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M About the Project Team About This Project

About the Utility Wind Interest Recognizing the emerging popularity of wind as a distributed

Group generation application, the Utility wWind Interest Group has

About Electrotek organized this effort to assess the impacts of small-scale wind
generation on utility distribution networks. Electrotek

M About the Project Concepts®, whao provides technical support services to UWIG,

is conducting the project

Introduction
Project Scope and Deliverables This project's primary goal is the development of a set of tools
to aid utility distribution and planning engineers in analyzing

B For More Information wind generation at the distribution system level. The tools
consist of technical infarmation resources and a set of
Contact Us engineering software application toals,

Project deliverables include this study web site, the analytical
Members Login applications, IEEE 1547 Application Guide, Wind-Specific Flicker —
application Guide, case studies. and other resources.
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; ¥Yoltage Profile Simulator - Microsoft Internet Explorer
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Voltage Profile Simulator Page
Click on feeder one-line components to
set parameter values. Click “Voltage

weack - = - @ [ 4| Qs Garserts G Profile” button to run simulation and
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obtain results for specified circuit and

Search |-

Distributed\ denerator output profiles.

Voltage Profile Simulator
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; Yoltage Profile Simulator - Microsoft Internet Explorer
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Address @ hktps i, uwig, orgfuwigdistwind Flicker Yol ageProfil

/

Generator Parameter Input Page

Specify parameters for distributed generator
by selecting “Generator Type” and
“Generator Profile”, as well as specifying

X! o 27 ==-| other input parameters. Note that similar
Dictr data input is required for other circuit
istributed( 5 rameters.
i Valtagek
Log Out danb Help
Ik I Cancel |
Plicker Data Generator.WindGen2
T Servics Generator Type IWind Turhing j s
Feneration Profile |Wind24[ll] j
MilEEE—
OneTurbine

@ Constant PF  |FiveTurbines
ElevenTurbines

€ Fixed Q On-Off-On

1]

Ilax Output  |4000 LW
Power Factor |1
Qo levar

" Frzed Beactan| of On-Of

For an induction machine,
speciy a fixed reactance model

mwel awrtar A naceatitra lrrrase

|:E:| Done
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Wind Compensation Example

4 )
Let’s alter the circuit model to look at a potential
voltage regulation issue associated with compensation
kof a wind turbine at the end of a 8-mile feeder. )
Mid-Feeder
Regulator

In Service = False

i T~

_— e

e e
J J End-Feeder Gen
Gen Type = Wind Turbine
Gen Model = Fixed Reactance

Mid-Feeder Gen Q = 2479 kvar (-0.85 pf)
In Service = False N
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Voltage Profile Results Page

+§ ¥oltage Profile Simulator - Microsoft Ink Wlnd Turblne Example. SpeC|fy “Plot Type”
Fle Edit ‘iew Fawvorites Tools  Hel 0 0 0 0
“| and “Feeder Location”, to view simulation

‘= Back - =p - @ i | QSEarch ) ]
adcress [&] rermirimw iz ratinaistnd. - PFOfIl€ results. Page also provides control

X! e 2| | action log and voltage tolerance violations.
Show Circuit | \ T )
: Percentage Out of Eange
EVEHt LlSt Sar ?gMax:t 5 Og;:g Plot Type |F'hase Yoltage Magnitude

Chner A Max: 0, 00%

Under A Min: 100.00% .
Under B Min: 92.21% Feeder Location |Generatnr1 (end-of-feeder) =

0, 11, Regulatar.sub Changed 1 tap to 1.005.
0, 13, Regulatar.sub Changed 1 tap to 1.013.
0, 31, Capacitor.c1™0pened™

0, 41, Regulatar.sub Changed 1 tap to 1.019.
0, 528, Capacitor.c1™ Closed™

0, 786, Capacitor.c1™ 0penead™

Phasze Yaoltage Magnitude [parcentage]

10583
1EI4.5EI‘

103,15
4 ) 10183
100 49

Voltage profile at end of a8 16

feeder is low due to var T Za ~
\consumption of turbine. a2 43

J

[ [ B Peta: [Jamax  [arin BN
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<} ¥oltage Profile Simulator - Microsoft Interr

