
 

 

 © 2020 Relly Victoria Virgil Petrescu. This open access article is distributed under a Creative Commons Attribution (CC-

BY) 3.0 license. 
 

Journal of Mechatronics and Robotics 

  

Original Research Paper  

Presentation of Four-stroke Engine Design Elements 

 
Relly Victoria Virgil Petrescu 

 
ARoTMM-IFToMM, Bucharest Polytechnic University, Bucharest, (CE), Romania 

 
Article history 

Received: 26-03-2020 

Revised: 02-04-2020 

Accepted: 24-04-2020 

 

Email: rvvpetrescu@gmail.com 

Abstract: Having escaped the shadow of the global energy crisis by 

implementing nuclear fission, wind, solar, bioenergy, but also by producing and 

extracting (deep) gases capable of providing us with planetary reserves for two 

more. Or at least three thousand years, we have started to relax more 

energetically, but due to the huge pollution produced by cars, the rules of their 

increasingly drastic operation are constantly imposed, the cars always being 

equipped with new devices capable of reducing the level of the harm produced 

by them. The work presents a few original elements about the dynamic and 

kinematics of piston mechanism, used like motor mechanism from OTTO 

engines. One presents an original method to determine the efficiency of the 

piston mechanism used like a motor mechanism. With the relations of motor 

efficiency and piston acceleration on optimizing the Otto mechanism, which is 

the principal mechanism from internal-combustion engines. This is the way to 

diminish the acceleration of the piston and to maximize the efficiency of the 

motor mechanism. One optimizes the constructive parameters: e, r, l, having in 

view the rotation speed of drive shaft, n. 
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Introduction 

The problem of replacing thermal motors with 

electric motors and vehicles equipped with internal 

combustion engines on gasoline, diesel or gas, with 

vehicles equipped with electric motors is becoming more 

and more pronounced. 

Having escaped the shadow of the global energy 

crisis by implementing nuclear fission, wind, solar, 

bioenergy, but also by producing and extracting (deep) 

gases capable of providing us with planetary reserves for 

two more or at least three thousand years, we have 

started to relax more energetically, but due to the huge 

pollution produced by cars, the rules of their increasingly 

drastic operation are constantly imposed, the cars always 

being equipped with new devices capable of reducing the 

level of the harm produced by them. 
Today, there are possibilities to create petroleum 

fuels from water or air using only photovoltaic solar 
energy, which would guarantee the production of classic 
fuels in any quantity to infinity, not to mention the fact 
that the gas extracted from the deep can be processed (in 
large plants) in liquid gases, diesel, gasoline or kerosene, 
they are now extracted in huge quantities for large 
periods of time, with the possibility of their permanent 
restoration. In addition, the humanity that has already 
tasted from the world energy crisis several times in a row 

has learned the mind and has taken drastic measures that 
now allow us even an energy relaxation.  

One has additional fuels, bio, from vegetable oils, 

from algae, from plantations, or we can use hydrogen as 

a fuel and it can be extracted in any quantity by various 

methods, including from the water. 

Today, fuel cell-type cars are already circulating that 

burn hydrogen in cells, in order not to explode and the 

heat obtained is chemically transformed into electrical 

energy stored in large lithium-ion batteries. 
Already operating for about 20 years all kinds of 

hybrid vehicles, with combined solutions, gasoline-
electric, diesel-electric, gas, gas-electric and all kinds of 
other possible variants, along with cars equipped with 
increasingly efficient electric motors, with increasing 
autonomy and shorter loading times. 

We are constantly trying and improving the solutions 

with magnetic motors even though the life of the 

magnetized materials is still very short. There are also 

attempts to put the Watt or Stirling type external 

combustion thermal engines back into operation, some of 

them being successful. 

In countries like Brazil, the USA, Germany, large 

quantities of biofuels, such as vegetable oils or vegetable 

alcohols, are used. 

New and emerging solutions are always being tested, 

including cars with water, which could change the face 

of the world once started. 



