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Abstract

The unbalanced voltage conditions in a distribution system can regularly occur due to
various causes. When a Synchronous motor is supplied by the unbalanced voltages from the
system, the parameters of the motor are different from their parameters in a balanced voltage
condition and affect to the efficiency of motor will be dropped and way be damage to motor when
compare to ils balanced voltage conditions. This project aims to study the operations of
Synchronous motor in several conditions. For example, different unbalanced voltage conditions
and records the values of parameters, The equivalent circuits of three-phase Synchronous motor

are used to analyses the unbalanced operating conditions of the motors.
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Ey = JVZ +Eﬁ, —2VE, cos(@~¢) (2.20)
E ,sin(@ -
o =sin~! [R—(—ng (2.21)
£,
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1l 219 lemaes laezunsuvewemeiFalastailof Tnan uaziinwnlszey
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E,=(Fcosp—IR )+ j(VsingptIX ) (2.24)

E, :J(Vcosqp—IRa)2 +(Vsing+ IX,)? (2.25)
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1INgUA 2.20 Wousrums £, waz o 1dh

E,=V+ jx,) (2.29)

- ( I, j
& = tan — (2.30)
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E,=(Vcos@)+ j(Vsinp+ IX )

S—ar Vsing+IX )
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(2.31)
(2.32)
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3.1 MINATRUMINDTANYavEINBIND I B TR Tl
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W - 9
’ET'IH‘illnli..:]u Ll @ B, A% {
TUMIINGEN
"
¢=i L= @
71 3.1 29asauyavesuemoiFe Tnstle
X, : Stator Leakage Reactance R, :Stator Resistance
X,  :Rotor Leakage Reactance Transfer to Stator E, : Voltage on No Load
X, : Magnetizing Reactance V :Voltage Per Phase

] [} e
Tumal§idasmead gaduveassdudiovaimes TihFa TnntadwTvaniuzm

INWITAVYD
Z, =R*+ X?
N } 1 9 4 o«
R, =Manudiuvniuensiuees
o o o w
X, =Susnuauddslnsid

1 (=T~} tﬂ. 1 ar 1 n’: = oA 4

MUed R, ung X I5NMINAT0UINDHIAMINA1IUUI 3 15h0
aa o o
TENTNATOUHIAINNUATUNTUD 1S 09T (Armature Resistance Test)

2. Jinaaouuuuidlaiees (Open-Circuit Test)

3. BNATOUULVEAI0T (Short-Circuit Test)

(3.1)
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4.1 WOMINATBUHINITANYAVBININDTBITATITa

4,1.1 HAaMINATOURINA1INNUMUTIAADS

M15199 4.1.1 mimmﬂwamsmﬁaumﬁwmmﬁﬁumumma{

v, (V) 12 14 16 18 20

1, (8 | 027 0.32 0.36 0.41 0.45

R(Q) 437 437 437 43.7 43.7

V s 3 [} !
N R, =€ duiunundeved R = 437 Q
de

4.1.2 MInaaeun1iln 1393 (Open Cirenit Test)

19197 4.1.2 usanu IWfnnsnedeuniuilaiens

I E E; E; Eqy
(A) 4] V) V) )
0 20 20 20 20
0.05 100 100 100 100
0.1 200 200 200 200
0.15 220 220 220 220
0.2 280 280 280 280
0.25 320 320 320 320
0.3 300 300 300 300
0.35 380 380 380 380
04 410 410 410 410
0.5 440 440 440 440
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PIWIAIINVOS IEEE  Std 141 A ldAfinmvewlefifudnauhiaugauns

}4
wsaau IR i e (Phase Voltage Unbalance in Percent) #38 PVUR (%) 13aadl HASILAAIAY

WITN“?II 4.2
PVUR (%) — maximum voltage deviation from average phasevoltage magnitude 100
averagephase voltage magnitude
- e = — = = ;W max[vﬁ _VTJﬁVg » yb !_vaav}; 3 Vc _Vﬁavg ] *100% - o
\) Vpavg
' V.+V +V
fa v, o= 2 bl
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m1ah 4.2 msnauaanmssduihdewd luanie liauqaniniommes PVUR (%)

an1iza hidugaueussduluih

usadu Iihudazie (V)

