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ABSTRACT

A large variety of pipe flanges are required in the marine and construction industry. Pipe flanges are
usually welded or screwed to the pipe end and are connected with bolts. This approach is very simple and
has been widely used for a long time; however, it results in high development costs and low productivity,
and the products made through this approach usually have safety problems in the welding area. In this
research, a new approach for forming pipe flanges based on cold forging and the floating die concept is
presented. This innovative approach increases the effectiveness of the material usage and saves time and costs
compared with the conventional welding method.

To ensure the dimensional accuracy of the final product, finite element analysis (FEA) was carried out to
simulate the process of cold forging, and orthogonal experiment methods were used to investigate the
influence of four manufacturing factors (stroke of distance, pin die angle, forming of pipe diameter, and
speed of the die) and predict the best combination of them. The manufacturing factors were obtained through
numerical and experimental studies, which show that the approach is very useful and effective for the
forming of pipe flanges and could be widely used in the future.
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Table 1 Analysis conditions of the orbital

forming process

Condition
Pin die rpm 4
Pin die friction 0.3
Pin die angle 4.5
Clamp friction Bilateral sticking
Clamp die velocity 1 mm/sec
Mandrel friction Sliding
Billet-Mandrel 1/100 * pipe
clearance 1.5, 2,25, 3

Fig. 3 Modeling of the press orbital-forming

process
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Fig. 4 Deformation behavior according to the

fillet angle size change.

Table 2 Flange of the Cap value and Die Diameter
of straightness according to the angle

6.5

S[01|14.5[601]5.5[60
3.5[0]145[0]|5.5[0] (6]

Gap valve of| 135 0 0.7
Flange [mm] | [mm] | [mm] | [mm]
Inside 74 | 87 | 81 | 78
diameter pipe| [0 | [9] | [0] | [9]
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10-1.5t stroke:3.58

e ;

6-1t stroke:5.37 mm

N .

8-1t stroke:5.42 mm

!

e !

12-1.5t stroke:4.76 mm

) I - l 16-2t stroke:5.13 mm .
" . :

20-2t stroke:5.16 mm

Fig. 6 Diameter analysis result of the stroke

Stroke : 9.5 Table 3 Stroke according to the increase in pipe
thickness and Diameter

Model Stroke

. ) Diameter(Q) Thickness (mm) (mm)
6 1 5.37

- » ) 8 1 5.42
10 1.5 3.58

B - 12 1.5 4.76
) 14 2 6.74
' 15 1 4.76

G e 16 2 5.13
' v 18 1.5 6.02
20 2 5.16

22 1.5 7.27

Fig. 5 Pipe deformation according to the pin 25 25 6.27
die stroke deformation 28 2 7.70
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Table 4 Load of the each speed

Speed (mm/s) Load (ton)
0.5 2.5
0.75 2.8
1 35
1.25 3.6
1.5 5.8
1.75 7.2
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(a) Under Stroke (b) Over Stroke

Fig. 7 Photograph of folded and unfilled products

(a) 26 mm () 28 mm (c) 210 mm

(d) 212 mm (e) 216 mm () 218 mm

() 222 mm

G 228 mm () 230 mm D 235 mm

Fig. 8 Photograph of the pilot product
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