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Abstract: The dynamic mechanical wheel-ground interaction is extremely complex when off-road vehicles
are driven on soft soil pavements, and the extent of wheel sagging and traversability are of significant inter-
est in the field of vehicle ground mechanics. This study proposes a calculation approach that uses the con-
tinuum-discontinuum element method (CDEM) and discrete element method (DEM) in combination to

analyze the dynamic performance of wheels on soft-soil pavements. In the proposed method, the wheel is
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modeled using CDEM elements, the soft-soil pavement is modeled using DEM particles, and a penalty
spring is used to connect both models. The application of dynamic torque to the wheel allows for the accu-
rate simulation of the friction, rolling, and forward motion of the wheel on the soft-soil pavement. By com-
bining CDEM and DEM, the study explores the effect of wheel patterns and roadblocks on the dynamic be-
havior of the vehicle during driving. The results show that both patterned and glossy wheels leave visible
ruts on the soft-soil road surface, with patterned tires having better traversability than glossy ones. The ro-
tation speed of patterned wheels is slower, but their translation speed is much faster than that of glossy
wheels, with a translation-to-linear speed ratio of 12.78% for patterned wheels and 2.80% for glossy
wheels. During driving on soft-soil roads, glossy wheels sink deeper into the ground compared to pat-
terned wheels with the same weight. Furthermore, when driving over roadblocks, the degree of
ground undulation has a direct impact on vehicle energy consumption, with greater undulation requiring
more energy.

Key words: wheel sagging; soft soil pavement; CDEM; DEM; numerical simulation

BRE - M T ) o7 B 25 AT S B 5 A s b
AP N TR 3 - a2/ NS (NP0

1 7]

Uu\:

Y A B A B AR R R R B R R
56 kD Pk 4 S5 AR A, BB 8 38 T T 4% ROl 25 1Y JE
PEIAEE . AR A R BRI AT B AR AR b H A A
T PR R AT R B R IR I TR A A M T R
Ik 2 FOAH BAE AR S R IR W AT 3 A —
S T AR OR B A S R R R e - b T AR
H AT 58

B UL R) 8, [ N Ah 2 AT TR A
TAE. & %% N3 T A B JG (Finite Ele-
ment Method, FEM) #1 & # Jt ( Discrete Element
Method , DEM) #£ 7 1 it {5 B 53 #7 , il i 48 58
A 2l Pk RE RN B A5 R E A UE T TSR AR B AL
D7 0 A - T B 2 ) 2 AT R R AT A A B A R
PR I X5 T 0 40 iR 2 AT I8 A R T A b MR
T A H#RE ; Zeng 5 N HTF DEM-FEM # A #
AU b =l g R B A S R W T R R
T 46 G - b P AH AR A7 BB ALY W] 4T M Far-
hadi % A3 5 2 57 50 G - - A BV A R
JCHEERIIE MY TR A R RRE S LI
K I I P R B RS A, B OIESE TR
RGN TR AL [ T AT A R S NI AL A
RIGH R IEIR G A lie S 2 T M ER
B R RS A AL B A5 TR 5 IR 5 S 00 A A
T A

FZ 07 1 R SE R TR o ek 8 N N b
WEoE TAESEAT T 2838, S8 T4 IR o i g
BT 3 3F 45 6 24 4 fe B B 98 AR X R R R T
JR B B RUR S N I 6 4 A - R AT R 4R
B, 1 405 RO AT X% H BR 4 4 5 0 i SR R AT AN
W ERES AR TR %, N FIR AL
UG e - b T TP R T N ) A A B BEAT TR
8 5 ok B S N BE T B 3 3 96 R B (A LA 2
B R A R AR AL AR - VD AR T R
RE (4 52 R BEAT T 4307, O U0 b 4 %8 i 4R it T e
WAKHE . Guo 4 NI F Z 5k DE-FE J7 i 4 F
R R S Sl A I TE S B R A R AR )
RETEAT T (B AL, UE B T 1% 7 15 RE 05 45 47 1t 73
WA AT IAT R .

