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Characteristics of Ride Vibrations in Rotary Tillage and
Plowing Operations by Tractor
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ABSTRACT

This study was intended to investigate the characteristics of ride vibrations transmitted to tractor operator during rotary tillage
and plowing operations. Seat accelerations of a 41 ps diesel tractor in rotary tillage and plowing were measured and evaluated as
specified in the ISO 2631-1. Effects of working speed and tilling depth on ride vibration were investigated. The level of ride
vibration was also evaluated in terms of health guidance caution zones. Some of the results of the study are as follows:

1. The level of ride vibration in plowing was about 4.3 times greater than in rotary tillage.

2. The effect of working speed in rotary tillage differs depending upon the tillage depth. The level of ride vibration was
increased with the speed, but it decreased over a certain tillage depth. Fore and aft vibration was 2.2-2.7 times severer than

horizontal and vertical vibrations. Dominant frequency band was 1-3.15 Hz in fore and afi,

horizontal, and 16-25 Hz in vertical directions.

1-3.15 Hz and 16-25 Hz in

3. Plowing reduced the ride vibration by 42.8~50.2%. But its positive effect decreased as the plowing speed increased. In
plowing operation, ride vibration was similar degrees in fore and aft, horizontal and vertical directions. The dominant frequency
band in plowing operation was 1-2.5 Hz in fore and aft, 1-2.5 Hz in horizontal, and 1-8 Hz in vertical directions.

4. On a basis of daily work hours of 4, total level of ride vibrations in plowing operation is likely to be harmful to

operator's health.

Keywords : Ride vibration, Rotary tillage, Plowing,
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Table 1 Specifications of tractor used for evaluation
of ride vibration

Items Specifications
Model TA 4140
Rated power/speed 41 ps diesel/2,600 rpm
Weight distribution Front 7 kN
Rear 10 kN
Tires Front 8-18 4PR

Rear 13.6-28 6PR
Front 148 kPa

Tire pressure

Rear 152 kPa
Transmission gears Forward 16

Backward 16
PTO speed 588, 704, 1057, 1321 rpm

unit . cm
A4 ] 44

40

T

40

-

Fig. 1 Dimensions of the tractor seat.
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Fig. 3 Block diagram of signal processing.

Fig. 2 A view of ride meter mounted on the tractor
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Table 2 Specifications of instruments used for mea-
surement and analysis of ride vibration

Equipment Specifications
4 ch. signal analyzer

Signal 50 to 6,400 line FFT

anirll Jer 25 kHz input module

Y Generator and sampling module
25 kHz zoom processor
Sensitivity : 0.3+2% pC/m/sec_2
t

Accelerometers | & Range : 0.2~26,000 Hz

Tape Freq. range : 0~10 kHz in 8ch.

recorder 16 bit quantization

Charge Freq. range : 0.3~40,000 Hz

amplifier Max input : 7 V(rms)
Frequency : 159.15 Hz

Calibration Acceleration : 10 m/sec’(rms)

exciter Velocity : 10 mm/sec(rms)
Displacement : 10 pm(rms)
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Fig. 5 ISO 2631-1 Health guidance caution zones.

Table 3 Operational conditions for rotary tillage

Main Sub Work | Engine Tilling depth,
gear gear speed, speed, om
shift shift km/h pm
Max 22
1 L 1.0 3200 Mid 11
Min. 0
Max 22
2 L 1.5 3300 Mid 11
Min. 0
Max 22
3 L 2.0 3300 Mid 11
Min. 0
Table 4 Operational conditions for plowing
Main Sub Work | Engine Tilling
Load,
gear gear speed, speed, es/no depth,
shit | shit | kmh | pm |7 cm
Y 18
3 M 5.0 3000
N 0
Y 18
4 M 7.0 3200
N 0
Y 18
1 H 9.0 3200
N 0
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Fig. 7 X-axis ride vibration at a rotary tilling depth
of 11 cm.

012

—= 1.0 km/h
- 1.5 km/h
~4~ 2.0 km/h

010

Weighted acceleration, m/s™2 (rms)

08 1 1.251.5 2 253.154 5 63 8 1012516 20 25 31.5 40 50 63 80
Frequency, Hz

Fig. 8 Y-axis ride vibration at a rotary tiling depth
of 11 em

J. of Biosystems Engr. Vol. 29. No. 3, pp. 207 ~216 (2004)

~ 029
) :
g < 10k |
N 0 Y150
3 [ e 2.0kvn
£ 015 i' l‘
2 ; S
2 J
8
o 010
o
: "4 /
o I’
2 usp 4 é"\‘l/ 4
. A

P olhesd v

o ‘

0.8 1 1.2516 2 253154 5 63 8 1012516 20 25 31.5 40 50 63 60
Frequency, Hz

Fig. 9 Z-axis ride vibration at a rotary tiling depth

of 11 cm.
1~3.15 Hz, y= vrgko] 7% 1~3.15 Hz¢} 16~25 Hz
zZ ko] 79- 16~25 Hzollew, 7+ wekel | &

A AF 2L A 571 20 kmhd o Zhzt 047,
0.11, 022 mys’elrk ZAlo] 0 Wi} 22 emY wjof
T 173 el Fa4 gidy $a) 159 AFge A
o] 11 em¥d ¢} FA}SHITh