Relly Victoria Virgil Petrescu / Journal of Mechatronics and Robotics 2020, Volume 4: 15.41 

DOI: 10.3844/jmrsp.2020.15.41 

 

16 

However, considering that the fleet of cars equipped 

with internal combustion thermal engines has far 

exceeded one billion worldwide and approximately 100 

million cars equipped with the classic Otto engines are 

produced and introduced into circulation annually, the 

most immediate measure of reducing fuel and energy 

consumption, as well as of the harm produced by all 

these cars, their continuous improvement remains 

(Aabadi, 2019; Antonescu and Petrescu, 1985; 1989; 

Antonescu et al., 1985a; 1985b; 1986; 1987; 1988; 1994; 

1997; 2000a; 2000b; 2001; Aversa et al., 2017a; 2017b; 

2017c; 2017d; 2017e; 2016a; 2016b; 2016c; 2016d; 

2016e; 2016f; 2016g; 2016h; 2016i; 2016j; 2016k; 2016l; 

2016m; 2016n; 2016o; Cao et al., 2013; Dong et al., 2013; 

Comanescu, 2010; Franklin, 1930; He et al., 2013; Lee, 

2013; Lin et al., 2013; Liu et al., 2013; Padula and 

Perdereau, 2013; Perumaal and Jawahar, 2013; Petrescu, 

2011; 2015a; 2015b; Petrescu and Petrescu, 1995a; 

1995b; 1997a; 1997b; 1997c; 2000a; 2000b; 2002a; 

2002b; 2003; 2005a; 2005b; 2005c; 2005d; 2005e; 

2011a; 2011b; 2012a; 2012b; 2013a; 2013b; 2013c; 

2013d; 2013e; 2016a; 2016b; 2016c; Petrescu et al., 

2009; 2016; 2017a; 2017b; 2017c; 2017d; 2017e; 2017f; 

2017g; 2017h; 2017i; 2017j; 2017k; 2017l; 2017m; 

2017n; 2017o; 2017p; 2017q; 2017r; 2017s; 2017t; 

2017u; 2017v; 2017w; 2017x; 2017y; 2017z; 2017aa; 

2017ab; 2017ac; 2017ad; 2017ae; 2018a; 2018b; 2018c; 

2018d; 2018e; 2018f; 2018g; 2018h; 2018i; 2018j; 

2018k; 2018l; 2018m; 2018n; Rulkov et al., 2016; 

Agarwala, 2016; Babayemi, 2016; Ben-Faress et al., 

2019; Gusti and Semin, 2016; Mohamed et al., 2016; 

Wessels and Raad, 2016; Maraveas et al., 2015; Khalil, 

2015; Rhode-Barbarigos et al., 2015; Takeuchi et al., 

2015; Li et al., 2015; Vernardos and Gantes, 2015; 

Bourahla and Blakeborough, 2015; Stavridou et al., 

2015a; Ong et al., 2015; Dixit and Pal, 2015; Rajput et al., 

2016; Rea and Ottaviano, 2016; Zurfi and Zhang, 2016 

a-b; Zheng and Li, 2016; Buonomano et al., 2016a; 

2016b; Faizal et al., 2016; Ascione et al., 2016; 

Elmeddahi et al., 2016; Calise et al., 2016; Morse et al., 

2016; Abouobaida, 2016; Rohit and Dixit, 2016; 

Kazakov et al., 2016; Alwetaishi, 2016; Riccio et al., 

2016a; 2016b; Iqbal, 2016; Hasan and El-Naas, 2016; 

Al-Hasan and Al-Ghamdi, 2016; Jiang et al., 2016; 

Sepúlveda, 2016; Martins et al., 2016; Pisello et al., 

2016; Jarahi, 2016; Mondal et al., 2016; Mansour, 2016; Al 

Qadi et al., 2016b; Campo et al., 2016; Samantaray et al., 

2016; Malomar et al., 2016; Rich and Badar, 2016; Hirun, 

2016; Bucinell, 2016; Nabilou, 2016b; Barone et al., 2016; 

