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Abstract

'.) Due to the ongoing shortage of rural labor and the aging farming population, the farm size per
ol farmer has increased, demanding durable and reliable agricultural equipment. In response to
el this demand, an accelerated life test (ALT) technique for the tractor axle was developed based
on measured load data during actual field operations. Robust axle systems were required

a OPEN ACCESS for high torque at low speeds of tractors, particularly during high-load operations such as
Journal of Agricuttural Machinery Engineering plow tillage. In this study, axle torques and rotational speeds were measured for both the
5(ay111-118 front and rear axles using telemetry torque sensors. The measured data were segmented
DOI: https//doi.org/10.12972/jame 202554.1 into torque ranges, and a Load Duration Distribution (LDD) was analyzed. Equivalent torque
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Revised: November 20, 2025 exponent was assumed as 8.738. The equivalent torque was obtained as 6,310.99 Nm. The
Accepted: November 22, 2025 applied torque was approximately 8,170.08 Nm, which is 1.2 times the rated torque. The
Copyright: © 2025 Korean Society for acceleration factor was calculated as 9.545, which reduced the durability test time from

Agricultural Machinery 3,000 to 314.3 hours. The proposed technique provides a quantifiable and efficient method
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Introduction

5GUT) A14H0 A 9 MFGSR Qlsto] 5] W5l B2 o] ASkE| T /et 20241 Xt 7= 979
4,0007 -2 21 thE] 2% 5,0007FH2.5%) Za3H A ThPark, 2025). ©]ofl whet 1919 H2PH A2 2F 0,698 haoll A 0.751 haZ
7.6% 7 FoFATHKASS, 2024). 1919 2 WA 0] Z7H= 59 71A19] AHS ot 24Hs AlRke] 3715 Zefish, o]of u}
2k 7] 2714491 Al=]/g SHHof| gt @ 7L Eokx| 1L Qlrt. o] 9k 22 @ o] t-&-sto] thydt w&HY] ol E 7]vt
O] A7k 3= 11 Q)

O

Back etal. (2019):= 2E}2] 2ol the 78 kW & 5§ EAE 2| QI ESS CAN A2 QI B35 4% 2
o Folg 57 EAR HEhsto] A3l 57F Ed+ tEA Q) =24 /447121 Palmgren-Miner 4] 0. & 2¢] 9 H3] 4
Ztol chiato] A= Gl o, 24 AAIE ol AA &Y EFE Tefohs Zlo] BoFH A0 2 wheksieirt

Kim etal. 2022)= 45 87| 7|ofekA0] 3] &2 102 FgA]7]7] ol AA| 2He] ot Hlo]E| & 7|5t o & 2o} 7]
4 23 (Load Duration Distribution, LDD)E -5}l B1<4-7] AA| A& A1 E 9]0} Romax(2021, Romax Technology, UK)2]
AlEglol g Bl AAIE 7HAlstGiTh 27] AAlA E85 Hlolga} 7ol FE $4& T ot W= 59
EAAIG7} ot mk Q1 o] QU3ITt. ofof] Hlojg v H 2 QY WHAo) A AERE WAl 0 2 WA & X3 AN
7131, 7]019] 2l& Feteat e|E £2 S X H4slsto] 55 RS 7RIS At wos g3t 7)o QbPAAGT BB 4
F oo 2 FE| o], AA| A5 HlolE] 7]|5te] AlEd|o] S &85t AA| i o] 571A W73 ol axEdE
5T Moon et al. (2020)= 78 kW = 5U-8 EEE o] 8sto] A7) -2, ZElE] 42, vid 2], 19 2 = K5} Hlo]

—HU

_>.:
il o
e
B
ol
=

B2 45T oS 7|02 571 ¥51E A RStk o] Si) A7) 75 Bael YAl A

o8 £E0t A SR 0|3 A, 5713 RIS o RS ABIICL A A, Ay vt

S o] M2 Aols Liekton], 58] slde] 2 Zeke) ARiolM Hria 02 e S7o] Ash A0 2 Selx]
X 710l B4-29) HolZeh

At ol2fgt Axb= AA| A 2 S WG et 57 Fot abEo] 5714 /8 Ee U4
Kim 2019y 82 kW EHE|E o] &5 Fo} AIS lé g gk, A7) 212 &3l 2H5-PTO- AR 59 #-5}
EIE £3sIelt) AISH tlo| B & B O 2 50 kWa EZE o] & 7|0l & o & 57 ET9} 3| H4E A=
7]0] = SljA] A8 AT EQ]o]Ql KISSsoft (Version 2017, KISSsoft AG, Switzerland) & AFERITH &3 277} 2|t E3
Z700|A 7]0] Ze A S 3ol 1 2 AHE 39, P2 vl FAeIITh A A}, 7]Ee] 2o B2 7|RE
A= IPA 227t Qlom, EFE A Al 2t EF7Fobd AA| 2k EFE ettt Bk AlR)d Qe s 7
o] 7Fs8 A o 2 whetsllct.

