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ABSTRACT

The traditional vibration control method for the crawler-type combine harvester based on experience is only a small piece of weight iron
added to the main drive shaft of the cutter,and the mass of the weight iron is determined by the technician with experience, so the vibration
control effect is not obvious. Therefore, a vibration control method for the new crawler-type combined harvester is put forward in this
paper. The engine and cutting structure are the main sources of the crawler-type combine. According to the force analysis results of the
cutting structure and the results of structural dynamics analysis, each acting force and moment of force are obtained, and the optimal
combination scheme for calculating the position and mass of weight distribution is calculated to solve the cutting structure’s vibration of
the crawler-type combine harvester. According to the vibration theory and modern design method, the vibration control of the crawler-type
combine harvester engine is realized through the model analysis and the finite element calculation to establish the vibration damping model
and design the parameters of the damping cushion. The experimental results show that the proposed method can effectively improve the
vibration status of crawler-type combine harvesters, and the vibration level of harvesters is reduced by 50% to 80% in field operation.
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INTRODUCTION

The output value of agricultural economy is increasing day
by day, and the modernization of machinery is developing
at a high speed. The use and promotion of agricultural
machinery make the heavy farm work transformed from
manpower to mechanization, which greatly reduces the
workload of farmers’ hard work in the field (Tang et al.,
2014). With the development of agricultural mechanization
to more efficient and more convenient direction,
agricultural machinery has been warmly welcomed by
the masses of farmers (Amerch et al., 2018; Krauklis
and Dreyer, 2018; Rafiee et al., 2017; Sandhu et al., 2018;
Sautrot-Ba et al., 2018; Troujeni et al., 2018). The market
prospect is very considerable, and it has further promoted
the development of agricultural mechanization. In China’s
annual total grain output, the output of rice and wheat is
more than half of the total output, and its planting area
is all over the country. It is the two of the most important
grain product in China. Because the harvest of wheat and
rice mainly depends on the combine hatrvester, it decides
the pivotal position of the combine harvester in the field
of agricultural machinery, which makes the production

scale expanded year by year (Chen et al., 2017). As a
large and complex agricultural machinery, the combined
harvester has the characteristics of heavy workload, strong
operation continuity and bad working environment. The
engine vibration has a certain influence on the reliability
of the whole machine, resulting in the forced vibration
of the host system and the interference of the machine’s
normal operation of. On the one hand, compared with
the ordinary vehicle drivers, the cab base of the combine
harvester is an important structure to support the driving
table, which will transfer the vibration of the internal
machinery produced by the engine of the harvester and
the road excitation to the driving seat. Therefore, the driver
of the combine harvester is more likely to produce fatigue.
On the other hand, it causes residual deformation and
cracks, accelerates mechanical aging failure and reduces
the service life (Ghaderi et al., 2014). The users are more
and more demanding for the high quality and function of
the crawler-type combine harvester. It is urgent to find an
effective method to reduce the vibration of the crawler-type
combine and determine the vibration damping measures
(Garcia et al., 2017; Shen et al., 2017; Xie et al., 2018).
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Engine and cutting structure are the main vibration sources
of crawler-type combine harvester (Polin etal., 2014). The
cutting structure of the crawler-type combine harvester
belongs to the support cutting, the fixed blade is stable, but
the moving blade is cut at a certain speed, and the speed
of the cutter’s motion directly affects the cutting quality.
As the moving blade travels in the reciprocating motion,
it is bound to have a constant change of acceleration, and
the structure is made up of components with a certain
mass, which is bound to produce the inertia force of
the reciprocating motion (Amponsah et al., 2017). The
inertia force acts on the cutting platform and causes the
continuous vibration of the cutting platform. Although
the mass of the cutting platform can absorb part of the
vibration, the vibration of the cutting platform is still
serious (Ahamed et al., 2017; Roy et al., 2018; Zhang
et al,, 2018). In view of the above problems, the method
of increasing the balance weight should be adopted to
reduce the vibration degree, reduce the wear and brittle
fracture of parts caused by the vibration, and improve the
mechanical reliability and the working quality (Dong et al.,
2017). The key to solve this problem is to determine the
size and orientation of counterweight, and do dynamic
research on the transmission system of cutter. For the
vibration problem of the harvester engine, the vibration
model for the engine system of the combine harvester is
set up, the vibration theory is designed and the damping
pad is selected to reduce the vibration effect produced by
the engine (Daya and Pant, 2017)

