Macpherson Strut Suspension2| Side Load XZtS I8} Spring =X A

Al A

Spring optimization design for reducing side load in Macpherson strut
suspension
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Abstract : Macpherson strut suspension is most widely used due to its simple structure and low cost. Due to the
geometry of Macpherson Suspension, there is a problem called Side Load. The side rod puts a load on the strut, causing
friction on the damper and reducing ride comfort and lifespan. In order to improve and compensate for the fatal
shortcomings of these Macpherson suspensions, the shape of the spring must be optimally designed. First of all, a
Full-car model was implemented to find out the force received by the spring in consideration of the various
specifications and damping of the actual vehicle. Next, the shape of the spring was modeled through the Catia and the
lateral force according to the load conditions was analyzed using the Comsol. In the case of springs with curvature,
Matlab was used to model mathematically, constraints and objective functions were set, and optimal solutions were

obtained.
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2. Comsol - MBD Lumped Model of Vehicle
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2.1 Vehicle Mechanical System Modeling

2.1.1 11 DOF Full-Car Modeling
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2.1.2 11 DOF Full-Car Modeling X2 2

v Parameters

Vioms | Bassth Value Description

m_body | 1200[kg] 1200 kg Mass of vehicle body
Lroll 1423[kg*mA2] 1423 kgm? | Inertia around roll

Ipitth | 910[kgmA2] 910 kgm? Inertia around pitch
m_wh 30(kg] 30 kg Mass of wheels

m_p 124(kg] 124 kg Mass of passengers

k.wh 175000[N/m] 1.75E5 N/m__ Stiffness of wheels

k_sus 32078[N/m] 32078 N/m | Stiffness of suspension s...
k_seat 1750[N/ml 1750 N/m Stiffness of seat springs
c_sus 1200[N*s/m] 1200 N's/m | Viscosity of suspension.
c_seat 700[N*s/m] 700 N's/m | Viscosity of seat dampers
r.wb 1.36[m] 136 m Wheel base

rtw 08[m] 08m Track width

hb 4fcm] 004 m Bump height

wh 7.5cm] 0075 m Bump width

speed 50[km/h] 13889 m/s  Vehicle speed

th 4*wb/speed 002165 Bump time period

td r_wb/speed 009792 s Time delay between fro...

Fig.2 Vehicle parameters
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Fig.1 Bump test

2.2.1 Bump A&

1) Bump size

NAME EXPRESSION
bump height 4cm
bump width 7.5cm
WE (1
. l6cm
bump width2] 4]}
7 -3 [time delay] r_wb/speed

Table 1 Bump size

2) Road Excitation for left wheel of
vehicle

Road Excitation (Left Wheels)
T T
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Fig.3 Road excitaion [ Front, Left ]

2.3 Comsol - Analysis 21}

2.3.1 Displacement magnitude (m)

Time=0.404 s Surface: Displacement magnitude (m)

1 ~

Fig.4 Body displacement of bump test




2.3.2 Maximum Spring force
ol THEE Fal A~z o] W= 9t F/E 3.1.1 Spring M@

ojo7} W= 3, 18]y HHrF uAEE ds = Assumption & Spring Specification
21513t e JAAS dXste] e S Wire Diameter 12.3 mm
iAo Axeo] How uks 818 shol i), Coil outside 140.3 mm
- o Diameter
Bump Test A7} ~3270] 411N2] max 3= ¥ Free Length 380 mm
=7 o 2= 3lolsled 2.07
= 0 2 RIS Spring Constant 32.078
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3. Comsol - Spring Modeling & Analysis Fig.§ Spring - material
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Fig.9 Tilt angle 0° - Coaxial model



3.2.2 analysis Z1}

Volume: von Mises stress (N/m?)

