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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 557.4 MPa, and the weight was re-
duced by 18.4%, 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.l1 Main parameters of BTR-X

Parameter Value Parameter 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
Mini .
Length 2700 mm| — mumtming oy g
radius
Width 1 350 mm
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Tab.2 Forces and parameters of front suspension parts

Parameter Value Parameter Value
F, 14553 N I 25249 N
F, 17879 N r 20
L, 39 mm Ly 50.8 mm
L, 70.8 mm L, 70 mm
L, 21 mm R 225 mm
I 79.74 mm THEa 50 mm
Toin 47.25 mm F/ 2461.1 N
F/ 18749 N Fy 4 106.4 N
@ 4.5° B 3°
F" 25169 N F" 14533 N
L, 11.6 mm Ls 60.5 mm
L 70.6 mm A 5.4°
& 20° 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
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(a) Load constraint  (b) Design space

distribution decomposition

(¢) First principal (d) First principal (e) Safety factor
stress strain
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Fig.4 Finite element analysis of unoptimized front
suspension pillar
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(a) Topology optimization (b) Safety factor

(¢) First principal strain (d) First principal stress
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Fig.5 Optimization results of scheme 1 and its CAE
analysis
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value diagram of
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(d) Safety factor (e) Safety (f) Scheme 1
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(g) Scheme 2
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cloud diagram cloud diagram cloud diagram
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Fig.6 Analysis of optimization results of scheme 1 and
scheme 2
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(a) The 3D model of the

suspension column

(b) The STL model of the

suspension column

(d) The digital photo of

the 3D printing process of

(¢) The slicing process
of the part
the suspension column

(f) Top view of the

suspension column

(e) Front view of the
printed part
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Fig.7 Optimizing the 3D printing process of the suspension
column
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