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A Fundamental Study for Stiffness of Spiral Spring

Dong-Yeong Oh

Department of Mechanical Design
Graduate School of Industry

Pukyong National University.

Abstract

The spiral spring is used at the reclining seat for an automobile, a window
regulator and a throttle valve.

The stiffness coefficient value has much influence on drawing up a spring,
therefore, in this study we gained a stiffness coefficient by a theoretical
analysis. Compared it with the stiffness coefficient by an experiment, they
looked almost close.

The results are as follows ;

1. The stiffness of spiral spring showed linear relations in use limit and the

experimental value of spring comes almost close to the theoretical stiffness

coefficient value.

2. Increasing the width and the thickness of the spring material, the stiffness
coefficient of spring increases in proportion. On the contrary, increasing the

length of spring material, the stiffness coefficient of spring decreases.

3. The stiffness coefficient value by the experiment is smaller than the



theoretical value.

. In constructing factors of spring, when about 2% in width and 0.8% in
thickness should be larger, it can come close to the theoretical stiffness
coefficient. And about 3% in length of material should be smaller, so it

goes near to the theoretical stiffness coefficient.
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Nomenclature

M, : Moment [kgf - mm]

M : Bending moment [kgf - mm]

P : Tangential force [kgf]

Q ©  Normal force [kgf]

r © Radius [mm]

/ : Length of strip [mm]

b : Width of strip [mm]

h ; Thickness of strip [mm]

¢ : Deflection angle [deg.]

k : Stiffness coefficient [kgf/deg., kgf/rad.]
E : Young’s modulus [kgf/mm?]

I : Moment of inertia [mm®]

n  Total numbers of active spiral [No.]
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Fig. 3 View of used spiral spring



Viewing at A

Fig. 4 Shape and dimensions of spiral spring
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Table 12+ £ 4¥ol AHg8 AW 2t B3 x4 5 2ZYP9 AYL by

Relo}.

Table 1. Dimension of spiral spring

Item Specification
Thickness of strip (h) Imm
Length of strip (1) 220mm
Width of strip (b) 5.5mm
Inside diameter of spiral (D;) 18mm
Outside diameter of spiral (D,) 36mm
Total Numbers of spiral (n) 25

Pitch of spiral (p) 2.6mm

..10_



Table 2= & Ao A8 27o)8 22 Y9 A HAL Yeta R

o)t} 1314)

Table 2. Mechanical properties of material

Item Unit Tested results
N/mat 1453
Tensile - Strength
kgf/mm 148.2
Young's modulus kgf/mnt 19000
Modulus of rigidity kg f/mr 7000
Elongation % 154
Bending - Good
No
Season cracking -
crack
Vicus hardness Hv 469
Appearance - Good
Surface
Defects - Good

- 11 -



Table 32 A]¥ STS 301 - H 9 383 ZAL e Aol
Table 3. Chemical compositions of material [ wt. % ]
Charge No. STS301 - H
Chemical
emiea c|lsi|m| P | s | N| cr
composition
Tested results 0.105 | 0.57 089 | 0027 0.002| 675 | 17.11

- 12 -
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Photo 1 Experimental apparatus
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Fig. 5 Schematic diagram of spring test
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Table 4 The result of experiment

Angle (Degree)
5.00 | 10.00 | 15.00 | 20.00 | 25.00 | 30.00 | 35.00 | 40.00 | 45.00 | 50.00

Moment
265 | 508| 7.74|10.61 |13.26 | 16.13 1 19.01 | 21.66 | 24.97 | 28.07

(kgf - mm)
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Fig. 6 Relation between moment and deflection angle for specimen
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Fig. 7 Comparison of experiment with theory for stiffness
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Fig. 9 Relations between moment and deflection angle when varying width
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