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Optimized Spring Design for SIDE LOAD Reduction in Macpherson Strut
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Abstract :

Suspension is one of the elements of a car that greatly affects the ride comfort and the life of the vehicle. In

this paper, we will describe an improved spring model by optimizing the spring design of two methods of suspension
based on the most commonly used Macpherson Strut Suspension
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Fig. 1.1 Side Load
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Fig. 2.1 Lumped model of Vehicle
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& MName Expression Value Description

m_body 1200[kg] 1200 kg Mass of vehicle body
|_rodl 1423[kg m* 2] 1423 kg'm? Inertia around roll

|_pitch N0[kg*m*2] 910 kg'm? Inertia around pitch
m_wh 30[kg] 30 kg Mass of wheels

m_p 124[kg] 124 kg Mass of passengers

k_wh | 175000[M/m] 1.75E5 N/m Stiffness of wheels

k_sus | 32078[N/m] 32078 Nfm Stiffness of suspension s,
k_seat | 1750[N/m] 1750 N/m Stiffness of seat springs
€_SUs | 1200[N"s/m] 1200 N-s/m Viscosity of suspension...
c_seat TOO[N"s/m] 700 N-s/m Viscosity of seat dampers
rwh 1.36fm] 136m Wheel base

r_tw 0.8[m] 0.8 m Track width

hbs | 4lem] 004 m Bump height

wh 7.50cm] 0.075 m Bump width

speed | 50[km/h] 13.889 m/s Vehicle spead

th | 4*wb/speed 00216 5 Bump time period

el r_wh/speed 0.09792 s Time delay between fro...

Table. 2.1 Parameters of Lumped model of Vehicle
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NAKME EXPRESSION
Bump height dcm
Bump width 7.5cm

BumpAtD|2] JH4:
bump width] by 1Bem
HZ=F [time delay] r_wb/zpeed

Table. 2.2 Parameters of bump
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Fig. 2.2. Bump Test Analysis Results Graph 1

Farces FontLek Wl

. ] \
w

|| — Spring force (k1)
| 1A | .
50| | | | ‘

Sprng force 12
||| vampogtorce(ct)

)

250
|

)

5w
o
& %
o \
30 \ |\ | |
10 \l \ | i |
150 V \ | \
200/ { |
sl |

i i | I
0 o0 0@ 003 00 005 006 007 008 009 01 0 02 63 01 015
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Assumption & Spring Specification
Wire Diameter 12,3 mm
Coll outside Diameter 140.3 mm
Free Length 380 mm
Spring Constant 32.078 N/mm
Number of Active Colls 6
Number of Total Coils 7
BR=Y 1200Kg
SR 1324Ka
GHE A= e 140
[kingpin Angle]
Tit Angle 4~6~8°
AEHOl AR SAE 9254

Table. 3.1 Parameters of early spring




Put English Title Here

3.2 =7| Spring ZEZ

CatiaZ =34l table 3.1 o W& 2 eS8 3

S
stle Wl 9] Fig. 3.1 3 & RdH & ¥95 =+

P

Fig. 3.1 3D modeling of early spring
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Fig. 3.2 Analysis condition of early spring
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Fig. 3.4. Early spring Analysis Results Graph
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Fig. 3.7. Tilted spring Analysis Results Graph
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-Data Collection [C-type Spring]
F, =«;—-k~ (Al + Ahg) =k o (L = L,)
(Le/2) _Ly»p

sinff =tanfi = =
Peee =ty 2
BW.C n (8+1640+575% » 10)
Defl fon: = = +10°
eflection: & Td B0+ 107+ 8+ 10-) 0
G.d

stiffness of the spring; =—
stffness of the spring; & TR

D
Spring index: C= P
Total foree on the suspensionis,  F = (F& + £ }%

_ peDheiy =L
T4l -Ly,) Die Ly

1
= (Fp +E)?

4.2 C-Type Spring Parameters

List of Symbols
L Free length of outer side of
© spring
Lf Free length of spring
La Free length of inner side if spring
Dm Diameter of Spring
Ahi The difference Length of inner
" |side of spring
Ak The difference length of outer
°  lside of spring
C Displacement of spring centerline
. Vertical spring force at the outer
outer Si de
- Vertical spring force at the inner
mner Si de
B Angle of canter of spring

Table. 4. 1. Parameters of C-Type Spring
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gl=-R; % Radius of Curvature >= 0 [mm]
g2=b-0.4; % sin(B)j<=0.4
g3 = R-1000; % Radius of Curvature <= 1000 [mm)]
g4 =2*R*b-600; % free length of Side Load spring [mm] Lf=2*R*sin(b)
gi=-b; % sin(B)>=0

E6=-2*R¥b + Ly;
£7=b*D-2*R.%b+ Ly

% Lf>= 380 [mm] ; working length
% Displacement of spring force action line, ¢ [mm]R

-Design Variable
R : Radius of Curvature [mm]

b : sin (B) [rad]

- objective function [minimize]
f = (k*(2.*R.*b-Lw)) % free length of Side Load spring
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4.3 C-Type Spring =™

x=10e+03 [mm], 02043
fval = 3.967e+02

ExitFlag = 0

Iterations: 31

funcCount: 500

algorithm: ‘sap’

F, = 1.0755e+02 [ Side Load, N ]

Fig. 4. 2.Matlab Optimal Design Results 1
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