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Abstract— By simulating the flow forming operations, many 

different roller geometries can be investigated without 

actually making the rollers. By knowing where the highest 

stresses and strains are occurring and how the material flows 

during deformation, the roller geometry and process 

parameters can be modified to optimize the entire operation 

and to minimize capital expense for manufacturing. In this 

report the basic parameters like feed, speed and roller 

geometry are considered, and by the variation of these 

parameters, the effects on flow forming process are analyzed 

and established the optimized parameters. The process 

simulation of flow forming process is done by taking 

appropriate simulation parameters. Using FEM package the 

process is simulated and optimized process parameters are 

established. The simulation of flow forming is carried out to 

analyze the parameters using the perform of material 

Aluminum (AA2219). 
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I. INTRODUCTION 

Flow forming is mainly used to produce thin walled high 

precision tubular components. Due to flexibility and low 

tool load requirement the process is capable of being 

extended to manufacturing of shapes from bulk raw 

material, such as solid bar ingot, cast and forged performs. 

Since the process involves only localized deformation, much 

greater deformation of the material can be achieved with 

lower forming forces as compared with other processes [1]. 

In many cases, only a single-pass is required to produce the 

final component to net shape. Moreover due to work 

hardening, significant improvement in mechanical 

properties can be achieved [2]. The process involves 

applying compression to the outside diameter of a 

cylindrical perform, attached to a rotating mandrel. 

Compression is applied by a combination of axial and radial 

forces using a set of three or four rollers that are 

simultaneously moved along the length of the rotating 

perform, flowing the material plastically in both radial and 

axial directions [3]. The result is dimensionally accurate, 

high quality cylindrical or shaped tubular product having 

increased mechanical properties and fine surface finish. 

During the initial forming stage, the occurrence of 

peripheral crown and central crater at the free end of the 

work piece indicates that some metal l flows in the direction 

opposite to that of the roller [4]. A flange will be formed in 

front of the roller as metal was displaces predominantly in 

the rolling direction .The flange increases in diameter with 

the roller movement and splitting initiates as the roller 

moves further [5]. 

II. METHODOLOGY 

A. Preform 

Material: Aluminum 2219, Cold (200C). 

B. Mesh 

 No of mesh elements : 1782 

 No of mesh layers      : 4 

 Minimum element size: 1.5mm 

 Size ratio  : 2 

 Type  : Elastic-Plastic 

C. Geometry 

 Outside diameter : 86mm. 

 Inside diameter : 80mm. 

 Length  : 10mm 

D. Roller 

 Type  : Rigid 

E. Geometry 

 Nose radius  : 150/2.5/120 

 Diameter  : 265mm 

 In feed  : 0.4mm 

 Angular velocity : 300rpm 

 Feed  : 100mm/min 

F. Mandrel 

 Type  : Rigid 

 Angular velocity : 148rpm 

G. Simulation Controls 

 No of steps  : 10,000 

 Time step size : 0.0008sec 

H. Inter Object Conditions 

 Between mandrel-preform: Non separable condition 

 Between roller-preform: Separable condition. 

I. Roller Specifications 

 Roller diameter  : 248mm 

 Entrance angle : 150 

 Nose radius  : 2.5mm 

 Exit angle  : 120 

 

Table 1: Preform material (AA2219) 

In both the experimental and simulated studies an increase 

in diameter of the preform is observed. The effect of the 

spinning accuracy is expressed by the relationship between 

the distance from the head stock end and diameter error (e = 

(Da-D)) for various feeds is shown Figure 1.  Da is the actual 

diameter of the parallel part after spinning and D is the 

setting diameter of the parallel part. The diameter Da is 
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larger than the diameter D as shown in Figure 1. It is 

considered that elastic recovery occurs at the parallel part. 

As the in feed increases, the radial deformation becomes 

larger and the spinning force becomes larger. Therefore, the 

elastic recovery increases and the diameter error ‘e’ become 

larger correspondingly. The diameter error ‘e’ becomes 

larger with the increment of feed as shown in Figure 1. As 

the axial feed increases, the thickness strain and spinning 

force become larger. Therefore, the value of elastic recovery 

increases and the diameter error ‘e’ becomes larger. 

