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Optimal Design of A Macpherson Strut

Suspension with A Carrier

Jeong-Hoon Park

Major of Intelligent Mechanical Engineering, 7he Graduate School.
Pukyvong National University

Abstract

The purpose of this paper is to study modified MacPherson strut suspension
which minimizes production and transmission of disturbing vibration and
force. In this paper, a design of MacPherson strut suspension with carrier is
presented using ADAMS. To analyze how hard points affect SDF(Static
Design Factors) of MacPherson strut suspension with a carrier, sensitivity
analysis is conducted through the experimental design sensitivity analysis
using Plackett-Burman  Design “in ADAMS/Insight. A method for optimizing
hard points of modified MacPherson strut suspension is presented using
multibody dynamics-. simulation, -ADAMS - and- VisualDOC. The design
variables to optimize SDF._ are extracted using Genetic Algorithm(GA) in
VisualDOC. As a results of the optimization, kinematic characteristics satisfy
SDF target value. A full vehicle model is developed ,which consists of
MacPerson strut suspension with a carrier. To evaluate optimized hard points
of MacPerson strut suspension with a carrier, J-turn simulation is performed.
the results of simulation show that the vehicle which has the optimized
MacPherson strut suspension with a carrier has better performance than the

one with the MacPherson stut suspension.
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Table 1 Classification of suspension
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2.2 l2I0E JI&Xl MIHE AES SIIE X (MacPherson strut

type suspension with a carrier)
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Fig. 2.2 MacPherson strut suspension with a carrier
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3.2.1 MHE AES BI}EX
Mye 22 BYe Pl gketn TAREe HAu Fulr} olet
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5

Fig.-3.1 MacPherson strut suspension

Table 3 Parts and mass of MacPherson strut suspension

‘ H Parts H Mass (kg) ‘
oA | Rod | 04136 |
B | Strut | 30063 |
- c | Knuckle | 21792 |
b | Hub | o108 |
. E | Tie rod | o119 |
‘ F H Lower control arm H 11.1576 ‘

A7PdA = ADAMSE AHgdto] Al e, Fer, 2JE 2x B 75
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47 RUYHS YT AALALARE BOEZEEY (Iower control arm),
£ (knuckle), E}o] = (tie rod), B3 2] Z=(rod) ¥ 2=E 3 (strut), 3] E (hub)
TOE FASAUL olF AAEL ZUAE 8AE o]&oto s F&5T)
Atk Fig. 3.8 MHE B9 dA7PEA e 7]9ErE RdS UERdh
Table 3| A& d7PdA9 AAgae A eI
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E, 209 2=Zg 3 99, 3 ¢ 4FH9 EololE Xt EdY

o}

ot 2o WA AFEE Table 41 A28

e
2
to
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e

ol
20
38

Table 4 Degrees of freedom of front suspension model using
MacPherson strut suspension

‘ Number of coordinates H 138 ‘
‘ Number of bodies H 23 ‘

Number of constraints -134
Cylindrical joint 3 X (4) = -12

| Revolute joint I 4 % (-5) = 20 |
| Spherical joint I 4% (3) = -12 |
| Convel joint I 2 X (4) = -8 |
| Fixed joint | 12X eep="72 |
| Hook joint I 2 < (4) = -8 |
‘ Inplane joint H 1 x (1) = -1 ‘

Driver constraint -1
DOF 138 - 134 = 4

_13_
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Tire kinematic Forces at the
states Contact patch

K F.

o . F,

UA=Tire ¥

Y ﬁ ﬁ F

! Model 3

2
M,
MZ

f3 I

Tire model parameters

(stored in tire property file)

K : longitudinal-slip a : side slip Vi camber angle

P . tire deflection P : deflection velocity
F, : longitudinal force E, . lateral force £, : normal force
M, : rolling resistance moment M. : self aligning moment

