
InnovatIve Component test ConCept 
for Crankshafts
The crankshaft is a core component of today’s internal combustion engines and during operation is subject to 

complex mechanical loading. The transition radii of the crankpins to the crankwebs and the outlets of the oil 

ducts for lubricating the crankshaft journals and pins are the points that are susceptible to fatigue fractures.  

For this reason, expensive surface strengthening measures are integrated in the production process. IABG has 

developed a new test concept for crankshafts to examine the effectiveness of these measures in a fatigue 

strength test under loading conditions that are as realistic as possible.
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Component testIng must be realIstIC

To evaluate the fatigue strength behaviour of components, it is nec
essary to have tests which load the points that are susceptible to 
fatigue fractures in as realistic a manner as possible. If a compo
nent has multiple critical zones, but each with a different load level, 
then the test concept must also ensure that the load levels of the 
individual zones are reproduced as realistically as possible. This 
requirement for equivalent damage testing of components is one 
of the most important criteria for comparing different test methods.

On crankshafts, these zones that are susceptible to fatigue frac
tures can be both at the transition points (fillets) of the crankwebs 
to the crankshaft journals and pins and at the oil duct inlets and 
outlets of those crankpins. To increase the local fatigue strength 
in these zones, more mechanical and/or thermal surface strength
ening measures are implemented in the production processes, which 
is timeconsuming and expensive. In the case of crankshafts, equi
valent damage testing is a critical requirement for deciding whether 
individual process steps can be left out or substituted with less 
expensive measures that provide less fatigue strengthening.

Crankshaft load sItuatIon

During operation, crankshafts are subject to complex, timevari
able loading. To examine this more closely, observations are focused 
first on the external force excitation due to the cyclic gas forces in 
the individual cylinders and the resulting loading of the separate 
crankshaft zones. The crankshaft of a fourcylinder engine in series 
production is used as a typical model for this.

Due to the thermodynamic working process, the timevariable 
cylinder pressure exerts a corresponding cyclic radial and tangen
tial force on the individual crankshaft pins, ❶. Whereas the radial 
force is supported by the two adjacent cylinders, the torsional 
moment caused by the tangential force is transmitted to the out
put end of the crankshaft. Thus the torsional moment caused by 
the tangential force at the crankshaft pin of cylinder 2 also loads 
in full force the crankshaft journals of the following cylinders 3 
and 4. However, the crankshaft journals 1 and 2 of cylinder 1 are 
not subject to any torsional load due to the combustion process 
in cylinder 2. Each crankshaft journal thus experiences a differ
ent number of torsionalmoment stress cycles during the service 
life of an engine, ❷. Therefore, an equivalent damage testing 
concept should take this circumstance into account.

The crankshaft is statically overdefined due to the multiple 
bearing of the crankshaft journals. This overdefined bearing per
mits deformation of the crankshaft under the loads exerted only 
within the ranges of bearing clearance and stiffness of the bear
ing support. This prevents the crankshaft journals from being 
twisted or offset perpendicular to the axis of rotation when the 
crankshaft is subjected to torsional loading. This means that no 
actual torsional load is exerted on the crankshaft pins. The tor
sional moment in the crankshaft journals is transformed by the 
crankwebs into a shearing and bending load on the crankshaft 
pin. A torsional moment only occurs again in the successive 
crankshaft journal. 
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The radial force essentially leads to a 
bending load in the crankshaft section in 
which the ignition occurs. ❸ shows the 
main types of load exerted on the separate 
crankshaft sections. A distinction is made 
between crankshaft pins, crankshaft jour
nals and crankwebs. With the engine 
ignited, loads in addition to those dis
cussed here are exerted by the dynamic 
gas forces. These are a result of the drive 
shaft dynamics and the superimposed 
inertia forces. In most test concepts, these 
can be taken into account by increasing 
the load or by changing the level of the 
mean test load at least for the examined 
zones susceptible to fatigue fractures.

Common methods  
for testIng Crankshafts

The pure bending test and the pure tor
sion test are the two common test meth
ods for the experimental fatigue analysis 
of crankshafts.

