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Analysis on Characteristics of Drawing Plastic Deformation for
Rectangular Monel Material with Special Alloy and Rollers
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{Abstract)

Hydrogen embrittlement leads to the damages in bolts, nut, especially, high pressure
valves, in the semiconductor facilities, hydrogen vehicles, hydrogen stations and so on.
Monel material has higher strength than SUS material. Therefore, even though Monel
material with special alloy is usually used to prevent the hydrogen embrittlement, it
needs powerful drawing system to manufacture the rectangular or hexagonal bar using
circular bar. The purpose of this study is to investigate the characteristics of plastic
deformation of Monel material and 2 rollers of rolling unit in plastic limit through
numerical analysis. As the results, it was predicted that, based on mean stress, as the
rolling step was increased, the rolling force of rolling unit was decreased. In addition,
the heat treatment for Monel material was needed because of residual stress due to
plastic deformation. As for rollers, the roller was safe about 1.86 times compared with
that of ultimate strength. In this study, as the roller 2 showed larger stress than roller
1, thus, roller 2 should be designed carefully to guarantee the safety. Further it was
confirmed that the reaction force of roller could be helpful in bearing design.

Keywords : Drawing, Hydrogen Embrittlement, Monel Material, Plastic Deformation,
Roller, Rectangular Bar, Special Alloy
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(b) Circular bar (¢) Rectangular bar (d) Rectangular valve, fittings

(a) Raw bar

Fig. 1 Drawing process((b)—(c))
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(@) Schematic () Rectangular rolling unit
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(c) Drawing system

Fig. 2 Example of drawing system

Fig. 3 Modeling of rectangular rolling unit
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Fig. 4 Parts for numerical analysis
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Table 1. Material properties

Circular bar Roller
(Monel 440) (SKD 11)
Density(kg/m>) 8910 7850
E (GPa) 169 200
Poisson’s ratio 0.295 0.3
Yield strength 689 2538
(MPa) (tensile) (compressive)
Ultimate strength 758 3257
(MPa) (tensile) (compressive)

Table 2. Analysis conditions

Conditions Circular bar Roller
19mm
Case 1
(mm)
19 — 16.4
Case 2
(mm)
164 — 15.1
Case 3
(mm)
15.1 — 14
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(a) Case 1 (Upper : 1.2s, Below : 5)

(b) Case 2 (Upper : 1.8s, Below : 5s)

(c) Case 3 (Upper : 2.4s, Below : 5s)
Fig. 7 Stress images of monel material with time

series in each case
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