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Test optimum design in three-way pipe hydroforming load path optimization
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Key Laboratory of Adwvanced Design and Manufacturing [or Vehicle Body, Changsha 410082, China)

Abstract; The numerical simulation analysis on a three-way pipe hydroforming was performed through

FEM software DYNAFORM, and load path parameter was optimized based on orthogonal test design

theory. The optimum parameter combination among internal pressure, axial feed and back pressure

during T-shape tube hydroforming load path optimization process was obtained, and the test results

with the optimum parameter combination are in good agreement with simulation results.
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Fig. 1 Principle map of hydroforming
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Fig.2 Finite element model of three-way pipe
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Fig. 3 Stress strain curve of AA6009
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Table 1 Factors level table

K
K%
1 2 3
WL S A/MPa 18 20 22
T 745 B/mm 25 30 35
WIES C/10'N 0.8 1.0 1.2
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Fig. 4 Scattered stereogram of test
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Fig. 5 Results of numerical simulation
SRR R 9 S ROHAT = A IR
At 2 BRI 25 2R v 9 = A 1 45 2R (e RS v
& H.ft/NEE Do s iR KRR E D) 10 H 5 bR
B, IHEATRIEAM Z 2 Fr kb (L3R 3) 35



. 60 EHKE FER (I F )

%42 A

PR 2 R,

FHRR 2 48 53 A 54> S 800 B — 1> H bR ek 80T
S A S BB A W] — > H AR sRECT /Y B 22
{BLF /N BV 1Y 2 12 2 B0 3% A B b 52 i 1 K
N TR AR B S 2 B B AR pR K S 2
(8 ks B9 R/ H BT BRAS 28000 e A8 2 1T A5
F A SBRRE S .

TE X E 1 IE AR Hop — AN R AR R —AH
[ 7K 0 T B9 BT A DA 9 52 5648 Bn 445 581 43 1 O

Kis Koy K (i = 1,25+, (D
A n RRZKF TR IURIZE R
Fr A B K5

AR X (D I Z R R KT

7 2418

= EK,’j(jzlaza"'an) (2)
PR ENER: R R R S E W)
ki: K,-/n(i:l,z,"‘an) (3)

PR RR @ B 228, B2 7R H R A
ANTRLKE TR B i P B (E b B RO B S
NEBE R 2EE . B

R = max(K;) — min(K;) D

MR A XA = R A 221 .

K, = 29.401 + 31. 81 + 34. 523 = 95. 734
K; = 35.311 +35.178 +35.061 = 105. 55

K; = 35.277 +35.205+35.112 = 105

SR T4 LR W] — KF /Y 21

ky = 95.734/3 = 31.911

k, = 105.55/3 = 35.183

ks = 105.594/3 = 35.198
B HE G SRR EME R,

R = max(K;) —min(K;) =

35.198 — 31.911 = 3. 287
I X AP 7 B R TE A5 FKE T AR
FEAE L B R ANER 2.3 Pi7w MR 22 I/ T W
M) A~ H b oRERY R ER 1 3 O

3 A P SR SR e R B R G B )N BE
JEL BB R A, i R R L BN B G L AR A B 22 RN
HEZ H 280 w1 0« S8 = BAC; fie/h
BEJE . ACB; fx KEEJE . BCA.,

55— 2D MG A5 H AR e& BT A [R) 7K F 19 2
WESNHR T RRIEE R E S E:AB,
Cs s BR/NEEJRE A B Gy s I REEJR AV B, Gy,

A LUF A B bR o8 8T B L 5 IF A 2
HE— A He TR B LEG o & D S EUW S R R A

FEREERRAE. M TFREEE A EX
A R/INHESS A B A B A 5 X R N BE
JELSE M HE S — 60, B A 5 T X 5 R BE L 5 e
B, MRER R H I A FTE A58 AL L fHE
A, SR T B I A B T e /) R TR R

KEEE 229N i # A IR B A, . [R5 B A] 43
Hr BHUB; ,C B C, . R &R AB,Co. XAEEIR
SRS A A .
F2 HELER
Table 2 Test result

ii}; s R i /mm

L

S A B C  XESE /MR KRR

1 1 1 1 29.401 0.823 1.476

2 2 1 2 35. 311 0.506 1.577

3 3 1 3 35.277 0.112 1. 660

4 1 2 2 31.810 0. 855 1. 555

5 2 2 3 35.178 0.553 1.611

6 3 2 1 35. 205 0.674 1.698

7 1 3 3 34.523 0.873 1.622

8§ 2 3 1 35.061 0. 785 1. 666

9 3 3 2 35.112 0.616 1.736
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Table 3  Analysis of test result

R SN E NE S /MPa BlE #E4S / mm 5 K /(101 N)

K 95. 734 99. 989 99. 667
¥ Ks 105. 55 102. 195 102. 233
a5 Ks 105. 594 104. 696 104. 978
o I 31,911 33.33 33,222
" ks 35.183 34,065 34,078
s ks 35.198 34. 899 34,992
W% R 3.274 1.569 1.77
K 2.551 1. 441 2.282
o K: 1. 844 2.082 1.977
N Ky 1. 402 2,274 1.538
y f 0. 850 0. 480 0.760
ol ks 0.615 0. 694 0. 659
e ks 0.467 0.758 0.513
W2 R 0.383 0.278 0.247
Ki 1,653 4,713 4. 840
i K- 4,854 4. 864 4. 868
% Ky 5. 094 5.024 4,893
I 1.551 1.571 1.613
J:’E_;
ks 1.618 1.621 1.623
e e 1. 698 1.675 1.631
W2 R 0. 347 0.104 0.180
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Fig. 6 Results of test and numerical simulation
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