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LEARNING OBJECTIVE: Begin the ideation pr hinking about how you can design around/with them.
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you have in your kit and the competition, and start
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iterate, and practice driving your
ded will be an at-home mini kit that will enable you to- p]roztzh;;e; ':(t,ec]i?area » ?he ool
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think ahead about your design process.
A suggested approach to this week’s milestone is described below:

| ; i kit and the
1 Design constraints and freedoms — Think about and docur'nent in your notebook what cgzzt;:sx‘?t; rti\ih i
: competition table impose. Are there limits to strength, friction, power, etc. of Z(:llr C(i;?pk aboui 1= e P
aspects of the competition around which you will have to confonnb{ou%robcl))t. :tc; & lknl e A ey
i 1 ition table offer. Do ce
our notebook the design freedoms that the kit and competition . . .
?end themselves to performing certain functions on your robot? What useful functions might they serve in the

competition? It is valuable for you to codify your design constraints and design freedoms, as they will help guide
the design of your robot towards a tractable solution.

ted, clever, or poorly
executed. Finally, choose a subsystem on the robot and draw a free-body diagram of the forces acting on it
during the robot’s operation. :

3. Thinking about process — Review notes from Lecture #1
Design? (posted under “Resources”

. ences stating how you envision your
design process will unfold through the milestones in the class. How will it imi
design process and methodologies described in lecture and in the video?

otebook. Make sure you explicitly address all
of the points above, and label. Your lab instructor will te]] You whether they w i
\ ant
physically or via a digital scan/pdf. ; i Al gy

NOTE ON AT-HOME KIT: At the end of the t i : ' P
remote contro System, or purchase them. N required to hand back your power drill and
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itional goals of ]ab in week #1 are-
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2.007 Physical Homework #1 — Get to Know SolidWorks

LEARNING OBJECTIVE: Become proficient with the basic functions of SolidWorks and CAD design

Instructions:
Your first physical homework is to design your mini-me robot in SolidWorks or Fusion 360. The 2.007

instructors are best positioned to give you advice about SolidWorks, and the CAD lecture will use
SolidWorks. However, we don’t mind if students use Fusion 360, particularly if they have Macs or poor
internet connection. Solidworks is available in all MechE computer labs.

This Physical Homework will give you practice designing parts, creating assemblies, and making
technical drawings. The following tasks are due as part of your Physical HW#1:

1. Complete the following SolidWorks tutorials: Lesson 1: Parts; Lesson 2: Assemblies; Lesson 3:
Drawings. The tutorials can be found under the Help tab in SolidWorks. It is imperative that you
complete these tutorials before you make your mini-me in SolidWorks. They will give you the
skills you need to complete this assignment. For Fusion 360 users you may want to watch the
tutorials (available on the CAD Resources link on Canvas). Additional CAD tutorials are posted in
the CAD Resources page in the course information module.

2. Watch the YouTube tutorial on making sheet metal parts in SolidWorks
(http://voutu.be/FkxJ3JchLuc). For Fusion 360, watch the video at

(https://youtu.be/7hBZ6cFmWjQ ).
3. Make a part of the base platform of your mini me. Make it a sheet metal part so you can fold the

servo mount flanges down, just like you will bend them in real life. Include a picture of this part

in your lab notebook, with the sheet metal part in its flat and folded states.
Make an assembly of your mini-me in SolidWorks or Fusion 360. You can find CAD files (STEP)

of the kit parts needed for your mini-me in the Course Information Module (available on the
CAD Resources link on Canvas). You are expected to assemble the sheet metal body with two
ServoWheels, a Caster Wheel, and two servo motors (25-2 or 25-3). The assembly should include
the base platform mated with the front caster and the servo motors, with the wheels connected to
the servos. Include a picture of this assembly in your lab notebook.

5. Make an engineering drawing of your base platform in SolidWorks, which includes all the
necessary dimensions to fabricate the part. Include this drawing in your lab notebook. Make
sure your drawing shows where the bend lines are on the mini-me base platform, as well as the
units of the dimensions. You will use this drawing to fabricate your mini me during Lab #2. We
suggest bringing an additional printout(s) to lab to use while you fabricate your mini-me.

The pictures below are for your reference in making the mini-me. The drawing shows an example mini-
me base platform. Feel free to change these dimensions to customize your mini-me! The dashed lines
indicate the bend lines for the servo mounts. Note: the locations of the holes for the servos and casters are
not shown. You should measure these locations off the servo and caster parts included in your kit. The
picture shows a finished mini-me (with an RC receiver and a battery pack mounted on the top, which can

be omitted in CAD).
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2.007 Milestone #2 — Preliminary Strategy and Simple Build

LEARNING OBJECTIVES: Become accustomed with the shop and some of its fgbrication tools; g(ejt e)’(tF})]en:;]rce
going from design to CAD to engineering drawing to fabrication; start intgractmg leth the game b(?ar Wltr t);
mini-me; practice generating multiple strategies; using design analysis/rational to pick your preliminary strategy.

INSTRUCTIONS: _ _ ' s the “mini-me”), Itis
This milestone has two parts. The first part is the fabrication of a simple vehicle (we call it the “mini-me").

roving platform made from a cut and bent piece of ABS plastic or sheet metal, two servomotors, two wheels, ?rnd a
swivel caster. Work from the drawing you made for Physical Homework #1 to construct your mini-me- Feel free to
modify the design to suit your personal preferences, or to correct any errors in your drawmgs._Th; point of this
exercise is to learn how to make a part from a technical drawing, get your hands dirty fabricating in the shop, and
become accustomed to your kit components. You should be able to finish your Mini Me during Lab #2.

The second part of this week’s Lab Activity centers on the definition and selection of your preliminary strategy for
the contest. Since a strategy is plan of action designed to achieve a particular goal, indepgndent ofa physu:_al
embodiment, you don’t need to describe your design concept (what your robot may look like) yet. The fie51gn
concept is due in Milestone #3. Your preliminary strategy should be documented with about 3-4 pages in your lab
notebook. These pages should generally include the items listed below. Make sure you explore multiple
strategies — i.e. different plans of action that your robot could accomplish. You can mix and match elements of
different strategies to find the best one. Do not just pick one strategy and answer the questions below. We want to
see evidence of your exploration of multiple ideas, because more ideas lead to better ideas! Refer to Prof. Winter’s
example in Lecture #1 about exploring and evaluating multiple strategies.