Bedon and Louter, 2016; Santos and Bedon, 2016; 

Fontánez et al., 2019; De León et al., 2019; Hypolite et al., 

2019; Minghini et al., 2016; Bedon, 2016; Jafari et al., 

2016; Orlando and Benvenuti, 2016; Wang and Yagi, 2016; 

Obaiys et al., 2016; Ahmed et al., 2016; Jauhari et al., 

2016; Syahrullah and Sinaga, 2016; Shanmugam, 2016; 

Jaber and Bicker, 2016; Wang et al., 2016; Moubarek 

and Gharsallah, 2016; Amani, 2016; Shruti, 2016; Pérez-

de León et al., 2016; Mohseni and Tsavdaridis, 2016; 

Abu-Lebdeh et al., 2016; Serebrennikov et al., 2016; 

Budak et al., 2016; Augustine et al., 2016; Jarahi and 

Seifilaleh, 2016; Nabilou, 2016a; You et al., 2016; AL 

Qadi et al., 2016a; Rama et al., 2016; Sallami et al., 

2016; Huang et al., 2016; Ali et al., 2016; Kamble and 

Kumar, 2016; Saikia and Karak, 2016; Zeferino et al., 

2016; Pravettoni et al., 2016; Bedon and Amadio, 2016; 

Mavukkandy et al., 2016; Yeargin et al., 2016; Madani and 

Dababneh, 2016; Alhasanat et al., 2016; Elliott et al., 2016; 

Suarez et al., 2016; Kuli et al., 2016; Waters et al., 2016; 

Montgomery et al., 2016; Lamarre et al., 2016; Daud et al., 

2008; Taher et al., 2008; Zulkifli et al., 2008; 

Pourmahmoud, 2008; Pannirselvam et al., 2008; Ng et al., 

2008; El-Tous, 2008; Akhesmeh et al., 2008; 

Nachiengtai et al., 2008; Moezi et al., 2008; Boucetta, 

2008; Darabi et al., 2008; Semin and Bakar, 2008; Al-

Abbas, 2009; Abdullah et al., 2009; Abu-Ein, 2009; 

Opafunso et al., 2009; Semin et al., 2009a; 2009b; 

2009c; Zulkifli et al., 2009; Marzuki et al., 2015; Bier 

and Mostafavi, 2015; Momta et al., 2015; Farokhi and 

Gordini, 2015; Khalifa et al., 2015; Yang and Lin, 

2015; Demetriou et al., 2015; Rajupillai et al., 2015; 

Sylvester et al., 2015a; Ab-Rahman et al., 2009; 

Abdullah and Halim, 2009; Zotos and Costopoulos, 

2009; Feraga et al., 2009; Bakar et al., 2009; Cardu et al., 

2009; Bolonkin, 2009a; 2009b; Nandhakumar et al., 

2009; Odeh et al., 2009; Lubis et al., 2009; Fathallah and 

Bakar, 2009; Marghany and Hashim, 2009; Kwon et al., 

2010; Aly and Abuelnasr, 2010; Farahani et al., 2010; 

Ahmed et al., 2010; Kunanoppadon, 2010; Helmy and 

El-Taweel, 2010; Qutbodin, 2010; Pattanasethanon, 

2010; Fen et al., 2011; Thongwan et al., 2011; 

Theansuwan and Triratanasirichai, 2011; Al Smadi, 2011; 

Tourab et al., 2011; Raptis et al., 2011; Momani et al., 

2011; Ismail et al., 2011; Anizan et al., 2011; Tsolakis and 

Raptis, 2011; Abdullah et al., 2011; Kechiche et al., 

2011; Ho et al., 2011; Rajbhandari et al., 2011; 

Aleksic and Lovric, 2011; Kaewnai and Wongwises, 

2011; Idarwazeh, 2011; Ebrahim et al., 2012; 

