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Abstract

To enhance California Polytechnic StatPaerUnivers
Schuster has sponsored Brandon Younger, Lauren Romero, and Carlos Padilla to design and develop

a new lab for students in the Intermediate Design class to test real mechanical components. This

report discusses the background and ideation procededhatthe development of the Educational
Mechanical Breadboard for Transmission System Components (Machine Components Test).
Additionally, detailed drawings, 3D modeling, testing plans, and analysis are included to show how

the Machine Components Test @gswill work and be validated.
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Chapter 1: Introduction

Currently, i ntermedi ate design students in Ca
Mechanical Engineering department are in need of more hands on experience with real life
mechanical components. The current ME329 curriculum is missing akcdtimponent.

Students need something that can clearly demonstrate to them what different mechanical
components can do, how they influence each other, and how they influence the system as a

whole. The goal of this addition to the curriculum is to helpsthdents learn the material
presented in class. Cal Poly has a strong #dl e
more hands on experience is provided in the intermediate design curriculum.

Dr. Schuster saw the need for a hands on interaetivéhit would bridge the gap between the
material presented in class and the real world. We were assigned to the task of designing
something that would meet the need for ME329 students with Dr, Schuster as our sponsor.
Ideally the project would be funded@ EP Connect with a budget of $2,000. CP Connect is a
program that allows students the opportunity to collaborate on interdisciplinary projects by
providing funding and resources. If we are denied funding by CP Connect, $1,000 will be
allocated by the Meemical Engineering department to start a design project that will fill the
void in the intermediate design curriculum.

The goal for the project is to give intermediate design students the opportunity to obtain a better
understanding of how different comments influence machine performance including shafts,

belts, chains, gears, and bearings. The purpose of this project is to design a mechanism that will
lead intermediate design students to gain the understanding required to become successful
engineers. file mechanism will allow students to measure motor performance curves, contain

real mechanical components, allow students to experiment with the configuration of the power
transmission system, and also to observe how changing different components caneaffect

system performance. These are some of the requirements that the final design for this project will
meet. Additional requirements are discussed in the objective section.
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Chapter 2: Background

The ME329 curriculum involves learning how common medat@@omponents used in real

mechanical systems work. The course introduces the following components: motors, gears, belts,
chains, shafts, bearings, brakes, fasteners, and springs. The students review how each component
works to get an idea of how to cheasomponents for specific design criteria. Part of the reason

for implementing this lab is to help give students a more intuitive feel about how different
components affect a system. This is important for engineers because it allows the engineer to

have ageneral idea of how a system is going to perform before a formal analysis is conducted.

Because labs are usually only three hours long, not all the concepts covered in ME329 can be
demonstrated. Some concepts that are ruled out due the time constritigaee wear, and
corrosion. These aspects of design simply take too long to demonstrate. Concepts that can be
demonstrated in a three hour lab include: gear positioning effect on performance, motor
performance analysis, deflection in shafts, comporahiré mechanisms (like slipping belts, or

a chain skipping a tooth), lubrication effects on bearings, shaft critical speed, and the effect of
different components on the system efficiency.

Il n Cal Polybés intermediate design class, the
components is what Dr. Schuster calls the fma
students have the opportunity to take apltthand power tools to examine how they work. The
students are also assigned a design

project where they make a prototype of

their design using LEGO Technics as

seen in Figure 1. The core of the

student s design proje
design a power trangssion system

using what they learned in class. The

LEGOs allow the students to produce

their designs using plastic gears and

plastic shafts, but Dr. Schuster is

concerned that students do not really
understand how different components

influence the systa. He is concerned

that when students work with small scale plastic parts they fail to make the connection between

the system and its components. In other words, because these products are made out of plastic

and are small scale models, they are an usteEatiomparison to common components used in

industry.

Figure 1: Lego Model from anintermediate design class.
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Existing Labs

Initial research has revealed that there are no comparable products on the market. We researched
the Cal Poly library database, Google, and the ASEE site for projects that mighilaetsi

what we are trying to accomplish. Our problem with finding something similar to what Dr.

Schuster wants is not that no such project exists, but that many of the universities and

educational institutions have not published details of their madeisign labs. Another

possibility is that different instructors of intermediate design have different ways of managing

the course that include different projects or labs to explain component interaction.