Z

Fig. 3.3 Inputs and outputs of the UA-Tire model
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ADAMS E 2 Fig. 3.4 YElHATE Table 5= 7AgoE 71z #AH &
2EZ A7hgA Y B eksh AL vhebdch
oy
A
Fig. 3.4 MacPherson strususpensic
with a carriel
Table 5 Parts and mass of MacPherson
strut suspension with a carrier
‘ H Parts H Mass (kg) ‘
A Rod | 04136 |
B Strut | 30063 |
. c Knuckle | 21792 |
. b | Hub | 01028 |
| E || Carrier I 1.5340 |
F Tie rod | o019 |
‘ G H Lower control arm H 11.1576 ‘
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Table 6 Degrees of freedom of front suspension model using
MacPherson strut suspension with a carrier

‘ Number of coordinates H 162 ‘
‘ Number of bodies H 27 ‘

Number of constraints -158
Cylindrical joint 5 X (4) = -20

| Revolute joint |~ 6 x (5 =-30 |
‘ Spherical joint H 6 X (-3) = -18 ‘
‘ Convel joint H 2 X< (4) = -8 ‘
| Fixed joint RO (6) =17\ |
| Hook joint I 2x (=258 ||
| Inplane joint I < () <L |

Driver constraint -1
DOF 162 - 158 = 4

3.2.3 2¢ AS
FA48 Wse 22 AR og mdee] By 43S 96
s70mm MTE} 84 & 7]Ee] Wue 2= @7hgA e SDF Ao

M2 A7FEA ] SDRA AFE vl usgith. Fig. 3.55 T3 34 <]
ANE BolFa gt F FdEe A= 78 ZH(camber angle) i~

EZ}(caster angle} 719 ¥A a1, ES-ZHtoe angle WA oFzke] )
o7} A7 AL AT F AUt
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Camber Angle (degrees)

Caster Angle (degrees)
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] “'.__.
054 . N
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-20 0 20 40 60
Wheel Travel (mm)
(a)Camberangle
484
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4.6 - v MG
42 4. ;,‘n"".—.".—
4.0 e =
4 ..v'.
38 '._'.'_,.v'"" :
3.6 -
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Wheel Travel (mm)

(b)Casterangle
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< 02- \.””:‘

2™ e,
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Wheel Travel-(mm)

(c)Toe angle

(MS= MacPherson strut suspension, MC= MacPherson strut suspension with' carrier)

Fig. 3.5 Comparison of results between MS and MC
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Trailing arm

[

Table 7 Rear suspension's.parts-and mass




Table 8 Degrees of freedom of rear suspension model

‘ Number of coordinates H 126 ‘
‘ Number of bodies H 21 ‘

Number of constraints -118
Cylindrical joint 3 X (4) = -12

| Revolute joint 2x (5 =-10 |
| Fixed joint | 13 < (6) = -78 |
| Hook joint | 4ax (9 =-16 |
| Inplane._joint b < () &1\ |

Driver constraint -1
DOF 126 - 118 = 8

1500 o .

1000 o /
.

500 /

Force(M)
e

.
-500 - /

*

-1000

T T T T T T
-1000 -500 0 00 1000

Velociby (mm/s)

Fig. 3.7 Damping force curve - rear suspensic

FE A7PEA A By o] Y2 AENA S} v R el g
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E4e FARFAA ol gtk 2TUe AP 22YS A8
o B ATld FE @A A2y 45E 38N/mm, iAol

93 319t} Fig. 3.7

3.4 dXEg 2AE
Azt Edg ah7] 9 el RN
Y<(rack and pinion)d2loltt, & ol sjud x3 A ~®E Fig. 3.8 %

o] Ay} Aoz FAE 9low %3k H(steering wheel),Z3F ZH
(steering column) 7t (intermediate shaftf v]vjol o & FA o] 9t}

w =l A ARER 2R B2 9

N}

Fig. 3.8 Steeringsysten

w3l ~gWabo] A ul(stabilizer bae AZ 3 AAS BAOE AAsL
HEH 84, 59 845 ugste 9% 3kt Fig. 3.91 ZH W E}ol

Z] vle] ADAMS E28-& T A&t
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Fig. 3.10 ADAMS full car model
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Fao] wkg EwW, BH AE25e b 29ARYe Ae. ¥

AFolME We gEA4 14 Z2aWe ADAMS/Insights o] &3to] 7}
gl s 7H HF e 2ES d7PgA o 7)€ WE e 2ES @A 9
NAE S FYste] A3E vla 4 kgl