1. Overall description — Explain, using words and graphics, what your strategy entails. An annotated sketch
of the playing field is often helpful in communicating your ideas. This could include where your robot(s)
will travel and what actions it will do.

2. Analysis — Decompose the strategy into various steps or sub-tasks. Include an estimate of how your
strategy is expected to perform according to the scoring formula — i.e. work out the number of points you
could score if you completed different tasks during the competition. Also estimate the time required to
complete different tasks. Driving your mini-me around the game board is a great way to estimate the
amount of time it takes to get from one place to another.

3. Physics-based estimates — Show that you can identify key problems and resolve them with physics-based
reasoning. For example, a robot might need a minimum amount of power to lift an object quickly. You
might make some calculations or simple experiments to create a rough, quantitative assessment of
parameters related to your most critical tasks.

4. Choosing your best strategy — Show how you determined your best strategy. Your analysis and physics-
based estimates may give you quantitative metrics by which to compare strategies. You may also use Pugh
Charts (like what Prof. Winter showed in the example in Lecture 1) to choose between strategies.
Fabricating simple physical mock-ups (such as EPS foam models) is also a great way to validate your
design decisions. .

5. List out the core design requirements associate with your strategy. These requirements must be met for
your strategy to be successful. Try to make your design requirements as quantitative as possible (e.g. say
robot must travel at 2 m/s rather than “fast™). In the next milestone, you will generate concepts for your
robot that can satisfy the design requirements of your strategy.

NOTE: You are free to modify your strategy later in the term based on evidence accumulated during your design
process. Experience has shown that strategic thinking is helpful to the design process at this stage. Even if the
particular strategy is not so useful in hindsight, the process of working out a strategy places you in a better position
to carry out your design. Design is iterative!

FORMAT OF DELIVERABLE:

3-5 ga;)%is in the notebook and a mini-me. Make sure to address all five points listed above and label them in your
note -

Page 1
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2.007 Physical Homework #2 — Design a Module for Your
Mini-Me

LEARNING OBJECTIVES: This physical homework will give you practice ideating, making a bench-level
prototype of a design, and then fabricating a finished design based on the results of your prototype; and you will

gain practice driving on the game board and scoring points.

INSTRUCTIONS:

At this point you have a mini
do with it! The goal of the exercise is to design a simp
push vibranium from the Mass Ave. Bridge into the hidin

w it’s time to see what you can

-me that you can drive around the competition table. No
-me to effectively

le piece that can be attached on the mini
g area on the game board.

1. Brainstorming and quick-and-dirty prototype
In your notebook, sketch at least five concepts for the added component on your mini-me to push the

vibranium. Choose the most promising concept (using one of the selection processes taught in lecture)
a bench-level prototype of the vibranium pushing device. You can make this out of cardboard using hot glue or

double-sided tape. The point of this prototype is to validate your idea via experiments in a few minutes! — quick
and dirty but functional is perfect! Take a picture of this prototype and put it in your design notebook.

and make

2. CAD model
Once you are confident your design will work based on your bench-level-prototype testing, design a final version
using materials found in your kit. Draw the final version of your device in CAD and add it to the model of your
example, simple implements composed of a

me. We do not want you to go overboard with this design; for
box extrusion, or a revised mini-me platform are perfectly good

me + the device CAD model in your design notebook.

mini-
single piece of bent sheet metal, a riveted
solution. Include a picture of your mini-

3. Fabrication
Fabricate your final vibranium
to your mini-me using screws (or some
week before the assignment is due and t
picture of your fabricated mini-me +vi

pushing device out of more reliable materials (plastic or aluminum) and attach it
other reliable methods). Make sure you come to lab sometime during the
he shop staff will be happy to help you fabricate your creation. Include a
branium pushing device in your design notebook.

4. Demonstration
You will physically demonstrate your design by having your mini-me to push one piece of vibranium from the
Mass Ave. Bridge into the vibranium hiding area next to ramps. You must demonstrate this either by emailing a
video to your lab instructor before Lab #3 or physically demonstrating your device during the Lab #3. The
physical demonstration is worth 50% of your grade on this assignment. Accountability, and ensuring your
an important skill to develop as a design engineer. You will

design will work by testing it before the due date, is
likely find many unexpected failure modes even in this simple practice. Welcome to the real world!!

Page 1



G _’a 9 7/;() )”/jﬁ
P )j

/ 9 (" L “'

‘\' b . U ) ’\rff

, | 177

6 ; oy |

| | | 4 Hes
‘ szmw( L like t pore ord o7
ith ophon i
Olf\) \r
st place
7 1% VL‘? éfﬂ(/
/1/1(/5,} go/é a/u W, 54#— 1« (ﬂp wm{}/w

67 I /ap-S 1NS //a/wa /c/((_ c1,\j '”‘v'j M*’Qsi"'ﬁr

(K 7 RS

FETD e

% *® ST Y






2.007 Milestone #3 — Design Concept

LEARNING OBJECTIVES: Learn how to generate and evaluate concepts, determine if they satisfy your strategy.

INSTRUCTIONS: ‘ . . ;
This milestone centers on the definition and selection of your design concept. A design concept articulates the

physical embodiment of a design that can accomplish a strategy. Use the best strategy you devised’last week and .
generate multiple concepts that can achieve it. Your concepts can leave out design details that you’ll develop later in
the term. Don’t worry about becoming locked in -- this is a preliminary design that can be altered later as
circumstances dictate. Your work should be documented with about 4-5 pages in your lab notebook. Please

explicitly address each point below.

1. Articulate the problem — Update your list of design requirements from your strategy exercise. Write dqwn
all of your design requirements (at least five) that your concept(s) must achieve to successfully accomplish
your strategy.