Vibration control method of crawler-type combine
harvester

Analysis for vibration source of crawler-type
combine harvester

To solve the vibration problem of crawler-type combine
harvester, it must first determine the main cause of
vibration, that is, vibration source analysis. The vibration
source analysis is the basis of dynamic analysis, and it is
the basis for the vibration control of the crawler-type
combine harvester, which is mainly based on the coherence
of the excitation signal and the response signal as well
as the interaction rate of density spectrum to judge (Jun
et al., 2014). For a crawler-type combine harvester, the
vibration of the engine, the working vibration of the
cutting platform, the rotation of the roller, the motion
of the vibrating screen and the unevenness of the
ground all cause the vibration of the whole machine.
When comparing the influence degrees of these working
parts to the vibration of the harvester, it is necessary to
separately test the vibration of a crawler-type combine
harvester for engine idling, cutting work only, whole
machine running but without walking and field working,
in order to determine the main factor for the vibration of
the crawler-type combine harvester (Sun et al., 2014). The
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normal working speed of the main shaft in the engine of
most crawler-type combine harvester is about 1800t/ min.
Therefore, the vibration frequency of the engine is higher.
The relative components of the engine are affected by its
vibration, the alternating stress is formed in the local high
stress area, and the fatigue crack is produced (Tang et al.,
2014). The vibration is propagating rapidly on the support
of the machine and affects the working environment. The
mechanical model of vibration is described in Fig, 1. In
general, the cutter drive shaft of a crawler-type combine
harvester operates at the speed of 500 r/min, its rotating
inertia force, reciprocating inertia force, the vibration
frequency and amplitude are all very large. The vibration
directly acts on the frame and propagates on the frame
(Maniam, et al., 2017).

Previous studies have shown that the vibration of cutting
structure is the main cause of the vibration of harvesters,
followed by engine transmission, and finally pavement
roughness (Halim and Park 2014). But the working parts
of the crawler-type combine harvester are too many. The
vibration of the working parts, such as vibrating screen,
detached roller and fan, need to be tested on the basis of
the above analysis, and the larger vibration points of each
part under different working conditions should be tested
in detail. The test results show that the vibration of the
transport trough and the threshing device mainly originates
from the transmission shaft, while the vibration of the drum
and the fan is mainly from the installation, and the vibration
produced by itself is little (Litak et al., 20106). To sum up,
the main vibration of the combine harvester comes from
the cutting structure, the vibrating screen and the engine,
moreover, the conveying tank, the threshing roller and the
fan will also affect the vibration of the crawler-type combine
harvester. The most influential factors are the engine and
the cutting structure, thus, in this paper, the vibration of the
cutting structure and the engine are studied and controlled.

Vibration control method for cutting structure of
crawler-type combine harvester

The composition of the transmission structure in
cutting platform

The three parts of cutting, transporting and threshing are
integrated to a crawler-type combine harvester, so as to
achieve the effect of compact structure, light weight, small
power consumption and small harvest loss. Cutting table,
conveyor chain, cutting device, gripper, threshing machine,
reeling wheel, conveying cage, etc. are shown in Fig, 2.

