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Abstract: [Objective] Aiming at evaluating whether the structural performance of a passenger- vehicle front
suspension lower control arm could meet the design requirements. [ Method ] Firstly, the lower control arm grid
model was established based on finite element technique, the modal analysis results showed that its first three
modal formations were obtained. Secondly, the force and moment of the lower control arm were extracted
based on front suspension dynamic model, the lower control arm was strength analyzed by adopting inertia re-
lease method, its stress were obtained. Lastly, the thickness of lower control arm was parameters optimized, so
the optimal structural parameters were obtained. [ Result] Its first three modal formations were outside the ex-
ternal excitation frequency range, so it could meet vibration characteristics requirements. Its stress were lower
than the material yield value, so it could meet the strength performance requirements. The structural perfor-

mance of lower control arm could meet the design standards after optimization, its weight had been reduced by
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12.5%. [ Conclusion ] The analysis method could provide effective reference and reference for the design and op-

timization of the similar product, it had very important practical engineering significance.

Key words: lower control arm; modal; frequency; strength; optimization

Citation format: YOU Y Z, ZHU H Y, WU G D, et al. Structural performance evaluation and optimization
design of a passenger-vehicle front suspension lower control arm[J]. Journal of East China Jiaotong University,

2024, 41(6): 106-111.

[(BFRE LG B2 AR G 4 A EE 222 A
1372 g X ST R BE T O B i o A T SO o
S T A2 I AR 1) S5 A% F R P i BR A
TR 55 AR MR A BRI , e 4T Bl i rh R
322K A AN T3 1] (9 3 FIHLAE, AT 8 51 36 5 o AT
24, LA R VERE B R A A TSR PRI RR E A
5[] F 254 5 B A A B T B TR A ki 3
JIE, PRI 2 B i B BAS T B R A
BEALEDR

(BT R [AHRT AR R BT A X B
P AT 9 R O B, X AT S AL, R
WL TSR EOR . RRERRAET N TR TR TR
)RR, FE TN BV AT BROTRE AL RN AR AR 5l g 24t
X FLHEA TSR B BN G AR, O BT TR
55 A7 N , >R FHAE LA & X AL f it
REAGE T RICESHSE, RN T 6.5%. 1R
WA 1R T 8 N7 1) 22 i it B AT IR T AR Y
AT, A2 T R R ) A ARSI K M
HIR AT HA, A S TR L. Song 5173
911 SR P W 7 T A0 PR 5 T AASE TR ) 13 kA7 %2
FIAREE AL MM, XFEE T A5 V5 B SEBRBCR

(BB ] T 42 il o 9 $ o S g
CRSEZUNsIpIE S S Y NE e e FU N S g R
BRICT 28 A1 i U ) R o [ DRG] 145
PR IR B T 42 B I S5 PERE , BOC R T A
BROCTT RS AT [ A2 B, BRBUHIR s
AR IR, P R R SR AT 30 1 22 5 B A
et ) ARG R iR B2 4 ) R, Ao HE A 50 B 5
L XSS, R m i Bl RO H A

1 TEHEESEEITE
1.1 BEDHEE

TR S P R SR L B PR
AT, TR RS S

MXx(t)+ Cx(t)+ Kx(t)=f (t) (1)
Krp .M, CFLK T 45 1) Joa R BELJE S R
FNIBERERE 3 x(6) A £ (2) D461V A AL ] 120
AnF 1) B
1 3 fe L 2R 4o RIS
(—w2M+wC+K)x(a))=f(a)) (2)
s o 1 x(e) 53510 4 R 1 1A 4805 S O
PR,
1.2 EIHRTEDR
SRR PRl R, EE 1.6 kg,
LRSS A5 R G2 , AP S 5 5 ) Y AHE
B S A = iR AL S A Hypermesh #4510,
TR LA T AT BN R AL , B BR X 2544 1 RE R
Ml 8/ INR R FIARRAIE o Fh i T 35 Ah 3R 1 &2
Z, M DL 7S 1A BT AR, SR 3 mm 1Y
CTRIA3 HTXHHL R A T R4S S 43, 51 FL (e
NRTER T 1 mm, i KEEIT/N T 4 mm, K FE H/NVF
4 UM EE/NT 1S /N T 45, 885 A i w1
&R TG ., T ¥ AR R A6082, HL B A
7.3x10° MPa, JHFA HE 4 0.33, % B 4 2.7x10° kg/m’,
JE A A 300 MPa, G132 45 701 [ 14 () A1 R B L g
IR T sl DAL ST s il AT PR T R A A5
RGN 1 R . Horb g BT AR 145 1234, 1
HESE34 3184,

