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Inertia Technique for Evaluation Torque-Speed
Characteristics of Single Phase Induction Motor

Pantita Wongchalee

Piyanat Viriyasakol

Pongsakorn Krittaluktaree

Paitoon Hartkam

Assoc. Prof. Pichit Lumyong Advisor

ABSTRACT

This thesis presents a technique to evaluate torque-speed characteristics of a single phase
induction motor using an acceleration method. This method is specified in IEEE standard 114-2001.
Test is performed on starting a single phase induction motor by the direct-on-line starting at a no-load
state. Voltage, current, speed and time during the acceleration from the standstill until the speed near a
synchronous speed are recorded. The value of torque is calculated from the speed data. For this
method, a long accelerating time is required to avoid effects of electrical transients. In addition, this
thesis presents a technique to increase the accelerating time using a flywheel coupled to the shaft of a
single phase induction motor. Using such a method, the moment of inertia of motor can be increased.
Test results are presented “in many relationship forms such as current-time, angular speed-time,
torque-time, current-speed and torque-speed. The mathematical method to find a trend of an rms
current and angular speed data in detailed. To confirm the test results, torque-speed curves from an
acceleration test are compared with the torque-speed curves from an equivalent circuit, torque from
load tests and torque from locked rotor tests. It is found that this test method is convenient and
reasonable.
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----- Perfor-

w. mance  Torque P; I Py i
~ (N-m) (w) A) W) (%)

speed S
1440 38 573.04 5.28 911.13 62.89
1445 35 529.62 5.07 764.89 69.24
1450 32 485.89 4.91 742.58 65.43
1455 2.9 441.87 4.74 732.06 60.36
1460 2.6 397.51 4.61 721.60 55.09
1465 2.3 352.84 4.47 564.29 62.53
1470 2.0 307.88 4.39 559.39 55.04
1475 1.7 262.58 4.27 506.91 51.80
1480 1.3 201.49 4.21 427.79 47.10
1485 1.0 155.51 4.17 358.32 43.4

A151971 4-7 waasdoyamiuiinmnaneumsy (load test) vowomos split phase vina 1/2 usai

Perfor-
'\\\mance Torque P, ¥ P 1
\\ (N-m) W) (A) (w) (%)
speed ) 8
1425 3.5 522.27 4.98 764.30 68.33
1430 34 509.15 4.86 730.10 69.74
1435 3.1 465.84 4.60 685.10 68.00
1440 2.9 437.32 4.55 644.90 67.81
1445 2.8 423.70 4.46 623.10 68.00
1450 2.4 364.42 4.23 541.80 67.26
1455 29 335.21 4.12 508.90 65.87
1460 2.0 305.78 4.00 462.10 66.17
1465 1.8 276.15 3.94 430.60 64.13
1470 1.6 246.30 3.86 393.50 62.59
1475 1.5 231.69 3.76 333.20 69.53
1480 1.0 154.98 3.69 297.10 52.13

#1517 4-8 umm?’ayan'r siiiinmsnagormaz (load test) vosneowos capacitor start viia 1/2 usaih

Perfor-
“._mance Torque P, ! o P; 1
\‘“\_ (N-m) (w) A) w) (%)
| speed s,
1442 1.3 196.30 2.89 380 51.66
1445 1.2 181.58 2.89 380 47.79
1447 1.1 166.68 2.85 360 46.30
1450 1.0 151.84 2.79 340 44.66
1455 0.9 137.13 2.79 320 42.85
1460 0.8 122.31 2.72 300 40.77

151991 4-9 waavdoyamsiudinnisnareumsz (load test) vosnowos split phase wina 1/4 usash
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""""""""" Perfor-
“w.mance  Torque P, In P, n
B (N-m) ) ) W) (%)
speed e ;

1415 1.6 237.08 2.68 420 56.45
1420 15 223.05 2.64 410 54.40
1425 14 208.92 2.57 390 53.57
1430 13 194.68 2.53 370 52.61
1435 13 195.35 2.50 360 54.26
1440 1.2 180.96 2.46 340 53.22
1445 1.1 166.45 2.43 320 52.02
1450 1.0 151.84 2.38 300 50.61
1455 0.9 137.13 2.35 290 47.29
1460 0.8 122.31 2.30 270 45.30

M 3199 4-10 waasdoyamsidinm snaaeumse (load test) voswomos capacitor start wia 1/4

usah
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4.4.4 MINATOU MAMNIINDS

o 9 A ae it Pt S .4 = )