SR LA B g R T LUE ) BUE R T i 6 4
R IR AT 09 07 FLBLRLTT S Y AT AT R B B o8 A
B ARG o (H i T 4R S R e 2 ] B A
BN RS T, R R — A BT T
I W O 38 TR R R AT VA L Ry e, R
CES AT AW IR 42 T —F CDEM-DEM
WETE VLR T ER SRy s S/E .,
ISRV T R AR SO B0 L 6 B % A2 50 A7 R AR
H ATHREFER S



748 e K TR

31 %

2 HHEFENE

2.1 CDEM 7k

% 28 - 4F % 22 %ot 3 (Continuum Discon-
tinuum Element Method, CDEM) & — ' & R 7t
5B EoT g6 0 a8l ) S RO A o i
e SR A% I H AR, WD) .
A
de\ v, adu; v
Horr s, v, )7 SCARR S L R Pias W1 H R 5810 fg
it Q, N ARTRSF I )

LS R | R Ul (TRl Sl N . 1L I i
W (2):

Mi—+ Cu+Ku+ Ku.+Cu.~=F, (2)
Heh:M,C,K,K.,C.Fl F 4y Ay %0 5 56 1
BT RE e HE B 500 I R 22 fioh T D9 R B
22 fik T BEL € R T G AP ER AT 28 B sl a
wou A3 R ER T N BT YT AR 0 R 4 R
G B, 0 51 B DL S Mg 400 58 2 1 %) R X 61 % 4]
R, R XT3 B 1) B
2.2 DEM A%k

DEM""* & — i b 20808 1 H 55 ikl E A
Tt ORI AE A OC S5 T ) 12 ke . DEM
) 5 A i B A D T < Sk B B R Oz B O R
P ol 5 A T 3 G ) R SR i 5 B O A 4 flk g
iz S R Y L R ST LB MAE) .

FERBLRL BRIy Re G R o G Rl B
IR TC (1] Y % A RO RAE MR A A OC &, O
W= (3).(4):

[ = — ko Awl+ 9,05, (3)

Ji" =~k Auy+ v, (4)
Forbra iy, £ o 0 2w BT A2 0k 1) RN D) ) 42 ik
T3 s ks k53 0 7R B 1nl U 1) 29 oA W EE R B
N> 0 50 N 7R ¥ 18], V) 1) 249 SR04 BELJE R85 ), a0,
Gy N FR R ), U0 R 1 AR T A o), o) 43 5l
FORT WYY AR 1Y AR T R

iz 8 7 R FE AR A e AR, AL
B (5) . (6):

d'U,'_ - n cs
F—m,E—jzzl(f,j + )+ mg,  (5)

M:Izil: "71(7"17' ij(s)ﬁ (6)

b, WA T & 5 vy R AE R 0 B TE R 3
TE U FE S 0., @, 43 1 4 16 1018 K et 0 T8 2
1o BV s g AR Ty B 5 AR SR ]
2.3 CDEM-DEM & 7%

CDEM 5 DEM 435Il 7] X He (44 B 70 F 45k
BIHLIC I 12247 0 AT 5 e ARy vk A PR
G B AT 0 255 - b T T 2 B A AT R HEAT E ) %)
., 4K 15 CDEM-DEM# & 7ikn 2R/,

Interface 4 Interface B

AN/

Projection point O

> O O

Particle 1 Particle 2 Particle 3

Interface C

K1 CDEM-DEM #i& 771k
Fig.1 CDEM-DEM coupling method

Hor, B2 4 CDEM A5 R 4 65 e 44 F AL i
PR 43, B el A B T PR T AR T 21 B S T B
AR TE] A 28 e 0 5, 43 3ol SR AE Ak P B A
17 5 3 SRR AE AT 24 RS |l TR Al i SRR AE
BOEBLRIAT , 7248 R A CDEM Hefk gk 1743k |, 4
- 1 R DEM BURL JE A7 # 38 . Befk 5 0k
UKL 55 WP T =2 T 2 R A T SR FH 4 SR
e YDA R N 1X10° Parm ' 45 4 F
BB OER TR L7 (8), FEFLUT
75 R B A s B R A ad

F=FF+ F + F + F9, (7)

