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Fig.1 Transport power transmission road map
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A HLE RS54 B Transport vehicle overall structure; B: iz i #1915 2 & 55 X ATE WA K E Transport vehicle transmission mech-
anism and walking agency to enlarge; 1.% Hiith Battery; 2.4l HL ¥ 48 Control circuit box; 3. 4242 Frame; 4. 38 Dual track; 5.7 F I
% Stroke switch; 6. TR KA4FTF Stroke switch lever; 7.3 7848 Supporting wheel; 8.1 i HE 42 4 £ 3 B #% 2k Electrified frame push-pull e-
lectromagnet; 9.4 % Brake pad; 10.44 8 #L#J Transmission mechanism; 11.HL#l Motor; 12.3% 81 % Drive wheel; 13.B5 I Bk% Anti-jump
wheel; 14.5K %% Tensioning wheel; 15.5£% Sprocket; 16.4% 2% Chain.

B2 Shi=4f%HE

Fig.2 Transport vehicle three-dimensional structure
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0.01;9 KHALI ) I G A0E, G sh 3 8 F 85 a
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SN BCREM IR g 0.72,0.98 F1 0.99, BAKZR Ky
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J1s T s AL A 1B (M =150 kg.a=30")
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P..=165.12 W, A] Lt ALl 24 V., 3)



98 ISR LR N A = = g 4

%39 &

RIEEEALE 250 W A4 BT AL =3 GW114165
(F D, BRI REEHUE 3 Fix,

B3 BHRGEEN
Fig.3 Drive system structure
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Table 1 Motor parameters
Z: ¥ Parameter ¥l Value Z: ¥ Parameter B Value

HHLAN S Motor type GW114165 HisE 5%/ (r/min) Rated speed 63

H ML i/ kg Motor weight 8.5 HE RS /(N » m) Nominal torque 38
HLHLI % /W Power of motor 250 25 3% % 3 /(r/min) Unloaded speed 84

i€ B/ V Rated voltage 24 I8 v Reduction gear ratio 1:20

i E B/ A Rated current 15 AME R SF/em Outline dimension 306167 X114

R, BEAL ah 26 B AN B, i sh ibix & h
1: 1B AR INE x =14 1),

4 sEREIG
Fig.4 Sprocket drive mechanism
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M AL BT TR, TR Ky =1.0, 24k
HERB K, =10, BHLBENR P.=0.25 kW , &
EREK,:

K= (1)
B K,=0.63, 453 n=125 r/min i} ,08A
B SREAL R NI K 0.6 kW (=>0.25 kW) . [H I,
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d;=49.8 mm B KL HE .
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AT L CAMS I e BT 22 27 e R HL 3 B BRI
U, 32 AL T 22 17 T R S BUR e 1 B, 5
XPAR e 04T 12 4y Br . Wil 5 iR, LB e 5
HUIE I 2 O SR EAT D 5 BT . B RPLYE 2 A
UK Bl 1Y 1 ) W 4R R ASAE 2 S SR e Ly
L I, SR 58 fr 32 IE R 1 AHAE B0 . F o = F o
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QY]

Fo ®UF sl A B NG F o Fo SRS ) N M L
Jid kg F gy F o B F 58 50 B 5 K 356 0 N3 &8 BT 52 SChe s
N L Ly Hl Ly 53 50 6 5 9K 3 56 v oo F iz AL 50 = N3l 48 b
DIEEE . mm. F;, F, are the driving resistance of the transport-
er,N; F and F; are the driving force, N;M is the whole quality of
the machine,kg; F y, is the supporting force of front drive wheel,N;
F, is the supporting force of rear drive wheel, N; F, is the sup-
porting force of driven pulley,N;L is the distance between the front
drive wheel and the ground from the center of the motor wheel.mm;
L, is the distance between rear drive wheel and ground from center
of motor wheel, mm; L, is distance from centre of mass to ground
from centre of driven wheel, mm.
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Fig.5 Force analysis diagram of dangerous
parts of the transport vehicle
B LR AR ALK 2l L K S 48t 4 A, B
2 A BRBNEE RS2 T — 2 B B 0 BRI Bl R 7R
B AR R oA iz AL T A2 5 L th Tz
SHLRT 32 4 S8 2

