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Abstract

Agricultural operations are performed in uneven environments by attaching an implement
on the 3-point hitch of a tractor. A high load is thus placed on the 3-point hitch, and fatigue
and failure of the hitch may occur during agricultural operations. In this study, a dynamic
simulation model was developed to predict the load occurring on the eyebolt of a 3-point
hitch, which is the main damaged component. The simulation model was developed and
validated using agricultural data as simulation input and validation data. The dynamics
model was developed using the specifications of a 78 kW class tractor. A measurement
system was constructed to measure the simulation input and validation data. The simulation
model was validated using a traction load on an eye bolt, which was measured during plow
tillage operation. The measurement results showed that the average traction load on the left
and right lower link and the top link were 8,099.97, 4,943.06, and 636.11 N, respectively. The
simulation results and the measured traction load on the left eyebolt were respectively 610.30
and 597.15 N. The simulation results and measured traction load on the left eyebolt were
respectively 1,179.78, and 1,145.06 N. The error between the simulation and measurement
data was roughly 2% on the left eyebolt and 3% on the right eyebolt.

Key words: 3-point hitch, agricultural tractor, dynamics simulation model, load,
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Materials and Methods

3™s|%|

A& ti/d 3358120 22 FulollA 71 =27} 52 78 kW EZE|(S07, TYM, Gongju, Korea) S 417510 Al
ol 2ddl 7 9 HF ol thsh AFE s3yotqlnt. EZE]Y] F7F2 4,000 kgPl ™, 371+ 4,020 mm X 2,270
mm X 2,790 mm (length X width X height)°]th. E2E| 2] 374 5]X]= Fig. 13} 20| /-7 Z(top-link), SHAF =
(lower-link), AF0] =2 (side-arm), 2] ZE 2 H(lift-loader), 2] ZE (lift-arm) L O}0]-E-E (eyebolt) = F/d = 0] 1.2,
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Fig. 1. A photo of parts and point for 3-point hitch system.

Table 1. 3-point hitch specifications used in this study.

Ttem Length (mm)
Top link 541
Lower link 941
Side arm 496
Lift loader 635
Liftarm 198
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Fig. 2. Points using revolute conditions on the 3-point hitch in this simulation.

Fig. 3. Points using spherical conditions on the 3-point hitch in this simulation.
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Fig. 6. A photo of universal testing machine to calibrate the machined eyebolt.
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Fig. 8. A photo of plow tillage used in this study.
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Where, E = error (%)
A, = Simulation results of traction data on eyebolt (N)
A,, = Measurement results of traction data on eyebolt (N)

Results and Discussion
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Fig. 9. Traction data measured using 6-components during plow tillage operation.
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Table 2. Results of traction load on 3-point hitch for simulation input data using 6-components loadcell.

Item Traction (N)

Max. Avg.
Top link 3,695.90 636.11
Left lower link 22,709.94 8,099.97
Right lower link 17,589.51 4,943.06

Max., maximum; Avg., average.
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Right

4,000 4
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Fig. 10. Traction data on left and right eyebolts measured during plow tillage operation.

Table 3. Measurement data for simulation input during plow tillage operation.

Item Force (N)

Max. Avg.
Left 3,327.52 597.15
Right 4,203.34 1,145.06

Max., maximum; Avg., average.
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Fig. 11. Measurement data of the 3-point hitch shaft degrees during plow tillage operation.
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Fig. 12. Measurement and simulation traction data on left eyebolt during plow tillage operation.
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Fig. 14. Results of errors between simulation result and measurement data.

Table 4. Analysis of simulation and measurement traction data on eyebolt.

