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Analysis and experiment on chassis passability of a self-propelled
forest tending and clearing machine in snow-covered conditions

ZHANG Ruiyang, TANG Jingyu, KOU Xin, FAN Zhiyuan, QU Yueyang
(Harbin Institute of Forestry Machinery, National Forestry and Grassland Administration, Harbin 150086, China)

Abstract: [Objective] To address the challenges of insufficient operational safety, poor stability, and limited
passability of the forest tending and clearing machine in snowy forest environments, this study investigates the
chassis passability performance under snow-covered conditions. [Method] The theoretical analysis of the
chassis passability of the designed forest tending and clearing machine was conducted under different working
conditions covering various aspects including straight movement, steering, slope climbing and obstacle crossing.
The key parameters affecting passability were evaluated in depth. RecurDyn was used to construct a simulation
model and perform multi-body dynamics simulation analysis. The dynamic parameters such as Euler angle and
angular velocity under different working conditions were obtained through simulation, and corresponding curves

were plotted. [Result] The simulation results showed that the simulation model had relatively stable straight-
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line and turning performance. It could traverse 600 mm trenches, climb over 350 mm obstacles, ascend slopes of

up to 35° longitudinally, and climb 25° laterally. Field tests confirmed that the prototype could cross 600 mm

trenches and climb over 300 mm obstacle, and achieved the maximum longitudinal and lateral climbing angles

of 30° and 25° respectively. The average straight-line deviation rate was 12.9%, and the turning radius averaged

1561 mm. For all tested conditions, the trends of curves from simulation and actual tests were consistent,

verifying the accuracy of simulation analysis. The test error was mainly affected by slippage between the track

and snow. [Conclusion] This study demonstrates that the forest tending and clearing machine chassis meets the

passability requirements for snowy forest environments. The findings provide both theoretical foundation and

practical guidance for the design of forest tending and clearing equipment chassis operating in snow-covered

conditions.

Key words: Tending machine; Tracked chassis; Snow-covered terrain; Passability analysis; Multibody dynamics
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Fig. 1 Forest environment
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Table 1 Basic parameters of forest environment
WS BN mm AR R B E mm . B
5 o " BERIRORR R /mm SR RCKTEREmm SRS RE)
Min. distance Max. root diameter ) .
No. Max. height of obstacles Max. width of trenches ~ Max. angle of slope
between trees of shrubs
1 3450 45 120 0 10
2 4640 49 240 490 15
3 3980 33 180 310 7
4 4210 38 220 0 23
5 5250 31 150 430 9

GuiE L B AL B 5 % AR RIS, AR
FEAF O N =R FOEIsqT .

1 BN s 2: W AR TR 3: FRHIAR s 4 JB ol A7 8 R A 5= S
B 6: B )1 RG0: 7: S IETH s 8: BN 9: THIAIMEL; 10: 531 R4t

1: Electric winch; 2: Forest clearing cutter; 3: Soil compaction roller;
4: Tracked traveling chassis; 5: Support cylinder; 6: Power system; 7: Air filter;
8: Cabin; 9: Lifting cylinder; 10: Transmission system.
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Fig. 2 Structural schematic of the forest tending and clearing
machine
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L: B K s B: JBEA 95 5 By BhlE.
L: Track grounding length; B: Track width; B,: Gauge.
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Fig. 3 Schematic design of chassis structure
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FEFEAE T oo

232 HMrepes  ERBEHEIH, W& FERZFE
TR F) 53 77 JE T B A 0 K i B A T R
M B P E IS ML B AT I AN KA
M B, A7 AE

énG cosB = Gsing, (26)
I, @, N JE T 5 I T TR PR A ) B AR, A R

BEE 0.35; B AYE TR A, (9).
EAVNISE JUS SR/

¢n > tang, (27)
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AL &N, 293K (27) BRALI, BENS PRIE 1 % AE R I
MBS AT, THE RS p=19.3%

00650 2 A B A AT R S 1 — A L B
s ABBE e 2 BRI, AN &N 2 o BEIAT

SRR i e T PO SCHE DAY, L A IS TN

N1 =GcosB(B1/2+ey)—Gsing, (28)