F Lo
:—, g A[
a - v ;a
(8)
Au:‘UAz‘,aZZAu
t=0

Hrp FRWEET FERW AN FoRABRIT
BTG AR I DR 4 9 s T, F OO i T Tk Y e
ST FORTT SRR TT  a R UM v Y
SO Au i R L T S e
m R R AR A



5 53]

B 7,5 RS 3 12447 A CDEM-DEM 43 #r 749

CDEM-DEM #§ & 75 % 3= 24 & 4 fl &5 00
S AR 43, T ek 0 R Ok B
G ) 2 fih 1 — B, 35 0 3 T R R G L ROR
fife 7 20, H 5 =0 (9) L(10)

F.(t+At)=F,(z)— K,Adu,, (9)
F.(t+ A1)=F,(1)— K,Adu,, (10)
Hor . F F 43 50 Sk S50k (8] B 925 m) A8 m) 3 fisk 5

AR Adu,, Adu, 53 518 TR A $2 fil 4506
JE] 719 325 1) FUT) 1) 7 B 8 ok 2

B2 fb RS 00 7 50 3 T s R e R Bk
S 22 [A) I S O 2R A /R S BT, =2 ) R TR B
R o A AR SCA 7 5 - b T ) AR 2 32 Mk A 0 R
JEAG BRIT 5 i A 22 A B A, — R FH AT -T2
fl R AR S, L L AR A AR A A

d< R, (11)
oecC, (12)

Horb s d A OB A0 B 0 BT A BE B R Ry UKL BR
WA, CON I BT, O S 0RO 7E 2 AT
BT B
2.4 EHEFBREGHEM

i T CDEM W iy 5 oc B F8h A L %
B sh | B, TCvE B X CDEM B g it in 41
B M A SCHR T — P AE R R AR BR R T it
Bl A VIR, DT (] 2 e 2l A 1 0
fi?iﬂzﬁﬁﬁ@ﬁu%@ﬂtmm SURTEILIN

5| R EE 2, JF I8 AR AR FR 5N T 6 7 A
ﬁJmLE@bnzﬁJi‘ FEAE . KOSy
K (13):

AL fVo
F,= L(Tl ff() fTo)+fVo:', (13)
Ferb o B R 5 i 7 1) B 38T 8 CiT 1) 5 /T, /T 53 5
hy £ B R I [] RS SR E] 5 fV o, SV 93 0 4R
B Uy B AN 2% B2 SRUAEL 5 A, D9 2% A J7 1ol ) 480457 &%
B5 0 0 AT ]
P 2 o 8l 25 301 5 2% e I 7 3R T A 8 %

R o 7 A A AR b0 B T B AR AR AR
VAR E 5 6] 55 U 1), 76 R0 AL T80 e on U0 o) 160 g A
7= A F A AR A 5 Bl
A 2o A (A Tk — A1 5 g, R B
T 3 2 Ay SR A A L, T2 24 ] O A 5K
(14) .(15):
F,=Ar, (14)

K2 ghaih A tbein s 20n 2

Fig. 2 Schematic diagram of application mode of dynamic

boundary conditions

M= ZFR (15)

Ho . FoNER T, A /e R E R, ok
YIRL 1, M R EEH R N A T 242

e a5 R A X (16) L (17) a4
S YN S e R (18)

M=pJ, (16)
mR?
= (17)
P (18)
R p
Horp. g fm s i T e sh i im , m N, 0 N
ﬁ‘ﬂ% SRR o R R
B B AR A 48 R AT I, R e O 2R AR R

FO.5m,mAhRO0.2m,%EHN1000kg m*, 7F
(5] A A S0 A it o J=y 35 4 B 2R R A YT 7 1 000
Pa, M4 [ 3R J7 B SR AG e i om 25 2 . 141 3 2k il
HUESE SV ERE PO NRAI

