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Superplasticforming process design of titanium alloy
bellows based on robust design method
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(National Die and Mold CAD Engineering Research Center,
Shanghai Jiao T ong University, Shanghai 200039, China)

Abstract: The superplasticforming process of titanium alloy bellows has been analyzed using M ARC finite element
code with respect to Response Surface M ethodology of Robust Design —Composite Design Methodology. The binary
simple and binary quadratic polynomial regression equations of quality index namely Crown Minimum T hickness for
titanium alloy bellows and its influencing factors namely Perform Height and Bulging Gas Pressure can be obtained
by means of numerical results, thereby the robust design of the superplasticforming processes of titanium alloy bel-
lows was obtained. The correctness of the regression equation and the feasibility of superplasticforming Robust De-
sign Methodology have been proved through superplasticforming experiments of two-corrugation DN250 bellows

made of Tr6AF4V.
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Fig. 1 Schematic diagram of superplasticforming
processes of titanium alloy bellows

(a) —Bulging; (b) —Clamping; (c¢) —Calibrating
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Table 1 Orthogonal experiment of

three factors with two levels

I(x1) 2(x2)

No. £ min/ mm
H P
1 + 1 + 1 0.964
2 + 1 -1 0.909
3 -1 + 1 0.902
4 -1 -1 0. 795

R4 IHAL, A
trwn= 0.893+ 0.044x 1+ 0. 041x> (4)
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Table 2 Simulation data of

central experimental point

1(x1) 2(x2)

Item £t min/ MM
H P
Central test point 0 0 0. 885
Corresponding actual value ~ 95.5 0.3 -

R 0l m A AFAAN — IR BRI 2 (4) . ]
JAE AN AR R LB T4 3
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Table 3 Comparison between regression and

simulation data of central experimental point
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Table 5 Orthogonal structure matrix of

central composite design

It Numerical results of Regressive results of Relative
em

central test point central test point error

tf min 0. 885 0. 893 0. 90%
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Table 4 Structure matrix of

central composite design( mm)

No. x0 X1 x2 X1%2 x1 %3
1 1 1 1 1 1 1
2 1 1 -1 -1 1 1
3 1 -1 1 -1 1 1
4 1 -1 -1 1 1 1
5 1 ¥ 0 0 ¥ 0
6 1 -y 0 0 v 0
7 1 0 ¥ 0 0 ¥
8 1 0 - ¥ 0 0 ¥
9 1 0 0 0 0 0
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Fig. 2 (Quadratic surface relation of

H andp to tfmin
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Fig. 3 Photograph of die set-up

B4 g Y
Fig. 4 Photograph of bellows cross section
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Table 4 Superplasticforming experimental
and numerical data of

titanium alloy bellows

Regressive  Numerical Experimental Relative

Condition Tike daite ™ .
plizoéj ) 0. 964 0.992 2.9%
pH::()? Z 1?/[1 ga 0.905 0.937 3. 6%
pf;;“ﬂa 0.956 0.982 2.7%
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2) X T DN250 XU Tr6AF4V LU Sk i,
T BRI R SO, AT VG Y 96~
97 mm, JLAKTEBY BRSBTS HE YR 0. 35~ 0. 4
MPa.
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