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Abstract. An internal combustion engine is a 

heat system for many kinds of use in the field of 

engineering. The difficult economic situation 

around petroleum products, which is associate with 

their deficit and modern environmental safety 

standards require switching to alternative energy 

sources and looking for ways to modernize internal 

combustion engines to increase their efficiency. A 

large number of internal combustion engines be-

long to the crank group. The analysis of the crank 

group showed their low technical efficiency. When 

the piston is in the upper position at the time of 

ignition of the combustible mixture in the cylinder, 

the maximum pressure occurs. This leads to maxi-

mum driving force with a minimum crank angle. 

Also increases the friction of the piston on the 

cylinder wall, the wear of the cylinder wall, addi-

tional local heating of the surface of the cylinder 

and over-load of the crankshaft. Thus, a decrease 

in the net power resulting from the combustion of 

fuel in the engine occurs. To increase the efficien-

cy of the crank mechanism, it is propose to apply a 

new design of the torque transmission mechanism 

in the engine, which will be built based on a spatial 

hinge. This paper presents a study of the power and 

kinematic parameters of the spatial hinge of an 

internal combustion engine. 

Keywords: engine; crankshaft; spatial hinge; 

polytropic indicator; modeling. 

 

PROBLEM ANALYSIS 

 

The modern development of internal com-

bustion engines occurs in the following areas: 

increasing fuel efficiency; improving envi-

ronmental safety; increasing power while re-

ducing their metal consumption, reducing 

weight and overall dimensions; creation of 

hybrid propulsion systems of engines; increas-

ing reliability and resource; improving ser-

viceability; the use of alternative fuels and so 

on [1, 2]. Modern engines are complex tech-

nical systems with a large number of units 

aimed at increasing its efficiency, however, 

from the technical design of view, they practi-

cally do not differ from their classical schemes 

[3, 4]. Preparation of excellent performance 

and engine performance is carried out by in-

creasing the efficiency of working cycles, the 

use of progressive design schemes, use of al-

ternative fuels and modern economical elec-

tronic fuel injection systems [5]. 

The main part of internal combustion en-

gines in construction equipment belongs to the 

group of crank-connecting rods, the structural 

schemes of which differ significantly from 

each other [6] (Figure 1). The disadvantage of 

this system is that at the time when the piston 

is in the upper position, then the maximum gas 

pressure acts on it, which creates the maxi-

mum force. This force presses on the crank 

without doing any work since there is no 

shoulder of such force at that moment in time. 

This problem has been solve partially by shift-

ing the ignition process of the mixture and 

shifting the piston from the vertical [7]. 
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Fig. 1. Crank mechanism: 1 – finger; 2 – piston; 3 – 

connecting rod; 4 – crankshaft 
 

In this paper, it is propose to consider a 

constructive modernization of the crank mech-

anism of the internal combustion engine with a 

spatial hinge, which allows to significantly 

shift the angle of rotation of the crankshaft 

when the piston is in the upper position to ob-

tain the maximum effect from the work of gas 

expansion [8]. 

 

PURPOSE OF THE RESEARCH 

 

Kinematic and power study of the effec-

tiveness of the use of the spatial hinge in the 

internal combustion engine system. 

 

METHODOLOGY 

 

It is proposing to investigate the spatial 

hinge, which is capable of transmitting rota-

tion between the shafts, located at an angle 

relative to each other (Figure 2) [8].  

 

 
 

Fig. 2. The spatial joint: 1 – crank; 2 – connecting 

link; 3 – an oscillatory shaft; 4 – support 
 

The joint consists of a crank 1, a connecting 

rod 2 and a vibrating shaft 3. All the hinge 

elements are in the housing 4. The peculiarity 

of such a mechanism is that the input and out-

put shafts are at an angle of 900 relative to 

each other. This representation of the spatial 

hinge is a variation of the Hook hinge [9]. The 

spatial hinge works as follows: turning the 

crankshaft 1 leads to the movement of the 

connecting rod 3, which has an articulation 

with a crank and an oscillating shaft (Figure 

3). As result of the movement of one end of 

the connecting rod 2, the oscillating shaft 3 

rotates, and when the crank 1 rotates at 3600, 

the oscillating shaft rotates only 900. Thus, 

when the crank rotates, the shaft 3 vibrates and 

vice versa, when the shaft 3 rotates, the crank 

1 rotates. 

 

              

  

 

Fig. 3. The principle of operation spatial joint 
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The crank radius is indicated by 1l  and the 

angle between the axis of the connecting rod 

link and the crank by   (Figure 4). 

