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Transfer Function Analysis of Cylindrical Coil Springs
by Considering Surging Effect

Dae-Won Kim*, Joong-Ho Shin**

ABSTRACT

This paper addresses the results of an experimental and analytical research of cylindrical coil spring sub-
jocted to dynamic behavior. Transfer functions are presented for both deflection and transmitted force as
t1e output with force as the input. Steady state sinusoidal magnitude ratio and transmittance are plotted
along with experimental data. It is shown that dynamic characteristic of cylindrical coil spring must be
tsed to enhance the reability of vibration system dynamic behavior analysis in actuating over some fre-

Quency.
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Fig. 1 Free Body Diagrams of Coil Spring
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2.2 Transfer Function Analysis
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Fig. 2 Normalized Magnitude of Coil Spring's Transmittance
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Table 1 Physical Data of Coil Spring

Wire Diameter 0004 m
Mean Diameter 0033 m
Total Coils 10
Active Coils 8
Length 013 m
Total Weight 1.112 N
Static Spring Rate 9.106 KN/m
Mass Ratio(m/M) 85
Coil Pitch Angle &
5.2 B
€ d7dMe 4%5% =Y 2299 Adrd A%
Agg, FH2ZYL U H40 2488 sz



Add - A%3

F
1000 ———— Theoretical
10 ——— Massless Spring
~» Experimental
10

i

oo L |

[ 0]

>
»,

0.1 L0 10.0

Fig. 8 Normalized Magnification Ratio of Theoretical and

Experimental Results

|41

%

100 ——— Thegretical
0 | ~——— Massless Spring

o o o o Experimental
10 1 &
oA ke i -

w0 17‘\

[18]

001

Q.001 ™

~

0.1 1.0 10.0

Fig. 9 Transmittance Comparision of Theoretical and
Experimental Results

1
z. & 54 549 $7o7} A2
AN B $ES 45 Aoke AL LA I,
ks gl

319l
Critical Frequency) ©l3+¢] 7}
g5oiAol e AL L FHF
29| AZY Apo]7] WEol,
B dpdA F3d FEdo| a3y g
2¢ 2Y 2T WA dFFAeE 4y
ol LA 3 FF 2D AuA AEFIAS
1/2 iAo 2%t £=3 HA5HL PR golz
ERFAFAN A5H2E T3 Zold 9
g Seat ol £4o] 242 £ Y& ¢ F Utk
T Y AZo JAF 2L v EYF
2H 2xye BRAAE M FH A4
g, Y A= g7} dF3A|

150

Yol G 3%, & 45l okl 45959 A5 o
3 Ageasol U 478 AA%e2H 959 29
AZy B9 oie 4% UgP FHY Az Y
FAASHY ) A5atee 2k

10.

Wahl, A. M., “Stresses in Heavy Closely
Coiled Helical Springs”. ASME Journal,
APM-51-17, 1929.

Yoshihiro, H., and Masayoshi, S.. “Stress
Analysis of Cylindrical Coil Spring” .JSME
Journal, Vol. 48, No. 435, pp. 1774 ~
1777, 1982.

Nagaya, K., "d¢] g4dHe 9% Coil Spring
9 ¢, JE1ASS =8, No. 84, pp.
138 ~ 145,1984.

TBIESR and BWEFK, “Analysis of Compres-
sion Coil Spring Using Matrix Method”,
JSME Journal, Vol 45, No. 396,pp. 901 ~
909, 1979.

Wahl, A. M., "Mechanical Springs’,
McGraw-Hill, New York, N.Y.. 2nd ed.
1963.

Junkichi, 1., and Akio, Y. , “On the Static
and Dynamic Behavior of Coil Springs™.
JSME Journal, Vol. 1, pp. 1130 ~ 1137,
1990.

Junkichi, I., and Hirorhi, S.. "On the Static
and Behavior of Coil Springs{The End
Effect)”, JSME Journal, Vol. 1, pp. 1119 ~
1129, 1970.

Junkichi, I., and Hiroshi, S., "On the Static
and Dynamic Behavior of Coil
Springs(Forced Vibrations) ., JSME Jour
nal,Vol. 1, pp. 1138 ~1146, 1970.

Lee, J. H., and Park. J. Y.. “A Study on the
Vibration of Automobil Spring Suspension
System”, KSME Journal, Vol. 12, No. 6,
pp. 1450 ~ 1461, 1988.

Ward, A., and Barker, H. A., "Dynamic
Analysis of Helical Springs by the



F2AYZEE A A15H A1E (1998 19)

11.

12.

13.

Assumed Mode Method". Journal of Sound
and Vibration, Vol. 2, No. 112, pp. 305 ~
320, 1987.

Jiang, W.. and Jones, W. K., “Free Vibra-
tion of Helical Springs". ASME Transac-
tions, Vol. 58, No. 222, March, 1991.

Park, Y. S., and Jeon, H. S., “Analytical
and Experimental Motion Analysis of
Finger Follower Type Cam-Valve System
with a Hydraulic Tappet’, KSME Journal,
Vol. 4, No. 1, pp. 40 ~ 47, 1990.

Bagci, C., and Kurnool, S., “Exact Response
Analysis and Dynamic Design of Cam-Fol-

151

14.

15.

lower Systems Using Laplace Transforms,
Advances in Design Automation, ASME,
Vol. 1, pp. 613 ~ 629, 1994.

Mercer, S., and Holowenko, A. R., "‘Dynam-
ic Characteristics of Cam Forms Calculated
by Digital Computer , ASME Transactions,
Vol. 36, No. 8, pp. 1695 ~ 1705, 1958.
Mathew, G. K., and Tesar, D., "Cam Sys-
tem Design: The Dynamic Synthesis and
Analysis of the One Degree of Freedom
Model”, Mechanism and Machine Theory,
Vol. 11, No. 4, pp. 247 ~ 257, 1976.