4.2 BT Ao 21
Qurdon @ gol BARE wrh AA WS ol skl FR
o Qi A%, AANS BAGS UF A= oushs N

o 1 mEoR RelHu, @)}

2
o
&

=(Sensitivity coefficient) ;= &

Zol Yyetd 4 9t
U= F(v) (3

w o ;
%—l 4)(

B =EdAME 7€ WEE 2E8 @7 A oA AlEoE AlQlE 8
Mol AAIFEEFg. 4.29014 D, EE Al A|gtd WnE ~EZ A7
29 7|78ty ARSI He S 1079 AAI™E(Fg. 419 A, B, C,
D, E, F, G, H, |, 3& &7 X=, Y=, Z5°l dlsl ADAMS/Insights ©]-&
o] AdAH] 3 FFQ Plackett-BurmanAZH oz AT &4 &

sl
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Tire

Carrier ¥

Knuckle

Low Control Arm

Fig. 4.1 Hard-points of a MacPherson strut
suspensiorwith a carrier

Plackett-Burman 7] 2 ‘2 Plackett & Burman(1946) A|Qtsk W o
ARAZT N& 49 Wi A0 2 APA7ZI= Bgolt. o] Wye A
F7F 2 FFY Fgolnt Akgst = Qi F& 9(Main Effect)itS #oha}
o, olA7HA 2 A@AGR-FolA L HLS £ N@"é#
Plackett & Burmar] ‘N=4%-E| N=1007}# N=923% A 9|3} T 35}9]
% N=92%= Baumert(1962F SH=S1 Bk A7 7k4 Plackett- Burmanﬂ]g,
o] AtgEel oal ATF7F AEEIA N=2007t# F&@Eo] ST
Plackett-BurmanZl & ¢] 23l o] 7]+ Table %}

filo
N
-~

Table 9 Numbersof Plackett-BurmanDesigr

Factors, k 2 3 4 5 6 7 8 9 0] 11 |12
Number of points | 4 4 8 8 8 § |12 |12 |12 |12 | 16

Factors, k 13 |14 |15 )16 |17 18 (19 |20 |21 |22 | 23
Numberofpomts | 16 | 16 | 16 | 20 | 20 | 20 | 20 | 24 | 24 | 24 | 24
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o] &3t Plackett-Burman7|
o8 WIAREE Mg 240 HAAMTE AT ¥ 2ES
7 Agsla, 309 AAMTE 71k A E 7H

S A7l 32ve] AAsleE v EgE AW

52 +10%R] 25759 S 71Xt Table 1@ ©o]¢ e o ES
Z}Htoe angle), 748] ZH(camber angle),7] 2~ E Zt(caster angle)] s W=
At A5 A3 nEHoz AA " digh 54 o ¥y

2 Aasle de UgE §4 A7ESn uas ol Table 1014 U
2]

o

oE
o
u)
lo
e
N
X
o3t
ﬁv‘
il
filo
>
O
>
<
%
=1
wn
Q
:T
mlm

r 1

N

N

o3l
o
o o
1

o M
e}

L
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B
g
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>
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(m
W

Bpupsol 3 e yel ols) WP s4E drheh ADAMSE o] &-3kol
Qe NFE A4 2o BATE E F Uk

Table 10 Comparison between DDM and PM

Sensitivity
SDF Item
1st 2nd 3rd
Tie_Rod _Inr.z| Tie Rod Otr.z| C_Arm_B Joint.z
DDM
Toe (J.2) (1.2) (B.z)
Angle - Tie_Rod _Inr.z| Tie_Rod Otr.z| C_Arm_B_Joint.z
(J.2) (1.2) (B.2)
DOM Strut_Lwr.y Strut_Upr.y - |.C_Arm_B_Joint.z
Camber (G.y) (Hy) (B.2)
Angle PM Strut_Lwr.y Strut -Upr.y | C_Arm_B_Joint.z
(G.y) (HY) (B.2)
DDM Strut_Upr.x |C_Arm_B Joint.y C_Arm_Rear.z
Caster (H.x) (B.x) (C.2)
Angle PM Strut_Upr.x |C_Arm_B_Jointy C_Arm_Rear.z
(H.x) (B.x) (C.2)

