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Influence of intergrated rigid reinforcement structure dimension on
thinning rate of superplastic forming
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Abstract: In order to investigate the influence of the geometric dimensions of integrated rigid reinforcement structure on the overall
thinning rate of components during superplastic forming and diffusion bonding process, based on the characteristics of superplastic forming
technology, the effect of thickness and width of the integrated rigid reinforcement structure on the thinning rate was calculated and ana-
lyzed by CAE technology, and the geometric dimensions of the integrated rigid reinforced structure were optimized. Finally, the trial pro-
duction verification of verification part was conducted. The results show that reducing the thickness of the intergrated rigid reinforcement
structure helps to suppress the excessive thinning of component, while reducing the width helps to improve the degree of die fit for part.
The optimized integrated gradient rigid reinforcement structure is stable in the manufacturing process, and there are no forming defects.
The trial production results of verification parts indicate that the accurate forming of locally reinforced parts can be achieved by reasonable
structural dimensions, and the measured thinning rate is consistent with the calculated results, which can guide the production of parts.
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Fig. 1  Schematic diagrams of integrated rigid reinforcement structure

(a) Schematic diagram of section ~ (b) Section dimensions
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Fig. 2 Equivalent stress nephograms of rigid reinforcement structures with

different thicknesses
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Fig. 3  Elastic strain nephograms of rigid reinforcement structures with

different thicknesses
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structures with different thicknesses
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Table 3 Measured thinning rates of different parts under

different widths of reinforcement structure

- JRIR g/ BOBSEERE, Wi, woEsRs
f mm mm mm %
BETEM 2 1.752 0.248 12.4
PR EHBEX 2 1.747 0.253 12.7
A FREf 2 1.742 0.258 12.9
i 2k 6 5.634 0. 366 6.1

4 Hit

(1) — AR B2 MR i S5 A8 50T A9 S0 5¢ B R

JEH 2 mm, WIS 6 mm, 78N 5ER AMIN
T 4 mm BORRRERIPEINSRES M, IFAE 920 °C R ik
FTIIE

(2) — A BE WP o 45 44 17 75 5 93 % SR

IR I B0 B 1 S/ NEEE, A B T B7 OB e,
(7] IR P i 225 4 19 58 2 /N, BOf B T R R A
G R

(3) AR, KA T RS B

ATTTHE S A, (TR S IR, ESTT

RIS F-Be ol LUK JE SR At v HE I S %
S 3k

(1]

B, MRIE, EaR, % SHUERIBUZ A 4 I8 R
T/ Y O B b BT e T2l [J]. M TR,
2020, 27 (4). 41-47.

Han Y J, Fu H G, Wang H D, et al. Defects analysis and process
improvement for double-layer SPF/DB structure parts of titanium
alloy with pre-set panel [J]. Journal of Plasticity Engineering,
2020, 27 (4). 41-47.

JEBsE, Ve, R TiSS S @ XURRAB IO B
BUEBIR T2 [J]. BIEHOR, 2022, 47 (8): 76-82.
Zhou L H, Shen Z W, Xu T. Numerical simulation and process
test on superplastic forming/diffusion bonding for TiS5 titanium al-
loy double-layer plate [ J]. Forging & Stamping Technology,
2022, 47 (8): 76-82.

Rk, FIBAE, S, 45 TC31 gk U Z MBI, ¥
BT 2T (1], zhissoR, 2021, 64 (17): 34-40.

Wu Y, Zhou X J, Wu D P, et al. Superplastic forming and diffu-
sion bonding process for four-sheet air rudder of TC31 titanium al-
loy [J].
(17) : 34-40.

S, Rk, FBE, S TCA kA A M /4 RIR A S
FURMIROE Y oG R T 2R [J]. METR R, 2022,
29 (5):92-97.

Wu D P, WuY, Zhou X J, et al. SPF/DB process of rudder wing
lattice/four-sheet hybrid structure of TC4 titanium alloy [ J].
Journal of Plasticity Engineering, 2022, 29 (5). 92-97.
FLH, FHI, 5%, % TiAl Rk g bk & 5 Bt —
WABFRIUR (7). WEROE TR, 2022, 14 (2): 66-73.