Although a product that matches the requirementioproject was not found, some examples

of what other universities are doing to educate their engineering students were found. Central
Washington University has developed two labs for their machine design students. The first is the
examination of a threspeed manual transmission with part of the casing removed as shown in
Figure 2. The students get a general introduction about how the transmission works. Then they
are asked to observe the mechanism and determine the input and output ratios by counting the
teeth on the gears. The second lab is an examination of the Ford Model T planetary transmission
seen in Figure 3. Again the students are introduced to the transmission and given some
background information. They then have to analyze the planetary tramsmising the

analytical skills they learned in their dynamics course. More information about these labs can be
found by looking at Reference [1].

L

Figure 2: The Ford three-speed manual transmission used in the Central WashingtdUniversity lab.
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Figure 3: The Ford Model T planetary transmission used in Central Washington University's second lab.

John Hopkins University was facing the same problem Cal Poly is facing now, namely that the
students required more hands on experience. In response they developed a new design laboratory
course. The new course includes a hands on laboratory activitptiiges on a topic discussed

in lecture. Unlike Cal Poly and Central Washington University, John Hopkins University has
individual labs that focus on fasteners, torsion rods, bearings, gears, gear trains, belts, pressure
vessels, and failure modes seenigukes 4 through 8. Some of the labs even require the

students to use fabrication tools like mills and lathes. Below are pictures of some of the
experiments described in Reference [2].

10
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Pin holds weight until
string slides off

Misalignment created
by turning acme screw

Adjustable pillow block

Fixed pillow block

Weight (not shown)
hangs off side of wheel

Figure 4: Bearing misalignment fixture for John Hopkins University bearing misalignment lab

Figure5: John Hopkins Universityds gear stress
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Figure 6: Worm gearbox analysis lab used in John Hopkin&Jni ver si t yés machine desidg

Figure 7: Timingb el t drive apparatus for John Hopkins U

Failure region Lathe chuck

Figure8: Fatigue testing apparatus for John Hopkins Ur
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State of the Art: Mechanical Breadboards

As stated above, an initial search did not reveal any products that met the requirements for the
design. The problem was that a refined search term was needed for the information to surface.
After some brainstoning, an analogy between what we were trying to accomplish and the

concept of a breadboard used in the Electrical Engineering department was made. This led to a
new search term, the fAmechanical breadboar do.
of an electrical breadboard. The difference is that instead of the ability to create different circuits;
the mechanical breadboard allows the use to create different mechanical power transmission
systems.

Mechanical breadboarding is a conceptthathasheemund since the 19500s.
concept, but has not yet been developed to improve student understanding in mechanical

systems. A search revealed only two companies that make a mechanical breadboard kits. Pic
Design and/.M. Berg both make a meahical headboard kit that you can buy as shown in

Figures 9 and 1Below. The downside to these products is cost. They have a price range of $500

for a basic system to $4,000 for a complete kit [4]. These products involve precise components

and are desigrd more to prototype concepts rather than demonstrate mechanical principles.
According to a patent search performed by James Mikes, autfibedinalysis and

Development of a Mechanical Breadboard Structanmepatents exist on mechanical

breadboards.

Figure 9: V.M Berg mechanical breadboard design [4]

13
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Figure 10: Pic Design mechanical breadboard example [4]

Industry mechanical breadboards have not been used to demonstrate mechanical principles to
improve studentinderstanding in the classroomp we ver-maé 8o mmechani cal
breadboards have. The first example was developed by Dr. Van and Dr. Ward of Union

University. It is a cost effective way to create a mechanical breadboard to aid in teaching

engneering statics to students. The design utilizes multiple hinged pegboards to create its base
seen in Figure 11 below. This design allows the user to attach components to the pegboard in a

3D configuration, manually apply forces by pulling a string ohpugon a component, and

observe what happens. For more information on the statics mechanical breadboard please see
reference [5]. The second example was created
Breadboardo [ 6] . Dr eadddardicorsists ohabequipotentialhbackpiamea | br
made of separate tubes with quick disconnect fittings along various points on each tube seen in
Figure 12. The backplane allows students to connect components across the board by connecting
one tube to anothevith different components to generate a system. The components for the

process control breadboard include valves, pumps, heat exchangers, and heat generators. The
ability to change components in a system and see their effect on the overall system makes
mechanical breadboards advantageous for educational purposes.