Ve Vi Vo
usadn I hisugadndnlnd 1 vl 1% 216.7 220 220
usadulvih liaugadiniind 1 mler 2% 213.4 220 220
wsadtn Wi lisugadindnlnd 1 wle 3% 210.2 220 220
ussdu Ilfh liaugadindnlnd 1 wla 4% 207 220 220
usadu i lafaqadinding 1 e 5% 203.9 220 220
T wewulihhaugedindulefzsda 1% | 2167 2067 | 20 |
> wsedu i hisugadinind 2 o 2% 213.5 213.5 220
wsan il liaugadindnlnd 2 e 3% 210.4 210.4 220
st hicugadndning 2 e 4% 207.3 207.3 220
wssin It ldauqadindnd 2 wla 5% 204.3 204.3 220
usaau Il laugagandnnd 1 e 1% 223.3 220 220
ussdu Wi Iaugagendnlnd 1 e 2% 226.7 220 220
s Wi laugagendnled 1 e 3% 230.1 220 220
usadu Il ldewgaganinlnd 1 wla 4% 233.5 220 220
usadu i ldaugagendnnd 1 wla 5% 236.9 220 220
N usadu Wi liewgagandnled 2 wla 1% 223.3 223.3 220
usadu I iaugagendnnd 2 ma 2% 226.7 226.7 220
usdu I Liauqageninlnd 2 e 3% 230.2 230.2 220
usadu I liaugaganialnd 2 wla 4% 233.8 233.8 220
U i lerugagendnlnd 2 e 5% 237.4 2374 220
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4.3 mnszueifhuazmddldihnldnnnmsneaeunemessdasialuanei

usadulih liouqga varl¥niszmana

[Y] d
4.3.1 HavLINISNATDUAUNBINDS TR

M5 4.3.1 A3 1aANHAN I NAT0 DA B3 1A N T VIS 135 en1ena

3ol I(A) P (W) Speed

Ia Ib Ic Pa+ Pb+ Pc (rpm)

Balance Voltage 0.051 0.059 0.059 1 1503

160 - Under Voltage Unbalance 1 % 0.040 0.059 0.067 1 1499
_ 1€ - Under Voltage Unbalance2 % | 0,038~ 1..0.072.. | ~0.086 2 1456
1&J - Under Voltage Unbalance 3% | 0.030 | 0.075 1| 0.090 2 1496
1{J - Under Voltage Unbalance 4% | 0.025 | 0.081 | 0.095 2 1494
1) - Under Voltage Unbalance 5 % 0.029 0.088 0.101 2 1493
2{J - Under Voltage Unbalance 1 % 0.055 0.057 0.079 2 1496
2{J - Under Voltage Unbalance 2 % 0.049 0.046 0.080 2 1496
23 - Under Voltage Unbalance 3 % 0.046 0.044 0.081 2 1495
23 - Under Voltage Unbalance 4 % 0.047 0.049 0.084 2 1496
23 - Under Voltage Unbalance 5 % 0.049 0.056 0.086 2 1499
1 - Over Voltage Unbalance 1 % 0.079 0.076 0.073 1 1500
1 - Over Voliage Unbalance 2 % 0.095 0.083 0.068 1 1499
1 - Over Voltage Unbalance 3 % 0.109 0.090 0.065 P 1501
19 - Over Voltage Unbalance 4 % 0.123 0.097 0.061 1 1497
1 - Over Voltage Unbalénce 5% 0.137 0.106 0.059 2 1497
2 - Qver Voltage Unbalance 1 % 0.077 0.090 0.079 1 1499
23 - Over Voltage Unbalance 2 % 0.087 0.107 0.080 2 1499
2 - QOver Voltage Unbalance 3 % 0.100 0.128 0.081 2 1496
2@ - Over Voltage Unbalance 4 % 0.113 0.148 0.083 3 1497
2 - Over Voltage Unbalance 5 % 0.127 0.173 0.088 4 1499
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4.4.1 HavDIMINaTBUS NN DIl IE

MmN 4.4.1 anzusein TWfhdndilnd 1 e (1@ - Under Voltage)