201 —— Forecast results
® Simulation results

0.5+

Rotational velocity/(rad-s™)
=

0.0 1 I I I 1
0.00 0.02 0.04 0.06 0.08 0.10

t/s
&3 F 5 A0 25 A%t L

Fig.3 Comparison of prediction and simulation results




750

e KW TR

31 %

BAEIT R AR SIS AR — 2, R TF
SCAR B A R P A b 2T DD g B g g T A1 R
T 507 1k B IE B

3 GRS

3.1 BREESEKMBSH

B BRI RS R AT 8. 25R16LT 132/
128F 18PR &M # & T L5 k" . Z ikt
B 42 855 mm, Wr i 95 230 mm , N &7 Ak i, [\ i
ol A 5 o A B T ISP A SRS I T R B 8T PR ACR
20, KRS HORAS . L8 5 iR DL IR 4, [ A
ST GBS TR G T4 AR R AT X LA BT

Horp 5 G b Ak BB AR AR, SR A linear
LRBPEARKY o X FE G A REE AT 3 — B K O
SR A e A 2 T SOIR SRR M K R TR A

4 AEBCF R
Fig.4 Patterned wheel model

x1

JK A1 brittleMC JE v W 24 A K . K +
BERIK 3m, 56 1 m, /0. 14 mo MB H2EB %
W1,

% 2 ¥ 4 H A 3. 30X 10° kg, 78 48 iR 0
ST — £ [0 (B A 4SS AR D K o 4 e R
ZIRBIWU Gy 22— F T O AT A O o R
T L A2 AT 5 SR I o ARSI Y R A bR
R TV 5 K/ANE 24 10 MPa i, %
R HOM A E T 11.00 mes ', 3 TR E 1R
e 6 T A R A 2

FE MG HE Bl 1, 6 AR S PR A 5 A W T
P, R e SR e T 0k T1, )%
A G To0iEh T2, ZF W HHTRZ 8 0. 03 m.
HAR AR A3 ) an P 6 R 7 BT o

5 e R a
Fig. 5 Glossy wheel model

¥ NESH

Tab.1 Material mechanical parameters

ok R /kgem * BAPERIR/Pa HER /R4 iR 11 /Pa PLPismEE /Pa NEEES /()
ik i 1000 1x10° 0.25 — - —
Vey & 1 800 4% 10° 0.35 4X10° 2X10° 29

6 Tl R
Fig.6 T1 calculation model

K7 T2iF5 R
Fig.7 T2 calculation model



5 53]

B 7,5 RS 3 12447 A CDEM-DEM 43 #r 751

3.2 HREBIGIE

WAL 8 S 7R YRR UL &5 AR 5 S 00 25 R X L A
(LA T2R6)  FEit A B, 5 8 82 il i 41 +
BT 43 R an B 8 (b)) i A DX, BRI X A IXC
G X B & X . an &, T2 7F (=0. 40 s B = A=
ORI I G, FLHT 7 B iz 2l 1) R R A
Rl AR T s E R R ERE
T E AR S . %S 5 SCEk[ 2] T ik
S S5 AR ]

Direction of travel

@ Wheel
Crd

Soft siol ground

¢ Clockwise zone

Counter clockwise zone

(a) BHUGER

(a) Simulation result

(b) SEIGHE R
(b) Experimental result

P8 BEAUEE RS SR A R T

Fig. 8 Comparison between simulation result and experi-

mental result

H O AT D32 T 5 05 0 T A A 4L 4 A T A
B AT B A LS O

4 HHLER

4.1 T1. T2t

AU R R, AR A4 K R i
ool R sh B ST e e . A 9~10
AL O AR . I T LA ] A

P i

K9 T144%
Fig.9 T1 rutting

K10 T2 44
Fig. 10 T2 rutting

B TET F T A R a7 A ORI B T 8l 5 B
e R A0 R 0 5 A ROR B B4 AR b T b B
T TS MR LAY A AR AR TR R, T 7R AR
B B AT 58 HE B IR 2T IEAR I 1,90 s, Haa ty
KJE N 2,15 m; 1 T2 £E 0k ] 18] {4z 47 7 0. 72
mo H IR DL AR AR L AR S0R iR A JE 1T fE
T3 8O FE R B A A AR TR R Py G A
Cibis

P11 g 4 e ol 3 I R 6T, AT PR il LU H
FERE N S A VIR Sy Ja , TL T2 th 248 JF LR 5% 2
W g B 5 OF 8 B BT A T
T 7E o

