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Aiming at the problem that the wall thickness uniformity of conical thin-walled aluminum alloy parts formed by 
single-pass spinning is difficult to control, this paper systematically studies the influence of different spinning pa-
rameters on the material evolution law and load mechanism during the forming process of 1070 thin-walled alu-
minum alloy. The effects of slab thickness, roller gap and feed ratio on the macroscopic forming quality and me-
chanical load of 1070 thin-walled aluminum alloy conical parts were simulated by Simufact.forming software. Fi-
nally, the optimal spinning parameters of 1070 thin-walled aluminum alloy conical parts were obtained. The final 
results show that increasing the diameter-thickness ratio of the blank can prevent wrinkling, and reasonable spin-
ning parameters can improve the uniformity of the wall thickness of the product.
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INTRODUCTION

Aluminum alloy is widely used in the structure of 
various thin-walled conical parts due to its low density, 
high specific strength and good plasticity [1]. As a special 
forming process method, spinning is a branch of plastic 
processing technology. Compared with other processing 
technologies, spinning process has the advantages of 
small spinning deformation force, simple mold, high ma-
terial utilization rate and short production cycle. The thin-
walled aluminum alloy conical parts are a kind of spin-
ning parts used in aviation, aerospace and other fields. 
Due to the interaction of many factors in the spinning 
process, the forming mechanism is complicated, which 
seriously restricts the output of this kind of spinning parts. 
Therefore, it is necessary to deeply analyze the forming 
mechanism of this kind of thin-walled aluminum alloy 
conical parts, grasp the causes of defects and solutions in 
the simulation process of this kind of parts and the influ-
ence of main process parameters on the quality of spin-
ning forming, and provide theoretical basis for the im-
provement of product quality in actual processing[2].

Lu Yanlin et al.used the finite element analysis 
method to simulate the spinning process of 1060 alu-
minum alloy cylindrical parts, and analyzed the changes 
of stress and strain during the spinning process[3]. Mo-
stafa A et al.studied the formation and migration of 
grain dislocations in plastic deformation of 1070 alu-
minum alloy[4]. M.D. Chen et al. predicted the shear 
spinning force and surface roughness of the spinning 
cone by establishing a regression model[5].
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Based on the above research, after studying the in-
fluence of spinning parameters on the forming quality 
of 1070 aluminum alloy thin-walled conical parts, this 
paper deeply analyzes the causes of defects in spinning 
parts by studying the variation law of roller force and 
energy parameters during spinning. The research results 
provide theoretical guidance for the actual production 
of 1070 aluminum alloy conical parts.

POWER SPINNING FORMING PRINCIPLE
The principle of power spinning forming process of 

conical parts is shown in Figure 1. The slab rotates with 
the mandrel, and the roller feeds along the direction of 
the mandrel generatrix at the same time. The roller ro-
tates passively due to the effect of friction. Thin-walled 
conical parts with specific wall thickness are formed by 
controlling the roller gap.

Figure 1 Power spinning schematic diagram

ESTABLISHMENT OF FINITE ELEMENT 
SIMULATION MODEL

The parameters of the mold and the roller are shown 
in Figure 2, where the half cone angle of the mandrel is 
25° and The fillet radius of the roller is 4mm.
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The model parameters are imported into the simu-
fact software. In order to shorten the calculation time, 
the model is reduced to 1/10 of the original. (Note: Due 
to the use of 1:10 model, the spinning pressure results 
are also reduced, and the results are only used for re-
search trends )

In order to study the influence of process parameters 
on the forming quality of thin-walled conical parts, in 
this paper, the spindle speed is 300 r/min, and the three 
factors of the roller feed ratio f, the roller gap tf and the 
blank thickness t0 are selected for analysis. Among 
them, three parameters are selected for the feed ratio, 
three parameters are selected for the spinning wheel 
gap, and four parameters are selected for the blank 
thickness. A total of 10 sets of single factor simulation 
experiments are performed. The spinning parameters 
are shown in Table 1.

stood as the thinning rate of the blank. The roller gap is 
selected as 1,6 mm, 1,8 mm, 2,0 mm, and the parame-
ters are imported into the software for finite element 
simulation analysis. On the surface line, 40 points are 
selected evenly, and their wall thickness values are de-
rived respectively. The final results of comparative 
analysis are shown in Figure 3. It can be found that with 
the decrease of the clearance rate of the roller, the wall 
thickness at the end and tail of the workpiece shows a 
significant decrease. Therefore, if the wall thickness 
uniformity of the workpiece is required, the roller gap 
rate can be appropriately reduced to control the wall 
thickness uniformity. However, if the workpiece is re-
quired to thicken the tail to enhance the local strength, 
the roller clearance rate can be appropriately increased.

THE INFLUENCE LAW OF ROLLER FEED  
RATIO ON WORKPIECE WALL THICKNESS

The slab thickness is 4 mm, the spindle speed is 300 
r/min, and the roller gap is 2 mm. The finite element 
simulation analysis is carried out. Finally, the relation-
ship between the wall thickness and the feed ratio is 
shown in Figure 4. As the feed ratio decreases, the wall 
thickness of the tail of the workpiece also decreases. 
However, for the wall thickness of the waist of the 
workpiece, if the feed ratio is too high or too low, there 
will be a large fluctuation. So the size of the feed ratio 
has no obvious effect on the wall thickness uniformity 
of the waist of the workpiece. However, it can be seen 
from the figure that a lower feed ratio can reduce the 
wall thickness of the tail of the workpiece, so in general, 
a lower feed ratio can improve the overall uniformity of 
the workpiece.

