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LBE Track; 2,225 #l3% Traction head; 3.%13E 528 5 3% 4 5 1
4} Track and cargo trolley link assembly; 4.2 %% 4 Cargo trol-
ley; 5.8L3 % Mechanism cover; 6.Hi{llJ# Battery holder; 7.4 & #f
4% Drive mechanism support foot; 8.3 % # # Clamping pulley;
9.3 B H I Clamping pulley base; 1038 5l B # %5 Drive friction
wheel; 114984 Mudguards on both sides; 12,35l i # Con-
trol panel;13.3¢ B A& W Bl Clamping base slide rail; 14. [ % HLH
[ JEE#R Fixing mechanism upper bottom plates 15, & #§ [ & J Re-
ducer holder; 163 # #% Reducer; 17. H #l Motor; 18. 3 4i¢ %l &
Damping sleeve; 19.78 #i% # % Damping spring: 20. 78 i HL 14 82 #
Damping mechanism bolt.
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Fig.1 Overall structure diagram of transport aircraft
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Fig.2 Force diagram of transport aircraft
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BEFLER R 9 mm, HALEK K 192 mm, fiEKH
30 mm, BERE N 11 mm X4 mm. H4EH PR,
DE i A0 7 A 980 4 L 5O RV040, RV040 Hr2s il
fLEE R 18 mm, B[ i 4 B4R R 18 mm, Al
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1.HHL Motor; 2.7 % #% Reducer; 3.9 % #1%% Tension spring;
4.3 % Clamping support; 5.5 %14 Clamping pulley; 6.%/Li#
M4 Rail steel pipe; 7.3KZh BEH#E % Drive friction wheel; 8.[# & Sz 4¢
Fixing bracket.
B3 IKzhHlaE
Fig.3 Diagram of drive mechanism
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Fig.4 Diagram of PLC-based control board hardware connection
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L2 LR Perforated plate; 2. 477 f H J1 Load force; 3% #k Nut;
4.905% Spring; 5.% T X B Wheel support plate; 6. #LiH Rail;
TENIRZE Set screw sleeve.
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Fig.5 Structure of damping mechanism
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1.7R EIH 4 Load-bearing pulley; 2.8 Track; 3.5 14 Anti-
rollover wheel; 4.J7 a7k Universal bearing.
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Fig.6  Working principle of limit mechanism
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Fig.7 Prototype of transport aircraft
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Table 1 The driving situation of the transport aircraft under each load
A kg Jom B ] /s W E/ (m/s) N —— I 1Ry T o v 22 BRWEEEE/m
. . HATIEE /m . .
Load Aceleration Maximum Taxi dist Maximum speed Emergency braking
capacity time speed axt distance standard deviation distance
0 2.05 0.718 2.24 0.013 05 0.035
150 1.97 0.692 2.23 0.012 05 0.036
300 1.92 0.673 2.22 0.010 80 0.038
450 1.87 0.656 2.20 0.010 49 0.040
600 1.84 0.644 2.18 0.012 40 0.042
750 1.78 0.624 2.16 0.012 56 0.045
2 AABHEHTEFNETEERRER
Table 2 Different load running speed test
i H #H i 750 kg Load 750 kg #Hfr 375 kg Load 375 kg #H 1 0 kg Load 0 kg
Item & To & Return £ To & Return * To & Return
S /s Average time 208.43 213.10 184.87 188.89 170.38 173.74
I HEE /(m/s ) Average velocity 0.576 0.564 0.651 0.640 0.709 0.691
x3 BHNENEERBER

