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Optimization of loading curve in tube hydroforming
process using multilevel response surface
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Abstract- In tube hydroforming, the loading path, that is the relationship between axial feeding and internal fluid
pressure, is of important significance. Researchers have employed various optimization approaches to find an optimum
loading path. In this research a statistical method based on finite element analysis has been developed. An accurate FEA
has been used to simulate the process and to find the response of the process to the loading. The Response Surface
Method (RSM) has been used to model the responses from the finite element analysis. The behavior of the process can
be predicted using this model. The obtained model then used to optimize the process. Since The RSM model was
initially obtained for a predefined domain of variables multilevel optimization was employed to improve the accuracy
of the model. The multilevel optimized curve yielded the best thickness uniformity, the result of which are reported.
Keywords: Tube Hydroforming, Optimization, Response Surface Method, Finite Element, Metal Forming.
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2. Low Cost Response Surface Method (LCRSM)
3. Response Surface Method (RSM)
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1. Design of Experiments
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4. Extrusion- Cutting -Fillet Method
5. Adaptive mesh
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1. Pareto
2. ABAQUSE/EXPLICIT
3. Equal
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2. Quasi-static
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1. Explicit
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1. Mass-scaling

YA



Ohe g 5wt (B! Gl v

coeadalyd e bl LS S (g jlwaiags

5 bz ahl, g bl [ XX, .0, Xk ]
DAl o5 ole (V) alaly &0 4 1) i 6l piio
Y =f(x1, %0, ., X)) + € )
Gl o b3 5l Gl & g ST o le & 50 4
Lot AT S)5e Fuly axiliy Jlb adliee auly
aS xhaw oSl wgs G E(Y) = f(Xq, X2, 000, X)) =17
D9 o0 0l Frls g g o iy p15 (V) alasly & jg08
n =10, %z, Xg) )
Gl yiie Gm bLI)| 3920wl ayg; Pluwe Soas o
ol il oo a3 Lil Wil 4 by ol 5 e Jis
elbio oSG L el gy Joe GR8L )0 S sl
Bl e Jie slosesie 5l Slassaze 5 (V) Ely Ole
a Wlgige slaber vz Fuly a5, Joo S5 D> 0
29 ol (7) abal) bawgi (g 5l 58

y=xb+c¢
x = [x1,%1, ., x;,b = [by, by, ..., bj] 4P

ML’LSA wlj..\a )Ioﬁ b 9 Lmaolo u....a]:Lox 45 6“‘-’5&
9 X sleosls )‘I A goo S5 ‘J}Q;.m &_Aj‘}«@ nty 6‘)3
Wgdoo Gem Y S ol b b slagul degere
ol 5 lerul degerme Bpre iy 4 X oV axily
..\Ju’_a Sy (F) abayl ) b Billae il o ol b e
b=XTX)"xTy )

iz 0 Jseme o res sl Sl e JBlas )
Jlas g, 5l eslaul (gl 0g oo oolainl o &5 (glales
Jstme 3l po sl 51l Gialesl gladiges slass «ley o
LV ] 0pis oS5 XTX o o b5 wly ity

Tl bg gl ol (Jstrme clpe G 5 o
Sl dgdee Joo (on 8 O)go 4 Jol> glaosls » (A5
‘..\...JL: C‘“L’ c.»l.: )l ‘S.ML,.A u.a).n.: AW 03} Q‘M L9,
bl b o 28ly pinews Jodos b Jolro Jol> 4y, Jodos
g dales s 5l Jod LB Jlaae
S Byt Condy St Sln Bl slaay) bxal e
sl by IS Sglie b Jleel sla i 3l eslinl ,506

ligloj] ooyl Y-
Tk Sl g a by agy Joe TS 5 s

AN

askad o Jow o)led Culbrs d B wo o o iy
Calbes oo AW o Sho 9 OIFT. c0nls 00ls [y s
=l s Lkl bl ol el Cewds YIVYY bl pled gl
L_;.\.Jﬁ EW)l 5 culrs 9> CBo L lg oo candad 5 Jow
axdad jo b ol )b ol iils |y gz sliz! Jow Judow jo
Slalesl Rlr iltd Jolos w8 50 1 3ges
Dy oo Silwding 5o (Jos

ol a9y 9y b gilwaine ¥
oS el ' an &b SO wiels (gleaig Al o
LB opl ogd (aein L) 4SS canlbin s 3ok 2
g s DV el Sl T Sb el ie s e
D9l et Wb@ Slaings L:L’UL" —Hlad loged (gudod
BRI IS GV RNV PRI X L OW IR >RSPV RVARPLY
3k 035510 ) (35S Gliee o dien 5 o)l Sl

Slad Jleel b ocaahad culs gilucd sy (Jos o
oS el ol Jlad a5 b s el pd ol sl
L el Gan g0 5 ke 4 .clls vales of panay | ufa.«],,
Ak Sl e (8)lge iz 0 WS e U8 e
S8 g 3 4SSl )0 Bae wl Gleie 4 aslad S
5 DAL wss Jleel 5loaige jo 0B olsie 4 b S5,
Ban al laie 4y 0)lgs Cwls o @:-I}.S.; iy Lons]
el o a8 a5 0 0B lgie 4 Sowl gl

Tl sy Gilwdoe (@i (pl jo eolatul )50 i,
&ly o el (g5l gl 5 ok, oSS I iz
sz Lol 50 a8 35,00 )15 4 (Ble Jlow 5 (s5lde
5 Spdvr U e 5l gk slass I (Gwl) et
[1a] RV Py 0wl s 4 ozl gjluaigy Bon

Tl a9y Joo —)-F
BLbl sl (g )5y Jebon SOl a9y bl Bt jo
Jie Ky gl 3 al gy e syt eslid Jas
w)lj.» ULMAJLO)] )l OM—‘ Cewddy LsL&'bo.)‘Q » S el ‘5.41.:4.:

Gl yiin | (ol (Gl Y (o> oS 0gd (58 00,5 e

1. Objective Function
2. Design Variables
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1. Factorial Designs
2. Full Factorial
3. 3*Factorial Designs
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