ECL 4340
POWER SYSTEMS

LECTURE 7
AUTO-TRANSFORMERS, TAP-CHANGING
TRANSFORMERS, REGULATING TRANSFORMERS

9/19/2022
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* Please read Chapter 3
* HW #4 is due on September 23, Friday
* Midterm Exam on September 29, Thursday
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Bactial -r.‘mn/fmmcr

et
Le 27‘) Je /Kh/erfwv\f eakage /}V<;/mce oneasuyed.
SFoom winding &y itk cinding j shotel and winding K qpen,
whre ¢, ), % =1, 2,3.

THen
2= LZ! + 22
2y =20 t&
2oz = ot

J’;/V/'y Hese, 2,=L (3042, ~25)
2, =t (2t 225 ~%)
s £ (Bis +803— 8r2)
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Exonple 323 A 1# fﬂz—u«‘n/iy Eransformer:

Aj Bow MVA, /3P AV
Ay 3eo MUA, 1972 AV
Ay S0 MVA, 1772 #V

Zeak-gua reactances, /;m Shot—cireeil tests , are
Xip= O/ pu on 300 MUA, (3 PEV bare
Xz =0.¢ U e SoMVA, 13.P RV bare
Xoz= 0l pu on SOMVA, /75,2 Y bare
Jind e p.u. _egm‘w‘/z»?‘ cirewil wsing e base of
300 MUA anel 2.2 AV o~ N,

(o)

Zemég,z reactances, frwn shot—cireeil fests , are

Xo= O/ pu on 300 MUA, /3. PRV bare
Xyz =0l pr on  SOMUVA, /3. PRV bare

Xo3= 0l pU en SOMVA, [F5.2 £V bare

ndk Ha pod. egaivalent eireail wiing e base of
300 rMUA and 12.2 AV o~ N,

Solution t Sysfen l;;\;‘e: Sg =30v MUA
Wy ;Jc vellagps: %/z/’?'”‘ﬂ// ng/ﬁ-zi’{'ﬁ;{‘ 92
20) p.U. Values:
{{;/;_z o pu

Xps = (.10)(F55) = 076 o
Xu=(°"“)<3}:) :a.}%p%
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Reactances are
= £Cos +036-088)= ot1 pu
Xy =L(o/ +0PE-036) = =00/ pu
)(}:,ZL (096 + 0F¢—-0/)= O.J’r/w
o\
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Exanple 3.10°  Threa—civding 3 Loansformer

X MH
FooMUA 336 34C AV
/3.8 %V A = Lransmision(w
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-
=jo./

345 AV dixlribodionine

Prawr #. per-unit ciyeesl a.r/y e 3¢ bare of ;fmm?’?r
an Ko Sysfem taee.

Sofution’ D American Stanclard 11 and H (72 X)
Aol [lead X inA) é/ 30°
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Exarple:  Trarsmizion lire daljvers #5° MVA X340
“ wirk 0.d pf /@fﬁif.
Resirtive Moad of 150 MW at 345 %V
Fn M Arstribudion (ire.
Find e cvolfope ab 1R ;,enera‘rr Leyrminal . i
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2 Solufion  Tn /er—mn‘ A Crarumisnon lne current:
. N o
I = 47“;: (0.8 —jo.6)=0¢—jo.3 =-”.f<‘3‘-f1/>

Kesisfarce in Aispribution line <2
R=/.0)(ZZ
’Vu//k)}. at & oue & Ko Moad cumest I
E =Yy + R = 0+ (o) (0¥ —je.3)

= (0 ~0003 ~j000d =0997 ] 0ok

= 0997 (0B8]
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) =60 pu

=065 [-8.27"
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Currend in A Mov> wolfape a)/’na/r‘?_”
Z, =L +L =o0¢-jo3 +(a/43—jaau/.)
=0.563 550.32¢ =045 [~29.92°
t/a/fa}l at Ao 9emeratar Leyminad

Y= (&) (e 2T)
=(€’J—J':2(g_9$7-ja.auf + (jo.1)(0.563 -/ 2.32))

=N 7 +j0.062 + 0.035% )
=(7) (10326 +jo0SE) =034 (.215" 50
= yo342 (-2677°

(Y| =Cre3e2)(1382y) = i_.z_L;é(/
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THus, #a nocke Cpustion in Mm;fénaﬁo«mw/xﬁma