Mg
F X LiHL— " X cose X Ly =0

SO s e L AE B 3Rk &5 1) B 2 A
900,

(15

Mg
Fy +Fy+F ==X cosa (16)

2

KA T, F HisibL N s 5z S8 015 F,
NG W B BT % S ) F o, N RTIR SRS T % S B T
L.L, L, 5353124 969.37.729.37,429.00 mm,

s LR i R R 75 ke, e R E(E N
30°, Mz i HLIE M =150 kg.a =30° T8I, N 3h%E
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UK SN 32 148 5.67 N« m, 1EJE J1°8 164.02 N,
el S YT J3 R 162 Ny iz $ bl SR 5e H Az 31 1E
NETIERT L IEJE ) 321.45 N, iz &AL 3K 3h %6 F 52
ARHE I 38 B ORE 34 Sy 3BT AR R, HL e ik iR R R 20,6~
24.5 MPa, A T 4& & iz s AL 5 25 1w o AR S AA ) )
AR n TR 1.3, WIAR 5 B8 FH N 1
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BETHLAE 0.75.175 kg ZE 8 fii 15 00 F LA KA 6] 1€ 31k
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GW114165 HLALAY A & H A 15 A, 12-LPA-24 %
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FHT SR HLGR 3 75 X, 2 A L BL 2 1R) A B R B, (A
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FIHL Tt 2736 R R TR
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A FBRAE M=250 kg.a =0T T HY R J1 15 H Stress situation of drive wheel when M =250 kg and « =0°; B: £ 7 M =150 kg,
a=30"T. 0 F Ay S11E B Stress situation of drive wheel when M =150 kg and a =30%; C: MBI 1 M =250 kg.a =0T T B9 W 115

Stress situation of driven wheel when M =250 kg and a =0°.

& 6
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Fig.6 Equivalent stress diagram of rubber wheel under different working conditions
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Fig.7 Transport vehicle test site map
22 FHigEFIXLE

Xz i ALY b AR [] 48 2% 1R T Y RE RE 2E 47

257 +0ks -w70kg —+150kg

20F

HLi/A Current

) ‘l% FI) (5 l‘2 IIS II8 2|I 2‘4 2‘7 3I()
YeBE/(° ) Gradient
B8 ZEHiBEERRELE
Fig.8 Transport vehicle power
current change diagram
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#0.01 s) KA (25 kg/ M) JEL TS, KPR
E PUIE K JE Lz g HLAE 2R 1Y 32 47 15 18] o 76 AN [7] 48 fif
O » 20 5T TH I At A9 0 0 RE o 5 s 4T
JEREREY L RE i 22 B O IEAEIREAE . o0 DREARRL
Q1 .Qo v Q. IR IIME Q FITT 2 o7

—0)? L —0)? 0
62:(Q1 Q' +HQ,— Q) +..+(Q,—Q) (18)

RIS B T 2548 .50,100,150,225 kg 3£ 5
AT IR AT IE O AR 2 R 45K
S5(E 2>, & 2 v, MR AT R AT 28
JIN S U 52 B L AE AR [R) T80 R A RERE LR e s AT
AT RERE N 1.58~2.88 W « h, AR 4f8 Hi b iy 1 =
12-LPA-24 "] 5 1 XA 25 /8 576 W - h,
AT T3 A7 s S AL AR S .

