and
applicable for Open Air only.

(*N2) - Percentage of fault current cleared is liass the Cleared Fault Threshold
specified in the study options

(*N3) - Arcing Fault Current Low Tolerances Used.

(*N4a) - Equipment Specific Incident Energy andshl@oundary Equations Used.
(*N4b) — Current-Limiting Fuse in Use. Fault in cemt-limiting range tripping in %2 or ¥4
cycle.

(*N5) - Mis-coordinated, Upstream Device Tripped.

(*N®6) - Special Instantaneous Protection in UsefeRto Bus Equipment & Arc Flash
subview.

(*N7) - Trip Time Unlinked with TCC.

(*N8) - Fault Current Unlinked with Fault Study téts.

(*N9) - Max. Arcing Duration Reached. The timegalfor the protective device to clear
the fault is longer than the Max. Arcing Duratigresified in the study options.

(*N10) - Fuse Cable Protector Modeled. Shows wherfaise is connected to a cable w/
multiple conductors in parallel. The current thne fuse is divided by the #parallel to read
the trip time.

(*N11) - Out of IEEE 1584 Range, Lee Equation Usigblicable for Open Air only.
Existing Equipment type is not Open Air. Showsafalat 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 #m

(*N14b) - Zone Selective Interlock (ZSI) in UsH.one of the protective device directly
connected to the bus has a ZSlI function, the blisisé the ZSI function curve for the trip
time.

(*N15) — Fed by Transformer Size < 125 kVA, on lbadtage level <240V; Report as
Level O

(*N16) — Trip Time Recalculated.

(*N17) — Directional Function Operated.

(*N17A) — Directional Function DID NOT Operate. Pidev Arcing Fault is not reported.
Shows when the direction of the fault is not thmeas the selected direction in the
Directional function.

(*N19) — Differential/Summation Function.

(*N19A) — Differential/Summation Function DID NOTg@rate. Prot Dev Bolted and
Arcing Fault are not reported. The note indicaled the arcing fault was not interrupted by
this function.

(*N20b) - Equipment Evaluation Marginal for ProtieetDevice

(*N20b) - Equipment Evaluation Marginal for Bus

(*N21a) - Equipment Evaluation Failed, OVERDUTIER®TECTIVE DEVICE
EQUIPMENT FOUND-Inappropriate to provide arc flagtk results.

(*N21b) - Equipment Evaluation Failed, OVERDUTIEDJB EQUIPMENT FOUND-
Inappropriate to provide arc flash risk results.

(*N22) — Main Device failed. The upstream deviceised

(*N23) — The Maintenance Mode Function is used

(*NESC20) - Out of NESC Voltage Range for IncidEmniergy Table 410.

(*NESC21) - Out of NESC Fault Current Range.

(*NESC22) - Out of NESC Max Clearing Range.

(*NESC23) - Out of NESC Voltage Range for Min Appob Distance Table 431.
(*NESC24) - Out of NESC Altitude Range.

(*NESC25) - Out of NESC Max Over Voltage Factor Ban
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(*NESC26) - NESC SLG Fault is Zero.

(*DCAF1) — Voltage above 1000 VDC. Per NPFA 70E 20Arc Flash DC equation
applies to DC systems rated up to 1000 VDC.

(*DCAF2) — DCAF Fault is zero

(*S0), (*S1),(*S2),..etc — Indicates which scendtie 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 devickdabfault or arcing fault current
reported for protective “BUS-001" of the Arc FlaBkialuation table in the Tutorial project.
From the one-line, you can see fuse “PD-001" imeated to this bus, why didn't any fault
current show up?

Careful inspection of the fault study result frdme following picture shows that for a fault
at BUS-001, the bus fault current is 8367 Amps,tbeatcurrent from the down stream
branch through fuse PD-0001is zero. This is beedwe load down stream is a non-motor
load. All of the contribution therefore comes fréime Utility. Since there are no protective
devices specified between the utility and the thesfault can’t be cleared. The PPE
requirement is listed with the (*N2) indicates tha Cleared Fault Threshold percent
specified in the Study Setup was not reached.

Note that where a protective device is not foundioere the trip time is longer than a few
seconds that additional review may be requirecctmant for how much energy is released
before the worker can move to a safer distance.ekample, you may want to check the
energy generated over the first few seconds tif ee worker would be capable of
moving out of the way, or if most of the damagalieady done. This check can be done
by setting the Maximum Arcing Duration to 2 secanétsthe example above, (*N9)
indicates that the time taken for the protectiveicketo clear the fault is longer than the
Max. Arcing Duration is specified in the study apis.
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Important Concepts: Effects of Trip Time

To demonstrate the effects of trip time, changeSthert Time Delay (STD) setting for
breaker PD-0003 from 0.1 to 0.32 seconds. Thisheatione in the Component Editor or
from the TCC drawing you created in Section 3 aswsh

Note that when this change was made, the Arc Flaklulation was updated to reflect the
new trip time for an arcing fault at Bus-0003. Ttip time changed from 0.158 seconds to
0.494 seconds, the flash boundary increased fromces to 51 inches, and the incident
energy increased from 2.11 cal/cm2 to 6.6 cal/cifi2e higher energy results in a clothing

class change from 1 to 2.
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According to the results above, if the fault is"Bus-0003”, “PD-0003" will see an arcing
fault current of 4.31 kA and will trip at 0.494 secls. To verify this we can go to the
TCC. Open or make “TCC1.TCC” active. Select “P@B8” and then click on the
Settings>Selected Device Settingeommand. A window, similar to the one below will
show up. Click on the “Arcing Fault and UDF Flagsid then, check on the “Show Arcing
Fault current for Worse case Incident energy” adddw Other Arcing Fault Current
(dash-dot)” check boxes. Also make sure to higitlibe “Bus-0003" bus.

_ >

Click on the OK button.
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At 4.31 kA, “PD-0003" /
will trip at 0.494 seconds

A TCC window should now be similar to the one aboVée TCC will now show two
vertical lines. One showing the arcing fault catrfer worse case incident energy (dark
line) and the other showing the non-worse casa@feiult current (dashed line). With the
arcing fault flags shown on the TCC, we can eassly 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. Corstanident energy line (C-Line) is a
sloped line on a TCC that describes the relatigneha finite series of time and current
combinations for which energy remains constant. Heses or system with single source of
contribution, this C-Line can then be used as dnredvercurrent device coordination to
demonstrate visually which setting regions mighadpisted to reduce the arc flash hazard.
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In our example, select the “PD-0003" curve on tIECT Right-mouse click and then select
“Selected Device Setting” option. On the windowttbomes up select the “Arcing Fault
and UDF Flags” tab.

In this window click on the checkboxes for the “8hdser Constant Category Line or User
Define C-line”, “Extend to Pickup”, and the “Categd-Lines.” For the current “From”
and “To” field, enter in 10 and 100,000.0consea@lyiv Click the “OK” button.
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The worst case arcing
current flag hits the trip
curve between Category
2 and Category 1 C-line.

O

The C-lines on the example above represents thm¢aent energy range of each PPE
category per NFPA 70E standard PPE table. WitHiRE20003” STD setting = 0.32, you

can see from the TCC above that the

worst casegaccirrent flag hits the trip curve

between Category 2 and Category 1 C-line. Frora,ivee can visually see from the TCC
that the resulting incident energy for this patacsetting will result in a Category 2
situation. This matches the result of the softwWaréBus-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.
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The Arc Flash study reports the accumulated erfeogy all three contributions. If the
Utility had been the only significant contributidhge energy would have been accumulated
only for the first 0.07 seconds, the time whentitiity contribution was cleared. In this
case, the utility is 67% of the total and the gat@rcontribution was 28% of the total.
Therefore both the utility and generator were lgtermined to be significant
contributions as defined by the 80% “Cleared Fahleshold” percentage specified. Both
the Utility and the Generator must trip before 886 Cleared Fault Threshold is reached.

Important Concept: Detail View versus Summary View

The detail view in the arc flash report lists ahtributions to the location of the fault and
the accumulated energy as each contribution iseded he summary view lists only one
protective device with the final accumulated incidenergy. As mentioned before, the
selection and display of this device is based erctiosen Labels and Summary View
Report Options.

If the Labels and Summary View Report Option isteéReport Last Trip Device”, the
Summary View will list the last device to trip wiedwry the accumulated current tripped
meets or exceeds the specified Cleared Fault Thickplercent (for example when at least
80% of total fault current has cleared).

If the Labels and Summary View Report Option istséReport Main Device”, the
Summary View will list the device that carries thegest percentage of the fault
contribution to the bus.

In the following example, 3 branches contributerent to the bus as the location of the
fault.

UTIL

e R-Util
GEN
A TX1 @
iad r : R-Gen
Arcing Fault Arcing Fault
7.76 kKA 2.24 kA

! !
] b

Arcing Fault
0.67 kA

Gen-Bu

C1

M1
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The Detail View for the bus report lists all 3 adimtitions, the trip time for each branch,
and the cumulative energy when each branch clEarghis example, the Utility
Contribution clears in 0.23 seconds, the Genef@bmitribution clears in 1.12 seconds, and
the Synchronous Motor clears in 7.21 seconds (éagumo AC decay), but displays the 2
seconds maximum time specified in the study saiipen the Utility branch clears, the
incident energy is 2.84 cal/cm2 (Class 1). WherGkaerator Branch clears 0.89 seconds
later, the accumulated energy is 5.54 cal/cm2 €23s

The Utility contribution is 73% and the genera®iL% of the total arcing fault current at
Gen-Bus. With the Cleared Fault Threshold optidrte80%, the Summary display and
Labels will report the energy accumulated up totiitme when at least 80% of the total fault
current is cleared. This occurs when the Genecatotribution is cleared. The Summary
View lists only the generator branch protectiveidewsince when the generator trips, 94%
of the fault current has cleared. This means tiaatc will be diminished and the
remaining contribution (6%) cannot sustain the arc.

A Accumulated
Energy at Bus
10.67kA
Utility 2.91 kA
Arcing +
Fault Generator
Current + Gen 0.67 kA
At Bus Motor i
Motor
Motor only
0.15s 0.882s 0.885s

The Summary View displays the generator brancheptivie device as the last tripped
device with the total accumulated incident enengyauinterruption of this device.
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Important Concept: Minimum and Maximum Faults

It's important to consider both minimum and maximfamlt conditions when performing
arc flash calculations. The reason why both appitant is illustrated below:

CURRENT IN AMPERES

1000
Panel Main Arcing
100 Fault
Current
based on
Minimum
Fault
o
Arcing I§I
10 Fault =
Current (%)
based on Py
Maximum o
—— Fault %
Trip time of »
1.05 seconds
1 for Minimum
Fault
010 Trip time of
0.07seconds
for Maximum
Fault
0.01
05 1 10 100 1K 10K

tcc5.tcc Ref. Voltage: 480 Current Scale x1070 1Line001.drw

On the TCC drawing you can see that the trip tiemeains in the instantaneous trip region (0.07
seconds) for a maximum arcing fault. Using a smatlimimum fault current due a different mode
of operation for the network results in a lowerlfaurrent that takes slightly more than one
second to trip (1.05 seconds). Using the maximurt &urrent, the incident energy is calculated
as 1.22 J/cm2 resulting in a Class 0 FR Clothiras€IUsing the minimum fault current, the
incident energy is 11.9 J/cm2 resulting in a ClagR Clothing Class. For this case, the lower
fault current results in a longer trip time prodwgchigher incident energy exposure to the worker.
Making conservative assumptions regarding bothtimémum and maximum fault currents will
provide higher certainty in specifying the proplatiting class and selecting conservative
protective device settings.
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Important Concept: Relationship Between 3-Phase Fault and Arcing
Fault

The equations used to calculate the magnitude af@ng fault are relative to the available 3-
phase bolted fault current. Single-line to groand line-to-line faults are not directly considered
when calculating arcing fault or incident enerdhile it's recognized that many arcing faults
are initiated by a line to ground fault, the aasfi equations in the IEEE 1584 standard are
relative to the available bolted-3-phase fault entifor the following reasons:

a) 3-phase faults give the highest possible shiatitenergy in AC equipment.

b) Arcing faults that begin as line-to-line or liteeground faults quickly escalate into 3
phase faults as the air ionizes across the phaghs. high-speed video photography of
arc flash tests show the arc rotating between llasgs and the metal box. The tests were
performed on grounded and ungrounded systems arafttfault equation includes a
grounded/ungrounded variable.

PTW will ignore ground fault devices. When usingltiffunction devices, make sure that
the first function is defined as “Phase”. If a@egie relay component is used as a ground
fault device, make sure that the function namefds“Ground” or “Earth”. Relays with
the function name set to Ground or Earth will bsoigd in the Arc Flash calculations.

Important Assumptions:

- Arc Flash searches the entire system topologytiisgy from the faulted bus out, to
find the first protective device with an over-cuntérip curve. When the first
device is located, the search is discontinuedgssumes coordination with
upstream branches). The next upstream protectivieel may be included in the
search by selecting the “Check upstream devicesi®icoordination” option. If
there are multiple contributions to the faulted,libe search process will be
repeated until each contribution is cleared byptstective device, or the search
reaches the end of the topology. Protection fonstiwith a name of “Ground”,
“Earth”, or “AF_EX” will be excluded from the protéive device search and the
next upstream device is used instead. Upstrearsrad the flow of power from
the primary sources of power to the faulted locafiom the perspective of
standing at the fault location.

- The trip time is determined for all protectivevites located in the branch that
contains the first trip device and the device \lith fastest trip time for the given
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arcing fault current is used.

- Worker is stationary during the entire arc flastident (constant working
distance).

- Induction motors contribute continuous sub-transcurrent until removed at user
specified time ‘X, unless they are specificallyckxed from the arc flash study.

- When applying generic current-limiting fuse regastation, the current-limiting
range is assumed to start where fuse clearing ciofs below 0.01 sec.

- When applying generic current-limiting fuse regaatation, fuses operating in the
current limiting range are assumed to clear in &ecfor currents 1 to 2 times the
current where the current-limiting range begingl #ncycle for currents higher
than 2 times the current where the current-limitimgge begins.

- Interrupting device is rated for the availablersitircuit current (no equipment
damage is considered).

