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Preformed billet design and forming process simulation for automobile
thin-walled pipe
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Abstract: In order to solve the problems of low material utilization rate and high cost caused by the machining for a certain type of auto-
mobile thin-walled pipe, a processing method of turning after closed extruded billet was proposed, and according to the characteristics of
pipe, the structure of the difficult forming parts was improved. Then, three kinds of preformed billet with different shapes were designed,
the simplified design of the forming mold was carried out, and the numerical analysis was carried out by software Deform-3D. Further-
more, the forming process of the preformed billet for each scheme was analyzed through the material flow situation, and the potential de-
fects of each scheme were explained. At the same time, the material utilization rate, the forming load and the mold wear of different
schemes were compared. The results show that scheme 1 has the highest material utilization rate, but there are forming defects and mold
damage risks. Scheme 2 and scheme 3 can obtain the required preformed billet shape, but scheme 2 has the problem of poor demoulding,
while scheme 3 is ideal in terms of material utilization rate, forming load and mold wear. Finally, the qualified thin-walled pipe is ob-
tained through scheme 3, which has good production effect and solves the problem of low material utilization rate.
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Fig. 1 Part drawings of automobile thin-walled pipe

(a) Dimension drawing
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(b) Three-dimensional model

AL Ty B FE AN RGP, XA
BOE BN G5 EAT T — 2o et &IT T 3 b R
TR, i 2 oS g B R (2 4ol
SPREHIRAR) , IR T OB R R BT,
FZARER) 3 MRS R, WiE 3 s, E5%
PRARE R, R € & J7 S B BEHIRUST 2 047 mmx
34.0 mm, @55 mmx29.5 mm F1 $50 mmx32.5 mm,
SR, AORAHIER 0 50. 2% | 42. 2% F
46.4%, ST ZAHLEA TERETE, AR
MMZARE, IR 1ENR,

BT Deform-3D HAFXF 3 FpJ7 58 U] 20 1 Al
TG BLAAT T PE AT T ST, 255 U 2T FiA B
VEAB S PR N Al AT 07 SRIEATHRAL

2 HRTTEME

HRAEE 3, R UG SERL 3 P A 0BT AR L4544
) =A@, B 1/2 454, SRJG 3 A Deform-3D %K
P T A R TR, ELARR .

(1) ARSI E, ERERITEGEEIE
X PR B ER, FRRR TR AISI-4140
W, HAEARIEREE | A HOR T B AR AT R T i
SCHER [10] 3R15, SRJH Arthenius AFGRERL | 004545
I (1), IR A e A 2504, s 4 o
TNo ERAECANIAR, BLEA TR AISI-HI3 X,

427469
_&wmg(n

Krf. & WM AERR, s o FIEEN ), MPa;

&= e®%sinh(0.08960)>® - exp(



104 S O s S N o548 %

N
N
N

A

|

[

|

i

] '
(@ () ©

2 IR T OB R
(a) AR (b)) BIR2 (o) B3

Fig. 2 Preformed billet shapes of automobile thin-walled pipe
(a) Shape 1 (b) Shape2  (c¢) Shape 3
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Fig. 3 Three closed extrusion schemes

(a) Scheme 1 (b) Scheme 2 (c¢) Scheme 3
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Fig. 5 Finite element models of each scheme

(a) Scheme 1
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(c¢) Scheme 3
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Fig. 6 Material flow process and part forming results of scheme 1

(a) Early stage of forming  (b) Middle stage of forming  (c¢) Later stage of forming  (d) Formed part 1
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Fig. 7 Material flow process and part forming results of scheme 2

(a) Early stage of forming  (b) Middle stage of forming  (c) Later stage of forming  (d) Formed part 2
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Fig. 8 Material flow process and part forming results of scheme 3

(a) Early stage of forming  (b) Prometaphase stage of forming
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(¢) Middle stage of forming

(d) Later stage of forming  (e) Formed part 3
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Fig. 9 Forming load-time variation curves

(a) Scheme 2
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Fig. 10 Cloud diagrams of mold wear distribution

(a) Upper punch, scheme 2 (b) Lower die, scheme 2
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Fig. 11 Production test of thin-walled pipe

(a) Preformed billet part ~ (b) Cut section of preformed billet

(e) Cut section of simulated part for preformed billet
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