3.0 T — T 30
:TZ Rotational velocity

25 4254,
g Rotational velocity 3
< ] =
= 2.0 20 }
2 5}
= S
> 1.5¢ : 1152
§ Translational velocity] <
g =
ém— wg
g , . &
= 05 Translational velocity5

=
(=]
(=]
w
=
(=]
—_
[V ]

t/s

P11 4 e i AR ]
Fig. 11 Wheel speed-time diagram

Hrp  T1# s # R EE A8 21. 05 rad-s ',
T2 sh# EFaE MY N 23. 39 rad s, FH X} W 5%
B EE S 9.00 m-s ', 10.00 m+s '3 T1F
HEEREMA N 15 m-s ', T2 sh i ke E



752 b2

31 %

H250.28m-s ',

JETH E A T LR E G R, 5 M Bl R
TV WA B 3 B op, LA By R g v T A
SRR B S i A X IE B i R AR T A,
WOHGEATRE AR FAES e, 7R T fE 4
R ah sl S H B 2 b2yl 12. 78045 T2
TG A RS Y FL(E 29 R 2. 80 % o AR R IZ LA AT
Bl B AT g R AR T A,
BB R AT RE ) A, ol U B T R VR G
BT AR G G TS BT

nE 12 R 2 g it B2 &, K AT LLUE 2
T15 T2HEA RGN RETE 0~0. 50 s P ¥ F5 42
T E T2 Re K E W s T T, X R
Sg T2 v G A8 iR T L5 H v T Bl EE 4 )
N, REHEEE SR E S T TIHR ML RS, &
FESCIIIE] T2 sh e K & T T1. #£0.50 s
ZJE,TL.T2 &G gt Fiae, e E
W2 J5 6 000 T,.10 000 T, =z ff LA M 30 3% Fh 22
A S B e T E R AR TS A,
HF PR K, M7 sl B b, 58 5% o fir sl
L ) UKL L 2l B 5 5 Ry JR B G2 B ORL TR A
TIH R, HIt T2 ZG8hfe KT T1, HILAT I,
EERTN PR B A R ) A AE R B I AT g
N EERNEZ —,

K13 AR 1443 50 9 T1. T2 48 Y J7 [A) B faf
BrE. NEHTLES, WH TR T ER
HHE 405 e A T ORI 5 W s R4
fEr=1.00 s B}, T1 A5 )5 7= AR kL 5 RS I 52, L

=1.00s

15000 —=—TI1

—— T2

12 000

9000~ >

6000

Kinetic energy/J

3000

0.0 0.5 1.0 1.5 2.0
t/s

K12 shfien Kl
Fig. 12 Kinetic energy time history

PR KN R 0. 70 m; T245°4 0. 40 m,

18 1=1.90 s 52 B mf , T1 AL B R/NEY Ny
0.85m; T24°H0.55m, AXMEFH, T1 7L
SUAEREAE R T UKL S B B R fE E rp L T
FBWAE T R A T8 0 WA 0ROk 8%
G o A TR O R N S 7/ B B R A A
TERR A BT, A SCA R A T T R fe R B
2R A g ol B R B B R S B NN P AR R+
HERR BR B A4t 1 Az g, iR T AR AT
e T o

EE 9 FIIE 10 T a] LA 21, b e e+
PR IB AT, 446N B R B L B W 2% e B
R TR 6T 248, B 158 248 T B4
I FEE

Displacement in Y direction/m

5
=190 II
17

14
1.1

> I 03
0.5
! 02

| -0.1

/ IYM

0.7
-1

F13 T1 Y5k =
Fig. 13 Displacement cloud diagram of T1 on Y direction



55 5 3 B 7,5 RS 3 12447 A CDEM-DEM 43 #r

753

Wheel sinking depth/m

Displacement in Y direction/m

2
~1.00s =190 .
1.7

PR e i 1.4

K14 T2 YTra it = A
Fig. 14 Displacement cloud diagram of T2 on Y direction

0.16f ——TI M AT U, T 4B S04 48 Bl 3 1 (]

=]
—_
[\S)

