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There are many problems of vibration and noise in combine working. As the main power source and excitation source of a
combine, the working state of an engine directly affects the reliability and stability of the whole harvester. In order to analyze
the vibration response characteristics of a chassis frame under engine excitation, the vibration mechanism and theoretical
excitation characteristics of an engine vibration source on a crawler combine harvester are analyzed in this paper, and the
vibration response of chassis under engine excitation is tested and analyzed. After theoretical derivation, a two-degree-of-
freedom dynamic model of an engine and chassis is established. The experimental results show that the up and down vibration
generated by the engine is the main vibration source in the Z direction, and the main excitation frequency is the second-order
firing frequency. This paper provides a theoretical reference and experimental basis for vibration reduction and noise reduction
of combine and vibration characteristics of the chassis frame.

1. Introduction

The crawler grain combine harvester is a complex large-scale
agricultural harvester which integrates the functions of har-
vesting, threshing, separation, and cleaning [1–3]. In the field
harvesting operation under complex working conditions, the
vibration characteristics of the chassis frame under multi-
source excitation are complex and changeable, which will
affect the reliability and operation safety of the whole
machine in field harvesting [4–6]. The vibration of the whole
machine is large, the parts are easy to be damaged, and the
reliability of the whole machine is low, which seriously affects
harvest efficiency and the physical and mental health of
drivers and brings immeasurable losses to farmers [1].

The combine chassis is one of the main parts of the whole
machine, bearing the engine and other parts. In the working
process, the vibration of the chassis frame is caused by exci-
tation of the road surface and the effect of other parts, and
then, the whole frame will appear to have obvious vibration.
Severe vibration will reduce the reliability of the combine,
leading to fatigue damage of the chassis frame, and ultimately

affect the working efficiency of the whole machine [7–9].
Türkay and Akçay studied the random dynamic vibration
characteristics of a 1/4 vehicle model and pointed out the
influencing factors of vehicle random vibration [10]; Mareta
et al. established the vibration model of a 1/4 vehicle suspen-
sion system, derived the vibration differential equation, and
studied the vibration isolation performance of the vehicle
suspension system by inputting typical vehicle parameters
[11]; Shehata et al. used MATLAB/Simulink to solve the
mathematical model and motion equation of the quarter
vehicle suspension system [12]; Karaoglu and Kuralay car-
ried out stress analysis and experimental research on the
truck chassis frame based on the finite element analysis soft-
ware and optimized the structural parameters of the frame
[13]; Chen et al. took the rice combine as the research object.
Based on the multisource excitation of the combine, the chas-
sis frame and thresher were assembled into a complete com-
bined harvester frame. The vibration response of the
combine frame under the multisource excitation was
deduced, and the dynamic model of the combine frame with
a 7-DOF rigid body was established. On this basis, the
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dynamics was developed in MATLAB simulation analysis
of excitation parameters and vibration response of the
model [14].

As the power source of the combine, the structural mode,
mechanical characteristics, and kinematic characteristics of
the engine have a great impact on the vibration of the com-
bine. Its excitation effect is an important reason for the
fatigue failure of the combine frame. Therefore, it is particu-
larly important to study excitation characteristics of the
engine vibration source of the combine harvester. In recent
years, scholars domestically and internationally have carried
out some research work on structural dynamics and modal of
various vibration sources of harvesting machinery. Ebrahimi
et al. carried out vibration modeling and modification on the
header in harvesting through operational modal analysis
(OMA) and carried out dynamic analysis on the header by
using the finite element model. The test results show that
the modal parameters (natural frequency) predicted and
measured are mutually verified [15]; Heylen et al. have stud-
ied the fatigue linear cumulative damage mechanism through
load time history and load spectrum [16]; Kumar et al. used
ANSYS modal analysis which was carried out on the vehicle
gearbox to obtain its natural frequencies and vibrationmodes
[17]; Chandru et al. revealed the relationship between the
frame vibration and its fixed constraints by comparing the
modal analysis results of the transmission frame under differ-
ent constraint conditions [18].

In this paper, the chassis frame of a crawler combine is
taken as the research object. The vibration theory and field
test are combined to study the vibration coupling between
the engine variable load and the main frame in the harvesting
of the crawler combine and explore the vibration mechanism
and response of the chassis frame of the crawler combine
under the excitation of the engine. According to the struc-
tural characteristics and working characteristics of the
engine, the dynamic model is established. The vibration test
of the chassis and the engine under multiple working condi-
tions is carried out, and the vibration response is analyzed. It
not only provides the theoretical basis for the vibration
mechanism research of the crawler combine but also pro-
vides the experimental basis for vibration response research
of the chassis. It also has a certain reference value for the
vibration reduction and noise reduction and structure opti-
mization of the harvester.

