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Abstract The stress concentration at the end of spiral groove is very serious during the static tension and compression of
the new machined spring, which has a great influence on the strength and fatigue life of the spring. The influence of spring basic
parameters on the stress concentration coefficient was analyzed by ANSYS software, and the theoretical criterion for the existence
of stress concentration in machined springs is determined. The effects of tangential stress release hole on compression deformation
and stress concentration coefficient were investigated; Based on the strength theory and bending theory of curved beam, the
formula of maximum equivalent stress without stress concentration was deduced. The results show that when the ratio of the width
of the spiral groove to the pitch is less than 0.5, stress concentration occurs in machined springs with the middle diameter
between 15 mm~35 mm. The stress concentration can be basically eliminated by cutting stress release hole at the end of spiral
groove and controlling its size to be close to the height of rectangular section. The error between the equivalent stress value of the
inner ring and the simulation value is less than 3%. It provides an important reference for the subsequent engineering design and
application of the new spring.
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Fig.1 Machined spring with rectangular section
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Fig.2 Equivalent stress nephogram
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Fig.3 The law of equivalent stress distribution

on the inner ring surface of the coil section
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Fig.4 The change curve of K with the number of spiral slots n
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Fig.5 The relation curve between K and C A
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Fig.6 A partial enlargement of the relation curve
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Fig.9 Spring with tangential stress release hole
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Tab.1 Effects of different stress release hole sizes on stress
dy,/mm d,/b open /MPa o, /MPa K &/ mm
3.6 0.375 613.0 902.0 1. 471 10.97
4.0 0.417 612.5 859.2 1. 403 10. 99
5.0 0.520 613.7 770. 1 1.255 11.03
6.0 0. 625 613.0 703.8 1. 148 11.07
7.2 0. 750 613.6 665. 6 1. 085 11.13
9.0 0.938 612.8 639.0 1.043 11.21
x2 AEASHTHEAERRFHOETN
Tab.2 Variation of stress concentration coefficient
under different parameters
WERASH
Basic d,/mm d,/b Oy 7 O/ K
parameters MPa MPa
of the spring/mm
C=10 1236 5.0 0.595 720.0 847.0 1. 180
=30 b:8'.4 6.3 0.750 719.3  762.5 1. 060
8.4 1.000  720.7 751.0 1. 040
C=10 (=4.2 6.0 0.769  786.4  829.4 1. 050
D=30 b=7.38 7.8 1.000  791.2  813.3 1. 030
C=8 t=3.6 6.0 0.714 497.4  513.9 1. 030
D=30 b=8.4 8.4 1.000 496.6  505.5 1. 020
C=8 (=3.6 6.3 0.750 684.8 738.5 1. 080
D=20 b=8.4 8.4 1.000 685.6  706.6 1. 030
C 5 t=3.6 6.3 0.750 320.4 321.4 1. 003
20 b=8.4 8.4 1.000  321.0 321.6 1.002
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Fig.10  Analysis of section force of spring under axial load
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Tab.3 Comparison of equivalent stress calculation results

of spring inner coil under different parameters

FS D/ o/ b/ C/ W A frsvise
No. mm mm mm mm mm Theoretical The simulation  Error/
solution/MPa solution/MPa %

1 20 4 10 5 2 259.6 257.6 0.77
2 20 4 9 5 3 295.7 292.3 1. 15
3 20 4 8 5 4 343.0 340. 4 0.76
4 20 2 10 10 2 826.3 814.2 1.46
5 20 2 9 10 3 943.9 921.2 2.40
6 20 2 8 10 4 1084.5 1058.2 2.42
7 20 2 7 10 5 1234.5 1245. 4 -0. 88
8 30 3 10 10 2 588.6 582.3 1.07
9 30 3 9 10 3 670. 6 661.3 1.38
10 30 3 8 10 4 777.7 763.8 1.79
11 3 5 10 6 2 251.0 250.6 0.16
12 30 5 9 6 3 285.3 285.6 0.10
13 30 5 8 6 4 330.0 332.0 0.61
4 30 5 7 6 5 393.0 392.3 0.18
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