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Abstract: Based on the design of the multi-row sprocket with a new tooth profile, a cold semi-precision forging process for 
manufacturing 5052 aluminum alloy multi-row sprocket was presented. Through simulating the forging process of 5052 aluminum 
alloy sprocket billet with 3D rigid-viscoplastic FEM, both the distributions of flow velocity field in axial (UZ), radial (UR) and 
circumferential (Uθ) directions and the curves of velocity component in different deformation regions were respectively obtained. By 
comparison and analysis of the velocity varying curves, the velocity component relation conditions for filling the die cavity were 
clarified. It shows that when the die cavity is almost fully filled, the circumferential velocity Uθ increases sharply, implying that Uθ 
plays a key role in fully filling the die cavity. 
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1 Introduction 
 

A multi-row sprocket with flanges (Fig. 1) is 
commonly utilized in the driving system of the 
machinery and equipment, such as bicycles, motorcycles, 
tanks, scraper conveyers and printers, and is mainly used 
for the transmission of the rotary motion between two 
shafts. Sprockets are conventionally produced by 
hobbing process to form the teeth and followed by heat 
treatment to improve the hardness, which are material 
wasting, time consuming, mechanical property 
deteriorating and productivity decreasing. 
THIPPRAKMAS [1] presented the fine-blanking process 
to manufacture single-row sprocket. The number of 
process operations and the production time were reduced 
with this method. LEGAULT et al [2] investigated 
aluminum alloy powder metal extrusion to manufacture 
and test the sprocket including compaction, sintering and 
heat treatment. A compacting technology of the housing 
sprocket in one single compacting stroke was established 
by TAKAGI et al [3] and the dimensional tolerances of 
the sprocket were maintained. However, those methods 
have a higher production cost, greater energy 

consumption, large-scale extending and utilizing 
difficulty. The studying and manufacturing for sprockets 
have been reported by many researchers from various 
aspects, but no attempt has been made so far to use cold 
precision forging technology to produce aluminum alloy 
multi-row sprockets. 

There are two categories of aluminum alloys used in 
structural and plant applications that are non-heat- 
treatable and heat-treatable. 5052 aluminum alloy is 
basically an Al−Mg alloy (Mg content is in the range of 
2.2%−2.8%) and is non-heat-treatable [4]. The cold 
precision forging of multi-row sprocket with 5052 
aluminum alloy is a new-complex process with severe 
plastic deformation, which requires good formability of 
the billet material at a lower temperature, reasonable 
forging process, proper structural design of the die and 
less boundary non-linearity [5,6]. To some extent, the 
forging process may determine the development level of 
multi-row sprocket manufacturing industry. Most 
importantly, traditional profile of tooth top for the 
multi-sprocket is sharp and small, which may result in 
stress concentration and crack of the die cavity in cold 
forging. At present, there is no successful precedent   
for actual production application. The technology of  
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Fig. 1 Photos of multi-row sprocket 
 
multi-row sprocket cold precision forging with 5052 
aluminum alloy has been still remained in experimental 
exploration stage. 

Velocity field is mainly used to investigate the load 
requirements and the process parameters in spline and 
spur gear forging [7, 8], which plays an important role in 
filling the die cavity in precision forging and determines 
the filling ability of work-piece. However, it is extremely 
difficult to obtain the velocity fields by experiments in 
different deformation directions and specific numerical 
values in various deformation zones. Using a straight 
tapered tooth profile, CAN and MISIRLI [9] developed 
an upper bound solution for the lateral extrusion of spur 
gear form and the proposed velocity field was not 
discontinuous on the surface of the tapered tooth. CHOI 
et al [10] also modeled a new tooth profile including an 
involute curve and a circular arc fillet instead of the 
tapered profile to obtain a more practical method to 
analyze velocity fields in spur gear forging. A 
kinematically admissible continuous velocity field was 
proposed for the analysis of three-dimensional forging by 
ZHAO et al [11]. WANG et al [12] also developed a new 
asymmetry tooth profile for the sprocket by establishing 
mathematical and dynamic models aiming to reducing 
the impact of the flow velocity field between rollers and 
sprocket. Theories above may be far from the actual 
application in cold precision forging of the multi-row 
sprocket. Because it is difficult to quantize specific 
numerical values in various deformation zones of the 
billet. With the development of FEM and computer 
technology, the numerical simulation has become an 
effective tool to decrease the cost and the time for 
analyzing and quantizing velocity field in cold precision 
forging of the multi-row sprocket [13]. 

