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O Project Description

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.

e Sponsor: Ski Haus
 Local Ski Shop

that hosts freestyle
ski competitions

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

S K |

HAUS

FLAGSTAFF, AZ
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O Background & Benchmarking

Benchmarking measures: Cost, Weight, Compact, Power, User Capacity, Gas/Electric, Relevance
« ZOAPL1: In development, Cost TBD, 10.5 lbs, compact, power TBD, one user limit, electric.

« TowProTP15: $30,000, 400 lbs, 45" W x 38" Lx 19" H, 10-15 people, 15 hp, electric.

« Rewinch: $3545,301bs, 6"W x 13" Lx 13"L, one user limit, 12 kW, electric.

/OA PL1 TowPro Rewinch
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O Literature Review

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
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Shigley's 10th ed. Mechanical

O Literature Review Engineering Design

Design of a Ski Lift Inspection &
Maintenance System

« 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 motorsand their best uses

» Speed reduction systems

» Brake systems

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

/4

Kailey Lewis 9/14/21 - Ski Haus Tow Rope - 21F09_SkiHaus



<

Parts of a chairlift support assembly

This diagram shows the basic structure of a support mechanism similar to the uphill
(loaded) side of Sugarloaf’s Spillway East. Spillway is a “double double,” or two double
chairs side by side on the same towers, and was installed more than 30 years ago.

Haul rope

A wire rope which moves the carrier up the hill.

Sheave train

A series of sheave wheels on the cross-arm of a terminal.
The Spillway East chairlift at Sugarloaf has eight sheaves on the
(loaded) uphill side and fewer sheaves on the (unloaded) downhill

o —_———

Sheave wheel

A metal wheel, lined with a special type
of rubber, which supports the haul rope.
Design weight codes dictate the number
and size of sheaves per assembly.

m

Designed to allow the
sheaves Lo move up or
down in response to
changes in weight.

Also called a breakover
assembly, it supports the
haul rope from beneath.

Tower head
Includes the cross-arm, B
the sheave train and

the support assembly.

A il

(ross-arm

Supports the sheave
trains. Some sheave
trains hang below the
cross-arm while others
are directly attached.

The structure which supports
or compresses the haul rope.
They are typically numbered.

A A A A A AT et A O

Brittle bar and cable catcher
Designed to break should a
haul rope slip off a sheave
wheel and hit it, the brittle
bar is connected to a safely
circuil. Interruption of the
circuit causes the lift to stop.
The cable catcher then
catches the haul rope so it
won't fall to the ground.

~ Grip

Attaches the carrier to the
haul rope. Fixed arips like
Spillway East are dlamped to
precise locations. Detachable
grips allow carriers to be
separated from the haul line

inside the terminals.

T ——— A -

A generic term for the device
that carries riders uphill,
including chairlifts, gondolas,
trams and surface ifts.

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

The influence of deformation
conditions in solid-state
aluminum welding processes on

Engineering Mechanics Dynamics

The Kinetic Friction of Snow =" )
14th edition by Russell C. Hibbeler

* Involvesthe study of

sliders on snow and ice to
find friction coefficients

« Experiments with various
slider material and
velocities

e 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 resulting weld strength

» Studies the weld strength
of aluminum under
various conditions

 |dentifies parameters such
as normal and shear
stress, strain, strain
rate, and temperature
for weld deformation

* Assistsin correct
welding technique and
maximizing strength of
welds on aluminum tow
rope frame

* 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
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O Customer & Engineering Requirements

Customer Requirements Engineering Requirements

/QuickIyTransports riders \ /I\/Iotor capable of towing 60 \

« Safeforall riders oeople/hour

« Towable distance of 150ft - 200ft

« Minimum towability of 5 people

* Portable (easy set up/take down)  Safetyfeatures: emergency stop

* Maintains speed with varying loads button, adjustable speeds, and

frider :
of riders encased mechanical parts

 Easyto operate » Portability: less than 200lbs, wheels

« Coversthe ground of a typical rail and handles

jam competition « Abouta 14 HP motor
\Durablefor all weather conditicﬂ /////
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O House of Quality

Project]

Ski Haus Tow Rope
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O Schedule

Task name Sub tasks status start date | end date assign to otdSs M|SMTWTFES[SMTWTES|SMTWTES|sN
Team Charter completed 31-Aug 3-Sep!
1- team purpose/barriers and coping strategies
2-team goals/team roles
3-team roles/ground rules
preliminary presentation completed 7-Sep 12-Sep
1-literary review/schedule/CN/ER/QFD
2-literary review/background and bemchmarking/budget
3-literary review/preject description
client meeting 1 completed 8-Sep 8-Sep|Team
preliminary report not yet started 14-Sep 15-Oct
1-background/requirements/QFD/lit review
2-benchmarking/functional decomposition/lit review
3-concept generation/designs selected/lit review
Presentation 2 not yet started 21-Sep 2-Oct
1-Project Description/concpet evaluation
2-Budget Planning
3-concept generation
Client meeting 2 not yet started 22-Sep 22-Sep|team
Preliminary CAD and prototyping not yet started 14-Sep 12-Oct
1-parts of CAD/ managing prototype and products needed
2-Parts of CAD/ main building of prototype
3-main CAD development/ testing
Website creation (first check) not yet started 1-Oct 22-Oct
1-professional appearance (all browsers)/about us
2-project description/making sure all pages work
3-gallery/documents
analytical analysis memo not vet started 19-Oct 29-Oct

Y,
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SUTUEEEE  Pat | Avg. CostPer Part

Engine $300 $302
O BUdget Rope $1.72 / ft 300 ft $515
Rope Coupler $10 1 $10
Income Safety Gate $20 1 $20
> The Meyor Hassz Sk Aluminum Frame $4.80 / ft 50ft $240
Haus movie premier Top Pulley $13 1 $13
« Custom merchandise sales Bull Wheel $17 1 $17
at Ski Haus and ski swap
« Raffle of donated Ski Haus onmeAlerng $30 1 $30
gear at NAU Ski and Gearbox $100 1 $100
Snowboard Club events Shaft Coupler $30 1 $30
« Advanced construction :
fund provided by Ski Haus Rezcnet Tie Do 514 4 $56
« Local Flagstaff business Power Button $10 4 $40
promotion on houging of Mounting Hardware $90 1 $90
ey e for clomeiens Transportation Wheels $10 2 $20
Gasoline $3.09 / Gal 5 $15.45
Total $1498.45
/77777
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QUESTIONS?
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