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Novel Harmonic Reduction Slot Design with Loss

Optimization for Squirrel-Cage Induction Motors
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(1. Dezhou Hengli Electrical Machinery Co. , Ltd. , Dezhou 253500, China;

2. School of Electrical and Electronic Engineering, North China Electric Power University,
Beijing 102206, China)

Abstract: [ Objective ] This paper proposes a harmonic
elimination slot structure for the rotor bars of a 5.5 kW
inverter-fed squirrel-cage induction motor, aiming to improve
the current density distribution in the rotor bars and minimize
local hot spots near the slot openings. [ Methods] The
analysis was initially conducted based on magnetomotive
force and magnetic permeability to examine the air-gap
magnetic field components and induced harmonics current in
the rotor bars of the induction motor. The penetration depths
of different harmonics current were calculated according to
the skin effect. Subsequently, a mathematical model
was established for the current-carrying area of individual
bars as a function of harmonic elimination slot geometry and
parameters, derived from the rotor slot opening geometric
model. An optimization design process for the harmonic
combining  this

elimination slots was proposed by

mathematical model with limited simulation data.
Finally, the optimal parameters for the rotor harmonic
elimination slots of the specified induction motor were
determined through simulation verification. [ Results ]
Through simulation analysis, it was found that under no-load
conditions, the rotor harmonic elimination slots reduced
harmonic copper losses by 40.9% ; under full-load
conditions, a reduction of 5.5% was achieved. Additionally,
the current-carrying area of the bars decreased by only

0.94% , indicating that the harmonic elimination slots did
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not significantly affect other electromagnetic performance in
both operating conditions. [Conclusion] The proposed rotor
harmonic elimination slots in this paper can significantly
reduce rotor harmonic copper losses, leading to a more
uniform current distribution in the bars. This effectively
mitigates local thermal stress and temperature rise in
high-load motors, making it suitable for motor operating
conditions with frequent start-stop cycles or power supply
containing harmonics.

induction motor; harmonic

inverter-fed ;
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Fig. 1 Output voltage waveforms and spectrum

of inverter
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Tab.1 Basic parameters of the motor
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Tab.2 Harmonics in rotor bars and their

penetration depth

Eean PR/ (rad-s™")  IBEAREE/mm
L 100 11.96
ET 5T UOK I 50077007 5.35.4.52
FE TS -3 10071007 11.96.,11.96
Ui - g R 1007 .1 430 11.96 3.16

L A% 2 AT AR 6 3001 .12 6007 1.50.1.06
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Fig.2 Current density in the bar under sinusoidal

and variable-frequency power supply
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Fig.3 Schematic diagram of the bar slot opening
and fan-shaped region
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Tab.3 Copper loss distribution in the slot

opening and fan-shaped region

EH 42 /mm IEszfb /W AR W
1 0 6.77 9.77
2 0.1 6.89 9.94
3 0.2 7.21 10.39
4 0.3 7.69 11.07
5 0.4 8.29 11.90
6 0.5 8.98 12.84
7 0.6 9.69 13.79
8 0.7 10.41 14.70
9 0.8 11.12 15.59
10 0.9 11.85 16.46
11 1.0 12.58 17.32
12 1.1 13.33 18.18
13 1.2 14.09 19.03
14 1.3 14.86 19.89
15 1.4 15.65 20.74
16 1.5 16.45 21.59

FlpAFe/ W 100.07 100.17
SARE/W 116.51 121.76
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1t 40% , FIEEAS S 4 MAFEA L, IE sZ Bt
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Fig. 4 Optimization method of harmonic elimination

slots based on finite element results fitting
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Fig.5 Geometric model of the rotor slot opening
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Fig. 6 Variation of the rotor bar current-carrying
area with the slot radius r
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Fig.7 Copper loss curves of the slot opening

and fan-shaped region
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Fig.8 Finalized harmonic suppression

slot design
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Tab.4 Key parameters of finite element simulation
SRR ZHRE
SR ARSI TR Y
)/ s 5
TRAF AR/ s 50
FE TR DW540_50_2DSF0.960
LSRRI DW540_50_2DSF0.960
FEFLRA Copper
By g Cast_Aluminum_75 C
BICH-R I 15 623
BAIUR-TH I 13 816

Xof e T A 8 R AT O (R T B0 0 4 B
Fl o X Pl 178 A0 il o ek 3l , 45 31 245 48 T
T, R AR R LA 5 R B LAY A A H A
BE nE 10 FiR,
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Fig.9 Motor model for finite element simulation
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Fig. 10 Spectrum of phase-A current under

no-load condition
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Tab.5 Comparison of electromagnetic performance

under no-load condition

FL M S 4 IF i A
SEFHIRE/W 31.70 31.80
HFHRE/W 25.20 14.90
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SEE/ (N - m) 0.05 0.05
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Fig. 11 Spectrum of phase-A current under
full-load condition
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Tab.6 Comparison of electromagnetic performance

under full-load condition
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Fig. 12 Loss density distribution in the bar of the
original motor and the motor with harmonic

suppression slots
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