In Fig. 2, the number 1 represents the cutting platform
for the crawler-type combine; 2 is the conveyor wheel; 3
is the cutting device; 4 is the gripper; 5 is the thresher; 6 is
the pulley; 7 is the conveyor cage; 8 is the walking tractor.
8 is a walking tractor.
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Fig. 3 describes the transmission structure of the crawler-
type combine harvester, which belongs to the crank
rocker - sliding block structure. Analysis of Fig. 3 shows
that the number 1 represents the cutter blade, 2 is the cutter,
3 is the connecting rod, and 4 is the crank. When the crank
is evenly rotated, the cutter blade moves back and forth to
complete the cutting task.
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Fig 1. Vibration mechanics model.
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Fig 3. Reciprocating cutter in the transmission mechanism of the
cutting platform.
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The crank should rotate clockwise and the normal working
speed is 550 r/min. The connecting line of the two limit
position in the rocker swing should pass the crank rotary
center. This kind of transmission arrangement can make
the average speed of the cutter reciprocating equal, and
is favorable to the cutting tool transmission (Dorzhiev
etal., 2015). The size of the swing angle of the rocker has
a great influence on the acceleration of the cutter. When
the other parameters are fixed, the greater the swing angle
of the rocker is, the greater the acceleration of the cutter
is, and the larger the vibration of the cutting platform is
(Gafforelli et al., 2014), so the swing angle of the rocker
should be controlled in a certain range.

Force analysis of cutting structure

As shown in Fig. 4, the cutting structure can be simplified
as a crank slider structure. In the work, the high speed of
the cutter is one of the important factors to ensure good
cutting, but the increase of the cutting speed will cause the
increase of the structure’s inertia force, which leads to the
severe vibration of the whole machine and cannot work
normally (Li et al., 2014). The way to reduce inertia force
is to add a balance block at the other end of the crank, and
the position and size of the balance block are the keys to
reduce the vibration of the machine.

The variable should be satisfied the formula (1) in Fig, 4:
OH + AB= 0B 1)

The above formula is transformed into analytical form and
is described by formula (2):

xy=x,+L,cosa,
Yy =y, tL,sinat, ==h @

sinar, = —(/a + A) / L, is obtained by the second term
of formula (2), that is, formula (3):

h+ vy,

\/?(b"'JA)Z

Q, is substituted into formula (2) to obtain x,, and the

O, = arctan +7 3

second term of formula (2)is detrived to get formula (4),

(5) and (6):

g =— 24 @)
L,cosq,
. =y, +L,a,’sin
i = J 4 24, 8101 d, )
L,cosq,
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Ox

Fig 4. The schematic and stress analysis of the crank cutting mechanism.

Xp=Xx,—-L, (az sina, + a, cos(xz)

j/B=j/A—Lz(ézcosaz—z'zzsingz)=0 ©)

In the same way, we find that:
%, =5, =L, (i,sina, +a," cosa,)
9, =9,—L,, (iiz coso, — iz22 sin a2> (7

Dﬁnamic analysis of structure
The force moment of the crank is analyzed, and the

coupling moment of the chain link is described by the
formula (8):

ZXZ o, —m3, +Pcosat+.A_ =0

ZJ’Z% —mJy, +Psina+A —mg=0

ZMO :P;~+AJXA_AXJ’A_”71<§X1 =0 ®)

In the formula, P is the chain force, the unitis N, ris

the radius of sprocket circle, and  is the connecting rod
as the research object. Then,

Zx =-A_+ B, cosct, + B, cos(oc2 +7t/2)—w2>'c'2 =0
N y=—A, +Bysina, + B, sin(a, + 7/ 2) = m, 5, = m,g =0
ZM/) =B,L,—-m, (£+J}A)(Xz _XA)+5C.A”12 (J’z _J/A)_]z,,dz =0

©)
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In the formula, (xz , yz) is the centroid coordinate of the
connecting rod, and [, is the moment of inertia of the

point .4 on the connecting rod.

With the cutting tool as the object, there are:

ZX =—-F,+ By cos(O(z _77")"' B, cos(Ot2 —77,'/2)—;?13553 =0
2J=NB = mg+ Bysin(o, =)+ Bysin(ot, =7/ 2) = m,5, =0
(10

In the formula, F, = N,tan@, the direction of F, is

determined by xj and it is reversed with x.

Based on the above kinematics equations, the forces and
moments can be obtained (Ye et al.,, 2015). Using the
program to calculate the optimal position and the most
reasonable weight, the optimal combination scheme can
be obtained, so that the vibration of the harvester is well
controlled and the vibration of the cutting structure in
crawler-type combine harvester can be solved.

