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Summary

Hand-Transmitted Vibration Reduction of the Walking Type
and the Portable Type Agricultural Machinery

Masamichi DAIKOKU

The rapid spread of the riding type agricultural machinery in the last
20 vears has resulted in the shortening of farm working time and the
increase in productivity. But the walking type and the portable type
agricultural machinery are more useful than the riding type to operate in
the sloping and/or small block field, and have an important part to
produce the local and high quality crops, such as vegetables, fruits and
tea. At present it is generally considered that smaller-size and lighter-
weight are the most important designing points of the these machines. But
the development of these machines with smaller-size and lighter-weight
sometimes causes the higher levels of vibration, and incremental
reductions of hand-transmitted vibration becomes increasingly difficult to
achieve.

The chain saw is a prime example of machines with a high level of
vibration. With engineering improvements and the hygienic guidance by the
Forestry Agency, the problem of the vibration disease associated with the
chain saw operaters has been almost eradicated. On the other side, it is
thought that farmers using the walking type and the portable type
agricultural machinery have almost never shown the vibration disease
because of the shorter operating time, the warmer environment, and the
lower vibration level. But the above mentioned delays the progress of the
study on hand-transmitted vibration reduction of the agricultural
machinery. The reduction of hand-transmitted vibration would further
reduce any unpleasant physical sensations for the operater, and more
importantly the reduction in the number of farm related accidents. Hence,
the author attempts to indicate the effective methods for reducing hand-
transmitted vibration of the walking type and the portable type
agricultural machinery from the view point of vibration engineering, and
finally means to decrease the unpleasant physical sensations associated

with operating this type of agricultural machinery.
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Given below is the summary of the achievements and discussions in each

chapter.

Chapter 2. Hand-transmitted vibration of agricultural machinery :

At first, it is necessary to understand the characteristics of actual
hand-transmitted vibration of agricultural machinery, and establish the
target value of the vibration reduction by engineering improvement.
Therefore, vibration conditions of several machines in operating should
be measured.

Hand-transmitted vibration of a two-wheeled brush cutter, two-wheeled
rice planters (two types), two-wheeled tractors (three types), bush
cleaners (three types), and a tea plucker were measured and analized. The
results of measurements and one-third octave band frequency analysis
showed that all machines except for rice planters had vibration
acceleration level above 125dBVAL and vibration level above 110dBVL. The
discussion on each frequency indicated that vibration factors of rotating
engine transmitted to the handlegrips and showed higher levels. After the
comparison with the vibration of chain saws, rock drills and electrical
hammers, it was decided that the target vibration level achieved by the
engineering approach in this research paper is below:.that of 105dBVL,

which is nearly the vibration level of the rice planter.

Chapter 3. Equal sensation contours of hand-transmitted vibration :
Secondly, it should be discussed what kind of hand-transmitted
vibration brings about the unpleasant sensation to the machine operaters. -
In this paper, ‘the correlation between operaters’ physical sensativity:
levels and vibration exposure conditions, such as gripping postures,
vibration directions, frequencies and vibration intensities,. is stated in
statistical analysis.
~Though equal sensation levels on hand-transmitted vibration were
measured in the previous reports, vibration exposure conditions in these
experiments, such as gripping postures, gripping force etc, did not
correspond to the actual conditions in operating agricultural machinery.
Gripping postures and gripping forces in operating were discussed prior to
the equal sensation test. The results of measurements of gripping force

in operating showed that gripping force should be set 33N in the test.
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Gripping postures were divided into 3 categories, in regard to the handle
shapes of the agricultural machinery. For each posture, three orthogonal
vibration directions are considered; therefore, equal sensation levels
were examined in nine test conditions (the number of subjects was 12). The
results of the equal sensation test concluded that equal sensation
contours showed two patterns according to .test conditions (group "a’ and
group ' b'), and equal sensation levels of group "a’ were-about 5dB lower
below 28Hz than those of group 'b’. This result mean that -vibration in the
low frequency range in group 'a’ offered more unpleasant physical
sensations to the operaters than that in group "b". Furthermore, it is
interesting to note, that the vibration directions in group "a’ coincided

with z direction of wholebody vibration.

Chapter 4. Vibration characteristics of hand-arm system :

For the purpose of efficiently reducing hand-transmitted vibration,
vibration reduction due to engineering improvement in the stage of design
or trial manufacture must be calculated and predicted. But this
calculating system cannot be considered without dynamic characteristics
of hand-arm system. Because of these reasons, the author measured the
driving point mechanical impedance of the hand-arm system, and presented
the mathematical model.

In order to measure mechanical impedance of the hand-arm system, 10
subjects were tested in 3-vibration directions, 3 grip postures,.gripping
force 33.0N, and at 15 frequencies between 8 and 200Hz. The significant
differences of the impedance at certain test conditions were recognized.
Moreover, the comparison of author’s impedance data with those of existing
reports revealed that the impedance curves seemed to show the same
tendency above 50Hz each other, but differ below 50Hz. The difference of
the impedance in 3 gripping forces (16.5N, 33.0N, 66N) were not larger
than predicted, but statistical analysis showed that the impedance had the
significant difference due .to gripping force. Once the impedance data
were collected, they should be modeled by an equivalent dynamic system.
The model of a three mass-spring-damper system was adopted, and
parameters were determined by the Monte Calro method. The amplitude of
the impedance and the phase difference between force and velocity

calculated by this mathematical model, show close agreement with measured
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values. Finally, absorbed power of hand-arm system was calculated in use
of hand-arm mathematical model. The tendency of absorbed power was not

the same as that of the equal sensation levels.