DDM : Direct Differentiation Method, PM : Pertubation Method(ADAMS/Insight)

Aol g 717 #Awe 228 A7PFA9} Gt AE 2ER @7FEA
°] E-9Zktoe angle), 7 Z(camber angle), 7} 2= EZt(caster angle)] 3l
A7s =492 714 Table 1P YERATE F FH O d7MEA BF E
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e 2EZ F= TAEC ojow A % FRE Lol &,
Wy e FY RAEE o A%Rol BAsE nhEe AAT 5
UA Tk
Table 11 Results of sensitivity analysis
Sensitivit
SDF ltem Y
1st 2nd 3rd
(s Tie_Rod_Inr.z| Tie_Rod_Otr.z| C_Arm_B_Joint.z
Toe (J.2) (1.2) (B.2)
Angle v Tie<Rod_Inr.z| Tie_Rod_Otr.z| C_Arm_B_Joint.z
(J.2) (1.2) (B.2)
WS Strut_Lwr.y Strut_ Upry | C_Arm_B_Joint.z
Camber (G.y) (H.y) (B.2)
C_Arm_B_Joint.  Strut_Upr.
Angle MC | — T ry Strut_Lwr.y (G.y)
z (B.2) (H.y)
MS Strut_Upr.x |C_Arm_B_ Jointy C_Arm_Rear.z
Caster (H:x) (B.x) (C.2)
Carrier -Upr.x |C_Arm_B_Joint.
Angle MC — i - Carrier_Upr.z (E.z)
(E.X) (B.x)
(MS= MacPherson strut suspension, MC= MacPherson strut suspension with a carrier)
4.3 SOF SE4&4

o] AstE wigow ¥ Weo @7FAl dal =7Htoe
7

angle), 7418 ZH(camber angle), 7l 2~E] Z}(caster angle)l G 3FS Zo| X =
o

A7 WSS A7E SAdE 314 Qs 7omm W2/ EEE 6
N F 7ol

Ay ghol WslEE= ®MYE v Btk Figo 4.2
9= NS 37 93 A7EH o] ADAMSE DS e
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06 Py L Toe MC_MAX |

1 Mﬂaﬂq —--+---Toe_MC_MIN
O i i 2 Toe_MS_MAX |

1“%% 1 |--e-~Toe_MS_MIN

0.2 oo

0.0 o

. c C 00500 lelel [ale] 0 X - N N N N
| 00000 8% =
02 s JESUSR U SRS SO AU nﬂ‘ .
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S0.6 e

0.8

-1.0 . . . . . . —
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(c)Toe angle

(MS= MacPherson strut suspension, MC= MacPherson strut suspension with a carrier)

Fig. 4.3 Difference of variation between MS and MC
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5.1 VisualDOC

Vrand*}2] VisualDOC= MATLAB, Excel, ADAMSS 9% Tz % 92
dolele} 43 Z&ste] HALGAE Fdst= W& HHF T2 ot
Visual DOC= HAAA 9] F+ duglgs st U= DOT A=Y
A ZEade AGstA AZAZA F Adow DOTolA Bad o A
S5 ZEagEA ¥ GUI HAA JHI FFo] THed TR

olt}. T3 VisualDOC= 2|% = o] A AHE WHSIY] HEEFH

HU
n%
i

o2 #4o] 7H5stEE shn, A5F ] AZF 1t (continuous design space)

A
AM F8&3F o HH dAY LaeF AT FE7E o]t
(e

AE 83 LaaeElEQd  GA(Genetic - Algorithm), PSO(Particle Swarm

Optimiza tion)& A &3t} o] 9} o] VisualDOC? thetsh H A4 &
= AH8otel ADAMSeIA BEdE 2k AAAN SRS AH LA T
Stes AASHA ol &% AA =77t 2 Flojrh

| GUI |

4

Database

Probabilistic Design Optimization / \ \
et ¥

Response Surface . .
f Design of Non-Gradient

Gradient-Based Apnroxima
Approximate §
Optimizer pproxy Experiments Based Optimizer
Optimijzer

