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ABSTRACT 

A variable summand of the rotary mechanism reaction torque, in particular that of the reciprocating compressors, is one 

of the main sources of their low-frequency vibration. Being solved in this study is a problem of providing the constant-

sign transmitted torque of the multistage reciprocating compressor in order to decrease its vibration. The investigation 

results concerning the influence of different structural parameters on the torque diagram are given. The description of a 

software program developed specially to carry out this investigation is represented. The description of the structural 

solution is given aimed at obtaining the most uniform torque diagram which has a constant sign during a single 

revolution of the crankshaft. 
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INTRODUCTION 

It is widely known [1] that a variable summand of the rotary mechanism reaction torque, in particular that of the 

reciprocating compressors, is one of the main sources of their low-frequency vibration. The means of complete 

suppression of this vibration source, irrespective of the mechanism operation mode, is creation of a compensating 

moment in the transmission supports, providing the counter-rotation of rotors with a certain ratio of their inertia 

moments. 

In the majority of structures the counter-rotation is provided by the gearwheel. At that, a necessity occurs 

to exclude the dynamic displacement of teeth, which decreases the transmission resource and invokes the increased 

noise. As for the reciprocating compressors, this requirement is met through constant-sign transmitted torque. I.e. 

the counter-torque at the compressor shaft and, consequently, the reaction torque equal thereto and applied to the 

housing, must not change its sign during the whole revolution and must be completely carried-over through the 

transmission with the external gearing [2]. 

The research object is the four-stage reciprocating compressor intended for use in the gas-transmission and 

gas-filling compressor stations. Figure 1 contains a general view and movement mechanism of the compressor 

under consideration. The given compressor is developed by Compressor JSC and made with a crankshaft vertical 

configuration [3]. The compressor is intended for compression of methane or natural gas to the final pressure of 

24.6 MPa, with a short-term operation up to a pressure of 39.2 MPa. 
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а) General View b) Motion Work 

Figure 1: Scheme of Compressor with Vertical Shaft. 
 

CALCULATION METHOD 

Piston forces PΣ in the crankshaft mechanism are disintegrated into two components: a normal force to the cylinder axis N 

and a force acting along the piston rod Рpr (see Figure 2) [1, 4-7]. 

The normal force presses the piston to the cylinder wall in case of a closed-crankcase compressor, or presses the 

cross-head to parallels in case of an open-crankcase compressor. The force acting along the piston rod loads the crank pin 

of the shaft and is disintegrated into the radial component directed to the shaft axis Рr and the tangential component Pt (see 

Figure 2). 

 
Figure 2: Diagram of Forces Action. 

 

The force Pt applied to the crank pin on a radius r creates a torque counteracting to the shaft rotation. This torque 

value is determined as per the formula [1, 5-8] 

t tM Pr
                                                                                   (1) 
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For multi-row compressors the torque shall be determined as a sum of torques in each row 

t ti iM P r .                                                                                                 (2) 

Besides, the friction force from rotating parts has an influence on the torque value. The friction force from 

rotating parts is considered as constant, so the torque created by this force will be constant and equal to 
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Where Nind is indicated power, n 0 is crankshaft speed, η m is mechanical efficiency (η m=0.8...0.95). 

The tangential force Pt is determined by formula 

sin( )

cos
tP P





.                                                                                  (4) 

Total force is determined by formula 

g s fР Р I F   
,                                                                                  (5) 

Where Pg is a force of gas action to the piston, Is is inertial forces of reciprocating masses, Ff is friction forces at 

reciprocating action. 

The force Pg is calculated on the basis of the stage indicator diagram, which is obtained by mathematical 

modeling of the stage operating process [7, 9]. The mathematical model is based on known models of the working process 

of reciprocating compressors [10-15]. 

The value Is is determined by formula 

 2 cos cos2s sI m r    
,                                                                   (6) 

Where ms is mass of reciprocating parts, ω is angular speed, λ is ratio between crank radius and piston rod length. 

CALCULATED ANALYSIS AND INITIAL DATA 

The torque character will change at different arrangement of cranks. Having plotted the total torque curves for different 

variants of cranks arrangement it is possible to achieve their most favorable position. R&D Laboratory "Gas Dynamics of 

Turbomachines" SPbPU actively develops software products for solving various problems: for the design of reciprocating 

compressors [3, 7, 9, 10], for the design of rotary compressors [16, 17], as well as for the design of turbo compressors [18 - 

30]. In order to analyze the influence of different factors on the torque diagram the software program is developed (see 

Figure 3). The calculation results are represented in numerical and graphical form and contain: power diagrams for each 

row of compressor; diagrams of tangential forces; diagram of total counter-torque, etc. 
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The program allows making calculation for different structural design of the compressor. To this end, the row 

constructor is developed which makes it possible to take into account the mutual arrangement of cylinders and stages 

location by rows. Figure 4 shows a program window in the mode of the compressor row designing. 

 
Figure 3: Program Window. 

 

 
Figure 4: Row Constructor. 

 

Figure 5 shows the structural circuit of the motion mechanism and the initial arrangement of stages by rows. The 

compressor has four rows located at an angle of 90 degrees to each other. The compressor piston rods are connected to the 

common throw. The compressor under consideration has four single-action stages each of which is located in an individual 

row. 
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Figure 5: Diagram of Motion Mechanism. 

