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Abstract
Flow forming is an incremental forming process in which rollers are used to form cylindrical parts with repeated 

turning of both roller and starting material. Both sheet and tube can be used as the starting material. The process is 
highly useful for producing hollow shaped parts from a tube, with the benefit of the average strain in the final shape 
being significantly lower than that from a sheet material. In the present study, the flow forming process was studied 
and optimized for producing a hollow shaped part from seamless steel tube by both experiment and numerical 
analysis. Upon considering the difficulty of forming seamless steel sheet, the thickness reduction was distributed over
several tool paths. In the end, an optimum process condition was attained, and the experiment verified the simulation 
results.
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Fig. 2 Benefit comparison of two fabrication methods for hollow geometry part



Fig. 3 Flow forming concept for hollow shape part

Fig. 4 Microstructure of tube used in the present study

Table 1 Tensile properties of tube material

YS(MPa) UTS(MPa) Elong.(%)

372.5 546.2 46.5 
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Fig. 5 Flow forming process design for annulus gear

Fig. 6 Roll path design for annulus gear forming
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Fig. 7 Roll path for roller #1
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Fig. 8 Step-wise simulation results for roller #1, (a) P1, 

(b) P2, (c) P3, (d) P4



Fig. 9 Roll force prediction for roller #1

Fig.10 Roll path for roller #2
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Fig.11 Step-wise simulation results for roller #2, (a) 
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Fig.12 Roll force prediction for roller #2
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Fig.13 Flow forming experiment for annulus gear

, ,

,
600 .

1
( )

#1
3~4

.
#2

. #1, #2
.

500~600rpm .
2 1

, 1
#3, 

#4 .
#3 1/2

,
#4

1/2 .
Fig. 15 1, 2

,

. 1
2

. 1
,

,
, 1

. 2

Fig.14 Rollers set-up for annulus gear forming
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Fig.16 Metal flow and microstructure at several 
different sections for flow formed annulus gear

Fig.17 Hardness distribution for flow formed annulus
gear

Table 2 Tensile properties for for flow formed annulus 
gear

YS(MPa) UTS(MPa) Elong.(%)

1st step 639.6 665.3 23.8 

2nd step 389.8 566.5 35.0 
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