0.08

<
=]
e

HTRE P2 AT RE T .
0.00% 05 1.0 L5 2.0 4.2 EREREIRE

t/s

K15 45T B R BE i A2
Fig. 15 Time history of wheel sinking depth

O R GERE A 5 i I T Y AT

A HEZE  7E 0~0. 50 s v, N BA TR BE SE I ) B
fiX, Z 576 0.50 s B 258 T BAIR FE 29 2 0. 01 m,
Z IR R E T %A T2 POl 424 7E 0~0.75 s
W BATRBEARWIS KRR 0. 12m G RE T
A . LR O 7E T A S O RS E
R T BATR BT K TORTE A . G B AT
RGN T, AT LAV AR 5 1R AR A

B WE

=4 B R R 4 B A 0.02 m, 0.05 m,
0.07 m,ic =FF T& 43508 U1, U2, U3, & 16 K
=R RS A

X‘/L\ y (a) Ul (b) U2 (c) U3

KI16 g b BEIA
Fig. 16 Schematic diagram of roadblock



754 e K TR

31 %

SRS = A TP AT 1 s, & AE UL,
U2 . U3 AT 3B 43 5% 1. 04 m, 0. 96 m, 0. 95
m. Ul TAGEATIE S @ T/RMA TN, U2.U3
T8 AT I B A .

K17 e B B T 00N 1 R Ge sh g i F2 &1, A
E v n] L BE A ] RS — R T sl BB B
BTt

10 000f ==l . &
E’D 8000 .
2 2 R
_g_’ 6 000 :
E ;
& 4000F

2000f

%.0 0.2 0.4 0.6 0.8 1.0

t/s
17 R T80T o RE I 2 5]

Fig. 17 Kinetic energy time history under roadblock con-

dition

5 T1.T2 T v 3l g bl & i ] (4 4HEF #a T
e AR, UL, U2 U3 0.5 s J5 s GE{H 1 B i
B sh, =M TR BET & E T M
UL U2 U3 RATEO. 8 s I ik F U5 {H , 1t
UL, U2, U3 # 3h fig 4> % S 7 815.11 7T,
9341.757.9822.38 J. VLHHLE I FE A, ZE?‘:;
) A, 0 201G K B ) A Re ok, Hy itk 3 RE
Tt FE @S B S, shRE B T T B . ﬁi[‘?ﬁﬂ‘
A, LT R R K, RS A R

HH O AT UL A AR O R R B T AT 3 A o R
T X B A ) T L A R sh oy DLl O B R
A o A ) O 2 D DL PR R AT AR

5 hEFMERR

Zig UL B EE R AT AL SR iR B T
18 2 T M AN S B OR T 5  E E 4
T AR, DT 38 R 1 9 Bl PR 482 Ty, A 0 2 e e il

T w44 . Bk F 06w AL 8 A7 7
QR T AYIER T fE—EBE AT
RIS T, ﬁkﬁ:&i?f’*‘ﬁiﬁnﬁ'ﬁ
[T o A1 O NSRS BV (TP g £ S A% B [ ) 8
S A A B T UK Bl ) AN R TE R R E AT, P
Bl BEAR T AL SO g AR L gl B A,
R B Sk TR BB AR X A2 Bl AT S B 4 B
THT AR SR, WO R PR TR G v AR SR . AT
BF 8] N, 46 80 40 38 17 i FE B, AT B ) R
SR 5 R R B B AT B A S R
AN TR] B 65 B, 7 4 0 30 3 % T e 0 1, A
NG AR IR 3 ) DLAR IR 6% fig i B R AR A, e
IR R AR PR B R K B B, LT A RE AR AR
Ko Ti?ti;%ﬁ%%i:ﬁ%ﬁl/*ﬁﬁ)??

