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Table 1 Main technical parameters of the transport aircraft
S8 JRAETISR bR B T H AR AR AR
Parameters Original value Target value
. H/k
BT R ke 450 380
Complete vehicle kerb mass
g ke
Eij('ﬁﬁ/ g 150 200
Maximum load
T 3R R g /()
Maximum gradeability 10 =15
with full load
LA AR /km 55 -
5 5
Full-load cruising range
NG o 42/
BT R /mm 3 400 2 500

Minimum turning radius

W AR S 20 km/h SFHUAT T AR R B A2 4. Note:
The full-load cruising range is the maximum mileage at a constant

speed of 20 km/h.
12 BEEHRIERE

Fr gz L i SR el 46 28 i ML IR 3328 i 42 7 45 4
TH T A% GE R 2240 BT 2 25 I LA 25 3R 2% A% Bl il AR
B SFHAE Zh A, 28 b R R E
TR L R S AR HE B R A T 2 U R S
S 2H B 5 DA F, - 2 S R A% G i LR =X 22
S N 0 28 L ALK B 58 B G I e 1 AT Bl A R i
B AERK E 2.70 mL R 1.66 m, B0
40.54 mL R E RIS BEPE 165/65 R14., B K454 1
1R,

1.JERY Seat; 2. %22 Frame; 3.75 [0 £ Steering wheel; 4.8 # 3 %
Leaf spring; 5.9 % [ % 52 28 Leafl spring fixing bracket; 6.7 M AT
Front light; 7.J5 % Rear wheel; 8.Hi% Front wheel; 9.7CHI J1 %%
# ML Brushless torque hub motor; 10.1l Z#% Brake caliper; 11.J5
Bl Rear axle.
1
Fig.1
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Overall structure drawing of hub

motor-driven transporter
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J1h

F = [mgsina + mgcosa(f, + f,)] /2 D

D m Sy F 38 v ALAZ 4 6 2 P 1) S T
kg,g NESIINHEE, m/s" 50 i RICH AR, (O);
Fofy NEEERE, SRS i TR .

P, = Fv/3600 (2)

K2, Py ol B R B R 1 TR kW o
RIS LR B m/s s B AR A AL AL A B R TR

P, =Py,/y (3)

KOG H, P, iR B AL 4 th T 3 kW
7 WEIRCE . HHBUER AKX ) I E AT 15 H il
i W HLTE DL R R 8 RE T AR B T R T R R
0.42 kW,

B2 HBHASKEHEEELR

Fig.2 Full load and maximum climbing angle conditions
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K TC R LA 4 FpE A, 2 8 B s i AR AE kg L
b 2R 25 (8 L AT B 1 S R 0 I i SR
e FH AN 7 8 8 IR T I 0 AR e AR R 4
B AE R 36 VL AUE T 0.5 kW, i {3 5
1.5 kW g R4 72 N« m, IE{HAE A 166 N - m.
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JER 22 °C, M X BE R 40%, P 3 X 2
3m/s, KEJES R 101 kPa,
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Fig.3 Bench test diagram of the maximum

B 3

gradeability of the transport locomotive
F2 JeiEaeidig

Table 2 Test data of climbing performance

22 EMER

B AR TR H R 3 i B Rl 36 V(3 4
12 V R B 5 80 T 2 R RS (5 & it
SRR A 2 55 USART s DA %3, T
1SRRI I R T Bl ) H Y H R U RN R U
FEAR B A5, NS FI R & b e 2 sE i B &L g
100% . AR AT BEAR UL 7E Fr B 1L i bR SR 45 el s 0
Froh iy S PRAR 25 (L 4) 38 56 4243 91 LA 25 22 G 4%
S AE BT MDY O SF B — 2% BB 1 DUE AR 20
km/h AT FE H it SOC B 20 %o R 1k
FE L BRI 3 WK, 10 5418 i 4 7R i I O T A IR
A7 0 g LA R L Yt R LT RE G L (R 3)

B 4
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Fig.4 Site map of endurance test on muddy soil road
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Table 3 Data of continuous driving range test

under no load and full load

5 WeEE/ () MeHiBE/ Y Bk AR E A/ (km/h)
Number Slope Gradient Minimum steady speed
1 3.0 5.24 21.5
2 5.0 8.75 19.3
3 7.0 12.28 17.5
4 9.0 15.84 15.2
5 10.0 17.63 13.1
6 11.0 19.44 10.3
7 12.0 21.26 7.6
8 13.0 23.09 4.7
9 14.0 24.93 1.2
10 15.0 26.80 >0

HI 2 RIAL, BT B0 48 2 A AL 9K 3l 32 e 4 1
200 kg B, LA 4.7 km/h 8 Te8, I@HE R 13°,
He K MC Y BE AT 3k 15°, 1 AR BT EK

REAE/
k 2521 %/ k
i kg BRIk 00 )
Load Driving
Number . Energy
capacity range .
consumption
03
1 65.81 9.31
No load 3
0(ZEH)
2 68.34 10.22
No load
0(zs
3 (4D 66.75 9.74
No load
SF-HI{H Average / 66.97 9.75
200 (W )
4 44,17 12.2
Fully loaded 6
200 (i )
5 48.30 14.85
Fully loaded
200 (W)
6 46.52 13.27
Fully loaded 3
SFHME Average / 46.33 13.46