In the bending test, individual crank
shaft segments are tested by applying an 
invariable cyclic bending moment (usual
 ly variable or fluctuating) over the segment. 
As the following computational compari
son of different test concepts demonstrates, 
it is mainly the fillet zones of the crank
shaft journals and pins that are loaded.

In the torsion test, the complete crank
shaft is frequently tested with a varying 
moment of torsion from shaft end to shaft 

end. In this case, the crankshaft is not usu
ally supported on the crankshaft journals 
so that the component can freely twist. As 
a result, the torsional moment is applied 
over the complete length of the crankshaft 
and thus also to the crankshaft pins. In this 
test method, therefore, mainly the oil duct 
inlets and outlets are loaded and examined. 

Since both test methods examine differ
ent points that are susceptible to fatigue 

fractures, usually both have to be employ
 ed for experimental fatigue analysis of the 
complete crankshaft. Due to the unreal 
bearing situation, the deformation picture 
and thus the local loads reflect reality only 
in a very restricted way. The different 
weighting of the fillet and oil duct outlets 
in the bending and torsion tests makes it 
difficult to draw a relationship between 
the two sets of test results and to the real 
implementation in an ignited engine.

new Crankshaft test ConCept 
for operatIonally realIstIC 
 fatIgue analysIs

As explained in the previous sections, there 
is no torsional loading of the crankshaft 
pin areas of a crankshaft, but rather a 
superimposed shearing and bending load. 
IABG has developed a new crankshaft test 
concept to reproduce this type of load in 
testing and replace the two separate test 
methods by a combined test. It provides 
multiple bearing with real bearing play in 
all main bearing blocks as well as torque
proof mounting of the output end of the 
crankshaft, ❹. Force is transmitted via a 
socalled connectingrod dummy, ④, directly 
on the crankpin, whereby the force is 
applied at a variable angle to each crank
web position. The test force is thus divided 
into radial and tangential force components 
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and so reproduces the conditions in an 
ignited engine. The tangential force com
ponent causes torsional load on the crank
shaft journals at the output end and is 
supported by the torqueproof mounting 
of the output end. 

This transmission of test force and the 
bearing of the crankshaft at all crankshaft 
journals cause comparable local load con
ditions to be applied both in the crank 
throw currently being tested and in the 
zones at the output end. The torsional load 
from the tangential force is thus reproduced 
realistically.

test performanCe and evaluatIon

The test sequence for the individual crank 
throws prescribes that testing begins with 
the crank throw opposite to the output 
end. The force is to be applied by a servo
hydraulic system or a resonance force 
generator. Each crank throw is tested until 
a definable abort criterion is reached. Test
ing then continues with the adjacent out
put end crank throw. The experimental 
fatigue analysis is performed in this way 
for all the crank throws. Since a fatigue 
fracture might be caused by the test force 
applied to the crank throw being tested, 
the other crank throws remain intact and 
are able to be used for the successive 
tests. However, through the correct repro
duction of the tangential force flow over 
the output end zones of the crankshaft, 
the loads and possible predamaging also 
occur “realistically” in the segments not 
subjected to the connectingrod force. 

The test program provides for the test
ing of an appropriate number of crank
shafts. The number of test results produc
 ed for each crankshaft corresponds to the 
number of crank throws in each case. These 
results can be evaluated both as a whole 
and individually for each crank throw. The 
influence of load on adjacent crank throws 
on fatigue and service life can therefore 
be examined and evaluated specifically 
for each crank throw. 

ComparIson of dIfferent  
test ConCepts

To be able to compare different test con
cepts, an FE analysis is used to determine 
the local loads on a generic crankshaft of 
a fourcylinder engine for the following 
three test procedures:

bending test
torsion test
IABG test procedure with combined 
load and realistic bearing.