In the present work, a new-simple type of sprocket 
tooth profile instead of the traditional one was designed 
to reduce the stress concentration and crack of die cavity. 
Numerical simulation using software DEFORM-3D V6.1 
was performed to critically verify the distributions of 
flow velocity field, the flowability of 5052 aluminum 
alloy and the filling quantity in various regions. It is 
expected that the present work will be significant to 
assess the characteristics of the multi-row sprocket in 

cold precision forging. 
 
2 Forging process of multi-row sprocket 
 

In general, the forging process depends on material 
property, geometric shape, dimensional accuracy, surface 
quality, equipment, etc. The reasonable geometric shape 
can improve the dimensional accuracy of the forging and 
reduce the stress concentration and crack of the die 
cavity. In this work, both the new-simple profile of 
sprocket tooth and the new forging process were 
proposed. The part drawing and the forging drawing of a 
multi-row sprocket are respectively indicated in Fig. 2. 
 
2.1 Design of tooth profile 

The standard tooth profile of a multi-row sprocket 
(GB 08A) was adopted to analyze deformation cases in 
cold semi-precision forging whose detailed parameters 
are listed in Table 1. The proper design of tooth profile 
for precision forging die is not only to ensure excellent 
dimensional accuracy, but also to ensure that the tooth 
profile is simple and the processing is easy without stress 
concentrations and cracks [14]. The traditional profile of 
tooth top for multi-row sprocket is sharp and small, 
which possesses a large curvature and may lead to stress 
concentration and crack of the die cavity in cold 
precision forging. A new sprocket tooth profile is 
developed to represent traditional tooth profile, which 
includes the circular arc , the common tangent MN 
and the circular arc , as shown in Fig. 3. 

In the Cartesian coordinate system XOY,  
represents the traditional tooth profile of the multi-row 
sprocket. It is assumed that the sprocket is fixed at the 
given position, the new tooth profiles in one drawing unit 
(π/N) are constructed by the circular arc , the 
common tangent MN and the circular arc . The 
centers of circle arc  and circle arc  are 
respectively the point O1 and the point O2. The circular 
arc  and  are concentric circles. The center of 
circular arc  is the same as the center of the tooth top 
O2 and the central point O1 is on pitch circle of the 
sprocket. The relations of radius are expressed as 
follows: 
 

1 1 1

2 2

R r

R

= + Δ

= Δ
⎧
⎨
⎩

                                 (1) 

 
where Δ1, Δ2 are machining allowances; N is the number 
of teeth; r1, R1 and R2 are the radii of tooth. 
 
2.2 Design of forging process 

Based on the design of the multi-row sprocket with 
a new tooth profile, three cold semi-precision forging 
processes are discussed in Fig. 4. The advantages and 
disadvantages of the processes are listed in Table 2. As a 
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Fig. 2 Part drawing (a) and forging drawing (b) of multi-row sprocket (unit: mm) 
 
Table 1 Parameters of multi-row sprocket 

Parameter Value 
Number of teeth 17 

Diameter of roller /mm 7.95 
Array pitch /mm 14.38 

Pitch of sprocket /mm 12.70 
Diameter of root circle /mm 61.17 

Diameter of addendum circle /mm 76 
Diameter of reference circle /mm 69.12 

Tooth width /mm 35.90 
Diameter of flange /mm 54.63 

 
resistance, the concave grooves on the flange of 
multi-row sprocket block the separation of the sprocket 
forging billet from the bottom die. Therefore, it is 
difficult to demould from the die cavity with one time in 
the moving direction of the die. Therefore, the 
semi-precision forging process in Fig. 4(b) including 
processing hollow billet, preforming sprocket teeth and 

 
Fig. 3 New tooth profile of sprocket (L1 and L2 are lengths of 
circle arc HM and ND, respectively) 
 
machining flange concave grooves is newly established 
with simpler operation, better die cavity filling, lower 
cost and higher strength for forging multi-row sprocket. 
The tool structure is designed as shown in Fig. 5. 
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Fig. 4 Schematic of three forging processes of multi-row 
sprocket 
 
Table 2 Processing analysis of multi-row sprocket forging 
Process

No. Characteristic Advantage Disadvantage

(a) 
Processing hollow 

billet; 
final forging 

sprocket 

Simple 
processes; 

time saving; 
high efficiency 

the highest 
dies cost; 

complicated 
die structure;
demoulded, 

filled difficulty

(b) 