2 7= EE HE7|9) s et 712 A= E Eo7] floto] 4= ofﬂ 47kWT;LE
EHHJ ZH7] P?Q%EH QE, RCE, Z}‘%‘Eff-é “50}0:] LDDE 750}, o] & 7|§te & 57} EAE AtEsto] 7H4
ot o] XPE/d & A'd . ESE] 2[5 d2jn| Er] E3 Aok - AlA 12 Aaksto]
EHO]H% 73'5}91—7'—, DDE—'?—sl‘E 7P 21EA17e = EA61RIT o] & ol ARl AE B aefdt 57 EAL 7}
S EE51RIT.

Journal of Agricultural Machinery Engineering 5(4) December 2025 112



Development of accelerated life testing method for a 47 kW class agricultural tractor using axle torque during plow tillage

Materials and Methods
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Fig. 1. A photo of 47 kW class agricultural tractor

Table 1. Specifications of a 47 kW class agricultural tractor used in this study

Item Specification
Length X Width X Height (mm) 3,770%1,907 X 2,690
Weight (kg) 2,735
Engine Rated power (kW) 47 (@2,500 rpm)
Transmission Type Power shuttle

Gear stage Forward 28 / Reverse 28
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Fig. 2. The torque sensor for measuring torque on axle and the plate for measuring rotational speed of axle

Table 2. Specifications of the sensors used in this study

Item sensor
Company MANNER Sensortelemetrie GmbH MANNER Sensortelemetrie GmbH ONO SOKKI CO., Ltd
Model MW-15 kNm MW-20 kNm MP-981
Rated Capacity 15 kNm 20 kNm 20,000 rpm
s} 41 o xred =7
EE Ut AP 2 GZA| FUZ 171-24(36.930347, 126.632808)°1 x| 3F 100 m x 40 m Z7]9] w=of| A 434513
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Fig. 3. A photo of attached implement used in this study

Journal of Agricultural Machinery Engineering 5(4) December 2025 114



Development of accelerated life testing method for a 47 kW class agricultural tractor using axle torque during plow tillage

Table 3. Specifications of the attached plow used in this study

Item Specification
Company Woongjin Machinery Co., Ltd
Model WJSP-6

Length X Width X Height (mm) 1,930 X 2,100 X 1,235
Working width (mm) 2,100

Weight (kg) 380
Recommended Tractor Power (KW) 45- 60
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where, n;: Number of operations or duration under condition i
N;: Number of times or time required for destruction under condition 1
D: Total accumulated damage
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where, At;: Duration of section i
T:: Torque at condition i
X: Fatigue damage exponent
t,- Total duration
T.,: Equivalent torque
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where, t, Required accelerated life test time

t.- Target life time
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Results and Discussion
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Fig. 4. The results of axle load data for 47 kW class agricultural tractor during plow tillage
71 ZAollM 2] xp= cilolE| 24
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Table 4. Results of load conditions and torque duration according to plow tillage

Load Case — Torqu.e n) Duration (s)
Minimum Maximum Average
1 959.82 1,817.39 1,434.58 0.10
2 1,817.39 2,674.97 2,498.46 1.84
3 2,674.97 3,532.55 3,163.04 5.46
4 3,532.55 4,390.13 4,046.37 20.68
) 4,390.13 5,247.71 4,745.11 34.30
6 5,247.71 6,105.29 5,821.42 82.93
7 6,105.29 6,962.86 6,547.33 266.80

A7t u| 2 21 A2 87382 424] (3)°l] 28510 AlAFIH 571 EA 32 6,310.99 Nm7} FTh AP E = gk
ol qlzle] 2o EA91 A7 EF9] 12812 A5 ThKim et al., 2009). A4 £ 6,808.4 Nm2] 1.28]21 §,170.08 NmE- 4]
H 7HEA| 4= 9.5450]H, o]of] whe} 7HETY Al AITHE 31434170 & AP | QT whetbA A7) 2} & E
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