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Executive Summary
Every year, dozens of people die from accidents that are directly related to roofing a

building. The Electronic Library of Construction Occupational Safety and Health, or eLcosh,
determines that an overwhelming majority of these accidents come from falls off of the roof.

Our Faculty and Project Sponsor, Dr. Carl Nelson came to us at the beginning of the
semester and informed us that he would like a prototype of an autonomous roofing robot to be
designed, built, and tested. What we have since created is a functional prototype of an automatic
roofing system that will serve as a module for a Roomba style robot. This design requires a
human to load shingles and nails into it, and the robot will autonomously and accurately cover a
standard gabled roof with shingles, up to a 40 degree pitch.

This device is capable of isolating a shingle, sensing the correct positioning, moving the
shingle into place, and nailing into a framed roof. The final design found a balance of cost, safety,
and ease of use. We wanted the system to be as user friendly as possible. The easier the use, the
quicker the system can be deployed. The intended target for this product was commercial use, or
for people to rent and roof their house by themself.

There are various designs that have been considered and ruled out, succeeded by our final
concept. Accompanying this concept are a bill of materials, cost breakdown, a testing plan with
criteria, our future timeline, and various sheets of solidworks drawings.

Background

I. Sponsor & Motivation for the Project
Our sponsor and faculty advisor for this project is Dr. Carl Nelson, a professor of

Mechanical and Materials Engineering at the University of Nebraska-Lincoln. Dr. Nelson
has years of experience in the fields of Mechanical Engineering and Robotics. Due to his
expertise in these fields and his awareness of how dangerous roofing can be, he wanted to
design and build a solution to the dangers of roofing. Through talking to Dr. Nelson, we
were tasked with designing and building a module for a roofing robot that can store
multiple bales of shingles, isolate one shingle from the stack, align and position the
shingle into the correction orientation, and nail the shingle to a roof.

Through researching for this project, we found that the number of nails required
per shingle depends on where you are located in the United States. For the majority of the
United States, only four nails per shingle are required with the exception of the first row
requiring five nails. Southern states with higher winds and risk of hurricanes require five
nails per shingle across the whole roof. Due to this, we have decided to design the robot to
fit the majority of houses (four nails) with there being an option to add a fifth nail when it
is required. We have also found that roof pitches vary greatly in the United States, but we
will not be required to roof at an angle greater than 45 degrees for this project. For safety



and ease of use, the robot will not be laying the first row of shingles. This is to ensure the
robot does not fall off the roof by being close to the edge and it allows for a consistent
starting point for the robot.

Problem Statement
Roofing accidents occur far too often and should be eliminated. The overall goal of this

project is to help eliminate roofing accidents. According to the Electronic Library of Construction
Occupational Health and Safety, roofing accidents account for 51 total deaths each year. Most of
these deaths are from falling. Clearly something must be done to keep roofers safe and off of
roofs. The specific goal of this project is creating a robot to store, place, align shingles on the
roof, and nail them down.

Customer expectations have also been incorporated into the design, with ease of use, and
limited time on the roof being key factors in the design process.

Project Scope

I. Deliverables
We set out to produce a functioning prototype that is able to effectively place,

orientate, and nail asphalt shingles onto standard pitch roofs. The hopper of the robot
should be able to hold three bales, or 66 shingles. The accuracy of the positioning and
final nailing of the shingle should be within ⅛” of an inch. While the larger movement of
the robot is not within the scope, it should be able to attach easily to a robot capable of
guidance. Some bonus deliverables that we will try to implement would be an automatic
orienting device that can accept any type of packaged shingles (alternating direction), a
safety harness proof of concept, and a new type of quick release mechanism for mounting
and disassembling the robot.

II. Design Constraints
While the overall goal is to come up with a design to increase the safety of roofing

through an automated roofing system, there are a few design constraints that limit the
project as well as set specific goals that must be met. One of the first goals is to keep the
project under $1,000. This number was later expanded to $1500 after manufacturing had
begun. This cost does not include the costs of the nail guns for the project. The $1,500
budget does however include all other parts, raw materials, manufacturing processing,
assembly costs, and testing necessary for the creation and testing of a prototype. This
budget is subject to change if this product ever went to market, with some temporary
materials being replaced with longer lasting parts. The next constraint for the design is to
comply with all applicable codes or OSHA requirements. The only applicable codes found
were to nail a total of four nails through the shingle to attach it to the roof. The next



constraint is to create a design that can be fit onto a ladder lift. Ladder lifts have a platform
that is approximately the size of a person standing. This means that the final design must
be about the same size or be able to be easily disassembled to fit onto the ladder lift. Most
ladder lifts have a ladder lift maximum lifting capacity of about one or two people
(approximately 400 lbs). The final product weighed less than our maximum designated
weight, which makes taking it apart and moving the pieces even simpler than expected.