Processing hollow 
billet; 

three forging 
processes; 

preforming teeth; 
machining flange 

grooves 

The lower die 
cost; simple, 
mature die 
structure; 
referenced 

theoretical basis 

 

(c) 
Processing hollow 
billet; single-row 
forging; welding 
multi-sprocket 

The simplest 
processes; 

higher 
efficiency 

Poor welding 
strength; 

three forging 
processes 

 

 
Fig. 5 Schematic of die structure of multi-sprocket in cold 
semi-precision forging: 1—Spring; 2—Mandrel; 3—Upper die 
holder; 4—Upper die; 5—Support plate; 6—Sprocket preform 
billet; 7—Ejector; 8—Floating bottom die; 9—Lower platen; 
10—Ejector holder 

 
3 FEM simulation 
 
3.1 FE formulation 

The 3D FEM is based on the rigid-viscoplastic 
variation principle. Usually, the governing equations for 
the solution of the mechanics of rigid-viscoplastic 
deformation do not consider the volume force and 
neglect the elastic deformation of the material [15]. 
Markov variation principle is applied to obtaining the FE 
formulations which are related to the total potential 
energy. It is required among admissible velocity ui that 
satisfies geometric condition, incompressibility and 
velocity boundary conditions. The governing FE 
formulations of rigid-plastic body in equilibrium state of 
the forging process are described as follows: 

Penalty function:  

  
( )d d

F
ij i iV S

f E V F u Sε= −∫ ∫&                     (2) 

  
d d 0

F
i iV S

f V F u Sσε= =−∫ ∫&                     (3) 
 

Flow formulation:  
2

   
d ( ) d d 0

F
V i iV V S

V K V F u Sσδε ε δ δ+ − =∫ ∫ ∫& &          (4) 
 
where ε& , ijε& , Vε& , σ , ui, SF and V are the effective 
strain rate, strain rate, volumetric strain rate, effective 
stress, kinematically admissible velocity field, force 
surface and the volume of the billet, respectively; iF  is 
the traction stress; K is a large positive constant of 
penalizing the volumetric strain rate component; ( )ijE ε&  
is the work function. 

Equations (2) and (3) are the new penalty function 
which can explain the generalized variational principle 
and can be converted to non-linear algebraic equations 
by utilizing the boundary constraints. Equation (4) can 
also be converted into non-linear algebraic equations 
based on the discretization procedure in terms of the 
arbitrary variation of the velocity. 
 
3.2 Model 

Based on the FE formulations above, the flowability 
of 5052 aluminum alloy sprocket during the cold semi- 
precision forging was verified by numerical simulation in 
order to obtain the axial, radial and circumferential 
velocity fields in filling the die cavity. Constrained shunt 
hole for the hollow billet whose initial geometry sizes are 
shown in Fig. 6 was applied to ensuring the die cavity 
fully filled. Based on the implicit Lagrangian FE code, 
the commercial FEM package DEFORM-3D V6.1 was 
used to simulate the flow velocity fields in cold semi- 
precision forging. Three-dimensional solid models were 
established with Pro/E 4.0 software, which were 
assembled and imported to DEFORM-3D software in 
form of STL files. The 3D FE model of the finish forging 
operation was constructed in Fig. 7. 
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Fig. 6 Geometry sizes of initial hollow billet (unit: mm) 
 

 
Fig. 7 FE model of semi-precision forging 
 
3.3 Material  

Process modelling of large deformation processes 
such as forging and forming typically requires material 
flow stress to be fined over a wide range of temperatures 
and strain rates in quasi-static forming process [16]. In 
this study, the material of hollow billet was 5052 
aluminum alloy (chemical compositions are listed in 
Table 3) which was chosen from the DEFORM-3D 
material library. The flow and behavior of the billet 
material can be traditionally expressed as Eq. (5), which 
is related to strain, strain rate and temperature. Due to the 
fact that the influence of room temperature is smaller, 
above constitutive equation is not precise enough to 
reflect the cold deformation process of 5052 aluminum 
alloy. 

 
Table 3 Chemical composition of 5052 aluminum alloy (mass 
fraction, %) 

Mg Fe Cr Si Ti Al 
2.48 0.26 0.18 0.085 0.028 Bal. 

