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Abstract:
The PUMA 260 1s a 1980s robot manufactured by RP Automation. The purpose

of the project is to assess the feasibility of redesigning the manufacturing process and
making recommendations to the company based on our findings. The goal 1s twofold: to
apply new and different technology to the existing system in order to lower the cost for the
end user to enter a new market for inexpensive robotics and provide recommendations to
RP Automation. In our assessment of the product, we provided future students with a body
of knowledge that will help them understand how decisions were made throughout the
process. We have also built the foundation for a future project for prototyping the new
robot. In completing these objectives we will have fulfilled the requirements of a Major

Qualifying Project at Worcester Polytechnic Institute.
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Introduction

In this report, will convey to the reader steps we took to reach goals set for us by
RP Automation, the company that we are consulting for. This project was designed to
supply our client with recommendations regarding the use and production of their PUMA
260 robotic arm.

Robotics technology 1s a constantly changing and expanding science that requires
companies mvolved to adapt quickly to new ideas. In technology based fields, due to
mcremental mnovation, a company must adjust by choosing which products should be
updated. In order to make this decision regarding the PUMA 260, we completed a robust
market analysis for tabletop robotics. This study allows RP Automation to remain ahead of
the technological curve and increase their market hold in this robotics field.

One of the most important aspects of gathering this information will be to plan
ahead. Entering into data gathering with professional businesses without a strategy creates a
high risk of failure. According to Professor Kasouf, a marketing professor at Worcester
Polytechnic Institute, approaching any client that you wish to gain information from without
a plan discredits your research and greatly reduces the possibility of obtaining useful data.
Understanding this, we constructed a market analysis plan prior to beginning our study.
This allowed us to maximize our output from our research.

Upon completion of the research done for RP Automation, we began the second
phase of the project: adjusting the manufacturing process to fit the needs of the market
determined in the first phase. We found that the pain that needed to be solved lay in
affordable robotics for startup and smaller companies. This drove us to the conclusion that
the robot needed an update i technology that would allow it to be manufactured and sold

at an affordable price: between $5-10,000. In making suggestions to RP, we hoped to aid
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them 1 entering a new, previously unreachable market for robotics technology, as well as
satisfy existing customers with a better product.

The Major Qualifying Project equates to a senior thesis for WPI students. This
project 1s different than most because it is interdisciplinary; the criteria of the project
satishes the requirements of both the Management Engineering major as well as the
Engineering Physics Major. Projects are designed to help the students participating gain a
greater knowledge of their major while providing something of value to future generations
of WPI students who will read them in the future. Besides fulfilling these criteria, the
project fulfills two other needs:

1. We provided a service to RP Automation by completing market research for a
product that the company wished to see upgraded as well as beginning the redesign
process,

2. And beginning the redesign process allows future students in other departments to

complete the project from the design phase.

Background

The Task
This project was one designed and sponsored by Benjamin J. Clark, CEO of RP

Automation. In our first meeting, we were given a demonstration of the product we were to
be dealing with, the PUMA 260, and introduced to the project sponsor. In this meeting we
learned that the specialty field for the robot 1s constantly changing, but that 1t was currently
being used mainly as a transfer device in fields such as semiconductor manufacturing.

Since it i1s an old robot, parts are no longer manufactured which means when it

breaks, companies who use the product have to ship it back to RP to have it repaired.
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During the time that the robot 1s being fixed, the company 1s losing effectiveness, which
means 1t 1s losing money. In order to avoid this, it would be important to have a
replacement robot for the line that it was working on, which would double the mvestment
made by a company. On top of this, the control system used in the robot means that it 1s
not a simple task to switch in and out robots. The user must teach every new robot what its
job on the line will be, which can take a large amount of labor. Meanwhile, RP 1s running
out of parts to repair the robot, and once the reserves dry out, business will stop for the
PUMA 260.

