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ETAP TIP - No. 010
Transient Stability — Relay Controlled Actions

Applicable ETAP Versions: 5.5.0, 5.5.5, 5.5.6
(For lower versions, some of the descriptions and procedures below may differ in some ways)

Asillugtrated in ETAP TIP — No. 009, the “ Events and Actions’ method requires pre-determine action times.

In power systems, many actions occur without any pre-acknowledgment, instead, they are controlled
by sensors and relays. For instance, a current relay (50/51) will trip off circuit breakers once the
measured current by relay exceeds a pre-set value. In another case, a voltage relay (27/59) can be
used to open or close circuit breakers based on its monitored voltage and comparison with an upper
and alower setting. These types of actions do not have a definite time of happening and are solely
dependent on the system dynamic responses and relay settings. In ETAP, the actions of relays can
be integrated in the transient stability to resemble the true power system real operating conditions.

Illustration:

Using the “Example-ANSI.oti” sample project, suppose that Utility “CB1” tripped off. After this event,
generator “ Genl” will beidanded and will supply the balance power.

Uility
1200 MvAsc

A decay of frequency at “Sub2B” bus will
manifest an overload to the generator “Genl”.
_ Having a frequency relay (device 81) at this bus
34.5 kv ce1 o) 4aml Tripped will prevent such overload by shedding load(s)
immediately once the threshold is reached. Say
that if the frequency at “ Sub2B” bus falls below
98.5% of the nominal frequency for a period of
0.5 sec, the “CB5” will be tripped off.
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Procedure:

1. Toincorporate the action of 81 relay in Transient stability simulation, it should be modeled first.

2. Activate the “Study View” one line diagram presentation by clicking its window (or you can go to
“project view” and double click “Study View” folder)

3. Switch to “Edit” mode by clicking the “Pencil” icon @ on the mode tool bar.

4. Modd the Potential Transformer.

SeeFig. 1 \
a On the “AC Instrumentation” toolbar, e & % [
click the “Potential Transformer” (PT) ol 7

icon. w3 15;10;5 L) il ;; %@
\ =
b. Move the mouse under “ Sub2B” bus — - ‘ %‘ -{.x@@
c. Connect the left terminal of the“PT” to l;“'“*;i?v / imf:w o =
bus “Sub2B” by dragging the square ,’
handle of the former towards the latter, 5% J=5% PEEe A
RE
el ©
SuhzA-N Ty P —
MorZ —
2500 HP IEI T
Subi3 Net * f
Fig. 1

5. Modd the Frequency Relay (Device 81).

SeeFig. 2 ,E'Esn;a . LT (S e
a. On the “AC Instrumentation” toolbar, - »,iggpu e,
click the frequency relay “81” icon. - ”*’“" F
b. Move the mouse on the right side of the CE4 @@

PT. gaan] \@@
c. Connect the device 81 rlay to theright iz dcezs T
termina of the“PT” by drag and drop. 2 @
8| ®
SubZa-N T
Htrz l@ T
500 HP @ T
Sub3 Net # f

Fig. 2
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6. Definethe setting of the“81” relay. See 6a
Fig. 3. |—3€ & g :
a. Double-click the “81" relay symbol on ‘
the One Line Diagram. The “Frequency Device 81 Relay Symbol
Relay Editor” didog box will be
displayed.
b. Click on the “ Setting" tab of the Frequency Relay Editor - FR1 rz|
“ Frequency Relay Edltor” dlalog bOX Infa | Setting |F|emarks Comment
c. On the “UnderFrequency Control | 'X(
I nterl Ock" frame, CI | Ck on i Add . ." OverFrequendy Contral Interlock,
button- The i Frwuency Relay Control Setting Unit CEID Action | Delay Add...
Interlock Editor” will be displayed. \
Py 6.c —
d. On the *“Frequency Relay Control
Interlock Editor”, enter the following: \
UnderFrequency Control Interlock
Setti ng  98.5% Setting Unit CBID Action | Delay Add...
Unit . %Hz
6.f
Circuit Breaker ID: CB5 _\
Action : Open %
Time Delay : 05sec ] e v (&8l [2] i

e. Click the “OK” button on the
“Frequency Relay Control Interlock
Editor” dialog box.

f. Click the “OK” button on the

Frequency Relay Editor

Frequency Relay Control Interlock Editor

“ H ” H ! Setting Uit Circuit Breaker [0 Action Time Delay [
| |
Frequency Relay Editor” dialog box. N I=x ek
Help Cancel \
6.d
__ [6e

