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Spherical washer forging drawing

Figure 1
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Table 1 Chemical compositions of 45# steel
By C Si Mn S Cr Ni Cu Al
Frimw/%  0.420—0.500 << 0.350 0.600—0.900 <<0.035 <<0.035 <<0.250 <<0.300 <<0.250 <<0.100

F2 ASSWEISIFHERE
Table 2 Mechanical properties of 45# steel

E 3 Prhiom & 6,/ MPa Jiti i 58 & 0,/ M Pa

RS/ 00 TR & /%

R/ (Jeem™)

HE 785—980 = 490

14 40 =55
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Figure 2 1/4 sectional view of the spherical washer
forming process

(a) (b) 34.8
1 19.5

IR, I HAE R SR T 7 B ) AR AR 1w 4 g g A
B e B0y 3K AT RE 2 S R BT R
b, i T N AERE R LA TR, 4 J U 3 G 9k TR I )
F i TR LA, A O A6 v WY AT & b R,
BEOOF L ZE R R A, BT T TR A R T T Y v
W T7 %

B3 B i v oSO T B . B e, L T
B ) A o < TR R A N AR B DX OB O TR E A
8 Je SR O 2 2 AL S 45 K B (s B2 0 2 Jm R A
He 6 L8 U W B, % 8 1 ity 350 2 AT 8 A
TE , W DR S0 ) i e 45 BIRS 08 BOE | [ I 3R] A7 28
TR W BIRLN S o ARBFFEE N T HAR 70 mm,
75 50. 1 mm By FE MR D OB} 3 1 T 8RR 1 R B 41
T 2RI St M TIa i R REIF WA
Z AL BESS A ) R AT R SRR, 38 i 2% 4 BB i TOU o
8, I BN BE AL SEAE 1, e 2 52 BURRIE B 7 RO RS
W o

50.1
50.5

&

A-A
(a)—JFURERL ;s (b) — PO A 5 (o) —Z BB

D70.Lt |
=
& B-B P :mm

(a)—original billet; (b)—pre-formed state; (¢)—final formed state.
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Figure 3 Cold forging process of the spherical washer
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metal flow at the spline.
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Figure 4 Metal flow state diagrams at each forming stage of the spherical washer and metal flow at the spline
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Figure 6 Distribution of damage factors during the forming process
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Figure 8 Schematic diagram of each single station
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Figure 9 Cold forging die assembly diagram
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Figure 10 Spherical washer forging
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Research on the Precision Forming Process of Spherical Washers in Cold
Forging Based on Finite Element Analysis

SHI Huoshou', HE Huaizhong”, CHEN Runhua®*", TAO Huimin*
(1. Ningbo Xingfeng Machinery Manufacturing Co. , Ltd. , Ningbo 315500, China; 2. Ningbo Dongchuan Swimming
Pool Equipment Co. , Ltd. , Ningbo 315000, China; 3. School of Mechanical Engineering, Ningxia University, Yin-
chuan 750021, Chinaj; 4. College of Mechanical and Automotive Engineering, Zhejiang University of Water Resources
and Electric Power, Hangzhou 310018, China)

Abstract: With the development of industries such as transportation and aerospace, the demand for higher quality and reliability
of fasteners has increased. Spherical washers, as key fasteners, are widely used in machinery, pipelines, and valve
equipment, where their quality directly affects the safety and reliability of the equipment. Cold forging, due to its room
temperature forming characteristics, has become the ideal method for producing spherical washers. This paper aims to design
and optimize the cold forging process by using finite element simulation techniques to predict and resolve potential defects in
production, thereby improving production efficiency, reducing costs, and ensuring product quality. This paper first employs
Deform-3D finite element software to simulate the cold forging process of spherical washers. Through simulations, potential
issues such as uneven metal flow, poor filling, and surface cracking are identified and addressed. To ensure product quality, a
two-stage cold forging process consisting of pre-forging and final forging is designed. In the pre-forging stage, a cylindrical
structure is formed to provide metal accumulation for the complex internal spline areas, ensuring smooth subsequent forming.
The final forging stage uses precise die design to control metal flow, ensuring accurate formation of the end surfaces and
splines of the forged part. Simulation results show that the metal can uniformly fill the die cavity, effectively preventing
excessive flash and mitigating defects such as insufficient filling and folding. This process design significantly improves the
forming precision of spherical washers, reduces mold development and testing costs, and lowers R&.D expenses, providing
reliable data support for actual production. In the trial production, the process parameters consistent with the simulation were
applied, and the produced spherical washer components were of good quality, with smooth surfaces, no cracks, and
dimensional accuracy within tolerance, confirming the feasibility of the process design. This paper offers an effective cold
forging process for high-quality production of spherical washers, while optimizing the forming process through finite element
simulation, reducing production costs and R&.D risks. The methodology provides important references for the manufacture of
other complex structural parts.

Keywords: spherical washer; cold forging; finite element analysis; Deform-3D; metal flow law; process design; mold design;

defect control



