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ABSTRACT

Using computers 1n design is a trend in recent years. A good suspension model is depend on the

carefully prepared data like joint connection points or spring stiffness, etc.

Once a good computer model is obtained, a parametric study for specific suspension design fac-

tor, like a toe angle, can be done to obtain sensitivity information. Using this information, several

important design parameters for a specific design factor can be identified. Once a design of experi-

ments is done using computer models, the results can be used to approximate a function which can

best represent the experimentation. An optimum solution of this function can be used to find an

optimum design of a suspension system for a specific suspension design factor. Same method is

again applied to other design factors iteratively until a good suspension systemn design is obtained,

F 8 7)480] : Design Factor(4A 2.91), Sensitivity(9#%), Design of Experiments(A @A &),

Optimum Design(# 347} )

1. M

T

HZo EojA 7)79 A 2 ) AFH
& o83 Wo] ®ol o] 851 glon, 53
<82 @371X 9] N DADSV9} 2o W&
71 FEHE Y 22 oYL o83 P HA

* o}Fef gk ey
** 384, oty

Es A9 & AAE A& F AT

#7174 (Suspension) = =2 RRE] Ajo =
g¥ = 25% 542 FRAAFH FAlA $3}
78 ZQAE AN A2 308 B
AR 2ol AL, 2AYE PN
| akzte] vhmAls 4E wieE 348 vt
AL Y QAN @7PER e 7|7 A
X FFol w2 712 AR s
Exo] AsATh. e} 7] AAGAAM 2



AEANYE ol 4g A FAY g A ' 17

3t 7198 Aeg d7) 98t Wl A ofe
71289 Aol AP T, E£3 o FA9] )¢
2 54 Al BT e dAE Q) 4
HAe Fed] B AAWSY) 92 = gon
2 e A2 Uil £343Q 4AF 3793
zZ+ @719 FH welA 7)1 72EE s
o\ ARt date AsS 7kAA e A3
A ZEage A g 84 IJqr

ojHe] AR MA= AAzIS FHely
T BY-g o] 8EAY ST 5y
e AY UARs AL P& F o] 4.2 olg
T o] 23 AFGA PV} R EodT). 1)
U ArpgA 9 g B39 M e 59
42| FE9 o|EH 4o A} olY:, et
B2 AR AEdel g "ag she vy
o] 9}

o] wEAMe 99 dHES Bosr] Y8
ARgAR] 1Bk wEl A 2de LFAe
AFH L2 YPANAFE 717EY Zaaghg
ol &3t J|7e A|ARl-E Aoy, Wigw ¥
4 (Sensitivity Analysis)?®-9-9.9 F3le] &7}
AA Y] g HAAUSFESTAA it BEAGS:
o & JFE WA= AAWSLE 44 AR 9.
I g% HAE §3) A3 dAUSFE
Ao 3o EFAT 723 APAYY
(Design of Experiments)® g o]&-3le] 49
< ¥ F, A8 299 JAAAQ AARY Y
“*(Regression Model Function)®& &3]3}
ol & HA 3l gNe|F) YBE HHYAE o]
1.

APAGEE o439 o)A whemH B4
WG olgsted HARFYSFE A e,
ol o YYF & WUFAQY FrRAE
40 Aoz Y 4 e SARAYYS
< o8-8l APAYL A W} w3 AR
FHTE RUEAE(ANOVA Table)¥ & o] g
dto] AS ¥ A4 dude Ud™Ee 4
A o] AR 3 ddle YL W=
A7le dEgtel XFd.

227 APAYHA A& 25d A 9
#E 7178 Zeagas HEAPe Yito

2A HAGAE SHA7 T, 99 A AL A
A0 QY AR ew AFHeor HAHYA gt
UeeE s Z2a8e g4t AN %)
7} A7 o8& & AA 1}

99 A A4 L AAsY 2F% (Flow Dia-
gram)Z Wil Figls) g,

2. AEABYE ol HMHA

2,1 HEAEY ALY R B

EZE 21AAE 4A 87 43X E Aol o
Fe VA RS 29E B fHHoe
A A9 B A7 giiRoeln,
AAZ B FEE HAR Ayl JEsin
sith.

maka, g o g Aol ASHRE 9
Z3te] AAES UeolAd gate A% e &
AE=3he Wie] Wasin.