Project Timeline
The time constraints for this project were confined down to two semesters, both roughly

16 weeks in length. This can be seen in the Gantt in Appendix I: Figure 1. The first semester was
primarily used to do an overall design package for the entire robot. This includes CAD modeling
as well as constructing circuit diagrams for total operation of the robot. This was wrapped up by
ordering of parts to kick off second semester; this is where the real assembly and manufacturing
of the robot occurred. Throughout the final 16 weeks, many tasks were performed in
manufacturing, assembly, testing, and redesign. This was primarily done entirely on our own as a
team in order to save on cost and budget. This timeline was followed very closely as followed and
was a successful and complete pace to follow for any other similar projects related to this robotic
design.

Design Concepts
The goal of this project was to create a design that was as safe and efficient as possible to

use. With these main criteria in mind, other criteria were needed to be taken into consideration
when designing the prototype. Cost, weight, complexity, and ease of use are the other constraints,
although not as important as safety and efficiency.

The driving issue for this prototype to solve is the deaths of roofers and other roofing
accidents. Safety must be the forerunner in this design in order to maximize the effectiveness of
the prototype in solving this issue. Safety was weighted in the design process as the highest.
Concepts were graded
with regards to moving parts, pinch points, accessibility of parts, and redundancies. Having an
automated system around with nail guns certainly requires caution, but with the correct safety
features set in place, can be more of an asset than a liability.

The second highest weighted criteria for the designs is the accuracy, or efficiency of the
product. Roofing crews have their craft down to a science and muscle memory, so any product
that will compete with this will need to move quickly, and not fumble over itself. Concepts were
graded based on shingle handling time, accuracy of shingle placement, consistency, and cycle
time.

The third highest weighted constraint to the prototype is the ease of use of this product. As
stated before, the targeted customer is not only the commercial industry, but for homeowners who
want to rent this product. For this to be accomplished, the product must be able to be used by



people with little to no construction knowledge. Concepts were graded on how easy it was to
replace consumables that the device used, ease of maintenance, and operation.

The fourth constraint of the device's design was the complexity of the concepts. This goes
along with the ease of use of the prototype, but to the internal workings. The less moving parts,
less parts overall, and smoother and simpler movements of the device were preferred and graded
higher than concepts that seemed to be too complicated. We also took into consideration our own
manufacturing prowess into complexity.

The two final weighted constraints to this prototype were the cost and the weight of the
device. Since this project is only in the prototype phase, these two were weighed the least out of
the bunch. This product does need to get onto the roof of someone’s house at some point, but it
was an initial goal to be able to quickly come apart and come together in order to get up a ladder
lift. The cost of this prototype was also discounted, as cost is saved by using materials and
manufacturing methods that are not feasible with a final product.

The scale that we ranked each parameter on ranges from one to five. We decided to use
that on the weighted decision matrix as we did not feel comfortable with having ten degrees of
severity. For us, it was easier to lump each concept onto a broader scale of one to five. The
minimum, or the worst option, was ranked at a one, and the best option was ranked at a five.

I. Nail Gun Rail Design

For the module to properly set a shingle on the roof the shingle must be nailed in
place. To accomplish the task of nailing the shingles two concepts were created and
analyzed with a decision matrix. The first concept created would use 4 nail guns
simultaneously. These would be mounted to a rail where they could be moved in unison to
nail the shingle to the roof. The other concept created was to use a single nail gun that
would run on a slide and nail at the desired intervals. The design matrix, shown below, has
each part weighted by its importance and each concept is given a rating between 1-5 for
the criteria. The extra parts for the single gun rail are shown to outprice the parts for the
multi-gun rail. The safety of the multi-gun rail is less than the multi-gun rail with the
addition of the moving parts. In both concepts the nail guns would have no air to them
until they were lowered to nail the shingle. The ease of use is another short fall for the
single gun system. The time between reloading of the guns for a single gun would be 1/4th

