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Efficiency Measurement of Inverter—fed Three—phase Induction Motor

Gil-Dong, Nam

Department of Electrical Engineering
Graduate School of Industry

Pukyong National University

Abstract

In general, the 3 phase induction machine is the most widely
used machine in industry and consumes much power because its
structure and manufacture are very simple and maintenance fee
is low. But the efficiency of 3 phase induction motors is lower
than the other machines because of lots of losses.

The inverter is widely used to control the speed of 3 phase
induction ‘motor. The amount of power could be decreased by
using the inverter. But the efficiency of inverter-fed 3 phase of
induction motor is low because the input voltage has many
harmonic waves.

This paper describes on the efficiency measurement of an
inverter-fed 3 phase induction motor. The loss separation
method was used to calculate the efficiency of inverter-fed and
sinusoidal voltage—-fed 3 phase induction motors. From the test
results, it is known that the efficiency value of an inverter—fed

3 phase induction motor is lower than that of a sinusoidal fed

machine because of the core loss and rotor loss.
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A4 gl vgu 2

San = %(QSa S Sb . S{:) = %[(Sl o 53) = (Sl | 2 55)] (54)
S =5 (=5, + 25~ 5) = +[(5, = 5) + (5, = 5)] (55)
S =3 (- 5. 5+ 28) = 2 [(8=5) + (5~ 5)] (56)

cn 3

O™ 4= 3% dWE A Eol ¥ Alojd o), 29H &= 5, S,

5.9 e yepich 29 14004 5= 2-d9, g, 3-d9, 5, & 4-

el sedo] Hrh 1T Aol uy A7 ETFE FUSAL I
=g A £ BesE fesh
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I 14, 3% IHE 23

4.3.2.2 ¥HAF

3% AWE Y GHAF ipets FIAF i, i, 0,5 7 A 29

ot
0%
Ru)

ipc = Sy, + Ssi, + Ssi, (57)
ojth. I A (54) ~ (66)Y HAE o]&stH KCLAl o3t i, + i, + 4,

= 0ol22 T3} o] xdEh

1
ipc = Sii, + Ssiy + Syi, — —(ia + 2, + ic)

2
= S, + Sy, + Si, (58)

4.3.2.3 57129
2l (54) ~ (56)¥ 2] (BR)EFH 238 159 & 34 v g 57124
S dev a9 159 S7FRES 34 AW Eo 29 ot &

=2 T«

Ak, AFe #AE £AH R YeERdg, e a9 159 571RdS

1 H,
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(61)

e

]

[e)

Vi, + vty + v, = 3V, I coseo

b, =

ol "tk 9714 o

(62)

3V I cos¢
0o~ o0 — (??]‘Xé
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Ve
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3 d%719 a8 ALE 95k

ARerdler. 3 2% dE7]o AMdS vEhdt i 3 ~ 6 28 7
A% Al dlolelE Yehdith TEla % 7 ~ 103 29 16 ~ 19+
Al HlolE S o] §ste] 54 AE A3ts debdth ® 109 19 19

of &8 At Ayl M AFstellM el mEs 83.5[(%17F He AL

rx

d EYHer ®

o
o
M

2
o

44 gk

= T 0.86 [kV]
. W 1800 [rpm]
A o 460 [V]

# 3 A oy - 271 SA%

A A3 12.39 Q HAA g 12.38 Q

AX = 24.80 T FHew 24.60 T

T4 AF dolE - 4ARE 24 LR AT S4%

B A 3} 13.82 Q XA AT 12.50 Q
A= 54.80 T e 31.30 deg
Foex 23.50 T FoLex 23.50 T




3% 5 AE doly - 3t 7k Al

FohE 125[%] | 110[%] | 100[%] | 75[%] | 50[%] | 25[%]
E4[Nm] | 6.15 5.36 4.82 3.56 2.34 1.16
dZ (kW] | 1316.9 | 1144.2 | 1031.4 | 767.5 | 522.4 | 284.2
A [A] 2.12 1.91 1.77 1.47 1.24 1.08
%% [rpm] | 1669.0 | 1688.0 | 1700.4 | 1728.8 | 1754.1 | 1777.4
AA2=[C] | 56.8 57.4 57.4 56.5 55.3 53.7
Fole=[C] | 23.6 23.6 23.6 23.6 23.6 23.7
AAYV] | 509.8 | 510.7 | 5122 | 5152 5184 | 521.4
AXAGQ] | 13.90 | 13.93 13.93 13.89 13.84 13.77

