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Design and Performance Test of Remote Controlled Micro Tiller
with Extended Range in Hilly and Mountainous Areas

Zhang Zhaoguo'>  Zhao Yitong'® Li Manman'® Xie Kaiting”® Tang Limao'® Yang Juan®
(1. Faculty of Modern Agricultural Engineering, Kunming University of Science and Technology, Kunming 650500, China
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4. Chongqing Zhonghao Modern Agricultural Equipment Research Institute Co. , Lid. , Chongqing 402246, China)

Abstract: Aiming to tackle prevalent issues in hilly and mountainous agricultural machinery, including
limited power modes, high emissions, complex operation, poor terrain adaptability and short endurance,
a range-extended multifunctional remote controlled microtiller was designed for tasks such as rotary
tillage, trenching, and weeding in confined spaces like orchards and greenhouses. Performance tests were
carried out on the machine. The overall structure and working principle were firstly outlined, followed by
static and modal analyses of the key loadbearing frame using ANSYS finite element analysis software. The
analysis results validated the rationality of the frame design, effectively mitigating resonance risks while
ensuring sufficient stiffness to meet operational requirements. Next, the core systems, including rotary
tillage, movement, range-extended hybrid power and remote control were designed, along with the
matching of key components. Finally, the micro-tiller was verified through multiple performance tests.
The test results demonstrated that the micro-tiller exhibited a straight-line deviation rate of 2.65% ,
meeting the national standard ( <6% ). With a minimum turning radius of 1 227 mm, it showed good

maneuverability, making it well-suited for narrow slopes in hilly terrain. Remote control ensured stable
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operation of travel, steering, and implement lifting, significantly improving operational convenience. The
machine performed steadily in slope traversal, step climbing, and ridge crossing, satisfying the
requirements for complex terrain mobility. During rotary tillage tests on three slope gradients, tillage
depth stability complied with the national standard ( =85% ), while the power system’s load adaptability
and tillage efficiency met the agronomic demands of hilly environments. With the generator activated,
endurance was increased by 50% on level ground, 37% on slopes, and 54% under working conditions.
The study demonstrated that the developed range-extended remote-controlled micro-tiller for hilly and
mountainous areas exhibited excellent passability, operability, work quality, and endurance, validating
its strong adaptability to complex terrains and diverse agricultural requirements. It showed significant
application potential.

Key words: hilly and mountainous area; micro-tillage machine; remote control; range extension; finite
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Fig.1 Complete machine structure of incremental program
remote control microtiller in hilly and mountainous areas
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with extended range in hilly and mountainous areas
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Fig.3 Nephograms of total deformation and

equivalent stress of rack
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Tab.2 Modal analysis results of first six orders of rack
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Fig.4  Structural diagram of rotary tillage operation device
LB 2. #4M 3.eEH T 4. DAk 5. ERE) 6. UM
Shuids 7. WOBEPLIERESE 8. JTm 9. AR HLIAE 10, TEHE
e I A A

4 5 6

ST XT Fr L B AN ] S () b P b 2% A,
PRI AL AL THE L 20% , S Pl o B 26 A7 2
100 mm 1) HL 20 HEFT 9K 3l 3% A e Bkl e & 0 7
HR A8 FIF A T 00 S BB %) o Bl A
2.2.2  HEVRIEY 5 E e

FL Bl AT B0 T E AR A ) 2% B A R R Y, sk
AT R M A A SRS S Rk ED
SHHEFT 1 T 32 B T HERE AR 4 B e AR
JIELJE R AT SRR O B L R AR
KM T W R T 0 B . h3h 4R it
(14 T A LR B 2 AT LR 48 VIR AR 95 HE IR R 4t
b BsE AR 7= A B B 1 i /0N 22 2% B B A a2 F B
HEFF Y A2 100 mm, [H i 3E £ LYX700 AU H 3



172 £k

DI

2026 4

FEFTAE 0 B R AL A B AT A o 4R AT 20k I HE AT
1
_n,
" 760
P =21Tli;nT1]

(1)

