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Problem Statement
• Rail Jam Competition: a terrain park competition for skier and 

snowboarders where they must complete as many tricks as 
possible on the given features in a set amount of time

• To do this, competitors must hike the competition area after 
each attempt for the entirety of their heat

• Hiking in ski and snowboard boots with your gear takes a lot of 
effort especially in a timed scenario

• This causes a lot of fatigue and has led to people getting 
seriously injured from exhaustion



Project Description

Design a motorized 
rope system that can 
transport skiers and 
snowboarders up a 

slope

The device must be 
portable for 

competitions at 
different locations

Allowing for people to 
ride up instead of hike 

reduces fatigue and 
potential injury

Sponsored by Ski Haus 



What is a Tow Rope?
• A tow rope is a common subset of chair lifts 

that transports riders up the slopes while they 
are still on the ground

• They are usually industrial, permanent 
installations similar to chair lifts

• Commonly used in terrain parks or where chair 
lifts are not as practical

• There are two common types: Surface lifts (T-
bar) and the parallel rope tow

Parallel 
Rope Tow

Surface Lift



Customer and Engineering Requirements

Customer Requirements Engineering Requirements

•Motor capable of towing 60 people/hour

•Safety features: quick stop, adjustable
speeds, and encased mechanical parts

•Motor no less than 10 HP

•Portability: less than 300lbs, wheels
and handles

•Towable distance of 200ft – 300ft

•Anti rust and temperature tolerant material

•Quickly Transports riders

•Safe for all riders

•Minimum towability of 5 people

•Portable (easy set up/take down)

•Covers the ground of a typical rail jam 
competition

•Durable for all weather conditions



• Project was team initiated and funded 
• Fundraised $1800 from sweatshirt sales
• Made $1000 from GoFundMe
• TBD from Collective Raffle
• $200 from Treedogs Media Movie 

Fundraiser
• $289.15 out of pocket from the team

• Total: $3251.15 spent

Budget



Concept Generation
• The frames were not very mobile and didn’t incorporate 

mounting points

• The drive units were unable to gear down the engine 
properly

• The top pulleys needed to be combined for height and 
width as well as stability for the weight it will endure

Frame Drive Unit

Top Pulley



Prototype

• Geared down with large 
wheel ratio

• Vertical rope with large 
bull wheel on the receiving 
end

• No gearbox



Design Analysis

•10 people at 200lbs
•Θ = 16 degrees
•Kinetic friction = 0.1
•Velocity of 1.5 m/s
•16 HP motor with max torque of 
28.5 Nm and max speed of 3600 rpm
•Sheave wheel of a 6-inch diameter 
(0.1524m)

N = mgcosθ = 8554.73N
Ftow = Uk*N+mgsinθ = 3308.5N
Fresist = 855.47N
Ftow>>Fresist
T = F*r = 252.12 Nm
Velocity of 1.5 m/s
Speed = Velocity/Circumference = 187.98 RPM
Power = T*Speed = 6.7 HP needed

Calculations
Assumptions (worst conditions)

Yes, our motor of 16HP 
will be more than capable 
of towing 10 people at a 
constant velocity of 1.5 
m/s. A 10:1 gear box will 
be necessary to increase 
torque and decrease 
speed. 

Schematic used 
for dynamic analysis



First Iteration Design 

• The top pulley is very similar to 
our final design

• Drive unit have the same set up 
for horizontal sheaves

• Gearing ratio in this iteration is 
not compliant with our motor

• Plexi glass frame was used in 
final design



Design Analysis



Second 
Iteration

(Final Design) 



Manufacturing
• Many design iterations were created through the 

process of the manufacturing

• Issues with tolerancing led to different ways of securing 
pulleys and sheaves

• Gearbox mount ran into issues with frame and location



Bill of 
Materials



Final Build



Initial Testing
Speed

Component Weight (+/- 1 lb)
Engine 75 lbs

Drive unit frame 35 lbs

Drive unit components 55 lbs

Top pulley 25 lbs

Rope (including spool) 101 lbs

Total Weight 291 lbs

Component Area (+/- 1")

Rope spool 452.39 in^2

Drive unit + Top Pulley 756 in^2

Total Area 1208.39 in^2

Test Time (s)

Test 1 1.68

Test 2 1.88

Test 3 1.81

Average 1.79

Portability



Final Testing

• Final testing for speed on 
snow up a slope

• Final testing with the 600 ft 
rope

• Final testing for how many 
people can be loaded at a 
time

• Safety testing for clutch and 
stopping time

Engineering 
Requirement

Target Tolerance Measured/Calculated 
value

ER 
met?
(✓ or 

X)

Client 
acceptable?

(✓ or X)

ER1 –people on 
the rope

5 people +/- 2 people 5 people ✓ ✓

ER2 – people/ 
hour travel

60 
people/hour

+/- 10 
people

60 people/hour ✓ ✓

ER3 – distance 
traveled

250 ft +/- 50 feet 300 ft ✓ ✓

ER4 – weight of 
unit

300 lbs. +/- 50 lbs. 291 lbs ✓ ✓

ER5 – number of 
safety features

2 features - 1 feature 
(no limit for 
maximum)

2 safety features ✓ ✓

ER6 – factor of 
safety

3 +/- 1 3 ✓ ✓

ER7 – material 
durability

250 MPa +/-50 Mpa 276 MPa ✓ ✓





Future Work

• The Tow rope will be utilized in Ski Haus rail jam 
competitions held at the Nordic center
• The device will require monthly running in the off 

season 
• Belts will need to be analyzed for wear and 

replaced when necessary
• Addition of angle supports for the welds to 

increase durability during transport

Jesse
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Questions?


