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Simulation, test and microstructure research on active
hydroforming for cam cover plate part

Li Xincong'*, Zhang Hongtao’, Zeng Yipan®, Xu Yang’, Xie Lansheng'
(1. College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China;
2. AVIC Chengdu Aireraft Industry ( Group) Co. , Ltd. , Chengdu 610092, China)

Abstract: For the aircraft cam cover plate part, according to the geometric dimensions of part, a 3D model was established by using com-
mercial software Catia, the simulation and test of the active hydroforming were conducted, and the microstructure and mechanical proper-
ties were studied by combining mesh splitting software and finite element software Dynaform. Then, based on the incremental finite ele-
ment method and according to the deformation condition of non-die adhesion and springback, the deformation during the loading and unloa-
ding springback process in the active hydroforming was analyzed by process simulation. Furthermore, the active hydroforming die was de-
signed, and the influence law of process parameters on the forming quality and springback of part was studied. Finally, under the optimal
process parameters, the actual cam cover plate parts were prepared, and the hardness values, thickness values and microstructures of cam
cover plate along the circumferential and normal directions were studied, and the relevant change rules were obtained, which lays a theo-
retical foundation for the design and optimization of the active hydroforming process.
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Table 1 Main chemical components of 2024-O state

aluminium alloy ( %, mass fraction)
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Table 2 Mechanical property parameters of 2024-O

state aluminium alloy sheet
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(°) A/ % 58 r

MPa MPa K/MPa
0 4+2 120+6 19.2+0.2  0.55+0.4 2207 0. 18+0. 03
45 68+1 128+5 19.9+0.6  0.59+0.3  217+5 0. 19+£0. 4
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Fig. 1 Numerical simulation model of cam cover plate part
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Fig. 2  Numerical simulation models of die (a) and blank holder (b) for cam cover plate part
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Fig. 3 Blank model by backward one-step forming method
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Fig. 4 Final simulation result of active hydroforming for cam

cover plate part
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Fig. 5 Die fittingness with different liquid chamber pressures
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Fig. 6 Loading curve of liquid chamber pressure
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Fig. 7 Springback situation of cam cover plate part
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Fig. 8 Springback compensation situation of cam cover plate part
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Fig. 9 Die of active hydroforming for cam cover plate part
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Fig. 10 Cam cover plate part meeting technical requirments
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Fig. 11  Marking positions of hardness and thickness on cam cover part
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Fig. 12 Test results of hardness values along normal and

circumferential directions
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Fig. 13 Thickness values along normal and circumferential directions
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Fig. 14  Metallographic structures of point 3 (a) and point 8 (b) along normal direction



4510 14

BRRIEAE ;AR S AU U K S ORI 59

/N,

&b

(1) 0™ e i AR 1 10 T o o AR R LI
B K 15 A o A By e AR [l g, [l B AR

0.800 mm Zify, FIXFEIFERAYNELL, AlE Ik
FR ST 38R T 7 45 T BORIE RAORE A 17 42 J
I A/ ]

(2) FETEHUEBRS I AIE T2, OB E 1

ARG A5 32 A, o ] B Al B Y B 7E 0.5 mm
P2 R BOR B A AR F L)

(3) SWE R E MR AL,

U i RO BSE 2R RS B (B AR AR e s B R, 7R B IX
Sl ) SR AR RE A 2 W B A9 A8 fk . TR, 5K
S DX RREAH L, 28I DX AioRE AT — o e 2 7
K%, FRNELLIT Pk,

S 3k

(1]

BT, (L2, B, AF. FET CATIA AL AT i B4 i
HUEAR BTG [J]. HUAREETT, 2022, 39 (8): 155-160.
HuZ Q, Ren YT, D W, et al. Evaluation of new fighter cockpit
design based on CATIA man-machine analysis [ J]. Journal of
Machine Design, 2022, 39 (8): 155-160.

Turner B N, Gold S A. A review of melt extrusion additive manu-
facturing processes: II-Materials, dimensional accuracy, and sur-
face roughness [J]. Rapid Prototyping Journal, 2015, 21 (3):
250-261.

Youssef H A, Hofy H A, Abdelaziz A M, et al. Accuracy and
surface quality of abrasive waterjet machined CFRP composites
[J]. Journal of Composite Materials, 2021, 55 (12):
1693-1703.

Trompeter M, Onder E, Homberg W, et al. Material flow control
in high pressure sheet metal forming of large area parts with com-
plex geometry details [ J]. Steel Research International, 2005, 76
(12): 905-910.