A, Ny LT L0 i S T, N

HAETT (N)= 0 I, R4 2 U i 7R,
ARV S BUA P SR TE S O S T b= N R 1
(ﬁm)°

Bm = arctan[(B1 /2 +ex)/ho] (29)

THE A5 B,=38°, JE il . =0 v FEE AR [ (i 7%
S RN [ A2 E T, TR A Ak % B R R R R R
AL B ] DAY AT Bl AR e 1

2.4 HPEMERE

241 BAIRA TEE GRS RS ) AR nT
PAG3 9 3 A BEW B, mi v v = i v % S i
B o S VA B B, R i JE Y T R e ik 5 1 %
HEHEMERL SBE ML RS, JG5HHIE R
TRIFFAE-TSH TR b, BRI & BILRT IS . ik
% B E IE & 518 1 G4k A, X B R

RE
M3 = er
: (30)
My = Ne(Ly - x;)

X, My NE TN O, X2 HE RIS 156 My N
HARAN IR O, 3 RS )15, Nom; Ny N ET
Uity SC A5 T2 W) SCHE 75 Ns x, DN O, S B EL O EIK
S5 IR B BE B s Ly 4 JE A S R T SRR 4 A () K
me. 24 v BIRE B I, 15285 A BT, 1o A5 AR 35
BT HIG S R 2 (X,)=1 050 mm.

BB B, Ve B JE T SR AIZE L
%, B AN IZE e 2B W S A 22 . 24
HJJE 25 B A N 28 A B, B i 0 i i 7 SC
£ 1B W/ 2 0, )5t B A TH 46 BT, Bt ik
FIMBRIRES -

M5 = G)Cf
, (31)
Me = Ni(L; — xp)

A, Ms NE T30 Op T2 HE RIS 158 Mg N
HAAN S35t Op 3052 AW Beh 18, N-m; N, N5
Uity S¢S IR R SCEE DT, N xp N Op 35 B E O TE K
SEOF AR S, mo 24T DR Sk, B SR, o
Uity $E R IZVA 1 T I S R EE B (X,)=650 mm.

J5 Vit 1 MR B, V% J i 56 4 1 e A b T HL
B B VR, O B 2 NIBEVE A N 4% 28 10 A5 #2580
5% 75 T v 3R VA N i 2 R T B IR ) T A ok
P, B DR AE A vk VA B B E O A FH 2R B 15
V5320 25 ) Tk G BT U SR AT, 7E S I B b B B i R
iy RIR 25 b THD B 77 0k 12 4% 0 v BA N85, TR Ut
AT f R S R R B (X pay):

Ximax = min(Xy,X>), (32)

20 (32) AT 401, X,,0,=650 mm. 7+ BT+ H A
MLES BB R ), 16450 o vide Bl AR AL B L E O
LB, KBRS .
242 #MER  S5EERIZN DL, B 1T
FERT LA 2 ANB B, 28 1 B B A A o [ Te
Tt BB GRS, B A O 4R 5 B A5 R i S
LR E A 25 R & EE O I ZR VA LE A S A
e, )= AR A S SOV E R s A E O
VB AR T8 AE 7 3 /R FHERAG M, TUTATL 25 Be 4 51 1
Fit— TR i . 5 2 B B o i 2 T Hh
T 2% (1) E O A P 40 0 e 5 i oy 52 i 2k o IS A
FE RS E B AT IR, BB 78 578 i)

e R o vy R A A A% R R R ) ) DR B AR
B, N T RE— DR AR R M R, T N R &
) fi Rk B e P AT 0T o SR 5058 1. 2 B BU a2
SR AT, BB S (Hipay) THRA RS-

Hpax = (Lt —a)tanby, (33)

b, L R A 5 Bt s (KSR B85 o S JE T AT
i 1) A 117 0 S A B ZK T BE S, mmy; 6 A2 P AR
WRPRAE, (°)o #H OB 5 L HF/KFIEE 650 mm.
0 ) A A BB S 435 mm AQ N B AR A B )
3 Hppo=268 mm, 0,=33.7°, %¢ b, & R K @ i A
VAR SO B, G A S K AT R R R T
BERTR A MR .