- Upstream branch devices are properly coordinatdddownstream branch
devices. The next upstream protective device neandiuded in the search by
selecting the “Check upstream devices for mis-doattn” option. The device
that clears the arcing fault fastest is used.

- Ground fault and motor over load devices aremdtided.

- For multi-function protective devices, only thesf function is used to determine
the trip time.

- Reports only the larger incident energy basetbaror high tolerances applied to
the calculated arcing fault current.

- When the total fault current cleared is less tienthreshold percent specified in
the study setup, or no protective device is fouine bus is labeled as Dangerous
and the incident energy and flash boundary areepairted.

- If the trip time obtained from the time current\ais larger than the maximum

protection trip time defined in the study setug thaximum protection trip time is
used.

This completes the Arc Flash section of the Tutoria
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6 & 0)

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

This section demonstrates how to simulate motatistpeffects. We will look at a
simplified “snap-shot” impact motor start studyngsthe load flow study module and a
more detailed time-based simulation using TMSyolf have not completed the CAPTOR
protective coordination tutorial, your one-line wibt display the protective device
symbols. The protective devices are not requioedHis part of the tutorial.

1. To begin the motor starting calculations, we needdd a motor to our base tutorial
project. Although we can connect multiple compdsén a bus-node, it's easier to
work with a regular bus. To change the bus-nodedsn cable CBL-0001 and load
LOAD-0001, select the node by clicking on it ordnawing a selection box around it
as shown below.

Select Bus-Node to convert to Bus.
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When the Bus-Node is selected, use@me-Line>Convert to Busmenu option to convert
the bus-node to a bus. The bus name is BUS-00D4viirbe displayed automatically.

2. Stretch BUS-0004 by positioning the cursor just plae right edge of the bus until the
cursor changes to a Left and Right arrow. Whenhaote the correct cursor displayed,
hold down your left mouse button and drag the auisthe right. This will extend the
bus. Next select the New Induction Motor icon attdch the new motor to BUS-0004
as shown in the figure below.
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Add Induction Motor MTRI-0001 to BUS-0004.
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2. Double-click on the symbol for motor, MTRI-0001d&play the motor data in the
Component Editor. Enter 100 hp for the rated siseshown in the figure below.

Specify Induction Motor Rated Size in Component Edi  tor

3. Now that we have added a 100 HP motor, we neegttorr the load flow analysis to
evaluate the steady-state current, power and opgnadltage. Select the
Run>Balanced System Studiemenu item.

Run Balanced System Studies Option
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4. Check the Load Flow study option (uncheck othedist) and click on the Run button.
Under normal circumstances, when adding a motorsjould re-run the demand load
analysis and sizing study to evaluate the cablegr@mdformer sizes and re-run the
short circuit and equipment evaluation modulesdizinine the impact on equipment
ratings. However for this example we will focudyoon motor starting.

Run Load Flow Study.

5. Check the Study Messages Window to make sure #rerso errors and close the
Dialog Window.

Review Study Messages Window.
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6. We've already looked at several ways to view outpatilts and for this exercise we
will display results on the one-line with a dataiido Select th&kun>Datablock
Format option as shown below. The One-line mushliee active Window to display
the datablock.

Run the Datablock Format Selection Option

7. Select the Load Flow Power Data format and cliekAlpply button followed by the

Close button as shown in the figure below
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Select Load Flow Power Data datablock format.

The power flows and voltage drops from the steddiedoad flow study will be
displayed on the One-line as shown in the figutevee Notice that the voltage drop at
BUS-0004 is just over 4%. Next we will switch timetor to a “snap-shot” starting
condition and compare the voltage drop. The nurabdecimal places shown can be
controlled in the datablock format, so don’t be@amned if your display shows more
or less decimal places than the data shown ingleef below.

Display Steady-State Load Flow Results
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9. Double-click on motor MTRI-0001 to view it in theo@ponent Editor. Change the
Status from Running to Starting as shown in therédoelow.

Change motor status from Running to Starting in Com ponent Editor.

10. Re-run the steady-state load flow solution by sglgdcheRun>Balanced System
Studies option.

Select Run>Analysis Option
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11. Check the Load Flow option and click on the Rurtdiuis shown in the figure below.

12.

Run Load Flow Study

Review and Close the Study Messages dialog windamwis in the figure below.

Notice that the voltage drop at BUS-0004 is nowragimately 14% representing the
initial voltage drop when the motor starts. Thisasnpared to a 4% voltage drop when
the motor is running. Switching the motor from Rimg to Starting instructed the load
flow to use the Fault Contribution Xd” and X/R talculate an equivalent starting
current. The model was also switched automatidediyn Constant kVA to Constant
Impedance to better represent the motor startingacheristics.

Review and Close Study Messages Window.
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13. We are now ready to do a transient motor studyyaizal To do this select on the
Run>Transient Motor Starting as shown in the figure below.

14. In the next window that comes up click on the “Mdtab. Select the motor to be
started. Move the motor to the column on the right

v

Motors in the left column will be modeled @snstant kVA if their status is
“Running” and Constant Z if their status is Starting”. Note that for TMS, you do
not need to add any source or buses. Howevergt®d idea to add any downstream
buses, which may suffer a voltage drop due to tbiora starting. If a source is not
assigned, it will assume an infinite source (a gatoe or utility with very low
impedance with perfect exciter and governor).
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If the “TMS — Select Components” window does naneaup, right-mouse click on
“Casel” as shown below and the window will come up.

15. Choose the Bus Tab on the TMS — Select Componéntiow and select the busses
where you want to store voltage plots from the &tion. For our example transfer all
of the busses to the Selected Busses list by dalibléeng on each one or by using the
transfer button >>. When finished selecting thedsu click on the Close button.
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16. The TMS — Data Channel View Window should now bavah A default Study folder
and Casel setup should appear. Different casdsecased for different starting
scenarios such as full voltage or reduced voltéayss different sequence of motors to
be started, etc. Before proceeding, select thiechlnnels to be saved for Casel
during the TMS study. By default several commast phannels are selected. Select
the remaining plot options as shown below.

ANN

17. Double-click on motor MTRI-0001 and the TMS — Matavindow will appear as
shown below. This is where you can specify theamotodel, load model, current
base, torque base, moment of inertia, and contryibe of the motor. The data
entered here normally will come from motor nameplddta.

>

S—
O
>

Here, notice that the “Link with Rated” checkboxkecked. If this check box is
checked the software will calculate the currenelasd torque base value based on
data entered in the induction motor sub view. olf yncheck this checkbox, you can
specify your own torque base and current basethiexample, make sure that the
link with rated checkbox is check.
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18.

For the “WK?2” field value, the value there is arpagximate value, calculated by PTW
based on the motor’s size, rpm, and so on. Ifd@not know the motor's moment of
inertia, you may use this default value. Otheryésger the motor's moment of inertia.
In this example use the default value of 34.89F5D.

For the controller, select “Full Voltage”.

The“Save As Default” and“Get Default Setting” functions are designed make the
process of assigning motor, load, and controllenfaltiple TMS cases easier.

“Save As Default” button

When the user clicks on this button, all the infation in the "Models" tab page will

be save as the default settings for the selectédrnthese values will be used
whenever the user assigns the same motor to @mgxisise or onto a new case for the
project.

“Get Default Setting” button
When the user clicks on this button, all the infation in the "Models" tab page will
be filled in by the default settings.

We now need to assign the motor model and load mdaedo this, click on the
“Library” button.

~”



186 SKM Power*Tools for Windows

19. Select the Typical Graphical Motor model as shoetolw and click on the “Apply”
button.

S
- e

20. Select 100 HP 1800 RMP Fan load from the Exponldnbiad library as shown below
and click on the “Apply” button.

e
e

Click on the “Close” button.
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21. Now, click on the “Dynamic Events” tab. When ydick on “Dynamic Events” tab
the following window will show up. This is wherety can specify also the dynamic
event for the motor selected.

Each motor represented dynamically in TMS can Bggaed its own initial status and
starting or tripping event. For this example, wetife initial status is “Off Line”, enter
1.0 for the Event Time (in seconds), select thet 84ator radial button under Time
Dependent Event, and press the Create Event b@tiok.on the “Apply” and then the
“OK” button to continue.

22. You should now have one event showing for Cas¢lidiTMS — Study Case View
windows as shown in figure below. Click on the Ruton at the bottom of the
window to run the TMS study.
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23. Select the Run button on the TMS Study dialog wimdaccepting the default report
name and setup options.
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24. Review the Study Messages to verify that therenarerrors. If errors exist you may
need to review the steps used to assign the motbload models or to define the
event. When successful, select the Close buttdrpeoteed with the tutorial.

25. Select the Plot button at the bottom of the TMSud$-Case View Windows and click
New on the TMS — Plot dialog as shown in the figueéow.
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26. Select the Motor Speed plot for motor MTRI-0001lickCon the Bus tab and select the
Bus Voltage plot for BUS-0001 as shown in the fegbelow.

27. A real handy function to compare different conditids to copy the case, make minor
changes and run the new case. For this exampléliveake a new Case to start the
motor using a different type of starter. To beti@ process, change the name of Casel
to Full Voltage as shown in the figure below. Teés be accomplished by clicking on
the name twice (slowly), or using tase>Renamenenu option.



SKM Power*Tools for Windows 191

28. With the Full Voltage Case selected, click on yoght mouse button and select the
Copy function as shown in the figure below.

29. Click on the Study Folder, Studyl first with thé lmouse button then with the right
mouse button, and select the Paste option as sinaive figure below.
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30. Rename the new Case to “Auto TX" to differentiattam the Full Voltage case.
Right mouse click on MTRI-0001 under “Auto TX” caged then select “Model Setup
and Dynamic Events..”

31. On the window that comes up select the “Auto Traumér” as the controller. As
shown below, set the tap to 0.85, the control fondio Time, and the time to 15
seconds.

Click on the “Apply” button and then click on th@K" button.
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32. With the “Auto TX” case selected, click on the Rurtton. TMS will run the case that
is selected. Accept the default report name atgpsoptions.

33. When the study is complete, review the Study Messaliplog to make sure there are
no errors. If there are errors, review the presisteps related to input and setup.
Close the Study Messages dialog to view the results
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34. With the “Auto TX “ Case selected, select the Mdspeed plot option and notice that
it starts slower than the first case. With the t&AUiX” case, the motor starts at about
13.0 seconds, whereas in the “Full Voltage” case ntotor starts at about 8.5 seconds.
Click on the Bus tab and select the Bus VoltagéfploBUS-0001. You can now see
from the plot that with the “Auto TX” case, the texje drop on “Bus-0001" is not as
severe.

To change the style of the plot from for printisglect thePlot>Properties>menu.

Then click on the “Graph Color” Tab and in the Vieg/Style section, select
“Monochrome+Symbol” option. Click on the “Apply'hd then the “OK” button. You
should see a plot that resembles the one belowreTdre many features under the Plot
menu where you can customize the display optiodssame your default configuration.

This completes the Transient Motor Starting tutorieor more information on
selecting different starter types or adding newanahd load models to the library,
refer to the TMS Reference Guide on the PTW CD.
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Make sure that you completed Tutorial - Part 1 essfully before beginning this section.

This section demonstrates how to simulate harmoomtent and distortion within the
power system.

Before we begin the Harmonic analysis simulatioa,nged to make sure your tutorl
project is in the correct state. If you have rmhpleted the CAPTOR protective
coordination tutorial, your one-line will not digiyl the protective device symbols. The
protective devices are not required for this tatlorif you have not completed the
Transient Motor Starting (TMS) tutorial, follow tliest two steps in the TMS section to
add a 100 HP Induction motor to your one-line.

To begin our Harmonic Analysis simulation, we fingted to assign a harmonic source
profile to motors or loads. For our example wd add the harmonic source profile to
motor MTRI-0001 as if we were evaluating the impafatising a variable-speed drive.

1. From the one-line, double-click on motor MTRI-008i.that it appears in the
Component Editor as shown in the figure below. ify¢hat the motor status is
Running.
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2. Choose the Harmonic Source Subview and click o itiary button as shown in the
figure below.

o &

Select Motor Harmonic Source Subview and Click Libr  ary Button

3. Select the Typical 6 Pulse IGBT harmonic sourceehadd click on the Apply button.
This model defines the harmonic content for MTROD@ised in the harmonic
analysis. The selected library model should apjpetite Component Editor as shown
in the figure below. Close the Select Model windoveontinue.
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4. Selectthe Run>Harmonic Analysis (HIWAVE) menu item as shown below.

Select Run>Harmonic Analysis (HIWAVE) Function

5. The Select Components dialog window will appeahis™ialog is used to select the
Buses where you want to store harmonic voltagedish results; and branches where
you want to store harmonic current distortion resul

Select Components window
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6. For our small example we will select all of the ésisso double-click on each bus or
select the buses and use the [>>] transfer buffd® buses should move from the
Available Buses to the Selected Buses list as shiowre figure below.

Select the Buses to Store Voltage Distortion Result  s.
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7. Follow the same process for the Branches. Sinsastla small project, select all of the
branches as shown in the figure below. When sefexare complete, click OK.

Select Branches to store Current Distortion Results

8. The HIWAVE Study-Case-Plot Window will appear witie selected buses and
branches listed under Casel. With Casel seleadiekion the Run button at the
bottom of the Window. This will run the harmonicadysis for the current system and
store the results in Casel.

HI_WAVE Study — Case View Window
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9. The HIWAVE Study setup dialog window will appeareva you can specify report
names and select different study options. Forakénple, select the default settings
and click on the Run button.

HIWAVE Study Setup Dialog.

10. Review the Study Messages Window to confirm theeena fatal errors. If errors
exist, review the previous steps to help identihatwou may have missed. To
continue, close the Study Messages Window by clgckin the Close button.
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11. After the study runs and results are stored in Casach bus and branch listed under

12.

Casel will have a check box. Double-Click on theak box for transformer XF2-
0002 and cable CBL-0001 and the distortion plot aplpear as shown below. Notice
that the current through cable CBL-0001 is shiftéith respect to the current through
transformer XF2-0002. This is caused by the 30ekgphase shift of the Delta-Wye
transformer connection.

P
P

Current Distortion for cable CBL-0001 and transform er XF2-0002.