Abdelkrim et al., 2012; Mohan et al., 2012; Abam et al., 

2012; Hassan et al., 2012; Jalil and Sampe, 2013; 

Jaoude and El-Tawil, 2013; Ali and Shumaker, 2013; 

Zhao, 2013; El-Labban et al., 2013; Djalel et al., 

2013; Nahas and Kozaitis, 2014; Petrescu and 

Petrescu, 2014a; 2014b; 2014c; 2014d; 2014e; 2014f; 

2014g; 2014h; 2014i; 2015a; 2015b; 2015c; 2015d; 

2015e; 2016a; 2016b; 2016c; 2016d; Fu et al., 2015; 

Al-Nasra et al., 2015; Amer et al., 2015; Sylvester et al., 

2015b; Kumar et al., 2015; Gupta et al., 2015; 

Stavridou et al., 2015b; Casadei, 2015; Ge and Xu, 

2015; Moretti, 2015; Wang et al., 2015; Petrescu et al., 

2017af-aj; 2018o-v; Petrescu, 2015c; 2018a-b; 

Petrescu and Petrescu, 2018a-b; Petrescu and 

Petrescu, 2014f; 2014g; 2014h; 2014i). 
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Materials and Methods  

The paper presents an original method of studying 

PISTON mechanisms used in internal combustion engines. 
There are several diagrams, which take into account the 

acceleration of the piston according to the rotation angle of 
the crank. The efficiency of the entire mechanism is 
specified in each diagram, so that the designer (the 
motorist) can select the optimum dimensions of the 
elements of the mechanism (optimum design of the 
mechanism), according to the required input parameters, so 
that the motor mechanism works with maximum efficiency 
and keep the maximum acceleration values within normal 
allowable limits, regardless of the speed at which the engine 
will operate. The basic input elements (input parameters) 
are the crank length, r, connecting rod length, l, piston 
working axis offset relative to crank axis (motor shaft), e 
and engine working speed (shaft speed). motor). The main 
output parameters that need to be optimized are the piston 
acceleration, a and the total mechanical efficiency of the 
crank-piston-crank system, η.  

The study is kinematic, but given that the total 

efficiency of the motor mechanism is constantly being 

pursued, it is possible to speak of a dual, kinematic-

dynamic method. 

In Fig. 1 you can see the diagram of the acceleration 

of the piston according to the rotation angle of the cam: 

The efficiency of the motor mechanism is about 60%. 

A lower r/l ratio increases the efficiency of the mechanism 

and e will decrease efficiency when it takes values other 

than zero. Engine speed (motor shaft) does not directly 

influence the efficiency of the mechanism, but its increase 

produces a rapid increase in piston acceleration. As the 

peaks of the acceleration can be reduced by reducing the 

ratio r/l, we will observe how this reduction of the ratio r/l, 

is beneficial for both low values of acceleration as well as 

high values of efficiency. 

In Fig. 2 the ratio r/l decreases to 0.66 and the yield 

increases to about 84%. 

In Fig. 3 we continue to reduce the ratio r/l to 0.33 

and we observe an increase in efficiency to 96%. 

In Fig. 4 r/l becomes 0.23 and the efficiency of the 

motor mechanism acquires a comfortable value of 

about 98%, which would be sufficient for normal 

functioning of the mechanism and any further decrease 

of the r/l ratio appears as unnatural from this point of 

view. (further reduction of the r/l ratio is no longer 

necessary after reaching a practical efficiency of 98-

99%. However, this reduction may be required for 

objective reasons when we want to greatly increase 

engine speed and the maximum acceleration must be 

maintained. within permissible limits, for example not to 

exceed the critical threshold of 100,000 [m/s2]). 
 

 
 

Fig. 1: Offset e = 0 and the ratio r/l = 0.96, for a working speed n = 3000 [rot/min] 
 

 
 

Fig. 2: The ratio r/l decreases to 0.66 and the yield increases to about 84% 
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In Fig. 5 r/l becomes 0.16 and η = 0.99. 

