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Q&A

Q: We have received a number of questions of the
following sense: “What is the difference between
measurements of the force at the oar handle and at the
gate or pin? Which method is the most accurate?’

A: We already discussed some pros and cons of the
angle measurements at the oar and at the gate (RBN
2003/05). Similar to the angle, the force can be meas-
ured at the oar handle or at the blade, gate or pin.
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These methods have the following features:

1. Handle force Fpng can be measured perpendicular to
the oar direction ether with strain gauges applied directly
on the oar shaft or with detachable sensors. In fact, the sen-
sor measures the oar bend, which is proportional to the
torque M or moment of the force Fnng and can be calibrated
as a force applied at a known point on the handle. The
rower’s power production P can be derived as:

P=M*®=Fmg*Lina*® (1)

where L4 is the actual oar inboard lever, o is oar an-
gular velocity, which can be derived from a measurements
of the horizontal oar angle. In this case the calculated power
is not affected by the point of rower’s force application,
which is unknown and may vary significantly especialy in
sweep rowing. Therefore, this is the most accurate method
for measurement of rower’s power with an estimated error
of 1%. The practical problem of this method is the necessity
to calibrate every oar, which can be solved with modern
technology (1).

The resultant force Fpngres, Which the rower ap-
plies to the handle, is not always perpendicular to the
oar axis. Therefore, it can be resolved into the perpen-
dicular Fnng and axial Fpng-ax cOmponents. The last is
quite difficult to measure, but it does not produce any
mechanical power at the oar. It is statically transferred
through the oar shaft and creates axial force at the gate
Fgateax, Which is a sum of vectors Fpng.ax and axial
force at the blade Fy.ax. Then, the axial force Fyae-ax IS
transferred through the gate, pin, rigger and statically
balanced with the stretcher force F«,. Therefore, a
rower should apply only a small axial force to keep
the button in contact with the gate and pull the
handle as perpendicularly aspossible.

The perpendicular component of the blade force
Fpi can be measured using the same method as was de-
scribed above for the handle force and would produce
the same accuracy of the rower’s power calculation.

2. The gate rotates together with the oar and the per-
pendicular Fgae and axial Fp.ax COmponents of the gate
force can be measured in the reference frame of the oar us-
ing various instrumented gates (2, 4). Rower’s power can be
derived using the equation 1, but F,,q must be calculated as:

thd = Fgate* (L out-a/ (Lin-a+ Lout-a)) ( 2)

where Loy IS actual outboard length from pin to the
centre of the blade force. We do not know exactly L., and
L out-a because actual points of force application during row-
ing are uncertain. We can only guess that they arelocated at
the centres of the handle and blade. The estimated error of
rower’s power calculation using this method could be up to
5%. Sum of the normal Fgyae and axial Fgaeax COMpONENts is
aresultant gate force Fy.p.res, Which is transferred to the pin.

3. Thepinisfixed relative to the boat and the pin sensor
measures force in the reference frame of the boat (3). Usu-
aly, it measures only paralld to the boat axis component
Foin Of the resultant gate-pin force Fypres. ROWEr’S power
can be derived using equations 1 and 2, however gate force
Fgate Must be derived as,

Fgate = Fpin * COS @ (3)

In fact, only a part of the rower’s force production can
be measured using this method (e.g. only half at the catch
oar angle -60° as cos(60°) = 0.5). Also, the readings are af-
fected by axial gate force Fgaeax, Which does not produce
power as we have shown above. The estimated error or the
rower’s power calculation is 10% in sculling and up to 20%
in rowing (see Appendices). Accuracy of this method can
be improved with 2D sensors of pin force, which can also
measure perpendicular to the boat component Fpiny. In this
case, the accuracy would match the gate force sensors: the
magnitude and direction of the resultant force Fy.p.res could
be determined and then perpendicular component Fyye de-
rived using known gate angle a.

The situation with accuracy is opposite if the purposeis
a calculation of balance of forces on the hull, which could
be a target in some research studies. Usually, the stretcher
force F4, is measured in these studies and propulsive force
Forop Can be derived for each rower:

Fprop = I:pin - Fstr ( 4)

If the force is measured at the handle, then Fgye must be
derived from Fpng USING Lin.a @nd Lou-a and then Fpin 0b-
tained using oar angle a. In this case, measurement of the
pin force Fpi, is the most accurate method and its calcula-
tion from measurement of Fn,y can give up to 20% error
margins in sweep rowing.
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Appendix 1. Comparison of the measurements of the handle and pin forcesin sculling
Handl e force was measured using a detachable sensor of BioRowTel v.3 system (1)
Pin force was measured using an instrumented gate of Power Line system (3) and then handle force was derived us-

ing equation 2 above.
Both forces were measured simultaneously over a sample period about 1 min and then averaged to one typical

stroke cycle.
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Figure 1. Comparison of the force/angle curves in double scull at stroke rate 30 str/min

Table 1. Comparison of derivative values in a double scull at stroke rate 30 str/min
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Appendix 2. Comparison of the measurements of the handle and pin forcesin rowing
Handl e force was measured using a detachable sensor of BioRowTel v.3 system (1)
Pin force was measured using an instrumented gate of Power Line system (3) and then handle force was derived us-

ing equation 2 above.

Both forces were measured simultaneously over a sample period about 1 min and then averaged to one typical

stroke cycle.
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Figure 2. Comparison of the force/angle curves in a four at stroke rate 34 str/min
Table 2. Comparison of derivative values in a four at stroke rate 34 str/min
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