25

THus, #a nocke zz/u&ﬁn —n @(M;fénqﬁmdﬁﬁ‘m‘

w [jHYu ﬂm) NEY o YemmeY
HoL Ve Yellv Y= -CY Y= lelY

7T e;uﬂ/ﬁ/lhj cirewil

* .
EAN -1 I§C=C L red ) Ce, mapiinde
& ¢ cAange , FRen
& % VoW, biletored

7;/“5/ Il can be %OW |

Ge A pasiive,

=YV, + %V, ) Si]ateral fwn»/m/f»<7w+/£'
=Y+ V, - Ve Cef»y)akfy TR (/)ﬁyC XM{
~B=Yo (W) Vs Va Y=y
==YV +(Yar;) V2 Y=Y-¢Y =(-)Y
= Yu=Y+Ye , Y=Yy =Y, \{3=(IC!2-<)\{

Yo =14 Yz

26

c
—= T, ]_,Y ) — Lo

+7 |
Vi -0Y I:’:] (\C|1/ )Y

9

%—zgwﬁ/ﬂ\/ed c/ra/r;f/w C resl

27




9/19/2022

© LTCtransformers have tap ratios that can be varied to regulate
bus voltages

® The typical range of variation is £10% from the nominal values,
usually in 33 discrete steps (0.0625% per step).

© Because tap changing is a mechanical process, LTC transformers
usually have a 30 second deadband to avoid repeated changes.

® Unbalanced tap positions can cause "circulating vars"

N
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wik £ /o) Caps.

e sufem bose i SovrvA, 3.8 AV 2RV
Frd e /,r—um‘[ _egu.‘n/a/ew‘f cirew/bfary
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Exarplt 3¢ Crangormer, 13 p AV A/ 3HCAVY, wo0MH
&l =)0,/ pe, fan /;fyé—wl@x w/‘no/,y
wik t/0) ﬁx/;.f.

Le syulem bore : oo rMUA, /z.:?fv/sy—_raév

o __ /2.8 -4
Y Fr i tap, 4= Sus(r—o) - imoq D OO¥HEKE
_ G _ _ [ _
c=F ==
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Ve 7 % é Ve = (/~c)Y¢3 ((f-lL—C)ﬁZ
- 5 T=jza =j2.467
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o /=01 S e 20
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31

13.80 KV 15 g/gg0 gy 341-07 kV

500 MW 'lr S I > iggﬁm

127 Mvar | ] ivar
1.00000¥tap

LTC Control Status = Manual

32

13.80 kv 306.96 kv

13.8/500 kv

5004MW

1004Mvar

0.90000%tap
LTC Control Status = Manual

33

11



9/19/2022

13.80 kV 13.8/500 kv 345.33 kV
500 M ((smek) % SOopkan
127 Mvar 100@4‘7&!.
1.01250 tap

LTC Control Status = Auto
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Examplet (Prob. 3.6 Tero jdortical ffah}fﬂme}’! are]

Tpes X=iod in perellel. Ty has Tapretfing
7 > — I, at e Load side .
‘7\;1 = E, 0.8 Loadk 0.8+jol
Z A at l/x=/.0&ﬂf
208
cs/

) Magnitude yegelodion 2 +S ) increase in hiph-viliape
oindirg
-
c=(/.08) =0 F&2¥

Jnd cuwert jn esck frawfwmzr and compfex prrr
Aelivered to e Load Hrvph each Crarglymer:

37

Sxample’ (Prob. 3.69)  Tiw jderficel f)'ah}fmne}d’ are
xejol in paralled 7y has Tap=telfing

Lo

7 -1, st A Load i

T + 0.8 N ;

v I~ ?j v Loak = 0.8+ ol
P S VRV

1
/3 los

MZM (A”/”7#*”ﬁé75¥hmﬁan)
[ J;J=[ Yo Yn.] I '//] —whtre Y’/f’-fﬁf"zf?ad‘
% Yu TallW ?:e ;; M}?&(tz» L‘m»\fmw

S savichles?

l/;:[o/_d’/IL r0le

"2 P+jo.6

=0f—jo.é

oo e second e gnddion
] “LEY Ve o+ Yy Ve

e can f\f'w( V.

