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Abstract 
 
Cold rotary forging is an innovative incremental metal forming process, which is obviously different from the con-

ventional forging process in many aspects, such as the metal flow, degree of inhomogeneous deformation of workpiece 
and force and power parameters. In the current work, a 3D elastic-plastic dynamic explicit FE model of cold rotary 
forging of a cylindrical workpiece is developed under the ABAQUS software environment and its validity has been 
verified by the experiment. Based on the reliable 3D FE model, the cold rotary forging and conventional forging proc-
ess are simulated and their difference in the forming process has been thoroughly clarified. The research results may 
help to understand the cold rotary forging process better. Furthermore, they provide valuable guidelines for further 
theoretical analysis and experimental studies on the cold rotary forging process. 
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1. Introduction 

With the development of industrial technology, 
precision forging, or net-shape forging, has become 
increasingly popular due to savings in material, en-
ergy and finishing steps. However, many of the new 
components, because of their shape complexity and 
complicated tool design and high load requirements, 
are challenging the current precision forging technol-
ogy beyond its current level of technology. To meet 
the requirement, there is a renewed interest in incre-
mental forming, especially rotary-type incremental 
forming processes, such as swaging, cross-wedge 
rolling, ring rolling, spinning and rotary forging.  

Compared with the conventional forging technol-
ogy, cold rotary forging offers the following advan-
tages [1]: lower level of noise and vibration, uniform 
quality, smooth surface, close tolerance and consider-
able savings in energy and materials cost. Addition-

ally, because of the eccentric load in cold rotary forg-
ing, the stress state of cold rotary forging press is very 
complicated and the life of the bear is relatively low. 
At present, many studies have been done on the cold 
rotary forging process due to its significant advan-
tages. In brief, these studies mainly focused on meas-
uring the pressure distribution at the contact area [2], 
calculating and verifying the power parameters [3-6], 
and analyzing the metal flow [7-10] by using analyti-
cal and experimental methods. Meanwhile, the cold 
rotary forging process was analyzed by the rigid-
plastic FE method [11-14]. All of these research re-
sults provided useful guidelines for further theoretical 
analysis and experimental studies on the cold rotary 
forging process. However, the deformation character-
istics and mechanism of cold rotary forging at present 
have not been fully understood. Especially, the differ-
ence between cold rotary forging and conventional 
forging needs to be thoroughly clarified and studied 
further in order to better understand the cold rotary 
forging process. Because cold rotary forging is a very 
complex metal forming technology with multi-factors 
coupling interactive effects, it is difficult to obtain 
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satisfactory results by analytical and experimental 
methods because of the limit of these methods. The 
finite element method has been proved a good 
method, which can obtain more detailed information 
in analyzing the metal forming processes. In cold 
rotary forging, the elastic deformation has a signifi-
cant effect on the forming process and thus it is diffi-
cult to realize the acute simulation in the rigid-plastic 
FE analysis. Therefore, it is urgent to investigate the 
difference between cold rotary forging and conven-
tional forging by the elastic-plastic FE method. 

Consequently in this paper, the cold rotary forging 
and conventional forging process of a cylindrical 
workpiece is simulated by the elastic-plastic dynamic 
explicit FE method under the ABAQUS software 
environment. Through simulation, the deformation 
characteristics and mechanism of cold rotary forging 
are given and the difference between cold rotary forg-
ing and conventional forging is clarified in detail. The 
research results provide useful theoretical and ex-
perimental guidelines for the cold rotary forging 
process. 
 

2. Establishment of 3D FE model of cold ro-
tary forging 

The principle of cold rotary forging is illustrated 
schematically in Fig.1. Different from conventional 
forging, the upper die in cold rotary forging is a coni-
cal die and can continuously oscillate around the ver-
tical machine axis. Simultaneously the lower die 
pushes the workpiece continuously so as to cause the 
workpiece to be subjected to axial compression. Thus, 
when the workpiece is pressed repeatedly for several 
times, the plastic deformation of the workpiece will 
be completed perfectly.  

From the above description, it can be seen that the 
deformation mechanism of cold rotary forging is very 
complex due to the periodical local loading and con-
tinuous shifting of the contact area. Therefore, it is 
necessary to investigate the cold rotary forging proc-
ess by using FE method. Based on the forming char-
acteristics, a 3D FE model of cold rotary forging of a 
cylindrical workpiece is developed under the 
ABAQUS software environment, as shown in Fig.2. 
The proposed 3D FE model has the following fea-
tures. 