2. Concept generation — Sketch at least 5 concepts (pictures of what your machine would look like) that
could achieve your strategy. More ideas = better ideas! You are welcome (and encouraged) to mix and
match features of different concepts, or come up with totally new ideas for each. Ideally you will do both.
Force yourself to think of different solutions — don’t just draw the same robot five times with slightly
different wheels, or painted different colors. Don’t be afraid to generate crazy, somewhat intractable ideas;
there may be features of those ideas that are usable. Push yourself to make each concept distinctly different.
Avoid black box syndrome! Every concept needs to show enough detail so the reader can understand the
core functions and elements of the robot, and it makes logical sense that such a robot could accomplish the
intended task.

3. Selection rationale — Choose a best concept and explain why it seems preferable. As part of this, list a few
criteria you have used in your selection process. A Pugh chart/matrix is one good way to summarize the
information. Physics/analysis is also a good way to justify a design. Describe any major risks you’ve
identified for your chosen concept and generate countermeasures you might employ to overcome them.
You can often find good countermeasures in the other concepts you generated.

4. First order models — Generate some coarse models of your chosen design concept (by “coarse” I mean
leaving out details, not necessarily implying sloppiness). We LOVE to see bench-level prototypes, similar
to those that Prof. Winter showed in the second lecture. This week in lab would be a great time to test a
bunch of models on the game board to see how well they may or may not work. You may also find it
helpful to create very simple models of some of your ideas in SolidWorks, such as a linkage geometry or a
layout for a mobile driving platform. Document all of your sketches/bench-level models/CAD in your
notebook with pictures and printouts. ;

5. Planning ahead - Identify the Most Critical Module (MCM)' of your concept. You will develop your
MCM in Milestone #4. Describe how you plan to address the development of your MCM using design and
CAD work, and include a tentative plan for fabrication of the MCM.

6. We will do a quick tutorial workshop during next lab session. To prepare for that, you should install two
programs on your computer beforehand. One is interface software and the other one is the FTDI driver for
the communication between your computer and Arduino board. You should follow all the steps in the page
below and exercise BLINK LED' then you are all set!!
https://sites.google.com/site/2007arduino/installation

DELIVERABLE:
Abtzg(tm 4;5 pages of text, drawings, screen captures of Solidworks models, calculations and plan in your design
no )

OTHER ACTIVITY:

1 4 !
criD;:::Omem'n of the MCM is an essential part of the design process. You have to strategically identify the most uncertain but
s "m}:ll‘on glfypur l'deas'and build a prototype to test the function quickly. The result of the prototype should be able to
ermine either the idea is going to work or not, The purpose of building MCM is test the feasibility of your idea. The u i
milestones will focus on your MCM, © Upcoming
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2.007 Physical Homework #3 — Hill Climber

LEARNING OBJECTIVES: This physical homework will teach you how to apply the theory you learned about
center of mass calculation, friction, and measurement to your robot designs. This knowledge will be critical in
creating a robot capable of maneuvering effectively on the competition table as your robot design evolves through

the semester.

INSTRUCTIONS:
Now it’s time to make your mini-me climb a hill (the slope from the Mass Ave)! In this physical homework, you

will modify your mini-me to be able to climb the slope up! This physical homework will give you practice
positioning your center of gravity for optimal traction and stability. Feel free to remove the add-on part from the

previous Physical Homework.

The following tasks are due as part of your PHW#3. Make sure you document and label each in your notebook.

1. Measurement of Coefficient of Friction
Measure the coefficient of friction between your drive wheels and the contest table. Report the value in your

design notebook and include a picture/sketch of how you obtained this value.

2. Calculation of CM location for no-slipping and no-tipping
Using physics/analysis/calculations, determine a suitable location (or range of locations) for the center of mass

(CM) of your mini-me to be able to climb the slope, given the coefficient of friction between your wheels and
the contest table. Start by drawing a free-body diagram of your robot on a slope of generic angle . Use the
equilibrium equations to derive mathematical expressions for where the CM must be to prevent tipping and
slipping. Then use these equations with the real gameboard slope angle and dimensions of your robots to
determine an acceptable position of the CM to prevent slipping and tipping. You may do your analysis as a static
problem for simplicity. However, keep in mind that mini-me can accelerate from stall and fall backward, while

most of the time the mini-me has very little acceleration.

3. Modification of mini-me
Measure the CM of your current mini-me and check if you have a suitable CM location that matches with your

experiment results. If your CM must change to ensure your robot doesn’t slip or tip, you can add weights or
move components. This may entail fabricating new parts in the lab, so don’t wait until the last minute to start this
PHW. Include a picture of your upgraded mini-me in your design notebook. You may remove the caster
wheel or the pushing device from PHW#2 if necessary. On the picture of your robot, mark the location of the
CM. Provide supporting pictures of experiments or CAD for how you determined this location. Also
report the mass of the robot and how much weight is supported on the front and rear wheels.

4. Demonstration of climbing
You will physically demonstrate your design by having your mini-me climb the slope. This demonstration will

take place at the beginning of your Lab #4, or you can email/put in Dropbox a video for your lab instructor
beforehand. You will not be given time to finish your PHW#3 during Lab #4. The physical demonstration is

worth 50% of your grade on this assignment.
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2.007 Milestone #4 — Most Critical Module and Intro to
Arduino

LEARNING OBJECTIVES: Learn how to identify the most critical module (MCM) of your strategy;
use design + analysis + prototyping to validate the viability of your MCM.

INSTRUCTIONS:

This milestone centers on the design of your most critical module (MCM). You want to select one
important but not trivial subset of your concept and design it in detail. Choose one of the most critical
tasks that facilitate scoring points in the contest. Consider that you have to demonstrate your prototype
MCM achieving a task in just three weeks, for MS6. The chosen task should be different from any PHWs.
Plan carefully how to use the next 2 weeks to test your ideas. You should be able to assess the
performance of the MCM based on its demonstration, and the success of its demonstration should provide
critical feedback on the overall viability of your concept. For this milestone, please complete the

following.

1. An overall graphical depiction of the module. A hand drawing is acceptable. Describe why
you chose the design among the ones you came up with in the previous milestone. I would
strongly suggest building a couple mock-up prototypes QUICKLY using cardboard or foam core
and hot-glue in the lab to test your idea.

