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INTRODUCTION 

The conversion of the energy of the thermodynamic cycle into mechanical 

energy at the output shaft in modern internal combustion engines (ICE) 

traditionally takes place with the help of the classic crank mechanism (CM). Its 

design features affecting engine efficiency, properties and manufacturing 

technology are worked out deep enough. This makes it possible to obtain specific 

power values, which are characteristic and acceptable for modern reciprocating 

internal combustion engines, which are used primarily as power plants for traction 

vehicles. 

However, such a design of the internal combustion engine leads to increased 

dynamic loading and tension of the cylinders and the piston group of the engine. A 

different principle of the kinematic connection of the piston group with the 

crankshaft of the internal combustion engine is considered and an energy analysis 

of the power circuit of the proposed mechanism is made. 

 

FORMALIZED DESCRIPTION OF WORK OF TANGENTIAL MECHANISM 

The known kinematic properties of the crank wheel, consisting in the 

features of obtaining a tangential force T, rotating the crankshaft and creating a 

torque Mк on it, made it possible to estimate the dependence of this force on the 

angle of rotation of the crankshaft, shown in Fig. 2, в. The main feature of the 

crank mechanism of a four-stroke engine is the impact on the magnitude of the 

tangential force of the inertial forces Pj of reciprocating moving masses of parts. 

These forces, due to the variable speed of the piston, vary in magnitude, and four 

times during the full cycle change direction. As a result, the nature and magnitude 

of the tangential force, the rotating crankshaft has the form shown in Fig. 2, в. 

Another feature is determined by the parameter λ, which is the ratio of the 

radius R of the crank to the length l of the connecting rod, i.e. λ = R / l. This 

parameter is chosen according to the compromise condition taking into account the 

limitations of the overall height of the engine and permissible loads on its main 

parts and for most structures is within λ = 0.25 ... 0.35. When calculating the 

estimated tangential force in the CM using the dependence 
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Pr - is the pressure force of gases in the engine cylinder; 

φ - is the angle of rotation of the crankshaft; 

β - angle of deflection of the connecting rod from the vertical axis. 

 

It is not difficult to determine that during the working stroke (when the sum of Pr + 

Pj has maximum values from 370º to 400º of the crankshaft rotation) the factor  
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   in the formula (1) has a value of 0.2 ... 0.6. 

 

And the maximum value (0.8 ... 1.1) of this factor reaches in the range of 

410 ° ... 470 ° the rotation of the crankshaft, i.e. closer to the end of the piston 

stroke. 

Thus, the kinematic characteristics of the crank shaft contribute to the loss of 

energy transfer of gas pressure in the engine cylinder to the useful rotation of the 

crankshaft. These losses are spent on piston friction on the cylinder liner and 

crankshaft bearings, causing intense wear on these parts. 

To eliminate the described negative effect of inertial forces and increase the 

energy efficiency of the thermodynamic process, we have proposed the design of 

an alternative mechanism for converting the reciprocating motion of the piston into 

rotational motion of the engine output shaft. This design is shown in Fig. one. 

In the proposed design, the piston 1 of each of the cylinders is connected 

with the corresponding transmission mechanism 2, and the adjacent transmission 

mechanisms are connected in pairs in such a way that the pistons move in 

antiphase. For each cylinder (piston 1), the following sequence of movements is 

carried out by means of the transmission mechanism 2 (similar processes occur in 

parallel in the third of four cylinders): the piston 1 pushes the axis 4 connected to it 

vertically downwards, at the end of which the transmission element 5 is located 

(guide). 
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Figure 1 - Scheme of the engine design with a tangential mechanism: 

a - a general view of the engine; б - general view of the tangential mechanism; в – 

transfer element; с - movie 

 

Two continuous, undulating in the vertical direction, guiding the way in the 

form of a guide contact strip 9 with symmetrically located two vertices 16 and two 

cavities 17, in terms of a ring shape; the transmission mechanism 2, moving 

vertically downwards, when each of the two guide contact strips 9 comes into 

contact with the corresponding slider 6, ensures its movement along a continuous, 

undulating in the vertical direction guideway from the TDC position through the 

central position to the BDC position. But, since the slider 6 has a constant vertical 

position, its bearings 7, mounted on a horizontal axis 8, rigidly connected with the 

summing mechanism 3 of the power take-off, simply “describe” a circle in one 

horizontal plane during movement. Moreover, the movement of the rollers 6 is 

carried out in one phase, but in opposite directions. Thus, on the axes 8 of each of 

the rollers 6, a torque is generated, transmitted to the summing mechanism 3. 

A diagram of the forces acting in the crank mechanism and the described 

mechanisms is shown in fig. 2, a, б. 

Since the tangential force T in the proposed mechanism is created in the 

plane of rotation of the roller, such a mechanism will be called tangential. 