File Edit ‘“iew Favorites Tools  Help

GBack ~ = - () i | hsearch [

Address Eil hikbpe v uwig, argfuwigdiskwind Flic

0, 11, Regulatersub Changed 1 tap to 1.006.
0, 31, Capacitor.c1™ 0pened™

0, 1197, Capacitor.c2™0penad™

0, 1207, Regulatorsub Changed 1 tap to 1.013.
0, 1238, Capacitor.c2™ Clozed™

Wind Turbine Compensation Example

By changing the end of feeder wind turbine
generator to a “constant PF” model with the

PF set to unity, the voltage profile at the end

J

Ccner A mMax: 17.42%

! o2 &of the feeder is much improved.
Show Circuit | Redraw Plot | b
Event List Percentage Out of Eange

ovEr B Max: 0.00% Plot Type |F'hase Yoltage Magnitude

Under A Min: 0.00%

Under B Min: 0.00% Feeder Location | Generator! (end-offeeder) -

Phase Voltage Magnitude [percentage]

105.83
104.75
103.66
102.58
101.50
100.42
93.33
95325
977
95 .03
95.00

(] [z vz Wetia: Wlava: lavin ENR
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Diesel On-Off-On Example

4 )
Let’s alter the circuit model to look at a potential
voltage regulation issue associated with a diesel

\engine at the end of a 8-mile feeder. )

Sub LTC AII 5 Loads
Set Voltage = 125 V Power = 800 kW

End-Feeder Gen

In Service = True

Gen Type = Diesel Engine
|\/|Id Feeder Gen Gen Profile = On-Off-On
In Service = False \Max Output = 2000 kW
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Baseline Circuit Profiles
For the circuit described previously, we can look at

feeder profiles without regulation support by removing =1oi|

mid-feeder regulator and end of feeder generator. As =
\expected, this results in low voltage at end of feeder. ~] @so |Lnks >
= = T T +] Games ~ K Personals - >y

Show Circuit | Redraw Plot | [

Percentage Out of Eange

Event List T . | T T
over B Max: O, o0% FloT J_YpE Il"rldbb‘ VUL = g
0, 11, Regulator.sub Changed 1 tap to 1.008, O‘JSF A Max: Digg%gg%
U A M : . .
om0 e [Careon erd T
0, 16, Capacitor.c2™ 0pened™
0, 17, Regulatar.sub Changed 1 tap to 1.025.
0,19, R lator.sub Ch d 1 tap to 1.031. .
a, 21, Rzgﬁulﬂiizb Ch::g:d 1 t:E tz 1.038. Phase Yoltage Magnitude [percentage)
0, 23, Regulatar.sub Changed 1 tap to 1.044. -
0, 31, Capacitor.c1™ 0pened™ ::giiz
103.05
101 .65
10026
9357
97 43
96.09
4 ) f.
Note end of feeder voltages are //Eﬁ;gg b
below specified low thresholds, |
despite substation LTC boosting
ka.S Shown In Event LISt. ) |Dv1 [ [ | e []estdan [ i Wctin .
K1 | _>I_I

&) I_ I_ I_ 4 Internet 4
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Baseline Circuit Profiles, (cont.)

Voltage profiles across the remainder of the feeder

and the substation LTC tap changes.

04 .35
03.94
03.50
03.08
0263
0218
01.75
01.31
00.G5
00.44
00.0a

Regulatar Taps

Phasze Voltage Magnitude [percentage]

-
Mid-Feeder voltage

Fhaze Yoltage Mag

105.63

begins out of A and B

104 .65

g _ N |2
Substation voltage 1o /
boosted by LTC to e I
103% to raise low el |

end of feeder voltage.)

range, but is boosted up

kto within B tolerance.

a4.04




Ka

Baseline Circuit Profiles ===
Once we add the mid-feeder regulator and end of feeder | |
generator, the substation LTC can be backed down to
122 V. When the end of feeder generator trips out, there [. s . -

re some voltage variations, but not overly extreme. =]