z
y&x

1 TEHEBRTMERE

Fig. 1 Finite element mesh model of the lower control arm
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Fig. 2 First order formation of the lower control arm
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Fig.3 Second order modal formation of the

lower control arm

B4k Nl A — ISR, iR 4 W],
TRV IR B R A 198.7 Hz (1) — Bt %
RS, I AR B LA TRIZ , S KRR 4 59.6 mm,

1236 FH 4 shFIL 2 A 800 r/min, 3 i 4 55 H))

Displacement/mm

59.6
[ 52.9
46.3

39.7
33.1
26.5
19.9
133
6.7
— 0.1

4 TEHBEE=ZMESRE
Fig. 4 Third order modal formation of the
lower control arm
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suspension dynamics



5 6 3]

WeakE, A5 KRR AR T A PEREITAG S Lt Beit 109

SRR b oy AR I, A A , DA A T 3l A
5 BT, e A5 BN P U i A S RS A
SAEGN ) il Bl A 1) 2 25 e [ Bk S A FR T30 R /Y
SR
22 BESWER

FET T HVE A PR T MRS A AL fin 2k 42 By o
RV, >R MR ik 1o Xo JHL 4R 4 o B Mk e
L, DUHCERBCT 58 741 00T B9 17K Pl
i}

\

)

Pl 6 o T 45 O\ i 3l T R R ) =
AT UL B 6 mT AN, T g R B KN
260.8 MPa, fii T T # il & Hb A B i, iX & T4
T AE ) Bl I At ey A A S A B ) A7
il NS

Stress/MPa

260.8
[ 231.8
202.8

173.8
144.9
115.9
86.9
57.9
29.0
— 0.0

Elo THEHBN@MGIZTRENNEE
Fig. 6 Stress nephogram of longitudinal braking
condition of the lower control arm
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Fig.7 Stress nephogram of lateral turning condition of
the lower control arm
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Fig. 8 Stress nephogram of vertical jumping condition of
the lower control arm

ZE LRk, T e TR 3 MR PR TR e kK
N 735 /INF 1R IR A, U5 2 5 B R RE LK, R
TR AR
3 fiigit
31 s HAEE

T AT T A VR AR M R AR FE M RE A AT T
L, HEEM RIS —E I , FT RAEA 738 S
W, DA P U 0 AR R A (W) 46 (B4 8.0 mm)
YE R, 8 TR 0 E R RN HAR R
B, B Lo B e R 17N 300 MPa IS — B s
KT 110 Hz AR AR &AM, 5 ARHES HE s s
BRI TR RCE R RE P AR R AL
i o PRIHEE T Isight A5 BRI SE AR S HEF
BRI P U R AT A kS
e, AT B T HVE A IR B RN 7.2 mm,
32 RUHDWER

K9 ML ZJE TR S — iR, &9
AAL DAL Z J5 T 2 i 5 — BB S 4y 110.5
Hz fF A A8 VEREZOR , AR B RMERAE I, J5
SRS, e KA A 54.1 mm, S, 4k
ZJE MR SRS 410 149.5 Hz
F11184.6 Hz.,

B 10 WPz J5 T 4ol A ey il sh T 00 A0 1
H=Wl. W MEE 10 nf 5 Ak 2 05, T sl



110 R 2l ok

R 2024 4F

Displacement/mm

54.1
[ 48.1
42.1

— 36.1
30.1
24.1
18.1
12.1
6.1

— 0.0

9 MUBTEHEE—MiRE
Fig. 9 First order formation of the lower control arm
after optimization
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Fig. 10 Stress nephogram of lateral turning condition of
the lower control arm after optimization
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Tab.1 Comparison of parameters before and after

optimization
Before After
Parameters S L
optimization optimization
Thickness/mm 8.0 7.2
first order Frequency/Hz 115.3 110.5
Maximum stress/MPa 260.8 294.5
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