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Dynamic Modeling and Balance Control Method of
Non-Coaxial Two-Wheel Unmanned Platform

LIU Jinghao',  YANG Lu'?, ZHONG Yu', WANG Wenshuo'
(1. School of Mechanical Engineering, Beijing Institute of Technology, Beijing 100081, China;
2. National Key Laboratory of Multi-Perch Vehicle Propulsion Systems, Beijing 100081, China)

Abstract: Non-coaxial two-wheeled unmanned platforms, such as unmanned bicycles and motorcycles,
exhibit strong nonlinearity, tight coupling, static indeterminacy, time-varying characteristics, and
nonholonomic constraints. These features pose significant challenges to the design of balance controllers
under time-varying disturbances such as complex uneven terrains and lateral winds. This paper focuses on
an unmanned bicycle without mechanical assistance as the research subject. First, a dynamic model of
the narrow-track non-coaxial two-wheeled platform was established using the Chaplygin equation, and a
hierarchical closed-loop control strategy was proposed for platform speed and steering angle control.
Subsequently, based on the dynamic model, a linear quadratic regulator ( LQR) and a proportional-
integral — derivative ( PID ) self-balancing controller were designed. Numerical simulation results
demonstrate that the platform can stably maintain autonomous balance and exhibits a certain degree of
disturbance rejection capability. Finally, experimental validation of the unmanned bicycle’s circular
motion balance controller was conducted using the STM32F407VET6 microcontroller, combined with
inertial measurement units and drive motors. The test results further confirm the effectiveness of the

proposed hierarchical control strategy and methods.
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Research on Adaptive Cruise Control System of New
Energy Vehicle Based on Model Predictive Control

LONG Yongjie
( Chengdu Industrial and Trade Vocational Technical College, Chengdu, Sichuan 611730, China)

Abstract: In recent years, due to the increasing number of safety accidents caused by improper driver
operations, the reliability of vehicle operation has garnered significant attention. The adaptive cruise
control (ACC) system, often referred to as the eyes of intelligent driving, is a critical component of
vehicle-assisted driving and plays a vital role in enhancing driving safety. This paper took new energy
vehicles as the control subject, established an inverse longitudinal dynamics model of the vehicle in the
Carsim software, and designed a three-dimensional fuzzy controller based on a three-dimensional fuzzy
control strategy. Using Carsim and Matlab/Simulink software, a joint simulation analysis of the vehicles
driving state under three different conditions was conducted to verify whether the distance between the
host vehicle and the preceding vehicle is maintained within a reasonable range, thereby ensuring driving

safety and improving road utilization.

Key words: adaptive cruise control ( ACC) ; co-simulation; spacing control; dynamic model
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Design and Bench Testing of a Seamless Shift
Transmission Using Planetary Gear Set

WU Zhixian', ZHANG Xin, WANG Jian, WU Lei, ZHANG Quan
(Tsingcci Automobile Jiangsu Co. , Ltd. , Suzhou, Jiangsu 215000, China)

Abstract; To improve the power performance and fuel economy of electric vehicle transmissions while
ensuring uninterrupted power during gear shifts, a two — speed transmission design scheme based on
planetary gear sets was proposed. The transmission’ s brake and clutch form an integrated linkage
mechanism through disc springs and hydraulic devices, simplifying the control logic and fundamentally
resolving the issue of power interruption during shifting. Based on the parameters of a transmission
matched with a certain pure electric off — road vehicle, the design and trial production of the transmission
prototype were completed, and a transmission bench test platform was established. The test results
indicate that the transmission can perform continuous gear shifts under load, with smooth variations in
speed and torque, and no power interruption, demonstrating that the design of the linkage mechanism

between the brake and clutch of the transmission is reasonable.

Key words: seamless shift; planetary gear transmission; bench test; electric vehicle

K5 178 1

FTE S B R0 B sl AL s R GE h AL LA
[0 7 DR Ay LB X A% B R G s s AL
PERE, HEEW R EASHIIRET R, N TR sNIA
FIRBI AR B S vERE, HAERHmE IR KR
AL Xk = AR DS HLRA
FfE, AR QRSN AL TAERSCRAR, B R
PRI HHBAAR G s QR AR, KL
SRR, AR K s b . B S