 

( , , )Tσ σ ε ε= &                                (5) 
 

The appropriate cold deformation for 5052 
aluminum alloy in this work was supposed to be the 
strain rate of 4.0−100 s−1 and initial temperature of 20 °C 
because the verification on various flow velocities 
depended on the same initial set of material data and 
ignored the influence of room temperature in order to 
ensure commonality and allow comparison across the 
material models. For the purpose of describing the 
constitutive equation with higher accuracy, it is assumed 
that the material temperature of 20 °C in high-velocity 
forming process is nearly unchanged. The Cowper− 
Symonds model (C−S model) [17] is applied to fitting 
simple elasto-plastic, strain hardening and strain rate 
hardening model of 5052 aluminum alloy during cold 
semi-precision forging process. It is defined as follows: 
 

1/
0/ 1 ( / ) ( )KD fσ σ ε ε= + ⋅&                       (6) 

 
where σ is the flow stress in high-velocity; σ0 is the flow 
stress in the quasi-static process; ε&  is the strain rate; 
ε  is the effective strain; K and D are both material 
constants and )(εf  represents the influence of strain 
on strain rate sensitivity. 

Based on the constant friction law, the friction at 
contacting interfaces of the billet and the die cavity is 
assumed to be shear type which is usefull at high 
pressures and stated as [18] 
 
fs=mk                                       (7) 
 

The friction factor m is theoretically defined as   
Eq. (8) (R0<p<R1) in ring compression test. 
 

4
0

2
1

4 41 0 0
01

0

1 1 3
ln

2(2 )
1 1 3

R
pRH

m
p R R R RR

R p

+ +

=
− −

+ +

⎡ ⎤
⎛ ⎞⎢ ⎥⎜ ⎟⎢ ⎥⎛ ⎞ ⎝ ⎠

⎢ ⎥⎜ ⎟
⎝ ⎠⎢ ⎥⎛ ⎞ ⎛ ⎞
⎢ ⎥⎜ ⎟ ⎜ ⎟

⎝ ⎠⎢ ⎥⎝ ⎠⎣ ⎦
                  (8)  

where fs is shear frictional stress; k is shear yield stress; 
R1 is external diameter of the ring; R0 is inner diameter of 
the ring; H is the height of the ring and p is the diameter 
of the neutral surface. 

Equation (8) is not sufficient to determine the 
friction factor m, because it just takes the geometrical 
dimensions of standard specimen into account. Die 
materials, billet materials, and experimental conditions 
are not considered, especially under the conditions with 
complex friction. The “inter-object” window of FE 
simulation software DEFORM-3D presents the 
recommended values of friction factor m under various 
forming conditions. For cold forming with steel dies at 
room temperature, the recommended value is 0.12. 
Therefore, the friction factor m takes 0.12 in this work. 
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3.4 Parameter  
The billet ignoring the elastic deformation was 

meshed with tetrahedral elements. The complete 
semi-precision forging simulation was performed in 90 
steps having displacements for the movement of the 
upper die in each step equal to 0.2 mm. The velocities of 
the upper die and the floating bottom die were the same 
as to be 15 mm/s. It was supposed that the die models 
were rigid with meshed grids to simulate the temperature 
conduction. The volume changes between the billet and 
the dies were compensated. Table 4 lists the parameters 
of FE model which were inputted to working interface of 
the software. 

 
Table 4 Parameters of FE model 

Parameter Value 

Environment temperature/°C 20 

Billet temperature/°C 20 

Die temperature/°C 20 

Billet material Al-5052 

Die material H13 

Shear friction factor 0.12 

Heat transfer coefficient/(W·m−2·°C−1) 5.0 

Grid number of billet 150000 

Grid number of dies 40000 

Strain rate of billet/s−1 4.0−100 

 
4 Results and discussion 
 
4.1 Analysis of billet deformation 

The cold semi-precision forging process of the 5052 
aluminum alloy multi-sprocket can be divided into four 
stages, namely free upsetting, filling, corner filling and 
recovery stages, as illustrated in Fig. 8. In free upsetting 
stage, as the upper die travel increases, the billet 
compresses axially and bulges radially because the billet 
does not contact with the bottom die and flows freely in 
the radial direction. In tooth forming stage, the metal 
flow becomes much harder due to the friction effect of 
the bottom die, where interfacial friction between the die 
and the billet retards its plastic flow and the size of the 
non-contact areas decreases. In recovery stage, the 
bottom corner is formed in an even earlier stage with 
some larger rough selvedges. The radial flow resistance 
reaches the maximum and the filling in admissible shape 
areas becomes more difficult. It can be concluded that 
utilizing Deform-3D FE software to simulate the 
deformation of sprocket preform above is feasible. Based 
on the feasibility of billet deformation, 3D FEM with 
cylindrical coordinates (R, θ, Z) system is used to 
demonstrate the distributions of flow velocity field for 
5052 aluminum alloy sprocket preform. 

