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Abstract : This study has been carried out in order to improve the rolling problem by enhancing steering stability
compared to the 2021 Student Car of the KNUT EV team for KSAE. Among the various factors affecting steering
performances, it was focused on the height of the centroid of weight, the motion ratio, and the spring deflection. In the
2022 Car, a pull rod suspension was used to reduce the height of the centroid of weight and designed with a structure of
the rod and rocker to satisfy the target motion ratio. The spring deflection was testified by ADAMS and ABAQUS
analysis, and the spring stiffness was selected at 3501b/inch and 4501Ib/inch for the front and rear wheels, respectively.
As a result, the rolling angle of the 2022 Car was reduced compared to the 2021 Car, and the rolling phenomenon was

improved.
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Nomenclature

MR : motion ratio [mm/mm]
k : spring stiffness [Ib/inch]
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Rolling(£ %), Pull rod suspension(¥ ZZ= A1 23HA4), Centroid of Weight(F-7]1%4)), Motion Ratio
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Fig. 1 The photo of 2021 Student Car and the 2022
Student Car for KSAE
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Fig. 2 Comparisons of: (a) Push Rod; (b) Pull Rod
Suspension
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Fig. 3 CATIA Model for the 2021 and the 2022 Car

ol

=)
1
Gl
N
mN
of

b A 5% b= st
915 ool & A ofat Aol 7
Ak 2 27 213mmAE 20213
O0mm7} 7F43}o] 162.7mm7} &=
2E qAfdoR AT B

|

1o
=
o =
ok
=
ol

(

>
Hr
o
™ Rl o
o

-
0!
(94

4 -
o =

oW HT oN o rlo
x°
i _IO
e

O e v o

rLI?L‘ l-uO
i 4
o)
32
T

22 23H| ==

APA7L & 22 AL WA Ao
o] BAFAI L WolA A gk 3D A A ZEo} A0
22 Aol 23] L1 7E GaFS wech L5
of utet W7o Aot gelo] AR, &%
HI7} 0 @HgAlo] AHgsHe gelo] wotx7]
uf ol o HAE FAT S 9L, B The e AES

221 2=} 27 Zo| MH

53 MR ¢S AAst7] 918l ()= Solf 225
o] At = 5H F3x o]l 10mmY WS MR 715 A
ARSI Tt CATIAC A @M R gl 312 487N
ol AxF A4 kE BHotL Q= 22" F 7MY

7340 w2 350lb/inch (61.3N/mm)Z A4S

MR 752 0.798 % LHE}SETL
Compression_ sprung mass Xg . . (1)
Length MR ’
X1
X2
(C)] (b

Fig. 4 Design variables of: (a) X1 and X2(length between
pin holes) in rocker; (b) X3(length between bearing holes)
in rod
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Table 1 Combination set of design variables of rocker and
rod(unit: mm)

Front Rear

First try Second try First
Rocker Rod Rocker Rod Rocker Rod
X1l | X2 | X3 Xl | X2 | X3 X1 X2 X3

113 95 | 274.1 | 115 | 93 |273.8]| 95 70 | 225.7

Front Rear

First | Second| First

0.82 | 0.85 | 055

Fig. 5 ADAMS model for dynamic analysis and MR value
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Table 2 Spring deflection of the ADAMS analysis
(unit:mm)

Front Rear
350 450 450 550
Deflection 13.7 7.8 20.1 12.2

Spring Constant
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BEAM_STRESS, Mises
(Avg: 75%)

+8.875e+01
+8.135e+01
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Fig. 7 Stress analysis under slalom motion(18km/h)
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. R: 550lb/inch
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Spring U_Stiffness

Spring U (mm)

Fig. 8 Spring deflection with respect to analysis cases
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Table 3 Spring deflection from ADAMS and ABAQUS
analysis
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Fig. 9 Stress analysis results under slalom motion
(40km/h) for : (a) 2021 car; (b) Max Beam_Stress, Mises
of 2021 car; (c¢) 2022 car; (d) Max Beam_Stress, Mises of
2022 car
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Table 4 Comparisons of rolling angles for 2021 and 2022
cars in slalom motion (40km/h) (unit: degrees)

2022 car 18km/h 40km/h
Deflection
Front Rear 2021 0.03 0.2
ADAMS 13.7 20.1 2022 0.024 0.14
ABAQUS 17.7 16.9 Difference 0.006 0.06
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