Aeronautical Manufacturing Technology, 2021, 64

[10]

[13]

[14]

Wang A Y, Wang C Y, LuZ, et al. Research status of integration
of preparation and forming of TiAl thin wall hollow structure materi-
als [J]. Journal of Netshape Forming Engineering, 2022, 14
(2): 66-73.

UK, R, skElEE, % A BRSPS Y
JREHR AR DAV (1] i tiEsoR, 2020, 63
(21) . 63-67.

Li BY, Zhang T J, Zhang K F, et al. Research on control method
of surface groove of titanium alloy SPF/DB four-sheet structure
[J]. Aeronautical Manufacturing Technology, 2020, 63 (21):
63-67.

ZEORAK, FEAHR. Ti2AIND & S S PERE M 0 2 S i 4 4 e 2
WIEY WERT 2 [T]. FEA 62 E#H, 2020, 30
(1):103-111.

Li B'Y, Jiang S S. Superplastic forming/diffusion bonding of Ti-
22A1-27Nb hollow four-layer structure [ J]. The Chinese Journal
of Nonferrous Metals, 2020, 30 (1) 103-111.

Wik, BEEAL, MEM. BE & )2 A I AU
BEHBIIR (1], MASIE, 2017, 41 (12): 1305-1310.
Yang Q X, Tong G Q, He Z Z. Process of superplastic forming/
diffusion bonding for two-sheet structure of titanium alloy [ J].
Chinese Journal of Rate Metals, 2017, 41 (12) . 1305-1310.
E¥R, EAM, KBeER, 55 5T CAE MR BEHE SR NI PESS 1y
ROV HOE T LM S [J]. B TRS¥R, 2020, 29
(12) ; 41-46.

Wang J, Wang Y L, Zhang X W, et al. Research on superplastic
forming/ diffusion bonding process of gradient reinforced rigid struc-
ture based on CAE [J]. Journal of Plasticity Engineering, 2020,
29 (12). 41-46.

Mosleh A O, Mikhaylovskaya A V, Kotov A D, et al. Experimen-
tal, modelling and simulation of an approach for optimizing the su-
perplastic forming Ti-6A1-4V titanium alloy [J]. Journal of Manu-
facturing Processes, 2019, 45, 262-272.

FFR, sRmes, KA, & TA32 SkE S XUZE M FE1F
BOE/ P HGER T2 (1], BIET R, 2022, 29 (3): 53~
58.

Wang J, Zhang X W, Zhang Y W, et al. Superplastic forming and
diffusion bonding technology of TA32 titanium alloy double-layer
structure part [ J]. Journal of Plasticity Engineering, 2022, 29
(3):53-58.

ZETA, EAAR, REE, S BT ABRICT TCA it 28
BOE T2 (1], Fasle 5 TR, 2021, 44 (5): 12-16.
Li X T, Wang H D, Zhou Z Z, et al. Optimization of superplastic
forming process of TC4 panel rib based on finite element analysis
[J]. Ordnance Material Science and Engineering, 2021, 44 (5) .
12-16.

b, de&dk, XIFOE, . TALS kA 4 PUJE R L5 SPF/DB
BUABA T 250 [1]. @1 TR %M, 2020, 27 (6):
98-104.

Wang B, Zhu D M, Liu Z G, et al. Numerical simulation and
process study of SPF/DB for four-sheet structure of TA1S5 titanium
alloy [J]. Journal of Plasticity Engineering, 2020, 27 (6): 98-
104.

BB, FIAE. BRG AR B UL /B BIGE H MUY IR 25 i 1 K
B (1], MUK SR , 2007, 43 (1) 41-43.

Zhao Y, Tao H. Numerical simulation of effect on SPF/DB of Ti
alloy sheet [J].
43 (1): 41-43.

Aeronautical Manufacturing Technology, 2007,