A —FH,mm
HL AL 3, 1/ min
FEFF L, mm/s

F——H g AT HE ST N

T—— LI ,N-m

R, U8 L

n—HLHLE B RCR

W RS E L =100 mm fRAZ (1), AT 45 HEFF
2R g 10 mm/s  HEFFHE Sy 2 000 N FL AT
FH LR (ESC) fik Ay, [ i g 3 >R 4 ik b A5 5 0T 38 i
PWM ( Pulse width modulation ) 355 il B8, 3 #E #F 79 &
PR JE A5 (TE S, D TTA 0 42 A A A 4 A7 2 o
2.3 1TERS
2.3.1 AT ENM
JE A AR ASME R R =M AR T B

VS A 1 B[R] B, 4/ 1R ALRGT , B AR i AR
S BB A R R RE A5 18 I T X S T
AR AR B 2 AR A . B A AT E N LR
WK Bhhe UK Eh B SO R R JE AR SR AR R
JUE B i AT BIK Bl AL A5 21 A, 3 2o 3K gl e R AT
X 5l Fi ML R ML DR 45 1 8 B o Bh e AL IR AL AT
Yzsh, JEAWATEN R FRAGR G 3 ), Sl
1RGSRV G, B € BT
R[], 4 v B URR) FH A A2 HE T BEHE, R AIR T S
WA A . AT EI S A S Fis .

12 11 10 9

n(l

U(l

] l
9 \ y

®

A@y !'}®ﬁ' &) |

e A & araiatai
SRS
FlS AT E LA 25 TR R

Fig.5 Structural diagram of track walking mechanism
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Tab.3 Vehicle trafficability evaluation index
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Fig.6 Extended range hybrid system configuration
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Tab.4 Technical parameters of lead acid batteries

ZH HE
HUE W/ V 12
E T L/ A 60
BUE A/ (Ah) 20
K x 9% x &/ (mm x mm x mm) 179 x76 x 165
Jii/ kg 6
B/ mQ 20
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Fig.7 Structure block diagram of remote control system
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Fig. 8 Complete machine layout diagram
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Fig. 9 Straight line travel offset test
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Tab.5 Test results of linear driving deviation rate

of hybrid remote controlled micro tiller

¥ 5 1 3% 4/ mm i % 3/ %
1 126 2.52
2 134 2.68
3 138 2.76
¥ E 133 2.05
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Fig. 10 In situ turning test
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Tab.6 Minimum turning radius test results mm

¥ 5 ¥ A TR AR
1 2436 2 465
2 2442 2472
3 2448 2 469
T4l 2442 2 468
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Climbing performance tests
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Fig. 13 Rotary tillage test
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Tab.7 Motor output power test results

e IR/ WHLAR R DIR, LG ERR
W/ ()
em kW %
8 5.4 67.2
15 12 6.0 75.4
15 6.7 83.6
8 5.9 73.8
20 12 6.6 82.3
15 7.3 91.2
8 6.4 80. 6
25 12 7.3 90. 8
15 7.9 98.5
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Tab.8 Results of rotary tillage performance test
Wgs o WA BRRY BRI fEEEED fRAkRCR/
) X 35 fH/em MR/ % FIHFE/% (hm®-h™')
B 11.5 91.2

P gm0 92.8 9. 4 0.44
Bamoo 112 90.9

0 gem 127 91.6 94.2 0.42
Bl 10.9 9.6

2 g 129 90. 6 92.2 0.41
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Fig. 14  Endurance performance tests
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Tab.9 Electricity record results

- FHATRE 25 BEATR  EMHEL
' KBTI KRB ATIF G 4TIT
60 min J5 #1 FE/V 50.6 51.2 49.8 50.4 47.9 50.2
MR T FE i/ V 1.2 0.6 20 1.4 39 16
LR B/ % 125 6.25 20.8 12.5 38.6 17.2

P 4w/ (kW-h) 0.84 0.90 0.77 0.84 0.59 0.79
MR/ (kW-h) 0.12 0.06 0.19 0.12 0.37 0.17
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