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Abstract

Due to the environment of irregular soil characteristic for agricultural fields, dynamic charac-
teristic occurs in the tractor cabin during agricultural operations. Operator’s fatigue is increa-
sed, and operation performance is decreased by these irregular environment conditions. This
study was conducted to measure and analyze the dynamic characteristic of a tractor cabin, a
major agriculture machinery, during agricultural operations. The specification of tractor used
in the study was a 95 kW class tractor. To analyze the dynamic characteristics of the tractor
cabin, the main agricultural operations, plow tillage and rotary tillage, were selected. To mea-
sure data of dynamic characteristic of the cabin, which continuously changes during opera-
tions, an Ellipse Series INS (inertia navigation system) with a built-in IMU (inertia measure-
ment unit) was attached to the center of gravity of the cabin. During field test, the gear stages
of plow tillage were B4 (4.3 km-h) and B5 (5.6 km-h™), and the gear stages of rotary tillage
were A3 (3.3 km-h?) and A4 (4.2 km-h™), which are the most commonly used. To analyze
dynamic characteristic such as roll and pitch during operations according to the gear stages.
As aresult, the dynamic characteristics of pitch increased more than the dynamic characteris-
tics of roll as the travel speed increased, and the dynamic characteristics of both agricultural
operations were in the range of 2 to 5°.

Keywords: agriculture machinery, dynamic characteristic, plow tillage, rotary tillage,
tractor cabin
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=772 °F 59.2% 2 714 =2 H]-8-2 X}A| 51l Y th(Back et al., 2022). 5U-& ESE 0] 7812 2H o] A] T
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S 2835 B Aamld o] A A an BASko] A A 53 54 217 &1 5T Chung 5(2017)
2 U] AZAFolA H%OJ 90 kW EZHE] Q] A o] 8sto] Tt wdllS 7ottt /it et nels
o] g5to] 7iHlo] AT A2 ZHa|Alg> HSto]| w2 L7} 7HAdof| theh AL E 43851 Tt, Seo 5(2019)2
EE] 7i¥19] FEM (ﬁnlte clements methods) 7|5 0]-85}0] x}A|2F AA ] = 2 17 Ak w2 7l8] U 2]
ol tigh A7-5 skt RIALT /ol w2t 7HRl W) /%= X152 Hlwl % 246k o] & &85t A
Al 2] Z)5}ol| tigt WokS- A A 5F2ATh Choi 5(2019)2 simulinkS £3)] 7442 Ao W 35 Q)x] Aloj24] g
Tgstlen, ESE 7RG Hhes AAmAd Aloj 22 7 ASLE 43513t Oh (2022)= EHE O] BH55
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Materials and Methods
S8 E8E S X
2 Al EFE 7iR1e] AE2 2T U 57|AONAM 7P =2 2.5 Ho|A Q= P EZE(TI130, TYM

Co., Ltd., Korea)E 0.2 S5t 2 Aol A AREH EiE] = tAiixlo] e 95 kW T E=HE
ojm, FZ WL = 2220 rpm, 7] L FAR= ZH2F 4,490 % 2,360 x 2,940 mm (length x width x height) F-Al=
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4,545 kgoloh. E2E 5442 EAE AW WF 2 7E Wl ATl F2 pshe A7) 9 2] Ade
ASISICE Edele] 49171 2ol meby Aol AFGE T 9lo0], AEAM AN S Bstel Mgl
A 7]= 8% o]FAY7](WISP-8, WOONGIIN Machinery Co., Ltd., Korea), ZEF2](WJ260C, WOONGIIN Machinery
Co., Ltd., Korea)= 107112] ZaMR| & 7}A] 11 Q1= AE 2.6 m A2 AASIQITH oAy 7)9) 25 4 97)= 7zt
495 kg, 2,180 x 2,800 x 1,285 mm (length x width x height)o]™, 2E}2| o] F2F U 3 7]+=ZF2F 600 kg, 900 x 2,730
x 1,250 mm (length x width x height)©]t}.