2. Supporting analysis. Make some predictions about the performance of your module. You don’t
have to analyze every aspect of the module, just those aspects that most benefit from analysis.
For example, you might check if your selected motor has enough torque/speed/power to achieve
the function within the desired time period. Estimate the expected results of your demo.

3. Design details. Identify the mechanical subsystem from “Bill’s Build Demos™ that is closest to
your MCM design. Draw an exploded view of your design and point out all of the important
mechanical elements within the subsystem. Identify any important functions parts serve, like
reducing friction or ensuring proper constraint. Pick two parts and draw a FBD for them.

4. Fabrication. Describe enough details required for the fabrication of the module, FOCUSING on
achieving the DESIRED TASK. To minimize fabrication time, feel free to use prototyping
materials (foam core, cardboard) in your module, if it does not diminish the function of the robot.
Once you achieve the task, replacing them with more rugged materials is very easy.

5. A solid model of at least one part of your most critical module. Paste into your notebook
printouts of your SolidWorks Part(s) Document (.SLDPRT) and any other possible CAD files or
other graphical representation, such as assemblies. Use CAD as a design tool. Sketches in
SolidWorks can be very useful for checking geometry and/or kinematics of your design. Choose a
part that requires design thought and has features you will need to fabricate; do not include a

simple part like a specific length of L-extrusion.

6. Design Requirements. Write down the list of design requirements that must be achieved for your
MCM to be successful. Remember, be as quantitative as possible.

7. Plan. Organize your fabrication/testing schedule to be ready to demonstrate your MCM in 2
weeks. Record a detailed fabrication plan for your next lab.

DELIVERABLE: Report at least 5 pages in your notebook.
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2.007 Physical Homework #4 — Autonomous Driving

LEARNING OBJECTIVES: This physical homework will teach you how to program an autonomous robot. It will
give you the baseline skills to create a robot that can compete during the 30 sec autonomous period in the

competition.

INSTRUCTIONS:
The goal of this physical homework is to implement Arduino programming in your robot. To demonstrate your

basic skill, you will program your mini-me (or a prototype of your competition robot) do a U-turn around the
Simmons Bracelet post.

The following tasks are due as part of your PHW#4. Make sure you document and label each in your notebook.

1. Program your robot to do a controlled U-turn. The robot needs to start in the starting area, drive forward, make a
turn around the Simmons Bracelet post, and then turn again and return to the starting area. Print out your
Arduino code and paste it in your notebook. The code should include comments (followed by /) that explain
each line of code. This should be a quick and simple task to give you an opportunity to practice autonomous
driving. You will learn some limitations of ‘dead reckoning’ without having wheel odometer.

You will physically demonstrate your robot on the game board or send a video to your instructor. To get
full credit for this assignment, your robot must start in the starting area of the game board. This demonstration
will take place at the beginning of your Lab #5, or you can email a video to your lab instructor beforehand. The
physical demonstration is worth 50% of your grade on this assignment.

Lo
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#include <Servo.h>

Servo motoril;
Servo motor2;

// Set variables for solving for speed

float turn_radius = 6.6; // Radius of turning

float wheel _dist = 4.683; // Distance between wheels

float R1 = turn_radius - wheel_dist/2.8; //Inner wheel radius from center
float R2 = turn_radius + wheel_dist/2.8; //Outer wheel radius from center

// Set speed variables

// Motors are placed in mirror orientations, so they spin in opposite directions
// This has to be accounted for in code to get the bot to drive forwards

float speed = 30.0;

float vi_a = -speed;

float v2_a = R2/R1 * (-vi_a);

// function to map floats in one range to floats in another range
float mapf(float x, float in_min, float in_max, float out_min, float out_max)

{

return (x - in_min) * (out_max - out_min) / (in_max - in_min) + out_min;

}

// Balancer accounts for the motors on my Mini-Me being slightly different
float balancer = 5.5;

// Map values from the -100 - 100 speed range to servo © to 180 degrees
float speed_servo_1 = mapf(-speed + balancer, -100.0, 100.0, 0.0, 180.9);
float speed_servo_2 = mapf(speed, -100.8, 100.0, 0.0, 180.9);

float vi1 = mapf(vl_a, -100.0, 100.0, 0.9, 180.0);

float v2 = mapf(v2_a, -106.8, 100.0, 0.0, 180.0);

// Variable to detect when to stop driving
bool Done = false;
void setup() {
// Attach motor 1 communication to the pin it's wired to, D2 in this case
motorl.attach(2);
// Set motor 1 servo to stationary.
motorl.write(90);

// Do the same for motor 2
motor2.attach(3);
motor2.write(90);

}

void loop() {
// if loop() hasn't completed a loop through yet
if (Done == false) {
// set both motor speeds to the same thing, adjusted for servo orientation
motorl.write(speed_servo_1);
motor2.write(speed_servo_2);
delay(30@@); // drive straight for 3 seconds

// set the motor speeds to the turn speeds calculated above
motorl.write(vl);

motor2.write(v2);

delay(6300); // turn for 6.3 seconds

// set motor speeds back to equal
motorl.write(speed_servo_1);
motor2.write(speed_servo_2);

delay(3000); // drive straight for 3 seconds

Done = true; // Set done to true to stop loop
}
else{
// Set both motors to stationary
motorl.write(90);
motor2.write(90);
}
}



2.007 Milestone #5 — Fabrication of the MCM

LEARNING OBJECTIVES: Learn how to execute details of your MCM design in physical hardware through
engineering drawings/CAD, prototyping, and fabrication.

INSTRUCTIONS: )

This milestone centers on the fabrication of your most critical module (MCM). Ideally, you should have an idea for
your MCM and a detailed plan to fabricate your MCM this week. Try to plan your time this week to achieve the next
milestone (#6), which requires a demonstration of your MCM in front of your lab instructor during the lab. We
expect to see a convincing demonstration of the finished module.

In recent weeks, your deliverables have mostly been focused on documentation in your notebook. Your deliverables
will increasingly transition to working hardware. Show what you did in photos and CAD models. We highly .
recommend you continue using bench-level prototypes to develop your ideas. Quick, simple demonstrations using

cardboard, plastic, and foam core can be a great way to validate your designs. About 3-5 pages of recording in your
notebook should probably suffice.