Vibration control method for the engine of crawler-
type combine harvester

There are many reasons for the vibration of the engine
in work, such as the periodic movement of the engine
center of gravity, the inertia force acting along the cylinder,
the centrifugal inertia force of all rotating parts, the
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alternating action of the gas pressure, and the rotation of
the crankshaft (Wang et al., 2015). It is often expensive
and limited to reduce vibration by changing the structural
parameters of the engine system. The easy way to apply the
vibration system is to increase the damping of the vibration
system (Yang and Upadrashta, 20106). In general, the engine
of crawler-type combine harvester is placed horizontally
on the whole machine frame by four pivot points. At the
joint of the frame bolt, the rubber damping pad is installed
to reduce the transmission of engine vibration through the
damping effect.

The design of the vibration damping model is based on
the theory of vibration science, and the modern design
method is fully applied. The vibration model is established
by the modal analysis of the body and the finite element
calculation, and the parameter of the damping pad is
designed and selected reasonably (Rao et al., 2014). The
effect of damping on the amplitude of forced vibration is
great only in the vicinity of the resonance frequency, but
small in the place far away from the resonance frequency,
therefore, the vibration characteristics of the system
are improved from weakening the excitation source and
avoiding resonance. So that, the undamped forced vibration
formula can be derived at this time.

According to the conductivity and the formula for the
frequency and force relationship of the undamped free
vibration in the single degree of freedom system, there are

Te— (1
-
Ji
1 (&
=\, (12)
F=#8 (13)

The stiffness and maximum static deformation of the
damping pad are deduced.

The stiffness and maximum static deformation of the
damping pad are described by formula (14) and (15)
respectively.

2 2
L= 47IlmeT (14
5= t;,g,)‘f 15
T d

In the above formula, T is the conductivity, which is a

dimensionless ratio. According to the overseas researches,
the vibration isolation effect of 70% to 90% can be
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achieved (Lei and Wen 2015). Under general conditions,
T can be valued from 0.1 to 0.3;7is the mass of the

system, which indicates the mass of the engine here. As
the engine weight is shared by four supporting points, the
support mass of four points should be calculated according
to the position of the center of gravity. f,is the interference

frequency or input frequency of the system. Here it is the
vibration frequency of the engine. There are different
vibration input frequencies at different rotational speeds,
and they can be obtained by the formula (16). The vibration
frequency of the engine is considered to be its frequency
doubling, which is derived from the vertical vibration. # is

the engine speed and its unit is7 / min. f, is the natural
frequency of the system. This refers to the frequency of
the whole system composed of the engine and the damping
pad, which can be regarded as the transmission frequency
of the damping pad to the outside.

2n
Ji= 50

Assuming that the engine is rigid, it has six degrees of
freedom motion, and each degree of freedom motion
has its own frequency and affects each other. For the
engine installation system, it can be simplified to six
movements without mutual interference, and only
affects the damping pad with fixed position. After
simplification, the engine represents a unit with mass and
moment of inertia. By connecting the rigid rod with the
support point, the spring with three directions is fixed
on the main engine system, so the finite element method
can be used to analyze (Zhao et al., 2007), to further
establish the vibration damping model, and to design
the appropriate damping cushion parameters, realizing
the control of the engine vibration of the crawler-type
combine harvester.

(16)

