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Application Example:

Life Cycle Calculation of a Running Blade

Measuring System: PONTOS
Keywords: Orthopedic Technology, Prostheses, Wöhler Curve, Load Tests,  
Durability, Simulation Verification, Motion Analysis, Optical 3D Metrology 
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Sports prostheses have to meet high requirements. Particularly in sports, rapid 
motions and thus higher loads are being developed. In order to make reliable 
statements on the life cycle of sports prostheses, the Chair of Automotive Light-
weight Construction at the University of Paderborn, Germany examined the  
durability of running blades during a research project. The project was conducted 
in cooperation with the German company Orthopädietechnik Winkler and other 
partners. For cyclic load testing, both at the test stand and in patient tests, 
optical measuring systems were applied. The results were used to calculate the 
life cycle of prostheses in order to increase the athlete’s safety. In addition, the 
measuring data was used for simulation verification as well as for a comparison 
with traditional measuring methods, such as strain gauges.

The company Orthopädietechnik Winkler initiated the research project, as run-
ning blades consist of new fiber reinforced plastic composites (CRP with epoxy 
resin matrix) and require a new design. The blades are manufactured customized 
and individually with a special injection process (Fig. 1). The unidirectional CRP 
layers, consisting of fibers, which are oriented in one direction, bear the main 
load. The company aims to use the results for fitting its blades with sensors, which 
will provide regular data control and warn the athlete of overload and damage.

Fig. 1: The running blades consist of new fiber reinforced plastic composites. The German 
company Orthopädietechnik Winkler manufactures the prostheses customized and indivi-
dually with a special injection process.
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Before scientists were able to develop a model for the life cycle of running 
blades, material parameters like Young’s modulus, shear modulus and Poisson’s 
ratio had to be determined through tensile and compression testing. As a result, 
these material parameters were implemented in the simulation software (Altair 
Hyperworks). Moreover, researchers verified the measured parameters in tensile 
tests and three-point bending tests and compared their results with the simulation. 
Validated material parameters allowed for a first simulation calculation of the 
running blade (Fig. 2). The calculations were reviewed in static load tests, followed 
by actual dynamic load tests, before a life cycle model could be developed.

Fig. 2: After the determination of material parameters through tensile and compression 
testing and their validation, the data allowed for a first simulation calculation of the 
running blade.

The stress-number curve (Wöhler curve) of a component helps to calculate the 
life cycle of running blades. Researchers have conducted cyclic load tests on  
various blades to determine this curve. At the test stand, a hydropulser loaded 
the running blades unidirectionally. In order to realize a load angle of 12.5 °,  
the contact surface was tilted towards the running blade accordingly. The blades 
were tested in the range of maximum force until failure and durability in over 
two million cycles. Additional running blades were tested within a durability 
range between 1,000 and two million cycles in order to improve the determina-
tion of the component’s Wöhler curve.
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In their tests, researchers applied the non-contact measuring system PONTOS. In 
contrast to conventional methods like strain gauges, the optical sensor captures 
three-dimensional displacements and strains on the running blade. Point-wise 
3D measuring data visualize component behavior in space – strains are not only 
captured in one main direction but each point is analyzed in 3D, hence in x-, y- 
and z-direction. The simulation uses the measuring data for a realistic numerical 
calculation of the component.

The PONTOS system was integrated in the test setup without adjustments (Fig. 3): 
Adhesive reference markers identified inspection points and were applied on 
areas of interest. The actual measurements can even be carried out under diffi
cult environmental conditions due to integrated lighting and a flexible trigger 
for image recording. Simultaneously, analog channels (force, distance, angle, 
temperature etc.) can be recorded. For durability testing up to high-speed appli-
cations, image recording frequencies of up to 1,000,000 Hz are possible.

Fig. 3: In order to calculate the life cycle of running blades, researchers have conducted cyclic 
load tests on various blades. In their tests, they applied the non-contact measuring system 
PONTOS (left). In contrast to conventional methods like strain gauges, the optical sensor 
captures three-dimensional displacements and strains on the running blade (right). Subse-
quently, the simulation uses the measuring data for a realistic numerical calculation of the 
component.

For validating test stand and optical measuring data, the running blade was also 
examined in various patient tests. Here, test persons walked on a treadmill at 
a speed of 6 – 10 km/h (Fig. 4). During the tests, strain gauges at critical areas, 
pressure sensors in the sole and a knee angle sensor were used. In addition, 
researchers relied on the high-speed camera system PONTOS for capturing the 
motion of the point of applied force and the deformation of the running blade. 
This enabled an exact analysis of the test person’s motion. The evaluations have 
shown that the signals of all sensors were working synchronously. Furthermore, 
the sinusoidal curves at the test stand and in patient tests were almost congruent. 
As a consequence, sensor data allowed conclusions on running motion and 
occurring forces.
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Fig. 4: For validating test stand and optical measuring data, the running blade was also 
examined in various patient tests. Here, test persons walked on a treadmill at a speed of 
6 – 10 km/h. Researchers relied on the high-speed camera system PONTOS for capturing 
the motion of the point of applied force and the deformation of the running blade. This 
enabled an exact analysis of the test person’s motion.

During the research project, researchers numerically calculated the running blade 
and examined it experimentally at a test stand and in patient tests. With the 
collected data, the life cycle of the blade could be determined in a Wöhler curve. 
The tests showed that the loads, which occur when running normally, are well 
below the durability of the running blade. Therefore, there is no risk of a sudden 
failure, as long as the design of the running blade and a consistent quality of the 
prostheses can be guaranteed. However, a prolonged use of the running blade 
might result in stiffness reduction or an incorrect use due to overload (e. g. jumps). 
This is why integrated sensors should monitor the running blades in order to 
ensure regular data control by an orthopedic technician. 
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The Wöhler Curve
The Wöhler fatigue test is mainly applied in materials technology, and in 
particular in mechanical engineering, to characterize the structural durability 
of components. The Wöhler fatigue test, or the Wöhler curve respectively, 
has been named after August Wöhler. The German engineer is best remem-
bered for his methodical investigation of vibrational fatigue resistance 
of materials, which he conducted from 1858 to 1870. With the help of the 
Wöhler test, the vibrational fatigue resistance, the finite life fatigue strength 
and fatigue strength of materials and components can be determined. Test 
bodies are subject to cyclic loading under a sinusoidal stress-time function, 
with load amplitudes and the upper load versus lower load ratio remaining  
consistent. The Wöhler fatigue test is operated until a defined failure (rup-
ture or crack) is detected or a defined number of vibrations (load cycles) 
have been endured. Results from the Wöhler fatigue test are displayed in a 
diagram. Via the number of cycles to failure, the Wöhler diagram shows the 
nominal voltage amplitude. The plotted line between individual measuring 
results is referred to as Wöhler curve, S-N curve or Wöhler line.

In the case of the running blade, the integrated sensors in the prosthesis 
measure the strain and convert it into voltage. By using the Wöhler curve, 
the tolerable cycles to failure for an existing load (N) are calculated, while 
the damage (dS) is defined as their reciprocal (dS = 1/N). Subsequently, the  
total damage is calculated as the sum of all cycles in data processing (S = S + dS). 
If the total damage equals the value of one, the component fails. The residual 
service life (R) can be determined by deducting the total damage from the 
value of one (R = 1 – S).