Our sponsor requested that we look mto potential solutions to the problem. Ideas
brought up at this first session were to make the robot much cheaper by using plastic
polymers while also considering the outgassing in a cleanroom environment, redesign the
robot, borrow another control system to make it more user-friendly, and attempt to find
new market applications for the robot that will allow RP to sell more products. After
discussion, the project took on four distinct faces in a linear timeline:

1. Research the market value of a new product;

2. Determine what physical changes need to be made to the robot to meet and
potentially exceed market value;

3. Calculate the costs of making those changes while attempting to significantly cut
prices for the end-user;

4. Propose the final selling value and changes to the sponsor.

It was also determined that throughout the process of completion we would record

all of the decisions we made and provide reasons for each step in the process. This would
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allow us to provide future readers with a distinct understanding of the decision making

process behind reviving an old technology.

RP Automation Inc.
RP Automation Inc. was established in 1984 by Benjamin J. Clark as a specialized

robotics integration company. In the words of CEO Ben Clark, "I installed 250 [robotic]
arms for Kawasaki and decided to start a company." Kawasaki sells performance vehicles
such as motorcycles and ATVs, and their products are constructed on assembly lines using
robotic arms. After working on a few more jobs Mr. Clark began specializing in Stiubli
products and now integrates arms all over the world. Stiubli i1s a major robotics
manufacturing company that builds six axis robots on a larger scale than the PUMA 260.
Their products can be found in the WPI labs in Washburn Shops.

RP automation has grown from a small company into a recognizable integration
business to people in the industry. "All of my new business comes from word of mouth"
said Mr. Clark when asked about expanding the company. 'l feel like providing a quality
product and great service 1s the key to my business". Currently RP Automation works in
many different industries including biomedical, semiconductor, and pharmaceutical. Each
mdustry requires unique applications that RP 1s willing to solve.

The integration process 1s unique in the sense that one company is creating a
specific solution by using the equipment provided by their client. In the case of RP
Automation they are given a task to achieve and by using Stiubli products they form a
solution that solves the task given by a client. One example 1s to use robotic arm to load

and unload a manufacturing machine.
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Staubli Corporation
Staubli robotics division was founded 1n 1982 with its collaboration with Unimation

based out of Danbury, Connecticut. Two years later, Staubli purchased Unimation and
began production of the PUMA robot series. After moving the robotics division from the
original home m Pittsburgh, Pennsylvania to Duncan South Carolina, Staubli introduced
the SCARA model robots to its lineup. These four axis machines are very fast at sorting
and moving parts on an assembly line setting. Along with advances in the existing six axis
arms, Staubli continued to lead the industry in repeatability and speed with the new TX
model arms and CS8C control systems. The current Stiubli robots are all based off of the
old PUMA series with similar control systems and kinematics. Stiubli Corporation was an
mvaluable resource for the completion of our project, as they provided us with assistance

our research.

PUMA Robot Series

The first resemblance of the
PUMA series robot was constructed
m 1952 when George Devol started
work on  Unmmation Robotics.
Devol, who passed away in late 2011
at the age of 99, created the “first

digitally  operated programmable

robotic arms” (Malone). He started a
company called United Cinephone Corp. in 1932 in an attempt to break mto the audible
movie business, but he “ended up creating one of the technological marvels of the modern

world: the automatic door” (ibid). In 1954, he applied to have a device patented that he
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called the Programmed Article Transfer. In order to better pitch the idea, it eventually
became called a robot. It was named the Unimate, the first sold robot from the new

Unimation Corporation, and it was installed in a GM plant in Trenton, NJ (ibid).

Figure 2: Programmed Article Transfer

From there, a few different robots were introduced to the Unimation product line
until 1979 when the PUMA series was released. PUMA stands for Programmable
Universal Machine for Assembly. These robots were unique in the way that they were able

to handle materials and carry out
June 13, 1961 G. C. DEVOL, JR 2,988,237
PROGRAMMED ARTICLE TRANSFER

tasks with great precision, speed . - * See -

and repeatability. In robotic terms ¢

repeatability 1s a measurement of

how accurately a robotic system

can perform the same movement.