Figure 2 Mold size diagram

Table 1 Parameters of spinning model

The parameter name The numerical
blank thickness/ mm 2/3/3,5/4

roller feed ratio/ mm/r 0,4/0,6/0,8
roller clearance/ mm 1,6/1,8/2,0

INFLUENCE OF ROLLER GAP  
ON SPINNING FORMING QUALITY

The roller gap is the distance between the roller R 
angle and the core die bus, which can also be under-

Figure 3 wall thickness distribution diagram

Figure 4 Effect of feed ratio on wall thickness

WRINKLE PHENOMENON  
AND CONTROL OF PRODUCT TAIL

The wall thickness of 3mm, 3,5 mm and 4 mm was 
selected for analysis under the feed ratio of 0,6 mm/r. 
The final equivalent strain diagram is shown in Figure 
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5. When the thickness of the slab increases to 4 mm, 
when the feed ratio of the roller is 0,6 mm/r, the work-
piece does not wrinkle. When the slab is 2 mm, the 
workpiece has a large instability wrinkling when the 
spinning process reaches 55 %. When the thickness of 
the slab increases gradually, the wrinkling position is 
also gradually backward. When the slab is 3 mm, it 
wrinkles at 76 %, and when the slab is 3,5mm, it wrin-
kles at 91 %. Therefore,if the phenomenon of wrinkling 
still occurs after adjusting the feed ratio, it should be 
considered to reduce the diameter-thickness ratio of the 
billet, or directly increase the thickness of the billet to 
prevent the wrinkling of the billet.

Figure 6 Wrinkles with different feed ratios

Figure 5 Wrinkle of different wall thickness

In the wrinkling phenomenon, the feed ratio is a 
very important factor, as shown in Figure 6.As the feed 
ratio decreases, the wrinkling position of the workpiece 
gradually migrates to the tail. When the feed ratio 
reaches a lower level, the wrinkling phenomenon can be 
avoided. Although the workpiece can still continue 
spinning and finally forming after wrinkling, it will af-
fect the final quality of the product, which is concen-
trated on the tail of the workpiece.

ANALYSIS OF LOAD MECHANISM  
IN SPINNING WRINKLING PROCESS

The case of blank wall thickness of 3 mm and feed 
ratio of 0,6 mm/r is selected to analyze the relationship 
between spinning force and wrinkling. The results are 
shown in Figure 7.

As shown in Figure 7, the relationship between the 
spinning pressure in each direction during the spinning 
process is shown. It can be seen that the radial and axial 
spinning pressures are relatively stable throughout the 
spinning process, and the tangential spinning pressure 
fluctuates the most. The peak is concentrated in the sec-
ond half of the spinning process ( spinning tail area ). 
Another peak of spinning pressure is in the early stage 
of spinning. When the roller just bites into the blank, the 
spinning process tends to be stable. The reason for the 
peak value of tangential spinning pressure should be 
that in the final finishing spinning process, the tail of the 
workpiece is instantaneously transferred from the hori-
zontal position to the cone of the mandrel, and the angle 
changes greatly. Because the blank at the tail is not 
much left, there will be a large torque to hinder the de-
formation, which will eventually lead to the peak value. 
The existence of the peak will affect the quality of the 
spinning parts, and will also affect the life of the spin-
ning machine. Therefore, it is necessary to select the 
appropriate spinning parameters to minimize the spin-
ning pressure. Therefore, the feed ratios of the rollers 
with feed ratios of 0,4 mm/r, 0,6 mm/r, and 0,8 mm/r 
were selected for analysis. The thickness of the spin-
ning slab was 4 mm, and the roller gap was 2 mm. The 
final tangential spinning pressure results are shown in 
Figure 8.

Figure 7 Spinning pressure change diagram

The results show that as the feed ratio increases from 
0,4 mm/r to 0,8 mm/r, the tangential spinning pressure 
also increases, especially at the peak. The peak results 
increased from 70,1119 N in 0,4 mm/r to 98,846 N in 
0,8 mm/r, and the increase was also very obvious. This 
is also one of the reasons for the uneven wall thickness 
of the final workpiece caused by the increase of the feed 
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ratio. Therefore, the feed ratio of the workpiece spin-
ning is selected as low as possible.

CONCLUSIONS

When the roller gap is 1,6 mm, the wall thickness 
distribution of aluminum alloy thin-walled conical parts 
is more uniform, because the equivalent stress is also 
evenly distributed.

The wrinkling phenomenon of workpiece is often 
related to the diameter-thickness ratio of blank and the 
feed ratio of roller. Increasing the diameter-thickness 
ratio of blank and reducing the feed ratio of roller can 
improve the wrinkling phenomenon.

When the feed ratio increases from 0,4 mm/r to 0,8 
mm/r, the tangential spinning pressure also increases, 
especially at the peak. This is one of the reasons for 

Figure 8 Relation diagram of spinning pressure and feed ratio

workpiece wrinkling and uneven wall thickness. There-
fore, in the actual production process, a lower feed ratio 
should be selected as much as possible.
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