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Preform Process Design to Form Sharp Wedges
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Abstract : The loosening of bolted joints, due to vibration or dynamic load while a vehicle is in motion, may lead to vehicle
failures and accidents. Thus, the reliability of joint parts is critical in ensuring the safety of both motorists and pedestrians. The
performance of anti-loosening washers, which are processed into the shape of densely serrated upper and lower sides along the
circumferential direction, depends on the shape accuracy of the serrate profile. While forging is typically done to small joint
components, such as washers, to improve productivity and maintain price competitiveness, it is quite challenging to secure the
sharp profiles of anti-loosening washers through this process. In this study, the process of press forming was designed, based on
finite-element analysis, to achieve fine double-serrated profiles on the upper and lower sides of a washer. Formability improved
after limiting the circumferential spread, and the material flow was guided to the serrate portion of the mold. However, a forming
load, which was too high to be applied in a typical progressive mold used by washer production plants, was observed. A precise
serrate shape for the upper and lower sides of the anti-loosening washers can be formed by using a preforming process with wave
patterns that reflected the serrate profile, and by optimizing the relative position of the preformed shape to reduce forming load.

Key words : Anti-loosening washer(Z % %] 2}4), Forming process design(“d &-&-73d A, Preforming( <l ¥]/d &), Multistep
forming(THeHd &), Wedge shape(# 7] 4
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Fig. 1 Anti-loosening washer; (a) operating principle, (b) outer
friction surface, (c) inner wedge surface
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Fig. 2 The result of indentation stamping with material thickness
change; (a) initial thickness of materials is 1.3 mm, (b) 1.5
mm, (c) 1.6 mm, (d) 2.0 mm
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Fig. 3 Concept of stamping with controlled material flow
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Fig. 4 The result of stamping with controlled material flow; (a)
forming results of wedge pattern, (b) enlarged wedge pattern,
(c) load-displacement curves
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Fig. 5 Concept of multi-stage forming using preform; (a) initial
stage, (b) after prefoming, (c) final forming stage, (d) mea-
surement method for non-forming area of the wedge shape
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