£ =RdMs Qs (Sensitivity Analy-
sis)€ B3 AFEd 2 FIFL uH= 4A
HeE A ey AARY (Regres-
sion Model)& vhET}. 283, YA YY L o
3l ARG Afs H2T AP 3}
of 23 ghct,

Choose suspension systcm_—)

Define suspension systern and object function
using mechanism analysis program

Choose design factor by sensitivity analysis]

Define design of experiments table
Experiments by mechanism analysis program

[Ealculate statistical data ang] define regression model function

Onptirnal design

Verify optimal design using mechanism analysis pmgra:l]

Fig.1 Flow diagram of suspension parameter
design



18 AAEaraE v

oj gl o] AT o] E FTS nR = AAW
ol 228 ZAKEtE A8 AA 7Rl A
HH5 ez B89 A Aeg vad 7
93 AIE AA g F3 dAGAN HE 7}
F3A &t

22 A Ee| drHME

2o AEAYY F o] &3 daF 3= A
Avisst BERgsae] #AAE ANEIHHPTRE
YehdE 99 ke B BAYH S 0]4311 of
ZolA AAAS ARFAE LRI 258
Azx SAEHY JHAHA vg-g HAY F
g 22 AR Ho] 7VFda, EF 4
AR5 Fast ALY geolAdel tiE FHE
1A FATAAEY L o] 3Tt

o7 A  ureEFHEA (Response Surface
Analysig)®elgt =] o] AHEF €y, €, -,
et BE WS oA ofd vkgEs
ol Q%L FI & W o]HF w39 I}
o] F= vk A g FAHA BHEE ¢
C ) oY) dgWpe 3ol g e 5
e Ex AAE 9, Puss AW
0] kg wolA | Nk YEhE
HpE g3,

VSFA AN Ees JlE-2 vy
g ol gstd FAH E¥E WEIA 19 &
o] WAl S e 312 g A AA
2 BAFQ FoHHe JAE (e " A
A APAYYL Fopd poll B 5HA, v,
Vo ¥35& VI oS EAFoRM FHw
of ¥ LM FFPAE FA He
g, 7oA o]gsHe AL MYl vl F
AAAA Fyolrt.

vhetw p8e) AAAM mH g 59
BAE EHEF €1, 62 -, 63 FEEE 90

9 uxs F4RAR el

—

<

221

o
i

ke

M

7=few €2, 0y €x) (1)

7+ g}, ols} & ¥k8-Y4(Response Func-
tion) 24 99t o7 71AE s A 443

N HSEYW REe HA e F459 BAG
ke HstE dds7] Asted kA dAwSs
7} AMEE 0] 4 AAMSY] Fold WY el A
ZXgaole] AAE R FHARE (Mul-
tiple Regression Model)¥& Fejule Zeld|
ole 2.3 A dFFiet.

o83 FAZHTLE 13}, 27, 339 #H
BEPSE JERd & ded], wef xe FH9g
el A 79 %), x, -, 1t oJH FTFLHUA

n=gl{x1, Tz -7y Tk) (2)

7b R e g9 WhEHA] IPiez FHE
AolZhn doizdciy, oba] walA ¥hgo] HjA
AU = 23 3A 2 (Second Order Re-
gression Model)& ARg-8l= Aol vz 3in,
I 3ZHE

& A
ﬂzﬂoﬁ'éﬁiﬂcﬁ‘;ﬂﬁxiﬁ?f (3)

oz REY F 9lon, o] 238 HARFL F
& Zre) Agom W] Wsld ot LAyl
£ uhe-Fol SuHql WEsE FAs] A
Z4]14 (Center points)¥} 274 (Axial points) &
2227 FHA AFAHA FABAEAY
W (Center composite design method) & ©]-&-3
o.
LA (AAES) k7} 3Yme] ARFEE Table
13} 3}

Table 1o1A A& 8wl H¥L 2:QALYE
g adE AMEAT, 9ds 490,000
FAFH FAAY £ Age] glel 1) o]
Aold F1, UmA a7} 7 AP L 2HE
£3le) 2HY & 2007 19 FHAMY a
£ tHg9] Table 20 oJsiA] AR e}, wF 1
2 AAWS9 gk, —1& HiAE A9
©}.

‘Table 2014 kv 22058 %8, n(ndS
FAHe) 8 $£H0. w3 APJFE £>29
Al 2249 IARFEE vehde 712
Hyel 3 aQuixHuc A4 AL ko 4P



JEAYY L o4 F7HFA 24 A 19

FZ AARF L Fad sl 2 d2M ¢
ok golo] 47091 A el Yo AEY
A$ & 3, & 8139 HdYo| YAk AW
SHEAAYHE o] 88 B 4 N=2"+2k+
ndllA & 2589 A¥q A "ok

23 2@l =3

AA Wael] T4 BAFete] Hils A
37] 5k k7Y AAEat AR 2 A
AR FolA MY el M X et #A
g BdH3}= AL 33 RY (Multiple Regres-
sion Model)o]2}2L &}, o] 3.2 u7)e] Hjo)
o sl ofef g} Zeo] RHET