WFs EEI: 2025 -04 -09
&R

TR BB SRS, 1 98 X B SR R P RE
DI RY S TE /T =N Bu ek PR Y| B U 5 S 7
1o R B PRI C 2 U AR K T [
HEL 2094 R P P ML [ G 3k Ll 2 1) 05 A
— MR FV AR S SRl WRR A T A8
TIPSR, BN AMT 254, MR AENGE
TR B IITERE, (HJE 2 e AL AR R T A R T
P BRIk R s DR B A R B

wakde (1986 -), i, Wit BEFEIrm N ENE s 58 0%,

Received: 09 Apr 2025/Revised:05 Apr 2025/Accepted:28 Apr 2025/Published online: 25 May 2025/Printpublished: 25 Jun 2025



B2l

Database-Optimized Version

FBSEAE A7 B HES AN sp WS AR BT % 5 2RI 13

AN F S e A RE A AN P T A 3 A 4 1
NRTH R B I T G

FIRTE NSNS 3 1A A s g 254
B NP —JORAT RN, Wi — e
PIAAT R R, Bo oG A ol i Bl fe e AR
JEHS AT AR 2el. {8 FEV 227 2018 4F4E
H R TR R T R HE R P P AR A, BT
Bhar o B AT AR ARSIl /N KB
B, ViR AR ORI AT R HE R B PR
AR, #RRENE L RE 1w shay, R
. ATRER, R =M A Z BB E A
P IRV, T T AT E LA
I LR R R, PAFMA L, @A B A4 E
AU, SEE AR, J&T DCT W &2
P I EMERHEIF R RS A AR R, AR
AR ARANHELL A PIRY DCT ASigs, AR RS R G
T, H— B a g s — 1 E S
B, ITSEIR Sl SR sy

EAPIR RIS A R S AR, BARHRRE
bRl T3 AN R T R, (LR T A T S O I
[ NNIRGIE S TP SE S C SN =S PUlL RS BT 1 E
TS e 2 ol A2 O R S I IO, o AR
ARSCOVH ) — P TAT AR P AR A, 27
AR SN A% . B B SR A Y A
—EHRE R, i, RlsheE e iRt &
wanE R WlEhasrE A R, B AR R
. BO MG s i nia . 28, sy LAag
[, fig gk 1 30 7 AP T ) B R, 45 B
B, FEHIZEER R ASGEEE TS, X
AR AR AR ML AT D AR O R AR

1 FHKITIEIRIE

L1 TEHNNAHETEERREN

WnlE LR, AR A AR A L
KB EAUE, (et BOMUB & — e, W
A PEE A NS MERREE S, (AT FRT A4 P REAS [
AN, I HI R AR ] LAY T 0 b A AR
Fosl). etk IR A Z A B R o, 7 S TR
K, WEIERE S, Aa Lk E T 2
. ek EBRCEFMERUREL, BURHES) S ZE R S 5h
for, VRIS, (AR Sk E R

Hzhas I

P A7 B S I3 rh WA s 1 45 44 i B 1
Fig. 1 Structural Schematic of Planetary Gear Set Seamless
Shift Transmission

1.2 TEHZS AR LIRS TIERE

A7 L HE A5 K4 1 (0 2 T T A3 el AT AT SR R
AT R 2(a) R B S S R R
TSR, AU T R,
BT B HE TG R R A R, AR AR o 1, AR
AR PO T d, M Trhm . mRiaE
TERA TRk R R B TR AP, 1 AN A A s ) 7
R AT, XA B G AR AL T R R
R, SRR T AT A5 g8 DCT ZZ i &%, AT
5 T g A DCT A8 388 v B8 5 4 2l 0 Wi R K
T BRI FE R L By 1k iR S5 (] R

E PR, RSN ZE, TG ZEHE S Bh
TR R IR, MBI R — 2T, RS
TS0 T3z, LM i R R B A
() 1 RS, WIShER i R BT, A A
VIR I s B G 8 R BRI, PR o4 P At
BRI R, O BRI T B 45 O A
[F], BAAaNIMNER R R EMX ). WE 2 (b)
B, #epiad e, wIshesn e B Rk A Ragik
Wi L, B AR R B TR RN R 2 05 2 SR U 1]
FAT AR IR G e, i AR v A R o L T
B A Sh A AR A S e I, B s R
HIT.