The local loads resulting from the calcula
tions are compared with those from an ig
nited engine. For this, gas excitation forces 

:
:
:

corresponding to the ignition sequence are 
applied transiently to each crankpin. Addi
tional dynamic effects and inertia forces 
are not taken into account here. The result
ing additional loads can be taken into 
account by changing the test load curve 
accordingly.
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By way of example, a comparison will 
be made of the loads at the following points 
on a crankshaft which are typically suscep
tible to fatigue fractures:

fillet on the crankpin of cylinder 2
fillet on the crankshaft journal HL3
oil duct on the crankshaft journal HL3
oil duct on the crankpin of cylinder 3.

The simulation of the ignited engine over 
two rotations of the crankshaft in ③ (bot
tom) shows that based on the present as
sumptions the maximum load occurs at 
the fillet of the crankpin of the second cyl
inder. The second highest maximum stress 
is observed at the oil duct outlet on the 
crankshaft pin of the third cylinder. This 
is approximately 66 % of the stress in the 
fillet. Both stress peaks occur approximate
 ly at the time of ignition in the second cyl
inder. As can be seen in the diagram in ③, 
the ignition in cylinder 1 also causes stress 
peaks. Here, the fillet of the crankshaft 
journal 3 is subjected to its highest load.

Now, to compare the three different test 
methods with the ignited engine character
istics, the maximum stresses calculated in 
the four examined zones susceptible to fati
gue fractures are evaluated and referenced 
to the maximum stress at the fillet of the sec
ond cylinder’s crankpin, ❺. The comparison 
clearly shows that with the pure bending 
test with alternating loads, the load on the 
fillet on crankshaft journal 3 is significantly 
higher than with the ignited engine, whereas 
the load at the two oil duct inlets and out
lets is too low. In the case of a fluctuating 
bending load, the highest stressed region 
would be crankshaft pin of cylinder 2 as in 

:
:
:
:

the fired engine, while the oil ducts would 
remain at a level that is significantly too low. 

The torsion test shows a clear excess of 
stresses at the two oil ducts, but the stress 
at the fillet on crankshaft pin HL3 is too 
low compared with the fillet on the crank
shaft journal. This is based on a fluctuat
ing torsional load. In the case of a torsion 
test with alternating load, the significant 
excess at the oil duct points would not 
decrease. Hence, also with the pure tor
sion test of the complete crankshaft, the 
maximum stresses are not equivalent to 
the ones in the fired engine.

Neither one of the classic methods alone 
nor a combination of both methods is cap
able of adequately reproducing the loads 
in an ignited engine. If the loading on the 
fillet of the second cylinder is to be ana
lysed, much higher loads must be applied 
to other points than in the ignited engine. 
This may cause fatigue damage during 
testing in these regions, which may have 
no relevance for the fired engine due to 
over stressing caused by the testing con
cept. This may lead to oversizing or pro
cess steps for increasing fatigue strength 
that are not necessary in practice, or to 
insufficient testing of the fillet of the sec
ond cylinder.

The new IABG test concept demonstrates 
a very good match of loads with those of 
the ignited engine at the points of a crank
shaft susceptible to fatigue fractures. All 
the points examined can be tested realisti
cally at the same time in one test run. Both 
the geometric design and the implementa
tion of measures to increase fatigue strength 

can thus be oriented on the realistic con
ditions in an ignited engine. The proposed 
test method can therefore contribute sig
nificantly towards avoiding oversizing, 
eliminating expensive production process 
steps and providing reliable fatigue analy
ses for crankshafts.

summary

This document presents a new test con
cept for the experimental fatigue analysis 
of crankshafts. The test force is applied 
directly to each crankshaft pin in a similar 
manner as in a real ignited engine. The re
sulting radial and tangential forces provide 
very realistic loading of the zones suscep
tible to fatigue fracture. A computational 
comparison between the ignited engine, 
the two common bending and torsion test 
methods and the new IABG test method 
reveals significant advantages. The stand
ard fatigue analysis of crankshafts to date 
based on the two separate test methods can 
be readily replaced by the new IABG test 
method which provides a very realistic re
production of the local loads. In this way, 
the potential of lightweight construction 
can be better exploited, allowing a better 
evaluation of potential costreducing meas
ures in the production of crankshafts.
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