Chapter 5. Simulation method for hand-transmitted vibration reduction :

Recently, the method of vibration reduction by computer simulation
such as modal analysis and building block approach, has been applied to
motorcars, machine tools, and electrical machinery etc. Using this
computer simulation and hand-arm mathematical model, hand-transmitted
vibration of the walking type and the portable type agricultural machinery
will be able to be reduced more efficiently.

The procedure for hand-transmitted vibration reduction of this report
consists of ’deviding and synthesizing’ and is composed of 4 stages, 1i.e.
@ Measurement of hand-transmitted vibration and determination of a target
value for vibration reduction, @ Division into some components and modal
analysis, @ Computer simulation, @ Actual improvement. At first, the
hand-transmitted vibration of the objective machine is measured, and the
target value for vibration reduction is determined. Secondly, the
objective machine is divided into some components, and a transfer function
of each component is measured. by means of exciting test. Afterward modal
parameters are obtained by modal analysis. Then the best improvement for
vibration reduction is discussed, for example, insertion of isolating
devices, addition of mass and changing other components etc. Using modal
parameters of each component and hand-arm mathematical model, the hand-
transmitted vibration is calculated in the case of discussed improvement.
If the calculated value is lower than the target value, actual
improvement of the machine can be carried out. If the calculated value is
higher than-the target value, we should return to the stage of discussion
again. Thus, by computer simulation, we will be able to calculate and
predict hand-transmitted vibration reduction due to engineering
improvement in the stage of design and trial manufacture, and avoid
wasting time and labour due to 'trial and error’. ,

This procedure for vibration reduction was applied to hand-transmitted
vibration of the walking type tractor, and calculated values were compared
with measured values in the case of changing the dynamic characteristics

and the number of vibration-isolating rubber for engine-mount. Because of
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engineering improvement due to insertion of vibration isolating rubbers
for engine-mount, the tested machine was divided into the engine part and
the main body part, and measurement of transfer function of each component
and modal analysis were made. Furthermore, dynamic characteristics of
vibration-isolating rubbers and hand-arm system were obtained -and
modeled. Namely, the number of divided components was 4.

In the case of insertion of two rubbers, the calculated value by
building block approach showed a 9dB lower vibration level than that of
before insertion, and the measured value was almost the same as the
calculated. One-third octave band frequency analysis revealed that the
measured value had the same tendency to that of the calculated too. Thus
it could be recognized that this procedure for vibration reduction was
very useful in predicting vibration reduction due to the engineering

approach in the atage of design and trial manufacture.

Chapter 6. Design of vibration-isolating handle :
Generally, as the methods to reduce hand-arm vibration of agricultural
machinery, the following countermeasures are considered.
® Reduction of the exciting force at the source vibration,
@ Vibration-isolation of some points from the source of .vibration to
the handlegrip, .
® Reduction of the vibration response of the handlegrip. -

The first countermeasure is the method to balance the moving parts at
the source of vibration. For example, hand-transmitted vibration of
present two-cylinders chain saws are reduced by this method. The second
countermeasure is the method which requires the insertion of elastic
materials between one component and another component. By this method, we
can reduce vibration at higher frequencies than the natural frequency of
the elastic material. The computer simulation stated in chapter 6 is
useful in predicting the effect of vibration reduction. The third
countermeasure is the method to reduce vibration at the handlegrip point
which comes in contact with the operater’s hands. The second
countermeasure which requires the insertion of elastic materials is also
considered. If reduction of low frequency vibration is attempted by this
method, the spring constant of the elastic material must be lowered

and/or handle weight must be made heavier. But it should be understood
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that both these methods bring about operational difficulty due to elastic
handles and the increase in the operater’s work load due to the heaviness
of the machine.

For the purpose of bringing about effective vibration reduction without
too much elasticity or weight, a vibration-isolating handlegrip which has
a vibration node at its grip point was designed and equipped on a walking
type tractor and a teaplucker. Measurements of their hand-transmitted
vibration showed that reduction of the vibration level was achieved in X
and 7 directions, but that no effects were observed for Y direction which
coincides with the direction of the axis of handlegrip.

To realize the reduction of hand-transmitted vibration in three
directions, another handle was designed, in which two isolating mechanism
were incorporated for a single grip. The principle of each mechanism was
the same to that of the above mentioned trial, but this handle ‘had a
structure that two mechanisms were placed in a nearly perpendicular
position to each other (CDI handle’). Specifications of these mechanisms
were determined by means of modal analysis, finite element method and
building block approach. Measurements of hand-transmitted vibration of a
bush cleaner with DI handle’ revealed that vibration reduction to the
intended reduction target in three directions was nearly attained in wider
range of engine speed, 6,500-10,000rpm. Furthermore, the reduction of
work efficiency was not recognized because of the increase in machine
weight (0.79kg) and elasticity of handle base point due to the equipment
of DI handle. ‘ '
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