B EAE S BARE T L4 3 20 km/h 454
HEATIPAT A 2E o AR SCPR R 66.97 km, AH HLESR
RIS AR, LA R g R T T 33.94 %,
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Fig.5 The steering model of Ackerman-Jeantand car
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Fig.6 Schematic diagram of the overall structure
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Fig.7 The diagram of differential controller hardware
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Fig.8 The result of simlunk simulation
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Table 4 Data of minimum turning radius test mm
e e AT Bl LT R AT B LI (B
i B Left turn trajectory Right turn trajectory
Number circle circle
d r d r
1 4 821 2 410.5 4759 2 379.5
2 4 817 2 408.5 4763 2 381.5
3 4 819 2 409.5 4762 2 381.0
4 4 824 2 412.0 4757 2 378.5
5 4 817 2 408.5 4761 2 380.5
6 4 822 2 411.0 4763 2 381.5
7 4 819 2 409.5 4756 2 378.0
8 4818 2 409.0 4762 2 381.0
9 4 823 2 411.5 4759 2 379.5
10 4 820 2 410.0 4 758 2 379.0
FEHI{E Average 4 820 2 410.0 4 760 2 380.0
T

Average turning 2 395

radius

ERETRER TEEOMNMNAERREE

Differential speed of left and right wheels when turning at different speeds

26 4 0] UL, 208 B 2 A0 B AT e ) fe /N B
WEAR N 2 410 mm o, A7 5% 2547 B0 BT Y S /N o) >f 42
N 2 380 mm, PRI AE N 2 395 mm, HEH
JIT 7 A1 BT B AF ] A 5 AR AR b X ALK B2 i 4
By /N A5 242 3 400 mm K FE  dRe /N 25 2B AR U8
AT 29.5 %0, IR 2 B IS B A B BLSh P A
[Fi) B 5600 UE T R 2 TR ) 2R G A R .

4 HEERIRES S

H 32 fi 45 ok Fe S ALSR 2l FE e AL N ER Y
il Bl 8 A i i 2 1 2 R oK L R B N v A =X
e E B s FE LR SR . MR R A U
T HBE T W B 1 KN T B 8 R I
il 2l 3 G A S AR G A

AT ZE T B Rl 2 8 ) A R 1Y T R SR T
WU AH N B T Y ) 3l R B R i . Dk, AT
1z AR IR BE i b4 Bh 25.20,15.10 km/h
Y R RE HEAT B B, B T R R BCE SR 0.8, Bk
EAERI shad B 6 B BT (B 10),

iz G S e AR 6 A .

T 3592 (6

max
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Fig.10  Analysis of the braking process of the conveyor
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Table 5 Theoretical and experimental values of braking distance
i H Ttem 25 km/h 20 km/h 15 km/h 10 km/h
B8 118l /m Theoretical calculation results 5.44 3.87 2.54 1.45
5 1 B #EE /m First braking distance 5.78 4.01 2.60 1.50
5 2 Wil ¥ # /m Second braking distance 5.80 4.07 2.68 1.60
55 3 I BIH B /m Third braking distance 5.91 4.25 2.75 1.63
FXIME/m Average 5.83 4.11 2.68 1.57
#i %1% 22 /m Absolute error 0.39 0.24 0.14 0.12
FIXFiR 2%/ % Relative error +7.1 +6.2 +5.5 +8.3
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Rear view (A) and side view (B) of the

brake performance test site
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Design and test of a wheeled transporter driven by hub motor

for hilly orchard and tea garden

WU Weibin"? , HAN Chongyang' , LIANG Rongxuan',LIU Foliang' ,ZHAO Xin"?,LI Jie'

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

Abstract In view of the complex topographic features of the southern hilly orchard and tea garden,
a wheeled transporter driven by hub motor for hilly orchard and tea garden was designed on the basis of
a centralized motor-driven transport vehicle. The transporter uses 36 V lead-acid batteries as its energy
source,adopts dual rear-wheel independent drive and has an electronic differential steering system. The
performance of key indicators of the transporter including the maximum gradeability,the driving range,
the differential speed and the braking was investigated. The results showed that the maximum climbing
degree of the transporter was 15° with full load. The minimum radius of turning was 2 395 mm. The av-
erage mileage of the transporter at the normal speed of 20 km/h under no-load and full-load conditions
reached 66.97 km and 46.33 km. The emergent braking distance of the transporter at an initial speed of
25 km/h,20 km/h,15 km/h,and 10 km/h under full-load condition was 5.83 m,4.11 m,2.68 m.,1.57 m.
The maximum relative error between the experimental value and the theoretical value was 8.2%. The
differential steering performance of transporter was good as well.

Keywords hilly orchard and tea garden; wheel transport vehicle; the dirving of hub motor; rear-

wheel independent drive; differential steering system; orchard mechanization
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