2. Establishment of the Dynamic Model of the
Vibration System

2.1. Establishment of the Engine Dynamic Model. The engine
is the power source of the crawler combine. The periodic
thrust produced by high-temperature and high-pressure gas
combustion and the unbalanced inertia force of crank-
connecting rod mechanism movement are the main incen-
tives to the outside world, which are transmitted to the chas-
sis frame and the whole machine through the mounting
bracket and transmission system. The most effective way to
reduce the vibration of the combine harvester is to reduce
the vibration amplitude. Most of the existing crawler com-

bine engines are four-cylinder in-line engines, that is, linear
combination of four single-cylinder engines.

When the gas in the engine does the work stroke, the
high-temperature and high-pressure gas pushes the piston
A to move down the track, so that the crank is driven to
rotate around the axis of O point through the connecting
rod, and the driving force is output outwards. When the
engine is in other stroke, the unbalanced inertia force of a
crankshaft can still drive piston A to move up and down,
but its angular velocity ω changes. In order to facilitate fur-
ther analysis, the mechanical model of the single-cylinder
engine of the crawler combine is established, as shown in
Figure 1(a) [19].

Establish the coordinate system as shown in Figure 1(a),
and calculate the ordinate of piston A as follows:

zA = r cos a + r
λ
cos β: ð1Þ

If the ratio of the crank to the connecting rod is λ = r/l,
then equation (1) can be changed from l/sin α = r/sin β to

zA = r cos a + r
λ
cos β: ð2Þ

It can be seen from the geometric relationship that

cos β =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − λ2 sin2a

p
= −

1
2 λ

2 sin2a − 1
8 λ

4a −
1
48 λ

6 sin6a−⋯:

ð3Þ

After ignoring the high-order part,

cos β ≈ 1 − 1
2 λ

2 sin2a: ð4Þ

The displacement of the piston is

zA = l 1 − 1
4 λ

2
� �

+ r cos + λ

4 cos 2a
� �

: ð5Þ

The velocity obtained by one derivative is

vA = zA′ = −a′r sin a + λ

2 ra
′ sin 2a: ð6Þ

The acceleration obtained by the quadratic derivation is

aA = z}A = −ra′2 cos a + λ cos 2að Þ: ð7Þ

The dynamic model of the single-cylinder engine is
established as shown in Figure 1(b). The force of gas on pis-
ton A is Pq; the mass of the connecting rod equivalent to pis-
ton A is recorded as m2; the mass of the crank equivalent to
hinge point B of the connecting rod is recorded as m1. Then,
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the inertia force at point B is m1aB, and that at point A of the
piston ism2aA. The specific calculation formula is as follows.

m1aB =m1ra′2,
m2aA = −rm2a′2 cos a + λ cos 2að Þ = −rm2a′2 cos a − rm2a′2λ cos 2a,

ð8Þ

as PJ1 = −rm2a′2 cos a is the first-order inertial force (N) and
PJ2 = −rm2a′2λ cos 2a is the second-order inertial force (N).

According to the overall structure of the single-cylinder
engine, the conditions of force balance are as follows:

〠FX − ROX −m1 sin a − RAX = 0,

〠FZ = ROZ −m1g +m1aB cos a −m2aA −m2g + Pq = 0:

8<
:

ð9Þ

In addition, the high-temperature and high-pressure gas
in the engine cylinder also acts on the engine cylinder head,
producing periodic shock signal. This shock signal, which
includes the forces Pq, ROX , ROZ , and RAX , is also transmitted
to the chassis frame through the engine mount bracket.

Four cylinder in-line engine, that is, the cranks of four
single cylinder engines are installed on the o-point axis in
turn according to a certain angle, as shown in Figure 2 [20].
Different from the single-cylinder engine, the excitation force
generated by the four-cylinder engine is the resultant force of
the four cylinder blocks. Because the crank angle of the 4-
cylinder engine of the crawler combine is distributed 180
degrees, the vertical rotation inertia force of the crank can
be obtained as follows:

〠m1aBZ =m1ra′2 cos a + cos a + 180∘ð Þ + cos a + 180∘ð Þ + cos a½ � = 0:
ð10Þ

The horizontal rotation inertia force is

〠m1aBX =m1ra′2 sin a + sin a + 180ð Þ + sin a + 180ð Þ + sin a½ � = 0:
ð11Þ

The first inertia force of the piston is

〠PJ1 =m2ra′2 cos a + cos a + 180∘ð Þ + cos a + 180∘ð Þ + cos a½ � = 0:
ð12Þ

The second-order inertial force is

〠PJ2 =m2rλa′2 cos 2a + cos 2 a + 180∘ð Þ + cos 2 a + 180∘ð Þ + cos 2a½ �
= 4m2rλa′2 cos 2a:

ð13Þ

The column equilibrium equation is

〠FX = ROX − RAX = 0,

〠Fz = Roz −m1g − 4m2rλa′2 cos 2a + Pq=0:

8<
: ð14Þ

It can be seen from equation (14) that the block of the 4-
cylinder engine is only affected by the second-order compo-
nent of the Z-direction of gas pressure and inertial force,
and the first-order component and X-direction force are
balanced [21].

2.2. Vibration Excitation Force Generated by the Engine. The
engine of the crawler combine is welded to the chassis frame
through the vibration isolator support. In order to master the
vibration mechanism of the crawler combine, the vibration
source, i.e., the excitation force exerted by the engine on the
chassis frame, is analyzed. Taking the chassis frame as a rigid
structure, the balance equation is listed:

〠FX = 〠
4

i−1
Rix = 0,

〠FY = 〠
4

i=1
RiY = 0,

〠Fz = 〠
4

i=1
Pqi 〠

4

i=1
PJ2i − 〠

4

i=1
RiZ −mg = 0:

8>>>>>>>>>><
>>>>>>>>>>:

ð15Þ
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Figure 1: Kinematic and dynamic models of single-cylinder engines.
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The coordinate system direction at the center of mass of
the engine is the same as the main direction of the crawler
combine. ðxi, yi, zi ði = 1,2,3,4ÞÞ are used to represent the
coordinates of each mounting point, and li is the distance
between each crankshaft end and the center of mass. There-
fore, the torque balance equation of the excitation model
can be listed as follows:

〠MX = 〠
4

i=1
PJ2i − Pqi

� �
lI + 〠

4

i=1
RiYzi + 〠

4

i=1
Rizyi + JXθ

}
x0,

〠MY = 〠
4

i−1
Rixzi + 〠

4

i−1
Rizxi + JYθ

}
Y +M = 0,

〠Mz = 〠
4

i=1
RiXyi + 〠

4

i=1
RiYxi + Jzθ

}
z = 0,

8>>>>>>>>>><
>>>>>>>>>>:

ð16Þ

where JXθX″, JYθY″, and JZθZ″ denote the rotational inertia
moment of the engine around the OX, OY , and OZ axes,
respectively. θ″ is the angular acceleration (rad/s2), J is the
moment of inertia (kg·m2), and M is the output torque
(N·m).

It can be seen from formulas (15) and (16) that the com-
ponent of force Ri of the engine on the chassis frame is the
same as the combustion pressure and second-order inertial
force [22, 23]. Due to the force of four piston cylinders, the
component forms of Ri can be transformed into those shown
in

F = K + A cos 2a′t + ψ
� �

, ð17Þ

where A represents the amplitude constant of the part with
2α′ as the periodic variation part of the excitation force
(N), α′ is the circular frequency of the crank (rad/s), ψ is
the initial phase angle, K is the constant in the excitation
force (N),, and F is the excitation force of the engine (N).

2.3. Vibration Model of the Chassis Frame under Engine
Excitation. The functionality and practicability of the crawler
combine determine the complexity of its transmission struc-

ture and components. In order to analyze the vibration char-
acteristics of the system, the main frame of the crawler
combine is equivalent to a mechanical mathematical model,
and the components on the main frame are discretized into
equivalent rigid bodies with certain mass. The connection
mode of the components is composed of several damping
devices and springs. Then, the vibration system can be repre-
sented by the linear system with multiple degrees of freedom.

In a multidegree-of-freedom system, the relative position
of each component needs more independent coordinates to
define accurately. There are many vibration sources and
complex transmission system of crawler combines. When
studying the vibration characteristics of the main frame and
each vibration source, we should add as many degrees of free-
dom as possible to simulate the actual working state of the
whole machine, so as to obtain more accurate simulation
results. However, when there are too many degrees of free-
dom of the frame vibration system, the simulation process
will become very complex [24–26], and it is difficult to accu-
rately define the amplitude of each simulation parameter.