~

| @G0 |Lnks >

J

Event List

11, Regulatarsub Changed 1 tap to 1.005.
16, Regulatarregic Changed 1 tap to 1.006.
16, Regulatarregib Changed 1 tap to 1.006.
16, Regulatorregla Changed 1 tap to 1.006.
18, Regulatarregia Changed 1 tap to 1.013.
18, Regulatarregib Changed 1 tap to 1.013.
12, Regulatorregic Changed 1 tap to 1.0413.
20, Regulatar.regic Changed 1 tap to 1.019.
(20, Regulatar.regib Changed 1 tap to 1.019.
(20, Regulatar.reg1a Changed 1 tap to 1.019.
(31, Capacitor.c1™ 0pened™

1, Regulatorsub Changed 1 tap to 1.013.

196, Regulatorreglc Changed 1 tap to 1.025.
196, Regulatarregib Changed 1 tap to 1.025.
196, Regulator.regla Changed 1 tap to 1.025.

196, Capacitor.c2™ 0penad™

193, Regulatorregla Changed 1 tap to 1.031.
193, Regulatarregib Changed 1 tap to 1.031.

192, Regulatorreglc Changed 1 tap to 1.031.

F

Percentage Out of Eange

|
over B Max: 0.00% Plot Type |
oner A Max: oL 008

under & Min: 3.52% .
Under B Min: 0.00% Feeder Location |Generator! (end-of-feeder)

\

Phaze Yaltage Maghitude [percentage)

10583
104.75
103 68 R
102.58

93.25

9717

1|:|1.5|:||
100.42 I|I L
9333 A
98 03 % /
\ a5.00 ﬂ
|

\_

With generator at rated output, mid-feeder regulator still boosts
to get voltage to approx 100%. When generator drops, voltage
drops below A limit on one phase until regulator boosts further.
When Gen comes back online, voltage jumps to A limit until

Regulator bucks.




Overcurrent Protection Applet

¢ Prototype Windows Applet has been developed
¢ Not yet available on the Internet site

¢ For screening the impact on DG on typical radial
system overcurrent protection

¢ Examples of capabilities from prototype ...

UWIG DG/DW Impacts Project Summary -- 13



Main Screen

+[* Electrotek Wind Farm Interaction Simulation Program

Filz  Edit “iew
EfECTROGTIER WING GENERATFOR - OVYERCRRENT COCRINA FION PROGREAM
Circuit IF'||:|I:S |
@ Time Step
[
||:|.|:|E33 TEC
Mo, Steps
I'I i
@l = Fault B3, 0.0001
b
L =
—3
—Source ~Line Reclozer
: Becl: 1a3d, 280 A
o L1: 336matrix, 10 |7 -
Transrmizsion: 115 kY, 1.05 pu, 20000 k4, L 236tz 10 Becd 1a3d, 200 4
: . L3 336rmatrix, 10
Substation: DAY, 1151247, 20000 kA, 73 L 3emnatris. 10
L5 336rmakrix, 3 —Ereaker
LE: 336k, 10 CB1: 8004 phe, BO04, grd
~ Gienerator L7: 336matix, 10 CBZ: 2004 phe, B004 grd
To A, 12474048 1500 kA, 5%
Capacitar
Fulti-Funchion Relay [MFR]: C1: GO0 kwvar, 1247 kW N
. C2: B00 kwar, 1247 kY F1: 65 & klink
Gen: 1200 kW, 1.000 PE, 1500.000 ki, |nduction Ca 600 kvar, 0,48 Ky E3 05 & Tk

=10 %]
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s Electrotek Wind Farm Interaction S5im