One of the great opportunities you have in building your MCM is the chance to consult with the machine shop staff.
We suggest you make an engineering drawing and bring it to one of the machinists. They can help you think
through the best ways to make the part you’ve designed. You’ll find the staff has more time to help you when there
is no lab section, such as Monday morning, Tuesday morning, Thursday morning, and Friday afternoon.

Your deliverables (both writing and hardware) include:

1. Update your design requirements. Based on the feedback you got from your instructor, and your
continued design iterations, update your list of design requirements for your MCM. Remember to make
them as quantitative as you can. 5

A solid model of a second part of your most critical module. At least one graphic depiction of the part

(different from MS#4) should be printed and pasted into your notebook.

An engineering drawing of a part of your most critical module. Ensure there is enough information to

fully describe the completed part — dimensions, materials, datums, thread specs, etc. Choose a part that is

critical to your MCM design, not something easy like L-channel cut to length. Use this drawing to help you
fabricate your prototype.

4. The finished part. Have at least one part of your MCM built by the end of lab this week. Show your
section instructors the finished part. Take a picture of it and paste it into your lab notebook.

5. Detailed Plan. Write down a detailed plan and preliminary bill of materials (BOM) for the rest of the
semester, considering the rest of the robot fabrication. After your experience completing physical
homeworks, you have a good idea of how long fabrication takes. Planning your lab activities is critical for
the success of a project. Please give yourself time to iterate.

6. A plan for testing your MCM. Define the procedure to be used to show that your MCM is working
properly. Describe the testing protocol and the performance expected for each element of the protocol. Be
quantitative. For example, state the time within which a telescoping MCM will achieve its full height or
the number of objects a pusher will push into a specific location in a given time. Indicate how many

consecutive times and with what varying conditions the MCM will have to achieve the performance goal in
order for the tests to be considered successful.

)

W

DELIVERABLE:
About 3-5 pages of writing and pictures in your notebook.

OTHER ACTIVITY:

There are two types of equipment that we have not yet discussed with you in detail: the milling machines and the
lathes. These could be a big help to you as your design begins to take shape. They enable you to machine parts

much more pre.cisely than you could with hand tools, We suggest you get into groups with your classmates and
arrange for an introductory review of these two machines.
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LEARNING OBJECTIVES: The goal of this physical homework is to learn how to measure torque and |

2.007 Physical Homework #5 — Motor Power!!

speed using tools included in the kits and estimate power of the servo motors.

INSTRUCTIONS:
There are two kinds of servo motors in your kits (Speed 25-3 and torque 25-2). You will measure the s

tall

torque and no-load speed of these two motors and compare with the specifications.

1.

Measurement

a. Estimate the angular velocity of each motor. You can do this by recording the video of the servo
motors to measure the angular velocity. Run the motors in a continuous mode with an attached
horn at the output shaft(spline) and measure the period of time that takes 10 or 20 revolutions. You
can try a stopwatch application in your phone or google stopwatch. Fully charge the battery pack.
The 4 AA battery pack provides 4.8V and the Arduino carrier board provides 5V power source.
Calculate the angular velocity when the motors are spinning at the maximum speed with no load.

b. Estimate the torque by measuring the force through a string attached to a horn with a known
moment arm. Program the servo motor in servo mode for this. Make sure you put a M3 screw to

secure the servo horn. Watch the instruction video for 25-2
(https://canvas.mit.edu/courses/1871 3/files/3182141?module_item_id=834835).

Use spring scale in the lab instead of digital scale.

Analysis:
a. Draw speed-torque curves of the two motors and compare them with the motors' specifications.

How accurate are the specifications?

b. Estimate the maximum power of the two motors from the two speed-torque curves. Are they

similar?

Page 1
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2.007 Milestone #6 — Most Critical Module Demonstration

LEARNIN : i
G OBJECTIVES: See how your analysis + synthesis manifested in your first original design in 2.007.

Gain perspective on what could be i
vl be improved, and what your game plan should be through the remainder of the

INSTRUCTIONS:
This mi i
conwr:‘l(l:li?gtc:ine%:::tg:t_on the demopstrat:on of your most critical module (MCM). You are expected to perform a
B e fafl 1:1}1 pf the ﬁr_nsl;ed module during the lab with your instructor. An incomplete module is a
o Tt mof;:, lcet }::tdi:nd is lllktel)tl) to fr‘es]ult in a poor grade. However, it is possible to do well on this

_ . complete but fails to carry out its int i is i i
design process and elucidates promising paths forward.n-y R R 1T T R S

Much is mi - :

(s :;%(e)u;s ﬁ:;df 02?1; fhlsl mllcs.tonc will be determined from your MCM demonstration. During the presentation,

et i € i t;::ea qlrlfmtlons about your work: For example, we might ask you to draw a torque speed

S e g performance of your MCM is related to the curve. Some questions might be related to the
P and project management, since we find that these issues are often critical to success.

fg;tzi-ﬁg‘l:llie S::nog‘s]tr:lon, pll(easc plan to run your device on the game board from a power supply used in the
S A ex,ai/n : ay make some aspects of the m'o'dule’s qperation manual rather than automatic or remotely
e . B ple, you may need to manually position a gripper/arm into place, or trigger a launching

nism. The key is to demonstrate those aspects of the MCM’s function that you deemed most critical to the
operation of your concept to achieve the goals of your strategy.

Your notebook entry should include:

1. A picture 'and summary description of your MCM. Explain the most important design features of your
MCM. Things like degrees of freedom, gripping force, linkage kinematics, actuation methods, etc. You
want to document what you have achieved to this point in the design process.

2. Merits and drawbacks of your desigp. Explain what worked well on your MCM and what could be
1r_nprovcd. If your MCM did not perform the way you expected, please tell us why. What would you do
differently next time? Include any design changes you may make to the MCM in the future.

3. Integration into the rest of your machine. Using simple sketches, show how your MCM will integrate
into the rest of your competition robot. One way you could do this is to paste a picture of your MCM into
your design notebook and sketch the remaining robot you will build around it. Please also point out the
major other modules in your design that you will develop after spring break.

