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Rotary forging is a forming method in which the forces exerted on the workpiece can be reduced by 
using an inclined forming tool. The final shape of workpiece is formed gradually. The conventional 
machines used in this process typically have separate rotational and linear (feeding) motions. The 
rotational motion is applied by an eccentric mechanism; the feeding motion is exerted with a linear 
actuator. These machines follow forward kinematics which does not consider the geometry of the 
workpiece to create motion profiles. Hence, having a special profile to be fully compatible with the 
piece is not possible. Such compatibility is beneficial to applying a more precise control on the material 
flow and achieving sound forgings. In this study, the feasibility of performing the rotary forging process 
on a hexapod table has been investigated. A hexapod machine available to the authors has been 
employed for this purpose. The hexapod table with six degrees of freedom is responsible for all shaping 
motions. This device can be used to produce different motion profiles for complex workpieces. The 
appropriate profiles are obtained through the inverse kinematics. The maximum force being applied on 
the hexapod actuators was calculated. Two circular and linear profiles were examined to practically 
shape cylindrical workpieces, and forming load was compared with conventional forging for producing 
lead cylindrical workpieces. Obtained results show that the linear profile is more desirable than the 
circular profile in terms of force analysis, and required force in orbital forging is far lower comparing to 
conventional forging.  
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Fig. 1 Schematic diagram of rotary forging of a cylindrical workpiece 
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Fig. 2 Schemes of upper die rocking motion for Marciniak’s press[1] 
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Fig. 4 Hexapod Machine Used in the Present Study 
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Fig. 3 Eccentric mechanisms to make rotary motion. (a) initial 
condition, (b)  c ’s point motion in Eccentric mechanisms 
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Fig. 5 Schemes of hexapod and vector chain for one pod 
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1   
Table 1 The variables used to calculate force in Zang Meng method 

  
)GPa(  ) MPa(  )mm (  )mm(  )mm(  )(

  
  

 3400  36   70 35 30   0.25  3  0.7  0.4  
 

  
Fig. 6 Free body diagram of the moving platform  
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Table 2 Mechanical and physical properties of lead [20] 

      

  GPa  14 

  GPa 4.9  

  MPa 18 

  - 0.42  

  HV 5  

  °C 327  

1 Kistler 
2 Image J 

  
Fig. 7 Wax workpiece before the contact with conical die 
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Fig. 8 Wax workpiece after the contact with conical die 
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3   
Table 3 Maximum force required for conventional forging and rotary forging carried out on hexapod machine  

      mm(  mm(  mm(  N(  

1      11  5.5  15.5  13000  
2      11  5.5  15.5  6900  

3      11  5.5  15.5  3500  
 

  
Fig. 9 Force-stroke diagram in conventional forging for production of 
cylindrical workpiece with diameter 15.5 mm and height 5.5 mm  

9 -  
15.5 mm 5.5 mm  

  
Fig. 10 Initial workpiece in the forging die  
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Fig. 11 Rotary forging Machine Used in the Present Study 
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Fig. 12 Component used in rotary forging of lead workpiece  
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Fig. 13 Force-stroke diagram in rotary forging of a cylindrical 
workpiece with diameter 15.5 mm and height 5.5 mm on the hexapod 
table following a circular profile 
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5.5 mm   

  
a  

  

  
b  

  
Fig. 14 Workpiece used in the experiment. (a) initial workpiece, (b)  
final workpiece after the forging 
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Fig. 15 Force-stroke diagram in rotary forging of a cylindrical workpiece with diameter 15.5 mm and height 5.5 mm on the hexapod table following a 
linear profile  

15 -  15.5 mm 5.5 mm   

-6   

  
  .  

15.5 11  3500 N 6900 N 
 

 .  
 

0.27 
 

0.29  
. 

  
 

 .

 .

  
  . 

-7   
[1] G. Samo yk, Investigation of the cold orbital forging process of an 

AlMgSi alloy bevel gear, Journal of Materials Processing 
Technology, Vol. 213, No. 10, pp. 1692-1702, 2013.  

[2] P. Standring, E. Appleton, The kinematic relationship between 
angled die and workpiece in rotary forging, Proceedings of The 

1st International Conference on Rotary Metal Working Processes, 
London, England, pp. 275-288, 1979.  

