2025 4F 5 A M K 2 (T % R ) May 2025
a6 B3 Journal of Zhengzhou University ( Engineering Science ) Vol. 46 No.3

XEHS:1671-6833(2025)03-0001-10

FRATE . BRENFARAR

[E#H A m#E WAL AT &Rl &K

[#% BIMEISAES A TR AR WK R0 50 G , 8 GBI A H AR IE By 2 2R B 4 1 B Z M8 % T
il BEYT R B REAC T AR U AR A B RIE RS, ER WL A T — RIS R BORIK F0F T R B RE AL AR A
MR, AU ABILREAELE T 5 30, NP3l Jr 24 Bl SR ER 42 058 1R 0 | B AR LR S A WL 3E .48 2 A 4k
BE TRV BEALAS A B AR A BBk S8 . 7E 18 S0 M4 il B s AT E WLER A B A 8 Ty AT S ) o VR 2 X
AT ENLI A E S P RN R M I 4 25 4 L B FR MR R 38R T A S R PLEL R 4R I T 45 S 0
MALTT . FEWSCCHET [ 3 1o MR 00 DU 58 B Sl 2 B0 ae BR S 4 1)) v, VB 28 3 ok v 307 2ok AR [0 05 %o S DG i AS A S 1
HEATHE LA T, 45 G0 G S mE A Ak (PPO) FEak 8T 38 Py Vi AR 42 2, Wl T BLR A2 st i P il iR 22 A BHIR B4
TEIS SCCHE Tt YOLOVSn (it T 47 37 T Bl 47 2% 45 i ARG I 3 325 ) i, VB 3 1 X il T35 55 TF 42 2% 79 e e 44 [l it 5
AT IIBURLI FRAE 4 35 R 4% ( BiFPN ) | C2f-ContextGuided 5 R il & 1 460 3k (LSCD) , 48 i T 42 B XF /N H AR 09 4
WBE Ty, [l B RIS T3 R 2 2% B R S 4000 FE T 0 80 3 5 R RS J 22 IR BUAS T 304 P . 7E IR SO T 2 8 ik ik i
625 20 1) AMR PMEME 5543 FLJ7 i) AE & 51 A B I U 32 T — Fh B T 225 B 1A IR 52 A o P R S M B vk
(MADDPG) 19 A ERE B HLEF AN (AMR) AE 55 43 L 53k 42 i 7 AE 55 43 L A9 RCR A B [ 1 o 78 18 SCCHE T UL e, T A
R R A0 B B 3 AR O i) vh VR R T — Rl B L e T ASE A A IS s G N R O i B e T4
BB B R B RIS 2l R M MR TE ROk BEE LA AL By N T RE R BRI SR IR AR R e L
AR KSR 5T 2 IR B T8 N B RS A e AT AL A 1 45 O T IR O 2 28 B, IR g A ek S5 2k 7 A 3 O A AR

B IZRR T W BT EV S A LT A FIT AR

BEK, AT, 5 &, ZF £, ZIR’
(1. B R ALAE S 30 71 TR e, TR #B I 450001 ;2. Y230 S 2 75 25 L Bl A0 5 — It s BE Be , Tl g 12 9] 462000)

W E: ABAMHITANBAT ENRA FPEASHES BEFILT SN FAAGRAA  HET —FF
JE R AR RS FTAMNBARE SHAEERBMA TG L LITARLTEAA LG S AHTAREKX,
BTRT SEAHWRELTHTARBNG, B IANZEBEAS ELCEREARRER A G EGEMAL
MG EHEA MRAF LAY FREBITHAFESE, LR, AR TEALBEMNRR RS BHRFRGITA
S&d R BALAF L3 AT A T FEAS A B F R RTHR KRB AAT AR AR AT 0 R A R
B RS R W ERE T A EASENARWR GRS ATAEATSRITHON, FREREAN . BHAZ
HKT0.24 EFMRAHKKT 4.37x10° kg/(m"’-s) M R B BIRIERMBABECIT AN L ZLEMN BB A K1
BEZBAGRANDKE AT ESBAFS R ARBZHSTEOYa b £ 5045, B8 kA8 4 m b i
BABB,EEMAR T MXTREAEDIME AR REREREEAHN TINEALERXEEGT AT A
BRI ALR S R M A S e TR AL M BARE M EA DA LGB XELIEB RN AT SR,

