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Analysis of Optimum Condition for the Suspension System with Torsion Bar Spring
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Abstract

The spring constant and damping coefficient are vital factors of ride comfort and driving

stability in the vibration of the vehicle which is mainly induced by a variety of the surface

irregularity.

This paper reviewed the optimum condition of the damping factor derived from the typical mo-

del of two mass-two degrees of freedom.

Through the evaluation and discussion, it was presented that the spring of the torsion bar

type was not effective for the driving stability in the large displacement of the wheel, and also

that the damper with progressive performance has to be fundamentally selected to meet the

requirement of the driving stability when this kind of spring is used as a suspension system of

the vehicle.
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Table 1.The calculated performance of three kinds of the torsion bar

Ratio of spring Ratio of displace- Ratio of spring
AeC) force to Fo ment to S . constant to K
Type I | Type Il | Typell | Type I | Type I | Type Ml | Type I | Type I | Type Il

A, 0 0 3.125
A, 0.194 - 0.111 2.403
By 0. 396 0. 264 1. 819
B, 0. 568 0.430 1. 458
By 0 0.719 0. 0. 609 1. 567 1. 236
B 0 0. 227 0.871 0 0. 184 0, 800 1. 357 1.331 1. 083
yo 0. 317 0. 432 1 0. 281 0. 378 1 . 1.192 1.174 1

B, 0. 610 0. 630 1.129 0.575 0.579 1, 209 1.081 1.073 0. 958
B 0. 890 0.817 1. 259 0. 877 0. 787 1. 424 1. 016 1. 017 0. 944
B 1 0. 890 1. 317 1 0, 872 1.512 1 1. 006 0.944
B, 1. 165 1 1. 396 1. 187 1. 1,645 0. 984 1 0. 958
By 1. 453 1,187 1. 540 1. 501 1.216 1. 868 0.987 * 1. 006 1.014
B 1. 720 1. 381 1.691 1.818 1.434 | 2,094 1.016 1,051 1. 083
B 2,016 1. 582 1. 849 2,135 1. 652 2.319 1. 081 1.124 1. 194
A 2.332 1. 802 2.029 2.450 1. 868 2.543 1.179 1.230 1.333
B, 2,673 2. 040 2,237 2,759 2,081 2,764 1.321 1. 388 1. 528
By 3.052 2.308 2. 460 3. 062 2.289 2.979 1.519 1. 601 1.792
B, 3.479 2,216 2,727 3.355 2,491 3,187 1.795 1. 904 2.167
B 3.971 2. 960 3. 036 3. 636 2. 685 3.388 2,179 2,320 2,653

% F,, ! Spring force at the equilibrium position

-
2

: Spring constant at the equilibrium position




44/ N = e e

Table 2. Data for three kinds of torsion bar
spring system,

Ttem Defini- Type I | Typel | Typell

. L .
Slenderness ratio D .65.33 68 88.888

Ralio of a to See | —— 3.58 | 2,50 2.61

SEU

Ratio of @to gy |——| 0.78 | 0.69[ 0.55
eq

Ratio of Bper to e i“l 1.22 1.35( 1.52
£q

Poisson’s ratio v 0.364] 0.364 0.364

*5,, ! Displacement at the equilibrium position
@, . Angle at the equilibrium position
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Fig. 5. Variation of the spring force for the tor-
sion bar at various wheel displacement.

73 Fhdlshaivh. =g 3 Fi9) spring T} @
il spring constant 7} fArstrlrl M|ME Mz}
A2 Hnghol w2} progressive performance
£ Ze HHEES slAT 9T, 22 unloaded
setting angle o] 2]8le] =L slope 7} thF -2 &
o 3 gloh HEE eq.(3) 228 E) equilibrium
position 7h.2]  FLWZHY whe @fzell 4ldm -}
damping coefficient ¢} body mass ¢] 5ol =

s ahel Winsked driving stability 5 180 - 4] 7] o). %%
fizzb mghal el &, ghe] Ml e 24 EE
EFT B o) ST @lel 5% Typell
torsion bar = type M o [Edbed gl 4 & 5F
LWL g ok 5 alel

EE GEEFERD el 4 spring constant ##{kel]
S TS Fig. 5ol vhebul F-S ME-E 3 6
S-F linear performance & zr:rl:= 7.2 tor -
sion bar suspension system 2| Hffal4[1Y ko
24 ol Rdoloh

Eaquilibrium position © 2 ¥ 5] £,£ % torsion
bar B2 damping factor (£,) @] i@ ik
o F 2= B E equilibrium position © & g

ATFiELe] table 3¢ wlebugl m, spring 7o



BEERTE®EE/Vol, 1, No. 1. 1982/45

gl £, 2] AMED HMERNLl Zh &ooll oE equi-
librium position ol 4 J#Ezk () €] 1 (&s/ Eea)
24 Fig. 69 Baetd o &/ 8 3h2l Mz
driving stability #} AzL2 ezl 2= E Z
a glvh

=Ry MER M) 4 EfTHEL damping coefi-
icient (C,)5 M¥ell =z} progressive perfor -
mance & 7}&oF #& Ii7sle) 2 vk

Table 3. Displacement from the equilibrium po-
sition for the optimum.
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Fig. 6. Variations of damping factor at the var-
ious wheel displacement.
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