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Stress intensity analysis on insulation damage of 10 kV AC motor end
winding under complex electromagnetic force
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(1. Hubei Key Laboratory of Power System Design and Test for Electrical Vehicle, Hubei University of Arts
and Science, Xiangyang 441053, China; 2. NRE Electric Co., Ltd., Xiangyang 441899, China)

Abstract: Aimed at the early fault of 10 kV high power traction motor end winding insulation layer, the failure mechanism
of insulation layer crack damage under complex electromagnetic and mechanical forces was analyzed on the basis of
fracture mechanics theory. A three-dimensional analysis model was established by using the finite element method, and the
stress-strain states of the insulating layer crack at different positions were calculated numerically by piecewise loading
electromagnetic force. At the same time, the stress intensity factor was introduced to evaluate the degree of crack damage
expansion. The results show that compared with the insulating layer crack damage at the nose end, the crack expansion
speed at the rod joint is faster and the fracture degree is greater. The initial damage state of the crack also has an important
influence on the fracture and expansion degree, and the transverse crack is easier to expand.
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Fig.1 Fault of motor end winding
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Fig.2 Local coordinates of three-dimensional crack tip
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Fig.3 Three-dimensional finite element model of motor end

winding
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Fig.4 End winding single coil structure
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Fig.5 Force structure diagram of end winding
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Fig.6 Initial crack modeling of end winding
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Fig.7 Meshing of initial crack tip
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Fig.8 Electromagnetic force density of

integral stator end winding
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Fig.9 Electromagnetic force density of single stator end
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Fig.10  Strain distribution map of ten sampling points
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Fig.11 Stress diagram of different points
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Fig.12  Strain diagram of different points
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32 BERRIGBEE S

TR FUR B R RAE RS TR I 5 [
R, oR R G 2T R B, 43 B AN R AL
B ANFE T 1) LA AN TR A AE kT B RS0 AT A
THE AL BT .
32,1 REMLE RS R EAT

FEL AL i 350 8 2H 26 FBl I IR B AR T 5 B R A
75 10 AL, — 7 Tk O R AL N g N AR AR
W R I R, S T SR A s A B N g B AR IR
BAAEGIET, B0 IR N N A H 4B b 7
B o AR Bk R 11 Oty 3 97T ) RN B iy 1) 8 21 4 2%
J2 VB [F) 5 1) A R RSE I3 ag, LA i R e hr
BTy B R, ST A R (R
DA S RS (R 2D AL A v A5 R 14
Fi7R o

BT E 14 R AR B R A (a1 Ry
20 1 B AR AR S AE 23 ol T B A5 21 LN 7 5 B R 7, 0
Bl 15 ATz o H 1S A il 2 B50d mr A, 26 0 o0 1 b 3
SIS 7758 FE TR 7 e KB N 4.0 MPa-mm?, &b i &b
N 7758 FE A T B OKAE N 0.5 MPa-mm®. 7] LA H,

B 14 ZEXTHLMBHBEULEIH

Fig.14 Deformation distribution of cracks in joint and nose

of wire rod
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Fig.15 Stress intensity factors at different locations
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Fig.16 Diagram of cracks at different angles
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Fig.17 Stress intensity factors of cracks at different angles
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Fig.18 Stress intensity factors of crack with different / value
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