14



Machine Components Test

M e s ¢ 8 s o o & o o

. = e & s = 8 s s

Figure 11: Mechanical Breadboard for teaching engineering statics [5].

Figure 12: Mechanical breadboard for teaching thermal fluid processcontrol [6].

15
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Standards

We also researched safety codes for rotating machinery. According to Title 29 of the Code of
Federal Regulations (CFR) Section 1910.41, he poi nt of operation of
operation exposes an employee to injury, shajum@ded. One or morenethods of machine

guarding shall be provided to protect the operator and other employees in the machine area from
hazards such as those created by point of operation, ingoing nip points, rotating parts, flying

c hi ps andsdegrbeskhaw. safetylgharding is a concern that must be addressed. In
Section 1910.219 foandsiMesbiaoncapppoawteuns, 0 it
l ine of shafting shall be secured ininggosition
to describe regulations for belts, gears, and chains as well. More information can be seen in
Reference [3]. However, the motors we will be using have a low enough power to ensure safety

for students as it will not expose operators to points ofynjur

16
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Chapter 3: Design Development

Design Objectives

Our overall objective is to create a machine containing a power transmission system with real

mechanical components that is configurable, allows for power loss measurements, and allows for

motor analys to help further the knowledge of intermediate design students in the Mechanical
Engineering department.

I n an effort to meet all our customerdés int
house of quality, shown and explained in Apperlixo identify all customer requirements. We
then used the results of our house of quality to generate a table of the engineering requirements
for this product. Additionally, risk is included with three levels of importance, high (H), medium
(M), and low(L). The compliance will be assessed by methods of analysis (A), test (T),

similarity to existing designs (S), and/or inspection (I) as seen in the Table 1 below.

This product will be handled by students and teachers who need to move the produth@cross
room. Therefore, a reasonable weight limit of 20 pounds is required. Additionally, the size of the
product must fit within a Beet wide by 2 feetdeepby 1 fabtX 2 6 X1 6 shel f, and
dimensions are limited as well. Our product may be reprodiocddture classes. This means

the machining and assembly time for reproducibility must be reasonable, 12 and 3 hours
respectively.

Dr. Shuster would like multiple breadboards to be used in class so that a team of two or three
students can work on an inglual board. The cost must then be low, arouB@D$a piece, to be
in the Mechanical Engineering Department6s

The purpose of the project is for students to visually see the difference between real mechanical
components, therefore a minimumfivie types of components: chains, belts, gears, shafts, and
bearings, is our goal. Additionally, at least two types of these five components will be included
to see how different materials affect power loss. We hope to buy as many different components
as mwssible, but cost will be the limiting factor. These components will all be bought, so we aim
for 90% of our product to include standard parts.

Labs are three hours long, so we need to make a product that can be set up relatively quickly, ten

minutes at rast. There also must be no pinch points to allow for the safety of students. The main
measurable parts of our project will be motor characteristics and transmission efficiency. We will
provide the tools and instructions on how students will be able toigldrhe will then be able to
compare these measured values to different transmission set ups (at minimum 4).

17
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Finally, we plan to survey and quiz the students after thepwgmoduct to see if it enhanced

their learning. The student survey involvekiag students if they thought our new lab was

helpful in their understanding of mechanical components, what they feel was missing or difficult,
and if they think the lab should be offered to future design students. The quiz would assess
student understanay of mechanical components before and after this product was used to see if
there was any improvement.

Table 1: Machine Components Testing project formal engineering requirements.

Spec. #| Parameter Description | Requirement or Tget | Tolerance| Risk | Compliance
(units)
1 Weight 20 Ib max H AT
2 Size 36x26x1 max H AT
3 Machining Time 12 hr max L T
4 Assembly Time 3 hr max L T
5 Production Cost $300 max M AT
6 Real Mechanical 5 different types min L I
Components (chains, beltsgears,
bearings, shafts)
7 Number of gears, chains 2 each min M I
belts, and bearings

8 % of Standard Parts 90% min L A
9 Setup Time 10 min max

10 Measurable Motor 3 min M AT

Characteristics
11 Measurable Power 2 min M AT
Transmission Efficiency
12 Configurable Component] 4 unique configurationy min M AT,
13 Student Surveys and 15% improvement min M I
Quizes

18
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Preliminary Designs

After gaining a strong sense of the problem statement and objectives, we developed a list of
functions our product must do. Appendix B displays a QFD chart that was used to compare
functions, engineering requirements, users, and existing products. Thesens were used

when analyzing our different ideas. Once we knew how our product would function, we started
formulating ideas. Some techniques used were brainstorming, brainwriting, and SCAMPER.
Brainstorming is saying out loud all ideas we could comeitipand writing them down,
whereadrainwriting is writing down ideas and passing them to another group member to
expand on them. Finally, SCAMPER is taking ideas and adjusting them or combining them to
come up with new ideas.