(1) To improve the computation accuracy, the elas-
tic-plastic FE method is adopted in the simula-
tion. 

(2) In contrast to the static implicit procedure, the 
dynamic explicit procedure has unique advan-
tages such as saving the solution costs and 
overcoming the convergence problem in simu-
lating the complex contact and large deforma-
tion processes. Thus, the dynamic explicit pro-
cedure is used to simulate the cold rotary forg-
ing process which is a complex dynamic con-
tact and highly non-linear metal forming tech-
nology. 

(3) The upper and lower die is defined as 3D ana-
lytical rigid body, while the cylindrical work-
piece is defined as a 3D deformable solid body. 
The contact pairs are established between the 
dies and cylindrical workpiece. Meanwhile, the 
Coulomb friction model is used to describe the 
friction condition of the contact pairs due to the 
relative sliding existing between the dies and 
cylindrical workpiece. 

(4) The upper die is constrained to rotate only 
around the global 2-axis while the lower die is 
constrained to translate only along the global 2-
axis. Because of the oscillation of the upper die, 
the cylindrical workpiece may rotate together 
with it and thus the cold rotary forging process 
cannot be performed successfully. Based on the 
deformation characteristics, the constraint type 
“distributing coupling” is adopted to constrain 
the rotation of the cylindrical workpiece.  

(5) In cold rotary forging, the contact surface be-
tween the upper die and workpiece is a portion 
of an Archimedes spiral surface. Thus, after the 
lower die stops the axial feed, the upper die still 
has to oscillate at least one revolution around 
the machine axis so as to make the upper sur-
face of the cylindrical workpiece become a 
plane. To improve the surface quality of the 
upper surface of the cylindrical workpiece, the 
load curves of the upper and lower die are de-
signed, as shown in Fig. 3. 

(6) The 3D linear reduction integration continuum 
element with eight nodes (C3D8R) is used to 
discretize the cylindrical workpiece. The num-
ber of the elements in the cylindrical workpiece 
is determined by its size and the computation 
efficiency and precision. Adaptive mesh tech-
nology is employed to reduce the distortion of 
elements. 

(7) Mass scaling technology is adopted in the 
simulation process. Appropriate mass scaling 
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Fig. 1. Schematic diagram of cold rotary forging of the cylin-
drical workpiece. 

 

 
 
Fig. 2. 3D FE model of cold rotary forging of the cylindrical 
workpiece. 
 

 
 
Fig. 3. Load curves of the upper and lower die in cold rotary 
forging. 

 
factors are selected to improve the computation 
efficiency without sacrificing the computation 
accuracy. 

Table 1. Processing parameters adopted in conventional 
forging. 
 

Parameters Values

Initial diameter of the cylindrical workpiece (mm) 40 

Initial height of the cylindrical workpiece (mm) 15 

Height reduction (%) 20 

Feed rate of the upper die (mm s-1) 1 

Friction coefficient between dies and workpiece 0.15 
 

Table 2. Mechanical properties of the cylindrical workpiece. 
 

Material AISI1020 

Densityρ (kg m-3) 7800 

Young’s modulus E (GPa) 210 

Poisson’s ratioμ 0.3 

Constitutive equation 0.25850σ ε=  
 

Table 3. Processing parameters adopted in cold rotary forging. 
 

Parameters Values 
Initial diameter of the cylindrical workpiece 

(mm) 40 

Initial height of the cylindrical workpiece (mm) 15 

Height reduction (%) 20 

Feed rate of the lower die (mm s-1) 1 

Rotational speed of the upper die (r min-1) 300 

Inclination angle of the upper die (°) 2 

Friction coefficient between dies and workpiece 0.15 

Motion orbit of the upper die Circle line

 
3. Verification of the proposed 3D FE model 

of cold rotary forging 

Conventional forging is a kind of basic metal form-
ing process and its modeling technology has become 
very mature. Thus it is unnecessary to validate the 3D 
FE model of conventional forging. The processing 
parameters and the mechanical properties of the 
workpiece material adopted in conventional forging 
are shown in Table 1 and Table 2, respectively. The 
experiment of the cold rotary forging process is car-
ried out on a T 200 cold rotary forging press at Hubei 
Automobile Axle Co., Ltd in China, as shown in Fig. 
4. The press is hydraulically driven with the maxi-
mum capacity of 200 tons. Four types of motion orbit 
of the upper die have been available—circle, straight, 
spiral and rosette line on the T 200 cold rotary forging 
press. The circle line has been set for convenience of 
experimental control. The processing parameters 
adopted in cold rotary forging are shown in Table 3  
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Fig. 4. T 200 cold rotary forging press. 
 

