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Table 1 Doublecrawler transporter general technical parameters

SR FR Parameters BUH Values
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Fig.1 The maximum angle of climbing
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A B T =4S 45 F9 8] Three-dimensional structure of the transporter; B.:ig i 4= = 4 37 R 45 ¥ 0ff #L K] Top view of three-dimen-
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Mountain orchard double track truck structure assembly diagram
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Fig.5 Chart of transmission mechanism
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Fig.6  Three-dimensional modeling of running gear
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Fig.7 Three-dimensional modeling of track
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Fig.8 Three-dimensional modeling of terrain
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Fig.10 Chart of displacement for the drive agency and torque diagram of driving wheel
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Table 2 Error analysis of the coordinate

i E] /s X/Y Ly /mm Xo/Yo i fT0>/mm AHXT R 22/ % A XFIRE/ %
Time X /Y-axis center of mass X /Y o-axis center of mass Relative error Absolute error

0 500/280 500/280 0/0 0/0

1 1 050/280 1 000/280 50/0 5.0/0

2 1570/280 1 500/280 70/0 4.6/0

3 2 090/280 2 000/280 90/0 4.5/0

4 2 610/280 2 500/280 110/0 4.4/0

5 3140/280 3 000/280 140/0 4.6/0

6 3 660/380 3 750/370 —90/10 2.4/2.7

7 3 820/457 3 750/460 70/3 1.9/0.1

8 4 350/474 4 250/460 100/14 2.4/3.0
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Double track truck load climbing test
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Table 3 Climbing performance test

MK XA /m R/ m BWEA/C FHEE/ (m/s)
Test area Passed Slope Average
length distance angle speed
15 15 5 1.63
15 15 10 1.32
15 15 15 1.12
15 8 20 0.54
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Fig.12 Maximum speed test runway schematic
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Table 5 Maximum speed test results
I 4 5 J5 1) R L/m  BE/s %7 1) 1 B 4R/ (km /T A YA B 4 3/ (km/h)
Number of tests Direction Distance Time The highest speed in the direction The maximum speed of the test

1 £ Go to 30 18.05 5.98 6.01

i% Return 30 17.92 6.03
2 £ Go to 30 18.42 5.86 5.85

i Return 30 18.54 5.83
3 1 Go to 30 19.16 5.83 5.93

i% Return 30 18.46 6.03
1 £ Go to 30 18.36 5.96 5.79

iR return 30 18.76 5.62
. £ Go to 30 19.03 5.83 5.76

& Return 30 18.55 5.65
6 I Go to 30 18.38 6.02 5.98

iR Return 30 18.83 5.93
7 £ Go to 30 19.13 6.01 5.93

i& Return 30 18.56 5.84
g £ Go to 30 18.71 5.93 5.86

i% Return 30 18.42 5.79
9 £ Go to 30 19.22 5.82 5.90

i& Return 30 18.57 5.98

&SP 44

FAF — 30 18.64 5.88 5.89

Arithmetic mean

A EHHL AN 100% Battery power is 100% 5 B 25 Hi it Hi
A 10% Battery power is 10%.
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Fig.13 Energy consumption test transport

truck monitoring chart
3 it #
ARG BT T — R R R A S E R B

M BRI LERA R LN H BT, 2
TR T T A O 2 I TR ST I ARG T 1 DU
L SolidWorks X JiE &E4T S LA HEAT = 2 A ; if
i ADAMS #4 XF 32 fi %2 % 047 B WL A 247 &
FIEEIE B 5 B . 1 EL Ay AT 7, 76 = 15 RIE 7
s 3k R O B 1] S ) 4 IR 25 7E £ 5 Y0y Rl
P S G 1) 57 B8 B 4 X iR 22 16 + 3 Yova LN L kil
PR 258 1o M R UG, 25 R o iR K 2
20°, fe i R 5.88 km/h, fix KM 250 kg, B
INFEES AR 0.7 mL ZEfU AT RIS A 3 b, kg LR
K 15 km, T 2 B B L 2R el 0 5 i R

Sk T AL 2 S g R B R A R A R L K
Sh AL TR R E i N A R R A BB W
THRRE B i 2E 7= T 5 [l ik B R a2, mT



22 e orhok ok K2 %W

B
o

S, H I Re 5 L 08 R A5 A A i AR IR, R,
P FHRER B i R B sh 420 R g
Fae B W51 13l e e T 5L RN IE T e
Wiz 1L b 5 el 1 A 2 s AL