Through the design idean techniques, we developed various ideas to help students better
understand mechanical components. Our concepts satisfy specifications because they give
students experiences with actual mechanical components in different ways. Each method tries to
give stidents a learning opportunity about gears, belts, chains, and motors. Some ideas are more
complex than others and might require more than one lab percodnjolete. Thdollowing are

the preliminary ideas we came up with:

Mechanical Breadboard

The mechaical breadboard lab involves a breadboard meant for mechanical components.
It is larger than the electrical breadboard students are used to using. Parts are
interchangeable on the board to allow for a large range of different transmission systems.
Dynamoneters and multimeters would be attached throughout the system to record data.
Students can calculate power loss and directly observe gear slipping and beam bending
with the tangible set up. Power would be supplied by a motor and students would transfer
power to a generator through the use of real gears, pulleys, belts, chains, shafts, and
bearings. Figure 13 below shows a concept model of this design made from foam board,
paper cubs and wood to show this design.

20
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Figure 13: Concept model of the mechanical breadboard.

Machine Teardown

This project idea is similar to the machine teardown in place in some Design Il classes.
Students would get different mechanical machines such as engines and power tools like
the one in Figurd4 that they can disassemble to see how each part relates to the overall
transmission of power. This lab will include measurement devices so students can collect
data from any motors that might be in the machine and can change motors to see what the
effectwould be. Gear, belt, and chain calculations can be included in the lab as well.

Virtual Lab

21



Students could design many different transmission systems ifvibwed in a virtual
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program. For this idea, we would design a computer program similar to Figure 15 that
would allow students to choose from an extensive library of parts and assemble the pieces
to transfer power from a motor to an output. The computegram would run through
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Individual Component Labs

Figure 15: Google Sketchup design of a chain system [8].

The individual component lab would go into depth on gears, belts, chains, and bearings
separately. Each station would include different types of the individual component and
have fixures set up to see what difference they make in terms of transferring power.
Students can handle each part, see how they fit together, and make calculations. An
example of the components that would be seen in the gear section of the lab are seen in

Figurel6.
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Figure 16: Example of components that can be used in the gear section of the lab [9].

Build Power Tool

Many mechanical engineering students enjoyed their IME classes where they cast
products such as keychains and miniature mustang figures that they could take home.
This lab would allow students to design and build a power tool such as a simple drill that
they could then take home. This project would involve motors, shafts, and gears such as
those seen in Figure 17. After assembling the product, students can take measurements in
the power tool and record power losses.

0

Figure 17: Tool diagram for a Makita 6406 power drill [10].

23
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This idea involves students delving into their creative sides to make a moving sculpture
using real mechanical parts. The sculpture could be similar to Figure 18, but would be
powered by a motor. Gear redionis and/or belt and chain reductions will be used to

give the sculpture a specific speed. Analysis will be made to insure the correct movement
is created and measurements will be taken to see the power loss in the system.

Figure 18: Kinetic sculpture powered by human crank power [11].

Rube Goldberg Machine

The Rube Goldberg Machine would be altered to involve real mechanical components in
this concept. It would not have to be as complex as the wine bottle opener in Figure 19,
but the same basic idea applies. Additionally, the system would be powered by motors
that could be interchanged. Students would have to perform calculations based on the
components they used including the motor, and would need to incorporate at least one
type of gear, belt, and chain in their designs. The model would then be measured using
equipment in lab to see the power losses in the system.

24
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. 3 — 2 o )

Figure 19: Mechanical Rube Goldberg machine used to open and pour wine [12].

