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Abstract. Nowadays Steel is being substituted for aluminium to reduce weight of automobile. Widely applied 

production method of aluminium component has been casting process or cast/forging processes. But casting or 

cast/forging processes have limits of application to part which is required high strength durability like automotive 

component. In this study, flow forming process has been adopted to produce aluminium transmission spline parts to 

ensure required mechanical properties.  

1 Introduction 

The aim of this study is to investigate the possibility of 

manufacturing an aluminium automotive component 
using chipless forming called flow forming process. Flow 

forming process is currently used in manufacturing of 

many automotive components. The material of flow 

formed product is gradually changed from proper steel to 

aluminium for reducing the weight of car. The process 

with aluminium material has many different characteristic 

to steel and still is not investigated clearly 

So in this study mainly focused on the formed spline 

on the transmission components with aluminium. In case 

of applying flow forming process, total forming effort 

needed in the reduction process is separated into 
numerous forming step spread along the initial length and 

shape of preform. This means the forces needed to 

achieve superior forming rates and high degrees of 

deformation are comparatively low. Internal splines can 

be generated on components made of blank, tubular and 

forged materials.  

 

2 Numerical Procedure 

2.1. Values used for preform 

By applying the flow forming process using aluminium to 

manufacture finished products, the shape and mechanical 

properties of preform is mainly affected to the formability 

of flow forming in cold process. 

As shown in Figure.1 by considering the shape of the 

preform is applied for flow forming method which is 

produced that has tooth profiling on its inside. Different 

shape of preform is required to different reduction of 

thickness to the finished product.  

Material used in this study is A6061 for automobile 

structure with blank, forging and tube. The chemical 

composition indicated in Table 1. And the mechanical 
properties are shown in Table 2. 

 

 

 

 

 

 

 

 

(a)Forging Type  (b) Blank type   (c) Tube Type   

Figure 1. Different shape according to the preform Type 

Table 1. Chemical composition of the A6061 and A6082  

Units : wt% 
 

Si Fe Cu Mn Mg Cr Zn Ti others 
Each Total 

A6061 0.4 
0.8 

- 
0.7 

0.15 
0.4 

- 
0.15 

0.8 
1.2 

0.04 
0.35 

- 
0.25 

- 
0.15 

 0.05 
Max 

0.15 
Max 

Table 2. Mechanical properties according to the preform type 

Type Yield strength 
[Mpa] 

Tensile strength 
[Mpa] 

Elongation 
[%] 

Forging 75 165 20 
Blank 46 168 27 
Tube 35 220 24 

2.2 Process of forming 

As shown Figure 1 by considering the shape of the 

component and the formability of the material, the 
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forming process for manufacturing the flow forming 

products can be sequenced as follow.  

 

 

 

 

 

 

 

 

 
Figure 2. Schematic drawing of forging preform & process 
 
 

 
 
Figure 3. Schematic drawing of blank preform & process 
 
 

 
 
Figure 4. Schematic drawing of tube preform & process 

 

 

During forming, A6061 material, which is initially 

deformed with process of forming, comes in contact with 

mandrel for preform holding force being given to the 

material. Figure 5 shows the mandrel which is positioned 

at the inside of preform and it formed spline in materials.   

When forming roller which is located in outside of 
preform rotate on a planetary basis under consideration of 

the machine capacity. Before spline forming, tube 

preform requires one more flow forming process which 

make forced plane so it placed on the one more flow 

forming process compared other preforms. On the other 

hands, tube type requires 2 flow forming process with 

different machine. 

Figure 5. Schematic drawing of mandrel & preform in forming 

2.3 Result of forming 

Forging preform is relatively the easy way to shape of 

finished products among three preform type. And the 

entire forming process is divided into a number of 

smaller single steps, are with excessive deformation is 

not found. 

Applying blank preform, the forming spline profile to 

be used as the functional surface can be formed well in 

case of aluminium with the minimum 25mm thickness 

and the 35% elongation. 

The tube preform could be formed the limited length 

of forced plane which is not enough to holding the 
preform in the first flow forming. As the results, In the 

second flow forming which formed spline could not make 

spline, the short forced plane make slip in forming.  

3 Conclusion  

In this study, the method of flow forming with three 

preform type for manufacturing splined precision parts 

such as automatic transmission is introduced. Applying 

the aluminium flow forming experience with differnt 

shape of preform, various profiled parts can be 

manufactured according to the shape of the mandrel. 

4 References 

1. M.Merklein, J.Koch, S.Opel, T.Schneider, CIRP 

Annals-Manufacturing Technology, 60 (2011), 

283~286 
2. D.Deriaz  Appratus and process for the production of 

a hollow workpiece being profiled in a straight or 

helical manner relative to the workpiece axis, United 

States Patent : 6471858 

3. F.DMarco :  Method for fabricating a dished hollow 

body processing a linear or helical inner toothing, 

United States Patent : 4872250,(1989) 