Therefore, the reasonable definition and planning of a
multidegree-of-freedom vibration model of the crawler com-
bine frame and vibration source are of great significance to
the vibrationmechanism, vibration response research, vibration
reduction, and noise reduction of the chassis. When studying
the vibration system composed of the chassis frame and engine,
they can be simplified into the simplest and most classical two-
degree-of-freedom vibration model, as shown in Figure 2.

The main parameters and meanings in the figure are as
follows: m1 is the chassis frame mass (kg), m2 is the engine
mass (kg), k1 is the connection stiffness between the chassis
frame and the track (N/m), k2 is the stiffness of the engine
mounting bracket (N/m), c2 is the damping of the engine
mounting bracket (N·s/m), z1 is the displacement vector of
the chassis frame in the system (m), z2 is the displacement
vector of the engine (m), and q is the roughness function of
the field pavement.

After the dynamic model of the engine and chassis frame
vibration system is established, the vibration differential
equation of the system is deduced. The common derivation
methods are the Lagrange method and Newton method.
The Lagrangian method mainly lists the potential energy,
kinetic energy, and dissipation energy of the system,

Engine

Chassis 
frame

Ground

(a) Engine and chassis frame

m2

c2

z2

z1

q

k2

k1

(b) Two-degree-of-freedom vibration model

Figure 2: Schematic diagram of the vibration model of the chassis frame and engine.
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respectively, and substitutes them into the second kind of the
Lagrange equation [27], which is usually applicable to the
system with more degrees of freedom and complex structure.
Newton’s method mainly uses Newton’s second law of
motion to analyze the force of each component in the vibra-
tion model separately and coordinate the force balance equa-
tion or moment balance equation [28, 29], which is suitable
for the system with simple structure and few degrees of free-
dom. Therefore, in this paper, the Newton method is used to
derive the vibration differential equation of the two-degree-
of-freedom vibration model of the chassis frame and engine
as follows:

m2z2 + c2 z2 − z1ð Þ + k2 z2 − z1ð Þ = 0,
m1€z1 + c2 _z1 − _z2ð Þ + k2 z1 − z2ð Þ + k1 z1 − qð Þ = 0,

(

ð18Þ

where m1 is the chassis frame mass (kg), m2 is the engine
mass (kg), k1 is the connection stiffness between the chassis
frame and the track (N/m), k2 is the stiffness of the engine
mounting bracket (N/m), c2 is the damping of the engine
mounting bracket (N·s/m), z1 is the displacement vector of
the chassis frame in the system (m), z2 is the displacement
vector of the engine (m), and q is the roughness function of
the field pavement.

It can be seen from equation (18) that the two-degree-of-
freedom vibration model consists of two coupled ordinary
differential equations. It is rewritten into matrix form as fol-
lows:

M€Z + C _Z + KZ = FQ, ð19Þ

where F is the system input matrix, Q is the input displace-
ment column vector of the pavement, M is the mass matrix,

C is the damping matrix, and K is the stiffness matrix. The
respective expressions are as follows:

M =
m1 0
0 m2

" #
,

K =
k1 + k2 −k2
−k2 k2

" #
,

C =
C2 −C2

−C2 C2

" #
,

Z = Z1
Z2

h i
,

F = k1
0
h i

,

Q = q,

ð20Þ

Equation (19) can be rewritten as the equation of state:

€Z = −M−1C _Z −M−1KZ +M−1FQ: ð21Þ

3. Vibration Test and Characteristic Analysis of
the Engine and Chassis Frame

The excitation action of the engine is transmitted to the chassis
frame on the engine support, which causes vibration. The
vibration of the frame depends on the RMS value of the ampli-
tude, the main frequency, and the power spectral density. The
experimental data is mainly analyzed in the time domain and
frequency domain, so as to study the vibration characteristics
of the chassis frame under different working conditions.

3.1. Engine and Chassis Vibration Test. The vibration
response of a machine is usually characterized by motion,
that is, displacement, velocity, and acceleration. Considering

Table 1: Distribution location of vibration measurement points.

Measuring point Installation position Measuring point Installation position

1 Engine bracket 2 Chassis frame left rear

3 Chassis frame left front 4 Chassis frame right front

5 Chassis frame right rear

Table 2: Combine test conditions.

