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Abstract

The under-drive brake piston is an important component in automotive transmissions. It changes the velocity by
controlling the gear ratio. It has been traditionally manufactured by hot forging. Recently, there has been an effort to
replace this traditional manufacturing method with cold forging in order to improve the dimensional accuracy and
decrease the surface roughness. Cold forging uses a smaller amount of initial material and also has a shorter cycle time
since the forged surface can be the final surface without the need of post-processing such as machining or grinding. In the
current study, finite element analysis was conducted to evaluate a process design using an initial plate with reduced
thickness. This smaller thickness decreases the amount of material needed for the part as well as the machining to

produce the final product.
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Table 1 Forming analysis condition

Simulation program DEFORM-3D
(1/8 symmetric)
Number of elements 40,000
Material S55C
Friction coefficient 0.12
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Fig. 4 True stress-strain curve for S55C plate
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Fig. 6 Comparison of deformed shapes in forged with
mechanical grinding line: (a) forged part; (b)
rough grinding (b) finish grinding
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Fig. 7 Design modification of punch and die in 2nd
forging process: (a) initial die; (b) modified die
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Fig. 8 Design modification of punch and die in 3rd
forging process: (a) initial die; (b) modified die
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process

Table 2 Comparison of thickness in deformed shape

1St 2 nd 3 rd
process process process

Initial

plate 5.97 mm | 5.86 mm

(6.0 mm)
3%

A reduction
(5.8 mm)
5%
reduction
(5.7 mm)
Initial

plate 6.02 mm | 6.09 mm
(6.0 mm)
3%

B reduction
(5.8 mm)
5%
reduction
(5.7 mm)

5.70 mm

5.96 mm | 5.86 mm 5.46 mm

5.81 mm | 5.78 mm 5.39 mm

6.05 mm

5.99 mm | 5.97 mm 5.35 mm

5.87 mm | 5.86 mm 5.35 mm

Table 3 Load prediction of forging process

1st 2nd 3rd
process Process process
'?g_'g'nf:]f;e 886ton | 890ton | 883ton
3%
reduction 830 ton 908 ton 933 ton
(5.8 mm)
5%
reduction 821 ton 950 ton 955 ton
(5.7 mm)
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Fig.10 Comparison of deformed shape and maximum
principal strain in 5% reduction of plate

thickness: (a) 1% process; (b) 2" process; (c)
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Fig.11 Comparison of deformed shapes with mechanical
machining line: (a) rough grinding; (b) finish
grinding

Table 4 Comparison of dimensions in forged shape with
rough grinding and finish grinding

Initial 3% 5%
plate reduction | reduction
(6.0mm) | (5.8mm) | (5.7mm)
A 0.52mm 0.31mm 0.17mm
Rough B 0.29mm 0.27mm 0.18mm
grinding | ¢ | 136mm | 0.93mm | 0.93mm
D 1.53mm 1.17mm 1.16mm
A 2.72mm 2.51mm 2.37mm
Finish B 0.38mm 0.68mm 0.58mm
grinding | ¢ | 176mm | 1.33mm | 1.34mm
D 1.93mm 1.57mm 1.56mm

Table 5 Comparison of weight reduction

Initial 3% 5%
plate reduction | reduction
(6.0mm) (5.8mm) (5.7mm)
Rough
grinding 213 ¢ 190 g 175¢g
Finish
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