 
            (a) Initial blank   (b) Deformed cylindrical workpiece 
 
Fig. 5. Initial blank and the deformed cylindrical workpiece. 

 

 
 
Fig. 6. Comparison between simulation results and experi-
mental ones. 

 
and the mechanical properties of workpiece material 
are shown in Table 2. MoS2 is used as the lubricant in 
the experiment. The initial blank and the deformed 
cylindrical workpiece are shown in Fig. 5. Fig. 6 il-
lustrates the comparison of the upper surface diameter 
of the cylindrical workpiece between the simulation  

 
(a) Before deformation 

 

 
(b) After deformation in conventional forging 

 

 
(c) After deformation in cold rotary forging 

 
Fig. 7. Comparison of mesh deformation between conven-
tional forging and cold rotary forging. 
 
and experimental results. It can be found from Fig.6 
that the simulation results are in good agreement with 
the experimental ones and the maximum relative error 
is 3.76%. Thus, the 3D elastic-plastic dynamic ex-
plicit FE model of cold rotary forging of a cylindrical 
workpiece is proved to be reliable experimentally. 
 

4. Results and discussion 

4.1 Metal flow analysis 

Fig. 7 shows the comparison of mesh deformation 
between conventional forging and cold rotary forging. 
It can be seen from Fig. 7(b) that in conventional 
forging, the metal only flows along two directions. 
One is the axial flow, resulting in thinning in the axial 
height of the cylindrical workpiece, and the other is 
the radial flow, leading to the expansion in diameter 
of the cylindrical workpiece. Obviously, metal flow 
does not exist in the circumferential direction. That is, 
because of the symmetry of geometry and boundary 
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conditions, the deformation of the cylindrical work-
piece exhibits the characteristic of axial symmetrical 
deformation and thus conventional forging can be 
simplified as a 2D deformation process. In cold rotary 
forging, besides the axial and radial flow, the metal 
also flows along the circumferential direction, as 
shown in Fig.7 (c). Therefore, cold rotary forging is 
an asymmetrical deformation process and thereby the 
3D analytical model has to be proposed to investigate 
the forming process.  

 
4.2 Contact area between the dies and cylindrical 

workpiece 

In conventional forging, the workpiece contacts 
with the upper and lower die completely at any time 
of the process. During the cold rotary forging process, 
the workpiece contacts the dies only partially because 
the upper die is a conical die. Furthermore, the con-
tact area has been shifting continuously due to the 
oscillation of the upper die. Thus, the contact area 
exhibits a much complex and changeable geometry 
shape and thereby has an essential effect on the cold 
rotary forging process. Fig. 8 shows the contact area 
comparison between cold rotary forging and conven-
tional forging. In conventional forging, the contact 
area between the upper die and workpiece is identical 
with that between the lower die and workpiece. It is 
clear that the contact area increases quasi-linearly 
from a certain value to the maximum value. Moreover, 
the curve is very smooth with time, indicating that the 
cylindrical workpiece is in a steady deformation state. 
Different from conventional forging, the contact area 
between the dies and workpiece in cold rotary forging 
is obviously different. The two curves can be divided 
into three different stages. At the beginning of cold 
rotary forging, the upper die begins to contact the 
workpiece, so the contact area between the upper die 
and workpiece increases rapidly from zero to a certain 
value while the contact area between the lower die 
and workpiece decreases significantly. As the form-
ing process continues, the cylindrical workpiece has 
entered the steady deformation state; thus the contact 
area increases slowly up to the maximum value. At 
the end of the process, the lower die stops the axial 
feed while the upper die still oscillates, resulting in 
the sharp decrease in the contact area. Furthermore, it 
can be found that the two curves have been oscillating 
with time, indicating that cold rotary forging is a 
complex dynamic contact, highly nonlinear and non- 

 
 
Fig. 8. Comparison of contact area between cold rotary forg-
ing and conventional forging. 

 
steady-state deformation process. It can be also ob-
served that the contact area between the upper die and 
workpiece is always smaller than that between the 
lower die and workpiece, thus leading to the higher 
axial unit pressure on the metal near the upper die. 
Under this circumstance, the metal near the upper die 
is easier to satisfy the yield condition to be involved 
in the plastic deformation state. From the above 
analysis, it can be concluded that the contact pattern, 
the shape and size of contact area between cold rotary 
forging and conventional forging are obviously dif-
ferent, thus resulting in the different deformation 
characteristics between them. 