X 6 Al diolde - 7538 7 HsE Al

BAAL 60~125[%]11H =4
125[%] | 110[%] | 100[%] | 90[%] | 80[%] | 60[%]
MZPASHV] | 529.1 | 527.4 | 525.9 | 497.1 | 463.8 | 401.5
A [A] 1.04 | 1.03 | 1.03 | 089 | 0.75 | 0.53
A= [KW] 67.3 66.7 65.9 55.8 45.4 30.6
PHALE[C] | 474 | 472 | 46.9 | 46.5 | 46.2 | 458

AAAY 20~50[% 104 =7

50[%] | 35[%] | 20[%]

ARGV 366.3 | 305.1 | 2304

AF[A] 0.43 0.31 0.23
2 [KW] 24.2 16.7 11.0

A2 E[T] 45.2 44.8 44 .4
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E 7 RS AorRE P AL
AAAY 60~125[% 14 =A
125[%] | 110[%] | 100[%] | 90[%] | 80[%] | 60[%]
AAZA AAAT [Q] | 13.468 | 13.457 | 13.445 | 13.423 | 13.409 | 13.391
142 5 [W] 21.993 | 21.593 | 21.282 | 15.875 | 11.166 | 5.625
AEA [W] 45.311 | 45.147 | 44.660 | 39.967 | 34.190 | 24.955
AAAE 20~50[% oA ZA
50[%] | 35[%] | 20[%]
1A AAAE [Q] | 13.364 | 13.345 | 13.323
242 & [W] 3.740 1.934 1.054
AEA [W] 20.469 | 14.768 | 9.930
25.00 U‘, ! ;
W B A
20.00 Ty " »
de - T[T TTTWF] .
oy W
HE .- 4K |— il = % |
15.00 ' = Lo — =
g ?__‘ | _: ‘_:__ d'/"_ Je
n | -
4 . /
R0 10.00 4
5.00
0.00
0 20,000 40,000 60,000 80,000 100,000 120,000 140,000 160,000
VZ
= 0.0001300282 x + 2.9047106645
a9 16, ek APoRtE P A




¥ 8 W3 AgoryE & R AHEA A

SFah& 125[%] | 110[%] | 100[%] | 75[%] | 50[%] | 25[%]
AR PAAE Q] | 13.915 | 13.945 | 13.943 | 13.901 | 13.843 | 13.766
TR} FE (W] | 94.2 76.0 65.4 45.2 31.9 24.0

cos(d) 0.702 0.679 0.657 0.584 0.469 0.292

sin(¢) 0.712 0.734 0.754 0.812 0.883 0.956
742 Ak Ur[V] | 492.14 | 495.35 | 498.40 | 505.09 | 511.62 | 517.76

HE (W] 36.2 36.7 37.3 38.4 39.5 40.6
3 Ax &4 (W] | 86.4 64.2 51.4 Y Thy! 11.5 2.8
=9 [W] 1075.7 | 947.2 859.1 645.3 429.6 215.7
AFEA (W] 21.6 17.3 15.3 8.6 6.9 -1.7
50.00 = = i 1
= 4 Ee_S57
g O “ —i; a5 i—-”/;
4 2500 - -]
] i
20.00
15.00
10.00
5.00
0.00
0 100 200 300 400 500 600

M7 (V)

y = 0.0000001691 x* - 0.0003225162 x* + 0.2300346613 x2 - 72.5342688098 x +

8545.6096044416

Oy 17, F3F Ago2HE HE AL
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=il
e
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i
X,
>

T P (| (B | e

1 37.9 21.6 1434.7 468.2 819.6
2 28.7 17.3 824.3 298.0 495.6
3 23.3 15.3 541.7 235.0 356.8
4 12.7 8.6 161.5 73.6 109.0
5 5.5 6.9 29.9 47.8 37.8
6 1.3 -1.7 1.8 2.9 -2.3

