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Warning

4 This Ergometer Calibrator has a powerful
1.5 horsepower motor capable of inflicting 
serious injury if used improperly.

4 Read instructions carefully before using.

4 Do not use while wearing loose clothing, a necktie or 
long hair that could be entangled in rotating shafts.

4 Restrict access to the calibration area while 
this device is in operation.

4 Do not allow anyone on the right side of the cycloergometer 
while this device is in operation, as the right pedal is rotated 
by a powerful force, or remove the pedal for safe operation.

4 Make sure the cycloergometer to be calibrated is in stable 
and steady position so that it cannot become unstable 
during calibration.

4 Do not operate the calibrator without the stabilization bar and
load it with a minimum weight of 20kg (e.g. lifting weights) to prevent 
it from becoming unstable.

4 An unstable cycloergometer may become a lethal missile at high
torque forces, take our warning about adding weight seriously!

4 Always set ergometer braking power to lowest available setting 
when starting, or re-starting, this calibrator. Also avoid large step
changes (e.g. 200 W or more) in power setting. Failure to follow 
this advise may result in calibrator damage that is not covered by
warranty.

4 Never leave the calibrator unattended while in operation!

4 Monark Ergometers: Do not touch the flywheel rope during a test,
little pressure on the rope translates into large braking force changes.
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Specifications

Cadence ( 40 - 120 RPM) ±1

Max Ergometer Workload:  700 watt

Accuracy: ±1.5W or 1% (whichever is greater)

Repeatability: 0.2% ±1.5W

Operating Temperature Range: 10 to 30°C

Operating Humidity Range: 10 to 90%

Power: 200 - 250 VAC, 50/60 Hz

Warm-up: 10 minutes
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Introduction

The Cycloergometer Calibrator is designed to measure a rotational torque applied to a
crankshaft in order to maintain a chosen RPM while a variety of braking loads is imposed
upon a flywheel of a cycle ergometer by frictional, electromagnetic or other controllable
means furnished by a manufacturer.  This calibration process is intended to verify
manufacturer’s claims as to the accuracy of load settings expressed in Watts and
constancy of a given setting across a range of cadence expressed in RPM in ergometers, 
which posses a research grade mode of operation called “isopower” or “hyperbolic”.  
This mode, much preferred by exercise scientists, automatically controls the amount of
braking torque to yield a work rate independent of cadence according to the formula:

Torque  x  Cadence  =  Watts  x  k  =  const.

or:

kg·m  x  R.P.M./k  =  Watts  =  const.,     where k is derived as follows:

if 1W  =  6.118 kg·m/min.,  then for a rotational movement:

Power  =  Torque  x  RPM/6.118/2p,   so:  k=6.118/6.2832=0.9737

Therefore, the calibration process consists in measurement of two variables  -  a
rotational torque in kg·m and cadence in RPM, which are performed by means of a load
cell and a tachometer respectively.
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Design

The source of rotary power consists of a gear motor (a three-phase AC motor and a 
cycloidal speed reduction gear) rotatably mounted in a frame, which also hosts most of
the electric and mechanical components of the apparatus (see Block Diagram). 

The output shaft of the reduction gear protrudes from the front side of the frame in order
to enable coupling with the crankshaft of a cycle ergometer intended for calibration via
the transmission box and the shaft adapter.

The mains-powered motor speed controller is of the inverter type, which converts
single-phase 50 or 60 Hz, 200 - 240 volts into a three-phase, variable frequency 
(46 - 147 Hz) power source, thus allowing adjustment of cadence from 40 to 120 RPM.
During operation of the motor, the inverter’s display shows the frequency of the AC
voltage generated by the inverter.

The crankshaft’s resistance to rotation, which is proportional to the selected work load of
the ergometer would result in the opposite-direction rotation of the gear motor. This is
prevented by the weighing mechanism composed of the load cell attached to the frame
and the torque arm attached to the gear motor. 