3 ITIRE MRS

3.1 FERBEN

N FE N EAER T Z KSR &GRS
SR AT B8 M, A SCEH RecurDyn £
B I35 AT AT B0, IR T Track-
LM G i 7 0 B AR @S A AT 38 RSt

H T RecurDyn fY SRR HLUZE LIRS, AT
TEFIR M PSR S Z KSR LR 0 a4
7 R RAS AR BRI A T AR R, S
i 55 B B4, A TOR IR & T % 2 B
Wi 4T 22 2058, IR WAk 2.
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Table 2 Impact of equipment on snow layers
B8 R B /mm 56 4 /mm
75 Pre-test thickness Post-test compression
No. REE KE)Z HE e KERE HL)R
Snow cover layer  Ice-snow layer  Frozen soil layer Snow cover layer  Ice-snow layer  Frozen soil layer
1 310 100 250 60 0
2 190 80 150 30 30
3 270 100 200 50 20
4 350 130 280 60 0

BT R0 s 128 BS54 B XU BT
B 3 B HEI N 1 HERSH. BRTE.
UKE R R JREVE L BN hyi~ by hys 4 9)
WA Ay A3 o SRR F 3 774 S 5038 AT AL
T, R IBER KL w;

3
Wi = hiAi/Zi:l hi;; (34)
LSRR RATTARE (ko) 9P
3 3
kee =) hibbikeily . hibis (35)

T 15w iwy i ws=0.91:0.06:0.03. 454 EiR AR

B A S LIRS, WK 3 s,

3.2 FEZRSHR
3.2.1 #HAT5%+%  1E RecurDyn ) Track-LM 5
Porb, BB EUBREA 25 s, Forbok, [8] 2 BREAT
L1t 20 s, #21m) 5 s AT N 0.5 m/s; Fm 77 X
NI BN e ), SR FECRRE A 0.5 m/s; TGRS Al
IR MY, 07 BT R R 2 R B 0 BE ) A s
D55 2% ) I L A7 R y Bl 7 3 B (RecurDyn #0#F
Hh y Bl B SOT ), P EE R 7 R
M5 B4R (KB 7) AT %0, 1847 10 s J &t
W) By B, A AR AR AR AL, AN 0°~5 0T ik 4
Tns FRAE 5 s JRIRHTRR E & 175°~180°, RIF &R % T
SE R M BE . ML A T2 T UR B, BATH B

®3 BHESITREMSY

Table 3 Track-soil contact parameters

PRV AR FiRAR AR

Pkt R/ X e YA A R
[KN-m "] [KN-m V] . &S 1 P L1 /KN e
EiUY= . . (kN-s'm™) (kN-m™)
Frictional Cohesive kPa Internal shear .
Snow layer ] ) Settlement ) ) ) Shear deformation
deformation deformation Bearing capacity resistance
modulus modulus
modulus modulus
MEE 1.5 1.0 2.5 5.0 15.0 1.0
Snow cover layer
KE = 5.0 4.0 1.1 100.0 40.0 4.0
Ice-snow layer
%t )2 8.0 10.0 1.2 40.0 50.0 2.5
Frozen soil layer
ZRE 2.0 1.5 2.4 11.8 17.6 1.2

Equivalent layer

(0~10 s) P A FEAETE 49 0, X2 i T8 7 5
ZRAETEI R, i FEA PR RRTE 0°0~5°, K& 4
BLATHE, HAREMERT . 1E 10~15 s B A BL
fi A i R IRGE b TR BE R BN, KR y A
HELEZ M B 2UURI L 5, X — L% 2R
FE TR 6 B ) B () 1 AR 5 T S A L 0 43 A AN
¥, A LS R,