SUM 109.4 68.0 2993.9 | 1125.5 | 1816.6

25.0

20.0

15.0

41 100

5.0

y =0.5766x + 0.8243

a9 18, A9 B9 B emRE xRieE A
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¥ 10 a8 =4 23
HFah& 125[%] | 110[%] | 100[%] | 75[%] | 50[%] | 25[%]
Ay (W] 1316910 | 1144230 | 1031370 | 767.482 | 522.427 | 284.212
Zé g upRE (W] 2905 | 2.905 | 2.905 | 2.905 | 2.905 | 2.905
H¥E (W] 36.192 | 36.747 | 37.276 | 38.426 | 39.533 | 40.560
oL Raes (W] | 21.841 | 16.555 | 13.421 | 7.327 | 3.155 | 0.774
HAE @423 [Q] | 13.891 | 13.891 | 13.891 | 13.891 | 13.891 | 13.887
BAE A2} &4 (W] | 93.994 | 75.684 | 65.180 | 45.136 | 32.039 | 24.227
BAY 342 &4 (W] | 86.781 | 64.509 | 51.645 | 27.197 | 11.557 | 2.765
BHAE &9 [W] | 1075.2 | 947.8 | 860.9 | 646.5 | 433.2 | 213.0
a8 (%] 81.6 82.8 | 83.476 | 84.2 82.9 74.9
100.0 ‘ ‘
. -
Q0.0 ; 842
_!‘ I | 829 | B : Al ‘83.5 /lﬁz_a 3.6
20.0 74.9 — : | | e
g - | (&2 -
OW - | | LS ,
1o
70.0
60.0
50.0
0 20 40 60 80 100 120 140
2512 (%)
a9 19, 528 F4
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5.2 BA¥} 77 3%

16 ~ 19 1% 20 ~

-
e A

LERdY A

=

=

dlelH

&
=

A% A

re

A
1l

|

A

83.6[%]7F €& &

e

Foll A €]

e 19 25

A1

1

s

gtk 138 24

PN
T

s}
=

el ogn ¥ i

11

o)

Q

12.38
24.60

gwk

o=l

=

7]
Ple

o

ES
BAA

=8| =
Elglz
0 O
S|@|
—
M
ar |4
To
_zT.c HT
o

Yolg -

k<3|
=
Q

12 A

A
it

12.39
24.80

5}

A&

_]

A
RIS

N

13 Mg dlely -

A
st

Q
deg

12.56
28.90
24.00

5}

o

B3
2EYE

_41_

Q

13.79
52.90
24.00

5}

A&

_]

A
R

it




E 14 AF dlelE - 3 b A

R 125[%] | 110[%] | 100[%] | 75[%] 50(%] 25[%]
E[Nm] 6.00 5.34 4.80 3.57 2.53 1.21
1= [KW] 1288.8 | 1139.1 | 1029.6 | 779.7 565.1 306.3
A5 [A] 2.06 1.89 1.77 1.53 1.36 1.21
%% [rpm] | 1689.6 | 1703.7 | 1714.0 | 1737.0 | 1756.2 | 1778.3
AT | 459.9 459.8 459.8 459.9 460.0 459.9
FYLE[C] | 55.6 55.6 55.4 54.6 53.9 52.5
AAYGIV] | 24.1 . ) 24.2 24.3 24.2 24.3
BAAZR] | 13.90 13.90 13.89 13.86 13.83 13.77

3 15 AlE dloly - FH3F 71 dg A"
AAAL 60~125(% oA =A
125[%] | 110[%] | 100[%] | 90[%]1 | 80[%] | 60[%]
AzbASH V] | 465.3 | 463.5 | 460.0 | 4139 | 368.1 | 275.9
AF[A] 1.19 1.18 §.17 0.99 0.84 0.59
1= [KW] 78.3 77.7 76.5 60.4 47.3 27.7
BRALE[T] 41.8 41.8 41.7 41.2 40.8 40.2
AAALL 20~50[% )X =3
50[%]1 | 35[%] | 20[%]
AzbASHV] | 230.0 | 161.0 | 92.0
AF[A] 0.47 0.32 0.20
1= [KW] 20.7 13.2 8.9
BRALE[T] 39.5 39.1 38.5
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¥ 16 F33 Ageziyg AHEd A

AAALT 60~125[%]NA =H

125[%] | 110[%] | 100[%] | 90[%] | 80[%] | 60[%]

AzbdsHv] | 13.201 | 13.198 | 13.196 | 13.173 | 13.153 | 13.123

A5 [A] 28.007 | 27.681 | 27.000 | 19.467 | 14.054 | 6.757

= kW] 50.303 | 50.054 | 49.486 | 40.911 | 33.286 | 20.917

A 20~50[% 14 54

50[%])| 35[%] | 20[%]

