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Abstract 

Taking the D-20/3-250 type natural gas compressor produced by a company as the 
research object, the motion rule and the force in the motion of the crank connecting rod 
mechanism of this type of compressor are calculated and analyzed.Through the 
establishment of a three-dimensional digital model of the compressor, it is concluded 
that the displacement and velocity of the first and second stage pistons are equal to those 
of the third and fourth stage pistons, but the direction is opposite, and the forces on the 
left and right sides are completely balanced.The z-direction force fluctuation range of 
the contact position of the connecting rod, crankshaft and crosshee within a single 
period is small, which ensures the stable operation of the compressor in the working 
process. The calculation results provide theoretical basis for the dynamic analysis of the 
compressor. 
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1. Introduction 

Symmetrical dynamic balance compressor is designed for CNG filling station to pressurize the 
low-pressure natural gas, so that the discharged compressed natural gas pressure reaches 
25MPa. After deep dehydration and drying, the compressor is sent to storage or directly sent to 
the gas seller.Because the symmetrical balance compressor compared with the traditional 
compressor, the discharge volume is relatively large, the noise is small, in the same cylinder can 
achieve a two-stage compression. But the operation of the symmetrical balance type 
compressor parts at work condition is more complex, need to bear with the crankshaft 
movement components as a periodic change of the role of the load, due to the particularity of 
the loading way, it is easy to make the machine produces vibration, can cause the compressor 
between each parts have a resonance effect, at the same time, additional forces for compressor 
larger impact on sealing performance, but also can increase the movement between the 
components of stress and loss. Okamura et al. concluded through a large number of 
experimental studies that the coupling effect of bending stress and torsional vibration of 
crankshaft is closely related to the bending vibration caused by belt wheel or flywheel.Amanda 
Lomazoff optimizes the crankshaft as a single component.Imed Khemil and Lotfi Romdhane 
have proved experimentally and experimentally that ADAMS can solve some mechanical 
system dynamics problems.In this paper, the dynamic simulation of compressor system is 
carried out by means of ADAMS, especially the analysis of the horizontal piston and the rotating 
motion characteristics of the crank. 

2. Basic theory of dynamics 

As a branch of theoretical mechanics, dynamics mainly studies the relationship between the 
forces acting on a body and its motion. The study of dynamics is based on Newton's law of 
motion, and the kinematics equation of the object is established by Newton's second law, while 
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the solution of the dynamic equation must choose verified generalized coordinates. The 
dynamic equation in ADAMS is a differential equation composed of interconnected generalized 
coordinates, and the dynamic equation can be solved by sparse matrix method.Lagrange 
multiplier method is used to establish the motion equation of the system to solve: 

 

                                              (1-1) 

 

type in the motion T----kinetic energy of a system,J; 

----System generalized coordinate array; 

----Generalized force matrix; 

----Lagrangian matrices with complete constraints; 

----A Lagrangian matrix with nonholonomic constraints; 

In ADMAS, the dynamics analysis mainly USES two methods: First, the integral solver. When 
the eigenvalue of the system fluctuates greatly, GSTIFF integral solver can be used to solve the 
differential equation.Secondly, when simulating the system and high frequency system with 
abrupt eigenvalues, adamas-Bashforth and Adamas-Moulton (ABAM) solution program was 
used and the coordinate analysis algorithm was used to solve the differential equation of 
independent coordinates.According to the actual operating conditions of the compressor, there 
is no high-order transient response in the whole system operation process, and the simulation 
speed is required to be low. Therefore, the integral solver is selected to solve the system. 

3. 3D numerical model and simplification 

Kinematics mainly studies the movement law of each moving part and the interaction force 
between each part in the working process of compressor moving component.In order to 
improve the service life of the compressor, and ensure to improve the stability and reliability 
of the compressor, the following motion analysis. 

During the analysis, SolidWorks was used to establish the THREE-DIMENSIONAL entity model, 
and interference test was carried out in the software, as well as the calculation of quality 
parameter information. Then, the dynamic model was imported into ADAMS software in the 
form of Parasolid files. Before importing ADAMS, it is necessary to simplify some parts that have 
little influence on the simulation results, and modify the details of parts to facilitate the 
simulation analysis. 