- 1.3 A —

Analysis
Program

Fig. 5.1 Basic VisualDOC system
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VisualDOC= @5 Z2ad 3 dolfe 4528 & & s 58§
T2 Qe o] ~(application program interfacE) #l33t}. VisualDOC
T Yol VisualScripetE QlEH o]~ T2 aAE AgFozH &4
2ae] Jhgrel Ag glol AH87FEshH, S H(response® AT T
AE A dx oz A2 Aol 7Hsst) Fig. 5.2 oA VisualScripE
TEE WS EEA YER AT

[H

Bl Interface Script Definition @
FESENRT |
. SorptDafiion__ D:workH#VisUaIDOCHWarl 2B New_Seat Spring CaselB.ond
= eoavs 1 2 3 I 5
& (3B N Seal Sgring Cassticnd 125455783 23456+ 1 548680 123455783+ 12345680+ | 286 B¢
“‘MHI it Tt a
B
20 range= 1000 &
Stort L
__) ’ ML: " 205 usealloed valies = o &
& aupal 206 delta_type = relative §
- MBSeat outixt 207 real_velue = 310
(= 4k Spring_Stroke _Ma o1
o R 2MWviriable creste §

[ # Spring_Strake_Min
- Sping_Stioke bin
=4 Spring_Batton _Const

210 variable_nane = B New_Seat Spr ng CaselB L3 §
211 wits = "length” &

 Spiing_Bottom _Const 212 range = %0, 10.0 4
3 = Spring_Tapping _Canst 213 use ol loved valles = no &
ADANS | — © Spring.Topping.Const 20 reu_vc\uem*
e (=g} Spring_Cost.Func 2551

# Spring_Cost Func ’
e ZlBvariable create §

21T variablenane = 1B New_Seat_Spr ng_faself.[d §
218 it = “length’ &

218 ronge =110, 140 &

220 usecallowed valies = mo &

221 el veloe 0

]

S5 variable creste

224 vafablecnane < M8 New Seat Spr ng fasel6.AD &
285 itz ="mownits” &

2% range = 0.0, 180 &

220 wseallowed vales = mo &

End

¢ »

Cancel

Fig 5.2 Interface script definition dialog for input and output values

VisualDOC} & dZo] 7153k T2 a8 o33 )

‘Excel Z2 33} AEstol AHEAAE & & Utk

‘MATLAB 2] m-ile®} &3t HZA A7} 71535t}
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B4 TR 98 5ol ASCl ZER A Eojglon

ol TEaWstE AZo] shssek.

VisualDOCE ADAMS <} AAAIA VisualDOCH A A ARE WA, vt
Brow gao] 7tsatEE sl7] 98] ADAMSE LGAlAle] HeEdd
ZH(command windowdl Al A &= ojoF stth. ADAMSE A 3sl7] 9t B
dHo]E *pat FLRE WHE9] VisualDOC ScripgtQ ol ¢} sle] A3kt
Fig. 5.3 B# Y42 oA ADAMS7} A87t% & oFE ey 2lch

< DiWAdamsWorksWoemd.exe - adams03

BEIE
Dzw> 7

D:=WradansA3

! MSC_.ADAMS 2883 Selection Menu ! H J
'

H
iAction Selection Code!

iCreate ADAMS-~Solver with
ADAME User—DLL cr—user

'

H

iRBun ADAMS ~Solver with H

H Standard ADAMS executable ru-—standardl
User executahle ru—user H

iPre— o» Post—process with
H ADAME ~Uiews avieuw
ADAMS ~Caxr acar

ADAMS “Engine aengine
ADAMS ~Aircraft aircraft
ADAME -Rail arail H
ADAMS #Driveline adriveline I
ADAMS “PostProcessor appt H
ADAME #Insight ainsight
MSC Flex Toolkit flextk

MSC Durability Toolkit durtk

MSC Registry Shell Tool rtool

Enter your selection code or EXIT:

Fig. 5.3 ADAMS menu at command window

VisualDOCE ADAMS ¢} A4 A8 7-¢- VisualDOC?] 9] & dl o] E
£ o]gsle] HAAWMSE Al VisualDOC] JHUolHE AFEEY)
A8 ADAMSOA AAEE *emd Lol *sub LI & ASCI =
g2 A9 99s AREsH, AU Ak TS ADAMSOA A4