Fle Edt View Apply a temporary SLG Fault at B7

ELECTROTERN WiIND GENERA AT

Circuit |F'||:|tg |

@ TEfremm Fli |
. .
Recloser 1 has Fast Trip
LS L
Mo. Steps
() Rec2 E1 o [100
e
B L1 L2 [B2 “13 m@% &P
cB1 = Rec1 L 2 T
Fault Dialog x| o)
b N
B2 Fault Location [bus]: -
- : B1 -
Fault R esistance: B2 iz
5 Fauilt nitiation time: Eﬁ EC Recl
T a0urce | ECIOSET
BS Becl: 1a3d, 280 4
Transmission: 115 kW, 1.05 pu, 2 b I Rec2: 1a3d, 2004
. Hg -
Substation: DAY, 1151247, 201 Fault Llizeie i
&+ Temparany LG
o~ —Breaker
Permanent ¢ 3Phase CE1: 8004 phe, B004 grd
~Generatar CB2: 8004 phs, 3004 qrd
T YA, 12.47/0.49, 1500 kvA, -
Muli-Function Relsy [MFR] Ok Cancel | Fuse
, F1: B5 & klink
e 1el0 R, TODW PF, TS0 | Cob00kvar U4ERY F2. 65 & Tlink




Recloser 1 Current

1 1 1 ' ' '
1 1 1 1 1 1
] ] T ] ' ' '

BOOO0—---v1---1---9---a---a---- e e e e e e R e P kel
1 1 ' ' ' ' ' ' ' ' ' 1 1 ' ' '
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

BO0OOH 1|
400,00 -4 ---

EEIEI.EIEI—----%---._

_______________________________

_________________________________

0O0---:---

0.0

time, zec

Reclose Interval

2000.00

1500.00

__________________

------------------------------------------------------------------

‘IDDDDD_ ____________________________ : ______________________________________________
S - -+ - -4 -4 e R B T
o0 ---i---t E Ll
—
0.0 4.0 E.0 2.0
time, zec

7

N
Generator Multi-function Relay
Trips Gen on UV After Recloser

\Opens )
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Remove Fast Trip on Recloser 1 ...

[Current Magnitudes, &:] [Plat Title]
ooy 4| Recloser 1 Current [
S A I SO S N S S CEO NS St S
200000 : [Elurrer1lth*|agl|nituu:lles,.ﬁ::][F'In?tTitI:a]
| Generator Current

©2000.00

znnun— """""""""""""
T B e 111111 T e A
0.0 210 40 o
hirme, i( - - N
i1 | Generator Multi-function Relay
oL Trips Gen on (-) sequence and
| UV 10 cycles aiter Fault Applied
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Desensitize Gen relay ...

[Current Magnitudes, A:] [Plat Title]

O et S e
Recloser 1 Current
..
['¥oltage Magnitudes, pu:] [Flot Title]
N ! 1'm_"__T___T__"I__"I__"I__"I__"I""I__"I__"I__"T_"_I_"_I_"_:_"_:""I""I""I_]
4EIEIEIEI-77-. : : : : : S : N N : N : [Elurrer1lth*|agl|nituu:lles,.ﬁ::][F'In?tTitI:a]
v ' 1204 o : : : . . . . . . . . . . - . . .
: | - — - i1 | Generator Current I
2000044 i~ 1.004— mmmmnr 1 E SRS Uttt B
—ad = oo
0,00+ ‘oo ' P ' ' '
0.0

g0 o

fulnt

oo+ -----------—--—--| Generator Does Not Tri
Generator Voltage 00 20— b

time, zec
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Induction Gen Fails to Disconnect Through Reclose ...

Generator Inrush
after Reclose

somd | Recloser 1 Current

['Yoltage Magnitudes, pu:] [Plot Title]

B00001 o [ Generator Voltage

Jip--

TNV SREETREREIEEERET §f BRSEEEREEESTE | SN S S-S i“.-”i% e e

' [Current .agnitu
B D ok N i R
200.00 Lo S U T A A
T T T T T T T T T T I I I : I ; : : : : : : : I ; I I I I E E I
0.0 10 20 Lo
tin I I
11111 EEREEEEEE LR R EEESREIEREE o
0.0 e R T A N
i —f
Generator Fault
; - 2] AU L O S S SO L S S
Contribution Dol
i i i

0.0 1.0 20 a0
time, zec
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