Fig.10 Tilt angle 6.5° model

Fig.13 Tilted angle : 0° - Coaxial

3.2 Comsol - Spring Analysis
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Fig.14 Tilted angle : 0° - Coaxial : von mises line graph
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Fig.12 Tilt angle 6.5° - total force Fig.15 Tilted Angle : 6.5°



U = 4.1.2 Data & Information collection
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4.1 Constant Curvature Spring Formulation

4.1.1 C-type Spring Description
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Fig.18 Side Load Spring Geometry

4.1.3 Design Variable
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4.1.4 Optimization Criterion

Fip = (F2—FEv+411N)"2)7(1/2)
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o}, o] W], A3 9] Free Length’} minimum®]
Hofof s}7]el], Matlab®] #HA 3} FA 3= Lf
= minimize 3t}

Lf minimize = 2 x sin(B8) x R

4.1.5 Formulation of Constraints

— subject to—

0 <R <1000 [mm]

2) % Bof 3tk sin(B) = Hd 0.42 A3

0<b<0.4

3) Free Lengthi= @39} IHdo] U ¢k
217} 718 Ao g3 dol7) Algtec).

rr

LW<2*R*sin(8) <600

% Free length of Side Load spring [mm] ,
% 1.f=2+R+sin(b)

% Lf >= 380 [mm] ; working length

3) 2xedo) sl F4o) ol B AR Ax
47 R} Hotof gk,

b*D—2*R.*sin( B ) +LW
% c <D/ 2 : Displacement of spring force

action line, ¢ [mm)]

4.2 Matlab - Graphical Method
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4.2.1 Matlab Code

% side load spring Design [C-Type]
clear, close all;

C=11.4 ; % Spring index : C=D/d
Lw =380 ; % working spring length [mm]
W= 4115 % Force on spring [N]

n=6 ; % number of active coils
G = 80*10%3  ; %shear Modulus [Pa ; mmA2]
d = 12.3 ; % Wire Diameter [mm]

k = G*d/(8*CA3*n); % stiffness of suspension springs [N/mm]
Fl= 4000; % assumption [N]
D = 140.3; % Coil outside Diameter [mm]

R_min =700; % Minmumum
b_min = ©.17; % Minimum
[R, b] = meshgrid(R_min:1:1150, b_min:0.01:0.35); % Design variables
Bl %b-sin (B) [rad]
L % r = Ridius of curvature [mm]

%Fz=k*(2*R*sin(betta)-Lw) & %LF=2*R*sin(betta)

%F = -(F172-(k*(2.*R.*b-Lw)+411).72).~(1/2) % Objective function [Fld]
£ = (K*(2.*R.*b-Lw));

axis auto

box on

-R; % Radius of Curvature >= @ [mm]
-0.4; % sin(B)<= 0.4

-1000; % Radius of Curvature <= 1000 [mm]

*R.*b-600; % free length of Side Load spring [mm] Lf=2*R*sin(b)
b5 % sin(B)>= @

*R.*b + 380; % Lf >= 380 [mm]

= b.*D-2.*R.*b+380; % Displacement of spring force action line, ¢ [mm]

cla reset

axis auto, box on
xlabel('R [mm]"), ylabel('b
title('side Load Spring
hold on

% Constraint gi

o1 = [0 o];

constl = contour(R,b, g1, cvi, 'k', 'Linewidth', 7);
text(5e, 0.1, 'R>=100',Color="r"
text(750, ©.33, 'feasible regi
cvil = 1:0.1:50;

const1 = contour(R,b, g1, cvil, 'r');

n', 'color’, 'r',Rotation=-40,FontWeight="bold")

% Constraint g2
const2 = contour(R,b, g2, cvi, k', ‘Linewidth’, 7);
text(200, .37, 'b<@.4’,Color='g')

cv21 = 0.001:0.0001:0.02;

const2 = contour(R,b, g2, cv21, ‘g');