In Fig. 6 r/l becomes 0.1 and η = 0.99666, a yield 

value that can be considered 100%. 

In Fig. 7 r/l becomes 0.033 and η = 0.9996. 

In Fig. 8 the deviation e takes different values 

from zero e = -0.2 [m], r/l = 0.3 and the efficiency of 

the motor mechanism decreases considerably η = 

0.45. 

 

 
 

Fig. 3: One continue to reduce the ratio r/l to 0.33 and we observe an increase in efficiency to 96% 

 

 
 

Fig. 4:  = r/l becomes 0.23 and the efficiency of the motor mechanism acquires a comfortable value of about 98% 
 

 
 

Fig. 5: r/l becomes 0.16 and η = 0.99 
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Fig. 6: r/l becomes 0.1 and η = 0.99666, a yield value that can be considered 100% 
 

 
 

Fig. 7: r/l becomes 0.033 and η = 0.9996 
 

 
 
Fig. 8: The deviation e takes different values from zero e = -0.2 [m], r/l = 0.3 and the efficiency of the motor mechanism decreases 

considerably η = 0.45 
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efficiency is the same as at the speed of 3000 [rot/min], η 

= 0.9996 (Fig. 7), but the maximum piston acceleration 

increases from about 1000 [m/s2] to about 3000 [m/s2]. 

One further increase the engine speed Fig. 14) to n = 

10000 [rot/min] and obtain a maximum piston 

acceleration value of approximately 10,000 [m/s2]. 

 

 

 
Fig. 9: e = 0.1 [m], r/l = 0.63 and η = 0.665 

 

 
 

Fig. 10: e = 0.27 [m], r/l = 0.066 and η = 0.174 
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Fig. 12: e = 0.289 [m], r/l = 0.033, η = 0.058 i.e., only 6% 
 

 
 

Fig. 13: e = 0; r/l = 0.033; increasing the engine speed to n = 5500 [rot/min] 
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In Fig. 15 we raise the engine speed to the value of 

20000 [rot/min] and the maximum acceleration of the 

piston takes values of about 40000 [m/s2]. 

In Fig. 16 we raise the engine speed to 30000 

[rot/min] and the maximum piston acceleration takes 

about 100,000 [m/s2]. Now a threshold (critical-limit 

value) has been reached for accelerations, so if we 

want to continue increasing the engine speed, the only 

possible way is to further decrease the ratio λ = r/l. 

In Fig. 17 the r/l was reduced to only 0.01 and the 

efficiency increased to about 99,997%; we remained at the 

engine speed of n = 30000 [rot/min], but the maximum 

acceleration decreased to only about 30000 [m/s2]. 

Now we can further increase the engine speed to 

40,000 [rot/min] and the maximum piston acceleration 

becomes about 55000 [m/s2] (Fig. 18). 

In Fig. 19 shows the piston acceleration diagram for a 

motor speed of 50,000 [rot/min]. The acceleration 

becomes 80000 [m/s2]. 

 

 

 
Fig. 15: n = 20000 [rot/min] and the maximum acceleration of the piston takes values of about 40000 [m/s2] 
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Fig. 17: r/l = 0.01; = 99,997%; n = 30000 [rot/min], amax = 30000 [m/s2] 

 

 
 

Fig. 18: n = 40,000 [rot/min] and the maximum piston acceleration becomes about 55000 [m/s2] 
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In Fig. 20 for an engine speed of 60,000 [rot/min], 

the maximum acceleration value now exceeds the critical 

threshold of 100,000 [m/s2]. 

Now (Fig. 21) we must again reduce the dimensionless 

value λ = r/l to only 0.0033; the yield becomes 0.999996 

and for an engine speed of 60,000 [rot/min], the maximum 

piston acceleration is 40,000 [m/s2]. 

At n = 70000 [rot/min], amax = 55000 [m/s2] (Fig. 22): 

At n = 80000 [rot/min], amax = 70000 [m/s2], (Fig. 