H As GdelA A7 gk,
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- " B L L LN LR T
I % ADAMS : : » VisualDOC I
1 |
I I 0 . 0 -
U aoamscui | ;| | optimal Design |, ggmszagmaﬁon :
11 Condition 1 | A Formulation ,
| : (command window) |
1 |
I ! : I
| I
I . I
| nitialinput & | | || Newinput& | —{ Stop of o !
I | output file : : output file No_| criterion | yeq I
1 |
I L I
| N

Fig. 5.4 Flow chart betweenADAMS and VisualDOC

HAAHAA = AAel FAINEE AREH s TFAIHA BXTTE
FArztels AAETE e Zolt adEg AALAATAE A Fe)
W 2(5), (6)7 Zo] HAst A= M3 S vk

minimize f(z); z € R"

Subject to

g;(x) >0;i=1t0k (5)
hjx)=0;j=1tgq (6)
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Fee A A old AHE BAE Add # 67 (Kaush-
Khun-Tucker) 2 8 =7 (necessary conditioly A7) SNE FHOEZH
gAHoR F F vt o] WS ol&std 2VIAA W TAa FHF
AAlel HEHA HH ol A& HAAA R vt Ta& HAFAAH] o

=
EAQ g5 =2 AP AE R (Sequential Linear Programming : SLP),

&2} 2217 2 ¥ (Sequential Quadratic Programming : SQFA 71543k
(Modified Method of Feasible Directions : MMF)°] Slth AH =24 A

s T3] A% WHoezE f3d il 5(Genetic Algorithm @ GA),
PSO(Particle Swarm Optimization§-©] 2l

AeA AAEA S P2 x4 E4 5 RPe s 7R

=

O
st " 7|9k x4 3}7]H (derivative based optimization methodl) o -+
A

ol¢ltt. <o) A F7Hcontinuous design spacdpllA] 7]E A A AL
o®RYH 7MY ZAHT NHE HE Fole WHoREE oHd TFuly A
A7 ol F&tA AHgHe] ko, Al B A EAle] 540 HAdY
Al Ao R FAE L AAFTHC] EdSo|AY AW 4 52
o] Wom, MAMST FH7L o4ty Ee AF5H AdE THES)
Aol o]gg ¥ olgt thke] A4 &7F AT TheAol Ak thggt
A a&A FAE HaiAE GEF FA7Ho 278 YHEC] &
WAolt22), FEA GATIHSE JINte® s tHEER] WHOEE GA,
PSO 7I¥ &ol Sth olfs WHEL 7|24 /MIDAE Ay dA
A 2 g&4S A8 Ak 53], Fd ¢ngES FEAE 7FxE
g HR3 g FEHA G Hoko] HEEHI glom HToE AEak
A7 & 22 vd o] Ak A"l tisiA e A&t AT S
7hetal e FAIT24), B AFoAE o] FHA GagEs o855k
Aol g 71 A 2ES d7PgA ] st=xQEES H A et
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5.3 & 4 2H2 FAlst
a7 o] 71FerE AAA AAARE] dRbE Rl e s AV

of g a7k vk A7pEA 540 8% 2

VA 5ol AAATE A7 S| EHAE WSk o

ol Fupi=, X FejolA W7 ®istel E5-7 wste] 77 A

=
= 3t Aotk oA 3N ATH Rde 272 A2 7R A
1S g HA AAE A8l AA 7IFol = Target: AA | oFgho)
Table 12= LWk x}3Fo] ARkl SDFEAAR S HERdT25),
Table 12 Suspension SDF general Target
Suspension SDH Target Value

0~-0.5°/50mm Bump

Toe Change 2@ 710 002 o}
Camber Change 2~-0.5°/50mm Bump
Kingpin Inclination N
Angle 28 Zo] nigre ik,
. =10~30mm
Kingpin

