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ARTICLE INFO  The article discusses the innovative concept of the over-expanded thermodynamic cycle, the author of which 

is the Polish engineer-designer Mirosław Szymkowiak. This cycle is realized on the basis of a new and 

innovative, previously unknown design, of a piston-crankshaft linkage mechanism with the aid of an additional 
element known as a rocker arm. Additionally, the proposed mechanism allows for a smooth change of the 

compression/expansion ratio of the engine during its operation. In the beginning, the earlier conceptions of the 

rocker engine developed by Szymkowiak were presented, and then the main construction assumptions and 
kinematic calculations were described. It was confirmed, that the developed linkage has big potential in 

improving the engine's thermal efficiency by approximately 12% relative. Additionally, it significantly reduces 

the exhaust gas pressure, when the exhaust valve is opened, therefore, contributes to the reduction of the noise 
emitted by the engine. 
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1. Introduction 
Several intensive measures have been taken focusing on 

issues related to combustion and engine design. Research is 

conducted on the improvement of the engine overall effi-

ciency and reduction of exhaust emissions. It is carried out 

on various levels, including the search for new kinematic 

solutions that enable the variable compression ratio and 

over-expanded cycle implementations into the engine. As  

a result, several solutions were invented to convert the 

reciprocating motion of the piston into the rotary motion of 

the crankshaft [1–3]. 

One of these kinematic mechanisms is presented in the 

article. Its inventor is the Polish engineer Mirosław Szym-

kowiak. Szymkowiak has been working on his solutions for 

years [3] and as a result, he has achieved several improve-

ments. The main feature of the developed mechanism is the 

rocker arm that connects two connecting rods: the first one 

is located between the piston and the rocker arm, the second 

one - between the rocker arm and the crankshaft, respec-

tively. In the past (1950s and 1960s) the engine equipped 

with a rocker arm and two connecting rods was the Com-

mer TS3 2-stroke diesel engine built by Tilling-Stevens in 

the Rootes group [1, 2]. Each cylinder contained two pis-

tons positioned horizontally opposite each other and mov-

ing opposite each other as depicted in Fig. 1. This engine 

was launched into mass production and installed in trucks. 

The concept of applying the rocker as the element for 

combining combustion forces from 4 pistons into a single 

crank of the crankshaft was the main idea of this design 

(Fig. 3 and 4). Hence, the mechanism examined in the pa-

per is novel work and is under intellectual protection. Un-

like the two-stroke Commer engine, the rocker engine pre-

sented in the paper is four-stroke one. The mechanism pro-

vides possibilities of obtaining various mean piston speeds 

at constant crankshaft rotational speed because the piston 

stroke is independent of the crank length. Additionally, the 

mechanism provides possibility of change in both the com-

pression and expansion ratio. This concept refers to the 

solution presented by Rychter and Teodorczyk [4, 5]. The 

mechanism VR/VL, which they proposed, applies  

a variable ratio of the length of the crank to the connecting 

rod in order to change the compression ratio. 

 

 

Fig. 1. Kinematic linkage in the rocker Commer engine [1, 2] 

 

As depicted in Fig. 2 the rocker in this conception con-

nects a piston and transfers motion with aid of the main 

connecting rod into the crankshaft. In further analysis the 

rocker is equipped with four pins separately connecting 

each piston to the rocker as shown in Fig. 3 and 4. 

Kozak [6] presented a closer qualitative analysis of  

a crank-and-rocker piston mechanism. In comparison to  

a conventional piston assembly, this mechanism is com-

posed of additional elements called rockers. A higher num-

ber of elements allows better functional flexibility of the 

mechanism, particularly in terms of the piston motion. As 

discussed by Kozak, this feature can be used to control the 

course of the engine torque, the heat losses to the cooling 

system, the reduction of the piston pressure on the cylinder 

liners (friction and mechanical losses) as well as variation 

of the compression ratio easily performed during engine 
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operation. As Magryta recommended [7], the finite element 

methods and analytical kinematics analysis can be success-

fully applied into the motion and stress analysis for the 

piston-conrod-crankshaft mechanism. 

The first conception of the rocker engine invented by 

M. Szymkowiak is depicted in Fig. 2. 

 

Fig. 2. Kinematic diagram of a) classic linkage, b) first conception of the 

rocker engine 

 

On the basis of the construction presented in Fig. 2, Mr. 

