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Results (cont.)
The results shown in the figure below are for Runner Sets 3 and 4.
● Runner Set 3: HDPE (High-Density Polyethylene), 1.5” Width, 

manufactured by Tim White
● Runner Set 4: UHMWPE (Ultra-High Molecular Weight 

Polyethylene), 1.5” Width, manufactured by Tim White

Objectives
● Generate force data that can be used to calculate and 

compare friction characteristics directly between runners 
of different material and manufacturer

● Develop a testing apparatus and method to be 
implemented for future applied research from both 
academics and people involved in the dog-sledding 
industry

Introduction
The purpose of this project is to conduct research on the 
sliding friction of dog sled runners on snow. Limited 
information on frictional characteristics of different dog 
sled runner manufacturers and materials currently exists, 
but is a large factor in the performance of competitive 
teams. To investigate and compare performance between 
different runner types, a testing apparatus was designed 
and constructed. Five different runner samples were 
procured for the purposes of this project, though only two 
have been tested to date. Variables for the tests include: 
runner type, loading weight, snow type and temperature, 
and pulling speed. Consistent variation and tracking of 
parameters allowed direct comparison between runner 
performance, where a lower average pulling force 
corresponds directly to a lower friction coefficient for the 
sled runner. For this experiment, friction force is defined as 
the resistance encountered when one surface moves over 
another, and is proportional to the normal force applied 
between the surfaces by the friction coefficient, μ (i.e. 
Friction force = μ * normal force).

Methods
Design:
Dog sled runner samples were tested on the same dog sled, on packed snow. 

For each test, the ambient temperature and snow temperature were recorded. 
50 lb sand bags were used to load the sled in two different configurations: 
heavy (250 lb) and light (150 lb). Two pulling speeds were tested as the sled 
was towed behind a snowmobile: slow (~5 mph) and fast (~15 mph) — these 
are speeds at which dogs regularly run in an endurance race.

Data Collection:
A data collection method had to be designed to accommodate the unique type 

of testing to be conducted. A rugged, calibrated load cell was selected that 
could be installed in the line towing the sled, and this was used in conjunction 
with a stand-alone data logger to record the force used to pull the sled. Each 
test consisted of a ½ mile tow distance, at each speed and weight for a given 
runner. The temperature of the snow was recorded using a simple, analog 
thermal probe, with measurements recorded at the beginning and the end of 
the testing session.

Results
After the data is collected, post-analysis  was performed to separate out the 
runs from the bulk raw data. The average of the force over each run was 
calculated , and corresponds directly to  the friction force of the system. The 
tests were performed on the same snowmachine-packed route, with an average 
recorded snow temperature of -7.5 ˚C and an average ambient temperature of 
-4 ˚C. Sample raw data collected by the load cell and DAQ is shown below

Dog Sled Runner Friction Test Apparatus

Future Work
● Continued testing is being processed and performed beyond 

the representative set being show here, to include the other 3 
runners.

● Possibility of investigating surface preparation techniques and 
edge effects of runner designs. 

● Comparing against tribometer measurements of  a 
material/snow system to see if the testing results correlate 
with the field testing.

● Future work can be carried out by researchers with a wider 
variety of runner manufacturers, runner materials, snow 
conditions, snow temperatures, and runner profiles.

Average pulling forces for tests performed on Runners 3 (Tim White 
HDPE) and 4 (Tim White UHMWPE) at each combination of parameters

Discussion
As expected, the UHMWPE runners required significantly lower 
pulling forces than the HDPE for similar tests. HDPE runners are 
marketed for cold weather use on several mushing websites, 
while UHMWPE are suitable for warmer temperatures. Our tests 
were performed in relatively warm weather (close to 0 ˚C), so the 
HDPE runners were expected to exhibit much higher frictional 
forces. These results validate the ability of our testing apparatus 
to provide reasonably accurate data that varies with runner 
friction characteristics, and increases confidence in future tests 
between runners with similar materials and temperature ranges.

Testing apparatus (left to right): dog sled with installed runners, 
bungee cords attached to axial load cell, snowmachine

Dog sled during runner 
installation

Axial load cell, battery pack, and data 
acquisition unit (DAQ) in padded carrying 

case

Raw data collected during test for runners 3 and 4; Pulling Force (lb) Vs. Data Point (2 
samples/s)
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