It Force (N)

em Simulation Measurement Error

Left 610.30 597.15 2%
Right 1,179.78 1,145.06 3%
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Conclusion

B Aol = 315112 A8 54 Al gelold BAS st on, g melo] g dES St 5
oo} mel Fake A8 L2 Q) ReowDyn AFSI0] $Y5tel0m, UL ghe SEAAES o] gato] AZT
790 25} 51 3951319 8] 87 gho2 MG A5 S 3851319 Hopiel ofol2Eo|A] Wayst
L9l etz A gstlon, BY 52 glatofo| RES kg stel Mg slelct A L A F HlolE e
Ao A% AT FABATE A5 AR Sa35l7] 913 78 kw EHEIS o] §510] AS Al ARIE TAIO.
B, 5 21] 7171 B 791 bk Mk ol @Ay A1) 4 71 Hlole] £7.2 Saystaict

Az NBE o 0 7 SR Om, SHEL BT 2670° HHT A 2L 2t S 2 of
8991 ol S AT, AR, SEYI A5 U 9204 29 B3l 247} 636, 8,099, 4943 NOE Leht
C}. ofo| RE ol He] 7] R} 27 A} 2192 717k 597, 1,145 NO. 2 Liehkey, Al B2flo)d 43 731, ofo] e
o) 7191 B5H 2192 217} 610, 1,179 NO.Z Liekstek. ofol 2E|A] Ak 719 Hato] Bt ko] @3k

ok 20 O] U\ Lehk 0 v, T2t 74 o1 4] ARaA| btk
FF AT A71%] olslol 2ef2) vlde] S clordt Saolrlel el Rt ool i A 7E 4+
el goloy, o] & Z-8to] 3351 - Eo| mie R A Huo) e A7-E 5 o Holck

Conflict of Interests

No potential conflict of interest relevant to this article was reported.

Acknowledgements
B AT S 5UE AR Ao 2 54 E|47)871ele) TP |E N EAIRI(21065:2) L 71
AFASHA DA (821014-03)2] A| Y-S HroF ALE]9-S-

Authors Information

Mo-A Son, https://orcid.org/0000-0003-4273-8313
Seung-Yun Bacek, https://orcid.org/0000-0001-7330-6949
Seung-Min Baek, https://orcid.org/0000-0002-4627-191X
Hyeon-Ho Jeon, https://orcid.org/0000-0003-0998-3819
Ryu Gap Lim, https://orcid.org /0000-0001-7825-7293
Yong-Joo Kim, https://orcid.org/0000-0002-1212-9018

References

Chang DI, Kim MS, Kim KD, Huh YK, Chung SO, Cho BK. 2010. Development of a 50 kW tractor for European orchards.
Annual Research Report. Center for IT Convergence Agricultural Machinery, Dagjeon, Korea. [in Korean]

Cheon SH, Park JK, Byeon SJ, Lee JW. 2021. A study of implement rolling attitude estimation algorithm using 3-point
hitch dimension. Journal of the Korean Society of Agricultural Machinery 26:135-135. [in Korean]

Korean Journal of Agricultural Science 49(4) December 2022 947



Development of dynamics simulation model for 3-point hitch of agricultural tractor during plow tillage

Kang HY. 2022. Motion analysis and design of 3-point hitch link. Journal of the Korean Society of Mechanical Engineers
24:160-163. [in Korean]

Kim WS, Baek SY, Kim TJ, Kim YS, Park SU, Choi CH, Hong SJ, Kim YJ. 2019b. Work load analysis for determination of
the reduction gear ratio for a 78 kW all wheel drive electric tractor design. Korean Journal of Agricultural Science
46:613-627. [in Korean]

Kim WS, Kim YJ, Park SU, Hong SJ, Kim YS. 2019a. Evaluation of PTO severeness for 78 kW-class tractor according to
disk plow tillage and rotary tillage. Journal of Drive and Control 16:23-31. [in Korean]

KSAM.(The Korean Society For Agricultural Machinery). 2021. Agricultural machinery yearbook. 1-362. [in Korean]

Park JS, Lee KW, Cho CY, Yoon JW, Shin JY. 2015. Flexible body dynamics analysis of agricultural tractor using 4-post
road sSimulator. Transactions of the KSME C: Technology and Education 3:83-88. [in Korean]

Seyedabadi E. 2015. Finite element analysis of lift arm of a MF-285 tractor three-point hitch. Journal of Failure Analysis
and Prevention 15:737-743.

Tarighi J, Ghasemzadeh HR, Bahrami M, Abdollahpour S, Mahmoudi A. 2016. Optimization of a lower hitch link for a
heavyduty tractor using finite element method. Journal of Failure Analysis and Prevention 16:123-128.

Korean Journal of Agricultural Science 49(4) December 2022 948



