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Abstract: In this study, running stability and ride quality analyses, applying the ‘ISO 3888 (double lane change)’
and ‘ISO 2631-1" (mechanical vibration and shock) tests, were performed for the suspension optimization of the
Korean personal rapid transit (PRT) vehicle. The suspension optimization results for running stability and ride
quality were derived by applying the multiresponse surface method. From the comparisons of the optimization
results for different ratios of the objective functions of running stability and ride quality, we derived the best
objective function ratio of 3.9-to-6.1 to improve both the running stability and the ride quality. With the
optimized results, the suspension stiffness became 30.68 N/mm, between the value of the S, and S; models,
and the damping coefficient equaled that of the D; model. When compared with the suspension of the current
PRT vehicle, the roll angle, yaw rate, sideslip angle, and ride comfort were improved by 0.37, 0.37, 2.8, and
5, respectively.
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Table 1 Specification of Korean PRT vehicle

Wheel base 2300mm
Wheel track 1200mm
Suspension Macpherson
(Front/Rear) strut type
. Four wheel
Steering system steering
Tire size 155/75R13
Vehicle weight
900k
(Empty) £
Vehicle weight
(Full) 1300kg
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Fig. 1 Macpherson strut suspension
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Fig. 2 Adams/car model of Macpherson strut
suspension for PRT vehicle
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Fig. 3 Adams/car model of Rack and pinion
steering for PRT vehicle
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Fig. 4 Adams/car model of Tire for PRT Vehicle
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Fig. 5 Adams/car model of Chassis for PRT Vehicle
(a) Right view (b) Front view
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Fig. 6 Adams/car Assembly model of PRT wvehicle
(plane view)
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Table 2 Characteristics of spring stiffness

Spring S, S, S S, Ss
model
Stiffness |51 5 | 2862 | 3218 | 38.64 | 4344
(N/mm)
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Fig. 7 Characteristic of damping force
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Table 3 Simulation scenario Table 4 Simulation result of side slip angle
Damper Spring(N/mm) | Remark Side slip angle Side slip angle
Case 1-1 21.20 D;-S; (+H)Max. (-)Max.
Case 1-2 28.62 Di-S, Case 1-1 3.6899 [deg] -3.4659 [deg]
Case 1-3 | D; damper 32.18 Di-Ss Case 1-2 0.9737 [deg] -1.2235 [deg]
Case 1-4 38.04 Di-S4 Case 1-3 1.1851 [deg] -1.1342 [deg]
Case 1-5 43.44 D.-Ss Case 1-4 1.2917 [deg] -1.1261 [deg]
Case 2-1 21.20 Dy-Si Case 1-5 1.2740 [deg] -1.0827 [deg]
Case 2-2 28.62 D»-S, Case 2-1 2.8064 [deg] -3.0419 [deg]
Case 2-3 D, damper 32.18 D»-S;3 Case 2-2 1.0299 [deg] -1.2249 [deg]
Case 2-4 38.64 D»-S4 Case 2-3 1.2041 [deg] -1.1348 [deg]
Case 2-5 43.44 D»-Ss Case 2-4 1.2924 [deg] -1.1251 [deg]
Case 3-1 21.20 Ds-S, Case 2-5 1.2703 [deg] -1.0817 [deg]
Case 3-2 28.62 Ds-S, Case 3-1 1.1713 [deg] 222711 [deg]
Case 3-3 | D; damper 32.18 Ds-S; Case 3-2 1.1260 [deg] -1.2077 [deg]
Case 3-4 38.64 D3-S4 Case 3-3 1.2288 [deg] -1.1647 [deg]
Case 3-5 43.44 Ds-Ss Case 3-4 1.2871 [deg] -1.1130 [deg]
Case 4-1 21.20 D4-Si Case 3-5 1.2588 [deg] -1.0736 [deg]
Case 4-2 28.62 Ds-S; Case 4-1 1.4298 [deg] -1.7919 [deg]
Case 4-3 | D4 damper 32.18 D4-Ss Case 4-2 1.1586 [deg] -1.2099 [deg]
Case 4-4 38.64 D4-S4 Case 4-3 1.2307 [deg] -1.1651 [deg]
Case 4-5 43.44 Dy-Ss Case 4-4 1.2728 [deg] -1.0930 [deg]
Case 4-5 1.2452 [deg] -1.0642 [deg]
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Fig. 9 Double Lane Change Test simulation using
Adams/car
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3.2.1 Side slip angle
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Fig. 10 Casel simulation result of side slip angle
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3.2.2 Roll angle
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Table 5 Simulation result of roll angle

