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Figure 1. The Monark cycle 
ergometer for standard exercise 
testing based on adjustment to 
frictional resistance applied by a 
belt around the front flywheel. 

 
Figure 2. The Monark plate loaded 
cycle ergometer for short duration 
intense exercise using calibrated 
weights as the force applied to the 
frictional belt and flywheel. 

Due to the absence of gravity, the development 
of exercise equipment for the space shuttle and 
International Space Station has been a 
challenge for engineers and exercise 
physiologists.  For example, on earth, most 
equipment used to load muscle involves the 
movement of a load against the force of gravity.  
This cannot be bone in microgravity!  
Consequently, in microgravity, force must be 
applied to the body to mimic the physical loading 
of gravity, and such loading is necessary to 
cause increased work and power during muscle contractions that are conducive to stimuli 
needed to minimize muscle atrophy and oppose additional deterioration of physiological 
systems (e.g. cardiovascular function and regulation, bone mineral density, etc.).  More 
content on the specific challenges of specific environments to exercise physiology will 
occur in latter Topics of this electronic text.  For now, we need to focus attention to the 
fundamental principles of ergometry when exercising on earth. 
 
The cycle ergometer is a modified stationary bicycle allowing the application of known 
force against gravity to a rotating flywheel that has a known rotational distance constant.  
The most common laboratory cycle ergometer is the Monark ergometer, as shown in 
Figures 1 and 2.  The scientific application of ergometry to cycling is called cycle 
ergometry. 

For the cycle 
ergometer, the 
application of force is 
accomplished by 
applying frictional 
resistance to the 
rotating flywheel.  
This frictional 
resistance is 
calibrated to kg loads 
suspended by the 
force of gravity, 
therefore adhering to 
the physical 
principles of force 
against gravity.  The 
distance component 
is the product of the 
flywheel rotation 

(cadence) and the distance constant, as expressed in Equation 1. 
 

[ ] [ ] [ ] [ ]min/Cadence6constant DistanceForcemin/Power revmkgkgm ××=    Equation 1 
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Figure 3. The Load electromagnetic 
cycle ergometer. 

 
Figure 4. The Velotron™ cycle 
ergometer that uses 
electromagnetic resistance. 

Power 
A sample calculation for power development during cycle ergometry is as follows 
(Equation 2). 
 

( ) Watts.229.2Watts1,402.4kgm/min1,402.58562.75Power

m/crank 6 and kg 2.75 against rev/min, 85 at cycling For

===××= 118.6
Equation 2 

 
Well trained male cyclists can generate approximately 500 Watts at peak intensity 
during an incremental exercise test to their maximal rate of oxygen consumption 
(VO2max), and sprint/power trained cyclists can generate a peak power in excess of 
1,500 Watts during short term “all-out” cycling.  Note that peak power can only be 
sustained for only a few seconds! 
 
Due to the time component, power is by far the more important measurement compared 
to work during exercise.  For example, anybody can accomplish x amount of work if you 
give them long enough!   However, to complete x amount of power and sustain this 
intensity demands immediate stress of physiological systems such as muscle 
metabolism and cardiopulmonary function.  Thus, a well trained cyclist may be able to 
sustain 300 Watts without fatigue during training or racing, but an untrained person may 
only be able to sustain such an intensity for about 2 to 3 min prior to volitional 
exhaustion. 
 
Electromagnetic Braking/Resistance 
Given that we are now well into the electronics 
age, you should be able to appreciate that there 
are now other ways to apply and measure force to 
a rotating flywheel.  In the last 15 years, the 
science of cycle ergometry has come a long way 

since the early 
days of the 
Monark cycle 
ergometer. 
 
Figure 3 presents a photograph of a Lode™ 
ergometer from The Netherlands that uses 
electromagnetic resistance applied to a copper 
flywheel.  The more recent Velotron ergometer from 
the U.S.A. uses the same principle (Figure 4) based 
on a standard bicycle frame concept. 
 
Electromagnetic braking/resistance involves the 
controlled application of a magnetic field to an object 
that can conduct electric current, which in the case of 
cycle ergometry is a copper fly wheel (Figure 5).  
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Figure 5. A closer look at the 
copper flywheel that passes 
through the electronic sensor 
of the Velotron™ ergometer. 