R, 3K 3 T B 4 AE AT bl R b 2R AT A BRI B
PN SR
6 & #

T WA Z) i R A R T e B R
B ATAT R Bh S 54T L 4R 1 T CDEM-DEM #
A E BTy vk, ST I A it i e AR A AR
N Bh 25U 1h) 1 (R 2% 52 B B A A A ik
PEVT T 4250 A6 0 I 8 X6 42 50 A 7 0 %6 S REFE 1Y)
AP RE SR P REE L

(DAESe s Ot w4 e E R - E T
TIEMW AT UL G AR R L ESCE R T
RIS TR 458 T BRIRE

(2)IEBCA e 50 1 4 50 7R 5% sh AT i 35 2%
PN BRI, KRB
490.85m.0.55m.

(3)FE AH [ FH 1 0 T, o' T 4 5 s w e
IR T AT ATAT RS M R IR B R I

TN A R T LA R R AT
R ThdE S LW EZ AN
12.78% 5 i G =48 LU AL R 2. 80 % .

(4) %8 6 7E & % W 5 10 38 A7 e, 3 b 1 A R
TR, T FE RO BB AR R . X R SRR A
A B TAT Bk B, R T T B 1O P S [ A S B
il 2 LAVl 5



%5 1] B % R - AR S B 122 1T 0 B CDEM-DEM J3 #r 755

S 30k 2022, 38(11): 51-63. (in Chinese)

(1) WER, ZIE,REF. TRARRNAES o R P “%WTZM
FEOIZUOMT S ATON(T]. % e £ K 5 S48 A A iiiﬁiﬁfiﬁﬁmﬂn R
FH#), 2020, 48(8): 124-129. LUF T, GAO H B, LI N, et al. Monocular vi-
ZANGMY, WANG L C, ZHOU T, et al. Finite sion-based estimation of wheel slip ratio for plane-
element simulation analysis and evaluation of radial tary rovers in soft terrain[J]. Journal of Mechanical
tire's transient dynamic characteristics [J]. Journal Engineering, 2020, 56(2) : 77-85. (in Chinese)
of South China University of Technology (Natural (9] £&% . @44, UPADHYAYAS, £ . J Bk
Science Edition) , 2020, 48(8) : 124-129. (in Chi- SR TR S - BT TR ) 4 A ML RS 0]. 4ok
nese) TA K, 2019, 35(9): 80-87.

(2] RA&K, #& K. BT FEM/DEM 4 i - U0 #u A JIANG C X, LU Z X, UPADHYAYA S. ef al.
HAR R L] e TR 5 (8 R AT Vertical stress distribution rules in compacted topsoil
H), 2015, 43(8): 75-81. under tire with chevron tread pattern[J]. Transac-
ZHAO C L, ZANG M Y. Simulation of tire-sand tions of the Chinese Society of Agricultural Engi-
interactions based on FEM/DEM [J]. Jowrnal of neering, 2019, 35(9) ; 80-87. (in Chinese)

South China University of Technology (Natural Sci- [10] k4L, 75 m, Rk, 5 Gl 2ep 20 v i
ence Edition) , 2015, 43(8): 75-81. (in Chinese) R 5 U0 I R S W BF 5 (0], 7R Ak AR 25 2R

(31 & K, KA. H G 3 P R FEM 017 502 #r A 2016, 47(11) : 341-349.
firl1). A4 242, 2014, 36(6): 699-702, 708. ZHANG R, JI Q L, ZHANG S H, ef al. Effect
ZANG M Y, ZHANG B. FEM simulation and of wheel surface curvature radius on sinkage perfor-
evaluation on tire braking performance[J]. Automo- mance of sand rigid wheel[J]. Transactions of the
tive Engineering, 2014, 36(6) : 699-702, 708. (in Chinese  Society for Agricultural Machinery,
Chinese) 2016, 47(11): 341-349. (in Chinese)

[4] ZENG H Y, XUW, ZANG M Y, et al. Calibra- [11] GUO X B, ZHENG Z M, ZANG M Y, et al. A
tion of DEM-FEM model parameters for traction multi-sphere DE-FE method for traveling analysis
performance analysis of an off-road tire on gravel ter- of an off-road pneumatic tire on irregular gravel ter-
rain[J]. Powder Technology, 2020, 362: 350-361. rain[ J]. Engineering Analysis With Boundary Ele-

(5] FARHADI P, GOLMOHAMMADI A, SHARIFI ments, 2022, 139: 293-312.