4. Upgraded design requirements. Describe how your design requirements may have changed after your
MCM demonstration. Update the list of requirements for your MCM if they need to change, and for your

entire robot(s). Please make your design requirements as quantitative as possible.

hat it means to say that your MCM is performing successfully. Review the
d in Milestone 5. Bring a copy of the updated test protocol to lab along with
valuating the performance of your MCM.

5. Testing protocol. Decide w

test protocol that you propose
your MCM. The test protocol will serve as the basis for e

DELIVERABLE:

About 3-5 pages of writing and pictures in your notebook.
OTHER ACTIVITY:

It would be a good time to exp
you can take a photo-resistor and

of your flashlight.

lore sensors and how to integrate them into your machine using the Ar_duino. Perhaps
devise a system that will recognize that the match has begun when it sees the light




aly '
_W/J_f_ (‘j("”} (1‘/}{’(‘ 4}),(..( Y [j!’}( n 6 (f.»“ilz'll/”(' ygnnes
NI, v » g
Pa/‘)()‘if- ‘ R
D ((_)”\C):\‘:fg (1‘/ 0~ (/hf'nf ) (0 /,, ranes, O /
064" g,
‘ j ”'\?/l' 4 ()/\/t, On¢ [ Jo whieh 13 f/,( ¢ |
S V0, / e
flf gpmﬁ"/. g it y
[ |y l 4o 2o A
/W/\( /)(ANQ {;/( ,' (‘(.J { )¢ (f / ¥ !1 '
Jl/é‘"(( (f/tﬂ }'f ;/“’(( ('-/ 7 (G,

f »
/Z:“ G font 13 Clé0d d I
The' Geav 1% (wmj’; fon o4
H’( 10 /uf/ [J 10 II’(

qn/ ~, 7 (f
YN | "
o 0l

.f’{ f}lc{ N *w{/‘? f"‘u% ‘)l”r«r (o /( C'(/F/W /J A
e 7 5

,"" P }7(’[,(5'}
/Q {L a /oft'f/u" o7 l)( /,‘rﬂ/?/ c

u;\/( o

(¥ F( 4 // |
/{lf 7 L/(v*'\I f{) /f/f&‘ff 0 //6'
W i 7 1 .
T4 ".[w(,“;“‘ 6es 11on \ (f[{ut/( é«/ ({”0‘:{1 {u}‘fﬁ fo

//“{ 0y 4+{,-rll‘ r’fC o |

R FRTE———

: "'[fr( ( {'} ‘5 ,“”"H'I‘y // A

Al e
ey TG - |
/,{ TRl e \ }nm{/m lo qu [,;_w n, (6 ToTY ¢
¢ '/Y;)/C o (e[~ On } 9
-C. /M ' | |
’ Nl }‘ "”_, y *.‘:. } Gyt
,—( "/; T2 ﬁ(ghNW7 )}( clyte cliow “: ,\ i )
/ P’ /Iﬂ[t/i ibl/f’""“' /v_'/z;}/w‘/’oj’/?s
oy
A 1T iy : op YO
,E(}r ur]//p; '(flzp, res anls /‘/ /Y”vﬂ,&r v
56 (0

[

{,/lll‘fj/‘ﬁiéj\ 7

/ - L
[¢ ”;!J [[7[.’7”(’/{ r\;” /‘:'.r( ”_’J’\H{L LU
v ‘

J
front o kes The c“*‘mb')v M ekt
' J \

!} 4)‘( /J/y(/4< D/ b?m)nf«

' ﬂ({m /Ffu“’{[ ih_a (Hmuo‘ fpf'flml Ow
Y P

' [/ N B
W | 4 ‘ / (JH ,

;“’ /) Vit le Ao\
+ (/‘wruj

=

\ ()l /4

Loy b!cu)«d  erovsh drasance. o bofform \ \y £ | Comped

o ‘K L 4 \, : [)U C)HY//(IJ ba‘”l) Q \ij‘ 1: iia, :.- '? ‘Canflfb.
( ' n\;‘! {

.hfe() :N/((,{( ’V”‘N/ /
” 405 'S }/“4 }hd ()k’,n/-( €

D

s (ould

foo | N ; )
o %\ ' G; 3 /;jz ol closer T Hu{ L ’r' (\! /‘5 ' [U)(’ Lof “<€v Le | |
| (7 AL J: ' el
— bafe ‘)(; G l)‘#‘ I(p{qe/ (¥ (05( hfl‘*’ Myt deacu ! ]

' UPO{(({( fo e /4[;1 Wi A 71(,,’ of /6‘)“' /gt
s Hae 1 [m(.rl;mkﬁ 1M 59 vl GFQ(E!; for
YC')(M‘lﬁJ)l(. qOO ré“’“l"""’

M( qure fp WL 4 p/upa brgu'( 1o ke He }r 4 Yo
pinimice deformalion i pamanttd dinengi'on ond ceducly,
:“{l*lg‘,4wff\7 elor

M/ ) +h,’,_




\ \

Needy only Yo ;n\lc’jm\tt m‘”\ | whih then :M"ynﬂdﬂ, w‘”’ Chiséls, \ . f"/

buudddadd

In fouj}l 0/:;/9/ ('/[

o st pror: Lae ,
L+ (((/'«’Mv': P’Of f}) ¢ ,m[)MaMa MMJr be I/I.Ffr}nl'n/ gne o5 L #

(&HM@ fﬂ.{/m,/ P’Uf“\ly,d-'/ff fzﬁuﬂtl/

(hass s t D\ttt

Vewg.o 3 /qu'a/ /Vbtjun_'_l‘iﬁl_

L/,‘nvh

AV\"JHOW}
Wﬁ‘zﬂlﬁw%@ :
MM dlesiyr f%m.‘rmm/; sta, th Some

%Lb,o;} Be able Yo ¥ bull pnipulater t
A e Ay b
(hassis D tmin” Ich"a.l)z; hold and move cubuscem
L/fi\cb’, Hook onlo A ralle; A1 Mu’/;p,/’/ ring onl Iz
bolores # Semsus” ith 4576 ehicsy Jrive frm SHarting otubibn vp o Lewle
within 30 second s

