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Vibration Reduction of Walking—-type Cultivator's
Handle using Modal Analysis and Operational Deflection
Shapes Techniques
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ABSTRACT

The objectives of this study were to determine the natural frequency of a walking-type cultivator's handle using a
modal analysis, to determine whether or not the handle resonates with forcing frequency induced by its engine, and to
determine a method to reduce the handle vibration using a technique of the operational deflection shapes(ODS).

Results of the study are as follows: The natural frequencies of the handle up to third harmonics were found to be
204, 22.5 and 92.1 Hz in the vertical direction and 14.9, 93, and 132 Hz in the horizontal direction. It was found that
the handle does not resonate with the forcing frequency of the engine, which is 52 Hz The operational deflection shape
analysis revealed the deflected shapes of the handle in the vertical and horizontal directions and suggested that the handle
vibration can be reduced by adding some mass to the place where the largest deflection occurs. Attaching of 1.1 kg
mass adjacent to the largely deflected area resulted in reductions of vibration from 9.45 to 8.03 m/s’ in x-axis direction,
from 3.89 to 3.16 m/s” in y-axis direction and from 7.89 to 3.09 m/s’ in z-axis direction, which are respectively 15, 19
and 61% reductions. The total vibration level was reduced by 29%, indicating that mass-adding method by the ODS is
very effective for reducing the handle vibrations of the cultivators.

Keywords : Modal analysis, Operational deflection shapes, Vibration reduction, Walking-type cultivator.
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Table 1 Specifications of walking-type cultivator
used for hand vibration measurement

[tems Specifications
Rated power/speed 4.2 kW /3200 rpm
Displacement 247 cc
Weight 1,520 N
Tire 4.0-7
Transmission Forward 4
Ge Backward 4

s Rotary 8

Low speed 894 rpm

PTO speed High speed 1568 rpm
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Fig. 1 Schematic diagram of modal test.
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Fig. 2 Data processing procedure for modal test.
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Table 2 Specifications of equipment used for

modal test
Equipment Specifications
Signal analyzer 4 ch. signal analyzer
50 to 6,400 line FFT
25 kHz input module
Generator and sampling module
25 kHz zoom processor
Accelero-meters Sensitivity  : 10+2% pC/m/sec’
Freq. range : 0.2~26,000 Hz
Impact hammer Sensitivity : 0.95 pC/N
Freq. range : 0.2~2,000 Hz
Force range : 300~1,000 N
Tape recorder Freq. range : 0~10 kHz in 8ch.
16 bit quantization
Charge amplifier Freq. range : 0.3~40,000 Hz
Max input : 7 V(rms)
Calibration exciter | Frequency : 159.15 Hz
Acceleration : 10 m/sec’(rms)
Velocity : 10 mm/sec(rms)
Displacement : 10 pm(rms)

Fig. 3 Selected points on handle for modal test.
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2 25 Table 3 Natural frequencies of handie in xz plane
& 2001

gls\ p/,\\ s Mode 1123 (4]5,6]7]|8
B 10 U [ / Eaa Natural frequency,

o s A\ o N 20.4122.5192.1| 130|144 2051273314
8 S HS N X\ \

g LMY

g’ 10 2) xy BN

‘1507750 100 150 200 250 300 350 400

Frequency, Hz

180

160

140

120 A

100

80 I‘

60 |

40 I N

20 R i B
0 v \Y

200" 50 100 150 200 250 300 350 400
Frequency, Hz

™
...\
L\
J

———
o
LS

Phase, angle

—
et

Fig. 4 Frequency response function of
point itself in xz plane.

impact

= 2% 9Rsg. dadon, At wol,
Hazys Yol F43] ¥sHAY, sart dojys
Fog7t 5 dASY ol HFHE Fure AL
9] 1% AESF7F BrHEwins, 2000). we}A] Fig. S|4
WA Rk 5 B4l A WAk TR
#E9] 1f AF } 9} Table 32 xz FHAA #
7] AEY 2F AEFE Ut Aot} xz PR

o,

27 A5 33} EE?M Az 24 W54
7} 204, 225, 92.1 Hz2 R},
30
Z 20t
2 10 PN L\ NP F X SRR
%-20 """" 3 [‘ gﬂ v\y : L‘:z"
é =300 Yl{‘ ni
g 014
£ 50
0050 100 150 200 250 300 350 40C

Frequency, Hz

Fig. 5 Frequency response functions of 20 impact
points relative to a reference point in xz
plane.