Next we will make another case to compare resoitthe system with and without a
capacitor. Click on Casel first with the left meudmitton, then with the right mouse
button. Select the Copy function in the pop-up mas shown below.

&

Copy Casel
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13. Click on the Study folder first with the left mouisetton and then with the right mouse
button. Select the Paste option in the pop-up nasrahown in figure below.

&

Paste copy of Casel in to Study folder.

14. Return to the one-line diagram. Stretch BUS-000dsitioning the cursor just past
the right edge of the bus. Move the cursor unthanges to a Left and Right arrow
(re-size cursor). When you have the re-size cudigpiayed, hold down your left
mouse button and drag the cursor to the rights Wil extend the bus. Next, select a
new capacitor symbol from the toolbar and attath BUS-0002 as shown below. If
you cannot locate the capacitor symbol, make $wé-iiter toolbar is enabled on the

View>Toolbars menu.

New Capacitor Bank

Add Capacitor to BUS-0002
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15. After you have attached the capacitor to BUS-0@@2ple click on the capacitor
symbol to recall the Component Editor. From thenBonent Editor, click on the
Filter Design button as shown in the figure below.

Select Filter Design Button to Size Capacitor

16. Enter 100 kVAR in the Capacitor Bank Design windamd click on OK. This will
convert the capacitor KVAR entry into micro-faramsthe Filter subview.

Specify 100 kVAR Capacitor in Design Window.
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17. Return to HIWAVE Study Screen. If you closed thadew previously, use the
Run>Harmonic Analysis (HIWAVE) menu option to recall the HIWAVE screen.
Select Case?2 as shown in the figure below and pinesRun button. It's OK if results
from Casel are still shown in the graph.

@D/vSelect Case2 in HIWAVE Study-Case View

18. In practice, you may want to change the report n@nmeatch the case description,
however for this sample accept the default repames and press the Run button to
run the simulation for Case2.

Run Harmonic Simulation for Case2.
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19. Review the Study Messages dialog to make sure #rerro errors and press the close
button to continue.

Review Study Messages Dialog.

20. Select BUS-0002 from Casel and from Case2 to carthartwo cases. Notice that
the 13" harmonic is much more pronounced in Case?2 tharritCasel. This is
caused by the capacitor that was added in Casegel&xrt any other components that
may be displayed so that only BUS-0002 in CaselBi#8-0002 in Case2 are shown.

7

-

Fig. 15. Compare Results from Different Cases.
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21. Click your left mouse in the bottom plot window atiitk on the Graph button until
the Scan Magnitude plot appears. Re-size the wisdo enlarge the Scan Magnitude
plot. Notice that the impedance for Case? is \amye at the 18harmonic, which acts
to amplify the 1% harmonic currents present in the system.

Frequency Scan Plot Comparison for BUS-0002.

22. As the final exercise we will change the capaditoa single-tuned filter. Return to the
Component Editor and select the capacitor FLTR-00DAange the Type field from
Capacitor Bank to Single Tuned Filter as showranftgure below.

Change Capacitor FLTR-0001 to Single Tuned Filter.
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23. Click on the Filter Design button and change thenttaic Order to Tune to 4.8. ltis
common to tune the filters to a value just beloe/ost dominant frequency.
Although our system has a resonance at tHehABmonic, our 6-pluse harmonic source
has predominantlysand 7 harmonics. After entering 4.8 in the harmonicesrd
click the OK button.

rd

Tune to 4.8 harmonic order.

24. Return to the HIWAVE Study Window, Copy Case?2 aagtP the copy into folder
Studyl. The copy/paste function will create a oeage called Case3. If you need
help, refer back to steps 12 and 13. Select CassBown below, and click on the Run
button. Click Run on the HIWAVE Study Setup screed close the Study Messages
Window after the study is complete.

/'

/

Run Case3.
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25. Select BUS-0002 from Casel and Case3 and unchgaltlaer selections. The filter
reduces the impedance at tHelarmonic to near zero and the remaining impedance
values are less than the original case without#ipacitor. The resonance condition
from the capacitor is eliminated by creating ttiefi

/'

/'

Frequency Scan Plot Comparing Casel and Case3.

26. Results from the harmonic simulation can also Bpldiyed on the one-line diagram
using the datablock feature. Navigate back tdthe-line diagram and select the
Run>Datablock Format menu item as shown in the figure below.

Run the Datablock Format Display Option
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27. Select the Harmonics Datablock Format as shownpellick on the Apply button to
apply the datablock and click on the Close buttoodntinue.

Select Harmonics Datablock Format

28. The results from the last harmonic simulation wél displayed and your screen should
be similar to the one shown in the figure below.

One-line with Harmonics Datablock.
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29. The harmonic simulation also generates detailedrtephat can be viewed and
printed. To view and print the report, selectEreument>Reportmenu and then
click on the “Text Report” button.

/

Recall Harmonic Report.

30. In the Open dialog window, select the Hiwave.ra, fivhich was the default report
name specified when we ran the HIWAVE simulatiamg aress the Open button.

Open HIWAVE Report
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31. The report will display the total voltage and cutrdistortion throughout the system in
different levels of detail. The total voltage digton summary format is shown the
figure below.

Summary Report for Voltage Distortion.

This completes the tutorial for the Harmonic An@éysodule, HIWAVE. For a discussion
on the HIWAVE program and how to add new harmobigarses to the library, refer to the
HIWAVE reference manual on the CD.
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Make sure that you completed Tutorial - Part 1 essfully before beginning this section.

This section demonstrates how to use the I*SIMsiet stability module. The primary
focus of transient stability is to evaluate thefpenance and stability of local generation
under changing loads, operating configurations,ahdr system disturbances.

Before we begin the Transient Stability simulatioe, need to make sure your tutorial
project is in the correct state. If you have nahpteted the CAPTOR protective
coordination tutorial, your one-line will not digiyl the protective device symbols. The
protective devices are not required for this tatlorif you have not completed the
Transient Motor Starting (TMS) or HIWAVE tutoridbllow the first two steps in the TMS
tutorial section to add a 100 HP Induction motoyaar one-line.

If you already completed the HIWAVE harmonic anaytsitorial, you will first need to
delete the filter/capacitor FLTR-0001 by followistgps 1 — 2. If you have not run the
HIWAVE harmonic analysis tutorial, you can skipstep 3.

1. Navigate to the One-line and select the filter/cétpa FLTR-0001. Use the
Component>Destroymenu item as shown in the figure below, to detiete
component from the project database.

Destroy (Delete) Filter/Capacitor FLTR-0001 added i n HIWAVE Tutorial
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2. Click on the OK button to confirm the component &g (Delete) function.

OK to Confirm Component Destroy (Delete) Command.

3. Stretch BUS-0002 to make room to add a generat@obitioning the cursor just past
the right edge of the bus. Move the cursor unthanges to a Left and Right arrow
(re-size cursor). When you have the re-size cudispiayed, hold down your left
mouse button and drag the cursor to the rights Wil extend the bus. Next, select
the New Generator icon and attach the generat®tJ®-0002 as shown in below.

Add New Generator to BUS-0002.
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4. Double-click on the generator GEN-0001 symbol &ptiy the generator in the
Component Editor. Enter a Rated Size of 1000 kgAlzown in below.

>

Enter 1000 kVA for the Generator Rated Size.

5. Change the Generator Schedule to PQ and enter 48nkM20 kVAR as shown in the
figure below. For the transient simulation, the B8 kVAR entries are only initial
conditions. The actual generator performancehltontrolled by detailed models of
the generator, governor, and exciter.

4_@'_@
)

Specify generator initial conditions.
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6. Select theRun>Industrial Simulation (ISIM) menu item as shown below.

Run Industrial Simulation (ISIM) Setup

7. The first time into ISIM, the Select Component Wimdwill automatically appear. If
it does not appear use tBase>Select Componentsienu item until the Select
Components window shown in the figure below.
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Select Components for I*SIM

8. Select Gen-0001 and UTIL-0001 and transfer them fitee Available Sources column
to the Selected Sources column. You can tratiséen by double-clicking on each, or
by selecting them and using the [>>] transfer butto

Select GEN-0001 and UTIL-0001.

9. Select the Motor tab and transfer Motor MTRI-0001he Selected Motors column as
shown below. This identified that we will be assigy a dynamic model to this motor
rather than representing the motor as a constadtifothe simulation.
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Select Motor MTRI-0001.

10. Select the Bus tab and transfer BUS-0001, BUS-0BOIB-0003 and BUS-0004 to
the Selected Buses column as shown in the figuowben a larger system you select
only the buses where you want to store and didplgyoltage and frequency.

Select Buses to Report and Store Simulation Results

11. Select the Branch tab and transfer all of the cahtel transformers to the Selected
Branches column as shown below. In a larger systefact only the branches where
you want to report and store current and powerdlduwing the simulation.
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12.

13.

Select branches for reporting.

When finished selecting components, close the S€emponents window by clicking
on the Close button. The ISIM Study-Case View mailiiappear as shown in the
figure below. This is primary ISIM interface whexe will assign dynamic models
and events and display the simulation results.

ISIM Study-Case View.

Double-click on Generator GEN-0001 from the Cas&t1 The Source Model Setup &
Dynamic Events windows will appear as shown bel@lick on the Library button to
select the machine, exciter and governor modelthfsigenerator.

e 7

Open Generator Model Setup and Event window.
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14. Select the Round Rotor Gas Turbine model and dickhe Apply button as shown in
the figure below.

@>/:\pply the Round Rotor Gas Turbine Unit model

15. Click on the Exciter Model and Apply the 1979 IEEffpe 1 Exciter as shown in the
figure below.

oxd

&

@ Apply the 1979 IEEE Type 1 Exciter

16. Select the Turbine Governor Model and Apply the €ahUse entry as shown below.
After applying the Governor Model, close the setectvindow by clicking on the
Close button.

o C

@/:\pply General Use Governor Model.
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17. The three library selections you made should nopeapon the ISIM Source Model
Setup Window. Click on the OK button to continue.

Review Library Selections for Generator GEN-0001.

18. Double-click on Utility UTIL-0001 from Casel to ags a dynamic model and click
on the Library button as shown in the figure below.

A

Select Library Model for Utility UTIL-0001.
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19. A Utility can be represented as a large generatasa@n infinite bus. For this
simulation select the Infinite Machine entry trebased on the Infinite Bus model.
When using an infinite bus model, you do not naeéxiter or governor. After
applying the Infinite Machine selection, press @iese button to continue.

A
A7

Apply Infinite Machine Selection to Utility UTIL-00  01.

20. Verify that the Infinite Machine selection is diapéd as the Machine Model for UTIL-
0001 as shown below. Press the OK button to coatin

Verify Machine Model Selection for UTIL-0001.
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21. For the motor in this tutorial, we are going toateea custom model. Select the
Document>Library menu item as shown in the figure below.

Open PTW Library Document to Create Custom Motor Mo  del.

22. Open the Ptw.lib file stored in the \PTW32\LIB feldby selecting it from the list, then
click on the Open button as shown below.

Open Ptw.lib library file.
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23. Select the ISIM Library category and click on theymbol to expand the list.

/

Select ISIM Library

24. Select the Induction Motor Model category from I8&M Library list as shown in the
figure below.

Select Induction Motor Model Category.
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25. Click your right mouse button on the right halftbé Library window and select the
New option from the pop-up menu shown below.

/

Select New from Right-Mouse pop-up menu.

26. Select the Double Cage flux level induction motadel and press OK to continue.

Select Double Cage Flux Level Induction Motor model



SKM Power*Tools for Windows 229

27. A new model with a default name and typical valwdkappear as shown below.
Select the Motor Parameter Estimation button towate custom parameters.

"

Select the Motor Parameter Estimation button.

28. Enter the desired values for motor current, torajue power factor as shown below
and press the Calculate button. This estimatinbgenerates motor model
parameters, and calculates current, torque andrdaat®r values from the model.
Weighting factors can be used to help match theetbgalues. For our example, the
estimated model is sufficient without adjusting tieighting factors. Verify that your
Actual values are similar to those shown below pimgs OK to continue.

A

Use the Parameter Estimation to Generate a Custom M otor Model.



230

SKM Power*Tools for Windows

29. Change the name for your model to 100 HP Motohasva below.

30.

/

Change the name for your custom motor model.

Change the Inertia constant for your motor to #18,Load damping factor 2.0, and the
Nominal Torque to —0.9 as shown in below. The Idachping factor controls the
shape of the load torque curve, the Inertia constaiines the inertia of the motor and
the load, and the nominal torque defines the riatad torque. For more detalils, refer
to the on-line help or ISIM reference manual. Cltteewindow to continue.

—

/

Change Inertia Constant, Load Damping Factor and N ominal Torque
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31. Close the library and return to the ISIM — Studys€&iew. Double-click on motor
MTRI-0001 in Studyl to open the Model Setup disgdsghown below. Click on the
Library button to pick a motor model from the libya

Open Model Setup Window for Motor MTRI-0001.

32. Select the 100 HP Motor model we added to therjoaad click on the Apply button.
Click on the Close button to continue.

Apply 100 HP Motor model to MTRI-0001.



232 SKM Power*Tools for Windows

33. Double-click on BUS-0001 in Casel to open the Busl® Setup & Dynamic Events
window. Click on the Apply Fault radial button aedter 0.1 seconds in the Event
Time field. Click on the Create Event button tuesthe event.

- ®

/9

Fig. 16. Apply a Fault condition at BUS-0001.

34. Click on the Clear Fault radial button and ent@38.seconds in the Event Time field
to represent an 8-cycle fault at 60 Hz. SelecQteate Event button to save the event.
Select the OK button to close the Setup windowamdinue.

s

Add event to clear fault at 0.233 seconds.
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35. Double-click on UTIL-0001 in Casel to open the $euvodel Setup & Event
Window as shown below. Select the Trip Generadial button and enter 0.233
seconds in the Event Time field. This will trigetbitility off-line when the fault is
cleared simulating isolation from the Utility undault conditions. Press the Create
Event button to save the event. Press the OKbattgontinue.

®/'

®

Add Event to Trip Utility at 0.233 Seconds.