RS ITHR

Database-Optimized Version
2025 4F

i KL
lm%mn
i KB

24 )

(b) el 18

kel G PNLEE

WL
- 7_t;7%zgﬁﬁ

(e)fIEd
P2 AT RS J0 AN AR e ) T AR S ]

Fig. 2 Working Principle of Planetary Gear Set Seamless
Shift Transmission

W % 28 e X sh v i) S — Tk, BB
FEYRA R AL, W 2 () PR, BaatEs
oy, Wshdsos et s, MR gk sh. AR
WAL RS, KEHFHIA, 17 R AR H

2 HAOREZKFFRLE

ES'E 4 B WINR = e k) SR e
B, MRS EESHOCRCIHR, S E
AR H AR R 1 L SR

®1 ERU4BHEHFEERSH

Table 1 Basic Parameters of a Pure Electric Off-road
Vehicle

RITRE AL /kg 3000
ERESHPAE /mm 400

I TR v,/ (km - h 1) 180
R ICHE /% 70

0 3] 100 km - h =" i ]/ <10
SIS i 0.01

30 XA /m? 3

JAUBH Z %L 0.4

[ ES 0.95

e BV GBI Sl LB A WA ) N T2 -
P, = maxtpP P, P,l

— 1 CDA’Ufnax
P] _3600nr(mgf‘+ 21.15 )vmax (1)

1
P, = 3 600nr(mgfcosa + mgsina)?; (2)
P _ 1 [ 6mv:230(: + mgfyacc CDAvfnax
> 3600n,Ly /3 1.5 21.15 x2.5
(3)

e Py e fe ey Gl LI D)5 P, 2
W RCHE R LI D28 Py Sl Gt doe I i
P AR A 0, R RCH N B 43, B, =
10 km/h; o HEKRIEHMAE, o = arctan(70/100) ;
Voo ATERIINBR AR L 5 & ARG e o 005 2R 4K

SR RIS YR P, = LIS kW, B
LI S8R 2 k.

F2 BUISH

Table 2 Motor Parameters
HLHLIG(E D) P, 120 kW
A LR K n, 6 000 r/min
AL AL T, 350 N - m

MR e R AL sh R /MBS H, ZE g
e R TR, AR AR AL TR, Htoh 1,
A% 3l 2R 1 e/ IME Bl LAl R D L i
i, s(1377ZmR = 5.1 (4)
1R8N e KA% Bl L Ry 28 BEas AR P E B 1L 4,
5 F9s L i, AT,




Database-Optimized Version

2 FBSEAE A7 B HES AN sp WS AR BT % 5 2RI 15

TRAMEBES Iy A ey, 2 OB g ] LA 220
R RIK B ) T v ke fif 5 g i 1) 1) 7R sl BHL T R e
WeBR . WA
T,t0m,
R
HRAf e RC I B SR AL 3 R e RAL B [y
- mg (feosa + sina) R =210 (6)

o = T,m,
AR 0K 51 A 5 R e B SR SRR s R ok
gt h

= mg(fcosa + sina) (5)

iy < %Dﬂ = 28.8 (7)

m'fr

e o IEFAIME RE 7R R FIR o =
0.8 ; G HIRA WA 1L T/KF- BT, 3Kl K
ZHEAT, HARERUC R UIKEEF 42, BTl G = mg.

WAL B, e R MES L, B F2mH
FERiZ <5.1. tE3h R KA WIEE oy [21,
28.8]. WE WL i, = 4.8, EAHMESEE L
i, =4.5.

3 WAL R & 2R

AR A8 VT BE 4 19 2 B0l B9 W) BEAE DL AN 3
AN, PR AR, A A s IR E | 5
TR BOESRPPRE . O T YRR LA A2 1 e
SLEB AR, RG22, B
TG WAL, WKL R R
Wehhas . fLshih, SOEERALLUR G AURE . KR FR
SN Y (NG RPN S

K3 S48
Fig. 3 Bench Test

UK HEAUBA s ), SiE . s
PURI =04 TO0RH 7, e HAE BERE. TP 2 R Bk
SHHHLYS 5 AR, 3 AR R ol 1 28 F AL E
B, TEORSNEMLA LA K B 2k F AL 67 2 AN F e
TOLT, SRRy, MR I, Rk
Bl AR HLARE . AR Horh RS LR e
B 1000 v/min, GARHAERALEAIAE 53 N - m.