Fig. 62 @59 xy P E= dgog 74 7|
39 FiF & TFY AFAE dEN Aoln
Fig. 7& 207} A4 F4 §¢ & 2ZF '%}”ﬂ
Jehd Aojth xy HE JAFAME xz HA AFolA
g 2ol FaHoel dXse FA5-E AEY 1f A

15

10
5

0 A <
> ll" AN

-10}- s
A
-15 \ llv:ll

-20
=25 \V
'30[| !
-35 i

0 50 100

Magnitude, dB re 1m/$/N

150 200 250 300 350 400
Frequency, Hz

200l
ISOVR'\/ AR
(AR \
\4\__/ | N

=20

w =
o
(=4

=

v
Y
wn O

o

S —

Phase, angle

50 100 150 200 250 300 350 400

Frequency, Hz

Fig. 6 Frequency response function of impact
point itself in xy plane.

20
10
0 :
-10 L ENE
=20 ff

=30
-40 |
-50
-60
=70

Magnitude, dB re 1m/$/N

0 50 100 150 200 250 300 350 400

Frequency, Hz
Fig. 7 Frequency response functions of 20 impact

points relative to a reference point in xy
plane.

105



E i & F 3y ¥ gE ol 43 2y

{1

offf ofl =

42 AAYL). Table 4= xy HuoM BT
2 F3% dE9 nH AFFE vEd Aotk xy
%, 9 AFdA 33 Z=7A dEY 1H Z

= z+7} 149, 93, 132 Hz2l Aoz Jehych

>

4 2 Jo o

Table 4 Natural frequency of handle in xy plane

Mode 1123 41]5;6|7]|8
Natural frequency,
Hz

14.9| 93 | 132 | 144 1161] 181|254 [315

3) B oM

oldel BE #HA Azd i WEY 1f AT
FE A9 7R FH49 52 Hz £2 1 FY)
vrebta] giokeh mhetA] xle] spxiEe] ofd HE]
FAL HAsA g Aoz #udn

1l

L 28 & HE o iy

1) A g3}

Z vy Y4 Agoziq T3 71FA
793} 4] )\}0]9] g GrEA 78 M g 4
A A JHEEHE o5 F2A vehd Aolth
$A = FdEo WE FAL 20709 ALL ol
ME'scope VES X2 13(Vibrant Tech, 2001)< ol%é}
of Ttk Fig. 9% 10& 42 52 HzollM &4 %
A2 xy HAH 2 Puo) WY IS 14% Aol
t}. 52 Hz= 22 2 A dRA £% 3120 pmol] )

FEE Fe2A Ao 48 ARG T o

FEt} o] Wy Ao sy, &4 ES FHe

63 129 AP A xy HHI xz HHY WMol A
2.5

:E‘gm i

Eiis "

A

== s \ows WW
0 ’

0 50 100 150 200 250 300 350 400

Frequency, Hz

Fig. 8 Example of a transmissibility function deter-
mined by the operational deflection shapes
method.

106

gepje] BE ¢

NF Yo et

jo2 AA Jetgrh metd, &o] FE9
2N HEMe Ao g F4 &

A AFo) 7}” 2 6“‘*3’4 12ﬁ*°ﬂ 7}%‘ 747t
3

Fig. 9 Operational deflection shapes of xy plane
at a forcing frequency of 52 Hz.

Fig. 10 Operational deflection shapes of xz plane
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mass attached.
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Fig. 13 Frequency components of vibration trans-
mitted to handle in z axis direction with
mass attached.

Table 5 Comparison of total vibration values with
and without mass attached to handle

Direction | Without mass | With mass | Vibration
of attached, attached reduction,
vibration m/s*(rms) m/s’(rms) %
x-direction 9.45 8.03 15.0
y-direction 3.89 3.16 18.8
z-direction 7.89 3.09 60.8
Total 1291 9.16 29.0
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