% Constraint g3

const2 = contour(R,b, g3, cvi, 'k', 'Linewidth', 7);
text(1e7e, ©.24, 'R<1800',Color="r")

cv2l = 1:0.1:20;

const2 = contour(R,b, g3, cv21, 'r');

% Constraint g4

const2 = contour(R,b, g4, cvi, 'k, 'LineWidth', 7);
text(85e, 0.34, 'free length =< 60',Rotation=-37,Color="b"
cv21 = 0.1:0.1:20;

const2 = contour(R,b, g4, cv21, 'b');

% Constraint g5

const2 = contour(R,b, g5, cvi, 'k', 'LineWidth', 7);
text(400, 0.025, 'b>@’,Color="g')

cv21 = 0.001:0.0001:0.02;

const2 = contour(R,b, g5, cv21, 'g');

% Constraint gé

const2 = contour(R,b, g6, cvi, 'k', 'Linewidth', 7);
text(800, 0.21, 'free length >= 389',Rotation=-32,Color="b")
cv2l = 9.1:0.1:20;

const2 = contour(R,b, g6, cv21, 'b');

% Constraint g7

const2 = contour(R,b, g7, cvi, 'k', 'LineWidth', 7);
text(510, 0.47, 'c<D/2',Rotation=-65,Color="y")
cv21 = 0.01:0.1:15;

const2 = contour(R,b, g7, cv21, 'y');

fv = [200,400,500,1000,2000,2500] ;

[fs, h] = contour(R, b, f, fv, 'k--');

clabel(fs, h)

hold off % Indicates the end of this plotting sequence

x0 = [1500,0.17];
x = fsolve('c_type_spring’, x0)

£ = k.*(2*x(1).*x(2)-Lw) % Lf : free length of side load spring

Photo.1 Graphical contour plot code
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function f = c_type spring(x)
D = 14@.3; % Coil outside Diameter [mm]

£ =[ 2.%x(1).*x(2)-600;
x(1)-1e00;
-2.%x(1) . *x(2) + 380;
x(1) . *D-2.%x(1).*x(2)+380;
-x(2)+0.4;
-x(1)315

Photo.2 Function code



4.2.2 Graphical Method Plot Z1} E4|
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Photo.3 Contsraint & Objective function plot
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Photo.4 Plot — optimal point (zoom-in)

4.3 Matlab - Optimization

Matlab®] Optimization & ¥}~ 9] YgshkrE
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4.3.

-
1 Matlab Code - fmincon
1 % side Load spring Design [C-Type]
2 clc, clear
3 format long
4 % spring index : c=D/d
. s S aking ey Tength Tar
6 % Force on spring [N]
- % #iEE of SEEve, AT
8 G = 80*10°3 hear Modulus [Pa j mm~2]
o | it ~dsar s widkee prsmeeer e
10 k = G*d/(8%CA3*n); % stiffness of suspension springs [n/mm]
1n
12 x0 = [945, 0.25];
13 1b = [100,0]; ub = [1000,0.4];
14 A=[Lb=[]
15 Aeq = [1; beq = [];
16 ObjFun = @bj;
17 nonlcon = @Lonst
19 *MaxFunctionEvaluations', 500, .
20 *pisplay’, 'iter’, Pl ,@npnmplﬂtf\u)], Algorithm’, 'sqp')
21 [x, fval, Exitflag, Output] = fmincon(0bjFun,x@,A,b,Aeq,beq,1b,ub,nonlcon,options)
2 Fl=(WA2- (K*(2.%X(1) . *X(2)-Lw) )*2)A(1/2)
Photo.5 fmincon Code
101 function [c, ceq] = Const(x)

R = x(1); b = x(2);

3 D = 140.3 ; % Coil outside Diameter [mm]
a Lw = 460 ; % working spring length [mm]

5

6C] % constraint

7 %c(1) = 2.*R.*b-600 ;

8 %c(2) = (-2.%R.%b + Lw);