Gershon B, Eldror I. Research and application of superplastic
forming titanium alloys for commercial aircraft parts [ J]. Materials
Science Forum, 2005, 475-479. 3047-3050.

sk, BEFINE, EARAR, . L YERGSR G R ZE RSO [E 1L
—RETZ [J]. BIEHOR, 2022, 47 (7): 59-67.

Zhang C Y, Lang L H, Yan D D, et al. Integration process on
forming and curing of fiber-reinforced metal laminates [J]. Forg-
ing & Stamping Technology, 2022, 47 (7): 59-67.

Elyasi M, Bakhshi J] M, Gorji A. Mechanism of improvement of
die corner filling in a new hydroforming die for stepped tubes [ J].
Materials & Design, 2009, 30 (9): 3824-3830.

Groche P, Metz C. Hydroforming of unwelded metal sheets using
active-elastic tools [ J]. Journal of Materials Processing Technolo-
gy, 2005, 168 (2): 195-201.

T, FERR, BT, 5. 5182 HRA AR EH N ERURIE

[10]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

YT LSRN [J]. BIRER, 2021, 46 (11): 107-112.
Feng Y, Cai Y J, Guo Z Y, et al. Experimental process parameter
optimization of liquid filling forming of inner plate of 5182 alumi-
num alloy hood [ J].
(11): 107-112.
W, TRET, B, S OMBURARXMRA S A B A EE
W fEFE S AGERAIE ERE R R [T]. TR, 2019,
26 (5): 181-189.

Zeng Y P, Xu Y, Xia L L, et al. Influence of loading paths on

Forging & Stamping Technology, 2021, 46

formability of aviation complex thin-walled component of aluminum
alloy in hydroforming [ J]. Journal of Plasticity Engineering,
2019, 26 (5). 181-189.

[BDE, SEPCH:, BRFINE, 45, fRE BB R R SRR
BORASTE RIS [J]. K% 808 T48, 2021, 13 (1) 133-
138.

Qiu C B, Guo Q L, Lang L. H, et al. Research on deformation law
of aluminum alloy ship-shaped deep cavity thin-wall component
with liquid filling forming [ J]. Precision Forming Engineering,
2021, 13 (1) 133-138.

Mazaideh G M, Shalayel M H, Nour S, et al. In silico anti-fungal
efficacy and the mechanism of binding of some Syzygium aromatic-
um ingredient compounds to aspartate semialdehyde dehydrogen-
ase, 6C8W and 6C85, enzymes from Blastomyces dermatitidis
[J]. Pakistan Journal of Pharmaceutical Sciences, 2021, 34
(6): 2219-2226.

Gopinath K, Narayanamurthy V, Rao Y. Numerical and experi-
mental studies on hydroforming of a thin metallic disc [J]. Mate-
rials Science Forum, 2022, 21. 1048-1053.

JAFGH, SINR, s, S RARJR L RE AR il R A 5T
WHIRBIE AR [J]. SBUREIR, 2022, 47 (4): 126-133.
Zhou Y X, Feng S L, Yang X Q, et al. Hydro-drawing technology
for thin-walled variable curvature part with large diameter to thick-
ness ratio [ J]. Forging & Stamping Technology, 2022, 47 (4) .
126-133.

Afanasiev M S. The mechanism of a film-forming medium during
the RF deposition of ferroelectric ceramics of the BaxSr;-xTiO;
composition [ J]. Russian Microelectronics, 2023, 51 (8):
696-700.

Zeng Y P, Dong J L, He T D, et al. Numerical simulation study
on active and passive hydroforming process optimization of box
shaped part [ J]. Journal of Physics Conference Series, 2016,
734 (3): 032084.

IR, B, XK. XA I AR fE GB/T 228. 1—
2010 W8 % [1]. HALKR T WM, 2015, 51 (2):
83-86, 91.

Le JT, Li L, Liu L. Consideration about the tensile test method
standard of GB/T 228.1—2010 [ J].
Chemical Analysis (Part A; Physical Testing) , 2015, 51 (2):
83-86, 91.

JABHE. BEL AA606] FRA ML | UK IR 5 il M se i
58 [D]. K KREHTRY, 2018.

Zhou D Y. The Textures, Micro-indentation and Corrosion Proper-

ties of Cold-rolled AA6061 Aluminum Alloy [ D ]. Taiyuan:

Physical Testing and

Taiyuan University of Technology, 2018.