ASAIAS 2 AR

4 1H RIS A-S SH517] Yol AlSAIARRS /st 7R S] ZFA| o] E)= IMU (inertia measure-
ment unit) 2 GPS (global positioning system)”} L7 0] Q)= INS (inertia navigation system)E- ©|-8-5} T} INS+
SBGiit2] Ellipse-D 222 414519 0.1 A2 2|92 Table 13} ZTh Al A= EE 7i119] A4 o] 2251
o =7 2= roll 2 pitchol] thdlo] 242t +0.1°0]th, A= ] 9] output rate= 200 - 1,000 Hzo|H, AlA 2] Ad5
2180 2631-1 7|5 IA|7F R17FoHA| BE-Soh= XE #9191 1 - 8 HzE ALefsto] Al AH| el tlo|g 54 =& A
J5FATE. Nyquist &9 o] &S defsto] IA|7}F RIZkeHA| ¥H-g-oh= Xs R 2ot 10H] ©0]/d<?] 10 - 80 Hz 25
HAE S5t Yl AlE 7] Q] dlolg 4 £X5 200 Hz2 A5t 2™, 0.05 s T = to]e] 242 43
Cli=g

Table 1. Specification of Ellipse-D used in this study.

Item Specification

Model Ellipse-D

Roll, Pitch 0.1°/0.05° (RTK)

Heading <0.2° dual GPS (> 1 m baseline)

Velocity 0.03 m's

Position Single point L1/L.2: 1.2 m
SBAS: 0.6 m
DGPS: 0.4 m

RTK: 2 cm + 2 ppm (option)
PPK: 1 cm (option)

RTK, real time kinematic; GPS, global positioning system; SBAS, satellite based augmentation system; DGPS, differential global
positioning system; PPK, post processing kinematic.

=247 Hlo] Bl S 4275}7] ste] AEAIE-S S 97 (36°55'49.8"N, 126°37'57.3"E)0ll Y x| 3 W o)
A RS Al 242] B/442 nlsF/d(USDA)HE 01%6‘}04 S5t e, 1482 mlAE50% o33t A
E12-27%E 3 PIAE FE silt loam) O] . 52 Od% B 2 T 7P B2 HISE ARsh= A7 3 28
2l ol-&sto] st A7) Bl 2Efe] MY s U = oM F2 st 270 2SR Ama}o#
o o8 7]= B4 (4.30 km-h") L BS (5.60 km-h )‘:P% ZEH]= A3 (3.30kmh) B A4 (4.20 km-h ol A 4~

s

2)

=

DSE

Slict Qb o R Zete] A1 - 3 km 2] AQl4Eol M 22 HaASIA| g & s 22 sle] thy =2
Ejo] 2} E0] 9l 55 active) T ¥H 5 AT A AF 7S 957|291 0]0), T EEl7} Ak =

B o) Ao 0 2 Sestmhacks 4e Dejstel, A4 ws AN Ads o] vl ArhHoR W 4.6
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Fig. 1. C-type working pattern of plow tillage and rotary tillage used in this study.
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Results and Discussion
7| =i gl ZEL2| Zidof| hE Sl HS

7] *‘?3 A] pitch H roll ®3FO 2 0] 7|5 H3}= 22} Fig. 29} Fig. 31 2o, 2 Theof| whet A1-2-51 31t A
7] A4 3 Al AAE = F71el wt pitch B roll 'HRFO2 0| AE W27} o] 34 WEshs 2 o2 e,

A7) 2 Oﬂ uhE 7l1H19] 715 Hlo]El= Table 22t Zro] UEFGTE B4 (430 kmh') 2Hd TheollA] 7] 24 428
Al pitch & roll o 29] EEHAR= 712 2.24°, 1.28°F LFERGTE B5 (5.60 km-h™) 24 ©Hof|A] pitch L roll
HRFo 7o) FFEHA = 21212260, 1.30°= UERHTH 7] A4 Al A &= F71oll Wt pitch 2 roll ®RFC 2.9
BN 22 B4 AL TH] 0.01%, 0.02% 57 Fobe A 0= Uebtom, 249] £ =7} 571ghol| what A 50]
o 2] dAgshetar g
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a: Operating
b: Turning
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Fig. 2. Pitch data of the tractor cabin measured during plow tillage.
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Fig. 3. Roll data of the tractor cabin measured during plow tillage.
Table 2. Characteristics data of a tractor cabin during plow tillage.
Gear stage B4 (4.3 km-h™) B5 (5.6 km'h™)
Section Operation Operation
Degree Pitch Roll Pitch Roll
Standard deviation 2.24° 1.28° 2.26° 1.30°

