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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-1) and B5 (5.6 km·h-1), and the gear stages of rotary tillage 
were A3 (3.3 km·h-1) and A4 (4.2 km·h-1), which are the most commonly used. To analyze 
dynamic characteristic such as roll and pitch during operations according to the gear stages. 
As a result, 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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Materials and Methods
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Co., Ltd., Korea) . 95 kW

, 2,220 rpm, 4,490 × 2,360 × 2,940 mm (length × width × height) 
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4,545 kg . 

. , . 

8 (WJSP-8, WOONGJIN Machinery Co., Ltd., Korea), (WJ260C, WOONGJIN Machinery 

Co., Ltd., Korea) 10 2.6 m . 

495 kg, 2,180 × 2,800 × 1,285 mm (length × width × height) , 600 kg, 900 × 2,730 

× 1,250 mm (length × width × height) .

. IMU (inertia measure-

ment unit) GPS (global positioning system) INS (inertia navigation system) . INS

SBG Ellipse-D Table 1 . 

, roll pitch ±0.1° . output rate 200 - 1,000 Hz , 

ISO 2631-1 1 - 8 Hz

. Nyquist 10 10 - 80 Hz 

200 Hz , 0.05 s 

.

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-1

Position Single point L1/L2: 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.

(36°55′49.8″N, 126°37′57.3″E)

. (USDA) , 50% 

12 - 27% (silt loam) . 

. 2

, B4 (4.30 km·h-1) B5 (5.60 km·h-1) , A3 (3.30 km·h-1) A4 (4.20 km·h-1)

. 2 - 3 km·h-1

(active) , 

, 4 - 6 

km·h-1 .

Fig. 1 C-type , - -
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. - 2 - 3 , 100 m

. 20 cm .

Fig. 1. C-type working pattern of plow tillage and rotary tillage used in this study.

. 

, . , 

(box plot) . 

, 

.

Results and Discussion

pitch roll Fig. 2 Fig. 3 , . 

pitch roll .

Table 2 . B4 (4.30 km·h-1) 

pitch roll 2.24°, 1.28° . B5 (5.60 km·h-1) pitch roll 

2.26°, 1.30° . pitch roll 

B4 0.01%, 0.02% , 

.
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Fig. 2. Pitch data of the tractor cabin measured during plow tillage.

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-1) B5 (5.6 km·h-1)

Section Operation Operation

Degree Pitch Roll Pitch Roll

Standard deviation 2.24° 1.28° 2.26° 1.30°

pitch roll Fig. 4 Fig. 5 , . 

pitch roll .
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Fig. 4. Pitch data of the tractor cabin measured during rotary tillage.

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

Table 3 . A3 (3.30 km·h-1) 

pitch roll 2.14°, 1.39° . A4 (4.20 km·h-1) 

pitch roll 2.28°, 1.40° . 

pitch roll A3 0.11%, 0.01% , 

.

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

Gear stage A3 (3.3 km·h-1) A4 (4.2 km·h-1)

Section Operation Operation

Degree Pitch Roll Pitch Roll

Standard deviation 2.14° 1.39° 2.28° 1.40°
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roll pitch 

.

pitch Fig. 6 . 

pitch B4 (4.3 km·h-1) Q1 (first quartile), B5 (5.6 km·h-1) 

Q3 (third quartile) . pitch 

A3 (3.3 km·h-1) A4 (4.2 km·h-1) Q1 .

Fig. 6. Box plot of pitch data of the tractor cabin measured during agricultural operation.

pitch Table 4 . 

Q1 Q3 IQR (Q3 - Q1) . 

pitch B4 (4.3 km·h-1), B5 (5.6 km·h-1) 4.9°, 5° , 

pitch A3 (3.3 km·h-1), A4 (4.2 km·h-1) 4.9° . 

.

Table 4. Quartile of pitch data during plow tillage and rotary tillage.

Agriculture operation

(gear stage)

Plow

B4 (4.3 km·h-1)

Plow

B5 (5.6 km·h-1)

Rotary

A3 (3.3 km·h-1)

Rotary

A4 (4.2 km·h-1)

Degree Pitch Pitch Pitch Pitch

First quartile

(Q1: 25% quartile)

-3° 0° -5° 0°

Median 1.8° 0.2° -1° 3°

Third quartile

(Q3: 75% quartile)

1.9° 5° -0.1° 4.9°

IQR

(Q3 - Q1)

4.9° 5° 4.9° 4.9°
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roll Fig. 7 . 

roll B4 (4.3 km·h-1) Q3, B5 (5.6 km·h-1) Q1

. roll A3 (3.3 km·h-1) 

Q3, A4 (4.2 km·h-1) Q1 .

Fig. 7. Box plot of roll data of the tractor cabin measured during agricultural operation.

roll Table 5 . 

IQR (Q3 - Q1) . roll 

B4 (4.3 km·h-1), B5 (5.6 km·h-1) 1.9°, 2° , roll 

A3 (3.3 km·h-1), A4 (4.2 km·h-1) 2.1°, 2.3° . 

, .

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

Agriculture operation

(gear stage)

Plow

B4 (4.3 km·h-1)

Plow

B5 (5.6 km·h-1)

Rotary

A3 (3.3 km·h-1)

Rotary

A4 (4.2 km·h-1)

Degree Roll Roll Roll Roll

First quartile

(25% quartile_Q1)

-3.6° -1.6° -0.1° -1.8°

Median -3.5° 0.2° 0.2° 0.1°

Third quartile

(75% quartile_Q3)

-1.7° 0.4° 2° 0.5°

IQR

(Q3 - Q1)

1.9° 2° 2.1° 2.3°

IQR (Q3 - Q1) roll 

pitch , 2 - 5° 

.

roll pitch pitch 
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, roll pitch 

.

Conclusion
95 kW

, .

1. . B4 (4.30 km·h-1) 

pitch roll 2.24°, 1.28° . B5 (5.60 km·h-1) 

pitch roll 2.26°, 1.30° . A3 (3.30 km·h-1) 

pitch roll 2.14°, 1.39° . A4 (4.20 km·h-1) 

pitch roll 2.28°, 1.40° .

2. pitch 

0.01%, 0.11% , roll 0.02%, 0.01% 

. Roll pitch 0.58% 

.

3. box plot . 

Q1 (first quartile) Q3 (third quartile) IQR (Q3 - Q1)

roll pitch 

.

4. roll pitch 

, 2 - 5° . 

roll pitch 

. 

4

4

(passive) 

.
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