Szymkowiak worked out the multi-cylinder engine with 

kinematic linkage presented in Fig. 3 and its 3-D presenta-

tion in Fig. 4. As seen in Fig. 4, the 8-cylinder engine fea-

tures its compactness and relatively short crankshaft length. 

 

Fig. 3. Kinematic diagram of the 2-cylinder rocker engine 

 

Fig. 4. Conception of the 8-cylinder rocker engine 

Next modifications were done towards cylinders’ posi-

tions. From their horizontally oriented locations the cylin-

ders were oriented vertically as depicted in Fig. 5a. 

 

a) 

 

b) 

 

Fig. 5. a) Model and b) prototype of the 8-cylinder rocker engine 

 

Based on this conception the 8-cylinder engine was built 

(Fig. 5b) and tested. During the engine preliminary tests, 

the proper engine work without any malfunction was con-

firmed. The design of the rocker crank mechanism allows 

to obtain benefits as follows: 

 change of the compression and expansion ratio in  

a simple way during operation of the engine, 

 significant reduction in fuel consumption, 

 the possibility of using various fuels, 

 the asymmetry in compression and expansion, 

 significant increase in torque from the beginning of the 

expansion process, 

 non-zero torque at the TDC, 

 piston-cylinder sleeve force is several times lower in 

comparison to the classic solutions, that leads to a de-

crease in friction wear, so increases overall efficiency, 

and increases the life of the piston and cylinder, 

Crankshaft

Rocker

Piston Rod

R1

R2

Crank

Main
Connecting
Rod

RCD



 

The Szymkowiak’s over-expanded cycle in the rocker engine with the variable compression ratio – kinematics 

70 COMBUSTION ENGINES, 2022, 189(2) 

 excellent ratio of mass to the engine swept volume, 

 a significant reduction of height in the marine engine  

(a slider is an unnecessary item). 

The proposed construction makes building the long-

stroke engine without drawbacks associated with the classic 

solution. 

A characteristic feature of the engine is an innovative 

way to transfer the reciprocating motion of the pistons to 

the rotary motion of the crankshaft. The crankshaft in com-

bination with its innovative location between the cylinder 

rows allows for features inaccessible to traditional solu-

tions. The design is very flexible and anyone has a much 

greater amount of slack variables than in traditional solu-

tions and can use them to achieve the required parameters. 

It is worth of emphasizing that the proposed linkages would 

be particularly useful for engines with long strokes working 

at relatively high loads (CHP units, marine engines, har-

vesting machines, mining machinery, train engine as well 

as lorries, off-road military vehicles etc.). 

2. Engine with variable compression ratio and 

over-expanded cycle – the conception 
Several studies realized by Mr. M. Szymkowiak oc-

curred fruitful in working out the conception and finally the 

engine, which characterizes by both variable compression 

ratio and over-expanded cycle. The schematic diagram is 

shown in Fig. 6. As depicted, the mechanism consists of the 

following parts: 

 piston (1), 

 connecting rods (2) and (5), 

 rocker (3), 

 eccentricity – eccentric crank (4), 

 crankshaft (6). 

A specific feature of this linkage is the eccentric crank, 

which rotates in the same direction as the crankshaft ro-

tates, but with a speed twice lower than the engine crank-

shaft speed ns. The eccentricity notion, used in further dis-

cussion, is the length of this eccentric crank. The rocker is 

swingingly mounted to this crank. 

 

Fig. 6. Piston-crankshaft linkage of the new conception of the rocker 

engine 

 

The main dimensions of the linkage and the engine are 

as follows: 

 rocker (3) length: 220 mm, 

 connecting rod (2) length: 162.5 mm, 

 connecting rod (5) length: 143 mm, 

 eccentric crank (4) length: varied from 0 till 20 mm, 

 crank length (6): 32.9 mm, 

 single cylinder displacement: 376 ccm, 

 cylinder bore: 60 mm, 

 maximum piston stroke: 133.2 mm, 

 compression ratio: 9.5, 

 proposed fuel: regular gasoline. 

As shown in Fig. 6, the compression and expansion ra-

tios can be changed by changing the vertical position of the 

eccentric crank rotational axis. The construction of the 

proposed mechanism allows change of this parameter under 

engine work. The compression ratio can vary from 7 to 14. 