By these simple means rotational torque is being constantly monitored, computed and
displayed on the electronic panel along with cadence to derive the work load wattage
according to the formula

W = kg·m x RPM / 0.9737

Or, for the standard cadence of 60 RPM, one can select the direct display of watts with
the Watts/KGM switch . This direct watts display can also be used when setting other
than 60 RPM cadence by multiplying the actual reading by the RPM/60 ratio.

Example:

Panel meter reads 100W at 90 RPM,
thus power = 100 x 90/60 = 150 W

The analog outputs of RPM (80mv/RPM, black wire) and KGM (600mv/kg·m, white wire)
are available for additional (optional) processing or data storage. You may install a
connector of your choice to the provided output cable. 

Problem connection calibrator to ergometer?

Some ergometers have tall base thresholds or end supports that exceed the floor
clearance of the bottom corner of the transmission box.  The simplest way to obviate this
problem is to lift the calibrator by placing it on a podium (50cm x 50cm x 5cm) made of
wood.
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Equipment and Tools 

The following items come as the standard equipment:

1. Ergometer shaft coupler for the square-ended crankshafts

2. Heavy duty power cord

3. Rigid shaft coupler ( transmission box to ergometer calibrator)

4. Tool Pouch containing:

a. 13mm socket wrench (Re-order No. : ·31007)

b. 14mm socket wrench (Re-order No. : ·31003)

c. 15mm socket wrench (Re-order No. : ·31006)

d. ¾" socket wrench (Re-order No. : ·31005) [Pre 2004]

e. 7/8" socket wrench (Re-order No. : ·31008)

f.  3/8"Socket wrench driver (Re-order No. : ·31004)

g. Two-part crank puller

h. 14mm Allen “L” wrench (Re-order No. : Y17800-23) [Pre 2004] 
    (or 8 mm for spline bottom bracket)

i.  3/16" Allen “T” wrench (Re-order No. : Y17800-21) 

j.  5/32" Hex "T" wrench (Re-order No. : Y17800-22) [Pre 2004]

5. Output cable

Additional items are available at an extra charge:

6. Shaft coupler for the Cotter Pin crankshafts.*

7. Shaft coupler for the forged crankshafts (Schwinn or Monark).*

8. Shaft coupler for spline (Shimano) crankshafts (bottom brackets).*

 *  This item can replace item 1 as standard equipment.
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Ergometer Calibration

Operating Controls                             

Label Location Function

On / Off Lower right side Mains power

Run Top of Inverter Starts motor

Stop Top of Inverter Stops motor

Watts - KGM Display Housing Select LED display

RPM Display Housing Cadence Setting

Zero Display Housing To zero load cell

R, C Display Housing Factory Calibration Adjustment

(Do not touch or adjust programming functions located below Inverter flip-top panel)

Because of a considerable physical tasks involved in a preparatory chores needed to set
up actual calibration, participation of two persons is required.  These are steps to follow:

1. Place a cycle ergometer on a firm even floor.  Avoid carpeting. 
Provide ample space for approaching it from its left side.

2. For calibration range exceeding 200 watts load the ergometer’s seat 
with at least 20 kg weight.
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3. Assuming your ergometer has a square-ended crankshaft, remove the left crank as
follows:  (Removal from other shafts is described in the appendix)

a.  Using 14mm socket wrench unscrew a nut or bolt 
      from the center of the crankshaft.

b.  Retract the center bolt-like part of the crank puller and screw in its outer
     part into the hub recession in the crank using a ¾” socket wrench.

c.  Use 14mm Allen “L” wrench to advance the center part of the crank puller 
     until the crank is removed.

It is strongly recommended to also remove the right crank, if possible, as it interferes with 
accurate calibration.  Unfortunately in many, if not most of ergometers, the right crank is
bonded with a chain sprocket, thus unremovable.  In such cases remove at least a pedal
to reduce the rotating off-center weight.