Table 3 Test data of indoor energy consumption

BT/ kg T HUE/V ML/ A TR E/W  fEFE/((W + h)/100 m)
Load capacity Working condition Voltage Current Power peak Energy consumption
750 # A Start 23.571 <26.32 620.5 -
4] Uniform velocity 23.593 19.5940.8 481.1 21.5
0 HLA Start 23.608 24.93 443.5 —
4] Uniform velocity 23.651 13.68+0.7 340.3 7.76
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AN Wi AR AL I B 400~650 W, ds i ALm
SRS F A (B 43 AL A) B AT I B TE 15~
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FEAS 23 PR Dy 28748 A0 T A 468 K %) ik 2l TR Ot R it i
SR K, 12 ML AE A BE 5 12 1T AR SR W 8
120 m W BB T FEVEAERE L 33.1 W« h )5
ToKAEAE N 27.6 W « h, iz iyl 28 2 is F7 0 (&
8B M AL A i KHL N 17.71 A, Z J5 H i 7F
14 A LT sl s i L KUK 431.5 W, i i
HLA s f7 I TR AE 373 W L Fiksh, B 5
FAALE A s L TAER B R 2 . i SF
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Fig.8 Graph of current(A,B),power(C,D),energy consumption(E,F) change

A, 5 W OHLAT B 120 m BRI AE MY BEAE M 11
W« h.JrE100 mIIFEH 9.16 W « h, L E N &M T
M KEEFEL T 1.4 W« h, U H HIR 56 REFE S
P SC e S BB R RBFE R . IS0 25 205 1K B
7 9.16 W« h, W8 B AKAEFEN 27.6 W « h, 7
28 W LI A S X BEAE I S L SR = R
Ko BEFE N 7.76 W « h. Wik EFE N 21.5 W « h,
ERHLIE R 4 B 220 (A« h)/24 V R HL B RESR AL
HLAE 21 120 W« h, EWNTHE KT sl 1708
98.23 km; FWAMKHE S T iz AL 178k 76.5 km,
RIS T Y2 S AL Y 4T B 22 i B R I R 1R R,
23 #R3hiAE

i T ig f HL R T8 2R 6 S 1 1 AR T A
PSR R L WS B LIS AT R R OR B BRI AR
Bl AHIEZE MR T 2R LT 32 L AR Sl
D T = Al A% s, 43 i DU 1 0 T Tk £
T Z b 2 F AL T 0 X 0 e
Y il %A SRS B A BT G AR L R AR B g
155 244 MI-7008D # 3 4 2R 4 43 A1 {0 = il 1%
SRR T RO . M4 AR R L A2 B HLIR B i A
E/NT 2 g. HARER S IR 3 sk B2 /N T 0.4 g idiad
“hRIREE XY Z WARSNE SR s R L
7 1] A1 2 o 8 i g L A i 1 4 2l o B R e A
/N s B BT AR IR T-ATLAS AT AR A ] 1 R 2, B 33
THAEAR LAY BIAR LT AR AR i R TR

3 i i#

RO S RN TR VNG = E R N S
ST SRR 2 97 Bh R R AR L R AR Y ) R A A
ST —FpIE O A G X s UL
Wbl RS AL ER L R BR K
INTE SR AT AT 32 S AL LA 1 AR AL R s
P SR TE S 8 HK, T I L Y SR A
F L TAR IR I3 SC R R E AT 8 B e R AT 5
92 55 R . ) 3 56 45 SR R I L 3B i P 3R AT
h 750 kg, & AR A KAEFE N 9.16 W« h, il E A
KAEFE N 27.6 W « h, 38 f7 3 B 0.564 ~0.718
m/s, f A B0 51T g BT B RN T 2.5 s, B Ak 3l
FH 5 /NF 0.05 m, B shin o B 4R iR R AN T 0.4 g,
E AL AT DL R S B R DAL T R A AR
TR R BEAK T 95 shim . b T 07 i i HL YR
122 %% 4 IS H AL FH 80R T S g O] 1 T
] 19 7 2K L Bl UL IS B B A T4 TR A RSE B b £ Ak
Vit Je 2 Uy ie 4 9T .

£ % L Wk References

BEURIE A I LR BUER L 4F R AR 22 7 HIUARAL F 52 [0 A4l AL AR
4, 2010,41(12):105-110. HONG T S, YANG Z.SONG S

(1]

R, et al.Research on the mechanization of citrus production[ ] ].
Transactions of the Chinese society for agricultural machinery,

2010,41(12):105-110.(in Chinese with English abstract).