Test
conditions

Combine running status
Testing

environment
Travel speed

(km/h)

1
The whole machine is in the static and no-load state (only the engine is working and the

accelerator is small)
Cement
pavement

0

2 The whole machine is in the static and no-load state (parts working, small throttle)
Cement
pavement

0

3 The whole machine is running (only engine working, large throttle) Rice field 20

4 The whole machine is running (parts working, large throttle) Rice field 20
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the simple and clear relationship among the three and the
fact that the frequency response range of the accelerometer
is large and the sensitivity is high, it is suitable for the acqui-
sition of combine test signal [30]. The instrument used in the
test is the DH5902 vibration test and analysis system and
three-way acceleration sensor. During the test, five main
measuring points are arranged on the chassis frame of the
combine, among which the engine bracket is the vibration
source measuring point, and four measuring points are
arranged on the chassis frame, namely, left front, left rear,
right front, and right rear. The specific numbers are shown
in Table 1. In the test, the continuous random sampling
method is adopted to collect the vibration acceleration sig-
nals in three directions of each measuring point. According
to the sampling theorem, the sampling frequency should be
at least twice of the analysis signal frequency. Therefore, the
sampling frequency is set at 2.56 kHz and the sampling time
is 30 s.

In the test, the forward direction of the whole machine is
the X-positive direction, the lateral direction is the Y-positive
direction, and the vertical ground upward is the Z-positive
direction. Then, according to the different operating condi-
tions of the engine and the working state of the whole
machine, four experimental conditions are set up; namely,
the whole machine is in a static and no-load state (only the
engine is working and the accelerator is small), the whole
machine is in a static and no-load state (parts working, small
throttle), the whole machine is moving (only engine working,
large throttle), and the whole machine is moving (parts
working, large throttle), as shown in Table 2.

3.2. Analysis of Engine Vibration Source Characteristics.
Under different working conditions, the output speed and
external excitation force of the engine are also different. In
order to analyze the vibration response of the crawler com-
bine chassis frame caused by engine operation only, the exci-
tation characteristics of the engine under different working
conditions were analyzed. The test combine adopts a vertical
in-line 4-cylinder 4-stroke diesel engine. The speed is
1500 r/min, and the rated speed is 2700 r/min under the con-
dition of idle speed and small throttle. The ignition order is
mainly 2-order. The calculation is shown in

f = n
60 × c

2 , ð22Þ

where f is the engine firing frequency (Hz), n is the engine
speed (r/rpm), and c is the number of engine cylinders. The
speed of the 4-cylinder engine is 1500 r/min under the condi-
tion of idle speed and small throttle, and the calculated value
of the second-order firing frequency is 50Hz, which is taken
as the working frequency of the engine under the condition
of idle speed and small throttle. When the vibration test is
carried out under the static and no-load condition (only the
engine is working and the throttle is small), the engine speed
is kept at 1500 r/min, and the frequency spectrum character-
istics are shown in Figure 3. When the engine speed is
increased to its rated speed of 2700 r/min, the whole machine
is in the static and no-load state (only the engine is working,

with large throttle). The calculated value of the second-order
firing frequency is 90Hz. This frequency is used as the work-
ing frequency of the engine under the condition of idle speed
and high throttle, and its spectrum characteristics are shown
in Figure 4.

It can be seen from Figures 3 and 4 that the main vibra-
tion frequency of the engine at idle speed is 49.688Hz, which
is close to the calculated second-order frequency multiplica-
tion (50Hz); under the condition of idling and large throttle,
the main vibration frequency is 92.5Hz, which is close to the
second-order frequency multiplication (90Hz) of the
2700 r/min engine under idle speed and large throttle condi-
tion, indicating that the vibration test results are consistent
with the calculated values; the second-order firing frequency
is the main vibration frequency of the engine. In addition,
there are different order frequency components in the engine
under the two working conditions.
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Figure 3: Spectrum of the idle small-throttle engine.
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Figure 4: Spectrum of the idle high-throttle engine (x direction).
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Table 4: Vibration frequency and amplitude of each measuring point under engine idling conditions (small accelerator).

Measuring point Peak serial number
X direction (front and back) Y direction (lateral) Z direction (vertical)

Frequency (Hz) Amplitude (m·s-2) Frequency (Hz) Amplitude (m·s-2) Frequency (Hz) Amplitude (m·s-2)