3.2.2 Jeyk 7E RecurDyn [ Track-LM R h, %
B RIS B A 2 20 5 4T B EEE N 0.3 m/s;
Ve BN FE 150, 200, 25°, 30°F1 359, Il EAH
BUK) z B, 1B AR (K8).

i 2 A (Bl 8) R B, ALY BE 9% I ) J8 i
15°~35° I T 36 . 7E 15°~25° 3 THi %14 T,
BRI 2 il ) T8 B B B N, AT R ST T .
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200 . — Tiff Yawing angle 10
— I Angular velocity

10
9 -10 ~ &
s & 20 g
® 23
= _
30 & g
—40
. s s . -50
0 5 10 15 20 25

t/s

7 WALy MAREMESER
Fig. 7 Simulation results of yaw angle and y-axis angular
velocity

It 25 35 T A1 RE I K2 30°~35°, 2z il #113k FE FAO Bh i
JEZHTAN R, A5 52 3 10 (0] e 0 B 4 o, AT BRASE
PEN B o RFARAE 35°% 1T, IR 2k BB —
BOMXS A (K5 3l X 8], R A AL T - i
JX — B G AR 3 T DA Y 5 T 2 T )45 fih
T3 o3 AG AN T BB AT B S FRAR, B AR TR 72
HafE LR FF ELZ AT BUIRES -

—

I E/C-sT)
Angular velocity

SN NaNo
chouocunono

|
—_

0/ i Alt é é lIO 1|2 ll4 1I6 1‘8 20
tls
8 HAEREMAELS

Fig. 8 Simulation results of z-axis angular velocity

7E RecurDyn Ff) Track-LM fR B A, ¥ B RS 3 3
FE 53 528 10°, 15° 200, 25°F0 30°, 4524145 H I [f]
N 20 s, WA AT MR E N 0.3 my/s, 1 EIE 9 ft
AT RS R T EEE R (&1 9) TR, BRAEREIL
30° K AEMIF AL, HA IR E L o« 7E 10°~20°7}
AT x b T A 2 S /IR B0, Bl R B
SBCFEE M T A K, e T ] A PR
BOR, BB A RS E PR R Ao AN 25°RIBOT 40, x 4l
i B O, B, BARDIR S E T AR
SE o AR 30OR AT T, ATBEE — BRI B AL
BUFEE PERBR x il A 38 88 5% 42 I TR SR e (L
IR T B, A HAS

_ 23 &

22 6 & &

=23 & &

By 2 B

250 &g

€ g2 IS
< -4t @)

0 2 4 6 8 1012 14 16 18 20
t/s
B9 xHAREHEER

Fig. 9 Simulation results of x-axis angular velocity

3.23 M 7F RecurDyn H Track-LM i, 125
V415 B 4y I E N 4004 5004 600 F1 650 mm; 17 E
SRR 20 s, A7 BOIE FETE E N 0.3 m/s, 15340
B 10 B I f 0 B A5 3R B 45 R (K 10)
AN, BR 650 mm AR E S A, HpaHiE.
£ 400 mm 4 SAF T, ARYLE 5 0 AR A R4 £
AN, W BRI R + 2095 1, FEAR LR R R
£ 500~600 mm VG 5544, A5 Y AR A £ 3 i 3
K, BEREINT 7 B AT w5 B B s,
KAFALE IR F + 8°, BEARAR b AT 7 v] 2 Y B P4 o
1E 650 mm Z5 5644~ , BRI AR shE I + 100,
T B H B 1 S P B, B R 2P 3 AT
RN B

WA F1/°)
Angle of pitch and elevation
S

|
(o))

/ 1 L L 1 1 L Il 1 il
0 2 4 6 8 1012 14 16 18 20
t/s
E 10 BEHSamlahESR
Fig. 10 Simulation results of pitch and elevation angle

—-10

7£ RecurDyn ] Track-LM f&E e, ¥ B g &
FE 53 5178 150+ 200+ 300 F1 350 mm; 1/ 2 AL (8] Ky
20 s, AT FEFE BN 0.3 m/s, fFIE 11 Brsif)
WA F 7 A5 . B B R (] 11) T, Ay
£ 400 mm ZEAF N ARBIHALD), 350 mm K LR #F AL
THE RIS . 200 mm 25 FF T, IR/, B
KILENE LR + 3°, EHEARREEPR, R
B2 A . 250~350 mm S5 1F R, A0 A% 25 38 i,