36. Double-click on MTRI-0001 in Casel to open the Md8ietup and Event Window.
Click on the “Dynamic Events” Tab. Click on thef@ine radial button under Initial
Status. Click on the Start Motor radial button an¢ker 5.0 seconds in the Event Time
Window. This event will simulate starting or rexsing the motor after losing the
Utility. Press the Create Event button to saveetient. Press the OK button to

/@
g SO

Set Event to Start Motor MTRI-0001 at 5 Seconds.
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37. Select Casel and verify that the 4 events appesraagn below. Put checks in the
plot channels for GEN-0001 and UTIL-0001 as shotthe bottom of the figure

below. These selections represent the paraméegraiill be saved during the ISIM
simulation.

/

N

Verify Event List and Specify Plot Variables to be Saved.

38. Select the Motor tab and add checks to the mot@npeters as shown at the bottom of
the figure below.

AN

Select Motor Parameters to calculate and save.
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39. Select the Bus Tab and add checks to store th&/Bitsge and Bus Frequency for the
buses as shown below. Click the Run button togedavith the simulation.

Bus Parameters to calculate and save.

40. Change the Maximum Simulation Time to 50 Secondshas/n below. Click on the
Run button to begin the simulation.

Set the Simulation Time and Run Simulation.
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41. Review the Study Messages dialog to confirm thezena errors and close dialog to
continue.

N

Review Study Messages.

42. Select the Graph button and check the GEN-0001d5pegiation option as shown in
the figure below.

Speed Deviation plot for GEN-0001.
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43. Select the Bus Tab and check the Bus Voltage feel8US-0002 as shown in the
figure below. You can see the voltage drop to @ean when the fault occurs, a
voltage drop when the motor starts and a transiesit-voltage condition when the

motor reaches full speed.

Add Bus Voltage for BUS-0002 to Plot.

You can define any number of graphs and plot amylyar of different variables on a single
plot. You can also compare plot results from défe cases on a single plot. Refer to the
I*SIM Users guide and Reference manual on the PTOMA additional information.
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= 1 &

Make sure that you completed Tutorial - Part 1 sasfully before beginning this section.
This section demonstrates how to perform singlesplzand unbalanced three-phase
calculations.

Before we begin this section, you need to make yome tutorial project is in the correct
state. If you have not completed the CAPTOR proteaoordination tutorial, your one-
line will not display the protective device symhalsich is okay. You should destroy any
extra components added specifically for the HI_WAMB*SIM portions of this tutorial.
Remember to use tli@omponent>Destroyfunction rather than Component>Remove,
which simply hides components on the one-line avekd't delete them from the project
database. The system should contain only theviaitp components:

Base Project for Single-Phase and Unbalanced 3-Phas e Module.
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To begin, we will run the unbalanced calculationgtee balanced system for comparison.

1. Select theRun>Unbalanced/Single Phase Studiess shown below.

Run the Unbalanced/Single Phase Studies.

2. Check the Demand Load (DL), Load Flow (LF), and @oshensive Fault (SC) study
options, and click on the Run button.

Run the Selected Studies
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3. Check for errors in the Study Dialog Output Window.

~

Review the Output Windows for Errors and Warnings

4. From the One-line, select tRRun>Datablock Format menu option as shown.

Select Single-Phase Distribution Cable
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5. Select the UB_LF Current datablock option and ctiokthe Apply button. Click on
the Close button to close the window.

O
e
A

Apply the UB_LF Current Datablock

6. Results from the Unbalanced Load Flow study wilbdimplayed. Since the system is
balanced, phase A, B and C are equal and mataieshé#ts from the balanced study.

Specify Cable as Phase A Only
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7. To simulate an unbalanced condition, let's assuraewe lose one phase of cable
CBL-0001. The load remains constant but power fphiase A is lost. Uncheck Phase
A for cable CBL-0001 as shown below.

Uncheck Phase A for cable CBL-0001.

8. Select theRun>Unbalanced/Single Phase Studigsenu to re-run the unbalanced
studies.
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9. Confirm that the Demand Load, Load Flow and Comgnelve Fault studies are
selected and click on the Run button.

Run the Datablock Format Option

10. Check for fatal errors in the Study Dialog Outpundbw.

~
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11. With the one-line diagram active, seléwt Run>Datablock Formatmenu item.

Run the Datablock Format Option

12. Select the UB_LF Current format then click on thgply button followed by the Close
button. This will apply the selected datablocltte one-line and close the selection
window.

O
od
A

Apply the Unbalanced Load Flow Current Datablock Fo  rmat.
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13. The current in cable CBL-0001 is split betweenrdmaining B and C phase
conductors. The currents upstream split througtDlta-Wye transformations and
are displayed as a complex magnitude and angkas@Inote that no assumption is
made whether or not the motor or load will contitm@perate under this condition.
As with a balanced load flow, the unbalanced Idag fepresents one instant in time
with loads represented as constant kVA, constaméctior constant impedance.

Phase Currents Displayed in Datablocks
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14. Similarly, sequence currents can be displayedecs#teRun>Datablock Format
menu item as shown.

Run the Datablock Format Option

15. Select the UB Sequence Currents format then clicthe Apply button followed by
the Close button. This will apply the selectechbifick to the one-line and close the

selection window.

Apply the Unbalanced Sequence Current Datablock For  mat.
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16. The positive, negative and zero sequence currehtserdisplayed as shown below.
Under balanced conditions, the negative and zeqoesee currents will be zero,
however under this unbalanced condition negatigeiesece currents exist. Knowing
the possible negative sequence current under nambalanced operating conditions,
abnormal unbalanced conditions and unbalanceddaatiitions are needed to set
negative sequence relays for proper coordination.

Sequence Currents Displayed in Datablocks
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17. The Unbalanced/Single Phase studies can be usgautate any combination of
single-phase, two-phase and three-phase distribgjistems. In addition to
applications in Rural Utilities, City Distributiomnd unbalanced industrial operating
conditions, it is useful for single phase distribatin commercial and light industrial
applications. For a simple example, we will exp#ralexisting project to include a
single-phase transformer where we can evaluatinact from the single-phase loads
and calculate the fault currents. Stretch BUS-08@2 add a transformer (XF2-0003),
bus (BUS-0005) and load (LOAD-0002) as shown.

Add Transformer, Bus and Load to Project One-line.
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18. Double-click on transformer XF2-0003 from the omeslor scroll through the
component list in the Component Editor to editttia@sformer data.

Select Transformer XF2-0003 in the Component Editor

19. Click on the Library Button and select the TypiPalle Mount Single-phase
Transformer from the Transformer Library. Click e Apply button to apply the
selection and the Close button to close the libnanglow.

/

Select the Single-phase Pole Mount Transformer from the Library
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20. Select the 100 kVA Size as shown.

Select 100 kVA for the Nominal Size.

21. Select the Single Phase Mid Tap Option and eneesdicondary transformer and bus
voltage as 240 Volts (L-L). This will provide 120L-N volts on the secondary. The
same mid-tap transformer can be used to provide/244Q volts.

[/

Select Single Phase Mid Tap Option and enter 240 L- L Voltage.
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22. Double-click on load LOAD-0002 on the one-lineotick the “All” radial button on
the Component Editor and scroll down to LOAD-00@&hter 100 Amps for the Rated
Size and uncheck Phase B and C (leaving only Phabecked).

NN

AN

Select Load LOAD-0002 and enter 100 Amps on Phase A

23. Select the Run Unbalanced/Single Phase Studies itesnu

Run the Unbalanced/Single Phase Studies.
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24. Select the Demand Load, Load Flow and Comprehef&ué Options and click the
Run button.

/V
/V
/V

Select AB Phase Specification

25. Review the Output dialog window to make sure ttageeno fatal errors then click the

close button. If errors are reported, click thewiError button, correct the errors and
re-run the studies before continuing.

Review the Output Messages for Errors.
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26. From the one-line diagram, select Ren>Datablock Format option to display
selected output results on the one-line.

™~

Run Datablock Format Option.

27. Select the UB_LF Current format, click on the Applytton to display the selection
and click on the Close button to close the window.

Apply the UB_LF Current Datablock.
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28. The phase currents given the unbalanced opendingitton and the new single-phase
transformer and load should be displayed.

Load Flow Phase Currents Displayed in Datablocks.

Repeat the process to display the Unbalanced Slingl¢éo ground fault currents.
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29. From the one-line diagram , select fen>Datablock Format option.

AN

Run Datablock Format Option.

30. Select thaJB_SC-SLGformat, click on theédpply button to display the selection and
click on theClosebutton to close the window.

Apply the UB_SC-SLG Datablock.
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31. The phase currents given the unbalanced opendingitton and the new single-phase
transformer and load should be displayed.

Phase A to Ground Fault Current Displayed in Databl  ocks.
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An option to display study results is to use thanfatted Crystal Reports. To view a report,
go to theDocument>Reportmenu. Next, click on the “Crystal Report” buttasnown
below.

Select the Unbalanced-Single Phase / Load FlovadlElow A,B,C Phases Report.

Load Flow Crystal Report Selection
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Double clicking on Load Flow A,B,C Phases.rpt willen the report as shown.

Phase A to Ground Fault Current Displayed in Databl  ocks.

Use the  button to move to the next page, and the followayprt will appear.

/

The Crystal Reports can be printed directly or dauea variety of formats. This
completes the Single-Phase/Unbalanced module ‘&ltori
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Reliability Analysis Objectives

The Reliability study module provides the followiagalysis for distribution power
systems:

o Load Point Reliability Indices calculation

o Protection Zone Reliability Indices calculation

o Utility System Evaluation

o Distribution System Evaluation

The Load Point Reliability includes the followingices for each load and motor in the
system:

o MTBF mean time between failure, MTBF = MTTF + MRT
o Failure Rate failures per year

o MTTF mean time to failure (1)), or years per failure

o0 Annual Outage Time total hours of downtime per year

o MTTR average outage time, or average downtimdgikere
o0 Annual Availability% (1 - total outage hours perayé 8760) * 100

o EENS expected energy not supplied per year

o ECOST total damage cost in k$ per year due torés

The Protection Zone Reliability includes the follagy IEEE indices for each protection
zone in the system:

o SAIFI system average interruption frequency index
(interruptions/customer-year)

o SAIDI system average interruption duration indeaurs/customer-yr.)

o CAIDI customer average interruption frequencyexdhours/customer-
interruption)

0 ASAI average service availability index

o ASUI average service unavailability index

o EENS expected energy not supplied index (kWh/year

o AENS average energy not supplied (kWh/customer}yea

o ECOST total damage cost in k$ per year due tarfsl

The Utility System Evaluation includes the follogiaspects of the utility portion of the
system:

o Installed Cost equipment costs

o0 Operation switching and lockout complexity

0 Reliability probability of failure and mean time tepair

o Expansion process that must be shutdown for maintsnand expansion
o0 Recovery capacity to isolate from supply line fault

capacity to recover from equipment and bus faults
capacity to recover from breaker failures
o Evaluation overall system evaluation
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To calculate the load point reliability and protentzone reliability indices, you need to
collect information such as equipment failure ragstoration time. For utility and
distribution systems evaluation, you need to knosvdystem configurations, equipment
costs, and whether spare equipments are availalletoand most importantly, the costs of
power outage.

To predict the system reliability at a future tirttgg program estimates the failure rate and
restoration time at the year of evaluation baseHistorical data. Enter the historical
failure rate and restoration time in the Customelid®ility Data library and Year Installed
for the components of interests in the ComponeitbEdand Evaluation Year in the study
setup. The program will come up with a mathematiaresentation of failure rate and
restoration time as a function of (Year Evaluatéear Installed). The predicted failure
rate and restoration time at the evaluation yeliheiused in the calculation of reliability
indices and cost evaluations.

Reliability Analysis Study Scope

The reliability analysis is designed to cover dttion and industrial systems. Loop
systems with multiple utilities and co-generationrges can be analyzed. In addition to
calculating all the standard IEEE indices, this mecemphasizes risk assessment and
design evaluations of industrial facilities wheEEE indices don't give you a straight
forward comparison on the initial investment v& tlost impact from loss of production.

Reliability Analysis Module vs. Other Study Modules in PTW

Like all other study modules in PTW, the relialyilinalysis module uses the same project
database and one-lines, and has access to allsbtisrresults such as load flow, short
circuit and protective device coordination settjrgs.

Similar to TMS, ISIM, and HIWAVE, the reliabilityraalysis module has its own Study-
Case Tree to manage different studies for easyetiah of alternatives. One scenario
could be as simple as running the study with thenirnto repair a motor at failure, while
another scenario could be to keep a spare motoreguhalce it at failure. The calculated
reliability indices and costs from two differenes@rios can be compared and quantitative
trade-off can be made.

The Concept of a Zone

A zone is a portion of the power system within whécfault would cause the first upstream
protective device to trip and isolate the entiraezérom the system. Basically, any
protective device (except a fuse) and the dowrastrgystem that use it as the primary
protection make up a zone. A fuse is not consitidre main protection device for a zone
since it can’'t be switched on and off manually.
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A new Reliability Data sub-view is added to eacmponent type in PTW to gather basic
information such as failure rate, restore time,igaent cost, year installed, etc. Make sure
that you complete PTW Tutorial - Part 1, Part 2] Biart 3 before beginning this section.
The next steps demonstrate how to enter reliabviigted data in the component editor.

1. Since a fuse without a switch can not be tlmamy zone protection, the first step is to
add a switch as shown below (PD-0005). Also atti/8HV Breaker (PD-0006).

\

primary protection zone|

Add switch to define ‘

v\l Add HV/MV Breaker |
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2. Select the Reliability Data sub-view of UtilityTIL-0001 from the Component Editor,
press the Library button and double click the “tjti- IEEE — Single circuit” from the
Customer Reliability Data library. The permaneiluire rate and restoration time will be
displayed from the library. Alternatively, you cgpe in custom values directly.

3. Select the Reliability Data sub-view of Tramafer, XF2-0001 from the Component
Editor, press the Library button and double clio& tTransformer (IEEE)-601-15000V”
from the Customer Reliability Data library. Theranent Failure Rate and Repair Time
will be filled in from the library. Alternativelyyou can type in the values directly. Enter
the Replace Time, Equipment Cost, and the Yeaallestas shown.
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4. Select the Reliability Data sub-view of XF2-@0f@om the Component Editor, press the
Library button and double click the “Transforme@03KVA -10 MVA, ERM RAM” from
the customer reliability data library. The Permarfeailure Rate and Repair Time will be
filled in from the library. Alternatively, you caype in the values instead of using the
library data.