Around 1983  Westinghouse -

Figure 3: Patent Design
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bought Unimation and continued work on the existing robot series as well as introducing a
few new products. In the early 90s, Stiubli purchased the rights to the PUMA series and
ten years later sold the rights to RP Automation Inc. This is where the PUMA series has
been left until today. After the sale to RP Automation, the PUMA series was not advanced
any further due to focus on other products. To date, the arms are maintained until

complete failure or the older arms are switched out for new equipment.

PUMA 260
The PUMA 260 robotics system 1s a six-

degree of freedom robotic arm that is used for
idustrial applications. A degree of freedom 1s defined
as a range of motion that the machine can operate.
Fach degree of freedom 1s acquired by the motion of
one of the six axes on the robotic arm. The 260 has
one joint or axis slightly above the base which allows

the robot to swivel around the stationary base. R

Figure 4: PUMA 260B

Continuing along the frame of the robot, joint two
moves the shoulder of the arm m an up and down motion. Joint three works as an elbow to
the arm, extending and retracting the outer link from the base. Joints four, five, and six are
located in the wrist of the robot and give the robot rotation and pivot at a much tighter
tolerance level. Moving any combination of these joints gives the robot freedom of motion
in the x, y, and z planes as well as rotation about each of these axes.

Fach axis 1s driven by a small electric motor and gear system controlled by an
external system and encoders. Encoders are a glass disk attached directly to the motor

drive shaft, which are marked by a specific number of black lines. The encoders used n
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the 260 series are 250 count encoders, which means that there are 250 sections around the
circumference of the disk. As the motor turns the controller is able to count the spaces that
pass by a light beam and calculate the position of each joint of the robot. By calculating the
positions of each joint the controller can determine the position of the robot on space and
move the robot according to the locations it 1s attempting to reach.

The current robot frame is constructed of cast aluminum. Each piece 1s molded
and cast into the shell that 1s used as the framework and covers for the exterior of the arm.
Inside the frame and covers are the gear assemblies and wiring that make the robot move
along 1ts motion paths. Gears and assembles are made from more durable materials that
withstand a long lifetime of use without failure.

The robot moves by driving the digital motor that turns a drive shaft that runs to a
specific joint. The drive shaft is connected to a gear assembly, which can be a combination
of many different gears that work together to create the desired direction of motion without

compromising the overall path of the robot.

Controller
The current control system of the robot i1s the Unimation controller, which 1s the

main interface between the robot and the user. Stiubli has mtegrated the software needed
to control the robot mnto the system and allows for the user to program and move the robot
from a remote video display. To date the system runs in a DOS setting and can be
accessed with a communication port on modern computers. The control system uses the
feedback it gets from the encoders in the robot arm to calculate the specific position of the
robot arm n space. The controller allows for arm to make accurate and rapid movements
that can be repeated to within .02 mm after each movement. Repeatability 1s the ability of

the robot to move within a determined distance of the originally programmed point. This
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ability 1s very crucial to the quality of the robot as that the lower the repeatability number,

the better the machine works under tight tolerances.

Experience with the Product

One of our team members has worked an internship for RP Automation for the
past five years on various different types of projects. The experience he has learned
mcludes programming and a complete knowledge of the PUMA 260 system. We were able
to use his experience with the robot to aid us in minor engineering tasks i the robot arm
as well as fix the arm 1f it was broken. This work experience also included knowledge of
different robotics markets that the PUMA system could potentially move towards. His
knowledge in these arecas was helpful in guiding the planning of the robot and catering any
new improvements we would make to have the greatest benefit in a multitude of different

market sectors.

Relevant Coursework - Physics
Working with robotics technology was a new venture, but understanding circuitry

from Electricity and Magnetism courses helped ease the technology gap that came with
working with a new idea. Also, my experiences in Introduction to Thermodynamics and
Heat Transfer, as well as Math Modeling with Ordinary Differential Equations conveyed
the knowledge necessary to study the thermal properties of aluminum, the current
construction material for the robot, as well as other materials we studied as potential
replacements in construction.