%5 6 ) HAH 4.

i I 1E) [ S 2 S UL s ML BT SR 119

KM, ok L0ME, o AT, L N e Lt 2R el 5 i BB K T
PR 5 LT A E R L2 ,2019,40(1) : 50-55.SONG Y
P,ZHANG H M, GAO D S, et al. Development status and
trend of domestic hilly and mountainous orchard transportation
machinery[ J]. Journal of Chinese agricultural mechanization,
2019,40(1) :50-55(in Chinese with English abstract).
AR EY R R SRR IR L A L b SR R ML A - & R S 4
IR [T R HLAL B 52, 2019, 41 (9): 254-269.Z0U B L,
LIU F L.ZHANG Z B. et al. Mechanization of mountain or-
chards:development bottlenecks and foreign experience for ref-
erence[ J |. Agricultural mechanization research,2019,41(9):
254-269(in Chinese with English abstract).
LI H Z,ZHAI C Y, WECKLER P, et al. A canopy density
model for planar orchard target detection based on ultrasonic
sensors[ J/OL].Sensors,2017,17(1):31.[2020-08-01 ].http://
doi.org/10.3390/s17010031.
B B B B, ARMUAR, SEL L S B BB IR A R AR T
AR LS R B L]0 AR A ARk B4 2019, 44
(3):58-63.XIA H B,SHENG L L,SONG S R, et al. Research

on the construction of mountain orchard mechanization sys-
tem: taking the mountain orchard in Guangdong Province as an
example[ J ].Northeast agricultural sciences,2019.44(3):58-63
(in Chinese with English abstract).

kAR gl A E S AL B LD] T L AR Rl KA
2018.ZHANG W.Design of electric self-propelled double track
conveyor[ D]. Guangzhou: South China Agricultural Universi-
ty»2018(in Chinese with English abstract).

Ry A A R B s LB G B AR s RO T LD KR
7 W1 HE 4l K %, 2015.DENG G. Self-propelled monorail or-
chards and transport machinery of key parts design and appli-
cation[ D]. Changsha: Hunan Agricultural University, 2015 (in
Chinese with English abstract).

KT, 2552, MR TP L 45 ol b R el 25/ il 3K 3 0 s S L A% )
REBVTL] A TR 24412, 2017, 33(19) : 34-40. LIU Y, LI
Z.,HONG T S, et al. Transmission system design of battery-
driven monorail conveyor in mountain orchard[ J]. Transactions

of the Chinese society of agricultural engineering, 2017, 33

[10] 2238 2. A SO HLE R f i3

(19) :34-40(in Chinese with English abstract).

AR T XM ST AR A5 I 1 R B IS AL A 1A TR AR
LT, ARl T8 2% 2, 2018, 34 (6): 52-57. L1 S J, LIU H,
ZHANG Y L,et al.Optimization of rack tooth profile of single-
track mountain orchard transporter[ ] ]. Transactions of the
Chinese society of agricultural engineering,2018,34(6):52-57
(in Chinese with English abstract).

i L BIE By B8 0 R 43 AT 5 g i
FELD]RIL gl K 2% .2012.1L1 S J.Characteristic analysis
and experimentation study on driving wheelset of self-propelled
dual-track orchard transporter[ D]. Wuhan: Huazhong Agricul-

tural University,2012(in Chinese with English abstract).

CI0] XUME 2230 2, s A A, 45 1S X B 0 T o b 2 el 3 i AL ) 2

ESRET]. Rl K22 %48.2019,38(2):114-122.LIU
H,LISJ,ZHANG Y L,et al. Mechanical simulation and exper-
iment of self-propelled single-track mountain orchard conveyor
[J]. Journal of Huazhong Agricultural University, 2019, 38
(2):114-122(in Chinese with English abstract).

(127 sk 75 250 200 45 Ll s 2R el vl 9K ) 20 00 38 i L o9 3 4%

IR E WF 5 LT ). [ & HLAE 22 4. 2019, 40 (12): 113-117.
ZHANG C S,LI Z,LI B, et al. Research on speed control de-
vice of electric drive monorail conveyor in mountain orchard
[J].Chinese Journal of agricultural machinery chemistry,2019,

40(12) :113-117(in Chinese with English abstract).