4.  Install the ergometer shaft coupler and firmly tighten the nut or bolt that originally held the
crank.  The square side of this coupler must slide all the way on the crankshaft’s squared
end.  Make sure that both mating parts are clean and very lightly lubricated,  avoid any
visible excess of grease.  The axial alignment of the coupler with the crankshaft is very
important, otherwise it will cause an excessive wobble of the transmission box of 
the calibrator, thus compromising the accuracy of calibration.  In most cases, corroded,
damaged or improperly machined crankshafts can be replaced by a reputable local
cyclery specialist.

5.  Connect the power cord and plug it into a wall receptacle, which is fused for at least 
15 amperes.  Turn the power switch on, which is located on the bottom right side. 
The panel LED displays and the Inverter’s LED  indicator should light up. 

Using the rigid shaft coupler connect the calibrator’s shaft with the transmission’s input
shaft marked CALIBRATOR and tighten lightly the set screws using the 3/16 inch Allen
T-wrench. Rest the other end of the transmission box on the floor and turn the motor on
by pressing the green RUN spot (button) on the inverter. Adjust the dial marked
CADENCE to read the desired RPM and let it run for 10 minutes to warm up, then adjust
the ZERO dial to get a near zero reading of watts or kgm.
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Turn the motor OFF by pressing the red spot (button) marked STOP.

6. Two persons, one on each side of the calibrator, shall lift the calibrator slightly off the
floor and move it toward the ergometer to align the transmission’s output shaft marked
ERGOMETER with the just installed ergometer crankshaft coupler. The person lifting the
calibrator on its left side should attempt to maintain the alignment while the forward thrust 
is applied to insert the shaft into the coupler.

After full insertion rest the calibrator on the floor and lightly tighten the set screw with the
T-wrench. Make sure that the calibrator is positioned perpendicularly to the ergometer.
For ergometers with the forged cranks, which are unremovable, or with spline bottom
brackets, install the appropriate ergometer shaft coupler as described in the appendix.

Now, starting from the right side, insert the stabilization bar (a steel rod with a white
plastic handle at one end) into the holes located
close to the front of both bottom (foot) bars to the
point when the bar protrudes about 2cm on the left 
side of the calibrator and the white handle is
positioned about 25cm from the right bottom bar of 
the calibrator. Slide a pencil between the floor and
the white handle. This will increase the footing of
the calibrator and prevent it from toppling at loads
above 200 watts.

7. To ascertain the mechanical condition of the
ergometer begin calibration without turning its
power on. Use the standard speed setting of 60
RPM as monitored by the panel meter.  A typical
power off, i.e. purely mechanical (frictional) wattage reading at 60 RPM is 10 - 20 W.  If it
reads more, your ergometer may need lubrication and cleaning.  Assuming your
ergometer is electrically powered, turn the power on now and set the lowest available
braking, which is usually from 25 to 30 Watts, as the lower settings are not reliable
because of varying mechanical friction.

Set several cadence settings and compare the calibrator’s RPM readings with those
indicated by the ergometer’s RPM meter. Fine tune this meter if different.

When setting different than 60 RPM cadence, derive actual Watts by multiplying the
panel     meter reading by the RPM/60 factor.

Example:   Panel meter reads 100W at 90 RPM,

                             thus power = 100 x 90/60 = 150W

Proceed to higher settings at your preferred Watt increments.  
For settings above 200 watts attach some heavy object (e.g. At least 20 kg) 
to the seat of the bike.

You may use the continuous ramp incrementation - a frequent experimental mode - to
perform whole calibration by processing the data collected via the output cable and
stored in your data acquisition system.
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How to calibrate the Calibrator

The calibrator has been thoroughly calibrated prior to testing and the calibration
rechecked prior to shipment.  If, for any reason you insist on doing it again, follow these
steps:

1. Get a 60-100cm length of a strong fishing line, 5 and 10 kgs weights and an “S” shaped
metal hook.

2. Place the calibrator on the table, it’s right (looking from behind) side down and position in
such a way that the right upper corner overhangs from the edge of the table by some
20cm.  This will allow a reasonably good access to a small hole of 2.7mm in diameter
drilled near the right edge of the torque arm and 27mm from its top, see page 14.  Thread 
the fishing line through this hole, tie both ends and let it hang down with the “s” hook on
the bottom.