 
Fig. 1: Sketch of Diameter error of flow formed tube 

It is observed that at feed rate values of 

100mm/min and 75 mm/min the error was more. At a feed 

rate of 66mm/min this error was reduced and for a feed rate 

of 50mm/min, the error is negative it indicates that at a low 

feed values there will be decrease in diameter as the roller 

moves from headstock end to free end. This is because very 

low feed values the roller will try to move the material 

outwards.  

 
Fig. 2: Experimental and simulated results for increase in 

Diameter for a feed of 75mm/min 

 
Fig. 3: Graph of Diameter error versus distance from the 

head stock end 

 
Fig. 4: Deformation at the end of preform 

If the feed rate exceeds a certain limit, it can spoil 

the surface finish and produce thread-like serrations on the 

tube. This is because with very large feed rates, the material 

tends to flow underneath the roller in the opposite direction 

to the roller axial movement. 

In the Explicit analysis the damage specifications 

are set to get the damage factor at each element. The 

damage factor can be used to predict fracture in cold 

forming operations. The damage factor increases as a 

material is deformed. Fracture occurs when the damage 

factor has reached its critical value. 

 
Fig. 5: Damage with Effective Strain for different Feed rates 

 
Fig. 6: Damage with Effective Strain rates for different Feed 

rates 

 
Fig. 7: Damage value for a feed rate of 75mm/min 

 
Fig. 8: Stress induced for a feed rate of 75mm/min 
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Fig. 9: Damage value for a feed rate of 100 mm/min 

J. Surface finish and process variables 

In terms of feed rate, mandrel speed and tangential force 

surface roughness obtained depends on optimum mandrel 

rotational speed and feed rate. Slower feeds, when combined 

with a larger roller nose, result in reduced outer surface 

roughness. 

The configuration confirms that as the roller nose 

radius increases, the outer surface roughness decreases in 

size. Alternatively, with an increasing roller feeds, the outer 

surface roughness also increases. When high feed rates are 

employed, defects such as non-uniform thickness, reduction 

in diameter as well as a rough surface will result. If the feed 

rate exceeds a certain limit, it can spoil the surface finish 

and produce thread-like serrations on the tube. This is 

because with very large feed rates, the material tends to flow 

underneath the roller in the opposite direction to the roller 

axial movement Therefore, slower roller feeds, when 

combined with a larger roller nose radius result in an 

improved outer surface roughness of the tube. Since the 

outer surface of the blank is in direct contact with the roller, 

a larger roller nose radius implies a larger contact area, thus 

producing a smoother deformation of the material. While a 

slower feed can also reduce the material deformation rate, it 

also improved outer surface roughness. 

 
Fig. 10: Variation of Inner surface roughness with increase 

in Feed values 

 
Fig. 11: Variation of outer surface roughness with increase 

in Feed values 

At a fixed blank thickness, the feeding contact force tends to 

increase with the decreasing mandrel revolutions, and then 

reaches a maximum at roughly N  rev/min. In 

contrast, with a fixed mandrel revolution value, the feeding 

force increases with the increasing blank thickness. Of 

course, the thicker the blank, the more energy required for 

the material to deform.   

III. CONCLUSIONS 

For the feed rate values of 100mm/min, 75mm/min there is 

an increase in diameter and for the feed rate value of 

66mm/min the Bell mouth problem was reduced Surface 

finish for the outer and inner surfaces was also measured. 

For both the outer and inner surface roughness, the feed rate 

value of 66mm/min was found good. Compared to feed rate, 

the affect of speed on the surface roughness was less, but 

optimization was done for speed also by keeping constant 

the feed rate value. Feed rate has much influence on both the 

inner surface and outer surface roughness (Ro) but speed has 

very less affect on the inner surface roughness (Ri) therefore 

(Ro) was measured in optimizing speed for good surface 

finish. 
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