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Studies on Precision Bending of Motor Spring
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Abstract
Recently, the amount of spring usage is on the increase in the automotive and aircraft parts industries as well as home
appliances. Manufacture of spring reflects a need for diversification, mass production and high precision. Therefore it is
very important to know the bending method and forming technique according to the shape of spring. In this study, to find
the optimal bending method for the motor spring, the FE-simulation was executed using orthogonal array. The design
parameters are wire length, length of vibration and feed rate. Then, the optimal combination of design parameters was

suggested using ANN technique.
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Fig. 1 Equipment of bending for motor spring



(a) Good product
Fig. 2 The shape of motor spring

(b) Defective part
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Fig. 3 FE-model of bending process for motor spring

Table 1 The condition of bending simulation

Item Value
Material SUS304
Mesh 20,000 EA
Friction(m) 0.12
Punch angle 70°
Wire diameter 0.34mm
Wire length 10mm

Table 2 Mechanical properties of SUS304

Properties Value
Tensile strength(MPa) 515
Yeild strength(MPa) 205
Elongation(%) 40
Hardness(HRB) 92
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Fig. 4 Schematic drawing of FE-simulation according to
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Fig. 6 The motion of punch in bending process
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(a) Length of vibrate 0.05mm
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(a) Wire length : 3mm

(b) Length of vibrate 0.1mm

Fig. 7 The results of FE-simulation according to the

length of vibration

(b) Wire length : 4mm
Fig. 5 The results of FE-simulation for bending process
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Fig. 8 The design parameters of FE-simulation for

motor spring: (A)wire length, (B)length of
vibration, (C)feed rate
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Table 3 The levels of design parameters

Levels A(mm) B(mm) C(mm/sec)
0 25 0.00 50
1 3.0 0.05 100
2 35 0.10 150

Table 4 Orthogonal array of FE-simulation

Sprin
No. (mAm) (mBm) (mrrf;sec) di:metgr
(mm)
1 2.5 0.00 50 6.83
2 2.5 0.05 100 3.54
3 2.5 0.10 150 3.77
4 3.0 0.00 100 5.84
5 3.0 0.05 150 6.92
6 3.0 0.10 50 4.56
7 3.5 0.00 150 7.10
8 3.5 0.05 50 6.14
9 3.5 0.10 100 6.89
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Fig.10 Comparison of FE-simulation results according
to combinations of design parameters(Table 3)
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Fig.12 The program of K-metal ANN for optimal
process design
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Fig.13 The predicted results by ANN according to
design parameters

Table 5 The result of bending process in ANN

Item Value
Wire length 2.85mm
Length of vibrate 0.08mm
Feed rate 50mm/sec
Soring di
prm.g diameter 4.90mm
(predicted value)
100mm/sec Puncll
0.08mm Il Wire

0.34mm

7

Holder
Fig.14 Schematic drawing of bending process in optimal

design
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