the time of the multi-gun design and would not line up with the reload interval for the
shingles. While the addition of 3-4 other nail guns will add weight the system is modular
and can be disassembled for easy relocation. The use of 4 nail guns allows for the operator
to have more hands on ability to set the spacing between the nail guns for a more accurate
placement of the nails. With each shingle being adjusted, the accuracy of the nail could be
adjusted with the single gun system. The downfall of that is the software and interface to
allow for this based on the budget given to the project. The simplicity of the 4 gun rail
system proved to be the better option for the project given the design constraints. With the
nailing system decided on 4 guns, the holding rail had to be designed. The rail was made



from the same square tubing the frame will be made out of, 1.00” x 0.065” walled tube.
The tube will have a 0.25” key stock welded to one face of it to assist with the rotational
movement from the gun mounts on the bar. The bar will be capped off with a nut welded
to the inside of the cap. This will allow the attachment of the end caps and the gun mounts
to be slid on and off the shaft. This assembly has to be moved toward and away from the
roof to allow for the rest of the machine to complete its task of placing the shingle. The
method of creating the movement was between a pneumatic cylinder and a linear actuator.
This was easily decided with 2 criteria. The first was the speed at which the actuator could
move the assembly. The second was the reaction it would have to repeated opposing shock
loading. The linear actuators had issues with speeds and the power screw inside it would
have issues with the shock loading from guns firing.

With the decision made for the pneumatic cylinder, a new issue arises. The issue
was how to use the cylinder to move the rail.  The initial thought was to use a 4 bar system
to allow for the rail to move vertically. The issues with the 4 bar design were space
constraints and complexity to use pneumatic cylinders. The new design would mount the
cylinder to the frame vertically and have rails on each end to assist with the moment on
the rail from the nail guns hanging on it. The cylinders will move the rail vertically up and
down and bearings would move along the rails and help center the assembly throughout
the motion. The rail would be connected to the bearings with bolts. The nail guns and the
cylinders will be controlled with electronic valves. This will allow for control of the
cylinders and the air to be shut off, adding to the safety of the module.

II. Rollers and Slide Design
In order to have proper placement of the shingle so that the nailing module can

operate precisely and place the nails where needed, a module must be designed to bring
the shingle down from the hopper into place without the shingle being placed at an angle
or without it making it to the front of the device where the actuating fingers can push it
into proper positioning. In order to achieve this, four different ideas were conceptualized



and placed into a decision matrix. The first concept used the idea of mounting a robotic
arm beneath the hopper which could reach up to the hopper slot, grab the base of the
shingle, rotate, and place the shingle in the appropriate position needed. This module
would remove the shingle from the hopper and be able to place it fairly accurately all with
the use of one assembly. Both of the next modules took into consideration using sensors to
set the shingle into proper placement. The first would use a mechanical sensor type which
would read the position of the shingle based on small switches or levers placed at the
bottom to find how square the shingle sat within the frame. Opposed to this, the second
concept would implement non-contact sensors of some type whether they use light or
photo-imagery to read the location of the shingle compared to where it needs to lay.
Finally, a module was proposed that the shingle would drop in out of the hopper and roll
down the slide with shafted wheels and slide into slots at the bottom that would press the
shingle into its proper location. Another design matrix is put together below; once again it
is rated on a scale from one to five. Module selection was based on the following.

The final module listed above ended up coming in last out of our four concepts.
From a safety standpoint, there are not many moving parts within the slide module itself.
With only the shingle sliding down into place however, especially with the tar texture on
the back, the shingle would get stuck constantly and would cause jams within the machine
all of the time. With this in mind, there would be a large requirement for the user to reach
into the machine where many moving parts exist, hence its very low safety rating. Cost
and weight would be saved greatly using this method however due to its low complexity
and the slide already being a part of the two other designs. Again because of the constant
jams from the shingles texture and wanting to turn sideways, the accuracy and ease of use
take very low rankings.

The next step up for the overall design of this module was decided on as a robotic
placing arm. This would be a very safe module due to the only necessary danger being the
introduction of moving parts within the frame. Along with a large safety factor, this
method would also give a very high accuracy due to the advancements in robotics modern
day. However, when it comes to the cost and weight of systems like this, the rating is very
low due to the cost of extra equipment needed on board to program and determine.
Another part of the system would involve the programming which is not a simple process
especially for the overall motion we needed to obtain. With all of these extra calculations,
this would not be an ideal module design.