Enter the Replace Time, Equipment Cost, and ehéelear Installed as shown.
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5. Select the Reliability Data sub-view of CabBLE0001 from the Component Editor,
press the Library button to bring up the custoriabglity data library and double click the
“Cable, 600V Tray-ERM RAM” from the library. Thegermanent failure rate and repair
time will be filled in from the library.

The cable has another permanent failure rate astdregion time for each termination of
each phase. In the following example, the permigfiadore rate is 0.004 and the cable
termination (each end) data is entered as 0.0900.1 For example, if the cable is 3 phase
with 5 conductors per phase, the total permandntdarate of the cable would be (0.004 +
3 *2*0.0001).

The switching time is used to simulate a disconsedtch. It is assumed that there is a
disconnect switch for each branch. When therefésith somewhere in the zone, the main
protection device for the zone will trip, then tisconnect switch will open to isolate the
fault. After that, the main protection device valbse to restore power for the rest of the
zone. The switching time represents the totad fintakes for these actions to take place.
For branches where no disconnect mechanism isrgresger a switching time equal to the
repair time.
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6. Select the Reliability Data sub-view of LOAD@¥0from the Component Editor, press
the Library button for Customer Damage Function EEBnd double click the “Type2,
Industrial” from the library. A table listing tteost related to each failure duration will be
filled in from the CDF library. Move to the relidity data section and press the library
button to select “Heater, Electric, General” frdm Custom Reliability Data library, enter
the number of customers as 1.
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7. Select the Reliability Data sub-view of ProteetDevice PD-0001 from the Component
Editor, press the Library button for Custom ReligéypData and double click the “Fuse, 5-
15kV-PREP” from the library. The Permanent Fa&lRate and Repair Time will be filled
in from the library. Enter the Equipment Cost afehr Installed.

There are six protective devices in this projelte data for all six devices follows:

Device Library Failure Repair Equipment Year
Rate Time Cost Installed
(failures/year) (hours) (k$)
PD-0001 Fuse, 5-15kV-PREP 0.0007 0.5 0.22 9901
PD-0002 Protective Relays-IEEE 0.0002 5 7.5 1990
PD-0003 Circuit Breaker LV-IEEE 0.0027 4 8.7 1990
PD-0004 Circuit Breaker LV-IEEE 0.0027 4 14 1990
PD-0005 Disconnect Switch-IEEE 0.0061 3.6 50. 1990
PD-0006 Circuit Breaker MV-IEEE 0.0036 83.1 .ao 1990

Select each protective device and enter the rétiabiata for each. This completes the
data entry portion of the tutorial. The next sattivill outline the study setup options.
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After defining the reliability data for each of themponents in the component editor, the
next step is to setup a reliability study. Sthe Reliability Analysis module by selecting
the Reliability Analysis from the Run menu, or bnggsing the toolbar icon.

Once you start the Reliability Analysis module, thikowing study manager appears with a
default study named “Studyl”. You can rename # toore descriptive name.

Selecting each different folder/icon on the lefathaide will bring up its corresponding
context on the right hand side. For example, selgthe root of the tree will show a list

all major aspects of study results for all studiethis project, selecting the Study folder

will show major results in the current study ordglecting Reliability Analysis under the
study will lists all reliability related indicesnd selecting Cost Evaluation under the study
will lists all cost related evaluation results.n& we haven't run the study yet, there are no
results listed under the Load Point Indices Resuli&EE Indices Results folders.
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Reliability Study Setup

The reliability study setup contains the followistydy parameters:

(0]

Disconnect Switches

Disconnect switches allows restoration of all Ip@éhts between the supply point
and the point of isolation before the repair pradess been completed. The
option assumes that you have a disconnect switttctin isolate each problem
area and can re-energize the unaffected areasitigxdd control can be achieved
by setting the repair and switching times apprdplyafor each branch.

Include Load Reliability

If Include Load Reliability is checked, the relibityi analysis will include failure
rate and restoration time of all loads and moteithé Load Point Indices
calculations.

Replace or Repair Transformers

Corresponding replace or repair time entered floencomponent editor will be
used in the calculations. This is a global settorgall transformers in the project
for the current study. If you would like to sefesv transformers to use the replace
time while all other transformers are using thearepme as set in the global
setting, you will need to select them in the Cusfaetting Components list and
make changes from there.

Fuse Settings

Fuses allow disconnection of its load point urhité failure is repaired. Thus will
not affect or cause the disconnection of any dtbext point. The Failure
Probability of fuse is the chance of fuse not baihtg to operate successfully. If
the failure probability is 0.1, the fuses operaiescessfully 9 out of 10 times
when required. The Isolation Time of fuse is theetit takes for all failures to be
isolated.
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Alternative Supply
In the event of a system failure, the normally opetbreaker can be closed in
order to recover loads that have been disconnected.

Transfer Load Probability

It is not always feasible to transfer all loads twe lost in a distribution system
onto another feeder through a normally open po#itloads that are lost will be
transferred if the probability is 1.0. The Tramdfead Probability is active only
when the Alternative Supply option is selected.

Age Factor

The Customer Reliability Data library allows youeoter the historical data for
failure rate and restoration time for each yeghapast. A curve fitting program
is used to define a mathematical representatiofaftlure rate and restoration time
as a function relative to the year installed.hH tnclude Age Multiplying Factor is
checked, the Evaluation Year field can be entered

and the Reliability Analysis program will use theakiation year and year installed
to adjust the failure rates and repair times. Ba@bility Data Library for more
information.

Evaluation Year
Enter a current or future year you want to caleutatiability and related costs.
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The Study setup parameters apply to all comporiettke project for the particular study.
If you have parameters that need to be specifi¢iieatomponent level, you can use the
“Select Components” menu to add these componentetiCustom Setting Components”
list, and change the settings individually. Foample, repair times are used by default for

all loads and motors. But you can select LOAD-0@6d change it to use the replace time
instead.
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Once the study setup parameters are set and ttwarcestting components are selected and
settings are set, you are ready to select the “Rutton to run the study.

To run a study, select any folder under the studyanyou would like to analyze and
simply press the “Run” button on the bottom leftrer of the reliability study tree.
Alternatively, you can select “Run Study” under feliability menu or the right mouse
menu.

The load point indices and IEEE indices will becatdted and the study progress/log
report will be listed under the study setup outpimdow. Any input data errors and
warnings will be reported in this window for yowview. It is highly recommended that
you resolve all errors and understand all warnbefsre proceeding to the indice results.

If you made changes on the study setup parametexsstom component settings within
each study, it may be useful to setup a few diffestudies for comparison and run them in
one action. To run all studies in the projectestthe root of the reliability study manager
tree and simply press the “Run” button on the botteft corner, or select the “Run Study”
menu option.

If you make change on the system topology fronmothe-line or change data from the
component editor from one study to another, thanare using different studies just to
keep track of output results. In this case, yaughrun each study right after the changes
are made and do not run all studies in one action.
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The Load Point Reliability includes the followingdices for each load and motor in the
system. Definitions for the indices follow. Madtthem come from the IEEE Standard
493-1997 Gold Book - “Design of Reliable Industaad Commercial Power Systems”:

(0]

MTBF The mean exposure time between consecutieda of a
component. It can be estimated by dividing theosupe time by the number of
failures in that period, provided that a sufficienimber of failures have occurred
in that period. MTBF = MTTF + MTTR

Failure Rate The mean number of failures of a carapbper unit exposure
time. Usually exposure time is expressed in yaatsfailure rate is given in
failures per year.

MTTF Mean time to failure (1/), or years per failure

Annual Outage Time: Total hours per year when apmrant or system is not
available to properly perform its intended functiure to some event directly
associated with that component or system.

MTTR The mean-time to repair or replace a failethponent. It can
be estimated by dividing the summation of repaies by the number of repairs,
and, therefore, it is practically the average nepiaie.

Availability The long-term average fraction of tirtieat a component or
system is in service and satisfactorily performitsgntended function.

Annual Availability% (1 - Annual Outage Time / 8760100, 8760 | the total
hours per year.

EENS Expected energy (kWh) not supplied per year.
ECOST Total damage cost in thousands of dolléB¥ fler year due to
failures.

ECOST =c(r)* P* 4

c(r): cost which depending on the outage time ($/kiis can be obtained from
Customer damage function (CDF) of each load.
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The IEEE Reliability Indices include the followimgdices for each protective device in the
system.

0 System Average Interruption Frequency Index, SAifterruptions/customer-yr.)

wherel i is the failure rate and; the number of customers of load point i.

0 System Average Interruption Duration Index, SAlBb(rs/customer-yr.)

where U is the annual outage time angis\the number of customers of load point
i.

o Customer Average Interruption Frequency Index, QARDurs/customer-
interruption)

o0 Average Service Availability Index, ASAI
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Average Service Unavailability Index, ASUI

ASTIF — customer hours of unavailable service 1
customar howrs demanded

Expected Energy Not Supplied Index, ENS (kWh/yr.)
ENS = total energy not supplied by the system = Z LUy

where L, ) is the average load connected to load point i.

Average Energy not Supplied, AENS (kWh/customey-yr.

where Ly is the average load connected to load point i.

FOOST =c(ry* P* A
c(r): cost which depending on the outage time ($/kiis can be obtained from
Customer damage function(CDF) of each load.
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The economic analysis for cost-reliability evaloatcannot be considered in a general
sense. Most of the reasons and justificationsremeagerial decisions that can only be
made based on your business goals. However, liabiliey analysis conducted in Part 3
and Part 4 should provide you with one of the nmogbrtant input parameters in your
decision making process. The basis for the metised in the program for utility and
distribution system evaluation comes from IEEE pape PCIC 2000-02 “Improvements

in Modeling and Evaluation of Electrical Power ®ystReliability” by John E. Propst and
Daniel R. Doan. Combining the reliability indicegh these system evaluation methods
bring reliability and cost considerations togetimean easy to manage, scenario-based tool
to help you make decisions effectively.

Utility System Configurations

Selecting the “Utility System Installed Cost” undie “Cost Evaluation” folder will bring

up the following dialog for you to select a utilgystem configuration. There are 7 choices
ranging from the simplest (least expensive, anstlegdiable) Single Source, Single
Transformer, to the most complex (most expensind,raost reliable) Dual Source, Dual
Transformer with Ring Bus configuration. As yolest a different configuration, a sample
one-line next to the selection will show its badsign.

Refer to John E. Propst and Daniel R. Doan’s p&genore detail on the cost-reliability
trade-off for these configurations.
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Utility System Installed Cost - Single Source, Single Transformer

Select single source, single transformer, and thgrpm will fill in the equipment required
for this configuration, the cost for each pieceeqfiipment, and the total cost for the utility

portion of the system.

Customize the a Default Configuration

You can customize what'’s in each default configaraby entering new equipment with the
cost and number of each. Once you choose “SavieeAglate”, the list will be saved as
the new default. The next time you choose theeseonfiguration, you will see your
customized equipment list and pricing for the tytibortion of the system.
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Utility System Evaluation - Single Source, Single Transformer

Once the utility system configuration is selectad the installed cost is known, you can
proceed to the “Utility System Evaluation” foldemder the study. Select one of the
following 3 types of default weighting factors apigkss OK.

Each type of default weighting factor emphasizéfedint aspects that affect the decision.
The default weighting factors come from Tables &nd 7 of John E. Propst and Daniel R.
Doan’s paper.

Adjust the “Value” and “Weights %" for each asp#wt affects the system evaluation,
based on the particular needs of your businesgstera. The total system value is 140 in
the configuration. This is a relative value todeenpared with other proposed
configurations.
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You can customize “Value” and “Weights %” in eaafault configuration by modifying
them and choosing “Save As Template”.

Copy, Paste and Rename a Study

To compare the simple configuration you selectel @imore complex one, rename the
study “studyl” we just created to “Single SRC-TX dicking on the study name (two
single clicks), or by using the “Rename” featu@nirthe menu item. Then “Copy” the
study and select the root of the tree to “Paste’stindy. The copy and paste functions are
available from the Right Mouse menu and also froenEdit menu. Notice that you are not
allowed to paste a study under another study, yast paste with the main Root

(Reliability Analysis) selected. Rename the stydy just copied to “Dual SRC-TX, Ring
Bus”. You should see two different study foldeispthyed as follows:

Utility System Installed Cost - Dual Source, Dual Transformer with Ring
Bus

Click on the “Config.” button and select the “D&dburce, Dual Transformer with Ring
Bus” utility system configuration for the new stydynd overwrite the old evaluation data.
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You can see that the total utility system cost geainfrom $880,000 for the single source,
single transformer case to $ 2,670,000 for the doatce, dual transformer with ring bus
case.

Once again, select the “Reliability Dominated Wéiigdi’ as the default weighting factors
for the new study and press OK.
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Utility System Evaluation - Dual Source, Dual Transformer with Ring Bus

Proceed to the “Utility System Evaluation” folderder the “Dual SRC-TX, Ring Bus”
study to adjust the “Value” and “Weights%” for eaaspect that affect the system value.

Utility System Evaluation - Result Comparisons

After an increase of capital investing from k$880 the single source, single transformer
case to k$2670 for the dual source, dual transfowita ring bus case, how much have we
improved in terms of system reliability, maintaifidyp, recovery, and operability? The
Study shows that the “System Evaluation value”eéased from 140 to 230. Remember
that these are relative numbers to help you compaaéitative factors in a quantitative
manner.

For more in-depth discussion on the weighting fectmd financial risk using this
evaluation model, refer to IEEE paper No. PCIC 20@20Improvements in Modeling and
Evaluation of Electrical Power System Reliabilityy John E. Propst and Daniel R. Doan.
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Select the “Distribution System Installed Cost” enthe “Cost Evaluation” folder will
bring up the following dialog to select a Distrilmut system configuration. There are 8
choices ranging from the simple radial (least espenand least reliable) to the most
complex (most expensive and most reliable) Douhis/Breaker Primary Selective
configuration. As you select a different configioa, a one-line next to the selection will
show its general design. Alternatively, you caiidba detailed one-line that includes the
entire distribution system.