786 Ll K224 (https://journal.scau.edu.cn)

i 46 5

FHO R AT A202 X . 350 mm 2644, {0
£ I R BB F 10°, BT L 4 B LR HT
11, J S S 7 A B B ES . 400 mm &4, T E
G I LY VR I o W Yk At
77, R EATIE IS .

P F/°)
Angle of pitch and elevation
S

0 2 4 6 8 1012 14 16 18 20
t/s

B 1 BEERmiafiaESER
Fig. 11 Simulation results of pitch and elevation angle for
overcoming obstacles

4 tREHXLE

4.1 RAIEHEH

S bk g BB e VAR A T R BV ik,
MO EEE NG LT, REREEAR
15~20 cm, VKEHEEZ) 4~7 cm, HFIREL N
=10 'C~ =15 °C, Jo R K, i 2 0K Z I 146 75 oK
TGN B T £ D A B 7S il A £ SR s HWT6052,
& AR B T IR AR T O A, B PR R A I A 1
42 RS54

EFXF IR BLTE VK T A T I B 2R AT B 5 525
fE, 1 20 mx5 m FREE X I, ARG AT 25 A AR
TEH 2R o BB AT MO FEE N 0.5 m/s, KL TR
25 s, WIGET 5 K. RN B0 N E AT I 5 5
BRS 2 F55: BLRAT B0 43I & i B VR AR A o0
LIRS &, 10 & SR B, T EIREER (o)

e=y/SLs (36)

A, y RS R R S A A T 2R 1 RS PR R
m; Sp N B E AT KRR, m.

HARIS R (R 4) WA, 758 — BLE 2R AT WY

B AT OO AT R I 25 P 2408 648 mm,

e 23578 12.9% .. WEBAEEIERE, W8S

A% 2 (1) 3 B e BN, BEHLE AT RSB AR,

J& 5 5 ML T 2 (8] (0 B AR L, o R AT B PERE 11

SRS/ o G2 TE 1) 20 7 2 i 2 v SRR 15 1) e 25

A2 ME N 1561 mm, BE K FHR{E 1500 mm,

X B T UK PR T i EE W R
Pl /0N 3T 5 AT R AR ELAR T AN 51 R B8 A R
(DCOREgESIN

T4 HITESHRTHELER

Table 4 Results of straight and turning experiments

B fBREmm o fEE% T f/mm
No.  Lateral displacement Deviation rate Turning radius

1 674 13.5 1632

2 705 14.0 1501

3 628 12.6 1553

4 596 12.0 1556

5 639 12.7 1561
HfE 648 12.9 1561

Average

B o TE B 33t 47 R 36 36 I, 78 AN ) e 3 R 5 o
WCE IR E 2> 90 15°, 200, 25°, 30°H0 35°; iR I &
AN 20 s, 473038 BEE 52 N 0.3 m/s, 45 SR AL
15°~30° @ 1, 3500, 7EME A EHE e H, 1B 3
B3 5N 10°, 15°, 20°, 25°F11 30°; 56 AL i 7] Ky
20 s, fTHIE EAEE N 0.3 m/s, 4558 K B 10°~25°18
i, 300K

FH 5 JER 25 10 53¢ S B P 3 8E 5 07 058 T B
W 12 s . R ) e S0 A, MBS ki 34k
E, WA BB — B SIS R SR
WK, T D] A A 5 T Ao AR R AR AR T R
By MR T % R e M o ES RN 30°mT, iR
HELIT W 5 E O™ BRI , R RGRR,
TR E V& 3007 BRI S5, 17 BN [RAS 2 20 s
FESE PRI, S BETIEELS:, £ 16 s I
W BZKFHUTH, S ORIE 22 A0 3 2 AT AR K AR BE