2

ZEelg] Al pitch 2

2R 2} 8 Al A} S 71 W piteh B roll RFO20| AF

#s}7} o) 2| S,

! roll ®3F0 20| 75 o= 217} Fig, 49} Fig. 59+ ZHom, 2Fjthaeof ufa} 25} ct
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a: Operating
b: Turning
61 —— Rotary, A3(3.30 kmh) 6+ —— Rotary, A4(4.20 kmh')
4 4 a
24 24
@ @
2 a a 2 a
3 3
Z 09 R T 04
= £
s s
o o
2 = 2
-4 4 a -4
5 . — b ‘ A b T . : & . : . : : . )
0 S0 100 150 200 250 300 350 400 0 S0 100 150 200 250 300 350 400
Time (second) Time (second)

Fig. 4. Pitch data of the tractor cabin measured during rotary tillage.
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Fig. 5. Roll data of the tractor cabin measured during rotary tillage.

2Ee}] 2He]ol w2 7§]12] A5 o] Ef= Table 32} ZHo] LEFGITE A3 (3.30 km-h') 2+ ol A] 2E}] 2HY]
484 Al pitch 2 roll Yo 20| HFHA= 2121 2.14°, 1.39°2 LEITH A4 (4.20 km-h') 2] Tholl A 2ELE]
2k 423 A] pitch X roll {0 2 0] EEHAR= 21212280, 1.40°2 LR 2EF] 2] A] 2H%] 42 Z7tof u}

2} pitch 2 roll WFo 2 o] FFEHX= Z17F A3 AAE = tH] 0.11%, 0.01% S7Foh= 202 Yetor, Ad4%
L7} 371l et Aso] o A EAYT

Table 3. Characteristics data of a tractor cabin during rotary tillage.

Gear stage A3 (3.3 km-h™) A4 (42 km-h™)
Section Operation Operation
Degree Pitch Roll Pitch Roll
Standard deviation 2.14° 1.39° 2.28° 1.40°
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Fig. 6. Box plot of pitch data of the tractor cabin measured during agricultural operation.
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A7) 9 2ehe] 2Hd A] Zd ool 2 pitch B3FC 2 0] AR Q)4 Table 42} Zo] UEFGTH 2H] &1
of 2 AHste] Ex = Q13 Q32 lo]E LFERHE=IQR (Q3 - Q1) A& W3t 2L Hjo|E| & 2A513iTt.
2k A] pitch WeFO 2 A=W sto] EX=B4 (4.3 km-h™), B5 (5.6 km'h™) 212} 4.9°, 502 UEPG o Zele] 24
Al pitch 'R0 20] 7 5H5}0] R = A3 (3.3 kmh ), A4 (42 kmh') B 4.9° 2 UFERGT 214 F7to] nf
£ A7) 4 2ehe] A4 25 AsHEke] E2 = JARH UER T
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Table 4. Quartile of pitch data during plow tillage and rotary tillage.

Agriculture operation Plow Plow Rotary Rotary
(gear stage) B4 (4.3 km-h™) B5 (5.6 km-h™) A3 (3.3 km-h™) A4 (42 km-h™)
Degree Pitch Pitch Pitch Pitch
First quartile -3¢ 0° -5° 0°

(Q1: 25% quartile)

Median 1.8° 0.2° -1° 3°
Third quartile 1.9° 5° -0.1° 4.9°

(Q3: 75% quartile)

IQR 4.9° 5° 4.9° 4.9°
(Q3-QI)
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Aol mhe A7) 9 28] 249 Al roll 'R0 2.0 7| 535} Bl o] Bl Fig. 72 o] UreRstth A7) 2k¢de
< roll YFo g 75 HSto] F3L= B4 (4.3 km'h") ZHFErollA = Q3, BS (5.6 km'h) A Toll A= Q19
=7} 52 A0 2 Uehigt), 28] 2192 -2 roll ' 20] 75 H5ke] R3E= A3 (3.3 kmh') 2 Trol]
M Q3, A4 (4.2 km'h!) AQ ol A= Q19 RIET} &2 210 = UEkit

-
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4 -
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Plow, B4(4.30 km-h-") Plow, B5(5.60 kmh-) Rotary, A3(3.30 km'h-')  Rotary, A4(4.20 km-h-")

Fig. 7. Box plot of roll data of the tractor cabin measured during agricultural operation.
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-2 7 5¥3ke] Fi+=1QR (Q3 - Q1) 71513 22 o8& A5t A7] A Al roll 'HEFo & 7513t

= B4 (4.3 kmh"), BS (5.6 km'h') 242+ 1.9°, 2° 2 Lo, 2ERE] 2 A roll 'L 20| 7 5RIstke]
BE+=A3(33kmh"), Ad (4.2kmh') 212+ 2.1°,2.3° 2 UFERTE 2H & e F7tol| wh2 A7) A2 AR A
He} B s Holom, 2efe] 4] A& 27t F71eol| et A5 ek vt S7skinh

Table 5. Quartile of roll data during plow tillage and rotary tillage.