Distribution System Installed Cost - Single Radial

Under the “Distribution System Installed Cost” fetdbf “Single SRC-TX”, choose “Single
Radial” and press OK. The following table will a&v as the typical single radial
distribution system installed cost list.
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Distribution System Installed Cost — Load Data From Database

The most useful option on top of the 8 fixed coufaions is “Load Data from Database”.
Once you select this option, the check box “Auta&yData with Database” will be
enabled.

The Distribution System Installed Cost folder witiow all equipments/devices in this
project with the cost of each (including whetharthis a spare or not) reading from the
components you entered in the project databasgoulthoose to let the program
automatically synchronize the data, the distributitstalled cost list becomes read only.
Any changes made to project (add/destroy compopenthange cost data from
component editor) will be updated to the distribatinstalled cost list automatically.
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Distribution System Evaluation - Single Radial

Proceed to the “Distribution System Evaluation’tied under study “Single SRC-TX".
Select the “Reliability Dominated Weighting” as tthefault “Value” and “Weights%”.

Also click on the “Config.” Button and select “SitepRadial”. The following distribution
system evaluation results will appear. Again, gan customize the distribution installed
cost list or the distribution system evaluation Mabnd Weights % in each default
configuration by making your modifications and chimg “Save As Template”.
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Distribution System Installed Cost - Dual Supply Radial with Tie Breaker

For the purpose of comparison, select “Dual SuRagial with Tie Breaker” as the
distribution system configuration for the “Dual SR®&, Ring Bus” study folder, and
choose the “Reliability Dominated Weighting” option

You will get the following distribution system ewualtion results. Comparison of the two
distribution system configurations “Single Radiatid “Dual Supply Radial with Tie
Breaker” show that the installed cost jumps frorBX30 to k$3088, and the overall system
evaluation value improved from 128 to 268.
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To display the custom damage function library, gelébrary under the Document menu
and choose the PTW Library. The custom damagedi@mtibrary is part of the PTW
library under the Reliability folder.

Al |l library related features you have learned frother library types apply here. These
include copy, paste with in the same library omisen different libraries, etc.
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A typical custom damage function library follow&ach row in the table represents failure
duration and its associated cost per kW for natdpable to supply power to the load. The
table shows for longer failure durations, cost rimeyease. For example, in some process
facilities, the costs from a short loss of powelrba minimal, but a for longer power
losses the lost product costs could be extremeiela

The advantage of having such a user definablerlitafows you to model your plant
accurately. You can select the same library foloads with the same characteristic. If
you need to modify or update your damage functjon, can simply change the library
without changing any of the loads.
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The custom reliability data library is right negtthe custom damage function library. A
long list of existing library entries is shippedtiwthe program. Most data comes from
IEEE papers including: “Survey of Reliability andrdilability Information for Power
Distribution, Power Generation, and HYAC CompondatsCommercial, Industrial, and
Utility Installations” by Peyton S. Hale and Rob&tArno. The libraries are completely
user-definable and should be updated as more le@talata pertinent to your own industry
becomes available.



SKM Power*Tools for Windows 289

The custom reliability data for all equipment ty@ee kept in the same library. There are
no sub-categories to distinguish them. It is tfeeeimportant that you enter a meaningful
name and description for each entry.

The Failure Rate Units are useful only for cabled tansmission lines that have a length

in the component. Pi-equivalents using a singte oo pipe type library also have a length
in the component to adjust the selected failure vait. For all other components, choose
no unit, which simply means failures per year feg tomponent.

The failure rate aging factor equation is definsd a
Failure Rate Aging Factor =s&5 + CX* + GX® + G&X? + X1 + G

The total failure rate is calculated as:
Total Failure Rate = Failure Rate * Multiplying Fac* Failure Rate Aging Factor

The repair time aging factor equation is defined as
Repair Time Aging Factor =485 + CX* + GX3 + &X? + G X1 + G

The total repair time is calculated as:
Total Repair Time = Failure Rate * Multiplying Fact* Repair Time Aging Factor

The parameterssCCs, Gs, G, Ci, Goare disabled because they are calculated from
historical data entered on the “Failure Rate Adtagtor” page, and “Repair Time Aging
Factor” page. If no historical data are enteredhen?? and 3 pages, these parameters
will be enabled for the user to enter.
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Enter the Year (number of years in service) andstciated Failure Rate in the table. The
longer the equipment has been in service, the fit@ly it is going to fail in most cases.

The aging factor can also be used to adjust fderifit levels of maintenance and
environmental factors. Choose a Fitting Model tmlfa set of equation parameters that
would best fit the original data. In the followiegample, we choose a 3-Order fitting
model, which implies that{and Gare zero. The original data is plotted in blue, ¢hrve
fitting result is plotted in red, and the calcuthteing factor equation parameters are
displayed.



SKM Power*Tools for Windows 291

Enter the Year (number of years in service) andssociated Repair Time in the table.
The equipment may not necessarily take longergaireven though it has been in service
longer. Choose a Fitting Model to find a set afiaipn parameters that best fit the original
data. In the following example, we chose a 2-Ofitiéeng model, which implies that4>C4
and Gare zero. The original data are plotted in blbe,durve fitting result is plotted in
red, and the calculated aging factor equation petars are displayed.

This completes the Reliability section of the Tidbr
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0
8 + 8

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

This section describes functions that will incregser efficiency with the PTW software.
Topics include Customizing the One-line diagramsniitng Queries; Applying Custom
Datablocks; Making Custom Symbols; Adding User-Defi Fields; Project Backup,
Managing Multiple Scenarios, Cloning and Copyingr@onent Data, Using Project
Templates, and Exporting One-Lines and TCC Drawing#is section provides a simple
over-view of several important features and corgepor more detailed information about
any of the topics, refer to the Users Guide ancReice Manuals supplied on the PTW
CD.

Project Options

1. The Project menu lets you set project-related ogtiorhere is a function to make a
copy of your project. There is another option tkma backup copy of your project.
Project>Copy Ascopies only the project files, wherd@mject>Backup makes a
copy of your project, library, datablocks and casforms necessary for someone else
to use your project. There is also an option togaéwo projects together. To explore
additional options, select th&roject>Options menu item.

Project Options.



SKM Power*Tools for Windows 293

2. UnderProject>Options there are several categories listed in the Oicoups. Scan
through the option groups to familiarize yourseitftwthe capabilities. For example,
the Application group is used to specify ANSI/IERdeEnglish/Metric formats for the
input screens and symbols. The One-Line grougés tio specify fonts for component
names and datablocks, select default symbol rotati@ntation, bus and connection
line thickness and default symbol assignments ewstin the figure below.

Project One-Line Options

3. TheProject>Options Library group is used to specify the librariesduar each
project. Each project can reference its own cudioraries or share common libraries.

Project Library Specification
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4. The TCC Option Group is used to specify defaulorsitime and current axis ranges,
reference voltage and current scale, use of fauteot, grid density, color and line
style as shown in the figure below. Most of thep@ons are default settings that can
be over-ridden for each individual TCC drawing.

Project Options for CC Defaults.

Document Export

1. Any one-line diagram or TCC drawing can be expotte?MF and DXF files for
inclusion in Word documents and CAD drawings. Xpaet a drawing, open the one-

line or TCC drawing you wish to export and chods=Document>Export option as
shown in the figure below

Document>Export Option
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One-line diagrams, TCC drawings, schedules andt®pan be exported to DXF,
Enhanced Metafile and Clipboard formats. When ipleltdocuments are selected for
export, the file names will match the document navitlk the export format extension.

Form Print

1.

Another important feature to understand is the FBrint capability. This feature
allows you to print multiple documents on a single-defined form. For example, you
can print a one-line diagram, TCC drawing, Titledd and Company Logo all on the
same page with a single function. To define a ftem or change an existing form,
select theddocument>Form Layout option shown below.
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2. To edit an existing form, select the form descaopti Buttons are also available to add
new forms, delete existing forms, rename formsydopms, and import forms.

Edit Printing Forms

3. The tabs across the top of the Form Edit windowuaeal to define the page size,
assign the document types and areas on the patjepyatom settings for each
document type. The print form shownBrror! Reference source not found.
includes areas for a TCC drawing, One-line diagazuh Title block.

Print Forms Area definition.
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4. Customization options for the TCC area are showselow. The options include
specifications for grid density, fonts, colors, gias, datablocks, and many other
parameters.

TCC Area Specification in Print Forms.

5. An example of the Print Form output is shown infigare below. In this form, the
TCC drawing, One-line diagram and Title-block apedfied. Datablocks are turned-
on for the TCC drawing and.
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Custom Symbol Creation

1. Custom systems can be added to the one-line sylihbaty using the Symbol
Generator program. Select the Symbols Generator flom the PTW Program Group

Refer to the PTW Users Guide for more details.

Custom Datablock Formats

1. With any one-line open and in focus, selectRum>Datablock Format option as
shown below.

Datablock Format Definitions
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2. To add a new datablock format, select the “Newtdmts shown below.

Create New Datablock Format

3. Enter a new format name, for example, type My Farsashown below. The
datablock format can display any combination obdatlds for each component type.
For this example, we will display the initial symimeal three-phase fault current at
each bus.

Enter Name for new Datablock Format
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4. Select Bus under Component Type (this is the dBfablext select the InitSymRMS
3P option in the Available Attributes column. Click the “Add to End” button to
transfer the field to the Displayed Attributes acolu With InitSymRMS 3P selected in
the Displayed Attributes column, change the Attrébliemplate to Isc 3P %1.0
%2mps. This will display the description Isc 3Hriont of the fault value at each bus.
The %1.0 will display the fault value with no digjiteyond the decimal place, and the
units will be displayed as Amps. %?2 is the pladgéofor the Units of the selected
field. %a will append multiple datablock fields arcontinuous line rather than
plotting each field on a separate line. When cetepliclick on the OK button.

/

Edit Attribute Template

5.  With your new format definition selected, click thre Apply button to apply your
datablock to the one-line. Click on the Close dmutb close the Datablock Format
selection window.

Apply Datablock Form



SKM Power*Tools for Windows 301

6. The three-phase symmetrical fault current shouldisglayed on your one-line along
with the attribute template text as shown in tigeife below. Datablocks can be
displayed on One-line diagrams, TCC drawings artiéenComponent Editor.

Datablock Format display on One-line.

7. For datablock fields that are calculated from thbalanced calculations, such as load
flow current, you can choose vector specificatifvomn Phase Summation, Maximum
phase, ABC Phases, AB, BC, CA, A, B, or C Phases.

Datablock Format display on One-line.
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8. You can also choose from Real and Imaginary, Madeiand Angle, Magnitude and
Power Factor, or Magnitude only formats.

Datablock Format display on One-line.

One additional customization option is to appendtipia datablock fields to a single line.
In the following example, note that the %a in thteilaute template field indicates that the
following field will be appended to the same lin@. this case the Quantity per Phase and
the Size will be displayed on the same line indatablock.
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Custom Queries

1. With the Component Editor open and in focus, seleeRun>Query option as shown
in the figure below.

Run Query in Component Editor

2. Select the pre-defined query “All 2 Winding Transfers”. Click on the Run button
to run the query and the Close button the clos&inery window.

Run the Query and Close the Window
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All of the transformers in the project will appeéathe Component Editor list as shown
in the figure below. The queries allow you to selny group of components that

match a specific set of criteria. For large prtgethe queries are very useful. Note
that you can run a query on a one-line diagrameds w

Results from Query displayed in Component Editor.

4. Next we will use the results from the query wittaablock format to create a
transformer list. Select tHeun>Datablock Format menu item as shown below.

Run Datablock Format in Component Editor
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5. Select a pre-defined format called “Input Data’lickon the Apply button to apply
the datablock and click on the Close button toethe Datablock window.

Apply the Input Data Format

6. Select the Run Datablock Report option to genexagread-sheet style report for the
selected transformers. The datablock report wgppldy information only the
components listed in the Component Editor

Run Datablock Report.
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7. The fields specified in the datablock format appear spreadsheet format as shown in
the figure below. In practice, you will make yawn datablock format to include
Component Name and Connected Bus when generatiagsformer list, cable list or
transformer list. The datablock format we seleated designed for the one-line or
Component Editor display where you visually seecin@ponent name and connected
bus.

Datablock Report

User Defined Database Fields

1. Custom database fields can be added to the PT\¥qirdgtabase. These fields can be
used to keep track of part numbers, serial numirestgllation dates, maintenance
schedules, replacement costs and any other infammgadu may want to store. The
custom database fields are added usindPtogect>Options>User Defined Fieldsas
displayed in the figure below.

User-Defined Fields
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2. Custom fields can include text, numbers, dateggior currency. The user-defined
fields can be used in Queries and Datablocks ikestskandard PTW fields.

User-Defined Fields
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Component Clone

1. One of the most useful time-saving features in F$\We Component Clone option.
Component Clone makes a copy of a selected groaproponents, assigning new
names to the components and copying the data assigrthe original components.

To use the clone feature, select the group of corapts you want to clone as shown in
the figure below.

Select components for cloning.
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2. Use theComponent>Clonemenu item and a new set of the selected compondhts
appear as shown in the figure below.

Clone the Selected Components.
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3. With the new components highlighted, position yoursor over the top of one of the
symbols (until the 4 arrow cursor appears), depttesseft mouse button and drag the
selected components to an empty space on the mmednce the components are in

position, you can release the left mouse buttoonn@ct the new group of components
as shown in the figure below.

Position and Connect the new components.
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Copy Data / Paste Data

1. The Copy Data / Paste Data function can save yoel When entering component data.
For example, select transformer XF2-0003 on thelimeeand use the
Component>Copy Datacommand as shown on below. You can then selecbtuey
transformer or group of transformers and usedbmponent>Pastecommand. The

information entered for transformer XF2-0003 wil bopied to the selected
transformers.

Select component to copy data from.
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Default Project Data

1. When new components are added to a project, defatdtis assigned to the
component from the “Default Project”. The defaqribject is installed in the Library
folder and read from the Miscellaneous Files patitHication. The location of the
default project is in C:\PTW32\lib\Default. Thefdelt project contains one of each
component type. You can edit the default projecpecify default values that will
minimize data entry when building a new projecbu¥tan also assigh new data to the
default project using thEomponent>Saveas Default menu item.