576 X17.8 576 X17.8
2.88 1.58

i S=1[3 560 m.6 489.1 m ], SRR LT AL
W E HL RN RS — o AR I S RE AR ZE TAE T
PASEPR TR 2/ TIH R 45 R . TR TR REFESS
AL IR B BEAE — B/ TIERR I RERE X EEE
F Tz AL 4 4K Bl 2R ST iR A 2200 X A
b S E TSRl R S A

m<S<

m 19

9 BHEEFENIK M IF
Fig.9 Transport energy test site
F2 BENARKTEENEERE

Table 2 Energy consumption statistics of transport

i H Ttem 0kg 50kg 100 kg 150 kg 175 kg
ARV Y REAE/
(W - h)

1.840 1.960 2.300 2.680  2.880

Average energy
consumption of go
24 Variance 0.013  0.003 0.005 0.007 0.006
RFEFIRERE/(W - b
Average energy 1.580 1.900 2.120  2.300  2.560
consumption of return
J7 22 Variance 0.017  0.000 0.007 0.015 0.018

2.3 ITEYLHE R

BT 1032 Fi HLTE ST - R R 8 A7 45 1 10 B
PRI LI 9. 32 HLIEE S5 3l B 2 0 K A e ARt
FAh 30 HBILIE b AT L 50 I A L AR B d HLAE HIL
BB B R KA (25 kg/A) 5 5 4 i) I B A 5
25.50.75 kg 4 AN H A, HERIEXEH =
(3R 3) XA MATMAE S E F skl kBT H
25 2

1Mg cosa<<Mg sina (20)

K (200 o, BB HE 5 03 TR) Y B R 5 A AR
p=0.68, it L EAITH MR KR EMMA « =
34.2°, HOR A AT W H 5 0 3l P 452 DR BOR B0 3E i £ A
Ko RIS iz AL 0 B e B A A A Y 2 i T ik
D BRATTE 75 kg WRICA AT LS. AT
MG IR A . — St T T PR A A P e
B B 4.2° 18 3 2 BB v 0 4 R T £ 19 281
RAER: R IBWMIESRES R A,
T SNEEE RN LIRS RS S L H O SRR TR
RN, R T SEBR A I v o T R SR AT T LA
P & R AN B A T3 1% B A 45 AL, 4 38 58 & 1 1
TAEHL, TAE N G AT 3E Y Mt — N iz LR AT,

x3 BHINASEKTTHEBE
Table 3  Slip under different load conditions cm
It 0 kg 25 kg 50 kg 75 kg
1 4.2 3.2 0.0 0.0
2 5.4 2.8 1.4 0.0
3 3.7 3.1 0.0 0.0
918 Average 4.4 3.0 0.47 0.0

24 EXRIRE

DLz B AL ) 38 A7 5 BE N PEA 48 b, 18 BLS i bL
IKEhAe AR (PU REATR . TR B T B 3
TEHERE (0°,15°.307) Mk 2 it 2 (0.75.175 kg) A
AT IERC IR (O g Rk 5 s, FlH
SPSS F A% 560 B4 4T 25 43 B o 4 2R
W 6 Fiam. S AT, 50T AR S 2 B AR 1 3K 3l
SRR REEC AT bW A2 32 ML Y A8 4T R HL IS i bl
T AR E 2R 0.241 m/s, N2 5 FiFk 6 1] L)
B IR AR AR P B R B 3 R X
iE LIS AT B BE 5 e R B A AN A TR 45 R iz
A7 38 BE (52 AR RS2 B> A>>C, Hrp il 8 X4z £ ik
JER Sig fH R 0.049,/NF 0.05, 5% Wi g 3% (H 5K gh 5
WA RE IR 20T s AR L BRI, O TR
BRI AT R, AR OB B AR U R R
Bl /NI B DI ke B8 v B L IS AT
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Table 4 Factor levels in experiments
%5 Number A KB % 48 Drive wheel material B LY E/(°) Track slope C % #; i i /kg Gross vehicle mass
1 PUP 0 0
2 PUP 15 75
3 pPUP 30 175
4 NBR 0 75
5 NBR 15 175
6 NBR 30 0
7 FBR 0 175
8 FBR 15 0
9 FBR 30 75
i Note:PUP:PU B % fi§ PU polyurethane; NBR: T B2 I8 Nitrile-butadiene rubber; FBR: % T # )8 Fluorobutadiene rubber.
x5 EXRKBHER
Table 5 Result of orthogonal test
= 9K 2l 46 bR BUIE Y B e B o BATHBE/ (m/s)
Group Drive wheel material Track slope Gross vehicle mass Running speed
1 1 1 1 0.626
2 1 2 2 0.000
3 1 3 3 0.000
4 2 1 2 0.609
5 2 2 3 0.051
6 2 3 1 0.000
7 3 1 3 0.621
8 3 2 1 0.392
9 3 3 2 0.241
x6 EXRWAESW
Table 6 Variance analysis of orthogonal test
% I SRitY: S ¥J5 F 3
Factors Sum of square Degrees of freedom Mean square F ratio Significance
A 0.083 2 0.042 3.125 0.242
B 0.516 2 0.258 19.397 0.049
C 0.020 2 0.010 0.750 0.571
2% Error 0.027 2 0.013