9 (1) = b.*D-2.*R.*b+380; % c<D/2[Displacement of spring force action line]
10 %c(4) = -b+0.4;

11 c(2) = R-2000;

12 ceq = [1;

13 -5 end

14

Photo.6 Const function Code

100 function [f] = 0bj(x)
2

3 R = x(1); b = x(2);

4 C=11.4 ; % Spring index : C=D/d

5 380 ; % working spring length [mm]

6 2900; % Force on spring [N;mm]

7 ;% number of active coils

8 80*1073  ; %Shear Modulus [Pa ; mmr2]

9 12.3 ; % wire Diameter [mm]

10 G*d/(8*C~3*n); % Stiffness of suspension springs [N/mm]
11 F1= 300; % assumption [N]

12

13 F=((k*(2.*R.*b-Lu)));

14 b end

Photo.7 Obj function Code

4.3.2 Matlab - Optimal point Z 3}

EEET]
Iter Func-count Eval Feasibility Step Length Norm of  First-order
step  optimality
0 3 1.279915e+03 0.000e+00 1.000e+00 0.000e+00 2.615e+04
1 6 4.208019+02 3.659e-02 1.000e+00 5.557e-01 1.
2 9 4.177193e+02 2.315e-02 1.000e+00 6.876e+00 7
3 12 3.942934e+02 5.586e-01 1.000e+00 3.386e+01 1.050e+01
4 15 3.955369e+02 7.665e-02 1.000e+00 1.371e+01 6.276e-01
5 18 3.966776e+02 0.0002+00 1.000e+00 4.122e-05 2
6 37 3.966776e+02 0.000e+00 3.323e-03 1.261e-17 2y
7 56 3.966776e+02 0.000e+00 3.323e-03 1.201e-17 2.
8 75 3.966776e+02 0.000e+00 3.323e-03 1.291e-17 2
9 94 3.966776e+02 0.000e+00 3.323e-03 1.261e-17 2:
10 113 3.966776e+02 0.000e+00 3.323e-03 1.201e-17 2.
11 132 3.966776e+02 0.0002+00 3.323e-03 1.291e-17 2
12 151 3.966776e+02 0.000e+00 3.323e-03 1.261e-17 2:
13 170 3.966776e+02 0.000e+00 3.323e-03 1.201e-17 2.
14 189 3.966776e+02 0.0002+00 3.323e-03 1.291e-17 2
15 208 3.966776e+02 0.000e+00 3.323e-03 1.261e-17 2:
16 227 3.966776e+02 0.000e+00 3.323e-03 1.201e-17 2.
17 246 3.966776e+02 0.0002+00 3.323e-03 1.291e-17 2
18 265 3.966776e+02 0.000e+00 3.323e-03 1.261e-17 2:
19 284 3.966776e+02 0.000e+00 3.323e-03 1.201e-17 2.
20 303 3.966776e+02 0.0002+00 3.323e-03 1.291e-17 2
21 322 3.966776e+02 0.000e+00 3.323e-03 1.261e-17 2:
22 341 3.966776e+02 0.000e+00 3.323e-03 1.201e-17 =
23 360 3.966776e+02 0.0002+00 3.323e-03 1.291e-17 1
24 379 3.966776e+02 0.000e+00 3.323e-03 1.261e-17 1.9¢
25 398 3.966776e+02 0.000e+00 3.323e-03 1.201e-17 1=
26 417 3.966776e+02 0.0002+00 3.323e-03 1.291e-17 1
27 436 3.966776e+02 0.000e+00 3.323e-03 1.261e-17 iz
28 455 3.966776e+02 0.000e+00 3.323e-03 1.201e-17 =
29 474 3.966776e+02 0.000+00 3.323e-03 1.291e-17 1

Photo.8 Optimization iteration



x =
1.0e+03 *

1.000000000000000 0.000204334032371

fval =

3.966776060691305e+02

ExitFlag =
0

Photo.9 Result of optimization
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