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Operators of Crawler-type Tractors
in Their Vibrational Environment

Makoto YaMamoTo and Tomoatsu TAMURA

Laboratory of Forestry Engineering, Faculty of Agriculture

Abstract : To the operator of chain saw, its vibration is local vibration to his body,
but the vibration the operator receives through earth moving equipment is over-all vibra-
tion. In construction of forest roads in Japanese mountains, the crawler-type equipment
is often used, such as. hydraulic bachhoe, bulldozer and shoveldozer. ’

Unless the size of the construction is extremely large, only one or two such equipment
is ordinarily put in operation for the entire work. Since such equipment is usually oper-
ated by one man, the operator is likely to be thrown subject to heavy work load.

It was found during this study that there was a case in which an operator worked as
long as four hours a day. The type of the operation is indicated in Table 1 and Table 2.
The co-relation between the rate of fatigue and the working hours is shown in Fig. 1.

Efforts were made to contrive a simulation of vibrational environment to determine
how the vibrational environment might affect the operator physically. The value of the
vibrational env1ronrr\ent was measured with the transducer of vibro-acceleration at two
spots, one at the foot and the other on the seat of the operator. The operator’s physio-
logical response - was measured by the method of two stimuli threshold of discrimination
(Refer to the Foot Note of Fig. 2). For this experiment, Mitsubishi BS-3C with backhoe
was used. The specifications of this equipment are shown in Table 3.

The vibration created by the equipment loses its magnitude as it passes along various
sections of the human body. Table 4 shows its phenomena. The extent of fatigue is shown
in Fig. 2, which is classified by the type of the operation.

It will be noted that in all these three operations, the rising curve of the fatigue tends
to flatten after 1.5 hours of work. This is also true in Fig. L

In this experiment, it was learned that the operator of crawler-type tractor is less hkely
to be tired per hour than the chain saw operator, and that the vibro-acceleration ‘of the
crawler-type tractor is smaller than that of the chain saw.

However, the operators who have been subjected to local vibration tend to feel ‘its
effect physically on the exterior of their body, while those who have been subjected to
over-all vibration are likely to have the effect in their interior organs of the body.
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The distribution of operution elements of shoveldozer operator
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Table 1.
. on the forest road constructions
Forest road “Tei™ Forest road “Yokokura™*
Operation element
% % o % % d
Walking 1. 65 0.22 2.89 . 1.00
Preperation
Equipping 1.53 0. 85 3.03 0.88
Excavation 34.21 5. 62 12839 4.45
Hauling 5.36 1.23 8.175 2.02
Loading 21.03 1. 75 ©0.00 0.00
Actual earth
Grading 4.27 1. 10 315 0.96
work operation .
Stump-pulling 3.02 2.05 7.06 4.04
Carrying 0.57 0. 37 1.55 0.77°
Others 0. 45 0.29 1.06 0.98
" Transfer of :
qeuipment In field 1. 14 0.52 4,08 1.38
Forwarding General cargo 2.29 1.93 1. 51 2. 44
On vehicle 5.41 . 1.03 2.17 0.95
Waiting
Off vehicle 0.75 0.51 1.88 0.33
Standing 3.78 2.1 5.99 1.32
Rest
Sitting 12.13 1.28 16. 16 2.74
Light labor 2.41 1. 43 5.90 4,55
Other work
Heavy labor - — 0.37 0.26
Total | 100.00 100. 00
Earth volume in m3%Day i 616.4 11.97 189.2 30. 3

* Forest road “Tei” is designed to require only earth working construction

**  Forest road “Yokokura” is designed for standard forest road

Table 2. The percentage of work hours by operations, and the work

volume per hour

E Percentage of operation hours Volume of earth working per hour
orest
Earth Excavating | Real Per full Per earth Per .
road working hr. | hr. excavat. hr.| working hr. | working hr. | excavat. hr.
% % % m3/hr m3/hr m?/hr
“Tei”
X 67. 21 34,22 50.91 21.98 32.07 64. 71
a 5.63 5.53 3.98 3.43 4. 06 6.92
“Yokokura”
X 55.08 27. 66 50. 22 20.20 36.73 73.53
4 5.175 447 6. 44 2. 89 4. 10 8.52
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Fig. 1 (a). The corelation between the rate of ‘fatigue and the working hours.
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Fig. 2 (b). The corelation between the rate of fatigue and the working hours.
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Table3. The specificatiorlzs of Mitsubishi BS-3C shoveldozer
with hydraulic backhoe

Size Performance
Gross vehicle weight 4850kg Engine capacity
Capacity of backet 0.4m? ‘ 1986cc
Overall length 4330mm Rated horsepower 35ps- .
Overall width 1690mm Revolutions
Overall height 2790mm of engine o p.m
C.to C. of crawlers 1130mm Speed Low F.2.6, Low R. 3.3
width of shoe 300mm 2nd F.3.6, 2nd R. 4.6
Contact area 10200mm Ird F.5.3, 3rd R. 6.7
Contact pressure 0..47kg/§:m2 Top F.8.7, Top R,11.0
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Fig. 2. Changes in skin sensitivity, by operation and time.

Note : The skin sensitivity is measured by the person’s ability to identify two stimuli separately
applied simultaneously to the surface of the skin. What he may identify as two separate stimuli
may be recognized as one stimulus.if he is tired, unless the two stimuli are applied wide apart.
The distance between the two stimuli is measured with the medical slide calipre. In this
experiment, the stimuli were given below the temple.

Table 4. The wvalue of vibro-accelereration classified by operation,
and the rate of transitivity of vibration from the shoveldozer
to human body

Positions Excavation Hauling Loading Carrying Idling

Floor of the pit Gn#  QuE  GnE o s

0.80 g 0.66 g 0.50 g g
Sheat | S I S 'R B
Knee cap K A SO N
Shoutder N S S S B
Top of the head ‘(0_3’3,% (0_822 o (0.2_?; (0.2(1)3 (0.38%

These value were composited of three dimensional vectors
*) Means peed of vehicle is 10km/hr A
Vibrational acceleration at the each human bodies
Vibrational acceleration at the floor

The rate of transitivity =
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