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Abstract

The Baja SAE China Competition, organized by the Society of Automotive Engineers of China, has
been held for eight editions. This event is highly valued by undergraduate and vocational colleges
across the country for its professionalism, competitiveness, applicability, and entertainment value.
To design a qualified race car, the steering system is crucial, as its stability directly affects the vehi-
cle’s handling performance. This paper, in accordance with the competition rules, designs a steering
system for a Baja race car and conducts a mechanical analysis of the trapezoidal mechanism. The
geometric parameters of the steering mechanism are also optimized. Simulation results indicate
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that the material and structural choices for this Baja race car are rational, allowing it to handle
rough terrain, emergency braking, and vehicle slipping. By modifying the trapezoidal structure, the
actual Ackermann curve is brought closer to the theoretical curve.

Keywords

Baja, Steering, Stress Analysis, Ackermann Condition

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0

1. 5|8

H [ER 4 TR 4 UG K 38 (Baja SAE China, #iFR BSC)2& — T [A1 AN FHGEAL A HR M B i v 2 S AH 5%
AR AR SEF, X TR AR SIS FE . 23875 B\ 75 12 R 8 3 00 AN 38 25 1 i A
#E, FERE I (B N AT S — B0 5 B, BT liE — s e N T 42 . R IRor NFR S BN ATH . H
BNASTH DU a5 T M Bk, S LR A K 4 /MBI RS . T REAESE S REL
BRRRS, —GFREM . Btk WAt BN IR EIRIE. EHp, B RGeEFRRE
B FeoE YEE AT, HE N (1) ERESURIR R MAT 18], 456725 5 53 n] DARR AR B O AN AT B 55 SR
FRIGHRIE M. Q) AT T, EAWRIEE. BRIEDIRILAE AR B R M, I ST, iR
R MRARFRR B AT RAS, REAT R A FERRREMAT B E M.

EASIRAEMEE N RA FBA . RPN . BrEshibig. =ZFHWs— A2 md L
B . (1) B REEANINY, X0 F BT AL B M st TR ETFS5HNAGEER
BRI (2) Fem#s, Fim REMZ O, ER T R S A N R L . TG EE R, W
DR [ 25 R A e 1 2k A Rl 38 o R AR SOR IRV R Ei M . (3) FEIaLZhpLI, FE1a L3 pim &
BRFEER A Hr s BRI E S FrhE R m S s st s 5. mid RS
K, PTLASEILEE A 0 LR R

ER IR N RN B R, RRBFRGRERM L BARSG, FIWWEERNE AL %5
TTHETE . BRI T M, B Sek ) REM B, M L. RABBS R T WM EH UG Bt
R R AR, SR T “Top-Down” it ik, ZikE BN, oA SR, HA
B FEAE, AR R T RS SO E . R0 B 2% KOoE RS 1R 55 ) . 4% 7K A 45 [2)0) 5% a6 % 1) AR
P R AT T AT AR, R MATLAB # R 46 Ackermann %% 7] ¢ R o 42 R 25 3106 7E R &
b, R E R TR T SR B, AT ANSYS BPE X ) BT b, BRROR P B T
(I N = vl ) AR = B L TP O B v % 1 AV (R & 2 A - IR R R UK R b 4 f A
XU e B 5 (4]0 & 3 T8 ADAMS/CAR 547 B30 X0 2 0 0 A7 6 1) It R B8R 07 B0 . 0F 0 0 2 42
Wi ERe. BERS. RIGFMAS W RS EWHARMMEEER. AR XSH LRBR, 446
TR IR, R BRI AT R, ARSI, B-ET, 5l 5. BoET,
BB TR, ARENRFARITSH. =57, B RGEE. HIZEST, #4E ANSYS
PR E. BHFET, H ANSYS WA LS MM EATZ 1. BBNT, X% ek 04T R
o ELEY, DEMEE.
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2. FERHAR

EG R AEAEFEIE EAT BRI I 2B B . R RS E R MG N TR BATEN, $EEAR
T I8 3 I B WO AR FIRB TN o Wt 2URE BRI AAT =DM (1) PRI A th— R 1A
Sl i T 20 G S ) B AT R F AR R 107 b, RIS Fe Ve A i N BT B AL ia 2, AT
(2) EEF K-SRI BINI & . XML A RERS T IR — 22 58 4E LN Bkaliet, 75— R e A 2 2 3
SN (3) ATLURGE LLARMIBRIE NG DL, G W B L B TE S B (% WO T AL B R B A AN
KAFF)RALH 7 RGNS AT, RN W 2CHE FORS LA A et e S0 3t /) oK 2l 77

FEHIEIX N A e, AT/ ARG SRS BT % 1

Table 1. Front suspension parameters for steering design

F 1. EERITEESH

B ZH
9 0 20 6 = A 5 b T A2 2 T £ 2 1177.9873 mm
Ll 1410 mm
A B —22.9 mm
A 0.1 Mp (1 bar)
FAH A 10°
EHJE A 6°
TR M 1°
R ES 279.4 mm
B NEEE AR E 3500 mm
125 b R B 330 mm
FRER =) 205 kg

RTARERRE AP, R 1A 2 UG i 2 DR EL 1 SRR IO A 1 . BRIEROBUMR S B 1
] BURIILEE A . IR SE MR AR B R A S5 M i OV G SRR g A — 2 ik,
o, BAEN G E NS BOEFORIE B S IRYEMEE . R B SR NS AR, S R R OREE

£ 0=24°,

R LU FE BTG ) oK, BRAETONS 25 TE I, A i 25 1

G5 LTI RN B, fEesh

EE AR/ L B 2645, AEAR S oAt 42 BAAE M AR S EE IR 250, o P LRI BT B B AL B L 4.5:1.