3 it
AW IR B I iz f LR T T SR L ST 8K B Y
T2 TR WL m Az 5] ke 1 e S R AR PE
i R 57 B RL 28 5 4 A % ol P I s e g [ R
ZEMILEER IR R G ELR K RGN ShTT
AL R0 i 2R 48 55 20 18, AT LS B 1L b R 3 R 1
B8, IR R HLAK 3l s ) 78 2 B
WOk, ML 22 20 %2 5| s F bl iz as R AL 5% T
22 4 AR AT Bl R B AN A7 BR T 5 E B AR AN
A AR AR SR el AR R R R BLE B AR . A T s H AL
RAFBA I FH 5 iy, BE R 50 A ALY S A5 O
B, da ML S R HL U AN fiE R 2ok At R R AL A 1
{8, PRI WA 25006 32 i HILAE A /) T 000 32 47 B ) H 5
A AT I, IR SRR W] AR AR AT s
BLHL 5 Ui B 28 AJE L 2.61~20.12 AR

i#

AL ML I PR, BT 6 12-LPA-24 i P 8V IR &
B AT = GW 114165 HL ML AE 5 b #b 36 12 32 iy bl
BB AT A s 30T AR B AR 1 3K Bl A b R, BR AT
Hi R A2 F AL BT B bR s ALY R IR R A
K 0.241 m/s; X iz §i L3S 17 5 B R i e K &R
YR FLUOR IR Bl B R, B e R R A, Hoh
Wi B X3 AT B A s ) B L LR 2 S TR R AN
W R, R — 3 8 2 3 i )5 3R 4% 8l 5 =
J@ Y% PERE R 4T, i 17 RO A AR R BEAE T 4
@R AT 7 BE B A 452 ML, 40 75 45 AL, Wk 4l B
J8.
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Design and test of electric self-propelled double-track
transporter for hilly orchard

WANG Xiaoming' , CHEN Ming', WU Weibin"" ?,CHEN Shan'"?,
HONG Tiansheng'?,ZHANG Wei' ,CHEN Zuyuan'

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 Engineering Technology Research Center for Creative Hilly Orchard Machinery ,
Guangzhou 510642,China

Abstract An electric self-propelled double-track transporter without a wire rope was designed to
solve the safety problems caused by messy rope and rope squeezing when the wire rope traction double-
track transporter is operating on a curved and undulating track. The transporter is powered by Santuo
GW114165 motor using two 12-1LPA-24 lead-acid batteries as energy source,and adopts rear drive trans-
mission mode of one-active and multi-slave. The safety and stability of the transporter was verified
through tests of current test,level ground energy consumption and skid. The three-factor three-level or-
thogonal test method was combined to study the effects of materials of driving wheel, track slope and
loading quality on the speed of transportation.The results showed that the rear drive transmission mode
of one-active and multi-slave has good performance of climbing and relatively stable operation under the
test conditions.Stopping at a steep slope under a full-load climbing state should be avoided as possible.If
it needs to stop,it can be started manually. The running speed of the transporter is 0.241-0.700 m/s,and
the range on flat ground is 3 560-6 489.1 m.The effects of material of driving wheel, track slope and load-
ing quality on the speed of transportation is in the decreasing order of track slope, material of driving
wheel and loading quality. The track slope has the most significant impact on the running speed with a
Sig value of 0.049,which is less than 0.05.

Keywords double-track transporter; electric-driven; self-propelled; remote control; hilly orchard;

dual motor independent drive; active and multidriven
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