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Abstract

This paper proposes an optimal design software for the open-chain dynamic systems whose
governing equations are expressed as differential equations. In this software, an input module and
an automatic creation module of the equation of motion are developed to contrive the user’s
convenience. To analyze the equation of motion of the dynamic systems, variable-order and
variable-stepsize Adams-Bashforth-Moulton predictor-corrector method is used to improve the
efficiency. For the optimization and the design sensitivity analysis, ALM(augmented lagrange
multiplier) method and adjoint variable method are adopted respectively. An output module with
which the user can compare and investigate the analysis and the optimization results through
tables and graphs is also provided. The developed software is applied to three typical dynamic
response optimization problems, and the results compare very well with those available in the
literature, demonstrating its effectiveness.
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Fig. 1 Structure of optimal design software for openchain dynamic systems

A7 e AHE AGRE BAFig 1ol © 52 ALTAN de Ads LAATES 54
= EA)elR AA IAER4ZEAA AA uF g F FAA £5944 AFALEEE
=4¢ $9% F F4aol gk AM%eEe ot A AHE $ESA 9ok Fig 14 @2
doizbl e, HARDAC ARAe sde  HEHHo] ALHook st ALE EAGH, ®
WA (Fig. 1of O EA)old A3A%4E 44 & 22350 $a5o} g BAZ dolrte 7
@ 3 FEzdel gt AANLEL Wolsk AW +E EAwch
A HAF AARSEE] 94D Arieh A
Ag oA A Asted $EUAN AFALT 3 YRS
Az Eolrl, £89 @A o HPL WA HA zzow ASAE FAJAUE Fojse
et o Beg Axg deld, ALMAYE A% 44
Fras+ER WAATEE A% For 9 27As 2 AR dold, FTAYLs T4
DAse Sn AAMtel AT AAAGE T ZAUEE % A4 AREALE AL PEEE
270 gt AAGDANN AHNS Ao, Ak ek o] T Axd wolst s
; o AsdAold et g FI5EE ¥oln, WS =
dr AAdsh vlaste] ¢AdRE Bk &+ By o] YEE o8y Ao (inter-
e e Afolt 2UREE olfstd HAGhE  active) PAL Aged UPAIES s,
e, £ doke Afelt HadAEs:  AF YAV4EL BF 484 AH $zzoadoe



16 HEE - ¥4 2
2 AEs Hgdtd, Yoz o F Y4E A
FAHHES sol A4S Hl4E Bol A7
E A% ue

£ AFeld AR TEaWe £PA7R 9
A& Fig 25 22 sl debdeh ol ol A8
AL HANE AgdnA e dlolE QY o

8¢ AHY F, 3 A ol £Fslo] gk o
$F 9FA2A e AYE W2 AHa
A o] Jehl YdHAYL AL R s
et

A9 Aol Hg QHYel e, A5
o 2 Fig. 29} 7& gwlo] 4] Jeht} e &8
AAHA 758 3P d], ole} e g IyANA

@ sl dlolel ddo] T webdh el oAl
shedol depdol Agxtz deF UdW A=
oA AAR 4 Y=E ez sloly QU4
AgAte A4E Foln dlolE +4E Sola
sk,

oelg AHE Foted nE A
‘End of Data File's 7 43he 9
PREEEEARETE

=
)

E
2

Azl Hsid
4e gedges
Het 59 FAHA28 o
olel9] 7-$¢ <3 (numerical index) & ¢ A|A
AAEFAA glAE FEE + AEF d3le
o, 7 AAutg Aadeld 28 gl AfE
g A zA EEUAAE EEHoE AF

=

AR EE slch =3 HAs g A,
A slo| 2 ol AYPAY] AL HAY Feo=
AR5 7]FA (default value) & =45 F3lo
INPUT DATA

1 : Problem Title

2 : System Information

3 : Rigid Body Information

4 : Tire Model Information

5 : Translational Spring-Damper-Actuator Information

6 : Ground Information

7 : Analysis Data

8 : Optimization Data

9 : End of Data File

[ Enter Data File Name: 1}

[ Select Number (1-9): ]