77777777 -PVUR | Load-|- ~— -~ 1(A) - - P(W) | Speed |
(%) (%) Ia Ib Ic Pa+Pb+Pc (tpm)
20% | 0.061 | 0.093 | 0.089 3 1500
1% 60% | 0.134 | 0.165 | 0.146 23 1500
100% | 0.357 | 0.383 | 0.366 80 1500
20% | 0.053 | 0.101 | 0.096 5 1498
2% 60% | 0.128 | 0.175 | 0.150 25 1497
100% | 0.349 | 0.394 | 0,370 82 1494
20% | 0.040 | 0.107 | 0,102 2 1501
3% 60% | 0.119 | 0.185 | 0.153 22 1508
100% | 0.341 | 0405 | 0.374 79 [505
20% | 0.032 | 0.112 | 0.107 3 1499
4% 60% | 0.112 | 0.192 | 0.153 24 1501
100% | 0.332 | 0.414 | 0.375 79 1510
20% | 0.024 | 0.119 | 0.109 3 1503
5% 60% | 0.106 | 0.193 | 0.154 25 1498
100% | 0.327 | 0.419 | 0.373 80 1507
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PVUR | Load 1(A) P (W) Speed
(%) (%) Ia Ib Ie Pa+Pb+Pc (rpm)
26% 0057 17 0:079 T 0:086 P 1500

1% | 60% 0.135 | 0.161 | 0.157 10 1501
100% | 0.375 | 0.395 | 0.394 70 1501

20% 0.051 | 0.079 | 0.094 3 1500

2% | 60% 0.127 | 0.164 | 0.165 10 1500
100% | 0.370 | 0.398 | 0.404 67 1500

I 20% [ 0.041 | 0080 | 0100 | _ 3 1500\

3% | 60% 0.120 | 0.170 | 0.173 10 1500
100% | 0.362 | 0.401 | 0.414 63 1501

20% 0.032 | 0.085 | 0.105 4 1501

4% | 60% 0.107 | 0.173 | 0.179 13 1500
100% | 0.356 | 0.403 | 0.426 54 1500

20% 0.027 | 0.091 | 0.111 3 1500

3% | 60% 0.104 | 0.184 | 0.189 9 1500
100% | 0.350 | 0.417 | 0.436 52 1500
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PVUR | Load I(A) P(W) Speed
(%) (%) Ia ib Ic Pa+Pb+Pc (rpm)
20% | 0.078 | 0.075 | 0.074 2 1497

1% | 60% | 0.155 | 0.149 | 0.147 12 1500
100% | 0.399 | 0.386 | 0.387 72 1505

20% | 0.100 | 0.083 | 0.081 2 1501

2% | 60% | 0.173 | 0.149 | 0.154 12 1501
100% [ 0.406 | 0.375 | 0.385 71 1500

— T 120% o118 o085 o082 2 1500 | T~ T *

3% {60% | 0.182 | 0.138 | 0.154 11 1500
100% | 0.416 | 0.365 | 0.385 68 1500

20% | 0.132 | 0.088 | 0.08! 2 1500

4% | 60% | 0.194 | 0.133 | 0.157 15 1500
100% | 0.423 | 0.353 | 0.384 68 1500

20% | 0.146 | 0.052 | 0.081 2 1501

5% | 60% | 0205 | 0.129 | 0.158 12 1500
100% | 0.431 | 0.345 | 0.384 70 1500
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PVUR | Load 1(A) P (W) Speed

(%) (%) Ia Ib Ic Pa+Pb+Pc (rpm)

20% 0.086 | 0.096 | 0.081 3 1500

1% 60% 0.156 | 0.161 | 0.143 14 1500

100% | 0.383 | 0.380 | 0.363 75 1500

20% 0.100 | 0.116 | 0.082 5 1500

2% 60% 0.171 | 0.167 | 0.137 12 1499

100% | 0.390 | 0.378 { 0.351 79 1499

20% OS5 T 0310078 4 1499

3% 60% 0.184 | 0.176 | 0.127 19 1500

100% | 0.396 | 0.375 | 0.334 84 1500

20% 0.127 | 0.148 | 0.078 5 1500

4% 60% 0.193 | 0.185 | 0.119 24 1500

100% | 0401 | 0.374 | 0.319 90 1500

20% 0.141 | 0.167 | 0.078 11 1500

5% 60% 0.203 | 0.195 | 0.112 48 1500

100% | 0.407 | 0.374 | 0.306 94 1500

MR 4.4.5 anrazsusean Wtheuge
Load 1(A) P (W) Speed
(%) Pa+Pb+Pc (rpm)

20% | 0.078 | 0.085 | 0.085 3 1501
60% | 0.143 | 0.156 | 0.149 12 1499
100% | 0.360 | 0.370 | 0.360 75 1499
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4.5.1 WaveansnaasufuNemeITalaTile

M31en 4.5.1 ansussduldihdndnlad 1 e (1@ - Under Voltage)

