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Abstract 

Crank and connecting rod mechanism is the core component of the compressor movement. 
The inertia force generated has a great influence on the vibration and noise of the 
compressor. This article first analyzes the inertia force generated by the crank connecting 
rod mechanism, and then applies the method of balancing the weight. Using ADAMS 
software to analyze the influence of this method on the inertial force generated by the crank 
connecting rod mechanism and the effect on the vibration of the compressor. 
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1. Introduction 

With the improvement of living standards, people's requirements for the living environment are getting 

higher and higher. As the daily necessities of the refrigerator, the level of vibration and noise is an 

important manifestation of the comfort of the family environment. Fully enclosed piston compressor is 

used as the main source of vibration and noise of the refrigerator. When it is running, it will be 

stimulated by periodic inertia force, friction force, gas force, electromagnetic force, etc., which will 

cause the compressor to generate vibration and radiate noise. Therefore, it is of great significance to 

improve the vibration and noise of the compressor. 

2. Inertia-Induced Vibration 

The main moving part of the reciprocating compressor is a typical crank connecting rod mechanism. 

The main movement forms are rotary motion and reciprocating motion. Therefore, the inertia force of 

the reciprocating compressor also has two kinds, that is, when the equivalent mass of the crank and the 

connecting rod small head rotates The resulting rotational inertial force and the reciprocating inertial 

force generated by the reciprocating motion of the piston, piston pin, and the connecting rod's large 

mass. 

Fig. 1 is a simplified crank-link mechanism for a reciprocating compressor. With this simplified model, 

the displacement of the piston can be: 
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Fig.1 The Geometry of the Crank Linkage 

Derivation of Formula 2 on time t  yields the speed of the piston; 
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Find the derivative of Equation 3 for time A to obtain the aceleration of the piston; 
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d x
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dt
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2.1 Rotating Inertial Force 

The rotational inertia force is mainly caused by the unbalance of the mass of the crankshaft. In addition, 

part of the mass of the cylinder body in the connecting rod can be converted into rotational motion mass, 

and the other part is converted into reciprocating motion mass. The rotational inertia force of the entire 

machine can be expressed as; 

                                                                        2

r rF m r                                                                     (5) 

rm －The total mass of the rotating part, which consists of the rotational mass of the crankshaft and the 

mass of the rotary mass converted from the large part of the connecting rod. 

r －Crank rotation radius; 

－Crank rotation speed. 

The vibration of the machine caused by the rotational inertia force is the same as the unbalanced 

vibration. It generates a frequency vibration of one rotation per revolution, that is, the excitation force 

can be expressed as; 

                                                                   sin( )re rF F t                                                                 (6) 

 －Initial angle; 

It can be seen that the vibration frequency caused by the rotational inertia force is the rotational 

frequency of the crankshaft. 

2.2 Reciprocating Inertia Force 

The inertia force of the reciprocating member is generated by the acceleration of the reciprocating 

member. Assuming that the total mass of the reciprocating member is a converted mass including the 

piston assembly, the crosshead, and the connecting rod head portion, the reciprocating inertial force is; 

                                   2 2 2(cos cos 2 ) cos cos 2I s s s sF m x m r m r m r                                         (7) 

 －Crank angle, t    , 

Visible reciprocating inertial force consists of two parts, the first part is called first-order reciprocating 

inertial force, the force of the cycle of change is equivalent to the crank rotation time, so the first-order 

reciprocating inertial force caused by the vibration frequency of crankshaft rotation frequency, The 

second part is called the second-order reciprocating inertial force. The period of change of the force is 

equivalent to the time when the crankshaft rotates for half a cycle. Therefore, the frequency of 

vibration caused by the second-order inertial force is twice the crankshaft rotation frequency. 
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3. Balance Block Balance Inertia Force  

The above-mentioned reciprocating inertial force and rotational inertial force are periodically changed. 

Therefore, when the compressor is operated, these forces cause the compressor to run up and down, 

left and right, and oscillating vibrations, which are the root cause of compressor vibration. 

(1) The balance of rotational inertial force is relatively simple, as long as a counterweight with an 

appropriate size is mounted in the opposite direction of the crank to counterbalance the unbalanced 

centrifugal force. The mass of the balance weight is determined by the mass of the unbalanced rotation 

and the radius of the mass of the balance mass to the center of the shaft. 

                                                                        wr r

w

r
m m


                                                                       (8) 

(2)For first-order and second-order reciprocating inertial forces.The easiest way to balance is to install 

the counterweight structure in the opposite direction of the crank.Although this balancing device can 

fully or partially balance out the first-order reciprocating inertial force.However, it adds a disturbing 

force in the horizontal direction 

4. Multi-Body Dynamics Simulation Analysis and Vibration Analysis 

Using Pro/Engineer software to build a 3D solid model, import the model into ADAMS/view, add 

constraints, etc., to establish the multi-body dynamics simulation analysis and vibration analysis of the 

compressor. 

According to the formula, the range of the mass-diameter product of the balance weight can be 

determined. In the range of small inertial force change, different balance mass mass-diameter products 

are selected for multi-body dynamics simulation and vibration simulation respectively. The results are 

shown in the figure. 

 
Fig.2 Piston Acceleration Movement Diagram 

 

 
Fig.3 Influence of Balance Block on Compressor Vibration 
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From Fig. 3, the three-axis acceleration map of the piston after the influence of the balance block can 

be seen, and the frequency response diagram of the balance block affecting the vibration of the 

compressor can be seen from Fig. 4.And for the frequency response without adding the balance weight, 

after adding the balance weight, it is indeed to reduce the frequency response of the vibration 

amplitude of the compressor. 

5. Conclusion 

Through experiments and simulation analysis, it can be seen that the balance block has certain 

advantages for reducing the inertia force generated by the crank linkage mechanism and improving the 

vibration and noise of the compressor. 
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