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Project Description
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• A Tow Rope is 
a motorized 
device that hauls 
skiers up a slope 
via a rope.

• Portability 
provides an easy 
temporary solution 
to any slope when 
needed.

• Sponsor: Ski Haus

• Local Ski Shop 
that hosts freestyle 
ski competitions

• A portable tow 
rope would reduce 
fatigue from hiking 
during these 
competitions



Background & Benchmarking

ZOA PL1 TowPro Rewinch
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Benchmarking measures: Cost, Weight, Compact, Power, User Capacity, Gas/Electric, Relevance

• ZOA PL1: In development, Cost TBD, 10.5 lbs, compact, power TBD, one user limit, electric.

• TowPro TP15: $30,000, 400 lbs, 45" W x 38" L x 19" H, 10-15 people, 15 hp, electric.

• Rewinch: $3545, 30 lbs, 6" W x 13" L x 13" L, one user limit, 12 kW, electric.



Literature Review
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Cable-Pulley Interaction with 
Dynamic Wrap Angle Using 

the Absolute Nodal 
Coordinate Formulation

• Involves the dynamic 
variations in a wrap angle 
and cable tension

• Shows how wrapping cable 
about several pulleys 
increases torque

• Interaction of static pulley 
and a suspended load

• This concept can be 
applied to the driving 
system to increase torque 
on the tow rope

Australian ski lift 
directory

• Describes uses of a tow 
rope

• Varying types of tow 
ropes and the differences 
between them

• Pros and Cons of every 
variation of tow rope

• Parts used for differing 
types of tow ropes

• Weatherproofing aspects 
of tow rope

• Practicality of tow ropes

Comparison of 
motor speed control 

methods

• Techniques of limiting the 
process output of a motor

• Centrifugally-based 
processes and their 
equations that relate torque 
needed compared to speed

• Adjustable speed drives 
(ASDs) : adjusts the 
operating speed of a 
normally fixed speed motor

• Includes older models and 
methods for AC motor speed 
control



Literature Review
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Design of a Ski Lift Inspection & 
Maintenance System

Shigley's 10th ed. Mechanical 
Engineering Design

• Components: haul rope, 
terminals, and safety systems

• parts of a chairlift support 
assembly

• Tables describing each part, 
separated 
by power, mechanical, and 
safety

• Specifies all conditions that 
must be met before open to 
public

• Inspection protocols
• Chart of typical failures of each 

part and measurable 
indications

• Fatigue Failure resulting from 
variable loading

• Temperature effects
• Important design equations
• Clutches and brakes
• Belt drivers
• Power transmission
• Force analysis

Aerial Tramways, Ski Lifts, and Tows: 
Description and terminology

• Mechanical Equipment overview and diagrams
• Drive systems and their components (sheaves, bearings, bull 

wheels, etc.)
• Types of motors and their best uses
• Speed reduction systems
• Brake systems

*All safety and design is regulated under ANSI 
B77.1-2017 standards*



Aspects of the sheave wheels, walking beam, haul rope, 
cable catcher can be implemented into our design
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Literature Review

Jesse Wells 9/14/21 - Ski Haus Tow Rope – 21F09_SkiHaus

• Dynamics textbook on kinetic 
and kinematic motion

• Reference for kinematic 
calculations of rider motion on 
inclined plane

• Work done by tow rope 
engine

• Pully tension and velocity 
calculations

• Impulse and momentum of 
rider relative to tow rope

Engineering Mechanics Dynamics 
14th edition by Russell C. Hibbeler

The Kinetic Friction of Snow

• Involves the study of 
sliders on snow and ice to 
find friction coefficients

• Experiments with various 
slider material and 
velocities

• Studies different 
temperatures of snow and 
textures

• Establishes dry, suction, 
lubricated, and total 
friction values

• Allows for calculations 
of resistance from 
riders loaded on tow rope

The influence of deformation 
conditions in solid-state 

aluminum welding processes on 
the resulting weld strength

• Studies the weld strength 
of aluminum under 
various conditions

• Identifies parameters such 
as normal and shear 
stress, strain, strain 
rate, and temperature 
for weld deformation

• Assists in correct 
welding technique and 
maximizing strength of 
welds on aluminum tow 
rope frame



Customer & Engineering Requirements 

• Quickly Transports riders

• Safe for all riders

• Minimum towability of 5 people

• Portable (easy set up/take down)

• Maintains speed with varying loads 

of riders

• Easy to operate

• Covers the ground of a typical rail 

jam competition

• Durable for all weather conditions

Customer Requirements

• Motor capable of towing 60 

people/hour

• Towable distance of 150ft - 200ft

• Safety features: emergency stop 

button, adjustable speeds, and 

encased mechanical parts

• Portability: less than 200lbs, wheels 

and handles

• About a 14 HP motor

Engineering Requirements
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House of Quality
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Schedule
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Budget
Part Avg. Cost Per Part Quantity Total

Engine $300 1 $302

Rope $1.72 / ft 300 ft $515

Rope Coupler $10 1 $10

Safety Gate $20 1 $20

Aluminum Frame $4.80 / ft 50ft $240

Top Pulley $13 1 $13

Bull Wheel $17 1 $17

Come-Along $30 1 $30

Gearbox $100 1 $100

Shaft Coupler $30 1 $30

Ratchet Tie Down $14 4 $56

Power Button $10 4 $40

Mounting Hardware $90 1 $90

Transportation Wheels $10 2 $20

Gasoline $3.09 / Gal 5 $15.45

Total $1498.45

Income

• The Mayor Flagstaff Ski 
Haus movie premier

• Custom merchandise sales 
at Ski Haus and ski swap

• Raffle of donated Ski Haus 
gear at NAU Ski and 
Snowboard Club events

• Advanced construction 
fund provided by Ski Haus

• Local Flagstaff business 
promotion on housing of 
tow rope for donations

Expenses
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Q U E S T I O N S ?
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