
APPENDIX 

Correction Method 

The equation derived in Theisen et al. [1] for a wheelchair roller system was used to compute the 

rolling friction of each site’s dynamometer.  The general equation is: 

Mh = Ttot + [Ir R/r + Iw r/R] * αr ,     Equation 1 

Where, 

Mh = torque applied by the subject’s hand to the wheel 

Ttot = sum of all unknown frictional torques 

Ir and Iw = inertia of the dynamometer roller and inertia of the rear wheel 

R, r = radius of each the rear wheel and dynamometer roller 

αr  = angular acceleration of the roller. 

STEP 1: Determination of Inertia Parameters 

We computed the combined inertia of the SMARTWheelTM and roller experimentally from the 

propulsion portion of the acceleration-brake-coastdown trial by simplifying the above equation, 

differentiating with respect to time, and solving for the unknown I: 

I = dMh/dα, Equation 2 

Where, I = combined inertia of the SMARTWheelTM and roller 

In Equations 1 and 2, it was assumed that Ttot was constant with respect to time. A unique 

inertia value was calculated for each person.   

STEP 2:  Determination of Rolling Resistance 

As more differences between sites were found for the steady-state propulsion trials, we tested our 

correction methods first on the 0.9 and 1.8 m/s trials.  So for each steady-state propulsion trial, 



we solved for the unknown frictional torque using Equation 2 and the subject’s combined inertia.  

The frictional torque was equated to rolling resistance multiplied by radius of the wheel: 

 Ttot = RR*r  ,  Equation 3 

 Where, RR = rolling resistance 

 r = radius of the SMARTWheelTM 

An instantaneous RR was determined during the time that the subject was not applying forces to 

the handrim (e.g., recovery phase of the stroke) to eliminate variability due to propulsion 

technique.  We then averaged the RR over each recovery phase and then across all strokes within 

the trial.  Finally, an average RR was determined for each site.   

From the average site RRs we calculated an average coefficient of friction, µ. Based on 

the relationship:   

RR =  µ*N  ,   Equation 4 

Where, N =normal force equal to the (total weight) * (percent distribution of weight over 

the rear wheel) 

We solved for µ using the average total body weight at each site as the normal force.  The 

percent distribution of weight does not need to be known as it cancels out in the next step.   

STEP 3: Site-Normalization of the Pushrim Kinetic Data 

Since HERL was the coordinating site for the study, we adjusted the force and moment data at 

UW and KMRREC with respect to HERL.   A difference coefficient was determined for each 

speed trial by subtracting the coefficients at UW and KMRREC from the HERL coefficient.  

Then for each individual at UW, we calculated the additional rolling resistance that UW subjects 

would face if their dynamometer performed similarly to the dynamometer at HERL: 

 RRUW
 = µHK*NUW Equation 5 



 Where, RRUW = additional rolling resistance faced by UW subjects 

 μHK = μHERL – μUW, difference between the coefficients of friction at HERL and UW 

NUW = normal force = (total body weight of each UW subject) * (percent distribution of 

weight over the rear wheel) 

We added RRUW to the individual propulsion resultant forces at UW.  To the moments, we added 

RRUW*r, where r is equal to the radius of the wheel.  The same procedure was used to adjust the 

KMRREC data but since the coefficient of friction was higher at KMRREC than HERL for the 

0.9 m/s trial (see main paper RESULTS, Step 2), the rolling resistance computed in Equation 5 

was subtracted from the forces and moments rather than added. The adjustment was made to the 

resultant force rather than the tangential force because prior research has shown that fraction of 

effective force (the ratio of tangential force to resultant force) changes only slightly (3-5%) for 

large increases in resistance [2]. The changes in resistance in this study were not intentional and 

were much smaller in comparison.   
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