PVUR | Load Cos &

(%) (%) | Phase A | Phase B | Phase C

20% 0.08 0.20 0.14

1% 60% (.64 0.88 0.67

100% 0.93 0.92 0.93

20% 0.11 0.56 0.48

2% 60% 0.27 0.90 0.64

100% 0.94 0.94 0.92

20% 0.18 0.47 0.35

3% 60% 0.47 0.93 0.71

100% 0.93 0.94 0.89

20% 0.05 0.50 0.11

4% 60% 0.30 0.91 0.70

100% 0.94 0.95 0.91

20% 0.09 0.78 0.20

5% 60% 0.38 0.93 0.50

100% 0.95 0.95 0.89
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PVUR | Load Cos @
(%) (%) | Phase A | Phase B | Phase C
20% 0.06 20 0.1
194 £9% 0-65 877 6-65
100% 0.90 0.92 0.94
20% 0.08 0.11 0.05
2% 60% 0.61 0.81 0.59
100% 0.91 0.92 0.95
20% 0.18 0.12 0.20
3% 60% 0.70 0.72 (.65
. 100% 0.90 0.92 0.95
‘ 20% 0.29 0.11 0.05
4% 60% 0.81 0.64 0.47
100% 0.89 0.90 0.95
20% 0.33 0.10 0.45
5% 60% 0.76 0.63 0.84
100% 0.88 0.87 0.97
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N/

PVUR | Load Cos &

(%) (%) | Phase A | Phase B | Phase C

20% 0.17 0.41 0.38

%% GO% 037 0.90 U.78

100% 0.92 0.96 0.94

20% 0.08 0.25 0.16

2% 60% 0.47 0.90 0.85

100% 0.92 0.96 0.94

20% 0.19 0.46 0.30

3% 60% 0.25 0.92 .70

100% 0.92 0.96 0.93

20% 0.11 0.50 0.28-

4% 60% 0.24 0.93 0.72

100% 0.91 0.97 0.94

20% 0.12 0.33 0.27

5% 60% 0.42 0.92 0.73

100% 0.91 0.97 0.94
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M1 4.5.4 anrzusadulifgandnad 2 e 2D - Over Voltage)

PVUR | Load Cos &
(%) (%) | Phase A | Phase B | Phase C
20% 0.16 0.23 0.16
1% 60% 0.58 0.78 0.59
100% 0.93 0.92 0.95
20% 0.20 0.34 0.15
2% 60% 0.73 0.78 0.56
100% 0.93 0.90 0,93
20%% U.18 0.32 0.19
} 3% 60% 0.74 0.75 0.78
100% 0.93 0.88 0.94
20% 0.10 0.29 0.05
4% 60% 0.75 0.72 0.30
100% 0.94 0.86 0.93
20% 0.46 .30 0.35
5% 60% 0.84 0.60 0.76
100% 0.94 0.85 0.93
Y M 455 anzusein Iihanga
| Load Cos &

(%) | Phase A | Phase B | Phase C

20% 0.35 0.38 0.38
60% 0.77 0.79 0.78
100% 0.94 0.96 0.94

nnaTeisznsuias Wi luvazdunisznena wusesadseneudiss Wi
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4.7 Mavesydaluvaaan
471 amazBEmazmaena

ar =l

15190 4.7.1 degandeluvaalndnnz 1Znszmena

Qg

36l Copper Loss
(W)

Balance Voltage 0.417903

1(J - Under Voltage Unbalance 1 % 0.418209
1&J - Under Voltage Unbalance 2 % 0.612849
1 - Under Voltage Unbalance 3 % 0.639113
1J - Under Voltage Unbalance 4 % 0.708421
1< - Under Voltage Unbalance 5 % 0.820948
23 - Under Voltage Unbalance 1 % 0.546906
2(J - Under Voltage Unbalance 2 % 0477073
2@ - Under Voltage Unbalance 3 % 0.463788
242 - Under Voltage Unbalance 4 % 0.509804
2 - Under Voltage Unbalance 5 % 0.565172
1 - Over Voltage Unbalance 1 % 0.75802
143 - Over Voltage Unbalance 2 % 0.897511
13 - Over Voltage Unbalance 3 % 1.057802
1{J - Over Voltage Unbalance 4 % 1.234918
A 1 - Over Voltage Unbalance 5 % 1463338
2(J - Over Voltage Unbalance 1 % 0.885799
2 - Over Voltage Unbalance 2 % 1.110767
2(J - Over Voltage Unbalance 3 % 1.439697
20 - Over Voltage Unbalance 4 % 1.816259
2(J - Over Voltage Unbalance 5 % 2.351147
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4.7.2 annzlvaanng

o

MmN 4.7.2 Mdsgaudoiuveatnaniz Inaadida

N3l Copper Loss
(W)