CeVH B, R 1R AR BT ST T A A R R R R 22

Table 2. Summary of steering gear load and various steering torque data

2. BERHFAAEESMEERIELE

B H 4475 B H 24

FELEHI ) J5 L ) 31762.35 N-mm
Heah7 S T EN R KT 5228 N
WICIES PN R 8292 N-mm
LR THIpAN P NAN 273.57N
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Table 3. Summary of steering gear design parameters

3. HEERRITESRLE
WHRITH A4 TR WIS
ik 20
HEE 2
Eapi 20°
VT R AL 1
S 0.25
AT 2 mm
VAR & 2.5 mm
g 4.5 mm
W B 24 mm
it G iR d >2.99mm
Table 4. Summary of steering rack design parameters
4. BEEFRITESHLE
WSk THAA TR WIS
(L R 2212
SRRk 2
2k 1A 20°
A 2 A T g 2.5 mm
AR A 6.28 mm
[E SRt 3.14 mm
WM TAE S 4 mm
ok Ak 4.5 mm
WRKE 75.36 mm
2k U 19 mm
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Figure 1. Completed model of steering system gear shaft
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Figure 2. Completed modeling diagram of the steering system rack

B 2. #ERGEFEETHE

sk
Blowvsst

8 o= mldh &

Figure 3. Completed assembly of steering system
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4. ANSYS (HEigE

NFAARAT FCHERR I, A SCAE ANSY'S Workbench HX #4158 o (58 AT 25 BEAT T 3 )14 Je ks 112
oy, WEMT.

BRI SR 22 BRANTE I 7 22 1 B K/ INRAAE (WS A BRELEL) o AORMI N 2 1a] R PR S A
)T 45 SN ARBEEE 355 MPa), ih5e 1A 25 20CrMnTi (Ji 5% 835 MPa).

WRRE KI5 SR DU TR RS o #EAARSE 1 mm, NS XIEAIE R 0.5 mm. sl FIERL, O M

AF G PSR T S ST A (B R R MR S R, A7 ECR AT DASRT AR BRI . IR IR B
T it T B A AT 521.55 N B aih 3 LHiss gl v 77 416.97 N ZE43 % T34 il e /7 10271.3 No
WA 2% U 25 R i S OR B 2 1)~ 1) bl B o ZE DGR it 1 7048.2 N-mm 3645 , U THI BE %A (41 0.15).

RFE: B8 BES3 1% TR M A (AP K 0.001 s). R BHRRS, )
ISR 72 0.5%

5. XEEERBHN D5

SEREAE TAESG, A% OB AT 52 J1 508 X B G SRS AT I 5, FRAT T 7 =R i)
IFIKERTHT: (2) BaWIBh: (3) HMEHE. TEIRIKEST BAT R WA S B0 W T, HEEREM
JIEICIE R a4 3 45 P 1) 7 R B AL 1) BT, B 1) ) HE BT A G, = 305kg x 9.8N/kg x 45% = 521.55N &
Xt B8 o) R IS g A A R ] 4

k2]

RS (Von-Mises) Fih
BB MPa

il 1

20241117 1549
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22038

19284
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55.096
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8.6636e-5 B/

Figure 4. Stress analysis of the steering knuckle arm on rough road conditions

B 4. #eT B EIRREE TR TR DS HRE

ERE AL LI I S OB . RSN, A B2 3) T THUE e POy E W, £
SRHIB) TN 2 2 B IR TR B R 1R, 2 2 B R A F I se (] 5). AR AT
) S AR 13T — N KA HEA A F, =G xp=521.22x0.8 =416.97N , 2\ : o NI ZEE 0.8,

TS SR MR R W AFAEYD . BUKSE S FhRRG, M1 LWIMEL T Kl ) m R ok, S 8uidsae
JITNFE. MRIEN, B SRR TOURR A, TEIER 0L e 10 1 32 52 30 250 44 38 1) 2 B 3K
fir SR B e S AR (5 6) WS Bl [ A D HEAT — N RIS F, = fxG xtanarx139.7 ,
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Figure 5. Stress analysis of the steering knuckle arm on emergency braking conditions

E 5. #ETBEARSHH IR THRASRE

A S
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B MPa

B 1
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Figure 6. Stress analysis of the steering knuckle arm on vehicle skid conditions
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F =M, xn=8202x85%=70482N -mm . 2\ H': M, NN T M8 BOREH n AfEIE SR 85% ,
A ANSYS workbench FEZS 7P i He . TSk EAT R 300 T AR 4 Ran N 5] 7:

A: B

s

R SH (Von-Mises) o
By MPa

A 1

20241116 108

28753 Bk
87781

76308

6583.6

54563

4369
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2194.5
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Figure 7. Stress analysis of steering pinion and rack during meshing process
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FERAT R 30, R 5, AR 0 b 4 R HEAT S 4 -

Table 5. Summary of stress analysis data for three working conditions of the knuckle arm and gear-rack meshing

%5 BENSHIRSER. HEEANENATEIERE

& LA FR & THU NN A R BIFE MR IR R
U 2% T 25.285 Mpa <355 Mpa &
g tilb)| 29.805 Mpa <355 Mpa &
TSRS 130.62 Mpa <355 Mpa 5 &
wike. &M% A 168.2 Mpa <835 Mpa &

PEehs 5 G5 R, AR =R LA e 1) N B AR K B OR R F) 0 130.62 Mpa. B 1a) 198 BT FIATRL
45 54N, SRRy 355 Mpa. JU dHt AT DAUEEA T B it S B, A SR R

WRIEFRM 5 WTAEH, R, ARKASLRERN 08 168.2 Mpa. %, 2RI RIM RS
20CrMnTi, Ji R 835 Mpa. HC AT DLAIBT A 5e . skt & 3], BB 2 2B TR . [F
s AT ECF ORI B N A i S v X 3 B P AR S e BT (AL . R DRI SR R X
BUEMG S AL S ks AL . H RN IX I BLRI T, AP a2 g k.
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gyeh, WERIZ RSN, e aa Ol f, SRR TSR R RN . B v 2 AR AR AR B A, FRAT
AR T2 Be G 3R 4 0 2, FIRAFEAT AL . SE A EL3RR s, BRATRRT 70 8 RN 35%. KIS
BEANRFTERKE L PR b BRIEA y, JAOTDGSEGET RE IS, SHSEE 6:

Table 6. Optimization parameters of the trapezoidal mechanism

= 6. BRMUSH

RSt ZHHUE
B N 90 mm
L h 135 mm
BT A y 115 mm
Bil 5e &2 2 Ry 35%

DAL HT & AR 3¢ & 2 40T ]

35 LRt i PP 35 WS f 2 TR K 2R
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Figure 8. Comparison of Ackermann curves before and after optimization

B 8. fLiLnl. s 2Lt E

WE 8, (ERMACZA, SMECEEHIAT] 20° LA IE, PUROEE i H B R B TR B, B U s
00 o P 5 TR e [ U BRI S K . ARG IS IS, WU EH, oM fik ) 20° DL LR, Py
BRE A B T A E, SER T 3 RIARAL .
7. RERRE

A EFEYRA T A IS 1 RGBT SRR . B A S I R AT 45 SR T T T
RV BB NS AT, 5, 58 UG SIEE S, Mgt
B T B RGN SRR, 5w i R (T . FERSRLE R, T T B R, It
SPRIALHEAT TABIE, R T MEAUR AL RS i o

PENRACIR T IS, AE 05 [0 T RAT T 8 155007, L T 2R W IR B TR AT B . 5 A3 AR
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DOI: 10.12677/jsta.2025.136086 892 e IR A 5 8 FH


https://doi.org/10.12677/jsta.2025.136086

N

ANSYS [l Jy 2R, 0 58 AR 2 G A B b AT 1 4RECHIREI AT, WSS 1838k, BE AT M
T RIS E B . Bn, IRIERT SR 2R, BRI AT . TS, BATRHRIEE 18
SR, NS, IFIRERRAL AT TAE.

E&WE

FA TR 2022 ESEEHAORTEIRAR T H GRERIIZHEoR) (H S S : 2022XIYYS11).

SE

(1]

SAhs, XPEE, £, UK. UG TH Wit ik RIEER R W R =4 B TR IR T IREE
£, 2021(7): 107-111.

2K fE, RO, B, 5. BRI EREBRTEE SRR A 5RIE, 2022(0): 1-5+16.

R, TEW, LR, #uH. T ANSYS workbench FE WS ZE 425 (M) 1 & 1 52 0 W (0], TRZESEHEIR,
2019(7): 46-47.

X, RERE FEk, IhEH, ZEM. 5T ADAMS/CAR (% SUV K G458 90 Fa 5 M7 2236 20T K AR
W T TR AR (A SRR EAR), 2024, 43(3): 333-341.

DOI: 10.12677/jsta.2025.136086 893 e IR A 5 8 FH


https://doi.org/10.12677/jsta.2025.136086

	巴哈赛车转向系统的设计及优化
	摘  要
	关键词
	Design and Optimization of the Steering System for Baja Racing Vehicles
	Abstract
	Keywords
	1. 引言
	2. 本车设计方案
	3. 转向系统建模
	4. ANSYS仿真设置
	5. 对转向模型的应力分析
	6. 转向梯形的优化
	7. 总结及展望
	基金项目
	参考文献