Experimental analysis

Vibration damping experiment of engine and cutting
structure

In order to verify whether the proposed method can solve
the vibration problem of crawler-type combine harvester,
this paper carries out experiment on G type combine
harvester. The two main vibration sources of the G type
combine harvester are the cutting platform vibration and
the engine vibration. The cutting platform is located at
the front of the harvester and the engine is located in
the rear of the harvester. The concrete experiment plan
is as follows: firstly, put the ring box at the support seat
of the cutting platform; secondly, add the counterweight
iron on the main drive shaft of the cutter, and adjust the
installation angle of the balance block to be -10°; thirdly,
use the convex concave damping plate at the engine support
and adjust the safety position of the gasket to achieve the
ideal position (Hasan, 2018)
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The instrument used in the experiment is EDX-1500A
type of multi-channel vibration measuring instrument.
Under various working conditions, combined with various
vibration damping measures, the changes of the strain and
acceleration of the frame with high stress and structural
strength in the weak parts of the crawler-type combine are
measured, including the side wall of the shield, the side
of the bridge, the stress of the side wall of the tank and
so on. The time history curves of the amplitude variation
of the tank side wall before and after vibration damping
are described in Fig. 5, and the time history curves of
acceleration amplitude of the shield side wall before and
after vibration reduction are described in Fig. 6. The graph
is analyzed by FFT and the statistical results are described
in Table 1 (Islam et al., 2018)

Analysis of Fig. 5 shows that the curves of the amplitude
variation of the tank side wall before and after damping

are obvious. Fig. 5 (a) shows that the time history curve of
the strain amplitude before vibration damping is fluctuating
from -1000 to 1000, the amplitude of the fluctuation is
different, and the amplitude of the strain is extremely
unstable. It shows that the engine and cutting structure
produce a large amplitude vibration during the operation
of crawler-type combine harvester, and to be conducted to
the frame, making the strong vibration sense in machine.
Fig. 5 (b) shows that the time history curve of the strain
amplitude value by using the proposed method is slightly
fluctuated in 0~1000, and the amplitude of the fluctuation
is relatively neat and stable. It shows that the vibration
problem of the engine and cutting structure of the crawler-
type combine harvester is obviously improved after the
vibration damping is adopted by the proposed method, so
the vibration of the frame is small, and the vibration feeling
experienced by the machine during operation is obviously

reduced (Mahmud et al., 2018)
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Fig 5. Comparison of time history curves of amplitude and amplitude before and after vibration reduction of tank side walls. (a) Time history curve
of strain amplitude value before vibration damping of oil tank (b) Time history curve of strain amplitude value after vibration damping of oil tank.
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Fig 6. Comparison of the time history curves between the amplitude and amplitude of the side wall of the cutting platform shield before
and after vibration damping. (a)Time history curve of acceleration amplitude before damping of side wall of header. (b)Time history
curve of acceleration amplitude after damping of side wall of header.

878

Emir. J. Food Agric e Vol 30 e Issue 10 e 2018



Zhang and Peng

Compared with the damping effect of the side wall of the
tuel tank, the damping effect of the side wall of the cutting
platform shield is more convincing, Analysis of Fig. 6 shows
that before and after the vibration damping of the side wall
of the cutting platform shield, the time history curves of
the acceleration amplitude are comparable. Before the
vibration damping, the curve fluctuates from -500 to 1000,
and the amplitude of the fluctuation is unevenly distributed.
The unstable amplitude of acceleration shows that the
engine and the cutting structure generate large amplitude
vibration and transmit it to the cutting platform shield,
during the operation of crawler-type combine harvester,
resulting in the corresponding vibration of the cutting
platform shield, and causing the machine to generate
strong vibration. From Fig. 6 (b), it can be seen that the
acceleration amplitude of the side wall of the cutting
platform shield is only small in the range of -200 to 300
and tends to a steady state in the middle. It shows that the
vibration condition of the crawler-type combine harvester
is obviously improved after this method is adopted, so the
vibration of the frame is smaller, and the vibration of the
machine is weak during the operation.