Roll angle (+)Max. | Roll angle (-)Max.
Case 1-1 6.1280 [deg] -6.9889 [deg]
Case 1-2 3.9398 [deg] -3.9548 [deg]
Case 1-3 3.2212 [deg] -3.1672 [deg]
Case 1-4 2.2702 [deg] -2.1479 [deg]
Case 1-5 1.7749 [deg] -1.6609 [deg]
Case 2-1 5.8238 [deg] -6.1292 [deg]
Case 2-2 3.7669 [deg] -3.6762 [deg]
Case 2-3 3.0966 [deg] -2.9971 [deg]
Case 2-4 2.2084 [deg] -2.0947 [deg]
Case 2-5 1.7592 [deg] -1.6575 [deg]
Case 3-1 5.1637 [deg] -4.6633 [deg]
Case 3-2 3.3627 [deg] -3.1233 [deg]
Case 3-3 2.7881 [deg] -2.6203 [deg]
Case 3-4 2.0623 [deg] -1.9517 [deg]
Case 3-5 1.7197 [deg] -1.6324 [deg]
Case 4-1 4.3450 [deg] -3.6719 [deg]
Case 4-2 3.0168 [deg] -2.6803 [deg]
Case 4-3 2.4971 [deg] -2.2859 [deg]
Case 4-4 1.9282 [deg] -1.8083 [deg]
Case 4-5 1.6766 [deg] -1.5895 [deg]

Casel-1 D=8, (21.2\/mm)
Casel-2D -8, (28.62N/mm)
Casel-3 D,-S, (32.18N/mm)
Casel-41),-S, (38.637N/mm)
Casel-5 D=8, (43.443N/mm)

Angle(deg)

Time(sec)

Fig. 11 Casel simulation result of roll angle
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3.2.3 Yaw rate

O}2 Fig. 12 Casel?] Yaw rateo] o3l 3|4
Aolt) S spring(21.20N/mm)Yd o 7 2
Yaw rateE HYS & 4 AU} Table 69F 7ol

Yaw rate® +Max.3t% -MaxgbS g )
Spring stiffness®} Damping force2] S 7}ol wah
Yaw rate’} S7}ebA Rt 1 2ol ZHzZE 0.17%9F
1.41%% 719] §lt}

3.2.4 Lateral acceleration
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Table 6 Simulation result of yaw rate

Yaw rate (+)Max.

Yaw rate (-)Max.

Case 1-1 16.38 [deg/sec] -16.88 [deg/sec]
Case 1-2 20.83 [deg/sec] -21.45 [deg/sec]
Case 1-3 20.72 [deg/sec] -22.15 [deg/sec]
Case 1-4 20.88 [deg/sec] -22.94 [deg/sec]
Case 1-5 20.87 [deg/sec] -22.93 [deg/sec]
Case 2-1 17.87 [deg/sec] -17.46 [deg/sec]
Case 2-2 21.01 [deg/sec] -21.71 [deg/sec]
Case 2-3 20.99 [deg/sec] -22.29 [deg/sec]
Case 2-4 20.93 [deg/sec] -22.96 [deg/sec]
Case 2-5 20.90 [deg/sec] -22.92 [deg/sec]
Case 3-1 18.34 [deg/sec] -18.83 [deg/sec]
Case 3-2 20.92 [deg/sec] -22.08 [deg/sec]
Case 3-3 21.21 [deg/sec] -22.56 [deg/sec]
Case 3-4 21.00 [deg/sec] -22.99 [deg/sec]
Case 3-5 20.89 [deg/sec] -22.91 [deg/sec]
Case 4-1 18.14 [deg/sec] -19.86 [deg/sec]
Case 4-2 21.13 [deg/sec] -22.40 [deg/sec]
Case 4-3 21.01 [deg/sec] -22.72 [deg/sec]
Case 4-4 21.04 [deg/sec] -22.98 [deg/sec]
Case 4-5 20.90 [deg/sec] -22.92 [deg/sec]
%9 Casel-1D -8, (21.2Nimm)
20 - Casel-2D,-8, (28.62Nimm)
15 CumioeD 5, i o)
g 10 Casel-5 D -S, (43 443Nimm)
g ol o
& 10|
< 15
20
25 T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18
Time(sec)
Fig. 12 Casel simulation result of yaw rate
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Table 7 Simulation result of lateral acceleration