My minor in Entrepreneurship also played an integral part in assisting with the
market analysis part of the project. These courses were Engineering Entrepreneurship,
Entrepreneurial Selling, and Growing and Managing New Ventures. These case driven

courses provided examples of real life situations that assisted us in honing in our market
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research strategy, specifically in regards to determining whether or not we could sell the

product after evaluation.

Related Coursework - Manufacturing Engineering
This project required a good understanding of manufacturing processes and the

economics that go with it. Classes such as materials handling and intro to mechanical
engineering were a great foundation that helped us to make manufacturing decisions.
Having the knowledge of the costs that are associated with different manufacturing
processes allowed us to make educated decisions on which processes would benefit the
product more. Other classes such as entrepreneurship helped our team with the

understanding of product life cycles, and business plans.

The Handbook

We determined that the first task we needed to complete in order to successfully
redesign the PUMA robot was to determine the market for the product. If there was no
market or market extender for this product, the resources that would be put into
redesigning the system would outweigh the potential gain, putting a stop to the project post
market analysis. As this was our first foray into market analysis, 1t was important to find a
guideline that would help us evaluate the current situation the product was in. To do this,
we researched to find a useful summary on proper techniques to understanding and solving
a problem.

Eventually, we decided to use a bulletin published by The Ohio State University on
proper evaluation techniques when dealing with water quality evaluations m a particular
area (Ricker, Brown, and et al). While this was not exactly the situation we were dealing
with, the step-by-step guideline could easily be applied to any type of study. Though it may

seem to be an obscure reference for a robotics project, the handbook clearly breaks down
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the steps to tackling a project without too much specification on which type of project is
being conducted. This allowed us to take the suggested steps and apply them to our market
analysis for the PUMA 260.

Understanding that the guide was meant for water quality evaluation, some of the
points needed to be tweaked, but on the whole, the six-step process provided a stable
structure for constructing an evaluation. Step one 1s to focus the study, and mainly, to
determine what problem 1s being focused on. Opportunity arose to identify the people who
have a vested interest in the project and call to question the critical 1deas that the evaluation
must address, which will be mentioned n the methodology.

The second step of the process was to create measurable objectives for the
evaluation. According to the brochure, a measureable objective contains four pieces of
mformation: Audience, Behavior, Conditions, and Degree (The “ABCD” Rule). Unless an
evaluation has measurable objectives, then there can be no conclusion made at the end of
the project. There must be an explicitly described target audience for the project; expected
behavior of the audience needs to be established; the conditions needed for the audience
to behave as needed must be listed. Once measureable objectives have been established,
the project has a direction.

Third, a project team must determine what barriers they could face while trying to
complete the evaluation. The brochure describes several categories that could cause
problems, and understanding what problems could arise before they happen is one of the
most important steps before facing a project. If a project hits an unexpected roadblock, it 1s
monumentally harder to deal with the roadblock than if a team had already come up with a
solution. As the evaluation plan begins to develop, the team needs to recognize potential

problems.
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In order to determine these problems, it was pertinent to list possible reasons why
the project could not be completed. This could be for a number of reasons including but
not limited to lack of funding, lack of support, incapability of the team to handle the
evaluation, and surprise changes in the structure of the project. These obstacles may not be
foreseeable until after the project starts, notably when discussing the direction of the project
with the stakeholders.

Even as thoughts of potential barriers arose, it was important to note all
opportunities that amassed as well. These provided a direction for the evaluation to
continue. One of the most important decisions that can be made in terms of an evaluation
1s to stop progressing the minute the project 1s doomed a failure. If a group can come to
the conclusion that a company should not move forward with their intended project, the
operation should be ceased immediately to save the stakeholder time and resources.

Once the barriers and opportunities are determined, the evaluation team needs to
come up with the type of information needed i order to complete the evaluation.
According to the brochure, for step four, there are two general types of information that
can be gathered: descriptive and judgmental. Descriptive information 1s all of those things
that are hard truths about the subject under question while judgmental information 1s based
on opinion, preference, beliefs, and personal perceptions. Listed on page 17 (Ricker,
Brown, and et al) of the brochure, which can be found in the appendix, are many strategies
for gathering information, some of which were chosen later for the purposes of the PUMA
260 evaluation.