It should be noted that the inertial force of rotating parts of the tangential 

mechanism acts outside the plane of the reciprocating movement of parts and does 

not affect the resistance to movement of the piston and the transmission 

mechanism. 

A full working four-cycle engine with a tangential mechanism takes place in 

one revolution of the roller, i.e. for one revolution of the output shaft, therefore, to 

maintain the piston speed, which is typical for the implementation of the working 

process with efficiency parameters like engines with crank, one should reduce the 

rotational speed of the output shaft of the engine with a tangential mechanism. 

At present, we have conducted preliminary studies of the power and 

economic performance of a piston engine equipped with a tangential mechanism 

based on an analysis of its kinematic and dynamic characteristics. Displacement 

graphs Sp, speed Vp and acceleration of a motor piston with a tangential 



mechanism with parameters of the working process as in a compared engine VAZ-

21128 presented in Fig. 3. 

Given the identity of the nature of the flow of the working processes of 

engines with both schemes for converting the reciprocating motion of the piston, a 

comparison was made of the power indicators based on differences in the 

kinematic and dynamic characteristics of the mechanisms under study. For such a 

comparison, identical parameters are used that determine the engine workflow: 

- cylinder diameter D = 82.5 mm; 

- piston stroke S = 84 mm; 

- the number of cylinders i = 4; 

- compression ratio ε = 10.5. 
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Figure 2 - Diagrams of the forces acting in the crank mechanism (a) and tangential 

mechanism (б) and force plots: в - operating in the crank mechanism; г - operating 

in the tangential mechanism 

 

By thermal calculation identified indicators of the workflow. In accordance 

with the peculiarities of the CM kinematics and the tangential mechanism, the 

power indices obtained in the CM and tangential mechanism (TM) are obtained 

(Table 1). 

 

Table 1 - Power indicators in the mechanisms of the engine 

 

 

Indicators 

 

 

CM 

 

TM 

The average value of the tangential force of 

one cylinder per operating cycle, N 

1066,5 2209,6 

The total tangential force of four cylinders, N 4266,0 8838,2 

Total indicator torque, N • m 179,2 564,5 

Effective engine torque, N • m 138,0 434,7 

 

 

Indicator torque was defined as 

кiM T r=  , 

TΣ - is the total tangential force of all engine cylinders, N; 

rк - crank radius, m  

 

For a crank mechanism, the crank radius is defined as rк = S / 2, and for a 

motor with a tangential mechanism, the crank radius is the average radius of the 

guide part 5 (Fig. 1), which in turn depends on the piston stroke S and the 

parameters of the curvature of the guide sections 16 and 17. When the radius of the 

protrusion of the guide is 12 mm, the radius of curvature of the depression is 52 

mm and the diameter of the roller is 36 mm, the radius of the guide part is 63.9 

mm. 
 

Effective power: 
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nн – engine crankshaft speed; 

ηм – mechanical engine efficiency. 

 

Comparative results of the calculations are presented in table 2. 

 



Analyzing the data table. 2 it is possible to draw conclusions regarding the 

power and economic performance of engines equipped with crankshafts and 

tangential mechanisms: the effective power of an engine with a tangential 

mechanism is 1.6 times higher, while maintaining the same fuel consumption. The 

frequency of rotation of the output shaft of the engine with a tangential mechanism 

is lower by 2 times, which will simplify the transmission of the driven machine. 

In addition, the radius at which the tangential force acts on an engine with a 

tangential mechanism is larger than that of an engine with a crank motor and does 

not have an unambiguous “hard” connection with the stroke S of the piston, and 

can vary within certain limits due to selection of the radius of curvature of the 

guide and diameter roller. 

 

Table 2 - the results of the calculation of power and economic performance of the 

engine with various mechanisms. 

 

Name Values for: 

Motor with CM Motor with TM 

Diameter of cylinder D, mm 82,5 

Piston stroke S, mm 84 

Number of cylinders i 4 

Litrage, l 1,796 

Output shaft rotation frequency nn, rpm 5 400 2 700 

Maximum working pressure pz, MPa 7,5 

Maximum temperature of working process 

Tz, K 

2 890 

Mean effective pressure pi, MPa 1,02 

Indicator efficiency of the workflow ηi 0,297 

Mechanical engine efficiency ηm 0,77 

Average total tangential force TΣ, H 4266,0 8838,2 

Radius of crank rk, mm 42,0 63,9 

Indicator torque Mi, N·m 179,2 564,5 

Effective power Ne, kW 78,0 122,9 

Hourly fuel consumption Gt, kg / h 22,6 

 

 

 

CONCLUSION 

Thus, at the calculated level, it is possible to designate the advantages of the 

tangential mechanism with respect to the CRG in terms of kinematic parameters, 

which make it possible to more efficiently use the energy of the piston stroke 

during the working process. In addition, the torque value of the engine with a 

tangential mechanism further increases. 

 

 


