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Effect of the number of the rotor bars on the electromagnetic force in the induction motor
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The motor are demanded silent sound characteristics and low vibration now. The noise and the vibration on the
induction motor are caused by the electromagnetic force of the radial direction acting on an iron core and a frame of
the motor.  Therefore this paper shows the number of the slot of the stator is constant and, changed the number of the
slot of the rotor and calculated electromagnetic force to occur on a stator and a rotor, also compared these results.
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TRBARE T A IR TERTED B A (b) 28 slots in rotor. (c) 43 slots in rotor.
Fig.1 Analysis models.
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Table 1  Analysis conditions. WEIET A VTR N v I BREHOTHENTEZ1T-o
(a) 28 slots in rotor. TWa[3)
Resistance Rotor bar [pQ] | 46.87 Rotor bar| 200
End ring [p0] | 0.13 | COre length [mm] Endring| 18 Table 2 Results of the noise measurement (43 slots) .
Stator 36
Number of pol 4
Number of slots o " lumber of poles No. [Speed [rpm] Frequency[Hz] | Frequency / Speed[r/s]
3 Number of elements 42,944 A B A B
peed [1pm) — i 861|680 4739
lip [% 253 Number of nodes 22,229 -
e ] 2 47| 745] _550] 4720 3485
3 1039 815 600 47.06 34.65
(b) 43 slots in rotor. 4 1138 895 660 47.19 34.80
) Rotor bar [pu€] | 90.29 Rotor bar| 200 5 1239 975 715 47.22 34.62
Resistance X Core length [mm] - 6 1344 1060 775 47.32 34.60
End ring [pQ] | 0.66 Endring [ 18
Stator 36 7 1444] 1135 835 47.16 34.70
Number of slots Number of poles 4 8 1536] 1210 885 47.27 34.57
Rotor 43
Speed [rpm] 1500 Number of elements 42,152
Slip [%] 2.53 Number of nodes 21,993 1400
1200 -
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2
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Fig.2 Results of the noise measurement (1444 rpm) .
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Table 4 DFER, 3L W Fig. 4 (@) ~ (¢) £V, 1009.2
Hz T KE— K, 2681.4Hz T=RE—F, 47662 Hz
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Table 3 Analysis conditions for natural frequencies.

Material 50A1300
Density [kg/m?] 7850
Young’s modules [Gpa] 210
Poisson's ratio 0.3
Core length [mm} 200
Number of elements 1620
Number of nodes 1728

Table4 Result for natural frequency analysis.

Mode | Natural frequencies [Hz]

n=2 1009.2 () n=4 (47662Hz) .
n=3 2681.4

n=4 4766.2

Fig. 4 Natural-frequency vibration mode.
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Electromagnetic force distribution.

(b) Flux distribution.
Fig. 6 Flux density distribution and flux distribution.

(a) Flux density distribution.

(a) A teeth figure.

Fig. 7 Calculation point of electromagnetic force.
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(b) An enlarged figure of (a) .
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(a) 28slots (1500 rpm) .
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Fig. 8 Electromagnetic force on stator. ERE LIGREREZRERR L EDE TR, £,
300 — e Fig. 13 IZARATHRR & SRS R & DL =T, Fig. 13
Saso [ 4 DRERA D, FEFTRETR L RIS 1~4 %ITIX
500 EFoTRY, HFFITENI LBHND, Zhiy, =
§ 150 | ) o o O DR RS 25 X 2 LTV 2 AIEEMEN
& C ] l‘ 1‘27 : bbHLEZOND,
g 100 SR C —%, Fig. 14 DRER LY, EEEFOA T MNEAS 28
300 T T DEAITIE, EHETIC4 < BREABMD > TORNE
0 — Tt EWTMND, UL, Auy MEBMEE DD, [EEz
b6 11 16 21 26 31 36 41 46 FHRTMEL 2D, HARETHET 57 4 —RIC
oy Y RIYEITE M B EHADELL, FTHH LSS 0 Th L%
Frequency [Hz] R DND, DD, EEETITINGD 2 BRI E)
(a) 28 slots BTN
_ 300 T T T
T T T T
Exo b 11 o 2300 oy cpl ke ‘
2 o o 8 200 1 et b b
§0150 I I R < 100 A T AL e
2 50 e s g-100 | HNsaiNiRLis atll
= 0 A R PR [ A %‘200 ERAR A A " A ES
16 11 16 21 26 31 36 41 46 w3001 A SR Ry
, Order o -400 - : : : :
96.3 860.5 986.7 1083.0 0.44 0.445 0.45 0.455 0.46
Frequency [Hz] Times [s]
(b) 43 slots Fig. 10 Electromagnetic force on rotor (43 slots) .
Fig.9 Frequency analysis.
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Fig. 12 Comparison between measured and analyzed. AA%1E, 43 Aa sy NEFUZEBUWT, il 36 k&
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Fig. 13  Error between measured and analyzed.
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Fig. 14 Electromagnetic force onrotor (28 slots) .
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