Sophomore Engineering Clinic I Design Project
The Hoistinator
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Objective

This project involves the design, analysis, fabrication, and testing of a crane to lift heavy weights.  It is intended to provide an introduction to design methodologies in general, and the use of basic structures and materials in particular.  The project provides a chance to practice the various techniques associated with structural design and analysis, materials, dynamics and simple mechanisms, and then integrate them with CAD.  This is a challenging project.  The project cannot be considered a toy – either in scale or materials.  Your crane must be capable of lifting significant loads, but your design is constrained by limits on the amount of available material.

Design/Build Teams

Teams of 4-5 students each will be formed to accomplish this project.  Each student in the team will be expected to engage in preliminary design, analysis, and planning tasks.  Later in the project, students will contribute their specialized skills to the project, which may include control systems and timer circuits for the ECE students, structural design/analysis/fabrication for the CEE and ME students, and life-cycle analyses for the ChE students.  Of critical importance is adherence of the team to a schedule.  The project must be completed by the due date.

General Approach

Each team will be provided with a substructure and basic mechanical elements for the crane.  The teams will design the additional structural elements needed to meet the specifications of the complete crane, within the constraints (see below).  The same substructure will be used by all the teams, and consists of a steel base onto which a steel I-beam column is pinned.  The column has a number of holes along the edge to be used for pinning structural members.  A sliding block along the base provides another attachment point.  A motor and gearbox are permanently mounted to the base.  A cable take-up reel is connected to the gearbox through a shaft coupling.  The weights rest on the steel base, and are hoisted by a cable.

The materials available for the design are aluminum and plastic.  The volume (and weight) of the structural materials is strictly limited; teams with lightweight designs will receive higher scores than teams with heavy designs.  In addition, a collection of miscellaneous parts will be made available, including pulleys, pins (with pulley spacer blocks and shims) and other minor parts.  Structural members shall be pinned together using either ¼-20 or ½-13 Grade 5 steel bolts and nuts.  The weight of the fasteners counts toward the total weight of the structure.
Specifications and Constraints

The primary purpose of the Hoist-inator is to lift a weight (≥ 400 lbf) to a height of 24” in a short time (≤ 4 seconds).  Other important specifications are given in the tables below.
	Other Specifications

	Motor
	3 hp, 1750 rpm

	Transmission
	30:1 reduction worm gear drive

	Column
	Structural steel 6” construction-grade I-beam, pinned at base

½” diameter holes drilled in flange on 2” centers

	Base
	Structural steel C-channel

	Timing circuit
	Accurately measure lift time from 0 to 24”

	Drivetrain
	Spool: d = 6”, L = 12” UHMW plastic

Pulleys: Three each: 2”, 3” and 4”

½” shoulder bolts, pulley spacers and shims

3/32” steel cable, 1,000 lb test, 1” minimum bend radius, 16 feet

	Weights
	Quantity: 20

Weight (each): 70 lbf

Measurements: d = 24”, t = ½”
Position: 33” from column edge to center of weights


	Structural Materials

	Aluminum
	Alloy: 2024-T3
Max volume: 75 in3
Stock: ½” and ¼” bar stock, no length greater than 48”

Properties: Available in textbooks or on www.matweb.com.

	Plastic
	Type: TIVAR UHMW (Ultra-high molecular weight)
Max volume: 50 in3
Stock: ½” and ¼” bar stock, no length greater than 48”

Specific Gravity: 0.95

Yield Stress: (y = 3,000 psi

Ultimate Stress: (u = 4,000 psi

Modulus of Elasticity: 100,000-200,000 psi

	Fasteners
	½-13 and ¼-20 SAE Grade 5 hex cap screws with nuts


* Volume constraint is measured before drilling or machining operations.
Evaluating the Crane Performance

Ultimate performance credit is based on the following formula:
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· W is the weight successfully lifted by the Hoistinator (lbf)

· h is the height to which the weight is lifted (inches).  The maximum value of 
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· t is the actual time used to lift the weight (measured using the reference timer)

· tm is the time measured with your timer. The minimum value of the term 
[image: image4.wmf][

]

t

t

t

m

-

-

1

 is 0.25. 
· LCAp-d is the Life Cycle Assessment Eco-indicator points, calculated by ECO-it software, associated with the production and disposal of materials used in the Hoistinator.
· PW is the present worth of costs associated with production, use, and disposal of the Hoist-inator (in dollars). 
Note that 200 lbf is the minimum allowable weight for a passing grade in the Sophomore Clinic I laboratory section.  Your overall score can be raised dramatically by increasing the amount of weight lifted and/or decreasing the amount of structural materials used.
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