The CAD model of this engine is presented in Fig. 7. 

Among others, horizontal lines mark TDC and BDC of the 

pistons. 

 

a) 

 

b) 

 

c) 

 

Fig. 7. New conception in various crankshaft angular positions: a) 0 CA 

deg, b) 120 CA deg, c) 180 CA deg 

3. Results and discussion 
Kinematic analysis was realized with the aid of Matlab/ 

Simulink software. Hence, the kinematic linkage was di-

rectly simulated in this computational environment without 

any mathematical models. Figure 8 shows the piston dis-
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tance profile over the crank angle for a 4-stroke engine. The 

idea for realizing the over-expanded thermodynamic cycle 

is based on variable piston stroke, which is shorter at the 

compression process (denoted as the compression stroke in 

Fig. 8), and longer at the expansion one. As seen, the com-

pression stroke expressed in crank angle is around 159 CA 

deg, while the expansion stroke is 213 CA deg. Hence, 

additional expansion work is generated, that creates addi-

tional power benefit on the engine crankshaft. Piston posi-

tion at 0 mm corresponds to its TDC location. The negative 

numbers result from positioning of piston motion in the 

coordinating system in the Matlab modelling software. The 

piston profile was determined for the eccentricity of 15 

mm. Other piston distance profiles vs. crank angle for vari-

ous eccentricities are depicted in Fig. 9. 

 

Fig. 8. Piston distance from TDC 

 

Fig. 9. Piston distance from TDC for various eccentricities 

 

As concluded from Fig. 9, higher eccentricity makes the 

compression stroke shorter and lengthens the expansion 

stroke. Thus, both the expansion and the compression ratio 

vs. eccentricity are depicted in Fig. 10. Based on prelimi-

nary studies, it was assumed that eccentricity may be sub-

ject to changes in the range from 0 to 15 mm, denoted in 

Figure 10 as the useful range for engine operation, where 

the compression stroke does not differ significantly from its 

initial value, that is important as regards combustion pro-

cess and any abnormal combustion known as knock. 

To show potential benefit from the over-expanded cycles, 

the expansion/compression ratio was introduced. As one can 

conclude from Fig. 11, the expansion to compression ratio 

(ER/CR) increases with increase in the eccentricity. 

 

 

Fig. 10. Expansion and compression ratio vs. eccentricity 

 

Fig. 11. Expansion to compression ratio vs. eccentricity 

 

The maximum for the eccentricity is limited by the 

power drop generated by the engine. As shown in Fig. 12, 

additional power generated by the engine increases with 

increase in eccentricity and indirectly with increase in ex-

pansion/compression ratio. As analyzed, the maximum 

limit for the ER/CR is 2.2, that corresponds to the eccen-

tricity of approximately 15 mm. 

 

Fig. 12. Power increase and exhaust gas pressure at the end of the expan-

sion stroke 

 

As analyzed plots in Fig. 12, the remarkably low ex-

haust pressure of approximately 1 bar is observed at the end 

of the expansion stroke when the exhaust valve gets open 

for ER/CR of 2.2. This is the additional benefit from apply-

ing the over-expanded cycle. The exhaust pressure close to 

ambient pressure at the exhaust valve opening does not 

generate a pressure wave in the exhaust manifold, and fur-
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ther, in the exhaust pipeline. Hence, one can conclude that 

the engine equipped with the over-expanded cycle by 

Szymkowiak does not require a silencer for dumping ex-

haust acoustic noise. 

4. Conclusion 
The proposed linkage mechanism invented by Miroslaw 

Szymkowiak is characterized by the following features: 

 expansion/compression ratio (ER/CR) of the engine can 

be higher 1, which indicates the over-expanded thermo-

dynamic cycle in the engine, 

 the maximum of the expansion/compression ratio is 2.2, 

which provides the maximum benefit for the engine 

power, 

 by changing the vertical location of the axis of rotation 

of the eccentric crank, both the expansion and compres-

sion ratio can be changed. It can be realized under en-

gine work. 

 

Nomenclature 

BDC bottom dead center 

CA crank angle 

CR compression ratio 

ER expansion ratio 

DI direct injection 

TDC top dead center 
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