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Abstract 

Conventional internal combustion engines have been around for more than a 

century. Due to its high efficiency and low cost. 

The overall efficiency of IC engines approaches 50%. This means that only about 

50% of the fuel is converted into useful work, and the rest of fuel power is useless 

energy mainly due to friction between moving parts. 

Friction is the worst enemy of machinery. It wears out metal, wastes power and 

generates heat. Friction occurs in all moving parts in the engine, like piston rings, 

journal bearings, valves and cams. Friction between piston rings, cylinders liner 

responsible for about half of the usefulness energy 
(1)

. 

Sliding contacts between a piston ring and a cylinder liner leads to a variety of 

different friction mechanisms during one working cycle of the engine. Owing to the 

variations in load, speed and counter surface effects, lubrication conditions in a 

ring/liner contact are strongly transient, which is reflected by variations in the 

friction and wear behavior. 

Wear in cylinder liner causes inefficiency seal, and it may result in increased oil 

consumption, leakage, blow-by, and increasing fuel consumption.  

Combustion pressure cause a force on piston, the horizontal component is a side 

thrust force which is normal to liner wall. This force is responsible for the friction 

between piston ring and wall and then wear of cylinder liner. Beside the minor 

causes by piston ring surfaces finishing and coating, cylinder liner material, cylinder 

liner surface finishing and coating and cylinder liner out of roundness.   

The aim of the present work is to minimize side thrust force as it is major cause of 

cylinder liner wear.  

In the present work an arrangement of twin crankshaft model has been 

manufactured in Sudan University of Science and Technology-College of 

Engineering as a solution attempt to overcome cylinder friction and then reducing 

cylinder wear. 
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Twin crankshaft engine uses two contra-rotating crankshafts, geared together, and 

connected to a piston through two connecting rods driven by one crankshaft.  

Experimental work was carried out to investigate wear characteristics using three 

different engines arrangement inline, offset and twin crankshaft engines, for two 

engine’s speeds. 

A computer program was used to model the three engines arrangements and to 

obtain their theoretical performances.  

A comparison between the experimental results of the three engines arrangement 

showed that twin crankshaft engine arrangement is a promising solution for 

reduction of cylinder liner wear. This is in agreement with the predicted results 

obtained by the computer program. 
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List of symbols: 

a  Piston acceleration, m/s
2

 

Abc   Rod’s small end loading area ,m
2

 

AN-N  Shank cross-section area,m
2 

 

Ap  Cylinder cross-section area, m
2

 

b Connecting rod length, m 

c Cylinder diameter, m

C  Static load, N/m
2

 

Cb  Belt center distance, m 

CF  Surface condition factor 

Cp  The elastic coefficient, √psi  

Cv Specific heat, (kJ/kg.k) 

D  Cylinder diameter, m 

d Crankshaft offset from the axis of piston movement, m 

Dbp  Outer diameter of the main pin, m 

Di  Inner diameter of the main pin, m 

Dip  Inner diameter of big end pin, m  

Dis Rod’s big end inner diameter, m 

dop  Rod’s big end outer diameter, m 

dos Rod’s small end outer diameter, m 

dp   Pitch diameter, m 

DPL  Outer diameter of the big end pin, m  

Fn  Net face width, m 

F Force applying on the end of the crank arm, N 

F(thrust) Side thrust force, N 

Ff Friction force, N 

Fg Gas force, N/m
2

 

fi  Inertia force, N  

fmep Friction mean effective pressure or work to over come friction, atm

Fr Rod applied force, N

Fs  Piston force, N 

fs  Safety factor 

g Gravity, m/s
2
 

h  Horsepower  
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H  Life time for the bearing, hours 

KB  Rim-thickness factor 

Km  Load distribution factor 

Ko  Overload factor 

Ks  Shape factor  

Kv  Dynamic factor 

L  The length between the centers of the big and small pins, m 

Lp Rod’s big end length, m 

LPL   The length of the big end pin, m 

Ls Rod’s small end length, m 

m  Mass of the piston and piston’s pin, kg  

mmep Work required to motor an engine, atm

n Constant 

N Force applying on the piston, N 

P  Gas pressure, N/m
2
  

Ph Power produced by the electric motor, W 

Pb Dynamic load applying on bearings, N 

Pd  Diametric pitch, (1/in) 

Q Heat addition, kJ 

r  Radius of crankshaft, m  

R Gas constant, (kJ/kg.k) 

Rp  Radius of the big pulley, m 

rp   Radius of the small pulley, m 

T Temperature, C
o
 

ts Rod’s small end thickness, m 

v  Velocity, m/s 

V Volume, m
3
 

x Fraction of heat release 

Greek symbols: 

α 
Angle between the extension of connecting rod and the line perpendicular 

to the crank arm, degrees 

γ Specific heat ratio 

θ 

 

Angle between the crank and the line joining the center of the crankshaft to 

the piston, degrees 
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μ Friction factor 

σb  Load stress, N/m
2

 

σc  Contact stress for the gear, N/m
2

 

σcc  Compression stress, N/m
2
  

τmax Maximum shear stress, N/m
2

 

υ The angle between the connecting rod and the axis of piston movement, deg

ω  Angular velocity, rad/s 

Subscripts: 

b bearing 

b belt 

c contact 

d diameter 

g gas 

i inner 

ip Inner,  big 

max maximum 

n net 

o overload 

op Outer, big 

p pulley 

r rod 

s small 
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