TE F5e KE I A 50 ok 72 v 12 U 7 38 By 25 A
AR, 7E 207 &3 0 3 X B 8 m 4b BV BB I
(1) 80 73 A JE TR BE AR 48, JC R IE R e F Az R
UL, T A2 108 G B R Al 200, FE B )
TR TP A9 02 B A 0 /N e A B 1) 2 AR 4 i
0.70 m 1 0.71 m, {EASER MR, 1%is i 45 78 )
B 1) A 0 R A e N e 2R AR 0.7 m, fH T
AR 0 m, XFNILGIE BT 5 i 45 7E i 5 ) i
v N JRE R 3 K ) FL BIL I e 1) R R — B
PR o T B e 2 ik 5 v A5 9208 i A 7S U1 Ol
TR R R R KA B R Ak 5,88
km/h(1.63 m/s) ., MBI LR %8 Hi 4 10 B
KN 5.4 km/h, B ER R T0C, 76 B 1 I 351 82
A%, I, Y 8 32 i 2 1 48 el ISy e, D)
A3 ok R A A By 23 4% T R R R AT B, X%
B AT REAE I, A M TN 9% 58 B 4 1 SR
1O, Hr 52 iz i FREAE R I R R T & A
S HPEREAS R AD 38 52 17 T 00 FRE 2 25 1 4% it 4k
TR S AG DAL NS T S AR KOG R . 7E# it
(4 HL AT 10 96 115 O F 3K 2 HL AL TG 15528 B L X
PRI A7 I B et A e A R S TG 92 6 2 9K S F ML T 1Y)
/N A B

BT BR 3 B AL D RN R I RE A A2
BRI R ARAN L L R R A B i A RS T T
e FE/INF 2070 BB 1L H® AT B, A b X A7 B — a2
FRL o gk 245 4 1) e AP Ak, I 356 T T S 3 K 1k g
AR IR S E AL AN 2.2 kW) , B v i R Y L 7T
i — 20 B 2 Bl RS E M BT RN

2 X% X #

(10 SO 7t , Ja) AR o 1 7 R 7ol 94 A8 2 b 340 o3 7 —— A
RS S [T 48 ek, 2017(12) 1 148-155,259-260.

(2] ¥ Wpub. B B A ol it 28 0 B3 2 —— e AT o B Al e 28
5 (2016-2025) YL 1 ARA TAEE R . 2016(9) 1 23-25.

(3] XA, FRATHR, T 5, 5. 1 SR 5 8 3h iz il g ik 5 e
L] ARl K224, 2017,36(1) . 117-122.

(4] Sfat, Ui, E A L 45 L R pd e B WPl sh i e e R
GEIR [T ]. 46 h Rl 2244, 2017, 36(3) 1 86-92.

(5] Hh3E5% 0ok, kgt , 45, b il IXOUUR A5 2N 38 8h Iy i 48

BB [T ] AR HUALRFSE , 2013(9) 1 116-119,124.
T UEVRBE AU R IR L AE A AR 7 LA B 2T )] AR Ml LR
247.,2010,41(12) :105-110.

[70 PEUHE SRATAR A7 90 5 LA 5 15t [ M. 6 5. b Al i
fi At .2012:143-147.

[8] JHHhid . Bh KR T A A 3 F X8 27 i3 f 22 19 - & L1001
B TR ,2011,40(10) :62-65.

[o] bk, EbsAs. B 03 ) R G R RERLI]. IS T A% 4,
2014,35(1) :68-72,83.

[10] FAZ ARL0HE, TR T ADAMS 956 24 Fr HLAT B 57 5 4 BF
FELI] AR gl K2 2 4z, 2017, 36/(3) 1 93-100.

(11 RARE BEVR I 2 k. 5. 1l b 5 B | e =X 4 52 i 42 o il
BT 505 B O D AR AL iz, 2012,43(S1) £ 19-23.

[12] R 5t BRE &, 230 5 AU IML 9 R AL 5. ¥ 45 0
ikt ,2013.

(137 Shme i, 3 7k il 0 . 45 R =R 1 0 Ay ) 0 o 32 il 2 O
PLBETT B3z B 07 B LI AR UM K 2 24 4, 2018(6) 1 97-101.

(147 RRPH 2508 230 8 % W0 4, A5l 28 Mk B DU AR IR it 5
R E 1] VG IR BE 2 i . 2018, 33(2) :252-256.

[15] XVZRZE s b Sr L, S5 — Fi 1Lt 3h 7 K 48 0% 45 44 1503 &
T 10 3 12 H LT M6 RIS A 52 B % 2013, 40(6) ¢
35-37.