The final modules were both a sort of sensor alignment. These came in a tie for the
best alignment systems. Both modules were able to obtain the highest safety rating of all
modules. This is due to the ability to tuck the sensors away out of place where they will
only see the shingle be placed and not misread any other motions if the robot is interfered
with. Newer technologies have also caused the cost and accuracy of these systems to come
in at a very high rating. For the several sensors between the two types considered,
complexity and ease of use are both interchangeable as programming is required for both.



One will use computer learning programming to help it increase accuracy where the
mechanical sensors would not need to learn but could be more complex in usage where
weather and other outside elements could affect its readings.

With all of the options at hand above, a non-contact sensor will be chosen. This
could be chosen as a camera sensor or any other type of non-contacting sensor. By
implementing this, some systems will be used along with guide rails to get the shingles in
an initial position. By taking the shingle from the hopper in the next module, it can be
placed onto a slide with rolling shafts attached. This system overall will get the shingle
down to the sensor's position. With the sensors selected for the final design, a series of
servos with rack and pinion gears are going to be implemented as the final method of
alignment of the shingle using the sensing method.

III. Hopper Design
Finally, a module is needed to separate individual shingles from each stack. This

module must be designed to load shingle bales into and shear one shingle off at a time
individually. In order to achieve this, three different separation modules were
conceptualized. The first idea looked at using a design matrix was separation using a roller
system. This used a roller at the back of the hopper mechanism to press the shingles into
and shear them off with gripping wheels. Another proposed idea was to simply let gravity
control the shearing of the individual shingles and implement a gate on the hopper to
allow once shingle through at a time down into position. The final concept was a
combination of these first two modules.

The first module involved taking the hopper on top of the frame and placing two
driving shafts at the back with protruding gripping wheels. The actuator within the hopper
would push the baled shingles forward into this shaft setup. This individual module
concept came in relatively high safety with few moving parts which will be exposed on
the back of the entire robot's setup. Cost for this module is relatively equal compared to all
other options but would still be a somewhat expensive option due to the usage of chains



and motors within. However, by 3D printing some of these parts, it will be a less complex
setup as well as having a simple setup causing our ease of use value to go up.

The last two concepts for the hopper can be paired together. Originally, a gravity
fed idea was conceptualized. As can be seen in the design matrix below, the factor of
safety for this was very low due to the possibility of jams near moving parts as was said in
previous design matrix concepts. This also affected the accuracy and ease of use modules
on this design. Overall, this was able to keep the weight down as well as the complexity
much similar to the roller module. With the cost, accuracy, and ease of use factors
completing spiking to a new low, it was decided this idea would just have to be scrapped
as an individual module. However, when paired together, both modules combined would
give a much better result. By using the rollers to shear the shingles as well as having the
gate to control the rate at which they fell, all factors except cost were able to be greatly
improved or remain the same. This module of a similar complexity offered a much higher
safety factor and gave much higher accuracy and ease of use for the delivery of these
shingles.

With all of these factors at hand, both roller and gate concepts paired together will
be chosen. This will be done with an actuator with a large pusher slide attached to it to
inch the shingles forward one by one at a rate determined prior to movement. Once
pressed at a desired force, the gate and rollers can be activated shearing an individual
shingle down onto the slide with rollers. Due to the way the shingles will be aligned in the
hopper, this should work perfectly with the tar side showing as it will offer a little
penetration from the wheels to help grip. This will not damage the shingles and will help
to increase the driving force from the motor to the edges of our 3D printed gripping
wheels giving the desired torques.



Design Decision Analysis
The decisions for each of the modules are made using the total number of points accrued

by each concept. For the nailing module, it was decided that four or five nail guns would be better
than one nail gun that moves side to side and is responsible for putting all nails through the
shingle. The major reasons for this decision is lower complexity, cost, and safety.

The decision for the shingle separation was made from using gripping rollers or a gate. It
was decided that both would likely be necessary to ensure that the shingles both come down from
the hopper. It was determined that weight due to gravity would not be enough to shear the
shingles from each other. After preliminary testing, It was found that when attempting to shear the
shingles from each other resulted in the top shingle being torn apart at seventeen pounds. This
means that while this design concept using the gripping roller and the gate will work for shingles
simply pressing against each other. Another idea must be used for shingles that are stuck together
similar to what may happen in a hot environment.