[3] X. Han, L. Hua, Friction behaviors in cold rotary forging of 
20CrMnTi alloy, Tribology International, Vol. 55, No. 6, pp. 29-
39, 2012.  

[4] S. A. Nikolaevich, Device for stamping metal blanks, United 
States Patent, Patent No. 3.494.161, February 10, 1970.  

[5] R. Spiers, The massey rotaform die forging process and machine, 
Proceeding of The Forming Equipment  Conference, Chicago, 
America,  pp. 26-28, 1973.  

[6] Z. Marciniak, Rocking-die technique for cold-forming operations, 
Machinery and Production Engineering, Vol. 117, No. 3026, pp. 
792-797, 1970.  

[7] R. Slater, N. Barooah, E. Appleton, W. Johnson, The rotary  
           forging concept and initial work with an experimental machine, 

Proceedings of the Institution of Mechanical Engineers, Vol. 184, 
No. 1, pp. 577-592, 1969.  

[8] R. Slater, E. Appleton, Some experiments with model materials to 
simulate the rotary forging of hot steels, Proceeding of The 11th 
International Conference on Machine Tool Design Research, 
Birmingham, England, pp. 1117–1136, 1971.  

[9] M. J. Nategh, M. MehdiNejad, An investigation into the rotary 
forging process capabilities and load estimation, Proceeding of 
The 9th International Conference on Cold  

           Forging, London, England, May 22-26, 1995.  
[10] G. R. Kherad, M. J. Nategh, A study on the motion profile of 

forming tool in the orbital forging process, Proceedings of The 
4th Iranian Conference on Manufacturing  Engineering, Tehran, 
Iran, February 16-17, 1999. (in Persian )  

[11] J. Hesselbach, B.-A. Behrens, F. Dietrich, S. Rathmann, J. 
Poelmeyer, Flexible forming with hexapods, Production 
Engineering, Vol. 1, No. 4, pp. 429-436, 2007.  

[12] Z. C. Waring, Twin-roller rotary-forging machine, Chinese 
Patent, Patent No. CN101823110 B, January 11, 2012.  

[13] L. J. Fu Jianhua, Cao New, Li Yongtang, Rotary forging press 
with disc and rod parts. Chinese Patent, Patent No. CN102500734 
A, June 20, 2012.  

[14] M. Zhang, Calculating force and energy during rotating forging, 
Proceedings of The Third International Conference on Rotary 
Metalworking Processes, London, England, pp. 115-124, 1984.  

[15] J. Oudin, Y. Ravalard, G. Verwaerde, J. Gelin, Force, torque and 
plastic flow analysis in rotary upsetting of ring shaped billets, 
International Journal of Mechanical Sciences, Vol. 27, No. 11, 
pp. 761-780, 1985.  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

6.
27

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

29
 ]

 

                            10 / 11

https://dorl.net/dor/20.1001.1.10275940.1395.16.6.27.0
https://mme.modares.ac.ir/article-15-7370-fa.html


    

    

1395166  51  

[16] H. Xing-hui, H. Lin, Comparison between cold rotary forging and 
conventional forging [J], Journal of Mechanical Science and 
Technology, Vol. 23, No. 10, pp. 2668-2678, 2009.  

[17] X. Han, L. Hua, Effect of size of the cylindrical workpiece on the 
cold rotary-forging process, Materials & Design, Vol. 30, No. 8, 
pp. 2802-2812, 2009.  

[18] X. Han, L. Hua, W. Zhuang, X. Zhang, Process design and 
control in cold rotary forging of non-rotary gear parts, Journal of 

Materials Processing Technology, Vol. 214, No. 11, pp. 2402-
2416, 2014.  

[19] X. Deng, L. Hua, X. Han, Y. Song, Numerical and experimental 
investigation of cold rotary forging of a 20CrMnTi alloy spur 
bevel gear, Materials & Design, Vol. 32, No. 3, pp. 1376-1389, 
2011.  

[20] A. Handbook, Aluminum and aluminum alloys, ASM 
International, pp. 117, 1993.

 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

6.
27

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

29
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            11 / 11

https://dorl.net/dor/20.1001.1.10275940.1395.16.6.27.0
https://mme.modares.ac.ir/article-15-7370-fa.html
http://www.tcpdf.org