Lateral acceleration | Lateral acceleration
(+H)Max. (-)Max.
Case 1-1 0.4864 [g] -0.5639 [g]
Case 1-2 0.5216 [g] -0.5116 [g]
Case 1-3 0.5200 [g] -0.4964 [g]
Case 1-4 0.5197 [g] -0.4813 [g]
Case 1-5 0.5193 [g] -0.4806 [g]
Case 2-1 0.4884 [g] -0.5584 [g]
Case 2-2 0.5215 [g] -0.5114 [g]
Case 2-3 0.5192 [g] -0.4952 [g]
Case 2-4 0.5192 [g] -0.4805 [g]
Case 2-5 0.5194 [g] -0.4809 [g]
Case 3-1 0.4943 [g] -0.5165 [g]
Case 3-2 0.5215 [g] -0.5148 [g]
Case 3-3 0.5178 [g] -0.4973 [g]
Case 3-4 0.5180 [g] -0.4791 [g]
Case 3-5 0.5196 [g] -0.4812 [g]
Case 4-1 0.5044 [g] -0.5001 [g]
Case 4-2 0.5177 [g] -0.4950 [g]
Case 4-3 0.5166 [g] -0.4983 [g]
Case 4-4 0.5172 [g] -0.4786 [g]
Case 4-5 0.5195 [g] -0.4807 [g]
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0.4 4

0.2 4
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Fig. 13 Casel simulation result of lateral acceleration
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Table 8 Combining vibration results

ay (m/sz)
Case 1-1 0.002370
Case 1-2 0.002366
Case 1-3 0.002809
Case 1-4 0.003343
Case 1-5 0.003409
Case 2-1 0.002695
Case 2-2 0.002738
Case 2-3 0.003242
Case 2-4 0.003645
Case 2-5 0.003819
Case 3-1 0.003764
Case 3-2 0.003850
Case 3-3 0.004213
Case 3-4 0.004494
Case 3-5 0.004746
Case 4-1 0.005234
Case 4-2 0.005339
Case 4-3 0.005491
Case 4-4 0.006129
Case 4-5 0.006153
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Table 9 Experimental factor and level

Level
1 2 3 4 6
Spring
stiffness S S S5 S4 Ss
Damping D D, Ds D. )
force

Table 10 Regression model about response factor

Response . R?
factor Regression model (%]
Roll angle | y=117.014—19.927x, —6.825z, | 97.1
Yaw rate y=—"7.206+21.036x, +5.846z, | 83.9
Side slip |, — 100.836 —19.14422, — 4.728, | 70.7
angle
Ride y=—32.798 +6.26z, +24.824z, | 93.4
comfort 1 2 :
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Table 11 Comparison of the optimized value and
initial value at 5:5 ratio

Roll Side slip Yaw Ride
angle angle rate comfort
Initial 3.676 1225 | 21705 | 1.074
value
Optimized |5 | o7 1134 | 22150 | 1.082
value
Improve- 113 ¢so0 | 740% | -2.05% | -0.74%
ment rate
] e R
Col'r_l-p-:-‘a_l_le
Pomeman | vl
roll sreg
5T AL PS5 _\_\R‘“_—:-::
g | | N
sz83x2=2=2 |
aige su ™| I
srdeddEr [ T=J————
nge, com
ye T }?fi/ﬁ

Fig. 14 Optimal result of stiffness and damping at

5:5 ratio
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Fig. 15 Optimal result of stiffness and damping at
7:3 ratio
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Table 12 Comparison of the optimized value and
initial value at 7:3 ratio

Roll Side slip | Yaw Ride
angle angle rate comfort
Initial value | 3.676 1225 |21.705 | 1.074
Optimized | 5 14e | 1126 |22.935| 1.196
value
Improve- 4157% | 8.07% |-5.67% | -11.36%
ment rate

Table 13 Comparison of the optimized value and
initial value at 3:7 ratio

Roll Side slip Yaw Ride
angle angle rate comfort
Initial value | 3.6762 | 1.2249 | 21.705| 1.074
Optimized |5 o5 1224 | 21449 | 0.993
value
Improve- | 5 seo | 0.11% | 1.18% | 7.58%
ment rate
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Fig. 16 Optimal result

of stiffness and damping at

3:7 ratio
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