 

 
Fig. 8 Forming profiles in various stages: (a) Free upsetting 
stage; (b) Filling stage; (c) Corner filling stage; (d) Recovery 
stage 
 
4.2 Distribution of axial velocity 

Figures 9(a), (b) and (c) show the distributions of 
axial velocity (UZ) during the finishing forging process at 
different strokes. In free upsetting, flowing velocity 
decreases in sequence from the top to the bottom of the 
billet mainly due to the inertia power dissipation that is 
appreciable in the process of the upper die movement. In 
addition, micro drum-shape has been created on the 
external surface of the billet due to the friction effect 
between the upper die and the billet, as shown in Figs. 
9(a) and (b). In recovery stage, as admissible flow areas 
of the die cavity decrease sharply, flow velocity of the 
billet reaches the maximum of 221 mm/s in Fig. 9(c). 
Figure 10(a) illustrates the variation of axial velocity 
with strokes in different deformation regions. It can be 
seen that axial velocity increases slowly initially and 
then remains constant while it increases rapidly in final 
stage. The core velocity is lower than that of teeth and 
neutral surface for the sprocket preform. Additionally, 
their variation trends are basically identical and the flows 
are heterogeneous, which are related to the thickness of 
the billet and the movement speed of the upper die. 

 
4.3 Distribution of radial velocity 

The distribution of radial velocity (UR) with 
different strokes presents a central radiation and 
non-uniform flow, as shown in Figs. 9(d), (e) and (f). It is 
clear that the radial velocity is much lower when the 
billet fluid first contacts with the toothed surface of the 
die cavity due to more constraints in the die cavity. 
Nevertheless, it is much higher due to flowing freely on 
the external surface, as shown in Fig. 10(b) (the blue 
curve). The radial velocity in the core of sprocket 
preform approximates to zero due to the constraint effect 
of the mandrel in initial stage. As the upper die continues 
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Fig. 9 Distributions of axial (Z), radial (R), circumferential (θ) and total velocities (Total) during forging process at different strokes 
 
downward, there presents a neutral shunt surface in the 
middle of the sprocket preform whose radial velocity is 
zero, as shown in Fig. 10(b) (the red curve), where the 
material flows inward inside the neutral surface while 
flows outward outside the neutral surface. The radial 
flow velocity in tooth tip of the preform reaches the 
maximum of 179 mm/s in corner filling stage and the 
irregular backflow of the billet fluid occurs during 

recovery stage, as shown in Fig. 9(f). 
 
4.4 Distribution of circumferential velocity 

Figures 9(g), (h) and (i) show the circumferential 
velocity (Uθ) distribution on the top surface of the hollow 
billet. The maximum velocity of 180 mm/s is found on 
the largest surface curvature in the tooth tip which flows 
outwards during the forging process while the minimum 
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velocity without restriction effect of the central mandrel 
and the die cavity was presented on the middle surface of 
the billet. The initial circumferential velocity increases 
slowly and then remains constant. Finally, the velocity 
around the preformed teeth increases sharply owing to 
the die friction effect between the axial and the radial 
distribution which makes shear friction remain the 
maximum around the circumferential, as shown in    
Fig. 10(c). 

 
4.5 Distribution of total velocity 

Figures 9(j), (k) and (l) indicate the total velocity (U) 
distribution on the top surface of the hollow billet and 
the maximum velocity is 221 mm/s without negative 
value in the tooth tip. In initial free upsetting stage, 
external surface of the hollow billet is not affected by the 
radial restraining stress of the die cavity. Figure 9(j) 
shows that the billet flows are given a priority to the 
radial but a subordinate in the axial. As discussed earlier, 
the die cavity is filled with fluid particles in the external 
of the billet. Both convex ear-velocity and micro 
drum-shape occur on the edge of the billet perform in the 
later forming. According to the law of minimum 
resistance, billet flow velocity increases sharply in the 
tooth-groove of the die cavity due to the path with the 
least resistance when the billet first contacts with the die 

cavity. However, it decreases sharply owing to the 
storage effect of the billet fluids in the addendum of the 
sprocket preform in Fig. 10(d) (the blue curve). In corner 
filling stage, as the total velocity increases, material 
fluids are given a priority to the axial flow but a 
subordinate along the radial, this is because the 
self-locking of material occurs during the die cavity fully 
filled. In recovery stage, non-uniformity increases with 
friction and irregular fluctuations may occur in the peak 
of billet, as observed in Fig. 9(l). 

