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Analysis and Isolation of Walking-type Cultivator Vibration
Transmitted to Operator's Hands

sted = 27
A3 A3
Y. J. Park K. Kim
ABSTRACT

This study was intended to measure and analyze hand-transmitted vibrations from cultivator in idle and
operation modes for three different types of field works. Based on this analysis a time for the white finger
syndrome to appear on 10% of the operators was estimated assuming that their daily exposure is 3 hours.
The 4 methods to reduce the hand vibration were also proposed and compared with each other. The results
of the study were summarized as follows :

The highest vibration level was recorded during trenching operation, resulting in a total average vibration of
11.5 m/s’. Followings were 7.6 m/s’ during rotary tillage and 7.0 m/s’ for weeding. When exposed to these
levels of vibrations three hours a day, the white finger syndrome is likely to appear in 4 years for trenching,
6.2 years for rotary tillage and 6.8 years for weeding operations. Isolation of hand vibration performed by a
rubber pad, anti-vibration gloves, a handle anti-vibration device and engine mounts were respectively 15.7%,
16.5%, 26.1% and 27.0%, resulting in most effective methods of the handle anti-vibration device and engine
mounts. A better performance of about 33.9% was achieved when both the handle anti-vibration device and
engine mounts were used.

Keywords : Hand-transmitted vibration, White finger syndrome. Anti-vibration device, Walking-type

cultivator.

1. 2 0BM, FE £% Fie A2HE VFL T
. olei® AFel Al AT FFE PP

AAelA MgoE AgHE AEL 4Y A5 T olF Awsty] 9% d7E dRVH B I

S ANNE NFHAD B ofUF AZAE G RS FA WFe) Hol AT 5, 1993).
ALE VAT AGelA AYHE AFelE A pag BeslE 02 59 AN v o
AE F4 A0Fol Aok B4 AEL AYE A B AYHE 1Bl 4@ sAolG §9), 7F 2
glol A dultg °¥°4 Ag=e Ags Ty, o] HAfolE 7l Ay AFH #2717 E
T4 AFL AA B R AYHE IF U3 252 o dojus 4HE A5 REL 5

This paper was submitted for publication in June 2002; reviewed and approved for publication by the editorial board of
KSAM in July 2002. The authors are Y. J. Park, Graduate Student and K. U. Kim, Professor at the Seoul National
University. The corresponding author is Y. J. Park, Graduate Student, School of Bio-resources and Materials Engineering
Seoul National University, 441-744, Suwon Korea. E-mail: <pyj7277@snu.ac.kr>.

—273—



FTE A 71 AE 3

2o} &3 Z2 AR HAgdrh o
2RAAA N2 Ful, Aol U@
QA B =9, 3717 A5 wE
&o) YRR &rtee) srgA wIHE
¥ AH(white finger syndrome)o} doiys], £3
&7rehe) vpy), SAAY, HR gzige A, &
9 BI¥F F 71% Aole] fAle] #Hrh
(IS0, 2001). 1y £AFol #AF 7lF Feo
Yo Holx EF3T oo did A7
A g TR AS, 59 714 BEE
9 Nz A9 d7s AR dAolth A2, 3
G714 A F8sHT ey Bg8F 7AG
2E £83571e ogth oA, 3, 1F
A B3 7AC RME dog &5 o
Mg 7oA oW <t E Aotk

A= B5gy FrzH ZHE, AR,
<!

e

E O )
2 orE oo 2 2

e
A

=

1 B oy o
LA
ff ot ot lo

#4% 9 £02 WY VE
TSI, o & ol gt &3
o w4y A7) BY o
ANE 2oz Fadc

S ooft Jm

g
o
=

4 ez A E 2
DAtell & A 2hst 42 kW e
AP B 1ol et

N

24,

M

27 AeE 2002 84

L &8s 54 F|

#Erlg £7golE H3ld £22 HEHE 3
=5 2343832 ol BAH/ 9% AZH N3
A e 28 1dAMst Zol s AZH
NF Aol AHEE A= Y tERA, FF
71, HolZ 3, A% B4/, NEEA 1A3E

olRE, 7t&E EA7 oy 7 Fule AYE &

204 9} 2.

accelerometer signal

l\

charge amplifier

v

tape recorder

‘

signal analyzer

v

v

FFT analysis

1/3 octave analysis

!

.

personal computer

Fig. 1 Block diagram of signal processing.