 

 
Figure. 1 Simplified 3D model 

 

The components of this calculation are divided into the shell assembly, piston assembly, 
connecting rod assembly and crankshaft assembly. The shell assembly is composed of fuselage, 
first and second cylinder, third and fourth cylinder, first and second cylinder liner, third and 
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fourth cylinder liner and packing.The piston assembly is composed of piston rod, first and 
second stage piston, third and fourth stage piston, piston ring and crosshead.Connecting rod 
assembly is composed of connecting rod body, bolt, big head tile and small head tile.The 
crankshaft assembly consists of a crankshaft, a flywheel, and a balancing iron. The simplified 
3D model is shown in Figure 1. In order to clearly see the internal composition of the natural 
gas compressor in the figure, the shell components are hidden. 

Model features in the process of modeling and machining parts will exist a certain differences 
between, can lead to differences between the simulation results with the actual working 
condition, the company will now be given data as the actual model parameters, compared with 
virtual model, calculate the relative error. The quality of the compressor components 
information as shown in table 1. 

 
Table1 Comparison of virtual model and actual data of compressor 

Data name Virtual model Actual model Relative error 

Shell component quality(Kg) 1114.1 1119 0.004 

Crankshaft assembly mass(Kg) 458.3 461.7 0.007 

Piston assembly quality(Kg) 88.14 89.15 0.011 

Connecting rod component quality(Kg) 63.18 63.38 0.003 

The distance between the center of mass of the 

connecting rod and the small head(mm) 
327.01 329.15 0.006 

connecting rod length(mm) 450 450 0 

Distance between center lines of cylinder(mm) 160 160 0 

turning radius(mm) 90 90 0 

 

It can be seen from Table 1 that the error between the actual model and the virtual model is 
two orders of magnitude. According to the model simplification criterion, the error between the 
two models can be ignored. Similarly, the error between the motion simulation result calculated 
by the model established by virtual prototype and the calculation result of the actual model can 
also be ignored. 

3.1. Compressor model import 

Solidworks is used to model various parts of the compressor and constitute the assembly model 
of the compressor. Check whether there is interference in the overall model, and import it into 
ADAMS after checking without error. The import model is shown in Figure 3. 

 

 
Figure3 Assembly model of compressor in ADAMS 

 

Can be seen from the diagram of compressor parts mainly include the fuselage, cylinder, piston, 
connecting rod, crankshaft, etc., the model import ADAMS software, need to Boolean operation, 
the model will be scattered parts together, and then set the quality of the parts, and constraints 
between parts, included in the contact, force, torque, etc. (In the process of 3d software 
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Solidworks modeling, the materials of the material library are called to endue the materials for 
each part, and then imported into the software ADAMS, there is no need to set again.) 

In the ADAMS/View working environment, the names and material attributes of parts of the 
simulation model are modified and specified respectively, and the parameters of some main 
parts are listed as shown in Table 2. 

 
Table2 Parameters of main parts 

Name 
name of the 

material 

material density

( )3cm/g  
xxI  

(kg·mm2) 

yyI  

(kg·mm2) 
zzI  

(kg·mm2) 

Body HT250 7.28 2.0236E+08 1.8056E+08 1.37874E+08 
First and second 

cylinder 
ZG270-500 7.83 7.8266E+07 7.4616E+07 2.7638E+07 

Three and four 
cylinder 

35 7.87 5.4444E+07 5.4093E+07 8.5517E+06 

First and second 
stage piston 

ZL108 2.57 2.1556E+06 2.1556E+06 4.3740E+05 

Three and four 
stage piston 

45 7.85 5.4088E+05 5.4086E+05 7251.53 

First and second 
crosshead 

QT600-3 7.12 2.0071E+05 1.7484E+05 1.4839E+05 

Third and fourth 
stage crosshead 

QT600-3 7.12 2.0071E+05 1.7484E+05 1.4839E+05 

First and second 
connecting rod 

45 7.85 1.1047E+06 1.0123E+06 1.1443E+05 

Third and fourth 
connecting rod 

45 7.85 1.2095E+06 1.1083E+06 1.2528E+05 

crankshaft 45 7.85 6.7061E+07 6.5931E+07 2.0312E+07 

 