3. Connect the power cable, turn the power ON, start the motor and set RPM at 60.  Let it
run for 10 minutes.

4. Zero the kgm display with ZERO pot and gently hang on the hook the 5kg weight.  The

reading of 1.25 should appear on the display. 

Now add 10 kg weight (to make 15); the reading should be 3.75.  Finally take away 5 kgs
and the reading should drop to 2.5.  Use trimming pot labeled C to correct the last
reading (middle of the scale).  Usually no correction is necessary, or very slight only.
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Post-calibration Chores

1. Turn the motor off, then the power off.

Disconnect the power and the output  (if used) cables.

2. Loosen up the set screw on the ergometer shaft coupler and slowly withdraw 
from the ergometer with a steady pull at the calibrator and transmission box.
If it appears to be jammed allow some time for cool-down.

Caution: 
Watch your toes, don’t let the transmission box 
fall on your feet.

3. Disengage the shaft coupler as follows:

a)  remove the nut or bolt with a 14mm socket wrench. 

b)  Unscrew and remove the center part of the crank puller.

c)  Put the outer part of the crank puller in the ¾" socket wrench and

     screw it into the threaded bay around the squared end of the crankshaft 

     deep inside the coupler.

d)  Screw in the center part of the crank puller into the outer one using 

     the 14mm Allen wrench until the shaft coupler breaks loose.

4. Install the crank (or cranks) back on the crankshaft and firmly tighten it to the
crankshaft with a nut or a bolt.  Pack all the accessories in the trunk.

4 Revision History

30 April 02 . . . . . First release

22 Nov 03    .    .    .    .    .    Add maintenance instructions
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Appendix

Installation Instructions for

  Forged Crank Interface Adapter

1. Remove pedals on both sides of ergometer.

2. See figure 1: Remove the thin nut on the left side of forged crank 

(left thread, turn to the right!) that holds the hub cover.  Remove the cover.

Some models may not have this cover, so the nut is used directly to lock the 

hub bearing’s tightening nut (round with slotted rim).

3. In place of the thin nut, screw Adapter part B (with the threshold edge side 
facing out) onto the exposed thread (usually 5-6 turns).  
Tighten, using finger force only. (Fig 2)

4. Assemble Adapter part A to part B using the three bolts (Fig 3), secure tightly.

5. To interface the calibrator, follow its instruction manual.
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Spline Adapter

The spline bottom bracket option is comprised of the following items:

1. The spline shaft/transmission box coupler.

2. The lightly magnetized 8mm Allen T-wrench.

3. The crank puller’s installer/remover tool (aluminum rod with two pins on
one end and the wrench flat on the other).

To install the coupler:

1. Remove the left crank using your usual set of tools or the enclosed
installation/removal tools.

2. Slid-on the spline end of the coupler and thrust forward while rotating
slightly to initiate the spline engagement and secure it by tightening the
axle bolt.

3. Engage the shaft of the transmission box and lightly tighten the clamping
screws.
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Removal of Loadcell

Disconnect the calibrator from the ergometer and unplug the power cable

Step 1: Remove the two Allen cap screws using a 9/64" or 3.5mm Allen key.

Step 2: Unsnap the loadcell tensioner retainer (push back)

Step 3: Disconnect the loadcell cable from the red electronics module, see next page.
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Removal of Electronics Module

Disconnect the calibrator from the ergometer and unplug the power cable

Step 1: Disconnect the two cable connectors from the electronics module.

Note: Press black button on connector to release it.

Step 2: Remove the four screws (at top) using a Torx key T-45 or Torx Plus Key 45 IP.

Step 3: Lift out the top 2 structure rods with the red electronics module attached.
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Block Diagram
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