MR, SRS A, A AR
(AR A, 0 SRS 0% i i 2o A% sh e B kol
Bl WE 4 iR, WERTFLRET, AEHER AR E &4
PR SRS, frRHEE N 1, AR AT
R PYAE, A A A AR A S il A [R] A1 000/
min, i AGHAVE A HLAR R 53 N - m. 5528
o, Jah RSP s, Wl sh A R B R Wi Tt
o, RN B G 2 R T ) 25 M RIS, 56 32 B
Mephise i, mgsm i 1 284k 4.5, 7EixXA i
TR PP AR o 25 G % M 1 000 r/min FEAIGE] 222
r/min FHIT, S ABIAHIEE H 53 N - m BFACE] 11,8
N - m R 5532 Fb ~48 FF, ARSRER AL TR
B A8 Bb, SEMIVRUEH PSR E, A BB
FhiEr, FIA il 3 28 e B ) W) 20 Mg i B AI%, 56 52
FOTHRSE R, AR A e 4.5 48 0 1, FEiX
R P AR R A% Bl % R 222 r/min YRS F) 1 000
r/min, i A A HIAE B 1.8 N - m R & #
53 N - m. AJLLE H Ha o A i) e s R e Al i HH
PR R A S PR TR e AR v T DL S AR A, 6P
AR AL N IR AR 1 ~4.5 Z I ELAsfh, H
AR AU A N A, Sh A R 62
DI e P A R, A 108 2 THRD A S e ) L
Hiksh. SCPREWATREG, R, AB1R
U3 R L e B RSP Y i L AT DL
£ AR IR 2% A PR ) R 4 BP. R TR] T AMT
b, AMT K402 [0 88408, b T2 $i3h
L RO B E R TR |51 BIED 247 S SO 4 = o
FIEHE 2R AL, SRS E LT EPE R Y, T
PLAMT Fe o 5, 0 ol 25 0 F AL T ZEKG 45
il PR M, AR SO AR A R
PP T R ZESRAR R, H b4 mT LA 54K B [ 17 2ot
B, 7F I AR AR g LT LSRR, X —
KT CVT fyshfet.



Database-Optimized Version
2025 4F

- 16 LR UIESTIPAER %N
1 200
1 000 ~
=800
g
< 600
g
&
400 1
200 4
20 30 40 50 60
I [ /s
(a) R fh 5]
€0r — HrHT
- = F A
____WN‘V-\/—’/\_’M
50 . v
: !
—~ | A
= 40 ' i
z i i
30 i :
= | |
204 ' f
, ]
] S |
10 1 N ~
20 30 40 50 60
IS} [a]/s
(b) 4T A5
4 SR B i HLES R AR R
Fig. 4 Speed and Torque Variations of Drive Motor and
Load Motor
4 g

SCrP R I — R TAT R HER R A, T
e m s s M, i s A
Wi, Pfr 7 RALIRS IR O . a8 g X D REREAL
PEAT 2RI, BE 10T SR AERS LA (AR B
PSP, AN ARk, S AT
Wr. ZrREA TR

a5y fig 5. BT AR, Bl 2 ) o
A, ATV # LA Bl Ty BT, B AR i
g, ATRMBICEE A A B, $RT A S PEE.

QEEHF . BePm, WSS AR RS
5507 B IE S MU RS R, AU 1E A
PP, sl 0 S e B R B A O,
MARA S B 3k 1 3 g

Q@TRLIAS. RPN, R ARSI %€

Je W has, 17 EHEA B3, i sha A ess
R GLANE ZEWAEABERE , il A Se iR AR
L, B RREE R MR . m AL, WEAT
i, WIShE T, BEEaRmr s R, BT
XU 57 S BI85 v e B A DRt DA L e A ik
B REAG 1A T A PR35 1o T 2 1) TR A

@R BAT LALLM, 1207 SR B AL gL
&, HATZB B RGS L TRMME. Jege TR
3 LTSRS G s -5 W shas T 58 0 B9 LU (5 728 4tk
PR R R AR, LS I (] pRopg X i
PV M EE 8% i 7 i ) B2 )

SE 3k

(1] BRBE, S d, miig]. WA EAGHE . Btk
BT [M]. dbst: HUCCE iR, 2018.

(2]  #HCIK, B, A, % AT RN AP S
VERC S 45 M e it e iiE [T]. MLMiAE 3, 2021, 45
(10): 103-113.

[3] NGUYEN Truong Sinh, fd, J73H, 4. B3k
KR IPAL S RILEIIR L S S R N ER RS i i RS Wy
(1], WA AEE2IR . 2017, 57 (10): 1106-1113.

(4] ik, SOk, ZARFE . IEEEHX A3 Ed S
RN RGN R e PRk [T]. DLW TR 224,
2007 (7). 188-194.

[5] ®aE, R, WA, . shHPmiPiE 6 m
BERR S RS [J]. W53 IR,
2020 (2). 54-58.