Default Component Data in Default Project.
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Template Files

Another time saving concept is to use templategatsjrather than a blank project when
creating a new project. A template project corggroups of components and data that are
typical for new projects you will likely work on.

Template Example

Let's say from the Demo project you wanted the “QH” branch to be a template so that
you can use all the components in that branchhergirojects.

1. Open up the “Demo” project and open the “Overal:done-line file.

2. Select the “CBL1 B” branch so that it is highligtite



314 SKM Power*Tools for Windows

3. Click on the one-line drop-down menu and then séleemplate”

4. The template window similar to the one below wihwe up.
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Here, you can click on the new folder to createlddr where you want to put the
new template in. You can name the new folder “Dembhen, in the “Demo”
folder, you can click on the “create” button, arane it “CBL1B Branch”. This
will create the new template name “CBL1B Branchttia DEMO folder. See
below. Click on “exit” button to exit out of themplate window.

You can now use this template to any other prdfeattyou have.

To use the newly created template, you can opeamyproject (Plant from our
example)

In the “Plant” project, you can open up the “Maisdrdrw” one-line file.

Click on the one-line drop-down menu and then séleemplate”
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9. A window similar to the one below will be displaie

>

10. Select the template named “CBL1B Branch” and tHexk on the paste button.

11. This will create the “CBL1B Branch” branch in thelaindraw.drw” one-line of
the plant project.

12. This new “CBL1B Branch” will have the same infornoat as the one from the
Demo project
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Assign to Toolbar Button...
This button allow user to create template copy@amste shortcuts.

1) Click on the template you desire to create a shortc

2) Click “Assign to toolbar Button...” and assign youmjglate to any number from
0-9 then click ok

3) Right click on the toolbar > select “Template”
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4) You should see the following toolbar appear

Click on the light up yellow number “1” to pastestbhortcut template to your
project.
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Scenario Manager and Data Visualizer

Now that you're comfortable developing PTW projectsining studies on those projects,
and analyzing the projects’ data, you're readyntwéase your productivity and
sophistication in PTW by learning how to use “Scaw”

What is a Scenario?
To explain what a “Scenario” is, we'll offer a tggi situation you might find yourself in:

Let’s say you've finished a PTW project that reprds a small manufacturing plant. One
day, the plant manager says he’d like to add ameter to the system, but has 4 different
possible places for it, and wants you to run a LBladv/Voltage Drop Study analyzing the
effects of the motor in each of these 4 differdates. Ideally, he'd like to install the motor
in the place where it'll cause the least amountaifage drop. One way to do this would be
to use PTW'roject>Copy Axommand and create 4 different copies of yourtiexjs
PTW project, then add the motor in each spot widlzioh of those 4 different projects, and
run the Load Flow/Voltage Drop study within eachttudse 4 projects. This approach
would certainly work, but would be very unwieldy—aaame you want to run the Load
Flow/Voltage Drop study on one of those 4 differprijects, you'd need to close the
project you're in, open the different project, ttve study, print out the study results, and
repeat the process for the next project.

Another way you might approach this problem wouddtds add the motor within your

current project at Possible Spot 1, run the studyint its results, then destroy the
component and add the motor again at PossibleZpoh the study and print its results,
then destroy the component, and so on. This methedates having to repeatedly open
and close projects, but it still requires the répeaata entry of component data, and leaves
the possibility that you may inadvertently messhgoriginal system you worked so hard

to design.

In both approaches to the problem, you're ablestatlye data you want, but after a fairly
tedious and lengthy process. Wouldn't it be nicgoifi could try out all these different
scenarios within your existing project? To be ablsee the Load Flow/Voltage Drop
results of the 4 different motor locations withdatving to make changes to the existing
system, and without having to switch between 4edéffit projects? And best of all, be able
to see the Load Flow/Voltage Drop results in alsispreadsheet with the results side-by-
side, rather than having to compare 4 separatéssbepaper?

This is exactly what Scenarios enable you to den8dos are just like copies of a PTW
project, except that they existthin your current project. Because they exist withiaryo
current project, they’re optimized for easy compani of study data, and for updating one
another with changes made to the system. TheylledcéScenarios” because they enable
you to perform “what if” scenarios on your curr@nbject to study the effects, batthout
forcing you to make any changes whatsoever to gristing project

What are the Scenario Manager and Data Visualizer?

You work with Scenarios in PTW using two tools, eenario Manager and the Data
Visualizer. Despite their different names, these t@ols complement one another,
providing the power and versatility of ScenariokeTirst tool, the Scenario Manager,
allows you to manage the different Scenarios, sisctreating and deleting them, renaming
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them, and switching between them. The second tle®IData Visualizer, provides a way to
view the differences in data between the Scendriosur previous example, where we
wanted to see the effects of adding a motor in e&dhdifferent locations, the Data
Visualizer lets us see the Load Flow/Voltage Dreguits in a spreadsheet, so that the
results of each of the locations appears in a coldrhe Data Visualizer lets us easily see
the differences among these scenarios at a glance

Create Scenarios in the Tutorial Project

1. Let’s begin by opening the Scenario Manager. Toxdpe Scenario Manager,
click theProjects>Scenario Managercommand:

_ _ The Base Project is the entire project
2. This opens the Scenario Manager: you've been working on, so it can't be
deleted.

To create a Scenario based on the
Base Project, we’ll Clone it.
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Notice how the “Scenarios” list currently showstjase Scenario, the “Base
Project.” The Base Project represents the entogpr that you're been working
on. Notice how thé®eletebutton is grayed out; that's because you canrletele
the Base Project. (Later, we will explain how yaun ceplace the Base Project
with one of your scenarios by using the “PromotBa&se” option; for the time
being, though, just remember that you must alway®ta Base Project.)

Scenariol
Now we will create a Scenario:

Create the Scenario and Make Changes to It

3. Let's create our first Scenario by cloning the BBseject. To do so, click the
“Clone” button. Notice how the Scenario Manager rehwows two Scenarios, the

“Base Project” and a new one called “Scenariol”:
After we clone the Base Project,
we see the clone appear with the
name “Scenariol.”

We'll switch to the Scenario by
clicking the “Activate and Exit”
button.
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4. With “Scenariol” highlighted, click thActivate and Exit button. The
Component Editor reappears, and initially it migaém like we've just returned to
the project we were working on. In actuality, thbugre're in a copy of the entire
project, and any changes we make to Scenavitbbnly appear in Scenariol and
not in the Base project

5. To prove this, let's try changing some data in &cierd. In the Component Editor,
switch to the cable component C1:

6. Change the Length from 100 Ft to 105 Ft



SKM Power*Tools for Windows 323

After you click Save, you'll notice that the fieldrns to a different color (by
default, the color it changes to is peach, butgamchoose whatever color you
want by using th@roject>Options>Application>Diffoption). This is PTW's
way of telling you that the field you just changegresents a departure from the
Base Project. In fact, any data field that you ¢jeawill indicate to you that it's
now different from the Base Project by changinthis color.

The color change indicates that
/ the field’s data is now different

from the data in the Base Project.

To summarize what we've done here, we've changedethgth of the cable
component C1 from 100 feet to 105 festhin Scenariol onlylf we go back to
the Base Project, we'll see that the cable compo@Gérstill shows a length of 100
feet. To switch back to the Base Project, clickRngject>Scenario Manager
command again:
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9. Next, highlight “Base Project” and click the “Actite and Exit” button:

10. Go to the cable component C1 in the Component Editd you'll see that it still
shows its length as 100 feet:

-
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11. As you can see, we now have 2 copies of the saajeqgbrthe Base Project, and
Scenariol. When we make a change to the data ima8o#, the change does not
affect the data in the Base Project. This givethegpower to experiment with
Scenariol and see how changes to it will affeabisration.

12. Let's make one more change to the data in Scendficst, open the Scenario
Manager again, highlight “Scenariol,” and click tAetivate and Exit button:

13. Next, switch to the utility component “Network Fdr”
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14. Change its Voltage from 1.000 to 0.95. Once agaitice how the field changes
color after you change the data, to indicate tisadata now differs from the data
in the Base Project.

Run a Load Flow/Voltage Drop Study on Scenariol
15. Now that we've modified Scenariol, let's run a Ldddw/Voltage Drop study on
both Scenariol and the Base Project, and companm@sults to see how the
changes we made will affect it. Click tRein>Balanced System Studies
command:

16. Select the “Load Flow” study option and click Run:

17. This runs the Load Flow/Voltage Drop study on Sciexia Now let’s the run
theLoad Flow/Voltage Drop study on the Base Projéctdo so, switch to the
Base Project by clickinBroject>Scenario Manager selecting “Base Project,”
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and clicking the “Activate and Exit” button.

18. Run the Load Flow/Voltage Drop study again as veeatiove. Since we've run
the Load Flow/Voltage Drop study on both the Basgdet and on Scenariol, we
now have Load Flow/Voltage Drop Study data avadablbe compared. We do
the data comparison using the Data Visualizer.

Analyze the Differences in the Data Visualizer
19. Open the Data Visualizer by clicking tB®cument>Data Visualizercommand:

20. This opens the Data Visualizer window:

21. The data which appears in the Data Visualizer wingodetermined by the
datablock which is currently applied. Since we wangee the results of the Load
Flow/Voltage Drop study, we’'ll apply the Load Flalatablock.

22. Click the Datablock button
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23. In the Datablock window, select the “Load Flow Datatablock format and click

Apply, then Close:

24. The Data Visualizer window will now show Load Fl&altage Drop data for the
Base Project:

25. However, we want to compare the results betweeBd#se Project and Scenariol.

To display both of them, click the Scenarios button
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26. In the window that appears, select both “Base tbgnd “Scenariol”, then click
the OK button. (Hint: In order to select both of tBcenarios, click one, hold
down the Ctrl key, and click the other one.)

27. Now we're getting somewhere! When the Data Vis@alizappears, we can see
the results of the Load Flow study side by sidekinmit easy to compare the
results:

A A
This column shows Load This column shows Load
Flow/Voltage Drop results Flow/Voltage Drop results
for the Base Project. for Scenariol.

28. Right now, we're just viewing the results for threbte component C1. If we want

to show all the components, click the Component®hu

29. In the window that appears, click the first bus Bald down the Shift key, and
select the last component in the list, then clitk O
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30. The Data Visualizer window will now show all theraponents and their study
data:

31. If we wanted to sort the data by the field insteflly the component name, we

click the Options button

32. In the Options window, select Attribute and clicKO
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33. When the Data Visualizer window reappears, the ddtaow be sorted by the
Field instead of by the component, and we canyessé all the % Voltage Drop
fields together:

Scenario 2
34. Now let’s create another scenario.
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Create the Scenario and Make Changes to It

35. Begin by opening the Scenario Manager by clickngject>Scenario Manager
This time we’re going to clone Scenariol, rathantblone the Base Project
(PTW lets you make clones of clones).

36. With “Scenariol” selected, click the Clone button. This creates a
new Scenario named “Scenario2”:

<

37. Let's rename this scenario to something more datbeel Click the Rename

button , and in the Rename window type the name “Energy
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Conservation Plan” and OK:

38. Now select our new “Energy Conservation Plan” sderend click Activate and
Exit, as shown following:

—
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39. Switch to the Component Editor. At this point, wadyowant to see the
components whose data differs from the data iBéee Project. The Component
Editor gives us a filter feature to do this. Taefilthe component list for just the
different components, select “Diff” from the dropwn list:

...the Component Editor filters for just the
components whose data differs from that in th
Base Project.

When we select
“Diffs”...

40. As you might recall, the cable component C1's Iangas 100 feet in the Base
Project, and we changed it to 105 feet in Scenatiothis scenario, we’ll change
it to 95 feet:
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41. Now switch to the utility component “Network FA&S you may recall, in the
Base Project we had entered 1.0 for the pu Voltage,in Scenariol we changed
it to 0.95. In this scenario, we’ll change it t®3-

«—

Run a Load Flow/Voltage Drop Study on Scenario2
42. Now let's run the Load Flow/Voltage Drop study tiistscenario so we have data
to compare with Scenariol and the Base Projeatk®un>Balanced System
Studies select just the “Load Flow” option, and click Run
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Analyze the Differences in the Data Visualizer

43. Now we can compare the Load Flow/Voltage Drop @&taveen the Base Project
and the two Scenarios. Click tBecument>Data Visualizercommand to open
the Data Visualizer window:

44. Click the “Scenarios” button, hold down the Ctri)kand select all 3 names:
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The Data Visualizer now shows Load Flow/Voltage p&tudy data for the Base Project,
Scenariol, and the Energy Conservation Plan:
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Global Change (Use Plant Project)

45. Open up the “Plant” project. Let's begin by openihe Scenario Manager. To
open the Scenario Manager, click fijects>Scenario Managercommand:

46. Let’s create our first Scenario by cloning the BBsgject. To do so, click the
“Clone” button. Notice how the Scenario Manager rehwows two Scenarios, the
“Base Project” and a new one called “Scenariol”:
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47. With “Scenariol” highlighted, click thActivate and Exit button.

48. Open the Data Visualizer by clicking tB®cument>Data Visualizercommand:

49. This opens the Data Visualizer window:

50. The data which appears in the Data Visualizer wingodetermined by the
datablock which is currently applied. Since we wantee the cable data input
information, we’'ll apply the “Input Data” datablock

51. Click the Datablock button

52. In the Datablock window, select the “Input Datatatdock format and click
Apply, then Close:
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53. Next click on the “Query” button and select “Allldas” and click on the “Run”
button.

54. This will list all the cables along with its inpdata block information.

55. Now click on the “Options” button and select “aditites” options. This will sort
the results by attributes

56. Click on the “Scenario” button and select both‘tBase” and “scenario 1”.
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This will show the information for both the Basadastenario 1.
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57. Select all the cables lengths in scenario 1, rigjbk your mouse and then select
“Global Change”

58. Select “Replace with” option and type in “100” lmetnew value field and click on
the “OK” button.

>

This will replace the length of the cables in “Sagol” to 100 feet.
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More Information about Using Scenarios

Here is some additional information about usingnaces:

The 3 Choices for Changes to the Base Project

When you look at the Scenario Manager window, yawstice that you're given 3 choices
for how changes made in the Base Project will affee scenarios:

These innocent-looking options is actually quitpartant, because they have a profound
effect on what will happen to your scenarios wheu gnake changes to the Base Project.