The decision for shingle alignment was between automatic placement using a physical
robotic arm, smaller mechanical arms, non contact sensors, and simply a slide for the shingle to
fall into place. Using the totals from the design matrix it was determined that the best design
would use smaller robotic arms and noncontact visual sensors to find the correct placement of the
shingle and move it into place. The larger robotic arm was determined to be far too complicated
and expensive while the simple slide was decided to be inaccurate as well as would not allow for
fine placement.

Final Design Concept
The final design concept can be found below. There can be seen all of the design concepts

described above from the full rail of multiple nail guns (only one is shown) to the hopper with the
rollers and the slide with the rollers. The alignment fingers are also below to do the final
positioning of the shingle. These alignment fingers are designed to be manufactured from 3D
printed polylactic acid.

The nailing system is to be made out of four standard nail guns, one rail made from square
steel tubing, and pneumatic actuators. The frame will be created from the same square tubing. The
corners of the frame will be mitered together and welded. The roller system will be created using
3D printed rollers and D-profile shafts. The upper two rollers used to separate the shingles as well
as the lower roller is meant to move the shingle into place are all powered using electrically
powered motors. The hopper frame is made from angle iron. The shingles are moved forward in
the hopper using a linear actuator with a potentiometer.



Final Design Package
The drawings in the Appendices show the final design concept in detail. Each of the

designs were created in Solidworks. The design was broken into several subassemblies to
organize the design and allow for easier modeling in Solidworks.  The subassemblies are the
hopper, the nailing equipment, the fingers, and the frame. Each subassembly has a figure to show
finer details that are hard to see in the overall assembly view.

An electrical schematic of the robot can be viewed below in the Appendix. This schematic
shows how each of the mechanical and electrical devices are intended to interact together. The
motors and the linear actuator were driven using motor drivers. The servos were driven directly
by the Arduino Uno (chosen microcontroller) using a servo shield to extend its capacity. An LCD
screen and a Pixy camera were connected directly to the Arduino Uno. A power converter was
used to convert 120 VAC power to 12 VDC power for most of the electronics. A buck-boost
converter was used to convert 12 VDC power to 5 VDC power for the servos and the Arduino.



Prototype Manufacturing

In the Appendices, you can find a more detailed spreadsheet of the costs of the prototype.
The costs that we have calculated so far sums up to $1456.90. There is still room for budgetary
optimization. However, it is growing increasingly difficult to find ways and areas to cut some of
the cost without jeopardizing the integrity of the prototype. With this, it is entirely possible that
the budget may swell to multiple hundreds of dollars if the prices of raw materials maintain the
fluctuations that have been observed.

The budget has been broken down into the following:
● Nail Gun Rail: $281
● Slide and Rollers: $402
● Hopper: $379
● Motors, Sensors, Misc.: $438

The miscellaneous section of the budget is going towards anything that is not solely found
in the prototype itself. This cost comes from purchasing shingles, extra fasteners, 3D printed
parts, and other expenses that we do not foresee to expect to run into.

Various manufacturing techniques and constraints were present in the design of the
prototype as well. These range from saving money on our budget, to safety, to be simple enough
for us to build.

The main design constraint that we used in the modeling of the prototype was budgetary.
There are several places in the final design that were altered and decided on to save money. One
of the places that this can be seen is the design of the hopper. It was originally decided that the
hopper would be encased and made out of sheet metal. Upon researching the price of a piece of
sheet metal large enough to be made into the hopper, it was quickly decided to build the hopper
shell out of oriented strand board and a cheaper alternative, angle iron.

The next design constraint that went into the SolidWorks model was simplicity. As
mentioned previously, the original design for the nail gun rail assembly was for the rail to be
attached to a four bar linkage, which would provide easier access to reload the nail guns. This was
changed to a simpler linear movement that required less parts and analysis.

Another constraint for our parts and model was the manufacturability of the parts that
went into the prototype. A decision to only buy a single thickness of sheet metal was made, and a
design around that had to be made to ensure that the parts that needed thicker sheet metal, could
be produced from the thinner material. An example of this would be the side flanges of the frame
that hold the rollers in place. We expect to be able to fold sections of the sheet metal in half and
tack weld the sides in order to produce the shape that we need. It is acceptable if these are not
folded flat, as a bushing will be placed in a hole drilled through.

Some factors that led us to decide on the certain parts that are put onto the parts list were
the cost, availability, and the potential safety of the prototype. Several websites had warnings on



their ordering page if they had limited availability or low stock. These were avoided as the parts'
arrival needed to be guaranteed. Some parts were also added to the list to boost the safety of the
prototype. Several valves for the nail guns and extra metal tubing are to be purchased to aid the
structure and the functionality of the nail guns. This prototype has the main goal of being safe to
use.

