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Abstract

The mechanization rate of field crop farming in Korea remains significantly lower at 63.3%
compared to rice farming at 99.3%. While crops like garlic (59.7%) and onion (31.4%) show
progress, pepper and cabbage still record single-digit mechanization rates in seeding and
harvesting stages. This study develops a driving performance simulation model for a four-
wheeled electric drive field agricultural platform under various speed and slope conditions.

The platform features a 2,000 mm wheelbase, 2.25-ton total weight, 1,400 mm ground
clearance, and 40 kWh battery system with variable track widths (1,000 mm, 1,200 mm,
1,500 mm) to accommodate domestic field crop cultivation methods. Using RecurDyn
software, a multi-body dynamics analysis was conducted to simulate climbing performance
Simulation conditions included slopes of 6°, 15°, and 24° at driving speeds of 1 km/h and
5 km/h, reflecting the actual slope distributions in major Korean field crop regions. Tire
model parameters incorporated vertical stiffness of 76 N/mm, vertical damping ratio of 0.2,
longitudinal slip stiffness of 50,000 N/%, and lateral slip stiffness of 60,000 N/rad. Results
showed torque increased proportionally with climbing angle across all wheel positions. At 5
km/h, front wheels experienced higher torque than rear wheels across all slopes. Maximum
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torque reached 801 Nm at 24° climbing angle, demonstrating sufficient driving force capability on steep slopes. This
study provides essential baseline data for the development of electric agricultural platforms tailored to Korea’s field
crop farming conditions and contributes to enhancing mechanization in underdeveloped crop sectors.

Keywords: Field agricultural platform, Simulation, Climbing angle, Driving speed

Introduction
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Materials and Methods

& Aol E-8H E3E-2 ofal Fig 13 Z-2H ARFE Table 13} 2E0] £7H42] 2,000 mm, 9101 E E3HRE F8 225 ton,
A|FAL 1,400 mm, E30E JJ' /50l i ] & viE]2] 40 kWh, Z&F84] 4WIS(4 Wheel-Independent-Steering), 2+ BF S0] £H 4
Q1 Alof A|ARS ZHE 7149] 1 2 (e-comer module)= 289t A2 7 A|ARS 2H1 QL= 7P A}5 ALxo|t}. &)

= Sl w2t 242 000mm,1,200mm,1,5oomm_4x S 7}A|H T20] Ao

ol&o] 18] 800 ~ 1500 mm 7} ™ Hi

2] 74 olF2] HHl= 1200 ~ 1500 mmE: 7FA]7]0]] o2{ %t 7H 2422 E2hE o] AuigAle] avpa o= ti3d 4 9

EEIHAFEEAA = 597169, 2017, 527157, 2009).

Fig. 1. Four-wheeled electric drive fild agricultural platform

Table 1. Specification of four-wheeled electric drive field agricultural platform

Item Unit Specification
Wheelbase mm 2,000
Weight ton 2.25
Ground clearance mm 1,400
Steering mechanism - 4WIS
Vehicle width mm 1,000 /1,200 / 1,500
Battery capacity kWh 40
Table 2. Specification of the drive motor used in field agricultural platform

Item Unit Specification
Rated power kw 10
Rated voltage Vv 96
Rated speed rpm 3,000
Rated torque Nm 318
Maximum torque Nm 63.6
Weight kg 312
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EAZ ASo]M ZH

457 7175 & 598 5717 Z2AFQ] Y2 RecurDyn(VIR4, FunctionBay, Korea) 0|-§5t51 0.1, Z2HE A2t
H A2 & 710] 2,000 mm, Z 1,730 mm, °] 1,400 mm, F-4] 2,500 kg©|
o} AlEeo] A 52702 Ao s WAL dsto] TSIt 24 )lo] B gl 1 ulRl 21A) - HiEl 2], A
- 5| %] 7ke] o) 1 FE2 -G FooaL, ZRE A 7 552 A a0l A &2 0] FojE T A

T J1bol| A Apege] e S5 o] WAYsHI L ool whet B Fholl 2 a7 F S 4= QL7 o &
o 71 AlE ol el QFs} q1rto = sl on el S5-2 Qfsto] AlEeo|d FA 1 Rk 7| Al . A E A

Etojo] =2

E}o]oj o] HkA| 22 330 mm, = 170 mm, ¥ BFA]E 200 mm, F-4] 10 kgo]th.