B S R 55 3 A7 1 36 B0 IE , 7E B R 45 v R 56
Ve BBV B FE 43 5108 4004 500+ 600 F1 650 mm; i,
B8 SR D 20 s, AT BRI EETE E N 0.3 m/s, SR K
B %% 400~600 mm H T, 650 mm £ #HT IR
5o 7E BB PR A0 R, 5 RS = 4 A 200,
250 300 A1 350 mm; A58 SN [A] 20 s, 17 B0 2
TH N 0.3 m/s, 25 5 R ILERS = B8 200~300 mm
i, 350 mm 2RI

HH A% R 285 10 3% R AP0 A 3803 5 0 0 B dn
13 Fizm o A B A A S5l 30 50 5 b (1] 13) 71
W, TEAS [R] B 15 w5 BT B 400 £ 72 A0 3 0 AR —
B, WAEIRES T 2 K B ILETIE I 55 SU8E A
0T BB IR B BOR, R A B AR . 1E
350 mm FEAS & B AR T, 350 2 Okt BRI
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i Simulation  {{%4% Experiment
~ £ 100 ~Z 100¢
n 2 7-8 & 7-8
s o 5. o 2 5.
= 7~ T >
w5 %9 25 7
W& s B s
E 5 50 ES 50F
g2 75 g 15
NE 100 o LS L Ay = & —10.0 Lo Lo S
N 0 2 4 6 8 1012 14 16 18 20 = 0 2 4 6 8 1012 14 16 18 20
t/s t/s
a: YA b:
a: Longitudinal b: Lateral

E12 e SHEM AR

Fig. 12 Angular velocity comparison between climbing experiment and simulation

BT DL, BT mAR 28 R AESE 24T . RIS
RIS, 07 AL SRS R
Bk, B S0 98 L G0, BUI6 B 78 2 LE I [A]
BB R, sk prlliad e h 2 2 7 B 2 2R 1 5h
AR . £E 600 mm 354 FE 26T T, SERRI

B AR RGBS, 25 B B P 1) AT AT
JE AT, Dt IR B 4 4x, RIEAT 650 mm S7A 5K
B Zk LRI, RS RA RIF A E AT B RS,
RE 9 A2 SE PR AR K o

~ P & Simulation — 3§ Experiment

0 2 4 6 8 1012 14 16 18 20
t/s
a: FHERENG

a: Obstacle negotiation

MAA/(°)
Angle of pitch and elevation

& 13

/%)
Angle of pitch and elevation

—_

L
o. B .

DUNOULMOULNOULO
o

0 2 4 6 8 101214 16 18 20
t/s
b: EBEkIEVE

b: Trench crossing

RS HES R AT

Fig. 13 Pitch and elevation angle comparison between experiment and simulation

5 #5118

1) X it g B E B IS AL AT H
Wb, AT T etk B S AR LS R ) A
%, BB B, o R R iE 1S
I THI A FEAE 25, W 11X SRR 20 i £ e PR A
FeoE YR 52 o

2) #F RecurDyn KL T HE A LS Ho i #2
fitk (1) Z2 A4 5 77 22N FBE AL, 15 B % pal T Mg
S8 YA TCHE A 350, M m] TE 3 £ B 250, Bl
PR A = 350 mm. 25 H05A T8 600 mm, {fj &5
B IHW A B A X R OE e, kR .

3) ZMRIAHAIR IR AIE, T A HUE W A AL VK S 2
BRI E AT Beral . TCHE Kbkt 5 5 05 B 45
RIERWY) G . HELATHIMTE RN 12.9%, 5}
B F¥I0N 1561 mm, BEBSIRFIES K 600 mm 4 5
B 300 mm FERG, I\ m] € 30°, 4 m] € 25°.
T R R X2 A5 T 56 B B IS ARLAT Bk o 1 e
IBTHEK .

SE R

A, Ih 2 M, F N, S5 RALPRIX 10 Fh R AR AR
REPERE . A AR ft B A B AT ). ISk
MK 2E2E3R, 2021, 43(3): 1-8.
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