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Experiment
Numerical with adhesion
Numerical without adhesion
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Experiment
Numerical with pressure losses
Numerical without pressure losses
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Experiment
Numerical with valve retainer
Numerical without valve retainer
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Experiment
Numerical solution 2D
Numerical solution 1D
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Abstract: 

The increasing design demands of machinery components since years further the quick spreading of the Finite-
Elements-Method (FEM). Especially for complex components, such as a crankshaft, considerable advantages are 
resulting. Due to FEM the risk of over-dimensioning and under-dimensioning is decreased, thus saving material 
resp. expenses, without risking an increase of failure. Within the framework of a new development, a strength 
test of a crankshaft for a piston compressor was carried out in cooperation with the University of Dresden.  
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1 Introduction 
Within the framework of a new development of a 
piston compressor, the crankshaft was to be newly 
designed and it’s load capacity to be proven. The 
water-cooled, 2-cylinder compressor was vertically 
designed, with crosshead. Calculation of strength 
was based on a max. RPM of 850/min and max. 
drive capacity of 75 kW (fig. 1). 

 

 
 

Figure 1: Two-cylinder compressor of vertical 
design 

Calculation is done by means of the Finite-
Elements-Method. The double stroke crankshaft 
(fig. 2) is a component of a slider-crank 
mechanism, which is force-analytically  treated in 
well-known way. 

 

Figure 2: Crankshaft with connecting rod and 
flywheel 

 

2 Calculation Model 
 

2.1 Elements applied 
 
 
 
 
 
 
 

For the calculation model (fig. 3) 80209 elements 
SOLID 187-elements with 124051 nodes have been 
used. The SOLID 187-element is a three-
dimensional 10-node-element. SOLID 187 has 
quadratic displacement set-ups, and is especially 
suitable for ‘irregular linkings’, typically resulting 
from CAD/CAM-systems. 72640 elements are 
allotted to the crankshaft, the remaining elements to 
the bearing of the crankshaft. 

 

 
 
 
 
 

Figure 3: Calculation model 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.2 Boundary Conditions of Forces 
 
 
 
 
 
 

The force diagram (fig. 4) of the compressor shows 
the course of  forces T1, R1, T2, and R2, meaning: 
 
• T Tangential force: being active at the crank 

pin and tangentially acting upon same. 

• R Radial force: acting upon the crank pin and 
being active in direction to axis of rotation 
of the crankshaft. 

• L Bearing force: acting upon the bearing 

• FG Force of gravity of  V-belt pulley 

• FR Belt force: acting horizontally upon the 
crankshaft end 

T1 and R1 are acting at crank 1, being positioned at 
drive side (drive side = V-belt side resp. pulley 
side). 

T2 and R2 are acting at crank 2, being positioned at 
greasing side. 
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Figure 4: Course of forces at crankshaft 
 

T1, R1, and T2, R2 are functions of the crank angle 
(fig. 5). 
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Figure 5: Course of forces at crankshaft 
 

At both bearings all above mentioned forces (T1, 
R1, T2, R2, FR, and FG) are causing force 
reactions, being responsible for the balance of 
forces (bearing forces: L1x, L1y and L2x, L2y). 
These forces are calculated within the Finite-
Elements-Analysis. When there is balance, this is a 
verification possibility of manifest of the 
calculation.  

T1, R1, T2, R2 are oscillating forces, individually 
fluctuating around their mean values. Forces Ti 
(i=1.2) are producing a pulsatory moment of 
torsion, supporting at the flywheel. Same acts as 
blind moment memory, so that the belt force can 
(quasi) be considered to be constant.  

Formation of model is made in a way, that the 
crankshaft is resting in the bearing, described in the 
next paragraph, and the forces are revolvingly 
applied.  

Comments: 

• Actually, there are further forces acting at the 
crankshaft which, however, as per agreement, 
are not to be considered in the calculation. 

• All forces are applied in a way, that they are 
supported distributed onto several nodes, in 
order to avoid stress singularity as far as 
possible (fig. 6). 

 

 
 
 
 
 
 
 
 
 

Figure 6: Distributed forces at crankshaft 
 
 

  
2.3 Conditions of Displacement 
 
 
 
 

The elasticity of the bearing influences the 
calculation by coarsely depicting the bearing’s 
geometry, and converting same with an effective E-
model and a transversal contraction number. The 
outer nodes of the bearing are clamped, the inner 
nodes are forming the plane of section to the 
crankshaft. The bearing rings with their relating 
displacements at the outer surfaces are shown in 
fig. 3. 
 
 
 
 
 
 
 
 
 
 
 

3 Results 
 
 
 
 
 
 

A stress evaluation as per FKM-recommendation 
was carried out, comprising the static and fatigue 
endurance test. 

Besides the two different loads, referring to the 
change of  operational signs of the belt force (see 
FR in fig. 4), the following boundary conditions are 
– besides others -  considered in the evaluation: 

• Material 

• Temperature: (-40 °C) -25 °C…80 °C 

• Time: 100,000 h 

The static stress test starts with determination of the 
total safety factor. Same depends on material, 
operational conditions, and damage results to be 
expected. Due to the low ductile yield of 3%, the 
material is to be classed as non-ductile. This fact 
and the damage results being classed as high – 
assuming a non-destructive material test – finally 
results in the relatively high total safety factor of 
3.49, thus finally resulting in an admissible stress 
which, according to the individual hypothesis  
(normal stress hypothesis, shape changing energy 
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hypothesis, resp. strength hypothesis) renders rates 
of utilization of up to  33%. 

While for the static strength test the max. load is 
entered, the deflection and average stress must be 
entered for the fatigue strength test. Same have also 
been determined at the most critical node. 
Analogously, a total safety factor of 2.16 results, 
thus for fatigue parameters resulting in rates of 
utilization of max. 40%, depending on hypothesis 
(see above). 

The following pictures are showing the crankshaft 
and appearing stress at different turning angles.  As 
easily visible, the critical areas are found at the 
shaft shoulders of both crank pins (fig. 7 + 8), resp. 
at flywheel side of  the  basic bearing (fig. 9). 
 

 
Figure 7: Main stress (s1) at crank angle of  135° 
 

 

Figure 8: Main stress (s1) at crank angle of  315° 

 

 

 

 
Figure 9: Mai 
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