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Abstract

Radial forging is a metal forming process that utilizes multiple hammer heads to perform high-fre-
quency synchronous forging along the circumferential direction of a workpiece, achieving plastic defor-
mation of metals. It is commonly employed for manufacturing solid or hollow shaft-like components. In
this study, finite element modeling and numerical simulations were conducted based on three hammer
surface configurations: forward-convex, concave, and linear geometries, to systematically investigate
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the influence of hammer face shape on the forming quality of radial reduction in hollow bars. The
results demonstrate that the hammer surface geometry significantly affects the radial reduction form-
ing outcomes. Specifically, when a linear surface is adopted, the forming process not only exhibits
a lower working load, ensures a more uniform flow distribution of metal materials, but also significantly
enhances the surface quality of the final product forming.
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Figure 1. Simplified diagram of radial reduc-
tion forming
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Figure 2. Shape diagrams of different forged hammer surfaces: (a) Front convex surface; (b)
Linear surface; (c) Internal concave surface
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Figure 3. Division of work piece radial reduction area
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Figure 4. Movement trajectory diagram of the forging hammer
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Figure 5. Radial reduction finite element model diagram
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Table 1. Process parameters
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Figure 6. Load distribution of different inlet surfaces: (a) Radial load; (b) Axial load
B 6. RRADENEEST: () BEEE; () BEEE

3.2. REHSHEIR

Wik 7 N A kS B 5 B I 58 S A AR BE 7 A I . IR RT DA 31, RN I 5 2 OB
B %, ZRPETH I BRE S5 KT 420 BTN 970 PYIMTTHIIU 2 686, e 7ERHHI4EGE X 1) — IR U AL
AR — PRI, SRR R < AT T 1) D e 2 EL O 4 < e 2 el ST ) S 77 TR A%

MR AR B, ek -5 A1 1R RSO 8 70 ) <6 Je B8 5 iy i 1) 75 0 2341, T A T o ) 5 3 A1 7
[V BOIRELTC R, HLIUE fe K XIS 4 vh 20 A £ A (4 B i OB 8 23, BEAA R TE Z M i 55 i1 1T PR
Gy AR DUBCE »  AELAE U o T PR 1 880 DX 3k e AT H B FR o T AR 93 s T L KA 2 B B T
il (R BT T AR TR FERCR G DL R, 2 5 S1EM BHAUE I R A4S A% A o DU LR -

3.3. MO HrIsm
w8 ATAERIEH RIZERN S04, M LUE B =& KN 7138 310 Mpa, g/

DOI: 10.12677/met.2025.142026 272 IR AN ST N


https://doi.org/10.12677/met.2025.142026

R A

FIMFEL TR/ 1455 FATE S A MTE 2508 110.1 F1 81.53. (BN DHE AL R FRIER T
4 2 BB RHI X SN S B AT ok, UL ) N B, AR A RN A TR TH S A
[ AR N TP AR R BEE X, (HAE I X WARSR B B RN IR 404, 3 1B X TS

L SR E ) Ul A “w \ SR, 3 SO B 2 U R
I YIRS, Tl REI R s 2 5 SR TR RASBLR ,  HE T 5 0 B 2 BT AR
11 6
56 113
~
.
?‘E/«Q ,Ai ,ﬁ ‘A ‘ _ 102 §§%/ 220
B \/”’ ¥ ) é§>'§. SEZr gy . ay
{ H ” SZ3IFwlesZZl oy 47 2 1T
WU Z=23 S 2 S W B - =
Sl 2 =k o= /y/‘/yz\%%{;@
P e %2? -+ 193l === -~ TR s T 434
o i = = L T e —

V\ SN o ﬁ}é(%ézgs = S D N T
Tl =X EETIcEs s Ao
\\iw\:\x T/ﬁi %e%%é?zm %Zéi \\\Eizf?;‘ij %649

VAN S BT N %‘éggﬁ ==TaNa oy sy =
PN | T =5 =2 oS ah i y as -4
i/j\ %1“ B : == g ‘;g%(‘&\%\xx NN P 956
; v\\/ E \( ?%‘k\\
5 v = N
1 # 375 = (b) 863
(a) 420 970
26
99
S , 172
YA ,y%@
g;é% ; G 319
AT ¢
(5 4 % ;
v > | g e
i “\ /;C% \, i " 166
%, §\J§ ‘r.'% 7 ::
%QXY 539
»ﬁ\‘j{ \?‘
613
(©
686

Figure 7. Speed field distribution of different inlet surfaces: (a) Linear surface; (b) Front convex surface; (c) Internal concave surface

7. REIANOERREA D (2) &iEE; (b) BIOE; (o) AME

Effective Stress (v-m)

Effective Stress (v-m)

Effective Stress (v-m)

3.100e+02 3.100e+02 3.100e+02
2.805e+02 :I 2.900e+02 :I 2.872e+02 ]
2.509e+02 _| 2.700e+02 _ 2.643e+02_|
2.214e+02 _ 2.500e+02 _ 2.415e+02 _
1.918e+02 E 2.301e+02 2.186e+02
1.623e+02 2.101e+02 1.958e+02
1.327e+02 1.901e+02 1.729e+02
1.032e+02 1.701e+02 1.501e+02
7.364e+01 1.501e+02 1.272e+02
4.410e+01 1.301e+02 1.044e+02
1.455e+01 _| I 1.101e+02 | i’ 8.153e+01

(a)

(b)

(©

Figure 8. Stress distribution of different inlet surfaces: (a) Linear surface; (b)
Front convex surface; (c) Internal concave surface
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Figure 9. Weekly directional thickness variation plot
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