In the analysis table 1, the maximum strain of the tank
is 240.08 before variation dumping, and the maximum
strain after vibration damping by using the proposed
method is 77.117, reduced by 67.88%. The mean value
and standard deviation of strain of the tank’s side wall are
reduced by 71.69% and 42.22%, respectively. At the left
end of the bridge, the maximum strain before variation
dumping is 326.2, and that after vibration damping
by using the proposed method is 136.3, decreased by
58.22%. The mean value and standard deviation of
strain at the left end of the bridge are reduced by 84.8%
and 86.16% respectively. At the right end of the bridge,
the maximum strain is 212.93, and that after vibration

damping by using the proposed method is 123.9,
decreased by 41.78%. mean value and standard deviation
of strain at the right end of the bridge are reduced by
56.3% and 86.72%, respectively. The maximum value
of acceleration before vibration damping is 1.2054,
and that after vibration damping by using the proposed
method is 0.591, decreased by 50.97%. The mean value
and standard deviation of average acceleration at the left
wall of the cover shield is reduced by 53.6% and 76.3%
respectively. The above data show that the vibration
effect of the side wall of the tank, the left and right
side of the bridge and the left wall of the cover shield
are greatly reduced by using the proposed method, the
vibration degree is obviously improved, and the feasibility
and effectiveness of the method are verified.

Engine’s vibration damping experiment

In order to verify whether the vibration control method
of the crawler-type combine harvester proposed in this
paper is superior to the traditional control method, the
vibration comparison test of the crawler-type combine

Fig 7. Engine acceleration sensor test installation diagram.

Table 1: Comparison of damping test results of crawler combine harvester

Pre vibration

After vibration damping Vibration reduction/%

Side wall of oil tank

Maximum strain (ue) 240.08

Strain averages (u¢) 91.62

Strain standard deviation (u¢) 42.109
The left end of the bridge

Maximum strain (ue) 326.2

Strain averages (ue) 32.859

Strain standard deviation (ue) 78.741
Right end of the bridge

Maximum strain (ue) 212.93

Strain averages (u¢) 26.6038

Strain standard deviation (ue) 51.765
The left wall of the shroud

Maximum acceleration (g) 1.2054

Mean value of acceleration (g) 0.0097

Standard deviation of acceleration (g) 0.2887

77117 67.88
25.93 71.69
24.33 42.22
136.3 58.22
4.99 84.8
10.89 86.16
123.9 41.78
11.61 56.3
6.874 86.72
0.591 50.97

0.0045 53.6
0.068 76.3
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Table 2: a value and T value of the original damping pad at the engine system (g=9.81m/s?)

Damping pad position Idling Medium speed High speed
(846r/min) transport operation
(1524r/min) (2121r/min)
a T/% a T/% a T/%

Damper pad position engine right front side 0.56g 54 1.14g 52 2.11g 63
Right front side of the frame 0.30g 0.59g 1.33g
Left rear side of engine 0.72g 46 0.94g 85 1.45¢g 96
Left rear side of frame 0.33g 0.80g 1.39¢g

Table 3: a value and T value of the new damping pad at the engine system (g=9.81m/s2)

Damping pad position Idling Medium speed transport High speed operation
(922r/min) (1536r/min) (2142r/min)
a T 1% a false/% a T 1%
Right front side of the engine 0.53¢g 24 1.369 8 1.04g 8
Right front side of the frame 0.18g 0.11g 0.32g
Left rear side of engine 0.299 3il 0.669 20 1.37g 16
Left rear side of frame 0.12g 0.13g 0.21g

Fig 8. Stickup position of strain gauge.

harvester is carried out. The main method is to install an
acceleration sensor on the engine support base of the
harvester and the supporting end of the engine, as shown
in Fig. 7.In the experiment, the vibration of the whole
machine and the parts affected by vibration are selected as
measuring points, and strain gauges are installed as shown
in Fig. 8.By analyzing the vibration acceleration & and

strain condition of different parts under different rotating
speed conditions, the influence of engine’s vibration source
on the working state of the whole machine is determined.

