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Fig. 1 Initial geometry design of the locomotive body
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Fig. 2 Modified version of the locomotive body

A AR R AR SR AR R 45 4 BTG (FUJE: BT 5 R A
PR BT RRIG N, 415 367,677 A4S A 379,
373 ANHITLANKE 2 iR .

1 (B8 5 02 55 7R PR & SR BT A: IR 25 2 1) 7
T v 99 S A R IR R 7 AT T LA e B T A
oL v [ L O A R B R BRI . MR SRR
e/

A .

3
AL = 4?54 " (D

A P ORSRE TR Z R 1. R M E g,
P22 AR 0 IR G o BT U SRR
X 5 1 B PN ) S AR A
AL = ]% 2
A LB KA R 15 A 5 A A AR T
E Jpsipeiis .
F AT LAAS B /INAR B 2544 T i NI BE AR s 5K

l 4ER’n
A G )

XA AR 5 B B TF SRR AR O ANSYS
19

ot

AR IR AR R L4 4 A Y O B 52 T A L T AR
e e R 5 S T A S A T 7 IR AT SR SO fih A
U i o A s e 5 R () TR A B e R A
o ARTOR AT BRIT 7 1 0 1 2 WA Y MR S04 ik
[R] AR AT 5 o LA S R 02 fk ) RUISE 7 A 14y L
T BN 3 o o BEASE o 1R i T SR ) R
28V [] AL, oF 4 f 1] B0 079 SR it A 22 b O iR R

[ 3 278 e AL B AT T ey AR 7Y A 9 A
Fig. 3 Geometry and mesh of the screw bolt of the

main transformer

SCR FAE T s BRI T SR e L B4 SR BUBC 0. 1,

Xt PR AT R A 2 R A 1 Mk T R AT AT BR UG
)7 ABAQUS 2.
3 BR5UE
3.1 FEHE

)8R DL A TR 4 T 00 R AR O A L 3K
] 558 MPa; 53 4h, 1] 420 M L D ) B B
S I

T B AR A A G5 A B I3 7 K 5 68 A A 5 A
117 AMEA S BRSNS B, A
AT LA p A BT A R A5 R R T T R R 2
Hay o I IS B AR T ik Uy 649 77 180 45 4 F LA A 2 B
LA T 1R — B 4R 457,

AR H MG SR ) 2R X AR S R AT R R
AT DL S B K — 18 e nl DA A A R g 93 A B D B
WL 6 B/ - BUI A2 A S5 A 1Y 5 KB g e A AR 4T
Hil - f AL
3.2 FTERITE

AR AR PLIRAT B9 52 ST A 7 BoR s RN T
7RI AR — R SO i #6294 MPa, Hm &
— [ SRR 7 3% A I o L VR B ) i AL
T J5E SRR (Y 122 Ak 3 T R GO s SR 5 B TR
FERY LA ARZE T . X T S MR R SR AT 32 13007 5
I RSNy B — MRS B2y 4020, T X
TR AL L AN [ TSR S0y Y 22 S A TR R R



%3 KOBLF KRNI FEFRE R RS KM% TR R 387

HAY

SMX =557940
SMXB=915878

[ [—
14.60% 123998 247991 371965 495948
£2006 185990 209973 433936

AN

9 2008
10:92:29

557940

(a) ZEARN T 53 A

(b) 6T B J) o3 A

4 WA VT B 4 TS A R

Fig.4 Computational result of the initial design model in compression load case
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Fig.5 Topological optimization of the locomotive

body in compression forces

B 7 RLSRAT R ) 23 A6

Fig. 7 Stress distribution of screw bolt
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Fig. 6 Computational result of the modified locomotive
model in compression load case
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Fig. 8 Variation of stress with screw coils
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Fig. 9 Bolt joint of the main transformer and transformer beam
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Stress distribution on the suspension bolts
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Design and strength calculation of key components of main transformer and

body of high-power electric locomotive
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Abstract: Finite element method was used for the strength calculations of the key components of the
main transformer and the locomotive body of the high-power electric locomotive. Shell and beam ele-
ments are used for the numerical modeling of the locomotive body. Cylindrical shell was used to simulate
the behaviors of the spring by using stiffness equivalence method. According to the computational re-
sults and the results of the topological optimization, the key components of the locomotive body were re-
designed to satisfy the strength of the locomotive structure. The whole model of the locomotive consists
of more than 340,000 nodes and the freedom degrees are more than 2,000,000. The further computation
on the main transformer, in which 3 nodes axis-symmetric elements are used for the screw bolts and tet-
rahedral elements are used for the suspension bolts, showed that the stress on the first coil of the bolt is
the highest. The stress gradually decreases when the location becomes far from the first coil of the screw
bolt. In the suspension load case, the high stresses on the transformer occur near the suspension bolts

and the stresses of the four bolts on the same installation block are different.
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