Table 2 Specifications of equipment used
for measurement and analysis of
hand vibrations

Table 1 Specifications of walking-type culti- Equipment Specifications
vator used for measurement of 2 ch. signal analyzer
hand vibration Sienal 50 to 25,600 line FFT
g 25 kHz input module
. . analyzer )
ltems Specifications - Generator and sampling module
25 kHz zoom processor
Rated power/speed 4.2 kW/3200 rpm
Stivsits - 0, 2
Displacement 247 cc Accelero-meters }S:ensmvny... loozi 22/2 gg(;mésec
Weight 1.520 N req- range: Vom0 z
Tire 4.00-7 Tape Freq. range: 0~10 kHz in 8ch.
recorder 16 bit quantization
Transmission | | O 4 Charge Freq. range: 0.3~40,000 Hz
Gears Backward 4 amplifier Max input: 7 V (rms)
Rotary 8
Frequency: 159.15 Hz
Low speed 894 rpm Calfbratlon Accel?ratlon: 10 m/sec’ (rms)
PTO speed High d 1568 exciter Velocity: 10 mm/sec (rms)
1eh spee pm Displacement: 10 xm (rms)
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Table 3 Working conditions for vibration
measurement
. Rotary . Tren-
Operation tillage Weeding ching
Work speed (m/s) 0.7 0.7 0.36
Engine speed (rpm) | 3,000 3,000 3,780
. . Low Low Low
Main gear shift . I~ 2
Rotary speed (rpm) 318 318 754
Tilling depth (cm) | 6~10 3~6 10~15
Wheel type tire tire wheel
Ch &ely] 2ga =
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A WEs bR B3, A9 A AF FF) 7
F 2 20 vehd e A9 F, T4 =2H
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o, & 32 7} 2949 AP AL el Aok

dd HNExZE Al7H(daily exposure duration)
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Fig. 2 Coordinates for hand vibration analysis.
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y and z directions
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T, = reference duration of 8 hours

(28800 s).
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Fig. 3 Frequency-weighting curve, Wy for
hand-transmitted vibration.
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Fig. 4 Reflection and transmission of inci-
dent vibration normally between dif-
ferent characteristic impedances.
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Fig. 8 Frequency analysis of vibration
transmitted to hand at trenching
work.
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Table 4 Average values of frequency wei-
ghted acceleration at idle mode

@ hux Qhuy Chuz Qpy
m/s’
Rotary tillage 1.1 4,7 4.1 6.3
Weeding 1.1 4.6 39 6.2
Trenching 23 8.2 7.0 11.1
4.5
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Frequency (H2)
Fig. 9 1/3 octave frequency analysis of
vibration transmitted to hand in
rotary operation.
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Fig. 10 1/3 octave frequency analysis of
vibration transmitted to hand in

weeding operation.
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Fig. 11 1/3 octave frequency analysis of
vibration transmitted to hand in
trenching operation.
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Table 5 Average frequency-weighted acce-
leration at operation mode

Dpux Qhuy  Chuz Qe

m/s’
Rotary tillage 25 53 49 7.6
Weeding 23 5.1 42 7.0
Trenching 2.3 9.0 6.8 11.5

Table 6 Total vibration level and expected
time for white finger to occur at
operation mode

Exposure Total Expected
time |vibration level time
() | AG) (m/s) | Dy (year)
2 38 7.7

Rotary 3 47 6.2

tillage 4 54 5.3

5 6.0 4.7
2 3.5 8.4
3 43 6.8
Weeder
4 4.9 5.8
5 5.5 52
2 5.8 5.0
3 7.1 40
Trencher
4 8.1 34
s | - s
ZT AEghe 7 M weh ok 5-20% =2
A2 vebytcoh o '

NE AP ABL 8AZLR & AU 57
FoRe-BA F A5z A®)F AT 2 & 3
& o7k dolg 2o F oAEE AV B 60
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L2 FIRER] gEo) JE »& NEE £33
T+ APl bR EAUCh ZAY A 19 34
720z 7bAaEe o Azt 10% oj Aol A
A @ H(white finger syndrome)o] LlElgd Ao F
dFEE N7E £7 ZHE FY9 q 262
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Fig. 12 1/3 octave frequency analysis of
vibration transmitted to hand with
trencher-attached cultivator at idle
mode when rubber pad was
installed on the handle grip.
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Fig. 13 1/3 octave frequency analysis of
vibration transmitted to hand with
trencher-attached cultivator at idle
mode when anti-vibration glove
was used.
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Fig. 14 1/3 octave frequency analysis of
vibration transmitted to hand with
trencher-attached cultivator at idle
mode when anti-vibration device
was installed on the handie.
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as engine mount.
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Table 7 Average frequency-weighted accele-
ration when rubber pad, anti-
vibration glove, handle anti-vibra-
tion device and engine mount
were used, respectively

@ hx A pyy Lz Apy
m/s’

Rubber pad 3.7 7.3 5.2 9.7
Anti-vibration
glove 33 7.5 5.1 9.6
Handle anti-
vibration device 2.0 6.8 4.6 8.5
Engine mount 22 6.7 4.6 84
Handle anti-
vibration device 1.6 6.4 37 7.6
& Engine mount

Weighted acceleration (m/s*2)

™ O 0w v O M O Qo O O
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— - o~ <t [{s) o
e

Frequency (Hz)

Fig. 16 1/3 octave frequency analysis of
vibration transmitted to hand with
trencher-attached cultivator at idle
mode when anti-vibration device
and engine mount were used.
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