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A Study on the On-Load Torque Measurement for
Three Phase Induction Motor
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(Seung-Won Rhee » Un-Bae Kim ¢ Seuk-Yong Hwang « Seuk-Yoon Kang)

Abstract

This paper suggests on-load torque measurement for 3 phase induction motors by input
voltage and current utilizing symmetric coordinate analysis technique on the basis of the
induction motor equivalent circuit.

In this paper, two cases are treated with, i.e, one is the case where the motors’ exciting
current and primary leakage impedance voltage drop are compensated automatically, adopting
the ideal wattmeter whose current coil impedance and voltage coil impedance are 0 and oo
respectively, and the other is the case where non-ideal wattmeter is adopted and the compen-
sation above is made by computation.

As a result of the case study, following conclusions are obtained.

1) By proper combination of the error propagation law and the limit of power consumption,
the desirable overall measurement error of the apparatus can be obtained on the basis
of the inherent errors of CT and PT.

2) The measurement error is larger in current simulation circuit than in voltage simulation
circuit.

3) Between the two cases, the latter is more advantageous than the former from the
viewpoint of feasibility and the measurement error.

4) As the attachment of Ammeter in the current simulation circuit influences the measure-
ment error considerably, its internal impedance should be large considerably.

5) The larger the consumption power of the apparatus is, the easier the feasibility is.
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Table 4.1. Calculated apparatus parameter (ideal wattmeter application)

N\ 2 an s 0.1 0.5 | 1.0
ey Ve sw o | wow | 5w | 10w 5w | 1ow
R, 10 U 10 10 10 10
R, 64,725.59 64,725.59 | 2,580.17 2,589.17 647. 29 647.29
a 0.2486 0.17578 1.2429 0.8788 2,486 1.7573
a 32,810 6x10 | 32.8x107 | 46.39x10 | 328107 | 46,3910
Zos 300, 000 300, 000 12,000 12,000 3,000 3,00
Rp 3,000 3,000 600 600 300 3c0
X 1,732.1 1,732.1 346.4 346.4 173.21 173.21
as 4,728.97 2,364.47 945. 87 472.9 472.9 236.5
BEGE 0. 055 0,055 0.075 0.075 0.1 0.1
R®RO# (5.5%) (5.5%) (7.5%) 7.5%) (10%) (10%)
BHAEE 0.06 0,06 0.1 0.1 0.15 0,15
E - ©6%) (6%) (10%) (10% (15%) 15%)
f%gg_lgj 327, 066. 89 163,507. 9 65,408, 114 32,700,689 . 32,706.69 | 16,345.9
3a. R, | |
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Fig. 4.3. Measurement circuit for real wattmeter application
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Fig. 4.4. Simplified voltage simulation circuit
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A Azt A4 B FBC impedance® 4] 3 (4—52)
s} ok

Zy:=ZwctZye (4—52)

28 4-4olA REBMBE 29 4 L1404 T3 BER
-1, U=l Zyol BEA Rl & Zy, A4
ZyrE fRAGH =t

(2) EHHE
DR AA

KU1 Zy, A Ao Zy & AT & HE%ES
#ES] EEEMNA Kele FAS sl RS TEke
ehg3 7ok
— N 3Zy,,—30°

! ar(Zip > Yory)

RE—5DNA RS =27 = PTY BEAEMES Zy,
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Zce Vﬂ/ﬁloﬂ an“aa— ﬁ}\fﬂ"‘] '?"5'}“:"1 RP~——2113202
v) X8 AA 1 RU—42) BR

4,2.2 Bisimulation[@ligel REMG TEHEE
(1) HAEBME
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I S BHC YES Bitad EA FRAA=

4.2.3 FBRES EH

—81-—

an= ET’S.’&" %m@%g% o2 éM:«K %E-ﬂ Bl ARG U EREEMES BEuid e
%&% '?"d‘ﬁ E*ﬁ%ﬂ' iﬁ*ﬁﬁ\ @E%"ﬂ D"7EOI i@ﬁﬁs& %@ii}— '/‘Eﬁé’%?ﬁ-"—] _A\E‘H ‘;‘1 ﬁﬁ&ﬁﬁ% CA‘EE%}"E‘_ D]—
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17), (2—18)8] B Zeso] 57 = CTY REE @=""" 3R, h(max)
Zst] 1A A3y BT @ Zeotl ZA 1 RU—40)
a7 4-58] Ze= 18 4-3¢] BifisimulationEEKol Ze=—pop 3§z)2 _, at=a, - a
A At Al A 3 &K impedance24 % (4—55) ocs * £ae) " &
e A & A @ Resl A% 1 RU—38), RU—0) 32
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Table 4.2, Calculated apparatus parameter (real wattmeter application)
N s 0.1 0.5 1.0
A GEET: 100W) 5(W) 100W) SCW) | 100W)
R, 10 v 10 10 10 10 10
a. 32.8x107 46.3x10°* 32,8x107¢ 46.3x10°4 32.8%x107¢ 46,3x10°*
Zca 300, 0C0 300, 000 12,000 12,000 3,000 3,000
Rp 3,000 3,000 600 600 300 300
XL 1,732.1 1,732.1 346. 4 346.4 173.21 173.21
R, 34,64 34.64 6.92 6.92 3.48 3.48
a 10,73 7.6 24 16.9 33.87 23.97
BRBEE 0. 055 0. 055 0.075 0.075 0.1 0.1
G.5%) (5.5%) (7.5%) (7.5%) (10%) 10%)
BiRE 0.06 0.06 0.1 0.1 0.15 0.15
" (6%) 6%) (10%) (10%) (15%) (15%)
HHZalR_:E 7,601.77 3,807.7 3,383 1,692. 45 2,398.4 1, 200. 14
3a.R,
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