Table 1 Experimental table for k=3

Experiment No. X X2 X3
1 -1 -1 -1
2 -1 —1 1
3 -1 1 -1
4 -1 1 1
5 1 -1 -1
6 1 —1 1
7 1 1 -1
8 1 1 1
9 0 0 0
10 —a 0 0
11 a 0 0
12 0 —a 0.
13 0 a 0
14 0 0 —a
15 0 0 a

Table 2 « value of orthogonal central com-
posite design

n=1|n=2|n=3| n=4 | n=>5
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Table 4 Comparison of sensitivity analysis between analytic and experimental method
Sensitivity 1st 2nd 3rd 4th 5th 6th
Obj. Fune Sensitive | Sensitive | Sensitive | Sensitive | Sensitive | Sensitive
Analytic Az I:y Aly I:z I:x Alx
Half Track Method (2.327) (0.318) (0.126) (0.078) (0.009) (0.007)
Change |Experimental| A :z I:y Ay I:z I:x Alx
: Method (6.246) (1.716) (0.634) (0.366) (0.108) (0.066)
Analytic Iiy Iix Az I:z Ay Alx
Camber Method (2.181) (0.770) (0.395) (0.207) (0.194) (0.059)
Angle Experimental| 1.y Iix Az | 1:z Aty A x
Method (0.616) (0.411) (0.341) (0.162) (0.421) (0.004)
Analytic Az Iy 1.z Ay Iix Alx
Method (1.238) (1.092) (0.934) (0.197) (0.167) (0.090)
Toe Angle -
Experimental| A :z I:y 1.z Aly Iix Ax
Method (2.414) (1.389) (0.305) (0.249) (0.183) (0.022)
Analytic I:ix Az I:z Ay Ax Iiy
Method (1.572) (0.767)- | (0.271) (0.112) (0.097) (0.000)
Caster Angle -
Experimental Iix Az 1.z Aty Alx liy
Method (4.810) (0.776) | (0.263) (0.073) (0.006) (0.004)

Q Wl AYAHQ WYL o] 45t Fig.2o] A
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Table 5 Sensitivity analysis using xperimental method

Sensitivity 1st 2nd 3rd 4th 5th 6th
Obj. Func Sensitive | Sensitive | Sensitive | Sensitive | Sensitive | Sensitive
Az E.z Fiy Iiy G:z Aty
Half Track Change (6.246) | (5.352) | (1.733) | (1.716) | (0.629) | (0.634)
Az Bz C.z E:z D:z I:x
Wheel Base Change (9.499) | (5.828) | (3.924) | (3577) | (3.534) | (1.791)
C:z D:z Az E:z I:y F.y
Toe Angle (3.142) | (2.827) | (2.414) | (2.287) | (1.389) | (1.382)
Fiy E:z Iiy F:x Tix Az
Camber Angle (0.794) | (0.624) | (0.616) | (0.417) | (0.411) | (0.341)
E:x Iix Az B:z E:z I:z
Caster Angle (4.812) | (4.810) | (0.776) | (0.701) | (0.271) | (0.263)
Roll Center Height Atz Bz Gy Ly Fiy C:z
(92.43) | (82.12) | (4452) | (38.65) | (38.61) | (12.14)
‘ Az E:.z F:.y Iy G:.z Ay
Roll Center Lateral (87756) | (69551) | (23880) | (23480) | (20193) | (18467)
Ay E:y G:z G:.x E:ix E.z
Roll Angle (0.565) | (0.440) | (0.280) | (0.215) | (0.210) | (0.140)
xEQ
. 2ug A¥oz Yeided, o B 223
B S e N T e 4 o 55 A4 Bd 7.96589] 5237} vhsict.
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-2.50
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LCA (Lower Control Arm)¥ A8 43
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Wheel Canter Height {mm)

Fig.3 Toe angle of initial design and desired

toe angle '
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Table 6 Object function value by design of
experiments table

Experiment No. Object Function value
1 12.990
2 - 1.125
3 31.161
4 46.636
5 1.899
6 15.413
7 16.674
8 3.013
9 7.966
10 16.720
11 0.774
12 3.074
13 19.174
14 16.280
15 1.120

Table 7 ANQVA Table of Equation(23)
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Fig4 Toe angle after optimal design

Factor 5 [0/ \% Fo F(0.01)
Regression Variation 1818.284 3 606.945 13.2444 6.22
Residual Variation 503.386 11 45.7623
Sum 2321.669 14
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