KR AAMAITANEA; BH; B, FHF o0, HAEM

th & 422 .TP242 XRktRERD A doi:10. 13705/j. issn. 1671-6833. 2025. 03. 011

Yo #s B #3:2025-01-16; 81T H #:2025-02-21

HETR T4 E AR e R & i St e & 5 0 H (SBGJ202102201) 537 5 4 5 BF & & 91 (241111242800)

YEE R A @R (1977— ) 5 R SR A, AN RS EEE, ML, LA S, AL A2k R 58 ) 55
W%, E-mail: Gao_jianshe@ zzu. edu. cn,

SRR w81, 504, 5. BT S T L AL B3 AT AR m ()], FBIN RS (W),
2025,46(3) :1-10. (GAO J S, ZHENG Z Y, WAN L,et al. Effects of foot-ground contact on the dynamic gait behav-
ior of passive walking robot[ J]. Journal of Zhengzhou University ( Engineering Science) ,2025,46(3) :1-10.)



2 PSP PN i 3 - S QRIS )

2025 4F

BB AT E ML AR N TC A A 2= i 4 0 R 5t AR
B £ ) L K N AE A e R B AT ORAE I R I ) R AR
EATAENT L X RYU LS B A O B R AR L
FAURIB S0 5 N EAR, PSR AA AR
RS U R, s ATk B T E A2 2145 40
B Z 2 F BTz TR AT R SR LA N T
B s NATE W FE HE 446 B A B ARk 4 07

B AT 8 S A L N K3 MceGeer #2111
b 388 ) 4 A LR RO B B AT A LA N ST
R 25 I pR R, 5T T HLER N BIFR e 1708 2 B R4S 1
S8 R £ R AR AR i E AR B Bl S, Sade-
ghian % BF5E T U0 KR I 45 3 g 2 R Xk
BB AL g NG E PRI A 0 9 B G 14 52 | 73 B
TRGAERTGHIT RE R AP IR 43 5 T T AT
o A AR RIS T AR R B 1A PR BT 4 B A T AL
ML TACHT 20 2B T HLas NP Sk v iy
I3 FORTEIL G 38 7R T B AN 38 1Y B0 FH3
ARG AR A ST T IR AL A ¥ iE B2
PR N5 25 BEAY b g | 158 22 W 18 B = S 4G AT T
bR , I it Adams B0 UE T & 1E J5 3% 32 3l 22 45 Y Y
HERATE . AT, 28000 A LS AT E 2B B Y
LA P 7l = s P PN 1 R R SR R B e )
R B Bh AT FR G0 P e LAY SR oy A s L

SRMT , LR B 5% Y98 J2 b (B 32 sh B A7 T fi 4k,
AN TE 5 A A0 v AL S TR 5 e T A (B I A A
AU e A SRR 55 b TR [ A4 AH X a2 Bl o 2R g, B T
7 FH B A5E Y 34 Z0 W% 1 ER TR b A A R S 9 A A T A
AR A LG A A U ] i A2 b G AR
S v o S8 O = 2 T 11 O 2 v o [ L S
5T 25 H Ak LA 42 T S B bl g N 7E SEBPRATE B i
AL

T, O 5 E I IR 22 s LA A 2 b
FE SR IR R B B9 iy SR AT E i #E . Asano
2 LV fe ) 2f 5 S AES AR ASS AR 3 g 2 Ml 5 4 37
BEARFRIALIR N = AR E A R EE T
FHE L ELREAE AL A Adams 3K F X5 A [R] 2 b 4%
il Z 8N AL EF NATE B B HAT S 1 E 5 E Qi
205 10T S 3k % fioh PO EE | BEL JE R BE 458 2R Bk A [ 9 AL
R AR A A IR S R IE T i 2 O ATk
AR 5 KBS ATl B LuGre B J8E 45 Y HF 5%
TP B R RO B AT R RRIE T AL, IR
G380 2 X HL g N b 4 1 0 BEAT AT IR R T
S BOh BAS BT E L SR, JBR T
B RRURATE R, H BRI IE X 2 8 il 2 5 b [
YERN 203830 7 2= Fe PR W R 4570 | 78 75 JE 4 ik 1Y