(6]  EZE4E, skFM, SR, 5. RBCLILMH LR
felpIE JC 3l Jy b b e P [T ] R TR,
2023, 45 (10): 1885-1895.

(7] Gfes&, XL, S . ETIAEN M 2H4T
BGRAsHasLsh o %ot (1] RHERAR S
4 2018 (1): 55-58.

[8]  QC/T 568-2019. JRA-MUAMA AL B #5 S e A Z% A K
BHEE I [S]. bt AR ARIAE T
= EAEEE, 2019 1-13.

(9] XUmehp, WXFEEE. PIPY7S BAR b o P dp A 2 ol 1)
Pk ok (1] "4 TR, 2021, 43 (3):
364-373.

[10]  fRde, ZRFbi, X5 . CVT B HG 2 55 M sk
gL 5204 [J]. BLMUCC R4, 2015, 51
(12) . 110-119.



" W5 3 o BR -
2025 455 2 i Database-Optimized Version k5% 178 1]
Vehicle & Power Technology

XEHE: 1009 —4687(2025)02 - 0017 — 04

ETLQR BEHMEFRBRRAREITSHER
B2

ek FoR B, 228 JEH) 241006)

¥ 4=

B Z: e Simulink PG ST SRTEAUEIRL, LA RIS 5 S T AN BRSO
YRR GO HOHR, I F B IR S | BB . RIREIEELUR. i HARRY], BT
WhBRASG, EHBAPGIALME YT (LQR) #HIBt, ARSI 4 57 57 ks, WU/NEARE
RIBEI RS IRAE, FEIRAE R th B ks 2 % S W R LR, XHETH A B R ARG RE A —E 2%

Hr1A.
KER: VRERY; AN, St IET S
FE 4 ES: U463.33 XkERIRED: A

Design and Research Analysis of Vehicle Suspension
System Based on LQR Control

BI Houhuang
( Wuhu Polytechnic Institute, Wuhu, Anhui 241006, China)

Abstract: A vehicle suspension model was established on the Simulink software platform, and a white
noise disturbance signal was introduced to simulate road roughness excitation. Simulations of both passive
and active suspension systems were performed, and outputs such as vertical body acceleration, suspension
dynamic deflection, and tire deformation were obtained. The results demonstrate that, compared to the
passive suspension system, the introduction of a linear quadratic regulator (LQR) control design in the
active suspension effectively suppresses vertical body vibration, reduces the maximum displacement
during the reciprocating motion of the suspension mechanism, and decreases the likelihood of tire bounce
anomalies. This study offers valuable insights for enhancing the performance of vehicle suspension

systems.

Key words: automotive suspension; white noise; linear quadratic regulator (LQR) control
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CFD-Based Study on the Navigation Attitude and Hydrodynamic
Characteristics of an Amphibious Off-Road Vehicle

WANG Jia, LIU Yan, @ WANG Yifei, GAO Huan, WANG Lixin,
LIU Jiapai, = ZENG Changming,  ZHANG Liling,  LIU Mingzhuo
( Beijing Automotive Technology Center Co. Lid. , Beijing 101300, China)

Abstract; Amphibious vehicles are widely recognized for their exceptional mobility and adaptability in
complex environments, making them valuable assets in both civilian and military applications. Most
existing research has concentrated on tracked amphibious vehicles, while studies on wheeled amphibious
vehicles, particularly amphibious off-road vehicles, remain limited. This study employs the commercial
CFD software STAR-CCM + , integrating overset mesh techniques and a dynamic fluid-body interaction
(DFBI) six-degree-of-freedom motion model, to analyze the navigation attitude and hydrodynamic
characteristics of a wheeled amphibious off-road vehicle under varying speeds. To provide a quantitative
foundation for further research and design, regression formulas for wave-making and form drag are derived
using the least squares method. The results demonstrate that the vehicle’s navigation attitude is closely
related to the relative positioning of its buoyancy center and center of gravity. At lower speeds, the
vehicle exhibits a bow-up, stern-down posture, while at higher speeds, the complexity of wake flow
increases, introducing potential risks of instability. Hydrodynamic resistance is found to be primarily
governed by form drag and wave-making resistance, with the latter becoming the dominant factor at higher

flow velocities.

