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A Lateral Vibration Damper Using Leaf Springs
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Abstract

This paper introduces a new lateral damper, which is simply called “leaf spring damper (LSD) ",

using the leaf springs. The principle and the construction of this novel damper is described in

detail. The theoretical analysis of the damper is presented. The advantages of this novel damper

are discussed. Experiments are performed on four dampers which have the different stiffness and

damping coefficients respectively. The dynamic coefficients of the dampers and the temperature

rise of working fluid are measured as the vibration speeds. The experimental results are compar-

ed with the theoretical results and it is found a good agreement.
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Fig. 1 Sectional view of a leaf spring damper.
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Table 1 Specifications of leaf spring dampers (Type A & B)

Item Type A Type B
Leaf spring [mm)
b, xL,xt, 14.8%X14.0%0.8 14.8X14.0X1.35
by XLy Xt, 14.8X14.0X0.8 14.8X14.0X1.35
by X Ly xts 14.8X 9.0X0.8 14.8X 9.0x1.35
Young E [N/m?] Poisson ratio 205E+09 205E+09
Poisson ratio 0.30 0.30
Nuber of leaf spring pack, N 6
Preload of leaf spring §pre [mm] 0.25
Clamping length [mm]
1 5.0
L2 18.1
Oil groove [mm]
Width, b, 2.6
Depth, h, 0.9
Passage length, L, 10.0 | 14.3
Hydraulic diameter, ds 1.337
Inner ring [mm)]
Inside diameter, d, 55.0
Outside diameter, d, 71.0
Working oil
Viscosity [cSt] , v, 59.8(@40°C), 11.92(@1007C)

Density [kg/m?*] , p

873.6
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Table 2 Specifications of leaf spring dampers (Type C & D).

Item

Type C steel (AU]J) Type D composite

(glass/epoxy)

Leaf spring [mm)
b, xL;xt,
by XLy Xt

14.8X14.0X%2.5
14.8X14.0X2.5

14.8X14.0X2.5
14.8X14.0X2.5

Young E [{N/m?] 205 E+09 40E+09
Poisson ratio 0.30 0.26
Nuber of leaf spring pack, N 6
Preload of leaf spring Sere [mm] 0.25
Clamping length [mm]
I 10.6
I 16.7
Qil groove [mm]
Width, b, 2.6
Depth, h, 0.9
Passage length, L, 11.9
Hydraulic diameter, d, 1.337
Inner ring [mm)]
Inside diameter, d, 55.0
Outside diameter, d, 71.0

Working oil
Viscosity [cSt] , v
Density [kg/m?] , o

59.8(@40°C), 11.92(@100C)
873.6

Table 3 Theoretical results of damping coefficients.

Frictional damping Viscous damping
Damping coefficients Total
Cl CZ C3
Cxx 3 ¢ks/w 3.04 137.24 3 Cke/w+140.24
Cxy 0 20.284 —20.284 0
Cyx 0 —20.284 20.284 0
Cyy 3 tko/w 3.04 137.24 3 ¢ke/w+140.24
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Table 4 Theoretical dynamic characteristics of dampers.

Viscous damping Frictional loss
Damper Clamping model Stiffness [N/m] [Nsec/m] , coefficient, ¢
(@50%C) (Bpre/ 8=1)
a=l 0.967 E+06
Type A 2227 0.338us
a=l, 0.572E+06
a=l 4.646 E4+06
Type B 3185 i 0.570us
a=l, 2.747E+06
a=h 1.621 E4+07
Type C 3779 0.682us
a=l 1.299 E+07
a=l 3.086 E4+06
Type D 3779 0.682us
a=lp 2.473E+06

Gap Sensor

Load Cell
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Fig. 7 Photograph of a leaf spring damper test rig.
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