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Abstract

In this study, a simulation model of the self-propelled underground crop harvester was
developed using Recurdyn to analyze and prevent its overturning. For the analysis of the
overturning angle for the self-propelled underground crop harvester, the test jig was selected
in the same steel condition. The dynamic friction coefficient of the crawler of driving part
contact with the test jig was selected as the dynamic friction coefficient of 3 condition(steel,
unpaved road, and asphalt) to perform the simulation. The overturning angle and contact
force of the self-propelled underground crop harvester using dynamics simulation were
analyzed. It was found that the overturning angle at each condition did not conduct under
30° in the no-load state, which is the test standard for agricultural machinery conduction
test of the Ministry of Agriculture, Food and Rural Affairs, and it was judged that the test
standard was suitable for the test. The overturning angle of the self-propelled underground
crop harvester was 32.32° when the dynamic friction coefficient of steel was selected as 0.25.
The overturning angle of the self-propelled underground crop harvester was 37.54° when
the dynamic friction coefficient of unpaved road was selected as 0.5. Also, the overturning
angle of the self-propelled underground crop harvester was 44.69° when the dynamic friction
coefficient of asphalt was selected as 0.8. By changing the dynamic friction coefficient, the
results of the overturning angle analysis showed that the overturning angle increased as
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the friction coefficient increased. Accordingly, it is judged that the overturning angle of 37.54°- 44.69° should be
considered when working in upland where self-propelled underground crop harvesters are mainly used.

Keywords: Self-propelled harvester, Underground crop, Dynamic Simulation, Overturning Angle.
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Materials and Methods
A= EIQY XA @ ZhE 2317
Sl

£ ASLol| A ARS8 2FA] s 2HE 42817]=(Hyundae Agricultural Machinery Co., Ltd., Tksan, Korea) Fig. 13+ 22T} 2}
FA] w2 4251710 AR A Y-S Table 12} o] 27] W RAI7}F 2k} 5230 X 2,350 X 2,430 mm (length X width X
height) 3,500 kg®]™, A &2 0] 2,600 pmOI| A 44 kW1 T N7 (4B243TLWS, Daedong Co., Ltd, Korea)©] Al E o1t}
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e gl

Fig. 1. A photo of self- propelled underground crop harvester used in this study

Table 1. Specification of a self-propelled underground crop harvester used in this study

Parameter Value
Dimension [mm?] 5,230 X 2,350 X 2,430
Empty Weight [kg] 3,800

Rated power[kW] 44

Rated speed[rpm] 2,600

Max torque[N-m] 190.2

St M S0 2H Ty

220 9] A5 B4 2 £8710] Aol mdle
r@l ZNsATh AlEeo] A E2 Fig. 29 o] AA| Al =
=2 =30k 85 (Harvesting part), &3 3F 25 0]45h= 0|
Z2) s 2B 454 19] A= FYR 252 5033t A B 0] Q] Track LM 252 2-&510] A|2519] 00 Fig 33+ 2
t} A= F3YH = 2 22](Sprocket), Ad-E2 (Carrier roller), 522} (Track roller), 22 242 935t ool &2 (Idler) 2!
& (Track) 57 rZ] TS O, A ZAFZELE] A2 2| Y& E-8-to] Zelth e Al g g0 S &85t
L A8 L S A 8 2 70, B2 4, 742 BA A eria) 24S A1 82014
17 L 2AZA L A A AgHrol 47519 0.0, Inertial Fh-S 3D CAD Z2 1S 0| &

sto] B2o] 5442 Y A2 resto] AAsiin A4 W A 28719 7|, FAFA B Inertial 412 Table 22}

/3-8 =2 77891 Recrudyn (VOR4, Functionbay, Korea) ©|
1S B 2 F/g5Hl o, A =% S8 (Driving part), 2}
5 (Conveying part) 2 T-25t0] 22lg 7fk5tgich. 24
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Conveying part

Fig. 2. Configuration of simulation model for self-propelled underground crop harvester
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Fig. 3. Configuration of simulation model for self-propelled underground crop harvester driving part

Table 2. Information of weight, center of gravity and moment of inertia about self-propelled
underground crop harvester

