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Study on reverse viscous medium pressure bulging and performance for
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Abstract: Aiming at the poor plastic deformation ability of titanium alloy sheet at room temperature, the reverse viscous medium pressure
bulging was studied by combining experiment and finite element analysis, and with the help of viscous medium performance and reverse pres-
sure, the stress state and deformation law of sheet were improved to improve the bulging performance and forming limit of titanium alloy
sheet. In the research process, the reverse viscous medium pressure bulging process of titanium alloy sheet with hemispherical punch was an-
alyzed, and the distribution laws of equivalent stress and wall thickness of different reverse viscous medium pressure specimens were ob-
tained. On this basis, the relationship between the complexity of specimen and the quality and performance of reverse viscous medium pres-
sure bulging was analyzed by the study of reverse viscous medium pressure bulging with different ellipticity punches, and the forming limit
diagram under different reverse viscous medium pressure conditions was constructed by strain grid method. The research results provide an
important reference for determining the process parameters of reverse viscous medium pressure forming of titanium alloy sheets.
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Fig. 1 Principle of reverse viscous medium pressure bulging
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Fig.2 Experimental equipment (a) and dies (b) for reverse viscous medium pressure bulging
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Fig. 3 True stress-true strain curve for TA1 titanium alloy sheet
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Fig. 4 Finite element analysis model
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Fig. 5 Process of reverse viscous medium pressure bulging
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Fig. 6 Cross-sectional shapes and equivalent stress distributions of bulged parts under different reverse viscous medium pressures in stage |
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Fig. 7 Cross-sectional shapes and equivalent stress distributions of bulged parts under different reverse viscous medium pressures in stage Il
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punches under 0 and 6 MPa reverse viscous medium pressures

—a— AR A B 90 MPa
0.26 - —o— RGP 5 B )96 MPa

L L 1 L L L
0.04 008 012 016 020 024
&E§52

11 0 A1l 6 MPa S Ia bl 5 1 T i TR A B ]
Fig. 11  Forming limit diagram under 0 and 6 MPa reverse viscous

medium pressures

5 i

(1) Bl Ed T, il xkE et
IN—%E RN S ARG PE A BT g, SO b (A2 T
ARSI R, AR A B ), A
AR TR SRk I IR RE

(2) AN [V 58 2 A S ri) R A 9 Joi T 7 B o
FEARERY] . B BT OB IR BE 0 500, KB
MEREREAR , Bl Kt Jo0 s 06 B < bt KR 1R
RE A0 5 i R B AT P sl /S, 5 208 R 1) RS 1 A JB
&1,

(3) AT AN [ B2 ) R 1 A B P g i BRI T e 2
TR AR BR B FEml g, A BN RS ek e,
B Rl JBT S T3 /N B ok 7 8 728 1 B A ) e A
e FRIKIE i BE 4 e A 2 R