Agriculture operation Plow Plow Rotary Rotary
(gear stage) B4 (4.3 km-h™) B5 (5.6 km-h™) A3 (3.3 km'h™) A4 (42 km-h™)
Degree Roll Roll Roll Roll

First quartile -3.6° -1.6° -0.1° -1.8°
(25% quartile_Q1)

Median -3.5° 0.2° 0.2° 0.1°
Third quartile -1.7° 0.4° 2° 0.5°
(75% quartile_Q3)

IQR 1.9° 2° 2.1° 2.3°
(Q3-QI)

7] 9 2ere) 2 Al APeol BHE AU4E Z7HA QR (Q3 - Q1S B3 AT BEL roll YO
o] A ial BI BT} pitch WO 20| A5 WS B2/} A Uelton, 5 e
USRS 2o 2 wrkirt

£ AGLE 55 roll W& U pitch WO 20| A5 H| W E M-S 55 pitch T 20 A S| fo] Ht
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Conclusion

2 A= 7RIS ZpA) Alo] Al AR RS 43t 7| 2 AFEMN 95 kW THE EZE] Q] 521 A 718 AF 24
tf|o]E] Hlo]AE FETlaL ATl 2 A5 S a3olon, £ Aak= oh3at 2t
1. EFHAE E8oto] 5247 EHE] 7R A H 25 WUt B4 (4.30 km-h') 2 Thpof| 4] A
7] 2+ 4234 Al pitch L roll &F O 20| IHFHA= 742} 2.24°, 1.28° 2 YEFGTE BS (5.60 km-h') 2] T
of|A] pitch L roll F3F0 29| FEHa= 21712260, 1.30°2 LFERRTE A3 (3.30 km-h) 2H ol A 2E}
2] 2 4238 A] pitch X roll WgFO 2 o] FEWHAE=7E212.14°, 1.39°2 LERSTH A4 (4.20 km-h™!) 2 ©4>
of| A Zete] A 438 Al pitch ¥ roll WFO 20| HFHA = 742} 2.28°, 1.40° = LEFSLTE
2. BFUAE E8of 245 A1 A7) F 2ElE] 2} BE A £ F7tol wt pitch ®EFO = A RS
217} 0.01%, 0.11% Z7F5H= 2 0.2 UERG o™, roll ko 2 A5H3H=0.02%, 0.01% 715 H3l7F o 2
Al E¥st= A 02 UG Roll 'HEFC 2 A5 §sHE pitch ®WEFO 20| AF 3} 0.58% ©f A &
Aoh= A o2 UERT
3. EHE] 7RIe] AF B3} 23 += box plot X ARE| 42 EA I T 2 Tharof| wh2 2 & & 37} A A7

2 2ele] 2] 9] ASEIEE= Q1 (first quartile) 2} Q3 (third quartile)2] XFo] & UERE=IQR (Q3 - Q1) E £A4

St A3} AFRASHE 2= roll o 20| A5 HEF £ K} pitch O 20] 7 5H L Barvt of 37| Le}

o},

4. AuA o g2 ZA}jchaeo w2 A& =7t F7Helol it roll W2 29| 75 - BHE o pitch ' F O 2] 75
H37L o 3A S7FE o, & 54 252 - 50 Y] Holl M AsREF defE Z o2 mtEh o) &
5ol 22 AR 52 E 2357 AlahAl= roll WERFETE O] Bo] WAYSH= pitch HFO 20| 75
A&} o) 7} F st al k) 9 Aol A EFE Hotxd W EYRAS 15 EHYE] AH AF
tlo]E] 7|Rko & 450] {of AT 2 7/ E EE iR Algg o] 2l Y 77 7-50f upE ZHAREHE
4%90] 3o A E 2 AAA o] RS 7idsto] EZE] 7RI ZpA|A o] A| AR 7o) cigt A 2 7| E EY
Efof] M 4~5(passive) A|2HAAT} T2 TfY E-E| o F2HE 55 E= s AAmdo] 7 e o

A

S 3P o Holct,
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