(137 BRFH R, b as i, o0 e, 2 1l ot 28 Bl 22 51 50090 32 fan L K 48

il 2% B T SR s (1] 40l T 24, 2014,30 (18) :22-29.
OUYANG Y P,HONG T S,SU J,et al.Design and experiment
for rope brake device of mountain orchard traction double-track
transporter[ J ]. Transactions of the Chinese society of agricul-
tural engineering,2014,30(18):22-29(in Chinese with English

abstract).

(147 A4 /A B TM I b st LA Tl B kL, 2009, YU Z S,

Automobile therory[ M].Beijng: China Machine Press, 2009 (in
Chinese).

51 K S BUAR B T 0 LML b 50 k2% Tl i AR L, 2008.

CHENG D X.Hand book of mechanical design[ M]. Beijing:
Chemical Industry Press,2008(in Chinese).

Design and test of a self-propelled electric double-track

transporter for nursery field

ZHANG Jianli'*,YUE Dandan', WU Weibin'?,HONG Tiansheng'*
YANG Xiaobin' ,CHEN Ming' ,ZHENG Zefeng'

1.College of Engineering ,South China Agricultural University ,Guangzhou 510642,China ;



120 B L K R 539 %

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 In order to realize the rapid transportation of the pot seedlings of fruit trees in the nursery
fields,a self-propelled electric double-track transporter for the nursery fields was developed. According
to the application environment of the transporter, the quality of pot seeding of fruit trees and other re-
quirements,the main technical parameters including the the loading capacity, operating speed, remote
control distance,and motor battery was proposed. According to the requirements of technical parame-
ters. The overall structure of the transporter was determined and the key components such as vibration
damping,leveling and limit mechanism were designed. Among them, the overall structure of the trans-
porter was mainly composed of a cargo trolley and a traction head used for traction of the cargo trolley,
and which had the functions of obstacle avoidance, remote control and automatic walking. This trans-
porter chooses a customized lithium iron phosphate battery as its power supply. The battery dimensions
were 440,235,and 230 mm in length, width and height respectively. The voltage was 24 V, the battery
mass was 22.4 kg, and the battery capacity was 220 A » h. The driving mode of the transporter was a
four-wheel drive direct-drive traction head to pull the cargo trolley to slide on the track through the trac-
tion component. The circuit based on PLC control was designed, which includes wiring module,insurance
module, travel switch circuit module, motor controller module, remote control module, indicator light
module,obstacle avoidance module and encoder control. The vibration damping and leveling mechanism
of the transporter was fixed between the support leg and the bracket. Each leveling mechanism was com-
posed of 4 springs,a perforated splint fixed on the frame,4 sleeve shafts,4 positioning and 4 screw nuts.
The limit mechanism of the transporter includes a universal bearing to prevent rail collision,an anti-roll-
over wheel to prevent rollover,a load-bearing pulley or a driving friction wheel, and its function was to
limit the transporter to travel along the track. After the design was completed, tests in both lab and
nursery fields were carried out. The results of test showed that the transporter can adapt to the muddy
working environment of the nursery fields,with a load capacity of 750 kg. According to the outdoor test,
every 100 m of the transporter forward, the energy consumption of no-load was 9.16 W « h, while the
full-load was 27.6 W * h,and the running speed of the transporter was 0.564-0.718 m/s. It took less than
2.5 s for the transporter from starting to a uniform speed,less than 2.2 m for the brake glide distance of
the transporter and less than 0.05 m for the emergency brake distance. Additionally.the vibration accel-
eration amplitude of the transporter was less than 0.4 g in general. In conclusion,the transporter was de-
signed and manufactured, which can improve the efficiency of transportation,reduce labor intensity,and
ensure safety during transportation.

Keywords electric double-track transporter; nursery fields; self-propelled; pot seedlings of fruit

trees; remote control; obstacle avoidance; parallel mechanism
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