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Abstract: The practice of lightweight parts is an important research direction in the field of mechanical manu-
facturing. In this study, the suspension column of the Formula Student Combustion China (FSCC) BTR-X was
taken as an example. Based on the analysis of its actual force, the Altair Inspire Form software was employed to
perform weight reduction design and topology optimization with the goal of maximizing stiffness. The stress, strain
values and safety factors of two different design schemes were obtained under the condition of entering the bend
with brakes, and then their advantages and disadvantages were compared. In the best optimization scheme ob-
tained, the maximum effective stress of the BTR-X suspension column was 557 MPa, and the weight was re-
duced by 18.5%, thus improving the stability of the vehicle. Accordingly, the lightweight goal was achieved,

which has certain reference value for further improving the performance of FSCC racing cars. Finally, the 3D
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printing molding process of the optimized suspension column structure has been successfully realized by selective

laser sintering (SLS), providing a new route for the lightweight design and processing of FSCC racing cars.
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Tab.1 Main parameters of BTR-X

Numerical Numerical
Parameter name Parameter name
value value
Total mass 245 kg Height 1 080 mm
Curb weight 180 kg Front overhang 740 mm
Wheelbase 1 560 mm  Rear overhang 370 mm

1 160 mm Front and rear 45:55

Front track .
axle load ratio

Rear track width 1 120 mm  Centroid height 280 mm
Length 2700 m  nimum tuming g
radius
Width 1 350 mm  Centroid height 280 mm
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Tab.2 Forces and parameters of front suspension parts

Parameter Value Parameter Value
Fx 14553 N F 25249 N
Fz 17879 N r 2°
Lb 39 mm LO 50.8 mm
L1 70.8 mm L2 70 mm
L3 21 mm R 225 mm
B 79.74 mm rHBa 50 mm

rBDa 47.25 mm Fy’ 2 461.1 N
Fz' 18749 N FB 4 106.4 N
« 4.5° B 3°
Fy" 25169 N Fx" 14533 N
L4 11.6 mm L5 60.5 mm
L6 70.6 mm A 5.4°
€ 20° 4 3.6°
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Fig.1 Force diagram of caliper mounting seat
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Fig.2 Force diagram of the bearing housing along the

Z-axis
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Fig.3 Force diagram of the bearing housing along the
X-axis
P2 AiE 3 Sl R i 32 g a1 AR AR 52
FAFIT R A4
—-Fz'-L1-FBOz- Lb+Fy' - r+FB-L0=0
FBOz=FBOz'=(Fy' -r+FB-LO-Fz'-1.1)/Lb=16 143.3N
-Fx-L1+4FBOx+Lb=0N
FBOx=FBOx'=(Fx-L1)/Lb=2 624N
Fz'+FBOz-FB-FBIz=0N
FBIz=FBIz'=Fz'+FBOz-FB=13 912N
Fx+FBIx-FBOx=0N
FBIx=FBIx'=FBOx-Fx=1 186.7N
Fy'-FHy=0N



38 R A8 R

4k
4k

il 2023 4

FHy=FUy=Fy'=2 461.1N

3 BERIHEMRMK

Altair Inspire P #8452 T 2) G838 K 19 Altair
OptiStruct Ky , & — 20 Tolk 56 i 19 28 14 FiE
LME# I 2 ek B ok as , © ) R T Tk
AT S A A BT 0 AN A TN T 9% 55 A AL
L ROk UL AL BT AR B AR AL AR
PF R ARG = AR oA B AR AN [F) %8 1 ) £
BRI AR . — ek i3, AL Altair Inspire 3K 3
05 R BN BT 7 M LA TF LA P8R 1) B4 alithi A
BEARY;2) TR AL AT 53) B AR N B BB FT 2 17 54)
PEFARRYIE AR S) BATERE ;6) FFAE ST
9 CAD JUM SRS o #0485 A8 DI Ak %) R A Dt 3 AR
TA BRIT o B 5 fe /N RE UL BIDXS T — AR E Y
AT RN B AT, S TE S A T KBRS S
A e R PR b D L FRE | O 1 4540 R 15 2 05 Y
W BE RIS BE o ASBIF 98 LA SR ST A 1 0 2 WL e K
ek B s, PLBE T2 AR B 8O0 20 o) 25 00, FL A
A S5 B B TR S R,

FindX={x,%,%5,*,0:] e Q

mmCQQ:%U%U (1)

N
st Y V(x)<V
i=1

F=KU,0<xpw<t<x.<I1,0=1,2,---,N) (2)

o X B Q iR NES C
KLU RS ALHR K W EEFE [ F Ry 28 ar 5E
M,V (x) AR TR AT pR 80, V' o PR AR BR il 70 A i
NI xy, BT RN BRAE  x MR
i R,

T Altair Inspire (JUEAEALER A AIF 5 1Y A 42
SEAEAGAR S50 AR S A

1) BEATR 55 O A% BE < iy T 208 FH 0 38 22 42 5 1)
OIEEUN I AEBE TSR, 75 S B R
5 SR BB AR AN S AL AR R T BT R
TR EE T G AR 02 LASL/ING ) 32 B A AL R
B 1) BTt B A 5 2) R TR BURE R AT A 1k
MERE4, LIBUN IR IART R ;3) T U=
)T B IR, A DR IR T 0] HEAT 22 26 o B A AT 32 T
B 22 4% W 25 ) 28 2 S H 32 H ST AE FVFG 1) AT [
1M EXF A A ST A SO RIS AR IR AT S A A

(a) (b)

4 RAEUAEBRIFEHERTAN
(a)BFARS T ; (b)RITTESME; (c)E—EHT1;
(d)E—FEHE; (e)RERH

Fig.4 Finite element analysis of unoptimized front
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Fig.5 Optimization results of Scheme 1 and its CAE
analysis
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Fig.6 Analysis of optimization results of Scheme 1 and
Scheme 2
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