+ §enso/s

Cht of 19 nches b }f’(ijj

0 QAg,}
wih G %p(’tfc[ of 225 RPY) anl 1l iF for 25 Seeonds

h 225 EPA |
'ﬂlf} év;’,&"” ) CAan(e ‘Q/ 7t"/’//'ﬂj G’ f/fp/):n/o

) e 2y within 15 seconds

Ly e wid ‘\f 225' I‘ZPﬂfl

i ’ ﬁ

/VICM WM6+' ’bu 8[/-26-6) ’ﬂr“ﬂ74 0!1 \‘L-U
). . I l) ” : ' 6"9‘9%("‘/‘ 90‘«, e nm# /(azl’
' \ nPM‘n 0 5:/\7 ¢ /m Pure Xh '(;ql e musz wl“v ”}5 i/ P#"(utj eHicac; of Q¢% +

'Di)pmc 0“ H\fl’f baﬂs,wfﬂloui jam
by fur3hll hudiy n urdes 20 seconds
Bf f‘"}n((/ to a(((/e/,n'n(om aiwl ]Lwdlllbn YWWUj A J‘OSH"A7

m;ﬂy, T Seconds | 40 7o t C#%m;

"1




—-——‘
é@n o5

TUQL") H*'((WH o5t Sensw's 1o/ |
JTW”;"’ i AMPMW”"’ ’V‘wlf : /)Au ‘)f-(-}:}ulr } fJA’V( //m,/)/:); }1'1

| 'D(’}f(‘li‘”‘} (F""L"({“.f'" 5/)’\"”” gﬂ”"(} entoler o ’,/),'nnr/

'Dr\|r.'ﬂ9 from oyt Ho "/"""1’/7 /‘v"”“”f\mﬁtas/5-'
£ QO}((M#H)I‘V‘/ /)0§ g'.(‘n.‘ I/MU

‘ L(-nﬁ/o{;mw./ /Jr.?."J,‘on: I’MJW ence, ,WS
L

Au‘rﬁf«olﬂ‘w : e unle 1«'(,.1/(’

' Y
ﬁ*}) fJ' (mif’ lfa’ws )jb.l J Jwg/ﬂ .Al
//(l' a );[}nq WPJ '\(, ’,}(‘(j |
hﬂ/glvfoJﬁJ 0[(0/015/19 Y

/
1Y hectssaly ) f /Ul 15 /p-/"]/&fﬂ/ ﬁ/élﬁp/é o

| '1'?({’9“/:’#7 ({Mfr;fu% {ﬂ
L, ‘/‘/ML 4;9!1(1‘ [/MI }let, Vil14
A

o \
A—” p‘c )L(té (S Vet (,og),,

52 - c/@w’/ ;
s - oo
& Pouversr— B o

B D/\/\//fﬁ ; '
<&

L/t’ﬂ&_, ,‘/-(;q/ P .’(A/e_/ ‘
w% AN ‘L/\L lé/\f) ' ’_T{,\,\g e 7LL~¢,
/96‘{ Cé gﬂd/e;

,L(,f/' jL(/(c,.zg

t‘\%é wza

) e )

0, (\C/\ct/' ‘)\L\.\M/ um&/é/ )/cour—
%&"’ -@(L/V\/'\o,ﬂ[(_é /

EEEENEEEEREEE AN EBEESHBESESE



2.007 Milestone #7 — Design Integration

LEARNING OBJECTIVES: Reflect on > i
) £S: your MCM demonstration and mak lan f d fi i
and your tasks for the rest of the semester. R TR e

INSTRUCTIONS:

Tl}l; milestone concerns the overall design of your system based on the results you attained in making your most
critical module. For many of you, this will be an important juncture in your design process. Some of you will want
to develop mechanisms that cooperate with the MCM you just created (e.g. an arm that can manipulate an object).
Others may want to reconsider the module they just developed, and maybe even their entire strategy, to simplify

. their approach and begin executing a new plan. In either case, the decisions you make now can have a big impact on

)’Q?r 0vera]l success and the relative ease or hardship you’ll experience in the upcoming weeks. From the time this
milestone is assigned, you have four weeks until MS8 is due (including spring break), when you will present an oral
design review of your integrated robot to your lab section. s

Eor some of you, now is a good time to throttle back on building and return to the drawing board — literally and
glfratlve_ly. Therefore, this week you are going to reflect and project your plan for the future, leveraging your
design skills, notebook, and the people around you. Deliverables for this week are:

1. Qral design review of your integration plan with your lab instructor. Per the instruction of your lab
instructor, you will do a brief oral review on how you plan to integrate your MCM into your completed
_robot. You should discuss what additional modules remain to be designed and fabricated, how all of them
Integrate together, and the time required to design, fabricate, integrate, and troubleshoot your machine.

2. Some reflective discussion regarding the MCM demonstration. In your notebook, briefly state the
result of your MCM demonstration and what you learned from it. Explain the reasoning behind the results
you attained. Sometimes small changes can make big differences. This is particularly important if the
demonstration was not entirely successful.

3. A representation of your integrated system. In your notebook, make a graphical depiction of your most
critical module along with the other modules/supporting systems that will be integrated to form your
complete 2.007 robot(s). We strongly encourage using CAD to accurately estimate weight, center of mass,
dimensions, and features/locations of parts. In particular, your CAD drawings with annotated dimensions
will drastically expedite your fabrication process. If you insist on creating hardware first, attach pictures of

your progress.

4. A plan for the next four weeks. Lay outa 4-week schedule in calendar form, covering the period from
the assignment of MS7 to the “impound” of your robot during the week of May 1. Include details in your
plan such as parts to be made, modules to be validated, driving practice (don’t forget this!), and associated
timelines. Plan for your machine to be complete and ready for practice only the day your lab meets during
impound week. If your schedule slips, you may continue to develop and fabri.cate your robot th_rough the
week of May 1, provided you impound by the end of the week, per the guidelines of the course instructors.