 
Figure 6. Photograph 
of the SRM crank 
shaft load cell 
system. 

 
Figure 7. Photograph of the power-
tap rear hub power system. 

Increasing the electrical input increases the magnetic 
field, causing an increased braking force on the rotating 
copper flywheel, and hence a greater resistance to 
rotation of the flywheel and increased Watts output on 
the cycle ergometer to sustain a given cadence. 
 
Most advanced electromagnetic braking ergometers can 
adjust the magnetic field instantaneously based on 
cadence, so that increasing cadence decreases the 
magnetic field to keep Watts constant, and vice-versa.  
This is referred to as cadence independent cycle 
ergometry, and is beneficial in both fitness and research 
settings so that changing cadence does not alter the 
exercise eintensity. 
 
Strain Gauge Force Measurement 
Another approach to the measurement of force 
application during cycle ergometry is to measure the 

force applied by the rider directly at the crank shafts 
of the ergometer as done by SRM (Figure 6), or 

alternatively, at the rear 
axle hub as done by 
Powertap (Figure 7) using 
strain gauge technology.  
Strain gauges are devices 
attached to objects that 
detect the extent of 
deformity or flex imparted on the object by applied force.  Other 
systems, such as the Computrainer (Figure 8), or the 
CycleOps tainer (Figure 9), measure torque from the rear wheel 
to an external system.  Such systems are inherently more 
suitable for training and conventional bicycles than laboratory 
stationary cycle ergometers.  This is not necessarily a bad 
circumstance, as bike mounted force and power systems have 
revolutionized cycle training because now cyclists and their 
coaches can retrieve real time data or stored data of Watts, 
cadence and heart rate from these systems while an athlete is 
training on the velodrome or road (SRM and Powertap 
systems), or when riding inside on their custom bicycles due to 
inclement weather conditions (Computrainer or CycleOps 
systems).  The time resolution of the SRM crank system is 
especially impressive for left to right leg crank comparisons to 
evaluate technique and provide immediate feedback from 
interventions. 
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Figure 8. Photograph of the 
Computrainer external roller and 
torque measurement system. 

 
Figure 9. Photo of the CycleOps indoor trainer. 

The Computrainer and SRM crank system have been 
widely adopted by serious cyclists to gain real time 
feedback of Watts while training and racing.  The 
laboratory version of the SRM system remains widely 
used in Europe, with Load still gaining greater 
support within the U.S. in research focused exercise 
physiology laboratories. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Glossary Words 
 
Cycle ergometer is a modified stationary bicycle allowing the application of known force 
against gravity to a rotating flywheel that has a known rotational distance constant. 
 
Monark™ ergometer is one of the earliest manufactured cycle ergometers. 
 
Cycle ergometry pertains to cycle exercise performed on an ergometer.  
 
Incremental exercise is characterized by an exercise protocol that has a progressively 
increasing intensity over time. 
 
VO2max is the maximal rate of oxygen consumption. 
 
Load™ ergometer is a popular electromagnetically braked cycle ergometer produced 
by Load™ in The Netherlands. 
 
Velotron™ ergometer is an electromagnetically braked cycle ergometer, simpler in 
design and cheaper in cost, to more elaborate electromagnetically braked cycle 
ergometers. 
 
Cadence independent pertains to the performance trait of a cycle ergometer that 
allows the maintenance of a near constant power output despite changes in cadence. 
 
SRM a product developed in Denmark for power computation from strain gauges 
located in specially developed front sprockets of a road bicycle. 
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Powertap™ a product developed in the U.S.A. for power computation from strain 
gauges located in specially developed axles of the rear wheel of a road bicycle. 
 
Strain gauge is a metal electronic device that generates voltage signals proportional to 
the “strain” or deformation of its components. 
 
Computrainer™ is a commercial brand of cycle hardware that computes power from a 
mechanical device driven via frictional resistance between the device and bike wheel.  
This is used for indoor training. 
 
CycleOps™ is a device, similar to the Computrainer™, for computation of work and 
power while completing indoor cycle training. 