The conductivity T of vibration is shown in Table 2 and

Table 3. The greater the value is, the greater the vibration
received by the rack is, and vice versa. Analysis of Table 2
and Table 3 show that different shock absorbers have
different effects on vibration isolation of crawler-type
combine harvesters. At the stage of idling, the acceleration
values of the right front side of the engine, the right front
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of the frame, the left rear side of the engine and the left rear
side of the engine are 0.56g, 0.30g, 0.72¢ and 0.33g
respectively, when the harvester adopts the original damping
pad to reduce vibration. The vibration conductivities of the
right front side of the engine and the left rear side of the
engine are 54 and 40, respectively. The acceleration values
of the right front side of the engine, the right front side of
the frame, the left rear side of the engine and the left rear
side of the engine are 0.53g, 0.18¢g, 0.29¢ and 0.12¢
respectively after using the new dumping pad proposed in
the method of this papet. The vibration conductivities of
the right front side of the engine and the left rear side of
the engine are 24 and 31 respectively. The above two sets of
data indicate that the damping effect obtained by adopting
the new damping pad is not obvious. The main reason is
that at the stage of idling, the vibration of harvester is small,
so the effect of vibration dumping is little.

At the stage of medium speed operation, by using the
original damping pad to reduce vibration, the acceleration
values of the right front side of the engine, the right front
side of the frame, the left rear side of the engine and the
left rear side of the engine are 1.14g, 0.59 g, 0.94¢ and 0.80g
respectively, and the vibration conductivities of the right
front side of the engine and the left rear side of the engine
are52 and 85 respectively; after using the new dumping pad
proposed in this paper, the acceleration values of those are
1.36g,0.11g, 0.66g and 0.13g respectively, and the vibration
conductivities of the right front side of the engine and
the left rear side of the engine are 8 and 20, respectively.
The above two sets of data indicate that the vibration
damping effect obtained by adopting the new damping pad
is obvious. Because in the stage of middle speed operation,
the vibration generated by the harvester is relatively large,
the damping pad can give full play to its damping function
and improve the vibration influence of the rack.
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Table 4: Stress level of parts at vulnerable parts

Installation of strain gauge position Original damping New damping The new damping pad
cushion pad reduces the percentage/%

The upper part of the left screen box drive hole position 45.3 26.6 41.3

The lower part of the left sieving box drive hole position 49.7 28.2 43.1

The upper part of the right side of the sieving box on the 27.7 141 49.0

right side

Right sieve box drive hole position behind the lower part 43.4 24 44.7

The upper part of the drive axle of the bridge 39.7 20 49.6

At the stage of high speed operation, the acceleration
values of the right front side of the engine, the right
front side of the frame, the left rear side of the engine
and the left rear side of the engine are 2.11g, 1.33g, 1.45¢
and 1.39g respectively, when the harvester adopts the
original damping pad to reduce vibration. The vibration
conductivities of the right front side of the engine and the
left rear side of the engine are 63 and 96, respectively. While
after using the new dumping pad proposed in this paper,
the acceleration values of those are 1.04¢, 0.32¢g, 1.37G and
0.21g respectively, and the vibration conductivities of the
right front side of the engine and the left rear side of the
engine are 8 and 16, respectively. The above two sets of
data show that the vibration damping effect obtained by
the new damping pad is very obvious, the conductivities of
the right front side of the engine and the left side of the
engine is reduced by about 87.3% and 83.33% respectively,
and the vibration acceleration of each part is greatly
reduced. Because during the high-speed operation stage,
the vibration generated by the harvester is very strong,
the damping pad can fully exert its damping function and
improve the vibration influence of the rack.

In the analysis Table 4, it can be seen that the stress level
of the parts in the five different positions of the strain
gauge is obviously reduced after using the new damping
pad, and all are above 40%.

The experimental results show that by using the method
of this paper to control the vibration, the crawler-type
combine harvester does not resonate with the host in
the working speed range. Under normal operation in the
field, the vibration level of the harvester is 50% to 80%
lower than that of the original, and the stress level of the
vulnerable parts is reduced by about 40%, indicating that
the vibration of a crawler-type combine harvester can be
effectively improved.

CONCLUSION

In this paper, the vibration control method of the crawler-
type combine harvester is put forward to analyze the
dynamics and vibration, obtain the best position and the
mass of counterweight, establish the vibration damping
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model and design the parameters of the dumping pad. It
can effectively solve the vibration problem of the harvester.
Compared with the traditional method, the effect of the
proposed method is obvious, providing effective means
to solve vibration problems of crawler-type combine
harvester, and it has high practical application value.
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