553 B A BRSSP R Tl R A BT D KT B RERIE 5T 39
BEH [9]  WBRZE, XU, 283, % B29UAR TA2 SR G &R %
JUE [J]. PEA GLEHR, 2016, 26 (4) : 790-79%.
(1] 2%, RUKIR, PR, Aiseka SR R RS (1], Gao T J, Liu Q, Cai J, et al. Viscous pressure forming of semi-
FOBFRAR, 2020, 34 (S1): 280-282. pipe parts of complex shape TA2 titanium alloy [J]. The Chinese
Li Y, Zhao Y Q, Zeng W D. Application and development of aeri- Journal of Nonferrous Metals, 2016, 26 (4): 790-796.
al titanium alloys [ J]. Materials Reports, 2020, 34 (S1) . 280- [10] {FHUE, BE%E, B50, % EHEhas iy &R A R
282. TROET 2058 [J]. PLABcT S5, 2023, (4): 144~
(2] XIGEAL, SRAIZE, BerE S0 OCTSeit sl MLk # il itk FH Btk 147.
[J]. mizstilEsEA, 2017, (6) . 76-83. Wang K X, Gao T J, Ge M Z, et al. Research on viscous pressure
Liu Z C, Zhang L J, Xue X Y. Overview about advanced fighter forming of square box-shaped parts with a hole at the bottom [J].
aircraft structure made with titanium [ J]. Aeronautical Manufac- Machinery Design & Manufacture, 2023, (4); 144-147.
turing Technology, 2017, (6) : 76-83. (117 sREEM. 38T S ROM 158 & 4 DR B2 RUIKB P B AT 5T
[3]  XUHREE, RE, BB, % kA& MREE AMBTEM S MR [D]. WLFH: TLFHAT= AR RS, 2022.
MR AR [T]. fizs bRkEaR, 2020, 40 (3): 77-94. Zhang J B. Research on Bulging Performance of Aluminum Alloy
Liu SF, Song X, Xue T, et al. Application and development of ti- Tailor-welded Overlapping Sheets Based on Interface Effect [ D].
tanium alloy and titanium matrix composites in aerospace field Shenyang: Shenyang Aerospace University, 2022.
[J]. Journal of Aeronautical Materials, 2020, 40 (3) . 77-94. [12] WEBkZE, Em, FRREE, & FUmEEXT 5A02/SUS304 5 2R
[4]  Williams J C, Boyer R R. Opportunities and issues in the applica- TR B B W B T T A BRI AT [J). $BME TR,
tion of titanium alloys for aerospace components [ J]. Metals, 2019, 26 (4): 194-199.
2020, 10 (6) . 705. Gao T J, Wang S, Wang X K, et al. Theoretical and finite ele-
[5] B, A, kR, & TC4 k& 4 0Uh B & 2 i as A ment analysis of influence of interface friction on bulging perform-
PO T 2B [T]. M TR, 2021, 28 (2):29-37. ance of 5A02/SUS304 overlapping sheet [J]. Journal of Plasticity
Wang J, Hang Y J, Xie H Z. et, al. Research on hot forming Engineering, 2019, 26 (4): 194-199.
process of TC4 titanium alloy hyperbolic complex aviation part [13] MBARR. 5A06 414 4l B 0t i i FE R R s B FR5E [D].
[J]. Journal of Plasticity Engineering, 2021, 28 (2): 29-37. MR, WA ZRIE T2, 2011,
(6] Wiz, Mt G EMEEEAMReETZ [J]. BIEd Feng S L. Drawing of 5A06 Aluminum Alloy Chamfered Cup with
A, 2023, 48 (3): 95-98. Double Side Pressure [ D]. Harbin: Harbin Institute of Technolo-
Hu Y, Lin B. Hot stamping process of titanium alloy curved sur- gy, 2011.
face parts [J]. Forging & Stamping Technology, 2023, 48 (3) . [14] kiR, SEE, XMEE W JE H N2k 25 5A06 514
95-98. BHOY M WAL IR OB S [T, BORROR, 2022, 47
(7] BRhl. TA32 SREKA &5 2% CHLSE 2 B EUE T 205 (12): 38-43
[D]. M5t MEEALEATRK:, 2018. XuY C, Han S'Y, Liu S J. Influence of cavity pressure loading
Chen C. Research on Thermoforming Process of Complex Aircraft path on hydroforming for 5A06 aluminum alloy conical cups [J].
Skin Parts for TA32 Titanium Alloy [D]. Nanjing: Nanjing Uni- Forging & Stamping Technology, 2022, 47 (12) ; 38-43.
versity of Aeronautics and Astronautics, 2018. [15] Gao T J, Zhang J B, Wang K X. Viscous backpressure forming
[8]  Maeno T, Tomobe M, Mori K, et al. Hot stamping of titanium al- and feasibility study of hemispherical aluminum alloy parts [J].

loy sheets using partial contact heating [J]. Procedia Manufactur-
ing, 2018, 15: 1149-1155.

The International Journal of Advanced Manufacturing Technology,

2022,

119 (7-8): 5069-5078.