38

Example’ (Prob. 3.6%) Taro idorticed franrfvmer.r are

Tp K01 In parellel. T4 has Tapelfing
Z — I, at #e Load 5.
‘EI = 0.8 Loadr 0.b+70l
N A R
/3 los
cs/

T aolmithone /pamme/érr are:

e Vi =5ey = Tl
Yi.= Yor = " Jou

/l _— _1elr o L(_L =-j9.0
7o Vuser=r YumlelY =508 (55,)=J7°7

Yoo Yy = -CY=-(05020)(Gd7) = 5942

=_so

Povallel . Yu=zireie=zizo, Yo, =<jro=j907= <i/5.07
Vo= Yoy SO0 G522 /3. 52

39
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Example’ (Prob. 3.64) Tawo jdorticed
KXe=joul in parafled,

[
From O,

—(0.8-50.6)=(Jr9.52) v, +(=1%7)(/L2)
> ,/l:/,oo(f +_J o 0%/
Current Hrovph egch Lranformer:
7 = (J:—a’;)(y, —4) = o%r —jeed
c*zrb = Z, - 1"7;\ =o0.8-jo.b —(o4/-j0.08)
. =037 —josa
Z C’my/u /wz.m; wrengpls cack -émn,yﬁm;v:
Sp=V I, = o +jo.of
S =Y (C*Irbm"o.rz
wore:  feactive pawer o> /‘n/cmafei

e 0 magnitude 5 crease .

40

Exarple’ (Prob. 3.6%)  Tin jderticed
x=jo.t in peralled.,

- T,

T los T V=54t j\i =T
I~ _ s
% ‘ Yol Y= Yo = o =_jso
/3 lLof
cs/
b Phace—angle re ot +3° plare AFC at He food
e=1/3

e admiflance /47@)"4*01:

7 e ghs =, YusltY= o) (=T
Y= —C Y= —~(tof3°)(=Sre)= /°Z_’t?d:
Y.,= —cFy= C(lop3®) () =10 [93°

Te e76 /n /w«m//e/:
Y= —lo =0 = =24, %, = IO Tiyo =20
Y= IO +10 LBV S0+ (0.023% ) §.9P63)
= 0.823% + 15,38

Yo = re 10 L2 = —0.623% 4 ] 20

41

Z
-7,

FI

Yo
r’l—l

Y,L] [ v,]

\/ZL VL

P (1), s
— (0.8 jok)=(-05234j29)V, F(2s) (1.2L2)

|//:/‘03—+jo.ﬂ/3
I, =W-n)y = (02 +J093) (~jre) =013 -,0.39
1= I-Tp =0 d—je (o3 jar) =087 o5
STa.= ‘/1,177,.= 0,/3 +j0309
Sp =Y (g =067 )0

wotE: Kool power 4 jneresaced  Aue o
Jnerease  jn /Jzzrz angle !

42

9/19/2022

14



9/19/2022

M‘ /}///}'ex/»mfe 4y Clveulating cured —omeridl]

@) Magnitacte r:Wd:bu:
T _eer
Gre” So &
Ty =4 (0.8 —jo.b) ~(Feo2s) =0 —joof
I, = £ (0.8 —jo.6) +(jo.2f) = ok /085
Sr= L/,_IT: = o ¢ +joos

S = IR = o 0.8

=—J0.2¢ pu

&_m#é_f /f//}}'ox/)mfc 4y Clreulating cured omersol

b) Phove-onple  regelefion: .
}&—L = ° - °= 0oty LI/
V=& =1 =lolZ //‘:‘Q 7
Teiye = —————','a{:ié'—" =0.262+¢j0. 0067
To.
77 = 0.4 2j0.3 ~(0,2{21)0.00)) <0, /3P~ jO. 3¢
= o.%y‘a?-f—(a.?—ézga 06y)=0.662 20293

S = 0, (38 -«-’a,gaz
Sn= .62 + Z 0233

44

341.87 kv

283.9 MW

39.0 Mvar 6.2 Mvar
>—>—>—>—> >

5004MW

Phase Shifting Transformer 100%“"31‘

216.3 MW

Mvar _0.0%deg 93.8 Mvar
=

45
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345.00 kv 334.73 kv

221.7 MW 221.7 MW
500 nw

164 Mvar

1.00000% tap

46
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