MALVAIJERDI A, ez al. Tire and soil effects on [12] BA&, Tk, e, . X THELS-EES R
power loss: measurement and comparison with finite JCH R R = YE S 4 o R B A
element model results[J]. Journal of Terramechan- [7]. ¥ 54 &, 2019, 39(2): 110-120.

ics, 2020, 92: 13-22. FENG C, LIS H, ZHENG B X, ez a/. Numeri-

(6] s, mRF, T4, 5. HTAME-H ARG cal simulation on complete process of three-dimen-
SrHTHORS AL R IR BT T, o B s AR, 2022, sional bench blasting in an open-pit mine based on
35(4): 108-116. CDEM [J]. Explosion and Shock Waves, 2019,
DENG L, LING TY, HE W, ez al. Refined tire 39(2): 110-120. (in Chinese)
model for analysis of highway vehicle-bridge system [13] E4&, TRA, T34k, 5. ETHEESATENY
vibration[J]. China Journal of Highway and Trans- TH | B R s R I AT AL BT ). B B o
port, 2022, 35(4): 108-116. (in Chinese) #, 2020, 39(13): 267-275.

(7] R, FHR %, RET, F . FEK MR- L% WANG X, WANG X J, DONG Y Q, etal. Visu-
AR AR AR T7 1 i I BeR 23R [ 7], Rk T 42 al simulation for structure continuous collapse
R, 2022, 38(11): 51-63. based on discrete element method and physical en-
XIE B, LUO Z H, SONG Z H, et al. Review of gine [J]. Jowrnal of Vibration and Shock, 2020,
off-road vehicle tire-soil interaction modeling meth- 39(13): 267-275. (in Chinese)
ods and experimental techniques [J]. Transactions [14] LIJ, FENG C, ZHU X G, et al. Analysis of the

of the Chinese Society of Agricultural Engineering,

coal fluidization mining process with the continuous-



756 e K TR % 31 %
discontinuous coupled particle-block method [J]. [17] R, F=4, BF90A, F . KL RAUEE B
Geofluids, 2022, 2022: 7001654. EHE AR LT]. k3h 5 &, 2022, 41

[15] A&, F#k, e T . —FAa BROCH /L Bk (10): 244-251.
BT r sk R M TR [T]. & 2 %, ZHAO Q, HUANG Y W, XU Z M, et al. Fluid
2015, 36(4): 1027-1034. structure interaction vibration characteristics of the
FENG C, LI S H, LIU X Y. A procedure for low pressure pipeline of an automotive air condition-
transiting FEM into DEM and its application [J]. ing system [J]. Jowrnal of Vibration and Shock,
Rock and Soil Mechanics, 2015, 36 (4) : 1027- 2022, 41(10): 244-251. (in Chinese)
1034. (in Chinese) (18] Mhakdk, A&, Af&in, & . oy dArAE T B

[16] AL, & . MIRALS. 25R16LT HLA% 440 SER B UL BB R RRAE [T, % B ok &, 2019,
AR A MGG AT]. P B, 2021, 39(11): 109-122.
37(5): 56-59. LIN Q D, FENG C, TANG D H, et al. The set-
YAN J K, WANG H X. Design and development tlement and damage characteristics of pavement
of reinforced 8. 25R16LT all steel radial truck tire structure under impulse load [J]. Explosion and
[J]. China Rubber, 2021, 37(5) : 56-59. (in Chi- Shock Waves, 2019, 39 (11) : 109-122. (in Chi-
nese) nese)

fEEWA

B (1999—), 9 idbskE 1A,
A 58 A, 2021 4F T 48 TR K5
HAFE LA, EENEE LR
0 3 T g 2 7 A PFSY . E-mail
956255016(@qq. com

g F(1982— ), Wil E A, il
+ L B RCLARIE, 2009 4 F op [ RRE B
W58 AR B 3R A TR 4 A 224, &2
B\ g2 -k i SL G U S AT Y
% (CDEM) M 22450 5 5 + R &
VB AR | 22 45 2w o 280 145 101 45
i 728 Wl 445 A 45 )y ihd A BIF Y . E-

mail: fengchun@imech. ac. cn