0T X HLAR NG5 SRS R i 2 SR ek =
i 2] A 2R R R i BRI S
(A AL UL T LA N B AT A A5 A0 25 A 1
5, LB BILRE N B 25 B B A1)k e R s 4
A BILBE 517 BT 582 i B AL AR AR AR AT S

ZE PRk A SO Qi A5 B A B AT
Jo ST T A O B B RO B S XUR AL A
o0 FHI A 25 75 A JEE 446 R SORE4ULAE e 2 o, 36 5 9
B ol 2000, M AEAS [R) % 101 R 58 R LA A8 S i
R R BB R T T, AN KRR T
LI SRR L WAL R R b T RS
B FE R 8920 25 AL LA OF 7R T HLge R 2k
BN A SCHIBIETE R AT B T A B 9 3 47 7k
DL A X 22 Fof 6 1020 35 69 3 0 1, A 9 s A7 08 BLAR
NI 35 A R A R I 25 D7 T 4 4t 1 B Al

1 WHITENZANER

1.1 BEEME#HIITENSRA

AR SCHF 5T BB AT AE DL AT — o LA 40
ST T Y IR I B s AT E LA N I 1 R
BLAS N 75 R Bl 40 S e 4 R [R] 64 Wk ECAT B B2 O
m,c, 5 ¢, 70 ML A PIBR B9 07 AT 2B
KATHIFEES N e PR IE IS E I BRI AR W T H
b A EAR AR my, SR T  OC T S 2 D WA [
gL SRR [H 3%, HA % 38 L i, BBy 7, B9

AR BRAR X T B0 B B S5 O 5 R T
Ny IR L g, #ZHAEME 1R,

y

1 WHITEMNSEA

Figure 1 Passive walking robot
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Table 1 System parameter values

25 e ZH LaiEN
m/kg 1 ¢/m 0.1

my/kg 0.5 J/(kg + m*) 0.009 6
I/m 0.4 g/(m-s7?) 9.81
r/m 0.08 y/rad 0.02
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Figure 12 Slope range and bifurcation points
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Figure 13 State curve of passive walking robot when
fall occurs
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Effects of Foot-ground Contact on the Dynamic Gait Behavior of Passive Walking Robot

GAO Jianshe', ZHENG Ziyi', WAN Lei’, LI Kui®, WU Guangliang’

(1. School of Mechanical and Power Engineering, Zhengzhou University, Zhengzhou 450001, China; 2. The Second Affiliated Hospital
of Luohe Medical College, Luohe 462000, China)

Abstract: To address the issue of analyzing the complex dynamic behaviors of gait, such as slip and bounce, in
passive walking robots, an arc-based bipedal passive walking robot model considering foot-ground contact was de-
veloped, to analyze various walking modes exhibited with complex walking conditions with changes in ground sur-
face materials. It could reveal the gait instability mechanisms with multi-parameter co-evolution. Firstly, the Hertz
contact model and Coulomb friction model was introduced to describe the normal contact force and tangential friction
force between the foot and the ground. The second kind of Lagrangian equation was used for dynamic modeling.
Secondly, by changing contact parameters to simulate different walking surfaces, numerical simulations were em-
ployed to study phenomena such as slipping, bouncing, and falling during walking, so as to obtaining foot-ground
contact conditions that optimize the robot’s walking performance. Finally, tools such as bifurcation diagrams and
time response plots were used to analyze the walking gait of the robot during the co-evolution of various structural
parameters. The research results indicated that reducing the friction coefficient and damping coefficient could cause
slipping and bouncing in the gait, respectively, and continued reduction could cause the robot to fall. Among the
structural parameters, reducing the hip joint mass and moment of inertia, and increasing the foot radius were more
conducive to the robot adapting to a wide range of walking slope angles. Seemed that regardless of how the structur-
al parameters evolved, the robot would experience gait instability due to slipping as the slope angle increased.

Keywords: passive walking robot; slip; rebound; dynamics analysis; numerical simulation