3.2. Create a constraint 

According to the motion relationship between each part of the compressor, the motion state of 
each part is constrained, and the established constraints are listed as shown in Table 3: 

 
Table3 Constraint addition 

Name of 
motion pair 

constrained 
type 

Component 1 Component 2 

JOINT 1 Fixed vice Body First and second cylinder 
JOINT 2 Fixed vice Body Three and four cylinder 
JOINT 3 Revolute pair Crankshaft Grand 
JOINT 4 Revolute pair Crankshaft First and second connecting rod 
JOINT 5 Revolute pair Crankshaft Three and four connecting rod 

JOINT 6 Revolute pair 
First and second connecting 

rod 
First and second stage crosshead 

JOINT 7 Revolute pair Three and four connecting rod Three and four stage crosshead 
JOINT 8 Fixed vice First and second stage piston First and second stage crosshead 
JOINT 9 Fixed vice First and second stage piston Three and four stage crosshead 

JOINT 10 Sliding pair First and second stage piston First and second cylinder 
JOINT 11 Sliding pair First and second stage piston Three and four cylinder 
JOINT 12 Fixed vice Body Grand 
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3.3. Define the driver 

The definition of drive can further constrain the degree of freedom of the system and at the 
same time specify a specific mode of motion of the mechanism. In ADAMS, the commonly used 
drivers are linear drive and rotary drive. The drive is applied to the crankshaft and can be added 
directly to the JOINT_3 constraint.In the dynamic simulation of this system, the driver function 
will be defined according to the data calculated previously, and the crankshaft speed is 600 
r/min. The specific driver design instructions are shown in Table 4. It can be seen from the 
following table that the rotation period of crankshaft is 0.1s. 

 
Table4 Driven design 

Name Type Description of driving action Driver function design 

MOTION1 Rotation driving The motor turns the compressor crankshaft 3600d*time 

 

3.4. Load applied 

The applied load is the force applied to the component.Load on the compressor has the 
following two; Ⅰ pistons are integrated piston force and Ⅱ pistons composite piston 

force.According to the data provided by the enterprise computing knowable Ⅰ, Ⅱ pistons are 
comprehensive piston force as shown in figure 4. 
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a) Relationship diagram between rotation angle of 
compressor train I and various forces 

b) Relationship diagram between rotation 
angle of compressor train Ⅱ and various 

forces 

Figure 4 Ⅰ, Ⅱ Piston composite piston force 

 
Table5 Comprehensive piston force data 

Turnθ(°) 
Displacement 

x(mm) 
Ⅰ level comprehensive force of 

piston(N) 
Ⅱ level comprehensive force 

of piston(N) 

0 0 -10327.34358 -30298.08503 
1 0.016448714 -10283.29817 -30242.52197 
2 0.065787342 -10151.53882 -30076.29869 
3 0.147993343 -9933.188922 -29800.8038 
… … … … 

359 0.016448714 -10335.51377 -30303.93995 
360 0 -10327.34358 -30298.08503 
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A data point of 1° increment of rotation Angle is established, and the specific calculation data 
are shown in Table 5. Save in. CSV format, import into Adams, establish the data unit in the cell 
as SPLINE_1, define the running time function CUBSPL of force (time,0,.yasuoji4.SPLINE_1,0), 
and apply the force on the first and second pistons. Similarly, the data unit is established as 
SPLINE_2, CUBSPL(time,0, Yasuoji4.SPLINE_1,0), which is the motion time function defined by 
the piston in the third and fourth levels. 

Through the above steps, the models are merged, polished, and constraints are created, friction 
is added, and contact and drive are defined. The model in Figure 5 is the simulation model 
generated after successfully adding constraints and drivers. 

 

  
a) The model after adding constraints b) Add the driven model 

Figure5 Compressor simulation analysis model 

 

In the horizontal direction and the rotation movement of the crankshaft.After calculation, the 
curves of displacement, velocity and acceleration of the crank linkage mechanism are obtained. 

