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Multi-directional die forging precision forming process of safety
valve body based on computer simulation

Pei Yingtuo
(Department of Industrial Technology, Tianjin Polytechnic College, Tianjin 300400, China)

Abstract: Taking the safety valve body as the research object, according to its structural characteristics, a multi-directional die forging
precision forming process scheme was proposed. The forming process of the safety valve body was analyzed, and the influences of different
punch structures on the forming of the safety valve body were studied by the numerical simulation technology. The results show that the
compound punch structure makes the material flow more reasonable, while the single punch structure is prone to material folding defects.
Then, based on the structure of compound punch, the influences of different loading speed ratios for left and right compound punches on
the precision forming process of multi-directional die forging were studied, and the comparative analysis was carried out from the aspects of
equivalent strain distribution, temperature distribution, maximum force condition of each punch and minimum clamping force for the safety
valve body after forging. The results show that when the loading speed ratio of left and right compound punches is 1. 76 : 1, the equivalent
strain and temperature distributions of the safety valve body after forging are more uniform, the forming effect of the safety valve body is
better, and the maximum force and the minimum clamping force of each punch are also smaller, which is more beneficial to prolong the
service life of die.

Key words: multi-directional die forging precision forming; safety valve body; compound punch; loading speed ratio; minimum clamping
force
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Fig. 1 Structure diagrams of safety valve body

(b) 3D model diagram
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(b) 2D model diagram
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Fig. 2 Structure diagrams of multi-directional die forging
(a) Single punch  (b) Compound punch
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Fig. 3 Curves of stroke-time with different punch structures

(a) Single punch
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(b) Compound punch
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Fig. 4 Forming process of safty valve body with single punch structure
(a) Step 50 (b) Step 102 (c) Step 224  (d) Step 292

@ ®)
@ ©
BIS AT 2 A R A ) R i
(a) 604 (b) 11845 () 1864  (d) 2384  (e) 3624

Fig. 5 Forming process of safty valve body with compound punch structure
(a) Step 60 (b) Step 118 (c) Step 186  (d) Step 238  (e) Step 362
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Fig. 6 Distribution diagrams of equivalent strain for safty valve body forgings under different loading speed ratios
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Fig. 7 Temperature distribution diagrams of safty valve body after forging under different loading speed ratios
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Fig. 8 Test results of safety valve body forgings

(a) Appearance drawing  (b) Section drawing

(7] Z&. —FMRENRBEEROELZ [T]. SR CRS A3

BEIK: 1k, 2013, (6): 99-100.
[1] BIgH, XU, Biddr, & WK e RHER TR Y & Luo J. An air-hammer forging process of a valve seat [J]. Me-
HTEMNA [J]. FAEVHE, 2017, 45 (9): 11-15. chanical Engineering & Automation, 2013, (6): 99-100.
Zhai Q C, Liu D K, Duan M M, et al. The pressure relief valve [8] xgE, xife, T, 2. (UFERAKZ M HEEE LT E
discharge capacity research and engineering application [J]. Flu- [J]. $EEFA, 2020, 45 (3): 8-13.
id Machinery, 2017, 45 (9). 11-15. Liu G H, Liu H, Wang T, et al. Multi-directional controllable
[2]  MREEAK, F6iE. 204 i) RBI 45 B AE A I i N 5 & 5% precision forming for instrument valve body [J]. Forging & Stam-
P [T]. R, 2020, 37 (9): 68-72. ping Technology, 2020, 45 (3): 8-13.
Lin J D, Qiao G P. Application of RBI assessment and economic [9] XL, ZB4E, kEak. 7075 544 =0 R 22 1 n 2 e o 1R
analysis of relief valve in petrochemical industry [ J]. Pressure AL (], #nT T, 2021, 50 (9): 101-104.
Vessel Technology, 2020, 37 (9):. 68-72. Liu H, Li W, Zhang J B. Simulation of multi-directional loading
[3]  kBEAs, XIETS, B4, 4. HEEREES SR BN ES forming process of 7075 aluminum alloy tee valve [J]. Hot Work-
BTAGE &RE [J]. $ehesd XA 6f 4, 2020, 40 ing Technology, 2021, 50 (9): 101-104.
(7): 753-758. (1] 3, 3. pus i i B ORTE CAE 20 i o T Z 44k
Zhang D J, Liu J F, Nie K S, et al. Simulation and test of die [J]. $BEFA, 2021, 46 (5): 7-11.
casting process for aluminum alloy wheel hub with thin-walled Wang B, Zhang ] Z. CAE analysis and process optimization on
spoke [ J]. Special Casting & Nonferrous Alloys, 2020, 40 hot forging for four-way valve body [J]. Forging & Stamping
(7). 753-758. Technology, 2021, 46 (5). 7-11.
[4]  whakim, B4 ABhooh R AR 54 7o 2 i ) B (e [11]  5He, 95, 2Rk, % TR =E2 g REr)
#LLI]. PEBHBE TR 724, 2019, 38 (6): 39-42, 46. ok (1] WP TR, 2021, 28 (5): 113-125.
Han Z Q, Zhao Z X. Numerical simulation of low pressure casting Jiang X P, Pan Q, Li Y B, et al. Deformation force prediction
for pneumatic valve body [J]. Journal of Shenyang Ligong Uni- method of tee valve in multi-directional die forging process [J].
versity, 2019, 38 (6): 39-42, 46. Journal of Plasticity Engineering, 2021, 28 (5):. 113-125.
[5]  TIR4, ®AT, MNA, % ZRKGSRENEETZ [12]  #MEAE. BT BROCH: A =58 8 ek 2 m R UE 05 1 5 1
Whge [J]. #xk, 2018, 67 (12): 1110-1114. b (0], SEHAR, 2021, 46 (2): 28-33.
Ning Z'S, Bao Y Y, Zheng S X, et al. Study on casting process Sun G Z. Simulation and optimization on multi-directional die
of complex titanium alloy valve body [J]. Foundry, 2018, 67 forging for tee pipe joint based on finite element method [ J].
(12): 1110-1114. Forging & Stamping Technology, 2021, 46 (2). 28-33.
[6] JBUOCHR, ZRAS, BOIMR. 2 Hk ik )i i 2 m B 2 4 [13] yras, Eds, Kook, % AamREEE T Z58EE
B [J]. BT T2, 2020, 49 (11): 81-85. it [J]. #UnT.T%, 2018, 47 (9). 128-130, 134,
Gu W J, Li JJ, Zhao K M. Analysis of multi-directional die Jiang R Z, Wang Z L., Zhang Y D, et al. Forging process and
forging process for valve body of air vent check valve [J]. Hot die design of petroleum valve bodies [J]. Hot Working Technolo-

Working Technology, 2020, 49 (11):. 81-85. gy, 2018, 47 (9). 128-130, 134.