 

In the frames of this study it was necessary to obtain the compressor torque diagram which does not change its 

sign during a single turn of the crankshaft. The calculation study was carried out in two stages. At the first stage, the 

influence on the torque diagram was made by changing the parameters of stage and their location without structural 

alterations; at the second stage, the best torque diagram was selected due to structural alteration of the compressor with the 

technical characteristics unchanged. 

CALCULATION RESULTS AND THEIR DISCUSSION 

Let us consider the torque diagram (see Figure 6) for the compressor initial design. With reference to the given diagram it 

can be seen that at the set parameters the constant-sign condition of the torque is not provided. The torque sign change is 

connected with that the gas load is not equal by the rows. The reason lies in that all stages are of a single action, so the load 

drop by stages will be different due to the force on the crankcase side. In this case the transition to the negative area is 

caused by the first stage. This can be seen on the diagram by the torque curves which are given for each row individually 

(see Figure 6). 

Irregularity of torque change (see Figure 6) is due to peculiarities of the working process behavior in the 

compressor. Gas forces acting to the piston, as well as inertia forces from reciprocating masses are not constant and change 

depending on the crankshaft angle. Figure 7 shows the diagram of forces acting in the compressor first row. 

Torque values less than the average one will indicate that at this moment the engine gives more energy than 

necessary. And vice versa, the values more than the average one will indicate that at this moment lack of energy from the 

engine takes place. The average torque is a conditional-constant torque which makes the work during a single turn of the 

crankshaft same as the actual compressor [6]. A flywheel is used to smooth the angular speed irregularity. It is intended to 

maintain the shaft angular speed oscillation within the given irregularity through accumulation or giving-up of energy. 

More uniform torque diagram makes it possible to decrease the flywheel weight. 
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Figure 6: Torque Diagram of the Compressor Initial Design. 

 

 
Figure 7: Diagram of First Row Forces. 

 

So, the task consists in obtaining the most uniform torque diagram which has a constant sign during a single 

revolution of the crankshaft. Influence on the torque diagram is possible by several methods: change in the stages 

arrangement by the compressor rows (variant 1); change of the dead space by compressor stages (variant 2); change in the 

compressor piston diameters (variant 3); change of the compressor design (variant 4). 

Let us consider the influence of different variants on the torque diagram. Figure 8 gives a comparison of torque 

curves for variant 1 and variant 2 with the initial design. 
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Figure 8: Torque Curves for Different Variants. 

 

Change in the stage sequence (variant 1) from 1-3-2-4 (see Figure 5) to 1-4-2-3 made it possible to slightly 

approach to the positive area, however, there is no necessary margin of the compressor stable operation. The torque curve 

became more irregular and has one apparent peak (forth stage influence) at the beginning of the diagram. 

A similar picture is observed at change in the dead space by stages (variant 2). In order to make the torque curve 

smoother it is necessary to increase the dead space at the first stage, which shall lead to decrease in the compressor output. 

Or, it is necessary to decrease the dead space at the fourth stage, which is not possible due to structural peculiarities of the 

stage (small sizes). Besides, this shall lead to increase in the ratio between pressures in the fourth stages and, consequently, 

to increase of the final temperature. Figure 8 shows a diagram for the best variant of the dead spaces distribution. It is seen 

from the figure that though the torque diagram lies in the positive area, the compressor stable operation margin is very 

small. Influence of the piston diameter change (variant 3) is similar to the influence of the dead space change (variant 2), 

since in both cases the influence on the gas force is made by redistribution of pressures between the stages. It is necessary 

to have in view that the first stage diameter must not be decreased, since this will lead to decrease in the compressor 

output. Significant decrease in the stage diameters will lead to increase in the ratio between pressures at the previous 

stages, which shall lead to more heating of gas. 

The main problem at selection of rational constant-sign torque diagram is that the gas forces are not uniformly 

distributed by stages. In order to balance the gas forces by rows it was suggested to change the compressor design (variant 

4) which consists in application of differential piston in which the first and the second stage will be located (see Figure 9b). 

Besides, it was decided to divide these staged by two rows (see Figure 9a). 



15212                                                                                                                                      A.A. Kotlov, L. G. Kuznetsov & А.V. Burakov 

 

Impact Factor (JCC): 8.8746                                            SCOPUS Indexed Journal                                                    NAAS Rating: 3.11 

 

 

а) b) 

Figure 9. Arrangement of Stages by the Compressor Rows (a) and Differential Piston of the First and Second 

Stages (b). 

 

The torque diagram of the compressor new design is given in Figure 10. 

 
Figure 10: Torque Diagram of the Compressor New Design. 

 

It is seen from the figure that the torque diagram became more uniform and lies completely in the positive area 

with a high margin of the compressor stable operation. The division of the first and second stages by two rows made it 

possible to decrease their diameters. The force load to the compressor first and third rows became equal. Considered as 

disadvantages may be some complication in the design and a necessity to manufacture the differential piston cylinders 

instead of trunk piston cylinders. 

CONCLUSIONS 

The investigation performed shows that the compressor design has an influence on the torque diagram both quantitatively 

and qualitatively. Change in the design made it possible to significantly improve the compressor torque diagram, which 

shall lead not only to decrease in the low-frequency vibration, but also to decrease in the flywheel weight. The developed 



Influence of Reciprocating Compressor Structure on Torque Diagram                                                                                              15213 

 

www.tjprc.org                                                           SCOPUS Indexed Journal                                                                  editor@tjprc.org 

calculation program allows analyzing different variants of the compressor design and selecting the most rational one as 

early as at engineering stage. 
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