Earlier in this tutorial we made the statement thhinges made to Scenarios won't affect
your Base Project.” This is true, but the convetisat changes made to your Base Project
won't affect your Scenarios, isn't necessarily trdere’s how the 3 choices work:
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Option Explanation For Example
Promote When you make a | If you have
Base change to a Cable 1 (in Base Project)
Changes component in the | Length: 100 ft., Size: 600
Only to Base Project, that
Unmodified data will populate
Scenario up to all Scenarios
Fields only where data Cable 1 (in Scenariol)
hasn’t already
been changed Length: 50 ft., Size: 600
and you change the length of Cable 1 in the Basgé&trto 30
feet and the size to 225, the size of Cable 1 en&dolwill
change to 225, because its size has been unmofiifiecthe
value in the base, but the lengtfil not change to 30, becauseé
its length had already been modified from 100 to 50
Promote All | When you make a | If you have
Fields in the | changeto a Cable 1 (in Base Project)
Base component in the | Length: 100 ft., Size: 600
Component | Base Project, that
to All data will populate
Scenarios up to all Scenarios
even if the data has Cable 1 (in Scenariol)
been changed.
Length: 50 ft., Size: 600
and you change the length of Cable 1 in the Basgé&trto 30
feet and the size to 225, the size of Cable 1 en&go 1will
change to 225, and the lengtfil change to 30 feet, because
the selected option automatically pushes up alhges
regardless of whether they were modified in then&de or
not.
Do Not When you make a | If you have
Promote change to a Cable 1 (in Base Project)
Base component in the | Length: 100 ft., Size: 600
Changes to | Base Project, that
Scenarios data will not
populate up to any
Scenarios. Cable 1 (in Scenariol)

Length: 50 ft., Size: 600

and you change the length of Cable 1 in the Basgé&trto 30
feet and the size to 225, the size of Cable 1 en&go 1will
notchange, and its lengthill not change either. This is
because this option prevents any changes made Babe
Project to populate to any of the Scenarios.
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Below are some information on buttons and checkbofehe data visualizer window.

Components
The Components button will bring up the Componenistihg Dialog for you to select
components from any scenarios.

Scenarios

The Scenarios button will bring up a list of akktbxisting scenarios in this project, you can
multiple select the scenarios to be displayed éongarison and reporting. If a component
doesn't existing in all scenarios, the data fieldsbe blank out for the scenario in which
the component doesn't exists.

Options

The Options button will bring up a dialog for yaudhoose how the data will be layout —
By Component or By Attribute. If By Component lietchoice, all data field selected from
the Datablock format will be listed together untter same component, then move to the
next component. If By Attribute is the choice, @ifibute/data field of all components of
the same component type will be listed togethet,then move to the next attribute/data
field of the same component type. Furthermore,gaualso specify group color and color
for differences between base and scenarios.

Group Data By
Component
If By Component is the choice, all data field s&delcfrom the Datablock format
will be listed together under the same componéet) move to the next
component component type.

Attribute

If By Attribute is the choice, one attribute/daield of all components of the same
component type will be listed together, and thewento the next attribute/data
field of the same.
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Group Color
The Group Color section allows for easy distinguighof groups by the use of user
selectable colors. The two colors will alternagéween groups.

Color for Difference
Distinguish differences between the base projedtsaenarios through user selectable
colors. Selected Difference Color will apply ta@sponding Group Color.

Datablock
The Datablock button will bring up the Datablockat dialog for you to select an
existing datablock format to apply or to createea fiormat Format Editor dialog box.

Query

The Query button will bring up the standard Quesyrd the Query Editor Dialog for you
to select an existing query or to create a newyqu€omponents that matched the query
criteria can be merged with the ones already i yaw, or you could choose to replace
what you already have in the view.

Format

The scenarios, components, datablock format, aspmladi layout selected can be saved as a
Data Visualizer format. All saved formats aredéunder the Format list, the last applied
one will be re-applied once the Data Visualizetrlgsed and re-opened.

Min or Max Column

When either of the Min or Max radio button is sébel; a new column will be displayed
next to the last selected Scenario to show the iMaixi or Minimum value for all of the
respective fields among the selected Scenarios.

Show Difference

When "Show Difference" checkbox is checked, thisle fvalues that are different from the
base will have a different color. The colors carspecified in the "Options" window of the
Data Visualizer. See also Options (Data Visualizer

Show Comment
When "Show Comment" checkbox is checked, a newnwolwill be displayed next to the
last selected Scenario to show the value has cbdange
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Show Min/Max Color

When " Show Min/Max Color " checkbox is checkedd déime “Max” or “Min” option is
selected, those field values that have the Maxirauiinimum value for all of the
respective fields among the selected Scenarioshawe a different color. The colors can
be specified in the "Options" window of the DataWalizer. See also Options (Data
Visualizer). This will help identify which scenardid the maximum or minimum value
came from.

Additional Tips

Deleting a Scenario does NOT touch the Base Proj@tf you find that a
particular scenario is of no use anymore, you adetd it in the Scenario Manager
by selecting it and clicking thBeletebutton. This will not affect your Base
Project or any of your other scenarios; it onlyete$ the selected scenario.

Components added in a scenario are indicated usirthe same “Diff” color

Just as you can change component data in a scamatithose changes won't
affect the Base Project, you can also add andedetghponents in a scenario and
those added or deleted components also will netaffour base project. You can
tell if a component has been added in a scenadause its symbol in the
Component Editor will display a box around its sylusing the “Diffs” color
(peach by default) that's set in tReoject>Options>Application>Diffs option:

In the Data
Visualizer, a
component that
only exists in
some Scenarios
will appear as a
blank column in
the others. In this
example, cable
“CBL-0026"
exists in
Scenariol and
Scenario3, but not
in Scenario2 or
the Base Project.

The “Promote to Base” button in the Scenario Managewill replace the Base
Project with a Scenari@ When you click this button, it gives you the optain
making a backup copy of your Base Project. Thizeisause this option will
actually replace your Base Project with the setksteenario. Proceed with caution
when using this option! It's useful in those cas®ere you're absolutely certain
that a Scenario fits your needs best, or the egdiase Project is irrelevant or
out-of-date, and you want to promote a Scenarlmetgour new Base Project.



348 SKM Power*Tools for Windows

Database Utilities

In the rare event that a project database becoaraspted, database utilities are available
to recover and re-index the database files. Tessthe database utilities, close all projects
and use th@roject>Database UtilitiesOption:
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UNDO

UNDO feature is now available in the one-line dagrwith unlimited steps. Undo for
Destroy, Connect/Disconnect, etc. is also available

Let's say you have the one-line as shown aboveY U thenaccidentallydestroyed the highlighted

components.
You are then left with just the following You can click on the edit drop-down menu and
components. then select “Undo Destroy 5 components”.

The 5 objects that were accidentally destroyed
will be returned to the one-line and database
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Find component in any one-line or TCC

Find component in any one-line or TCC feature & awailable.

Let's say you are searching for a certain compoimeatproject that you know exists on
several one-lines and you want to quickly findritane of the one-lines. You can do the
following steps.

1) From the component editor, select the componentyesearching for.

2) Click on the Edit drop-down menu and then seleatdfkn One-line”

3) A window similar to the one below, which lists thee-line the component
belongs to, will then show up. From here, you salect the one-line that you
want to see the component in and then select thé kDtton.
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4) It will then open up the selected one-line windoithwhe component selected in
focus.

You can do the steps above similarly on any TCGdlgcting below:

You can also find any devices not in any one-ligeselecting below:
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Data State

New “Data State” drop-down list in Component Edidmid TCC to identify data entry
status including: Incomplete, Estimated, Compéete Verified. Users can query
components with "Incomplete” Data State and coetiwvark; or globally change the 'state’
of all selected components in the Data Visualizértoggle switch is provided on the One-
line Toolbar and View menu so the Data State Catarsbe turn on or off. Symbol Colors
will take effect when the Data State Colors is off.

Let’s say you are entering data for a couple ofanobmponents on a large project based

on estimated values. You then wanflég these motors as estimated values so that later on
you can quickly find them on the one-line and cdraek to them to enter in the exact

values. You can do the following steps.

1) In the component editor of the component that yaatvo flag, in the “Data
State” field, select “Estimated”.
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2) Inthe Project Options One-line Current Project Colors window, you can
select different colors for different state.

Select the color you
want for different state.

3) While the one-line that has the component you vigattive, click on the “Toggle

Data State Color” icon. W,

4) In the one-line, the color of the component youdfaggedas “Estimated” will show up with the
color that matches with what is specified in that®State Color” section, in the ProjecOptions
One-line Current Project Colors window.

In the one-line, that motor will have
the color that matches with what is
specified in the “Data State Color”
section, in the Project Options
One-line Current Project Colors
window.

e




354 SKM Power*Tools for Windows

Automatically Generate the Associated One-line
Diagram for the TCC Drawing by Using the “Go to
TCC” Feature.

To automatically generate the associated one-iegram for the TCC drawing by using
the “Go to TCC” feature, do the following:

1) Select an area from the one-line.

2) Click onWindow> Go To TCC Drawing command.



SKM Power*Tools for Windows 355

3) Enter a name for the TCC and click the “New’ button

4) The following dialog will prompt you with a choide create a new one-line.

Answer YES to allow PTW to automatically createvea one-line with the same
name as the TCC with the selected components tnermtain one-line. It will
also associate it with the new TCC. The new onealill have a .drw extension.
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5) A window similar to the one below will show up.
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Plotting Multiple Protection Function in the Same T CcC

Plotting multiple protection function in the sam&Q feature is now available.

To plot multiple protection function in the same @ @o the following:

1) Place the first function (Phase) in the TCC.

2) Then go to the Component menu, click “Existing” @etect the same protective
device.

3) Click on the “Function” button.
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4) In “Protection Functions” window, click on the “Néwutton. Next type in
“Ground” in the “Function Selected” field. The “@md” function name will then
show up in the second row. Also, make sure ti@theck box for the “Plotted in
TCC” for the second row is checked. Set the “Tyfoe"the second row to “over
current” and the sensor to “Neutral.” Click on taK” button.

Pl

>

5) Now, notice that on the left side of the TCC, thedtion name is now set to
“Ground”.
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6) Click on the “Library” button. Select and applyyaground fault device from the
Captor library.
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7) You will see both the phase and ground functiorthénsame TCC.

To turn off any function plotted on the TCC, young back to the “Protection
Functions” window and uncheck the correspondingttetl in TCC” column.
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Registry Entries (Error on Startup)

PTW Setup information and default application sgtiare stored in the Windows
Registry. An example of Registry Entries viewkbtigh the Windows REGEDIT
program follows:

A
separate set of Registry Settings is stored fdn €38V installation. The settings can be
found under HKEY_CURRENT_USER : Software : SKM &ys$ Analysis, Inc. The two
important items to be familiar with are the Profertup and Protection Settings.
ProjectStartup=1 remembers the state of the prajken you closed PTW. In rare
circumstances the remembered state may not beasadidvill cause an error on startup. If
you cannot open PTW and no meaningful messagsjiagied, set ProjectStartup=0 to
open PTW without any project. Protection=1 isddrardware key and Protection=2 is for
a software key. If you ever need to switch frore type of key to another, the Protection
setting must be changed.

An alternative to editing the Registry is to usgtiity program supplied with PTW that
deletes the PTW Registry entries and returns tleedefault values. The utility program is
called REGDEL.EXE and can be found in the PTW32\BiMer. The “Delete PTW32
Registry Key” utility program is also available wrdheStart>Power*Tools for

Windows menu. The RegDel utility has options to reseesgvcommon settings.
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On-Line Help

1. Familiarize yourself with the on-line help optionghe on-line help can provide
guidance in the efficient use of PTW. The on-liméphicon displays an arrow and
guestion mark as shown in the figure below.

On-Line Help \

2. The on-line help can be called from anywhere ingtegram and tries to bring up
relevant information to your location in the prograln the following example,
clicking the On-line help button while displayingretor in the Component Editor and
clicking the mouse anywhere on the Component Edéieves information about the
entry fields available for motor specification.

Select topic contents for help
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User’'s Guide and Reference Manuals on CD

In addition to the context sensitive on-line helgsomplete User’s guide and Reference
manuals in PDF format are supplied on the PTW CD.

The complete User’s guide and Reference manuédsased in the “DOCS” folder of the
PTW CD.

Files location: C:\PTW32\Doc



364 SKM Power*Tools for Windows

Managing Libraries

1. The key to managing libraries is the knowledge yloat can have multiple libraries
open and can copy and paste between them. Asdgnew entries to a library or
modify an existing library, you should mark therég with your initials or an
identifier. If you add a ~ at the beginning of thatalog Number field, clicking on the
Catalog No. heading will sort the entries by thescf. Entries beginning with ~ will
appear at the bottom of the list. This processasdtkeasier to identify the library
entries you've modified and copy them to otherdiies.

Identify and Sort Library Entries

2. To copy library entries from one library to anothepen the source library and a
destination library, highlight the library entriggu want to copy and use the
Device>Copyfunction as shown below. Next, position the dwgton library to the
category that matches the copied devices and ad2etvice>Pastanenu item.

Select library entries to copy
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3. ltis important to note that each project storesfarence to a specific library. The
projects can share a master library or refererioeal library customized for each
project. The project library is specified in tAeject>Options>Library menu as
shown below.

Library Specification for each Project

4. Upon completion of each project and at intermeditdges, you should use the
Project>Backup function to make a backup copy of your projeche Project Backup
feature copies your project and library files toeav folder that can be backed-up to a
different drive, floppy disk, CD, or other backugdia. The backup library contains
only the library entries used in the project.

Project Backup.
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Congratulations on Completing the PTW Tutorial:

Thank you for taking the time to complete the SKIW¥tutorial. Review the User’s
Guide and Reference Manuals supplied on the CI2 foore detailed description of PTW
features and application. If you have questioaswwere not answered in the tutorial or
reference materials, please contact the SKM TeahBigpport staff at (310) 698-4700.
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