Fig. 2 Contents of input data
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Table 1 Optimization results of test problem 1

Objective value

Initial value Optimal value

9% Reduction

5.9455333E—01 6.0128782E—01

—-1.13

Design variables

ID. Initial values Optimal values
1 5.0000000E—01 5.9209290E —01
2 5.0000000E —01 6.0128782E—01

Inequality constrai

nts

ID. Initial values

Optimal values

1 9.0460976E —02

5.8075848E —04

0.2 Bolch, Table 2 oh& FEYI4e A3
- wﬂ;ﬁ? . P g A e 24 Hsieh and Arora(1985) &
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lem 1

1 |

4 g 2
kN N °
1 J 1

mass acceleration

0

5
?
b oo

Table 2 Comparison of the results of test problem 1

1y | HBAUG& | HSEH& | HSEH& | PEANG &
y ! I’a ARORA ARORA ARORA ARORA Proposed
atue (1979) (1984) (1985) (1989)
bl 05 0.597 0.597 0.599 0.5921
b2 05 0.597 0.597 0.598 0.6013
b3 0.8 0.597 0.597 0.596
Objective value 0.8 0.597 0.597 0.596 0.6013
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Table 3 Optimization results of test problem 2

Objective value
Initial value Optimal value 9% Reduction
3.1891074 2.3754436 25.5

Design variables

ID. Initial values Optimal values
1 1.6000000E+OO 1.3596993E +00
2 2.0000000E —02 1.8390970E —02

Inequality constraints

ID. Initial values Optimal values
1 8.3878001E—02 —2.3319913E—-01
2 —5.3609320E—01 —1.0596048E — 01

—7.1650303E—01

—1.6380718E —01
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of test problem 2
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Fig. 13 Dynamic response of the acceleration at the
driver’s seat at initial and optimal design
point of test problem 3

Table 4 Comparison of the results of test problem 2

Lt | HAUG& | HSEH& | HSIEH& | PEANG &
m lla ARORA ARORA ARORA ARORA Proposed
value (1979) (1984) (1985) (1989)
bl 1.600 1.3380 1.3277 1.3277 1.3312 1.3597
b2 0.020 0.02121 0.03054 0.03058 0.02758 0.0184
b3 3.189 2.3670 2.3566 2.3562 2.3560
Objective value |  3.189 2.3670 2.3566 2.3562 2.3560 2.3754
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Table 5 Optimization results of test problem 3
Objective Value
Initial Value Optimal Value % Reduction
3.3180576E+02 2.5513332E+02 231
Design Variables

ID. Initial values Optimal values
1 1.0000000E + 02 5.0000000E +01

2 3.0000000E + 02 2.0010873E+02

3 3.0000000E + 02 2.7792707E+02

4 1.0000000E+01 4.9998671E+01

5 2'5000000.E+01 7.6869259E + 01

6 2.5000000E +01 8.0000000E +01

Inequality constraints

ID. Initial values Optimal values
1 3.2566306E —02 —6.9722865E — 01
2 5.0989315E—01 4.4626786‘E—03
3 —1.9995864E —01 —4.7595000E —01
4 —1.2070192E—01 —4.7595000E — 02

5 —4.9307394E—-01 —2.3413801E—01

Table 6 Comparison of the results of test problem 3
Initial HAUG & HSIEH & HSIEH & PEANG &
ARORA ARORA ARORA ARORA Proposed
value (1979) (1984) (1985) (1989)
bl 100.0 50.00 50.00 50.00 50.00 50.00
b2 300.0 200.00 2041 200.9 200.00 200.11
b3 200.0 241.90 293.9 295.2 245.06 277.93
b4 10.0 12.89 30.87 16.34 47.07 50.00
b5 25.0 77.52 76.94 76.76 77.09 76.87
b6 25.0 80.00 80.00 80.00 80.00 80.00
b7 332.6 257.40 255.80 256.20 253.71
Objective value 332.6 257.40 255.80 256.20 253.71 255.13
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