Engine mount

1 49.38 0.71 49.38 0.55 49.38 2.28

2 25 0.68 25 0.37 25 0.40

3 74.38 0.35 51.88 0.18 74.38 0.27

Seat support

1 49.38 0.911 49.38 1.021 49.38 2.855

2 25 0.717 25 0.222 25 0.682

3 125 0.633 49.81 0.197 98.76 0.485

Front left chassis

1 48.75 1.35 24.38 0.42 24.38 1.50

2 24.38 1.00 51.25 0.33 51.25 0.76

3 27.5 0.95 26.88 0.24 27.5 0.52

Recorder

9.8 9.93 10.05 10.189.68
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Figure 5: Time-domain curve of each measuring point when the engine is working (small accelerator).
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Figure 6: Continued.
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3.3. Time Frequency Domain Analysis of Chassis Vibration.
The time-domain mean values of the main vibration acceler-
ations of the chassis frame in the three directions are
obtained by statistical analysis of the experimental data in
each direction. The specific data results are shown in
Table 3. The root mean square value of acceleration of total
vibration of each measuring point in the rectangular coordi-
nate system can be calculated by

av =

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
a2x + a2y + a2z

3

s
, ð23Þ

where av is the root mean square value of acceleration of total
vibration at each measuring point (m/s2) and ai is the root
mean square value of acceleration of a certain measuring
point in i direction (m/s2).

It can be seen from Table 3 that when the total vibration
of each measuring point is maximum, the combine harvester
is in the working condition of the whole machine walking
(parts working), while the amplitude is minimum under the
working condition of the whole machine at a static and no-
load state (only the engine is working and the small throttle
is working). Compared with conditions 2 and 4, it can be seen
that the vibration intensity of each measuring point on the
chassis frame is significantly enhanced when all components
are working, which may be due to the vibration coupling or
resonance between the engine and other vibration sources.
In addition, compared with conditions 2 and 4 or conditions
1 and 3, there are large amplitude differences between them,
which indicates that the excitation of the field road surface
cannot be ignored.

First of all, according to the time-domain curve of each
measuring point in Figure 5 when the engine is working at
idle speed and small throttle, it can be seen that the time-
domain curve of each measuring point has the same periodic
change as that of the engine under this condition, and the
amplitude change is not obvious with time, which is relatively
stable. The vibration amplitude of the seat is larger than that
of the engine support, and the amplitude can reach 3.50m/s2.
In addition, the main frequency of vibration at the seat is the
high frequency component, and the period related to engine
speed accounts for a small proportion.

Fourier transform is applied to the time-domain signal of
each measuring point. Table 4 shows the first three main
vibration frequencies of each measuring point. It can be seen
that the main frequency of each measuring point is basically
close to the second harmonic frequency of engine speed, and
there are also peaks at the fourth frequency and the funda-
mental frequency. The amplitude of the excitation force gen-
erated by the engine to the seat and chassis is higher, and the
vertical amplitude of the seat is even 2.85m/s2, which indi-
cates that the two parts are greatly affected by the engine.

When the engine works for 25 s (1500 rpm) under the
condition of a small throttle and then switches to 2700 rpm
at a large throttle, draw the time-frequency waterfall diagram
of Z-direction vibration of each measuring point, as shown in
Figure 6.

It can be seen from Figure 6 that the main frequency of
each measuring point is basically the second and fundamen-
tal frequency of engine speed. The vibration amplitude of the
engine fluctuates slightly, and the vibration amplitude of the
second harmonic frequency of each measuring point has a
period fluctuation of about 6 s. In addition, there are some
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Figure 6: Time-frequency waterfall diagram of each measuring point when the engine is working at a high throttle.
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peaks at 28Hz and 74.38Hz, which may be caused by struc-
tural resonance or rotating engine.

4. Conclusion

(1) In this paper, the vibration characteristics of the
engine vibration source of the crawler combine are
analyzed theoretically. According to the structure
characteristics and working characteristics of the
engine, the dynamic model is established. The vibra-
tion mechanism and theoretical excitation character-
istics are further analyzed, and the expression forms
of the excitation force are listed. According to New-
ton’s second kinematic law, a two-degree-of-freedom
dynamic model of the engine and chassis is
established

(2) The vibration response tests of the chassis frame
under four working conditions are carried out. The
results show that the influence of the engine on the
vibration of the chassis frame is more complex.
When the whole machine parts are in a working state,
the vibration of the chassis frame is the largest, and
the most severe vibration is at the left rear of the chas-
sis and the seat. Therefore, it can be considered to
strengthen the support at this position to improve
the long-term reliability of the chassis frame and then
improve the reliability of the whole machine

(3) The main excitation frequency of the engine to the
chassis frame is the second-order firing frequency.
Compared with different working conditions, the
amplitude of the engine under large throttle condi-
tion is significantly greater than that under small
throttle condition, and the impact signal with larger
amplitude will be generated at the moment of starting
and state change
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