 
4.3 Plastic deformation zone (PDZ) distribution 

In the metal plastic forming process, the shape and 
size of the PDZ has a significant effect on the forming 
process. Fig. 9 provides the PEEQ (equivalent plastic 
strain) distribution in the axial section of the cylindri-
cal workpiece in conventional forging. It can be seen 
that the PDZ is formed firstly in the center part of the 
cylindrical workpiece, as shown in Fig. 9(b). As the 
process continues, the PDZ gradually develops to-
ward the rest part and then the whole cylindrical 
workpiece becomes the PDZ at t=0.615s, as shown in 
Fig. 9(c). It can be also found from Fig. 9 that the 
center part of the cylindrical workpiece always has 
the maximum PEEQ value while the minimum PEEQ 
value always occurs in the middle part of the upper 
surface and the lower surface during the conventional 
forging process. The maximum and minimum PEEQ 
values are 0.2598 and 0.02165, respectively at the end  
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(a) t=0s 

 

 
(b) t=0.315s 

 

 
(c) t=0.615s 

 

 
(d) t=1.275s 

 

 
(e) t=2.415s 

 

 
(f) t=3s 

 
Fig. 9. PEEQ distribution in the axial section of the cylindri-
cal workpiece in conventional forging. 

 
of the process. If the difference between the maxi-
mum and minimum PEEQ is adopted to represent the 
degree of inhomogeneous deformation of the de-
formed cylindrical workpiece, the degree of inhomo-
geneous deformation in conventional forging is 
0.23815. In addition, because of the symmetry of 
geometry and boundary conditions, the PDZ distribu- 

 
(a) t=0s 

 

 
(b) t=0.266s 

 

 
(c) t=0.551s 

 

 
(d) t=1.463s 

 

 
(e) t=2.698s 

 

 
(f) t=3.8s 

 
Fig. 10. PEEQ distribution in the axial section of the cylin-
drical workpiece in cold rotary forging. 

 
tion in conventional forging exhibits the symmetry in 
the axial and radial direction.  

Fig. 10 shows the PEEQ distribution in the axial 
section of the cylindrical workpiece in cold rotary 
forging. As described above, the upper region of the 
cylindrical workpiece is easier to satisfy the yield 
condition to come into the plastic deformation state. 
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So at the beginning of the process, the middle part of 
the upper surface firstly produces the plastic deforma-
tion, as shown in Fig. 10(b). Under the action of the 
axial feed of the lower die and the oscillation of the 
upper die, the PDZ gradually expands radially toward 
the cylindrical surface and axially toward the lower 
surface, as shown in Fig. 10(c). At t=1.463s, the PDZ 
penetrates the axial height and the whole cylindrical 
workpiece is involved in the plastic deformation, as 
shown in Fig. 10(d). It can be also observed from Fig. 
10 that just like a kind of wave, the PEEQ exhibits a 
transfer characteristic from the upper surface to the 
lower surface of the cylindrical workpiece. During the 
whole cold rotary forging process, the maximum 
PEEQ value occurs in the middle part of the upper 
surface while the metal located in the lower surface 
has the minimum PEEQ value at any time of the 
process. At the end of the process, the maximum and 
minimum PEEQ values are 0.5212 and 0.04343, re-
spectively. The degree of inhomogeneous deforma-
tion of the cylindrical workpiece is 0.47777. Different 
from conventional forging, the PEEQ distribution in 
cold rotary forging is only approximately symmetrical 
in the radial direction while it is asymmetrical in the 
axial direction because of the asymmetrical boundary 
conditions. 