Frequency Relay Control Interlock Editor

Fig. 3

7. Switchto Transient Stability Analysis Mode by clicking theicon on the“Mode” toolbar.
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8. Create a new study case (by copying an existing one) by clicking the icon on the “Study Case”

toolbar
ﬁwhs v &) s v| | Cable v =]

9. The “Duplicate Study Case” dialog box will be displayed

as shown in Fig. 4. Duplicate Study Case ﬁ fg|
a. Select the existing study case to be copiedi.e. “TS'. 5 E° e Y]
b. Enter a unique name for the new study case. For Imzlay-.&ctiod |
example, “Relay-Action” 9.c
c. Click “Ok” button ‘ Eelet
Fig. 4

10. Edit the study case “Relay-Action”. SeeFig. 5

a. Select the study case 100
“Relay-Action”. 10.8 _\ '
b. Click “IiStudy Case” | EIE \ v [ &) v| Cable v|
button &) oo e i RA] o] 22| 25 e
Fig. 5
11. The “Transent Stability Study Case” dialog : = :
box will be displayed as shown in Fig. 6. [EEREEELDES X
C|ICk the i Eventsn Tab Infa |m\Plot Dyn Model | Adiustment
Study Caze | 11 Initial Load Flow

W a [teration __2000
(®) Accelerated Gauss-Seidel Solution
Precision | 0.000001

[ &pply %FMR Phase-Shift  Accel. Factar 1.45

Loading Categary Generation Category Charger Loading

| Design v | | Diesign v | (& Loading Category

[] Operating P, 2 [ Operating P, G, © Dperating Load

Load Diversity Factor Initial ¥oltage Condition

() Mone (&) Bus Initial Voltages

) Bus Masimum (O User-Defined Fixed Yalug

() Buz Minimum

O Global

Study Remarks

Second line of remarks for "TS" study casze ‘

Fig. 6
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12. In the “Events’ tab, existing events and actions
will be seen that were inherited from the “TS’
study case copied in Step 9 (See Fig. 7). Delete
these and create a new event and action, i.e. trip
“CB1".

Select “Evenl” ID
Click “Delete” button
Do similar actions to delete “ Event2”

Click “Add..” button. The “Event Editor”
dialog box will be displayed.

2 0o T o

13. In the “Event Editor” dialog box shown in Fig.
8, do the following:

a Type“E1l" onthe“Event ID" text box
b. Type“0.5" onthe“Time" text box

Note: 0.5 is the time in second at which the event
occurs.

c. Click the“OK” button

13.8

Event Editor

Cancel

13.¢

[(hee | o
\

Fig. 8

14. With the Event ID “E1” active (selected) in
the “Events’ Frame of the “Events’ dialog
box, click the “Add” button at the “Actions’
frame (See Fig. 9). The “Action Editor”
dialog box will be displayed.

www.etap.com
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X

Transient Stability Study Case

Infa | Events |F'I0t Dy Model | Adjustrent

Events Actions

12.a

/— ) For Event Event 1 Active

Event D Timne: Device T...  Device D Action Se.. | Set.
Bus Sub 3

3 Phase Fal
“Event 2 0.7o0

12.c — |12.b

Solution Parameters

Total Simulation Time Second
Simulation Time Step | 0.001 Plat Time Step W dt

[add. ] [Edi.] [Delet]

Fig. 7

Transient Stability Study Case le

Info | Events |F'h:|l Dyn Model | Adjustment

Events Actiong

-
For Evertt E1 Active
S )
A

Device T...

A 7
--L - Notice””~

Device ID Ac:/ti(:nn Se.. | Set.

14

r

Add.. Add..

Solution Parameters

Total Simulation Time Second
Simulation Time Step | 0.001 | Plot Time Step % dt

50f9

Fig. 9
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15. Do thefollowing in the “ Action Editor” dialog box shownin Fig. 10:

a %Ia:t “ C| rCUIt Breakern Action Editor E|
on the “ De\ll ce Type” . Ewent D W Active
15.c

b. Select “CB1” on the | #ctn 15.b :
“ De\/l ce ID” . Device Type Device D Action
[CreitBresker %] [cB ——

c. Select “Open” on the

“ ACU on. Cancel
L

d. Click the“OK” button.