ConceptSelection

We put each of these ideas in a Pugh chart to compare each idea to the LEGO Technic lab (used

as our datum) seen in Appendix C. The criteria was taken from the QFD from Appendix B. If

one of our concepts better fit the criteria than the datpiasawas placed in the corresponding
column. | f an aspect was worse, a hegative wa
Through this analysis, the mechanical breadboard design had the most positive aspects and the
least amount of negativesmpared to the datum. The virtual lab was a close second but it

lacked the tangibility of the mechanical breadboard. We chose the mechanical breadboard as our
preliminary design concept to develop further.

Decision matrices were written for differerspeects of the mechanical breadboard such as

method of attachment, output, and storage. These charts can be seen in Appendix D. Different
concepts for the design were listed on the left hand side of the chart while functions were written
across the top eaetith their own weightings that added up to one. Each of the concepts were
rated up to 100 for how well they met each function. The left hand column totals the weighted
ratings of each concept to see which one meets our needs the best.

Through the decish matrices, a threaded fastener method of attachment had the best results
between our methods of attachment. Threaded fasteners would be easily replaced and easy for

25
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students to use to move components around the base. Additionally, the storage method that
proved best was a bin. This would cheaply hold all the mechanical components and condense
them to better fit in the designated cabinets. Lastly, the output chart showed that a fan and ball
output would be a good visual addition to the lab and add arflachanic aspect. Power output

from the transmission system would power a generator that would then power a fan encased in a
clear tube. Air from the fan would be concentrated to lift a lightweight ball into the air.

Depending on the power losses of theeys the ball would move higher or lower.

To justify our selected concept, analysis was done on the amount of energy it would take to lift a
Styrofoamball, and the stress that power would cause in the system on the board, fasteners, and
othercomponet s. Thi s analysis can be seen in Appen
analysis lead us to our desired sizes of components to ensure a safe mechanism.

Once these decisions were made, we started to work on a 3D model of our design in
SolidWorks. Shown below is some preliminary design of our final concept. As previously
stated, power is transferred to the input shaft through a motor which is then used to drive other
shafts with various transmission components attached. Although not showrattsin&ft in

the assembly will be used to power a generator in order to provide electrical power to the fan
shown.

Figure 20: Preliminary 3D model of the chosen concept, the mechanical breadboard
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Machine Components Test

In addition there will bevarious preconfigured sukassemblies such as those shown in Figure

21 below, for students to attach gears, pulleys and sprockets of different sizes to see how they
affect efficiencies and power loss.

Figure 21: Preliminary component subassemblies of mechanical breadboard

Although we have chosen our final concept there are still a few parts of our design that must
be added to the final design. After the concept model, we had to determine how many
configurations andulbassemblies we would like to include with our design. In addition we

determined how many types of components will be included in this design. These decisions
can be seen in Chapter 4.
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Chapter 4: Final Design

Description of Final Design

After analyzng the fan apparatus, we discovered that a small change in transmission efficiency
would drastically change the height of the ball. This led us to a new output design, a band brake.

The band brake all ows student s omponemtthatwasv e a
discussed in class but never shown in lab. The analysis for the band brake can be seen in the
foll owing section, AResults of Supporting Ana

Additionally, a fine adjustment component was added to the design of the board to altow ge
meshes to be slightly too close and slightly too far away so that students may observe the effects
of gear slipping and grinding respectively. The following figures, Figure 22 through 25 show the
new design using SolidWorks modeling.

Figure 22 Machine components test with pulley assembly.

28



Machine Components Test

Figure 23: Machine components test withchain assembly.

Figure 24: Machine components test with gear assembly.
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Figure 25: Machine components testexploded chainassemblywith bill of materials.

Detailed drawings of the designed components can be found in Appendix K and exploded
assemblydrawings ofthe setups are in Appendix L.

Results of SupportingAnalysis

A failure analysis on the shaft was performed in order to validate that it would work. A 0.25 inch
shaft was chosen prior to the analysis. There are many reasons for choosing a quarter inch shaft
prior to the analysis. One reason is that it wexy easy to find different components that worked

with a quarter inch shaft. Another reason is that a quarter inch shaft seemed like a reasonable size
given the magnitude of the project. The desiges notdeal with large forces so it made sense to

use he smallest standard size shaft that we could find. Another positive to using a small diameter
shatft is that we save money on material cost. It is also easy to upgrade to a stronger material
without a large increase in price.
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