Key words: amphibious vehicle; amphibious off-road vehicle; hydrodynamic characteristics; navigation

attitude ; overset mesh
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Abstract; Precision-guided equipment is composed of numerous components assembled according to
specific functional requirements. These components are interconnected through fastening methods such as
bolted or riveted joints, forming interfacial connections. In addition to the inherent properties of the
individual components, the mechanical behavior of these connection interfaces significantly influences the
overall dynamic characteristics of the equipment. In some cases, these interfaces may even become weak
points affecting the structural integrity of the entire system. Therefore, investigating the mechanical
characteristics of bolted joint interfaces is one of the key technical challenges in transitioning from
component-level to system-level analysis in equipment dynamics and statics. This study focuses on the
mechanical behavior of preloaded bolted joint interfaces. Through quasi-static tensile testing, the tensile
and shear behaviors of bolted joint interface specimens were thoroughly analyzed. Furthermore, finite
element numerical models for both tensile and shear-type bolted joint interfaces were developed,
validated, and refined. The research findings provide essential support for achieving accurate simulations

of the mechanical performance of interfaces in precision-guided equipment.
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Fig. 2 Force-Displacement Curves of Quasi-static Tensile Test for Aluminum-Aluminum Tensile

Bolt Interfaces (M2/M3/M4)
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Analysis of the Impact of Production Processes
on the Lifespan of Engine Components
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Abstract; During the development of an engine, manufacturing processes play a decisive role in product

reliability. Appropriate manufacturing processes can ensure product stability and reliability. If the process

fails to meet actual design requirements, it can easily lead to failures. This paper starts from the actual

manufacturing process of the engine block, comparing the verification results of the physical structures

obtained from different processes, and concludes that the manufacturing process has a significant impact

on product reliability. Additionally, by combining simulation methods, it is analyzed that during the

actual operation of the engine block, thermal loads at certain critical locations have a greater effect than

mechanical loads, making cracks more likely to occur.

Key words: engine; crack; heat load
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Rolling Bearing Condition Monitoring Based on
SABO-Optimized VMD-LSTM
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(1. School of Automotive and Transportation, Shenyang University of
Technology, Shenyang, Liaoning 110159, China)

(2. State Key Laboratory of Rail Transit Vehicle System, Southwest Jiaotong
University, Chengdu, Sichuan 610031, China)

Abstract: Given the nonlinear and non-stationary characteristics of vibration signals during the operation
of rolling bearings, which make bearing condition monitoring challenging, a gearbox bearing condition
monitoring model based on optimized variational mode decomposition and combined with long short-term
memory neural networks was proposed. The two important decomposition parameters of variational mode
decomposition were optimized using a subtractive optimizer, and the optimal mode component was
extracted through the criterion of minimum envelope entropy. Nine time-domain features were calculated
and input into the long short-term memory neural network for training and testing. Through verification
analysis of the bearing vibration dataset, the accuracy rate reaches as high as 97.3% . Moreover, by
comparing with other models, it is proven that the proposed method can accurately identify the bearing

condition and verify the feasibility of the model.

Key words: rolling bearing; variational modal decomposition ( VMD) ; long and short-term memory
(LSTM) ; subtractive optimizer (SABO) ; condition monitoring
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Impact Analysis of Zero-Gravity Seats on
Occupant Protection Performance

ZHENG Yanting,  BU Xiaobing, = GUO Qingxiang
( China Automotive Technology and Research Center Co. , Ltd. , Tianjin 300399, China)

Abstract; With the development of automotive automation technology, the zero-gravity seat configuration
is gradually being popularized, revolutionizing the traditional single seating posture and posing challenges
to vehicle occupant protection performance. To evaluate the impact of the zero-gravity seat configuration
on occupant protection performance, this paper compares the occupant protection performance between
traditional and zero-gravity seating postures. However, current test dummies are unable to meet the multi-
posture requirements of zero-gravity seats. Based on the THUMS AMS50 human body model, which can
accommodate multi-posture requirements, the motion trends and injury characteristics of THUMS AMS50
in traditional and zero-gravity seating postures were compared and analyzed. Additionally, the influence
of key design parameters of zero-gravity seats, such as the backrest angle and seat cushion inclination
angle, on the THUMS AM50 motion trend was studied. The results show that occupants in the traditional
seating posture experience larger motion amplitudes, with more significant head and chest injuries, while
occupants in the zero-gravity seating posture exhibit smaller motion amplitudes but suffer more severe
neck and lumbar injuries. Increasing the backrest angle of the zero-gravity seat can lead to occupant
submarining, whereas increasing the seat cushion inclination angle can mitigate the occurrence of
submarining.

Key words: zero-gravity seat; THUMS AMS50 human body model; occupant sitting posture; seat back

angle; seat cushion tilt angle
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