Prototype Testing

I. Test Plan
The testing plan that we had selected for this product not only tests the mechanical

workings, but also the initial constraints that were given by Dr. Nelson. To test this
prototype, a mock roof would be constructed out of common framing 2x4s and a sheet of
oriented strand board. Instead of a robot to effectively move the prototype around, a
rolling chassis was constructed out of the same one inch by one inch square steel tubing as
the frame. Casters were mounted underneath this assembly and bolted to the sides of the
base of the frame.

To begin the testing and to improve the performance of the module, the cameras
and integrated image processing  needed to be exposed to different types of shingle
arrangements. This would create a catalog of images for the robotic system to interpret
and choose the most accurate and efficient adjustment for the shingle being placed.

The testing would have started on the testing platform being flat. This will be
equivalent to the minimum angle that the prototype will face. From there, various tests
will need to be completed.

The first test would be the cyclic testing of the device. Bales of shingles will be
loaded into the hopper and the prototype will be allowed to complete all the functions. The
guns will be dry fired against the properly placed shingle to avoid accidents. This test will
go through multiple bales of shingles to ensure the mechanisms are properly working, or
to pinpoint issues in the design.

The next test that will be conducted will be a simulated test. A shingle will be
nailed into the platform for the robot to sense off of, and the robot will be wheeled roughly
to where the next shingle will need to be placed. This is similar to the robot that the
module will be attached to, as the constraint for the robot is to get the module to within
one inch of the desired location in two axes.

This module must be able to place hundreds of shingles in a row without fault or
failure. In addition to the internal mechanism not faltering, the shingles must be placed in
a straight row. If each shingle placed has a constant offset of a half inch, the start and end
of the row of shingles can potentially be offset by a foot or more. This is unacceptable for
roofing and will cause a huge loss of profit.

For these tests to be determined to be a success, there are very specific parameters
that the results must fall under. For the cyclic testing, we estimate that 500 shingles should



be run through, start to finish, in order to be deemed a success. For the simulation testing,
the robot should be capable of adjusting the next shingles placement based on previous
shingles positioning. This must provide a straight line with very little gap or angular
difference in reference to the previous shingle.

II. Test Execution
Each subsystem in the module was tested individually and no full system test was

completed with the time constraints. Each system test was a proof of concept and
functionality instead of an endurance or cyclical test.

For the Hopper and shingle feeding system multiple shingles were dropped down
the slide with the assistance of the roller wheels to move it onto the roof for the alignment
fingers to align the shingle. We tested the fingers separately from the camera, since it was
in learning mode.

The actual testing that was conducted was more “proof of concept” testing. The
individual modules were tested by themselves, as opposed to an entire system test. This
will still need to be performed, to see how each module interfaces with each other. As of
right now, a shingle has not been loaded, placed, and nailed in place at the same time. As
of the end of this phase of design and building, we have deemed our smaller tests as
success.

III. Test Results/Analysis/Recommendations
Tipping Axis Analysis:

Our initial goal was to have the prototype be able to perform on 12/12 pitch roofs,
which sit at a 45 degree incline. This goal fell short by a couple degrees, and it was
determined that the maximum operating angle is 40 degrees. Figure 7 in Appendix III
shows a geometric analysis of the envelope of the prototype to determine the tipping axis
for the two extreme centers of mass. The coordinates of the center of mass were found in
SolidWorks mass properties, which give a precise point. The figure drawn in Autocad is to
scale. The first line that was drawn was 45 degrees from the axis of tip rotation, located at
the very bottom left of the robot. The center of mass was located on the left side of the
line, indicating that the center of masses would be on the tipping side of the axis. Another
line was drawn corresponding to a 40 degree angle, and both centers of mass were on the
right side of the line, indicating that the robot would not tip over when subjected to that
corresponding pitch of the roof.

Alignment Finger Analysis:
The max bending stress equation is pulled directly from Shigley’s Engineering

Design to find what amount of stress is being applied to the PLA fingers. The provided
information of motor rpm and the gear tooth thickness that drive the fingers, coupled with



the assumed force required of 5 pounds of force to slide the shingle gives a value that is
under the defined yield strength of the plastic.