Farhadi et al (2015) & ©Y & HAE A[@S o]&sto] Y& Eloloje] e B £HE=
(2024) 2 B 7|5 o] &5to] £ 4 Al 4t S 9 2418 o] 89t FREF 744 Al 7J5FAT. Sun et
al (2019) 2 & Efolo|o] EAJZ Efo]o] F3t A[7]E o] &5to] Efolo|9] 54 EAJ1} 73S BAIGHIT. o] £]9] A
R0 7 738, A &1 7 A, W Al ol SR ES o] &3 B ATE L5 TH Yoon et al., 2022). Table

32 9j0] Mol 72 Bl =2 Eolo] Algalo|d mele] oI skatw|Eo]ck

A5}+91 11 Park et al

\
am B\
Ir N

[¢]

Fig. 2. A photo of tire model of simulation model development

Table 3. Tire model parameters used in RecurDyn simulation

Item Unit Specification
Radius x Width mm 330x 170
Weight kg 10
Vertical Stiffness N/mm 76
Vertical Damping ratio - 0.2
Longitudinal Slip Stiffness N/% 50,000
Lateral Slip Stiffness N/rad 60,000
Camber Stiffness N/rad 3,000
Rolling Resistance Length mm 0.2
Max. Friction Coefficient - 0.7
Min. Friction Coefficient - 0.7
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Algzlo|d =A

A 8 s W7k TS =S Sl whE B2 BAS ot Mol Sz Ul AE Al 27
Of A A= RS BHISIITE AR ATE Foto] Ui tha W22 < vl 3, ZAke] FAkA] o] BAE & ZARE A2}
6°~24°7tF2 ﬁ*}% B9 & ghelx|o] ARz 6°, 15°, 24° 2 A7 5F U THLee and Heo, 2018; Yang et al., 2023). Fig 3
N Edo|H oz TAT °(FHZ), 15(FY), 24°(22)2] HAIA| 0|tk Kim et al 2019y TL%J?; 1771 2o =il
A5~ 7kmh®] L= 2 WP the ZAE WY F AGLE P, Leeetal (2022) 2 Aol 2™ FHRQI0) AHE /g5 Al
S AL u] 1.5m/s (54 km/h) @] SEol|A] MHH £Alo] X AS B o ebdE H]go] 18 Bert= Mg st
of 2 AL EQ] 1 km/het H 491 5 knvh 2 A5 TH(Cho et al., 2020; Lim et al., 2020),

o

Fig. 3. Inclined terrain modeling and simulation considering climbing angles (6°,15° ,24°)

Results and Discussion
AN E3 B

2 oAM= AlElol A AlREE S YA 118 Al EHE0] FHEETL SRl wet EY RElo] FojlA SEE)
YUsi7hEAgst] o ﬁEOﬂ w2}t 212} 1 kmvh € ® 650 sec, 5 kmvh 2 1l 180 sec 59t 2138511 TH A& 0] A ZH1k= Table 4,
5,6 01] Lh2 7} o] LT kmhY W] AR 600l A A 22, S0l A BHAYshe BT 242 115, 118 Nm, &