[

(=

[16] VINCENT I,SUN Q A.Combined reactive and reinforcement
learning controller for an autonomous tracked vehicle[ J].Ro-
botics & autonomous systems,2012,60(4) :599-608.

[17] EARZE IVESR BT E . — M AR ENMFTEL]].
et B TR 2% 44,2012, 32(1) : 33-36.

[18] BAKER R E.SIMPSON M J.Models of collective cell motion
for cell populations with different aspect ratio: diffusion, prolif-
eration and travelling waves[]J].Physica A: statistical mechan-
ics and its applications,2012,391(14) :3729-3750.

(197 WRAAE. W] 280 JE 4 47 78 DL B85 8 & B 19 3 1 2 3 i L) 0. 1
Coalk K224, 2015,37(2) : 110-125.

[20] sk . wmahX R ITE RS S Iy 2 @R ik 5k ()], 9 sh il
RH2Wr,2015(1) :70-75.

(217 15 H SC B HUMIb I ) 2 28 K% 22 51 e 0y 205300 [ 1. 70
U AZ I R A= 1. 2009.43(9) :134-138.

[22] 250 M m 2R R IR A SR8 Sl A7 7 DAL 3l ) 2% R A8 I JHC I st
R IEE M (AR BEERRD 200646 (8) : 1377-1380.

[23] ELod, B P ok, 55 i B 290 7 i) o R 43 7 5 3 0
UELT . HUAR TR 2441, 2014, 50(16) : 162-172.

[24] P95, ELT58, B 55 8 430 5% m M BE S 8001 5K 50
AT L] AL T AR 742, 2015,51(12) :127-136.

[25] FH. B 8h J1id 4 42 BT 58 5 B3 [D]. R B e bl K
24,2013,

[26] PR, A% R M i 3l is i 42 Bt ] R ML HLBK 2 41 . 2005, 36
(7):153-154,157.

(277 w258 g Am g )t SR 8 4 hr LA 5 | B M BB AF 5
HTIEAR )] R YL HFST . 2013(10) :190-193,198.




%4 XU R A 1l R U A RS A R BT O S 23

[28] KYPRIANOU A E,LIU R L,MURILLO-SALAS A,et al.Su- mechanism and travelling waves [ ] ]. Mathematics, 2012, 48

percritical super-Brownian motion with a general branching (3):661-687.

Design, simulation and experimental analysis of a miniature double

crawler transport vehicle in mountain orchard

LIU Foliang® ZHANG Zhenbang' YANG Xiaobin' WU Weibin'"*
HONG Tiansheng'? ZHENG Penglin® ZHANG Zengbo'

1.College of Engineering »South China Agricultural University ,Guangzhou 510642 ,China ;
2.Key Laboratory of Key Technology on Agricultural Machine and Equipment ,Ministry of
Education/Division of Citrus Machinery ,China Agriculture Research System/
Guangdong Engineering Technology Research Center for Creative Hilly Orchard Machinery ,
Guangzhou 510642 ,China

Abstract A double crawler transport vehicle in mountain orchard with non-rigid chassis and dual-
hub driven motor was designed to solve the problems of the large orchard slope in the mountainous re-
gion,the row spacing and spacing of the fruit trees planted is small, the site conditions are poor,the oper-
ation environment is complex,the transportation volume of fruits,agricultural resources,and sprays are
large,and the small transportation vehicles have difficulties in turning and passing through the mountain
orchards with poor peace and harmony. The outline dimension of transporter designed is 2 150 mm X
1 040 mm X1 100 mm.It uses chariot chassis as driving mechanism and has dual-wheel hub motor with
independent drive and chain drive. Three-dimensional modeling was constructed with the software Solid-
Works and the virtual prototype model. The high-platform trenches simulation terrain were created by
SolidWorks. The high-platform and trenched obstacle of the transport vehicle’s chassis were simulated
with software ADAMS. The maximum vehicle speed, minimum turning radius, maximum climbing de-
gree and the energy consumption of the vehicle were tested and analyzed.The results showed that the ab-
solute error of longitudinal displacement of the centroid position was within 5% and the absolute error
of lateral displacement of the centroid position was within +3% during the process of overpassing the
platform and the trench. The designed transport vehicle had a maximum load of 250 kg, a maximum
climbing degree of 20° and a maximum speed of 1.8 m/s,the minimum turning radius is 0.7 m.Its ability
to overcome obstacles is stronger,and its adaptability to mountain orchards with complex terrain, poor
road conditions and even no roads is better,and it can better meet the transportation requirements of
mountain orchards.

Keywords mountainous orchard; double crawler transporter; electric drive; simulation
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