Balance Voltage 17.30957

13 - Under Voltage Unbalance 1 % 17.83371
1 - Under Voltage Unbalance 2 % 18.08905
1 - Under Voltage Unbalance 3 % 18.36195
142 - Under Voltage Unbalance 4 % 18.45211
142 - Under Voltage Unbalance 5 % 18.42475
2(J - Under Voltage Unbalance 1 % 19.74742
2(J - Under Voltage Unbalance 2 % 20.03732
240 - Under Voltage Unbalance 3 % 20.24363
2 - Under Voltage Unbalance 4 % 20.56614
2@ - Under Voltage Unbalance 5 % 21.25939
13 - Over Voltage Unbalance 1 % 20.01311

123 - Over Voltage Unbalance 2 % 19.82608

1 - Over Voltage Unbalance 3 % 19.86191

142 - Over Voltage Unbalance 4 % 19.70844

17 - Over Voltage Unbalance 5 % 19,76298

2(J - Over Voltage Unbalance 1 % 18.47889

2(J - Over Voltage Unbalance 2 % 18.27468

243 - Over Voltage Unbalance 3 % 17.87317

24 - Over Voltage Unbalance 4 % 17.58654

243 - Over Voltage Unbalance 5 % 17.44334
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519N 4.8.1 UTLANTNIWEN Y 15015201900

A5Ed Efficiency
(%)
Balance Voltage 79.10485
1& - Under Voltage Unbalance 1 % 79.08955
10 - Under Voltage Unbalance 2% | 69.35755

1(J - Under Voltage Unbalance 3 % 68.04435
14 - Under Voltage Unbalance 4 % 64.57895
143 - Under Voltage Unbalance 5 % 58.9526
2 - Under Voltage Unbalance 1 % 72.6547
2(J - Under Voltage Unbalance 2 % 76.14635
240 - Under Voltage Unbalance 3 % 76.8106
2{J - Under Voltage Unbalance 4 % 74.5098
2 - Under Voltage Unbalance 5 % 71,7414
142 - Over Voltage Unbalance 1 % 74.73267
1¢J - Over Voltage Unbalance 2 % 70.08297
1 - Over Voltage Unbalance 3 % 64.73993
1¢J - Over Voltage Unbalance 4 % 58.83607
15 - Over Voltage Unbalance 5 % 51.22207
2 - Over Voltage Unbalance 1 % 77.85503
2(J - Over Voltage Unbalance 2 % 72.23083
2 - Over Voltage Unbalance 3 % 64.00758
2(J - Over Voltage Unbalance 4 % 54.59353
2 - Over Voltage Unbalance 5 % 41.22133
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58l Efficiency
(%)
Balance Voltage 76.92057
1&J - Under Voltage Unbalance 1 % 77.70786
13 - Under Voltage Unbalance 2 % 77.94018
163 - Under Voltage Unbalance 3 % 76.75703
1 - Under Voltage Unbalance 4 % 76.6429
- 19 - Under Voltage Unbalance 5 % 7696906 -
243 - Under Voltage Unbalance 1 % 71.7894
23 - Under Voltage Unbalance 2 % 70.09355
2 - Under Voltage Unbalance 3 % 67.86725
2(J - Under Voltage Unbalance 4 % 61.91456
240 - Under Voltage Unbalance 5 % 59.11656
1&J - Over Voltage Unbalance 1 % 72.20401
14 - Over Voltage Unbalance 2 % 72.07594
1 - Over Voltage Unbalance 3 % 70.79131
13 - Over Voltage Unbalance 4 % 71.017
1< - Over Voltage Unbalance 5 % 71.76717
2 - Over Voltage Unbalance 1 % 75.36148
2(J - Over Voltage Unbalance 2 % 76.86749
2(J - Over Voltage Unbalance 3 % 78.72242
2 - Over Voltage Unbalance 4 % 80.4594
2(J - Over Voltage Unbalance 5 % 81.44326
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Under Voltage 1 Phase
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Over Voltage 1 Phase
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