A2 o) HhgshaL,

Offset(Scrub Radius) FRAF A = 0~ mlo] i 2

Wheel Center 30~70mm
Offset 2o zzo) upebd 5o},
Caster Change 0~5°

2 AT e 50mm B ZE T3 Al 875+ Target Valuel w3}
= A7E v FAs] 2ok

RILY
EZ &7 9] ADAMS

2 d3 VisualDOCE dAlste] AREsEalth HAEA daglgs 94 &
NE VisualDOC?] F7AAF &g F(GA)E ©]&3t3lomn, 275 = Target
Al ] 7(49]‘6]—
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Minimize F= |w.fy (2, + Ty... + 230 ) + wofy (21 + Ty... + 25 )|
subject to 7° = Caster Change = 13°
0° = Kingpin Inclination Angle < 5°
— 10mm < Kingpin Of fset < 30mm
30mm < Wheel Center Of fset < 7T0mm

(7)

flo

ATV f (@) + Tgeelgy) 2 1y ~ T397HH1 2] 30709 A i E4-7Ho] RMSEL,

xy ~ T507HA1 0] 3070 ] AA Rl gk A Ze] RMSEL,

rlo

f2 (ml + $2-'-x3o)

wy, Wy 7FEA

<
= Ju
A7HEA 9] A=Y, F 1070 AAA dial] 2k X, Y,z BE, 5 3070

Aesigity. BE AAMSEES0] +10% FY otolA WeES HAe3
9 E

Fig. 5.5 Design variablesfor optimizatior
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wn
=
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oty
=

(=
N

oF HER, w, —w,= 052 AU T 2FHE ALE,

F 59 a9 #e 875 E Target valu&g W53}

oY
N

A7}

ol 2 =
o2 ARt VisualDOC] GAE ol &ste] HAMEAE +A4
A gaFol AHEEE Tt EHE v 27]E 100, Aldlad o]
slFE 100, 29ROl &2 0.058 ARSIt EE W& ST
7} AAd FEste £590 wEr|E AAstEE, i 2 kel 0.95
2 Aot wme HAHs7t FHAES sk ol5tel VisualDOC] GA
£ ol8ste] A AAE F3T W FEEE Table 131 Aelsto]
Epdi e}

Table 13 Stopping criteria of optimization

VisualDOC

* Iterations for Convergence : le-4

+ Absolute Objective Convergence : le-4
* Relative Objective Convergence : le-3

* Absolute Design Variable Convergence : 1le-4

* Relative Design- Variable Convergence : 1le-3
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Objective Function History
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Design Iteration

Fig. 5.6 History of object functior

EX s 5089 WHE o HAshE A, gk 1074 0.170 2
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2E8 AP AE &S A V2] 9@ S 2ES A7MEAE A
= 28] ¥ 7lE S (lateral acceleration),® ZbsE(yaw rate), 3 &£ HZt
(side slip angle)2 Z7ZH(roll angle)s Hlasle] ebdth, & 23k uw}
& 23] A% <A (performance index)} Table 141 e} glE=d], A4
st AeolE 71zl WS 2ES d7PgA 9 Aol 7))zl H]
3] °F 62.5% %= AH TB factors 7HS & 5 vk 283, IRHA
o 28l ¥ A F 2IAAG H7HE s A EE AAE(
3=, A%, F7HEE SEAIIHS mlFolA ALk

of Table 18] Wellal Aok HA s & 23F WdEE #lgoA Aty
= A Hatol B 7 FeE WEstal, A1

ARb2 2 B E AT

Table 14 Performance factors of step steer

MS MC Unit
steer wheel 'angle 40 40 deg
S.S 0.54 0.43 g
Lateral R.T 0.31 0.30 sec
acceleration P.T 0.49 0.48 secC
Overshoot 5.31 6.7 %
S.S 8.05 6.37 deg/sec
Yaw rate R.T 0.15 0.24 sec
P.T 0.33 0.32 sec
Overshoot 13.51 16.17 %
Side slip
S.S 0.47 0.3 deg
angle
Roll gain S._S 0.95 0.79 deg
gain 1.96 1.65 deg/g
TB factor 0.16 0.10 sec deg
Steering sensitivity 1.35 1.08 g/100deg
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Table 15 Response parameters of step steer siomulati

Parameter

US Product

Min

Ave

Max

MS

MC

Steering sensitivity(g/100deg) 0.%

7 1.

01 2

15 1

35 1

.08

Roll gain(deg/q)

3.0

6.4

11.

0 1.9

6 1.

b5

Lateral acceleration response

time(sec)

0.28

0.41

0.77

0.3

1 0.2
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