A FEA analysis of the alignment fingers was also done. The results of this can be
seen below in the Appendix. The overall dimensions of the alignment fingers were
determined by the constraints to be able to position the shingle one inch. For the sake of
simplicity of the gear design, the pitch circle of the spur gear for the fingers was defined at
one inch in diameter because the servo can function a total of 180 degrees. This makes the
overall travel of the fingers a total of approximately one and a half inches which is more
than the stated requirement of one inch of travel of the shingles. Many iterations of FEA
tests were done to optimize the design strength and minimize the mass of PLA (polylactic
acid). This was done by adjusting dimensions and adding filets to reduce stress
concentrations. A safety factor of 3.5 was achieved. This is a relatively high safety factor,
but it was deemed effective to reduce localized stresses between 3D printed layers. A
displacement analysis was done for the alignment fingers too. This analysis showed that
error from displacement from stresses was negligible.

Design Optimization
There are a few areas of interest that need to be optimized in order to unlock the full

potential of the prototype. The first area of optimization would be to lower the center of mass in
order to achieve the 12/12 pitch roof without tipping. This could be done in several ways,
including reducing the weight of the hopper, or reallocating some of the weight to be put towards
the bottom of the frame. The electronics and pneumatic controls could be put under the slide to
shift the center of mass. Another option would be to change the orientation of the nail guns, to
shift that weight away from the tipping axis.

Another way to optimize the prototype would be to construct it out of better materials than
what it currently is. The plywood and particle board can be changed out to sheet metal, or even
expanded metal in situations where weight saving is crucial. The cardboard slide can also be
changed out to sheet metal, as originally designed, to lower the coefficient of friction between the
two surfaces. The 3-D printed parts can also be swapped out for machined metal parts, in order to
prevent parts breaking, and to avoid excess wear at metal and plastic interfaces.

Another issue that we ran into, which can be easily solved, would be to purchase an
additional Pixy camera. This would help improve the accuracy of the placed shingles, and
eliminate unwanted gaps.

The main way that this prototype could be improved would be to rewire the robotics, and
mount larger motors and servos. This would come at the cost of a higher electrical load, but the
converter that has been mounted would have no problem handling the increased load. Improved
wiring would be needed as well, since there are some lower gauge wire running in parallel, as
larger gauge wire ran out. A new controls system would also be valuable, in order to help simplify
the construction. Better motor drivers and a better microcontroller would help eliminate the daisy
chained control system. We used what was available, at the cost of simplicity.



Conclusions and Recommendations
The conclusions of this project are below. These conclusions and recommendations would make

this project an innovative and potentially marketable and useful device to minimize safety issues of the
1. Continue the project after a redesign
2. Sheet metal should be used instead of a cardboard slide
3. Other more robust microcontroller solutions should be accessed
4. Two Pixy cameras should be used (on opposite corners of the shingle
5. Testing to include other shingle separation (especially for stuck shingles) means should be

done
6. This project should be divided into two groups to allow for detailed design of all systems
7. Robust software systems should be made to run each sub-system individually manually as

well as automatically run all systems cyclically
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Appendices

I. Appendix I (Gantt Chart)

Figure 1: Shingling Robot Module Project Timeline for Fall 2021/Spring 2022



II. Appendix II (Final Design Package & Costs)

Figure 2: Complete Final Assembly of Shingling Robot Module



Figure 3: Final Hopper Assembly of Shingling Robot Module (Top Module)



Figure 4: Final Nailing Assembly of Shingling Robot Module (Within Lower Module)



Figure 5: Final Finger Assembly of Shingling Robot Module (Attached to Lower Frame Module)



Figure 6: Final Frame Assembly of Shingling Robot Module (Lower Module)



Figure 7: Final Bill of Materials and Budget Spent



III. Appendix III (Final Design Analysis)

Figure 8: Shingle Robot Center of Gravity Tipping Axis Analysis

Figure 9: Shingle Robot Rack/Pinion Gear Fingers Stress Analysis



Figure 10: Shingle Alignment Fingers Displacement Analysis

Figure 11: Shingle Alignment Fingers Factor of Safety Analysis



Figure 12: Shingle Alignment Fingers Von Mises Stress Analysis



IV. Appendix IV (Electrical Diagrams/Programming)

Figure 13: Shingle Alignment Robot Full Wiring Diagram for Electrical Operation







Figure 14: Shingle Alignment Robot Full Software Code for Servo/Actuator/Piston Operation