Parameter Value
Weight [kg] 3,800
Center of gravity 3030, 1100, 7
Moment of inertia I [kgm’] 655
I, [kg'm’] 1,489
I, [kg'm’] 1,732

H
A S dEshe AlE Ade £ A% SFo] AHollM WA 3]st A2kt wjo]
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Ground Test jig

Fig. 5. Dynamic analysis model of overturning angle

A & A 2879 PAE A2 Test jige] 2 AA| g 5U7]e 18-l A X135t A= Al
7|HFO 2 Steel = AT HESF, o2f7kA] 20| A 9] FH e F4 S 3517] 2Jaf Test jigeh H A== A= FHF
9] 54 oFA|4(Dynamic friction coefficient)g ¥/} AlE2|o]dE& 435} ITt. A = AlE2|0] 42 Steel, Unpaved
rod, Aspalt 717) 7219] 54 S B BESI900], 7|2 2218 ASI v 4L AT B4 4 E 22
5= 24 esto] AT ZH2te] 2719] 54 npAA|I & E-Eoto] 242 O A FollM M = A S 49

S M3 ATLE(Kim, 2014) 7]5F0 2 A1) 0™ Table 3 T} 2}

Table 3. Dynamic friction coefficient based on the condition of the test jig

Condition of test jig Dynamic friction coefficient
Steel 0.25

Unpaved road 0.5

Asphalt 0.8

Results and Discussion

247k 27004 BAE BAS SYRRS A SUZAA TR 5714 A A 27 712 T8t deolA] 30°0]5h
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20 degree

Fig. 6. Result of analysis for overturning angle for self-propelled underground crop harvester
(10degree, 20degree, 30degree)

A B4 AR 5] PR E A0 Akl E A e g EA67| ol Ay FAReL WA WEFo = 3]
ZS= Test jig?] HZHo)| A BHAY31= contact force 440] 09 WS 7|F02 EA5HQICH AlE0]A 438 Al Test jig2]
Material type _1_7‘:]_% 2% 5U5H SteelZ AA5HA O, Test jigeh A A= A=y FHF2| 54 npz A4S ¥ 74510
Al g0l 43 5]' ‘1} Steel®] 54 AR Al4> 0252 A= wl A4 B4 AE 2279 Al T E) Test jig
9] contact forc e{; 53 FABIE7E 2.34% wf ONC.Z2 LERom, DA B T 7R 32 32°2 LERHTE Test jig2t FA|
HeAed —‘?‘—4 EX—i oz A5 0252 A7 5F32 Al contact force W &4 = 742 Fig. 7 2+ 2t
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Fig. 7. Res)ult of analysis for overturning angle for self-propelled underground crop harvester (Test jig material
type: steel

Unpaved road®] &4 PF Al4= 052 A 761l ) A4 B4 2Hg 217]9] A= 3 79} Test jig®] contact force=
26.64kNS 9 2|5HF71 3362 W] ONO.& LRt O, A FAE 7H2 37.54°% UERGTE Test jigt A A == A3 589
£l 54 npE AlSE 052 4174 5H3A= Al contact force 3 74 &= Z--2 Fig. 8 7 2T
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Fig. 8. Result of analysis for overturning angle for self-propelled underground crop harvester (Test jig material
type: Unpaved road)

Asphalt®] &2 0F A4 0.82 A5 S W AFF4] G ZHE 4847] 9] FH T3 522} Test jig®] contact force=
39.36kNS -A51CH7} 3 42% W ONO.& UHEptom A - & 22 44.60°2 LFERTH Test jigl} A A== A w3 25
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Fig. 9. Result of analysis for overturning angle for self-propelled underground crop harvester (Test jig material
type: Asphalt)

Conclusion

2 A7 B 254 B A2 487]0) YR BAS Salsiolnt YHE BAS Salst7] 9j8) A8 m el
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719] AT AL Test jig®] Material type = 5L 5| Steel 271 0.2 A5} 01 Test jigeh A H= A=Y F3+H 9

3

Journal of Agricultural Machinery Engineering 4(1) December 2024 38



Development of a Simulation Model for the Overturning Angle Evaluation of Crawler-type Self-propelled Underground Crop Harvester
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