Figure 11 compares the simulation results of 
velocity−stroke curves between the tooth top and the 
tooth groove. The axial velocity (UZ) is much lower than 
the circumferential (Uθ) and the radial (UR) velocities 
when the billet starts to contact with the die cavity. If the 
upper die stroke is less than 13 mm, the radial velocity 
(UR) is higher than the circumferential (Uθ) one on the 
surface of the billet. By contrast, if the upper die stroke is 
more than 13 mm, the radial velocity (UR) is slightly 
lower than the circumferential one (Uθ). However, the 
circumferential velocity (Uθ) increases, which is higher 
than the radial (UR) and axial (UZ) velocities, and finally 
reaches the maximum of 42.96 mm/s in corner filling 
stage because admissible flow areas approximate to zero 
and the die restriction effect reaches the maximum, 
which makes billet fluids flow irregularly. Consequently,  

 

 

Fig. 10 Velocity−stroke comparisons in different deformation regions 
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Fig. 11 Velocity−stroke curves around teeth of sprocket 
perform at temperature 20 °C with velocity of 15.0 mm/s:    
(a) Tooth top; (b) Tooth groove 
 
velocity relations may be obtained by comparing the 
curves of the axial, radial and circumferential velocities 
when the upper die strokes vary from 13 to 16 mm (fully 
filling stage). For the given velocity components UZ, UR 
and Uθ, there exists an inequality. If Uθ>UR>UZ>0, the 
billet fluids fully fill the die cavity; if UZ>UR>Uθ>0, 
almost no billet fluids fill the die cavity; if Uθ>UZ or 
Uθ>UR, the billet fluids incompletely fill the die cavity. 
All these show that circumferential Uθ plays an 
extremely important role in fully filling the die cavity 
during the cold semi-precision forging of 5052 aluminum 
alloy sprocket, the reason for which is that the stress at 
the billet−die interface is assumed to be shear−friction 
type. 
 
5 Conclusions 
 

1) A new sprocket tooth profile is presented by 
modifying the traditional tooth profile for the purpose of 
reducing the stress concentration and crack of the die 
cavity in cold semi-precision forging of 5052 aluminum 
alloy multi-row sprocket. 

2) On the basis of simulation verification, a cold 

semi-precision forging process is newly proposed to 
manufacture multi-row sprocket, which has a good 
application prospect in mechanical manufacturing fields 
due to its simpler operation, better die cavity filling, 
lower cost and higher strength of the forging product. 

3) Based on 3D FE simulation analysis on the 
velocity field distributions of the 5052 aluminum alloy 
sprocket, the flow velocity component relations for 
filling the die cavity are firstly put forward. If 
Uθ>UR>UZ>0, the billet fluids fully fill the die cavity; if 
UZ>UR>Uθ>0, almost no billet fluids fill the die cavity; if 
Uθ>UZ or Uθ>UR, the billet fluids incompletely fill the 
die cavity. The circumferential velocity Uθ plays a key 
role in fully filling the die cavity. The simulation results 
may provide a theoretical guidance for the die design and 
the development of cold precision forging for multi-row 
sprockets. 
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摘  要：基于多排链轮新的齿形设计，提出 5052 铝合金多排链轮冷半精锻成形的新工艺。采用三维刚粘塑性有

限元方法对 5052 铝合金多排链轮锻造过程进行数值模拟，分别得到其轴向 UZ、径向 UR和切向 Uθ的流动速度分

布图和坯料流体在不同变形区的速度分量曲线。通过对比分析坯料速度分量曲线的变化，得到坯料流体填充凹模

型腔的速度分量关系条件。在坯料流体填充凹模型腔的过程中，发现切向速度 Uθ在成形过程中陡增，表明 Uθ是

决定坯料流体能否充满凹模型腔的关键因素。 

关键词：多排链轮；冷半精锻；5052 铝合金；流动速度场；三维有限元 
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