To reveal the PEEQ distribution law in detail, some 
special points in the axial section of the cylindrical 
workpiece are selected as the tracking points for 
measuring the PEEQ values, as shown in Fig. 11. All 
the tracking points are located in the half of the axial 
section owing to the PEEQ distribution symmetry in 
the radial direction. Fig. 12 illustrates the comparison 
of PEEQ distribution of tracking points along the 
radial direction between cold rotary forging and con-
ventional forging. It can be observed from Fig. 12(a) 
that in conventional forging, the PEEQ value along 
A-B line and E-F line is identical, which coincides 
with the PEEQ distribution symmetry in the axial 
direction. Furthermore, the PEEQ value gradually 
decreases along C-D line, while it gradually increases 
along A-B and E-F line. By comparing the three 
curves, it can be also concluded that the PEEQ value 
of the middle part is larger than that of the upper and 
lower region of the cylindrical workpiece. In cold 
rotary forging, the PEEQ value gradually decreases 
from A-B line to E-F line (shown in Fig. 12(b)), 
which also coincides with the PEEQ transfer charac-
teristic from the upper surface to the lower surface of 
the cylindrical workpiece.  

  
Fig. 11. Tracking points in the axial section of the cylindrical 
workpiece. 

 
Fig. 13 describes the strain components (axial, 

circumferential and radial strain) distribution of track-
ing points along the radial direction in conventional 
forging. It can be seen from Fig. 13 that just as the 
PEEQ distribution, the strain components of the mid-
dle part are larger than that of the upper and lower 
region of the cylindrical workpiece. The strain com-
ponents distribution of tracking points along the radial 
direction in cold rotary forging is shown in Fig. 14. 
From Fig. 14, it can be found that all the strain com-
ponents gradually decrease from the upper surface to 
the lower surface of the cylindrical workpiece. 

From the above analysis, it can be concluded that 
in conventional forging, the metal of the upper and 
lower region of the cylindrical workpiece is rela-
tively hard to flow because of the friction force. So 
the strains including PEEQ and strain components of 
the upper and lower region are relatively smaller. 
Inversely, the metal of the middle part is easy to flow 
because the effect of friction is smaller, thus resulting 
in the larger strains of the middle part of the cylindri-
cal workpiece. Under this circumstance, the cylindri-
cal workpiece exhibits the “drum” effect (shown in 
Fig. 9), which is the main characteristic of conven-
tional forging. In cold rotary forging, the strains in-
cluding PEEQ and strain components gradually de-
crease from the upper surface to the lower surface. 
So the “mushroom” effect of the deforming cylindri-
cal workpiece occurs (shown in Fig. 10), which is the 
main characteristic of cold rotary forging. In the pro-
duction of some parts such as the half-shaft used in 
the automobile and the coupler knuckle pin (a flange 
with a long rod), the mushroom effect can be used to 
form the head. The mushroom effect also has a wide 
application in the riveting process. When the mush-
room effect is obvious, the rod of the rivet is in elas-
tic or small plastic deformation state so as to achieve 
the loose riveting. Inversely, when the mushroom 
effect is not so obvious, the rod of the rivet is in large 
plastic deformation state so as to achieve the tight 
riveting. 
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(a) PEEQ distribution of tracking points along the radial 
direction in conventional forging 

 

 
(b) PEEQ distribution of tracking points along the radial 
direction in cold rotary forging 
 
Fig. 12. Comparison of PEEQ distribution of tracking points 
along the radial direction between cold rotary forging and 
conventional forging. 

 
Fig. 15 represents the comparison of PEEQ history 

of tracking points between conventional forging and 
cold rotary forging. In conventional forging, the 
strains of tracking points gradually increase quasi-
linearly with time, as shown in Fig. 15(a). In cold 
rotary forging (shown in Fig. 15(b)), the strain of 
every tracking point increases stepwise, which is 
caused by the continuous shifting of the plastic de-
formation zone. It is obvious that each step represents 
one revolution of the upper die. When the upper die 
contacts the cylindrical workpiece, the strains of 
tracking points located in the contact area increase 
rapidly. That is, the height of the step represents the 
strains of tracking points in a single revolution. The 
level part of the step corresponds to the time when the  

 
(a) Axial strain distribution of tracking points along the radial 
direction 

 

 
(b) Circumferential strain distribution of tracking points 
along the radial direction 

 

 
(c) Radial strain distribution of tracking points along the 
radial direction 
 
Fig. 13. Strain components distribution of tracking points 
along the radial direction in conventional forging. 
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(a) Axial strain distribution of tracking points along the radial 
direction 

 

 
(b) Circumferential strain distribution of tracking points 
along the radial direction 

 

 
(c) Radial strain distribution of tracking points along the 
radial direction 
 
Fig. 14. Strain components distribution of tracking points 
along the radial direction in cold rotary forging. 