23): 

At n = 90000 [rot/min], amax = 90000 [m/s2], (Fig. 

24): 

Finally at n = 100,000 [rot/min], the maximum piston 

acceleration is about 110000 [m/s2], (Fig. 25). 

 

 
 

Fig. 20: n = 60,000 [rot/min], the maximum acceleration value now exceeds the critical threshold of 100,000 [m/s2] 

 

 
 
Fig. 21: λ = r/l to only 0.0033; the yield becomes 0.999996 and for an engine speed of 60,000 [rot/min], the maximum piston acceleration is 

40,000 [m/s2] 

 

 
 

Fig. 22: n = 70000 [rot/min], amax = 55000 [m/s2] 
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Fig. 23: n = 80000 [rot/min], amax = 70000 [m/s2] 

 

 
 

Fig. 24: n = 90000 [rot/min], amax = 90000 [m/s2] 

 

 
 

Fig. 25: n = 100,000 [rot/min], amax = 110000 [m/s2] 

 

Result and Discussion  

The calculation relationships used written in the excel 

program are given in Table 1. 

The most interesting situations were considered so 

that a builder of internal combustion thermal engines can 

choose the desired case depending on the constructive 

parameters desired in the design. 
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Table 1: The calculation relationships 

  A B 

 1 e[m] = 0 

 2 r[m] = 0.001 

 3 l[m] = 0.3 

 4 ∆φ [0] = 5 

 5 φ [0] = = 0 

 6 φ [rad] = = B5*PI()/180 

 7 sin(φ) = = SIN(B6) 

 8 cos(φ) = = COS(B6) 

 9 cos(ψ) = = -(B1+B2*B8)/B3 

 10 ψ [rad] =  = ACOS(B9) 

 11 ψ [0] =  = B10*180/PI() 

 12 sin(ψ) = = SIN(B10) 

 13 yB = = B2*B7+B3*B12 

 14 n[rot/min] = 100000 

 15 ω = = PI()*B14/30 

 16 ψp =  = -B2/B3*B7/B12*B15 

 17 yBp = = B2*B15*B8+B3*B16*B9 

 18 ψpp =  = -(B2*B15^2*B8+B3*B16 

  ^2*B9)/(B3*B12) 

 19 yBpp = = B3*B18*B9-B2*B15^2*B7 

  -B3*B16^2*B12 

 20 λ = = B2/B3 

 21 λ = r/l = B2/B3 

 22 uM = = ACOS(-(B1+B2)/B3) 

 23 um = = ACOS((B2-B1)/B3) 

 24 Δu = = B22-B23 

 25 Δsin = = SIN(2*B22)-SIN(2*B23) 

 26 Δsin/4/Δu = = B25/B24/4 

 27 η = = 1/2-B26 

 

The computational relationships used to determine 

the total mechanical efficiency of the motor mechanism 

are original and they are synthesized by the authors 

through a personal method. 

If one try to use the reverse piston mechanism, as a 

compressor mechanism and not a motor, we were 

surprised to find that the calculation relationships for 

determining the efficiency of the compressor 

mechanism change and the values that can be obtained 

for the effective efficiency of the compressor are 

generally much lower. than those of the piston, the 

maximums being somewhere between 50 and 60%. It 

can be seen here that the use of the engine mechanism 

in compressor mode is not efficient. 

At the proposed engine mechanisms, at which the 

ratio λ = r/l decreases greatly, the piston-h stroke 

decreases and it is proportional to the crank length-r, so 

if we want to keep the cylinder intact (unchanged) we 

will have to increase the bore- R. For a decrease of r 

times n, R will increase √ (n) times. The problem arises 

only for overfilled motors, where the required cylinder 

size may be smaller, so that the bore increase may be 

slightly lower. Even under these conditions, very high-

speed engines will have an almost imperceptible stroke 

and a very high bore. 