Az sHV] | 13.090 | 13.071 | 13.044

A [A] 4414 | 2.036 | 0.817
= [KW] 16.261 | 11.206 | 8.099

18.00 T

16.00 -

14.00 =

12.00

10.00 —

8.00

BEH(w)

6.00

4.00

2.00

0.00
0 10000 20,000 30,000 40,000 50,000 60,000

y = 0.0001840185 x + 6.5029640079 w

a2 20. Ao Alderiy AEL AL



¥ 17 Hek AgoryE Fe ¥ ARe A

SFah& 125[%] | 110[%] | 100[%] | 75[%] | 50[%] | 25[%]
AR AR Q] | 13.857 | 13.859 | 13.850 | 13.813 | 13.779 | 13.710
a2 FE [W] | 87.9 74.3 65.4 48.7 38.1 30.0

cos(d) 0.787 0.757 0.728 0.638 0.522 0.319

sin(d) 0.617 0.654 0.685 0.770 0.853 0.948
742 A Ur[V] | 440.71 | 442.91 | 444.57 | 448.44 | 451.70 | 455.51

HE (W] 39.3 39.7 40.0 40.7 41.3 42.0
3Ax &4 (W] | 71.3 54.9 44.2 248 11.8 2.8

=9 [W] 1061.9 | 952.4 861.6 650.2 465.7 225.4

AFEA (W] 22.0 114 11.9 9.4 1.6 -0.4

60.00 T T

= ! 7
‘:;E ]
50.00 ™ _
40.00 ﬁ__ . ¥ — ;—'i— - /
= o i P e S W s
= 30.00 S i
{4 =Y = ‘ |
! SERE=SRE=Pl
20.00 /
10.00 p— —_—
0.00
0 100 200 300 400 500

HIFEY(V)

y = -0.0000000432 x* + 0.0000655009 x* - 0.0365921361 x? + 9.0776007970 x
=823 2251125200

9 21, Fok AR E HE AR
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T 18 A3 37 B omREH FFEeE A
T Py (72)? (P)? | PLxT?
1 36.0 22.0 | 1297.5 | 483.3 | 791.8
2 28.5 11.4 812.0 | 130.4 | 3254
3 23.0 11.9 530.9 | 142.7 | 275.2
4 12.8 9.4 163.3 87.8 119.7
5 6.4 1.6 41.1 2.6 10.4
6 1.5 -0.4 2.1 0.2 -0.6
SUM 108.2 55.9 | 2846.9 | 846.9 | 1522.0
25.0
.
20.0

15.0
<1000

d
* 50

0.0 L 1 L L

-5.0
=0.5734x - 1.0212
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¥ 19 a8 54 43
HFah& 125[%] | 110[%] | 100[%] | 75[%] | 50[%] | 25[%]
Ay (W] 1288770 | 1139.120 | 1029600 | 779.678 | 565.092 | 306.298
a9 mpEsE [W] | 6.503 | 6.503 | 6.503 | 6.503 | 6.503 | 6.503
AL (W] 39.276 | 39.683 | 39.990 | 40.710 | 41.321 | 42.036
B} Balké [W] | 20.655 | 16.340 | 13.212 | 7.328 | 3.677 | 0.840
HAE @423 [Q] | 13.836 | 13.833 | 13.833 | 13.828 | 13.833 | 13.828
BAY A7} &4 (W] | 87.722 | 74.143 | 65.359 | 48.752 | 38.279 | 30.219
HAE 3[R} &4 (W] | 71.479 | 55.031 | 44.288 | 24.213 | 11.855 | 2.832
BHAE =9 [W] | 1063.1 | 947.4 | 860.2 | 652.2 | 463.5 | 223.9
a8 (%] 82.5 83.2 | 83552 | 83.6 82.0 73.1
100.0
H |
90.0 i I .
: 82.0 | | g 836 380 | 5w |
£ 00 SIS X \ WPdMmmn.
ol < ' wmb |2 ‘
o /; T IRCa
70.0 - T
60.0
50.0
0 20 40 60 80 100 120 140
28518 (%)
a9y 23, a8 IA
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29376 29326 292.88
03409 0.3347 0.3390

41.65 2.81 39.17
29376 29326 292.88
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