Enumerate the deliverables of this assignment to effectively communicate with your instructors.

DELIVERABLE: .
About 3-5 pages of writing and pictures in your notebook.
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2.007 Milestone #8 — Oral Design Review

LEARNING OBJECTIVES: Learn how to articulate your design decisions and analysis to your peers, leverage
their collective wisdom and gain feedback to improve your competition robot.

INSTRUCTIONS: ' ) ,
You will present a 10-minute design review of your integrated robot (with all finished and planned modules). This

presentation will be given to your lab mates and your lab instructor during your lab section. Your grade will be
determined by peer review feedback and your lab instructor’s assessment. The oral design review is worth 10% of

your final grade.

The purpose of this milestone is for you to explain the engineering and design decisions behind your robot. You
should discuss what strategies you are trying to complete. You should be prepared to justify the form and function of
different aspects of your robot, and justify the design decisions you made with analysis and good design reasoning.
This presentation will also be a chance to get feedback, which you can use to improve the design of your machine. It
will be a win-win! After Milestone #8, there is only a short time before impounding. This is a last chance to make
any significant design changes.

We will expect to see the following in your design presentation:

1. A short description of what your robot is meant to do (function, competition tasks). Please bring your robot
to the presentation so you can point out relevant features.

2. 4-7 powerpoint/keynote slides explaining the important features of your robot and the engineering
decisions/analysis you used to complete your design. You can use your own computer to project these
slides. Justify your decisions with good engineering reasoning. Elements in the slides may include: CAD
models; pictures of bench-level prototypes; close-ups of important mechanical elements; videos of your
robot completing tasks; critical calculations; and spreadsheetss MATLAB simulations you used to predict

performance.
3. The evaluation of the design review is based on the following elements:
e  Strategy
e  Overall Design
e  Technical Details/Calculations
® Lessons Learned & Next Steps
e Presentation quality (organization, good articulation, image/figure quality)

4. Your plan for the remainder of the semester and how you will prepare your robot for the competition.
Include any challenges you still face and your plans to overcome them.

DELIVERABLE:
Oral design review presentation about your robot. (Note: this presentation is worth 10% of your final grade).



2.007 Milestone #9 — Impounding

LEARNING OBJECTIVES: Complete and document your design.

INSTRUCTIONS: 445
This milestone is effectively the last one that addresses fabrication. You should be finalizing the last additions and

improvements to your total system. The subsequent activity is the demonstration of your fully integrated machine at
the competition!!!

After the contest, we plan to grade notebooks one more time to see documentation of your final machine and your
reflections on the competition (that is the next graded milestone). Please include the following items in your
notebook for this milestone:

. Annotated photographs of the complete machine in its current state. Please take a few photos
showing different views of your machine. It would be good to show the two or three critical configurations
such as arms extended or retracted. Label the photos with notes to indicate principal successes and major
current concerns.

2. Fabrication details. Discuss the main steps you are taking this week to finish up your machine. What
parts have been the hardest to build? It would be good for you to list out fabrication steps so you can
efficiently complete them in lab.

3. Stored energy calculation. Present how much stored energy your robot has. Energy storage sources may
be batteries, stretched elastic bands, etc.

4. A pre-flight checklist. You will need to complete a series of tasks to prepare your robot for
competition, especially if you have an autonomous robot. They can be as simple as plugging in the battery
and turning on the power, or as complicated as reconfiguring a mechanism for a certain task. In your
notebook, list out every step required to make your robot ready for the competition. This list will be critical
for reliable operation during the nights of the competition, when you may be nervous and thinking about
many things at once. The pre-flight checklist will ensure you prepare your robot for successful operations
in the competition. Store a copy of your checklist with your robot so you remember to use it during

the competition.

IMPORTANT: As part of impounding, you will have to demonstrate your robot in a competition round, following
the contest rules. This can be done live for your lab instructor or videoed and sent to your lab instructor. You may
use your ladder score for your impound score. Your lab instructor must sign off on the size and safety
requirements for your robot; other instructors may fill in the remainder of the impound card before you
submit it. Make sure you review all the categories on the impound card. Even if you are on the ladder, you

still have to submit an impound card.

An example impound card is available for download on Canvas under the Course Information Module.

OTHER ACTIVITY:
We highly encourage you to decorate your robot and give it an awesome name! Expressing your own personal style

through your robot is always welcomed!
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2.007 Milestone #10 — Reflection and Learning

LEARNING OBJECTIVES: Reflect on your design experience and how it impacted/prepared you as an engineer.

INSTRUCTIONS: i ;
This milestone is the last one of the course ®. You should devote ~3-4 pages to it in your notebook. During

impound week, you will have the chance to observe lots of other machines in operatiqn. You alsg may have some
time to reflect on your own design effort and what it meant to you personally. In particular, consider what you have
learned and how the experience may change your design approach in the future. Below are some suggestions on
elements you may choose to include in your final milestone notebook entry:

1.

A description of the final machine. Describe the features of your final machine and what it does. To
answer these questions, you might use an annotated photograph and/or solid model and a detailed
description of your seeding round results.

Some comparisons. Are there other machines that help us to understand your machine and your design
process? How did other people approach the same tasks that you attempted? Are there any principles that
can be generalized from these comparisons?

Use of design tools. What role did design tools such as CAD and computational tools play in your design?
Did these tools help you foresee and avoid a problem? Did you make more use of the tools compared to
those around you, or less? What was the impact of the tools on your design?

Use of fabrication tools. How did the kit of tools and materials you had at home help you grow as an
engineer? How did you use these tools? How did your skills change over the semester? Were there any
tools you didn’t find useful, or any tools you wish you had that we didn’t provide?

What you learned. Please describe in some detail a few key things you learned. The things you list might
concern machine elements, fabrication, solid mechanics, the creative process, and/or decision making. An
insightful analysis of a few things you learned is preferred to a long list.

What would you have done differently? Hindsight is 20/20. Looking back, how would you have changed
the strategy of your robot? If you kept your original strategy, would you have changed the design of your
robot to better execute it? Would you have changed your time management strategy?

Suggestions for next year. Please tell us any improvements you think we should implement in the course
next year.
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