Z, §-Zof PAYoh= ET= 384,381 NmE B3I Skmh & W) HE 2, 9-Z0]| 445, 446 Nm, TF &=, 230114 316,
313Nm = HAth AARZ 15°, F4 T kmhd 1 AE 2= Q2o B ET =538, 528 Nm, &8 #=, 0=
of| Bhsh= E9=217,202 Nm £ Bt 5 kmh O ©] A& 2 £20] 515,494 Nm, $F F=, ©20] 270,241 Nm =
Btk AR 240, FH LT | kmhY o HE 2= 20| 4] HAsls ETE 573, 801 Nm, &5 2=, 9-Z0]|A] 703,
279 Nm & B3It} 5 kmh¥ o] A& 7=, 2301|624, 654 Nm, T& 25, 9501 530,469 Nm & H it E3 24 A1},
BA Y FREE 2o wet Mgt 5 7F ES 2Hl7EOEA| UERTE BARY 1504 HAE ES e 520 Nm, &
£ E3 P37 233 Nme] 4TS B9 o 14°0i = HE EF Pt 663 Nm, S5 E T P 495 Nme] 27 Ho|H HE
o] EF7} SRR S7ISFITh ESF AR 24%0f| A 2o EF= 801 Nm7HA| 7185|910 H, o] = sl Z2i 0] 7Hut2
AR OIM = 2ot S Ale e = a2 BoEr

Journal of Agricultural Machinery Engineering 5(2) June 2025 73



Analysis of driving torque of multi-purpose field agricultural platform according to speed and climbing angle through simulation
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Fig. 4. Wheel torque depending on vehicle speed (1 km/h)
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Fig. 5. Wheel torque depending on vehicle speed (5 km/h)
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Table 4. Driving torque at climbing angle 6° (Nm)

. Wheel torque
Driving speed(km/h) = = = —
1 115 118 381 384
445 446 313 316
Table 5. Driving torque at climbing angle 15° (Nm)
. Wheel torque
Driving speed(km/h) — — = =
1 538 528 202 217
515 494 241 270
Table 6. Driving torque at climbing angle 24° (Nm)
. Wheel torque
Driving speed(km/h) = = i —
1 573 801 279 703
624 654 469 530
Conclusion
B AT B 7 590 48 17175 ¥ 58 BEe) 4 549 7ol A FR5S A Sojst A

B0l ol AAIA o= ekt U WatE 4k o] AA| AR 278 vhgste] 69, 15°,24°9] 5324t |
kmho] FYEE 20| EFE AT Aaf, Aol 7145 HE 35, HE 25, S5 &35, & 95001 24
ke EA7FS718I9Ith 5 kmh2 39 Al Azl 2= EdE 6°01|4] 3t 445.5 Nm, 15°0]1A4] B 504.5 Nm, 24°01| 4] 33
639 Nm9] 3f2 B0, S 50| A= ET= 6°0llA] Bt 314.5 Nm, 15°01|A4] 37t 209.5 Nm, 24°01|4] 499.5 Nm2] 7+
HRl7ol| BE ZAIM AEe] EA7F S EETE A ST | kmhE 6°2] FAAE 3 A| S0l dej=Hd E
F=3825NmE WRECHH 2 ES7FEAIgI oL 15°, 24°Y 749 2 2 of| Z} 533 Nm, 687 Nm 2] EF7} 2o A& R
o & ES7HEAYSIICE e R SRl & EF7HEAShE o]l AE AAINY] AR QIS e S EA
o] 7t BAst710] sl dAto] rAyshotar ke 2 Aro] SHAI 0 2= Al Ed|o] Hof| A ARSH EQF mi7iH 4
7HAA bt EY 2715 26| BEgotA] Kt Folth &% Ao et EY RAES =, EY B
S)ellAe] A Al &3t Alg o] A} 5ol B astth ok 27| Bt A|9] ok Halel 54 £/ vt tigh

5 71A1gE At 7|0 Aoz 7o, JF Mg AlH], AdElA 8 5 4
U5 Ao JHEE =ol=t] B4ARl 841 Aol A 2] oAl a5 FEE Foto] HUA o] 7hs3t

o ES
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