I 5v 29 A 2314 E‘r Z23% 3% W
FoF 1Y SAF AT FEH ol
A g FEE e Aotk A
A A FES 734:‘01 01% mai\:‘r Eoy,
7l e} F F2 s
A AF HRE= iEial A £xo] g
et @3ttt FAdel 11 eoml Aole & S5
g & 53 AE $F5 Z/plg.ou), Z4le] 0o AL
22 ecmg! AL = &Y &£%7F 22 1.5 kmh, 1.0
kmh 4 W JF FFo] Hojolrh F, ojHr} =g|H
v g 2 %—EOH/K 3 AF FFo| ¥t} F

Z

~
Q\_;

I

U ok)ll

32 g
£ fo oy o) fo

oﬁ—\i'oﬂ.
o,
2 -

Table 5 Ride vibration levels in rotary tillage

Work Tilling awx | awy | awz av
speed depth mwst | ms® | mst | ms
(km/h) (cm) (rms) | (rms) | (rms) | (rms)
0 0.12 | 0.08 | 0.13 | 0.19
1.0 11 0.12 | 0.15 | 0.16 | 0.30
22 045 | 0.10 | 0.14 | 048
0 028 | 0.12 | 0.14 | 0.33
1.5 11 0.37 | 0.18 | 0.28 | 049
22 031 | 0.15 | 0.12 | 036
0 0.19 | 0.14 | 0.17 | 0.29
2.0 11 065 | 024 | 030 | 0.76
22 035 | 0.18 | 0.16 | 042
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Fig. 11 Y-axis ride vibration at a plowing depth of
18 cm.
0.80 -
a7 - 5.0 km/h
A A - 7.0l
a6l A&
U . “* 9.0km/h
050 ik K *

8.4

.30

.20

6.19

Welghted acceleration, m/s~2 (ims)

08 112516 2 253154 5 63 8 1012516 20 25 31.5 40 50 63 80

Frequency, Hz

Fig. 12 Z-axis ride vibration at a plowing depth of
18 cm.
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Table 6 Ride vibration levels in plowing

Work wx wz v
speed Load, 111?/52 :V:yz rl:/s2 nﬁs2
kmby | Y| (mg) | qms) | ms) | qm)
Y 0.76 | 055 | 0.58 | 1.11
>0 N 132 | 1.11 | 0.87 | 1.94
70 Y 068 | 1.00 | 063 | 137
N 130 | 2.19 | 1.04 | 2.75
90 Y 1.90 | 1.80 | 1.94 | 3.26
N 112 | 231 | 190 | 3.19




Table 7 Comparison of ride vibrations in
tillage and plowing

rotary

Total ride Freque.ncy l.)and' at dominant
oo . ride vibration, Hz
vibration,
2

m/s” (rms) x-axis y-axis Z-axis
Rot 1~3.15
. aw 0.30~0.76 | 1~3.15 16~25
tillage 16~25
Plowing 1.11~326 | 1~25 1~2.5 1~8
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Fig. 13 1/3 octave frequency analysis of ride vibra-
tion in rotary tillage of 11 cm depth at a
velocity of 2.0 km/h.
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Table 8 8 hr Fatigue-decreased proficiency bound-
ary for rotary tillage

Work speed
(km/h)

Tilling depth | Frequency band, Hz
(cm) X y z

0 - - _

1.0) 11 1.25 - -
22 - - -
0 - - _
1.5 11 - - _
22 - - -
0 - - _
2.0 11
22 - - -

Table 9 8 hr Fatigue-decreased proficiency bound-
ary for plowing

Work speed | Load, Frequency band, Hz
(km/h) yes/no X y 7
Y 1~2 1.6 -
5.0
N 1 ~25 [125~3.15] 3.15
Y ([125~16[ 1~25 -
7.0
N 1~2 | 1~315] 315
Y 1~315 (1~315{2~38
9.0
N (125~25 1~4 |25~8
A7) Age) A9 x, yEY AF £FL BE AP 2
A9 83X W2 BAE 2oekn om, 2% 3
52 AY £ 50 kh ¢ 7.0 kmh 2 34T of
g Al9E A 220A A WF 2 FAE 2HstaL
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Table 10 Limit exposure time for rotary tillage

Work Tilling a,, | Limit time of vibration
speed depth | m/s® exposure, h
(km/h) (cm) | (,MS) | Method 1 | Method 2
0 0.19 00 )
1.0 11 0.30 16 00
22 0.48 7.1 8
0 0.33 15.5 0o
1.5 11 0.49 7 8
22 0.36 12.5 co
0 0.29 16 co
20 11 0.76 2.6 1.6
22 042 94 132




Table 11 Limit exposure time for plowing

Work a,, | Limit time of vibration
Load, )
speed yes/no m/s exposure
(km/h) (rms) | Method 1 | Method 2
Y .11 1.4 h 25 min
5.0
N 1.94 12 h 10 min
Y 1.37 1h 13 min
7.0
N 2.75 16 min
Y 3.26 10 min -
9.0
N 3.19 10 min -
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