15d

Fig. 10

16. For this particular exercise, maintain the
existing setting on the “Solution Parameters’

Transient Stability Study Case [‘S_<|
frame. —
Infa Events| Plat |Dyn Model || Adjustment
174 —/ 170
17. Since the concern is to verify frequency at bus _ /' ' o
“Sub2B” when “CB1" opens, instruct the : Ee"'“t”’” _ i
program to create plot profiles for the said bus. S Mt Y o fofeidb
See Fig. 11. ind. Machines, My gﬂzg
Ind. Machines, LV P
a. Click the“Plot” tab. Move BusZai .
. Lumped Load I ain Bus ® 17d
b. Onthe“Device Type’, select “Buses’. Wind Tubine MCCT %
Sub2é, I3
c. Onthe“Plot Options’ select “Sub2B”. Sb3 X
ul wgr
d. Click the “Plot & Tabulate’ check box to 17.g Hres !
leave a check mark, or just click directly at
the “Plot/Tabulate” column adjacent to 17.d Pk Tabiate
“Sub2B”. Note “X” mark means plots
will be created. 17
e. Click the “OK” button to close the study
case.
Fig. 11

18. Now, run the simulation. On the “Study Case” toolbar, select “Prompt” from the “Output Report” pull
down box. The program will prompt for afilename of the output report for the study case “ Relay-Action”
when the simulation isran. See Fig. 12.

[ Relaptction [ EBBB] | Prompt v
o e el R N KX e i S RN P )
18
Fig. 12
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19. On the “Trangent Stability” toolbar, click “Run Transient Stability” button, see
Fig. 13.

19

20. The “Output Report Filename” dialog box will be displayed (due to Step 18) as
shown below. Type “R-RelayAction” and click the “OK” button. The program
will proceed with the calculation.

Output Report Filename

Name |R-Relaytctior]

Help ‘ Cancel

21. When the calculation is complete, the “Transient Stability Time-Slider” dialog
box will be displayed. This dlider allows for animation of the result of simulation Fig. 13
at different pointsintime. See Fig. 14.

a. Click the “Toggle Action
List” button to show the

“Action List”
M Transient Stability Action List
b. Click and drag the “Slide Time 0
Pointer” towards right. [ [«

c. Notice the “Action List” is "T___[_]___E__t_____D___E)_____;t______;t__;-
. ime [sec wehl evice chion ction By

popUIated Wlth the e/ents' 0.500 E1 CB1 Open Study Caze
assocl ated de\/l Ces, and the 1.245 Freq Relay |CBS Open ‘equency Rel

corresponding actions in
chronological order. \
21.c

Notes for the Events:

i. Event “E1" is the Event
specified on the Study Case
with  pre-determine action
time. See Step 13

21.b 21.4

Fig. 14
ii. Event “Freq Relay” is the
event triggered by therelay 81
action where the action time
was determined by the system
dynamic response and relay
settings

%ﬁﬁ g &

22

22. Toview the“Sub2B” bus profile, on the “Transient Stability” toolbar, _
click the “Transient Stability Plots” button. See Fig. 15. Fig. 15
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23. Onthe“Transient Stability Plot Selection” dialog box, do the following (See Fig. 16):
a. Onthe“Device Type’, select “Buses’

b. On the “ De\ll celD” ’ SeIeCt “ SUbZB” ) Transient Stability Plot Selection [‘S__<|
. i Device Type Device D Plat Type
c. Thereare6 plotsavailable for the Bus device. o P— Ty Voliage Angle
But in this exercise, view only the | SHUERl Wb — P10 fenssiny
“Frequency”.  Click the “Uncheck All” o Maches v | | b é o R
b = Muwar 21.d
utton. MIDVs Sub3
B " Branches Subd Swar Woltage/Hz
d. Check “Freguency Lumped Load Subee ] okage
e. Click the*OK” button. T'g:ase )
eConds
() Cycles B 21a 210
‘Yolkage Plotz
Ok
OF Check Al

Plat the Difference between 2 Selected Devices

Flot S egment

Thegn [ 0 | Tend| & | Tww| 5 |/ 21d
lCIoseAIIPIotsl l Help ] Cancel

Fig. 16

24. The output plot is displayed in Fig. 17. When “CB1" tripped off, “Genl” sustained overload as
manifested by the decay in frequency at bus “Sub2B”. When the decay reached the device 81 relay
threshold, it picked-up and after the time delay setting timed-out, it triggered “CB5”. “CB5” tripped at
1.245 sec. Aftewards, the frequency increased.
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Ml R-RelayAction - Bus Frequency

Bus Frequency

98.5% Hz

25
Time (Sec.)

A - CB1 (Utility CB) tripped at 0.5 sec

B - Device 81 Relay picked-up at 0.662 sec (98.49% Hz)

C - Device 81 Relay timed-out at 1.162 sec (0.662 + 0.5 sec)
D - CB5tripped at 1.245 sec (0.662 + 0.5 + 0.083 sec)

tl - 0.5 sec, time delay setting of Device 81 Relay
t2 - CB5 speed, 5 cycles or 0.083 sec at 60Hz

Fig. 17
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