If the axis of rotation of the crank intersects 

the axis of rotation of the connecting rod, the 

length of the cross-link through which the 

movement from the crank to the swinging 

shaft is transmitted is determined by the fol-

lowing relationship



cos

1
2

l
l . 

The work of the spatial hinge from the ex-

treme position of the connecting rod is consid-

ered. In this case, the link 2 will be at an angle 

of 900 to the oscillating shaft 3, which will also 

occupy its extreme position, will be describe 

by a maximum deflection angle:  
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The rotation of the oscillating shaft will be 

determine by the angle of rotation: 
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where:  

h  – the distance will be determine by the de-

sign parameters of the mechanism (  tglh 1 ); 

 cos11 ly  – by the projection of the crank 

on the axis relative to which the displacement 

from the extreme position is calculated. 

The angle of rotation of the oscillating shaft 

can will be determine by the following formu-

la: 

 

)
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where:  

)
sin

arcsin(
2

1

l

l 
  – the angle of rotation of 

the connecting rod. 

Provide that the torque 3 acts on the oscil-

lating shaft 3M , the magnitude of the torque on 

the crank 1 is determined: 

 

1
3

1 x
pll

M
M  ,                      (4) 

 

where:  

 22
1

22
1 cos tglllpl  – the distance of the 

action of the force that occurs in the connect-

ing rod due to the transmission of torque from 

the vibration shaft;  

 sin11 lx  – crank distance.  

After the transformations and simplifica-

             
 

 

Fig. 4. Schemes of the spatial joint to determine its main characteristics 
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tions of expression (4) it were get 
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The characteristic of changing the transmis-

sion of torque from the drive shaft to the fol-

lower: 
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22
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The graphs of the results of a research the 

change an angle of rotation   and the nature 

of the transmission of torque from the oscillat-

ing shaft to the crank in the range of a full rev-

olution   of the crank at different angles   of 

inclination of the connecting rod to the crank 

show in Figure 5. 

From the graphs presented, it can be seen 

that the efficiency of torque transmission in 

the considered mechanism depends on the an-

gle  , which is recommended to choose in the 

range 0,4..0,7 radians. The most efficient 

transmission of torque from the swinging shaft 

to the crank occurs at a crank angle of 900 re-

gardless of the angle of the connecting rod 

(Figure 6). 

 

When an angle   between the connecting 

rod and the crank is less than 400, a sharp 

change in the angle of rotation of the oscillat-

ing shaft near the position of the crank 900 

occurs. 

Taking the time derivative of expression 

(2), we will be have [10]: 
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It is known that 


dt

d
 and 



dt

d
 then 

we will have kinematic gear ratio: 
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The operation of the crank mechanism of an 

internal combustion engine with a central 

(Figure 7, a) and with a displaced piston 

placement (Figure 7, b) is investigated. 

Piston stroke with central placement: 

 

114113431 coscos  llllS .  (9) 

 
а  
 

 
b 

 

Fig. 5. Graphs of changes the angle of rotation 

  (a) and transmission of moments M1/M3 (b) 

 
 

Fig. 6. The variation of gear ratio on the mo-

ment M1/M3 for =900 
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The deflection angle 11  of the connecting rod 

is express by the angle 11  of rotation of the 

crank: 

 


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
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where: 

11
2

11 sin1cos  .  (11) 

 

Piston stroke with displacement with dis-

placement: 
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2
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The deviation angle 12  of the connecting rod 

is express by the angle 12  of rotation of the 

crank: 

 









 )sin1(arcsin 12

4

3
12

l

l
.     (14) 

 

Neglecting the weight of the piston, con-

necting rod and crank, the torque moment on 

the output shaft of the crank mechanism is 

determined. 

For the central location of the piston: 
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where:  

1P  – the force create by the pressure of gases 

as they expand; 

  – the projection angle of the connecting rod 

to normal to the crank ( 1111
2




 ). 

For displacement of the piston with dis-

placement: 
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where:  

2P  – the force create by the pressure of gases 

as they expand; 

21  – an angle  
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         a          b 

Fig. 7. The crank mechanism with the central (a) and with a displace location of the piston (b) 
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The forces 1P  and 2P  are create by the 

pressure of the gases as they expand in the 

combustion chamber of the engine. The value 

and the change in gas pressure in the combus-

tion chamber defined by the equation poly-

tropic expansion [11, 12]: 

 
k

bb
k
zz VpVp  ,        (17) 

 

where:  

zp  is the gas pressure in the combustion 

chamber at the beginning of the expansion 

process (for diesel engines zp = 5… 12MPa); 

bp  is gas pressure at the end of the expansion 

process; zV  and bV  are respectively the initial 

(combustion chamber volume) and the final 

(expansion chamber volume) of the cylinder 

volume; k  is polytropic indicator (for diesel 

engines 1,18…1,28). 