1'1’]"’1]’614‘?!8L!'ﬁﬂﬂﬂﬁ‘ﬂﬂQﬂ1ﬂ]ﬂﬂlﬂﬂiﬂ‘lﬂﬂ]ﬂﬂ‘]iﬂﬂﬂﬂﬂlmzﬂ]u’)iuﬂ13]ﬁ3]ﬂlﬁ“ﬂ 2.20 aaaums
e Jdv € 4l o Aaw o
i 2.26 Uﬂﬂ‘ﬂYﬂuﬂﬂ\]!lﬂﬂ\‘!ﬂ]ﬂljﬁfﬂﬂ]‘ﬂ‘imﬂl!ﬂm‘ﬂi’ﬂﬂ]ﬂﬁﬂﬂ‘ifﬂUnﬂ“lu1ﬂ‘ﬂ’ﬂﬂﬂ Haz Mg
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ﬂﬁﬂﬂlﬂﬂﬂﬂnﬂ]ﬂﬂ]u')m1ﬂﬂ1ﬂﬂ]3ﬂﬁﬂﬂﬂﬁ')ﬂ?‘ﬁﬂ]5l‘iﬂﬂ3UJI‘S'J HAZMINATTUNTZUBINONDT A

5197 4-11 amsaf 420

Parameter Split ¥ Hp Split % Hp Cap Y Hp Cap ¥ Hp
Ry 7.68 3.46 8.20 3.63
X=X, 8.72 5.47 9.69 6.60
R, 11.88 4.92 11.29 5.72
Xn 138.24 92.61 173.70 113.35

) a r a g s oo, . Ao
M TN S-11 4gAmINI IR0 SUIIINDST Ny aEYaMIa S e 1 wla OWIANNINISNATaY

Parameter Split ¥ Hp Split % Hp Cap % Hp Cap % Hp
Speed (rpm) 1450 1440 1450 1425
Slip 0.033 0.04 0.033 0.05
I1(A) 2.82 4.86 2.39 4.56
P,(W) 267.67 612.82 256.97 663.79
P, (W) 109.83 414.88 113.26 462.36
T (N-m) 0.72 2.75 0.75 3.10
(%) 41.03 67.70 44.08 69.65

13190 4-12 ugasmranssonwvesemes i 1 wlannwaaiimmsnagey



e Test
T Load Test Parameter Test
Performance \““\\
1 5.09 4.96
Pi 911.13 639.09
Po 482.56 438.78
T 3.20 2.91
(%) 52.96 68.66

Pphase vina 1/2 nsadh

1319 4-13 uaasmnfSeuieysensram snaaey load test uas parameter test vosuomos Split

‘‘‘‘‘ ~._ Test
T Load Test Parameter Test
Performance ™~
I 4.98 4.56
Pi 746.39 663.79
Po 522.27 462.36
T 3.50 3.10
(%) 68.33 69.65

51151971 4-14 wansn i Roudignsz i siaaoy load test uaz parameter test Vossiomos capacitor

start 43618 1/2 u336)

“““““ S LTest
>0 Load Test Parameter Test
Performance . _
I 2.79 2.82
Pi 340 267.67
Po 151.84 109.83
T 1.00 0.72
1n(%) 44.66 41.03

8151991 4-15 uaaanfSeuiieyseniremsnaney load test oz parameter test wosuomas Split

Dhase uiia 1/4 us3ih
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s ~._ Test
™ Load Test Parameter Test
Performance ™.

1 2.38 2.39

Pi 300 256.97

Po 151.84 113.26

T 1.00 0.75
(%) 50.61 44,08

M1 4-16 vaasneuieysenim snagey load fest

start va 1/4 usah

M1 4-17 waasmnlSeniioyseniiant snamay load test uas acceleration test vosuonas Split

Torque (N-m)

Speed (B Load Test Acceleration Test
1440 38 3.62
1445 35 3.43
1450 3.2 3.22
1455 2.9 2.99
1460 2.6 A7%
1465 2.3 2.48
1470 2.0 2.21
1475 1.7 1.88
1480 13 1.55
1485 1.0 1.14

phase wna 1/2 usash

Torque (N-m)
Sgeed(rpm) Load Test Acceleration Test
1425 3.5 3.57
1430 3.4 3.37
1435 3.1 3.16
1440 2.9 2.96
1445 2.8 2.76
1450 2.4 2.51
1455 22 227
1460 2.0 2.02
1465 1.8 1.78
1470 1.6 1.49
1475 1.5 1.21
1480 1.0 0.89

M31971 4-18 wanantfSeudisyszniamnaaey load test 4az acceleration test vosuamos

capacitor start wna 1/2 usah

uag parameter test ¥o4uomas capacitor




Torque (N-m)
Apeed Gpu) Load Test Acceleration Test
1442 1.3 1.30
1445 1.2 1.25
1447 1.1 1.22
1450 1.0 1.16
1455 0.9 1.08
1460 0.8 0.97

M 31391 4-19 waasnfSoudieyssiensnaney load test uas acceleration test Youno0s Split

phase vina 1/4 n33ih

: Torque (N-m)

Bpeed (rpm) Load Test Acceleration Test
1415 1.6 1.86
1420 1.5 1.75
1425 1.4 1.66
1430 1.3 1.55
1435 1.3 1.44
1440 1.2 1.31
1445 1.1 1.19
1450 1.0 1.07
1455 0.9 0.94
1460 0.8 0.81

1 7 - &
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capacifor start wa 1/4 u5ah
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