Some diagrams of the piston acceleration, no longer 

look like the conventional ones (Fig. 1, 2, 8, 9, 10, 11 

and 12). Their modified appearance has been specially 

introduced to highlight the different possible functional 

regimes of the piston (engine) mechanism. Even if some 

of them achieve very low yields, they may be usable for 

some specialized mechanisms! 

The OTTO piston mechanism, however, will operate at 

maximum efficiency, only when used as a motor 

mechanism, as if it were predestined for this mode of work. 

Conclusion 

Today, there are possibilities to create petroleum fuels 

from water or air using only photovoltaic solar energy, 

which would guarantee the production of classic fuels in 

any quantity to infinity, not to mention the fact that the gas 

extracted from the deep can be processed (in large plants) 

in liquid gases, diesel, gasoline or kerosene, they are now 

extracted in huge quantities for large periods of time, with 

the possibility of their permanent restoration. In addition, 

the humanity that has already tasted from the world 

energy crisis several times in a row has learned the mind 

and has taken drastic measures that now allow us even an 

energy relaxation. We have additional fuels, bio, from 

vegetable oils, from algae, from plantations, or we can use 

hydrogen as a fuel and it can be extracted in any quantity 

by various methods, including from the water. 

Today, fuel cell-type cars are already circulating that 

burn hydrogen in cells, in order not to explode and the 

heat obtained is chemically transformed into electrical 

energy stored in large lithium-ion batteries. 

Already operating for about 20 years all kinds of 

hybrid vehicles, with combined solutions, gasoline-

electric, diesel-electric, gas, gas-electric and all kinds of 

other possible variants, along with cars equipped with 

increasingly efficient electric motors, with increasing 

autonomy and shorter loading times. 

We are constantly trying and improving the solutions 

with magnetic motors even though the life of the 

magnetized materials is still very short. 

There are also attempts to put the Watt or Stirling 

type external combustion thermal engines back into 

operation, some of them being successful. 

In countries like Brazil, the USA, Germany, large 

quantities of biofuels, such as vegetable oils or vegetable 

alcohols, are used. New and emerging solutions are 

always being tested, including cars with water, which 

could change the face of the world once started. 

However, considering that the fleet of cars equipped 

with internal combustion thermal engines has far 

exceeded one billion worldwide and approximately 100 

million cars equipped with the classic Otto engines are 

produced and introduced into circulation annually, the 
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most immediate measure of reducing fuel and energy 

consumption, as well as of the harm produced by all 

these cars, their continuous improvement remains. 

The computational relationships used to determine 

the total mechanical efficiency of the motor mechanism 

are original and they are synthesized by the authors 

through a personal method. 

If one try to use the reverse piston mechanism, as a 

compressor mechanism and not a motor, we were 

surprised to find that the calculation relationships for 

determining the efficiency of the compressor 

mechanism change and the values that can be obtained 

for the effective efficiency of the compressor are 

generally much lower. than those of the piston, the 

maximums being somewhere between 50 and 60%. It 

can be seen here that the use of the engine mechanism 

in compressor mode is not efficient. 

At the proposed engine mechanisms, at which the ratio 

λ = r/l decreases greatly, the piston-h stroke decreases and 

it is proportional to the crank length-r, so if we want to 

keep the cylinder intact (unchanged) we will have to 

increase the bore- R. For a decrease of r times n, R will 

increase √ (n) times. The problem arises only for 

overfilled motors, where the required cylinder size may be 

smaller, so that the bore increase may be slightly lower. 

Even under these conditions, very high-speed engines will 

have an almost imperceptible stroke and a very high bore. 

Some diagrams of the piston acceleration, no longer 

look like the conventional ones (Fig. 1, 2, 8, 9, 10, 11 

and 12). Their modified appearance has been specially 

introduced to highlight the different possible functional 

regimes of the piston (engine) mechanism. Even if some 

of them achieve very low yields, they may be usable for 

some specialized mechanisms! 

The OTTO piston mechanism, however, will 

operate at maximum efficiency, only when used as a 

motor mechanism, as if it were predestined for this 

mode of work. 
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