It is known that the volume of the cylinder 

depends on its cross-sectional area and height 

(displacement of the piston): 
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where:  

S – the stroke of the piston;  

0S  – the size of the combustion chamber;  

D  – piston diameter. 

Accordingly, the forces acting on the piston 

from the gas pressure will be determined by 

the following dependencies: 

 

,
4)(

2

10

0
1

D

SS

S
pP

k

k

z




   (19) 

.
4)(

2

20

0
2

D

SS

S
pP

k

k

z




   (20) 

 

For engine with dimensions D 130mm, 

3l 70mm, 4l 175mm, 0S 5mm, k 1,28, 

zp 6MPa built dependence stroke crank 

mechanism according to the rotation of the 

crank shaft (Figure 8) and indicator diagram of 

the enlargement process of working gas in the 

engine cylinders (Figure 9). 

 
Fig. 9. Graphs change in gas pressure in the cavity of the cylinder 

 
Fig. 8. Graphs changes of stroke 
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Between the angle of rotation of the crank 

of the crank mechanism and the swinging shaft 

of the spatial joint there is the following rela-

tionship: 

 

 )( 1211 .     (21) 

 

where: 

 - the angle of deviation of the crank from the 

angle of rotation of the swinging shaft of the 

spatial hinge. 

The properties of motion transfer from the 

crank mechanism through the spatial hinge to 

the consumer for angle  450 are investigate. 

Figure 3 shows the graphs of the moment 

indicator on the crank of the spatial hinge 

(Figure 10). 

From the graph (Figure 10) it can be seen 

that the maximum indicator torque in the en-

gine with the traditional crank mechanism 

(curve 3) is approximately 1200 Nm, while in 

the engine using the spatial hinge the indicator 

torque can be increased to 5500 Nm (curve 2). 

An engine with a displaced piston and a 

space hinge has been developed to transmit 

torque to the consumer (Figure 11). 

 

CONCLUSION 

 

To improve the efficiency of internal com-

 
 

Fig. 10. Graphs change the moment indicator on the crank hinge spatial 

 
Fig. 11. The design of the engine with a spatial hinge and tilting shaft 
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bustion engines is propose to develop its struc-

ture shifted to accommodate the piston from a 

vertical crank length on the value and use ad-

vanced spatial joint for transmitting torque to 

the consumer. In the future, it is necessary to 

study in more detail the processes in the opera-

tion of such systems for a clearer understand-

ing of their work. 
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Дослідження ефективності застосування 

моделі просторового шарніра в конструкції 

двигуна внутрішнього згоряння 

 

Дмитро Міщук1, Євген Горбатюк2,  

Євген Міщук3 

 
1,2,3Київський національний університет будів-

ництва і архітектури 

 

Анотація. Двигун внутрішнього згоряння – 

це силова система, що застосовується в бага-

тьох видах машин в галузі будівництва. Склад-

на економічна ситуація навколо нафтопродук-

тів, пов’язана з їх дефіцитом, і сучасні стандар-

ти екологічної безпеки вимагають переходу на 

альтернативні джерела енергії та пошуку шля-

хів модернізації двигунів внутрішнього згорян-

ня для підвищення їх ефективності. Велика 

кількість двигунів внутрішнього згоряння від-

носиться до кривошипно-шатунної групи, про-

ведений аналіз якої показав їх низьку технічну 

ефективність, що пояснюється їх конструктив-

ною недосконалістю. Коли поршень знаходить-

ся у верхньому положенні в момент займання 

горючої суміші в циліндрі, виникає максималь-

ний тиск. Це забезпечує максимальну рушійну 

силу з мінімальним кутом кривошипа. Також 

збільшується тертя поршня об стінку циліндра, 

знос стінки циліндра, додатковий місцевий 

нагрів поверхні циліндра і перевантаження 

колінчастого вала. Таким чином, відбувається 

зменшення корисної потужності в результаті 

згоряння палива в двигуні.  
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Для підвищення ефективності кривошипно-

шатунного механізму, пропонується застосува-

ти нову конструкцію механізму передачі крут-

ного моменту в двигуні, який буде побудова-

ний на основі просторового шарніра. У роботі 

представлено дослідження силових та кінема-

тичних параметрів просторового шарніра дви-

гуна внутрішнього згоряння. 

Ключові слова: двигун, колінчастий вал, 

просторовий шарнір, політропний показник, 

моделювання.

 

 

 

 