To clearly see the movement of piston compressor, choose live time of the check point location 
for zero time, beyond the Great Wall on the piston and cylinder marked a little from each point 
(two columns of cylinder respectively take four marked points: MARKER_249, MARKER_252, 
MARKER_251, MARKER_254), looked at the two marked points in the post-processing screen 
in 0.1 seconds, the piston displacement on the X axis direction change curve, as shown in figure 
6 a, b)."L1 Piston" is the displacement curve of one and two Piston. "L2 Piston" is the 
displacement curve of three and four pistons. 

 

  
a) X directional displacement-time curve of 

pistons 
b) X directional velocity-time curve of 

pistons 

Figure6 Displacement and velocity in the X direction 

 

It can be concluded from the displacement change curve of the marked point in FIG. 6a) that 
the maximum displacement of the marked point in the X-axis direction appears at 0.05 seconds, 
that is, it reaches the internal stop at 0.05 seconds, and the stroke of the pistons in the two 
cylinders is 180mm. 
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As can be seen from FIG. 6b), when the first, second and third and fourth pistons move towards 
inner dead center, the speed increases gradually, and decreases to zero when they move 
towards inner dead center, but the two pistons move in opposite directions.The piston has a 
maximum speed of about 5.6m/s. 

 

 
Figure7 X directional acceleration-time curve of pistons 

 

As shown in FIG. 7, the piston acceleration of the compressor changes with time. At the 
beginning and the end of a period, the piston's acceleration reaches the maximum, and there 
are two situations in which the acceleration is 0 at the moment. The reciprocating inertia force 
generated in the compressor is directly related to the acceleration, and the direction of the force 
is opposite to the direction of the acceleration. 

In the ADAMS/PostProcessor interface, the speed and torque variation curves of the crankshaft 
will be obtained. 

 

  
a) Torque of MOTION1 b) Angula velocity of OTION1 

Figure 8 MOTION1 of Torque and Angula velocity 

 

It can be seen from the definition of drive that MOTION1 is directly applied on the crankshaft 
and ground connection JOINT_3 to realize the rotation motion of the crankshaft. It can be seen 
from Figure 8 that the variation trend of torque first increases to the maximum and then 
decreases, and the law is consistent with the set motion situation. Figure (8b) shows the angular 
velocity curve. It can be seen from the figure that the angular velocity is the same as the added 
value of the driver function, which conforms to the set motion law. From the above conclusions, 
combining with the displacement change curve and motion trajectory chart of the marking 
points, the stability of the crankshaft motion is shown, and the rationality and feasibility of the 
system design are also verified. 
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4. Kinematic simulation results 

Figure 9 said Ⅰ columns between the connecting rod and crankshaft rotation vice be - 4 in the 
X, Z direction by trying to. It can be seen from the figure that the force of the rotating pair in the 
X direction first increases to the maximum in the negative direction, and then gradually 
increases to the maximum in the negative direction. At 0.04s, the force of the rotating pair in 
the X direction is zero, and then increases to the maximum in the positive direction. The force 
in the Z direction is in a stable state during the period. 

 

  
a)Ⅰ column connecting rod and crankshaft by 

trying to X, Z direction 
b)Ⅱ column connecting rod and 

crankshaft by trying to X, Z direction 

Figure 9 Ⅰ,Ⅱcolumn connecting rod and crankshaft by trying to X, Z direction 

 

Ⅱ  column hinge connecting rod and crosshead with Ⅰ  column hinge connecting rod and 

crosshead in X and Z to the stress of the similar size, in the opposite direction. Mainly Ⅰ , 

connecting rod and crosshead Ⅱ column hinge in a symmetrical position, in the same period, 
the stress change rule is the same. 

 

  
a) Connecting rod and crosshead Ⅰ column 

by trying to X, Z direction 
b) Connecting rod and crosshead Ⅱ 

column by trying to X, Z direction 

Figure 10 Connecting rod and crosshead Ⅰ,Ⅱ column by trying to X, Z direction 

 

5. Conclusion 

The calculation shows that the first and second pistons are symmetric with the third and fourth 
pistons. Under the same driving force, the displacement, velocity and acceleration of the pistons 
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in the X direction are the same, but in opposite directions, so that the force in the X direction of 
the compressor is balanced. 

The crank operates with a rotation period of 0.1s. From the calculation results, it can be seen 
that the force fluctuation range of the compressor in the Z direction is small, which ensures that 
there is no shaking phenomenon during the operation of the compressor. 
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