 
(a) PEEQ history of tracking points in conventional forging 
 

 
(b) PEEQ history of tracking points in cold rotary forging 
 
Fig. 15. Comparison of PEEQ history of tracking points 
between conventional forging and cold rotary forging. 
 
upper die deviates from the contact area. After 3s of 
the cold rotary forging process, the lower die stops 
the axial feed while the upper die still oscillates, and 
the strains of all the tracking points increase no longer 
with time. Therefore, these values of strains are the 
strains of the final cold rotary forging products. Based 
on the above analysis, it can be concluded that con-
ventional forging is an overall plastic forming process 
in which the strains gradually increase quasi-linearly 
with time. In cold rotary forging, the desired total 
strains are achieved by a large number of small steps 
and cold rotary forging can thus be described as an 
incremental metal forming process. 

 
4.4 Force and power parameters 

Fig. 16 provides a comparison of force and power 
parameters between conventional forging and cold 
rotary forging. From Fig. 16(a), it can be seen that the 
variation curve of axial forging force is composed of  
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(a) Comparison of axial forging force between conventional 
forging and cold rotary forging 
 

 
(b) Comparison of forging moment between conventional 
forging and cold rotary forging 
 
Fig. 16. Comparison of force and power parameters between 
conventional forging and cold rotary forging. 

 
two different stages in the conventional forging proc-
ess. At the beginning of the process, the axial forging 
force increases significantly from zero to a certain 
value. And then it gradually increases quasi-linearly. 
It is also observed from Fig. 16(b) that the forging 
moment is zero during the whole conventional forg-
ing process. From Fig. 16, also, the cold rotary forg-
ing process has experienced three deformation stages. 
At the first stage, the upper die begins to contact the 
cylindrical workpiece and thus the axial forging force 
and forging moment increase rapidly from zero to a 
certain value. At the second stage, the axial forging 
force and forging moment increase slowly up to the 
maximum value, indicating that the cylindrical work-
piece has entered the steady deformation stage. At the 
last one, the lower die stops the axial feed while the 
upper die still oscillates, thus resulting in less metal to 
participate in the plastic deformation. So the axial 

forging force and forging moment decrease sharply. 
In conventional forging, the maximum axial forging 
force is 1095.66 kN, while the maximum axial forg-
ing force and forging moment in cold rotary forging 
are 280.3 kN and 475.23 N·m, respectively. It shows 
that the maximum axial forging force of conventional 
forging is fourth time of that of cold rotary forging. 
From the above analysis it can be found that as a kind 
of incremental metal forming process, cold rotary 
forging can reduce the forging force significantly. 
 

5. Conclusions 

A 3D elastic-plastic dynamic explicit FE model of 
cold rotary forging of a cylindrical workpiece is de-
veloped under the ABAQUS software environment 
and its validity has been verified by the experiment. 
Based on the reliable 3D FE model, the difference 
between cold rotary forging and conventional forging 
has been thoroughly clarified. The research results 
show the following. 

(1) Conventional forging exhibits the characteristic 
of axial symmetrical deformation and thus it 
can be simplified as a 2D deformation process. 
Whereas, cold rotary forging is an asymmetri-
cal deformation process, and thereby a 3D ana-
lytical model has to be proposed to investigate 
the forming process.  

(2) Conventional forging is an overall plastic form-
ing process in which the strains gradually in-
crease quasi-linearly with time. Whereas, cold 
rotary forging is a process of strain accumula-
tion by a large number of small strain steps and 
thus it is considered to be an incremental form-
ing technology.  

(3) In conventional forging, the middle part of the 
cylindrical workpiece has the larger strains 
(PEEQ and strain components) than the upper 
and lower region. So the deformed cylindrical 
workpiece exhibits the drum effect. In cold ro-
tary forging, the strains (PEEQ and strain com-
ponents) gradually decrease from the upper sur-
face to the lower surface, thus resulting in the 
obvious mushroom effect of the deformed cy-
lindrical workpiece. 

(4) The workpiece-upper die contact area in cold 
rotary forging is much smaller than the one ob-
served in conventional forging, so the force and 
power necessary to deform are reduced to a 
small fraction of that of conventional forging 
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technologies. 
(5) The research results thoroughly clarify the dif-

ference between cold rotary forging and con-
ventional forging, and provide useful theoreti-
cal and experimental guidelines for the cold ro-
tary forging process. 
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