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Abstract
The superplastic forming/diffusion bonding(SPF/DB) is widely used in the automotive and aerospace industry because

it has great advantage to produce complex, light and strong parts. But the superplastic forming process requires much

forming time and generates excessive thinning in the thickness distribution of formed part. It is necessary to minimize trial
and error for SPF/DB process. Finite element analysis using L4 orthogonal array table of Taguchi method for 3-Sheet D/B
process is carried out. Through the study, effect of process parameters, such as D/B region size, thickness and friction

coefficient, is evaluated and the optimum condition is derived.

Key Words: Superplastic Forming/Diffusion Bonding(SPF/DB), Finite Element Analysis, Design Of Experiment(DOE),

Taguchi Method, Orthogonal Array Table
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Fig. 1 Schematics of 3-sheet forming by diffusion
bonding
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Table 1 Factors and levels used in FEM

Factor Unit Level
1 2 3
A: Friction Coefficient 0.2 0.4 -

B: D/B 1 Region size mm 3 5 7
C: D/B 1 Region size mm 8 10 12
D: Sheet 1 Thickness mm 1 2 3
E: Sheet 2 Thickness mm | 0.5 1 2
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Table 2 L5 orthogonal array table

Factor

Case A B C D E
1 1 1 1 1 1
2 1 1 2 2 2
3 1 1 3 3 3
4 1 2 1 1 2
5 1 2 2 2 3
6 1 2 3 3 1
7 1 3 1 2 1
8 1 3 2 3 2
9 1 3 3 1 3
10 2 1 1 3 3
11 2 1 2 1 1
12 2 1 3 2 2
13 2 2 1 2 3
14 2 2 2 3 1
15 2 2 3 1 2
16 2 3 1 3 2
17 2 3 2 1 3
18 2 3 3 2 1
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Table 3 Value of deviation at the center Friction Coeficient
Case No. Deviation Case No. Deviation "

1 2.72750 10 5.19900 ad

2 3.53830 11 2.76150

3 5.27380 12 3.58000 * —

4 5.13580 13 6.36310 “12

5 6.56040 14 0.81520

6 1.75520 15 5.29110 L -

7 0.14730 16 2.66420 /8 1 Region Size b/B 2 Region Size

8 2.54400 17 7.74570 o

9 8.00359 18 0.23750

(unit: mm) “ /
-8 S~ .

Cased ATe] S4AE Z48he] Table 3 e} 7 S~
WAL A5 ¢ 2% w 2z AR A 4
ol mAE TS B39 18]

o BYAY g HL4T FL AL 3, ¥ SR I
EA oﬂ 5 \*6]-5]_,—_1_ SN H]‘f: /;} (2)°ﬂ _g]sﬁk] 74]/‘\_]__01 T Ehesti Thickness Sheet 2 Thickness
Atk 4 volEd] tate] EARMow A% o
BAL X Q2 o] ERVE At SN HE A
Aol olF MZE SHAZ ol BHE 39
oh SN o] fel% AFE T AR FHSE g /\

& SN HE AU st $zolH, SN e £& /
¥ g9 EHRTE Fig 49 2k "

F&9 sl wE} W] Zo] e Sheet 2 -1
o FAZ 4B MF E 9FE A1 FAU ! 2 s ‘ 2
FANRATE A¥Aol X &&& & & ok

Fig. 4 Plot of main effect of SN ratio
Fig. 4 ol A AAE9 9&S AESEH Sheet 2
o FAEZ b 2 9% F3 o1 dge
Sheet 1 ¢] F7(D), D/B 19 Z7|(B), D/B2 2 7]
(© oI "LZAISA)YE SN Hlo] §9& xlo]s}
St
D/B 19 A7 245 Sheet 298] FA+= g
Ago] =™ D/B 29 A7]9 Sheet 18] F7
T 204 HEAdol 7% F|A JElET &
AR aAe FATY }\LEHE}OE FAE BS (a) Deformed shape of Case 7
FAo] ojP g &2 & 4 vk walA, Sheet
28] FAZY AP M d¥E wAAw

O_)L o

weA @ s,

Fig. 49 547 242 —Hra qEgol MY F

Hebd A5 34 242 A2, B3, C1, D2, E39) (b) Deformed shape of DOE result
g AT HY A= ZioL] PHEAS 0.4, Fig. 5 Comparison of deformed shape

0

o X,

148 /=2 MBS XI/H 163 ®M2F, 20074



D/B 12 7] 7mm, D/B 22 7] 8mm, Sheet 1¢]
A 2mm I8 Sheet 29 FAE 0.5mmE
NS it I ZAE 1889 HHL
¥ A% F el Case 77 WU E 3}04 Fig
501 EFSITE Case 73 1 & AL
ol o] EL& xlolr} gleg o

==
Fh 4Pl T 4% FA 2L I
o) ];]_
AR .

4. 4 E

—6—?(4 oﬂ 7_}
4 HYEA

_I
mlo

7+

m

() ARAAY A5 9
W5E Aol oA el
8ol 3-Sheet & FA Ao 2
@ 4EFN FFL

%‘Wﬂr
] X QA= Sheet 2 9
F71(E)-Sheet 1 2] F7(D)-D/B 12 =71(B)-D/B 2
o] AZNC)- wHEAFA)Y] £ R e

(3) &Ae FAS AFHEY A7 ¥ 2
kS v H o™, Sheet 1 9 F7|7} Sheet2 & F7

Wt $AL A4 4Pl 293, DB 19 27
= Z4E Ao AHYon AAI FTA v}
Ao A7) Aol EF IS A
=4 Do

@ AAMEREE o] & T&H AR HXE
ot S FHFoEA HHY dFE E
Aztel A7 a3 2 7 QAE e TS

24 AR

% 7]
o dye dddsE H‘ﬂa Ablel AR
FHRen, BAR iRl A Sev e

[1] o]A%, EAA, 7243 1998, =424 43T
A AA3, A=A 7MEFTEA, A 7 A, A 3
3, pp. 207~214

[2] o1A%, RAA, o]FA, o] F&, A1, 1998,
224 B2 AYEY FALE d¢s o
T, SR rEErE A, Al 7 A, Al 6 5, pp.
610~619

[31 %*3*4, 73%5&, 1996, =474 HEB/EAAHE

594, A 1 &, pp. 37~46.

K. S. Lee, H. Huh, 1999, Simulation of superplastic
forming/diffusion bonding with finite-element
analysis using the convective coordinate system,

[4]

Journal of Materials Processing Technology, Vol.
89-90, pp. 92~98.

Javier Bonet, Antonio Gil, Richard D. Wood, Rajab
Said, Richard V. Curtis, 2006, Simulating superplastic
forming, Computer Method in Applied Mechanics
and Engineering, Vol. 195, Issues 48-49, pp. 6580
~6630.

Douglas C. Montgomery, 1991, Design and Analysis
of Experiment, 3" edition, John Wiley & Sons.

4 d, 2006, AHA A D, RGAL
Jong-Hoon Yoon, Ho-Sung Lee, Yeong-Moo Yi,
Young-Soon Jang, 2007, Finite element analysis in
superplastic blow forming of Ti-6Al-4V multi-sheet,
Materials Science Forum, Vol. 546-549, pp. 1361~
1366.

[5]

B2 AMIISEEX| /M 167 2%, 2007H/149