Before collecting information, it is important to complete the fifth step of the
evaluation process, organizing where results will go. Data means nothing unless it is given a
purpose, which makes it important to assign value to different amounts of information in
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order to differentiate what applies to which part of the evaluation. Results can be varied
based on the scope of a project, so it is important that each bit of information finds its own
place.

Once the project has been organized, tasks must be delegated with deadlines such
that there are no miscommunications between team members over what needs to be done.
One of the most effective tools for this 1s a Gantt chart, which sets a imetable for due dates
and checkpoints on project deadlines. This 1s something that can change over time, but it

often provides a good outline for the direction of a project and helps to keep it on track.

Methodology

After discussion, we concluded that the evaluation would focus on two major tasks:
determining the market capacity for a tabletop six-axis robot and establish what changes
needed to be made i order to make 1t market relevant. Once it was understood what was
being evaluated, the group determined why this was being looked into; what was the
purpose of the evaluation? Without knowing the reason for reaching the goal, the
evaluation has significantly less meaning. This project had four main purposes:

1. To clarify the role that the PUMA 260 will play on the market;

2. To modernize the technology in the robot to increase ease of use and

accessibility to spare parts for broken machines;

3. To mject the market with a new presence should 1t be deemed viable;

4. And to determine whether the project 1s worth the resources it will consume

based on the cost and feasibility of implementation.
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The most important purpose 1s the last one; for a company to understand that undergoing
a project will cost them resources they should not waste 1s better than putting out a finished
product that will end up counting as a loss for the company.

One of the measurable objectives for this project was that this was being completed
for RP Automation, and we needed RP to help us research what the current market was for
their product. In order to reach this goal, we needed to be given the necessary support and
funding to reach out to companies and sources that could help us understand where the
product 1s going. We needed to be given enough freedom to learn what we needed to in
order to finish this project.

The two major sponsors for the project, RP Automation Inc. and Stiubl
Corporation, were both essential to completing the project. Upon completion, Stiubli had
sponsored our attendance at a large lab automation conference and RP Automation had
provided us with a sample robot unit to test and study. RP also sponsored our trip to the
conference, which allowed us to complete a market analysis. One potential problem we
faced by working with incorporations was that some of the information we received was
considered to be trade secrets of the company. For example, the bill of materials used to
construct parts of the SolidWorks design cannot be divulged as part of this report due to
the sensitive nature of the information. Also, the analysis of the material later
recommended for manufacturing is also withheld from this report.

RP requested that we provide counsel on how to move forward with the PUMA
260 product hne. In addition to the work towards a completed product, we were tasked
with understanding how we came to the conclusions we made. It can be difficult at times to
materialize the way an idea forms in a team, so 1t was important that we kept detailed logs
of our meetings.
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A new PUMA robot could draw interest from a new market as well as current
users. Our goal was to have all of the companies who currently use the 260 model upgrade
to the new system but also make 1t unique enough that other companies will want to enter
the market for this product. If the project was deemed non-profitable or non-feasible, then
the decision would be made not to move forward with the remanufacturing. If this 1s the
case, RP loses no money on research and development and can continue servicing PUMA
robots until the parts run out.

We completed this project for a major company in this field, but we did not have
extensive knowledge of the mner workings of this company. It was extremely important that
we worked closely with RP to receive everything we needed to move forward with the
evaluation m the manner we deemed most important for the success of the project. Our
original goal was to compile a questionnaire for existing users of the PUMA 260 to answer.
This questionnaire would target specific uses the PUMA served as well as services the user
would like to see the PUMA offer. If any of the current users had specific 1ssues with the
way the 260 operated or built, the form would have been a great opportunity to understand
this. Unfortunately, communication issues did occur, and we were unable to reach any of
the existing users of the robot, as most of them were located m Japan. A copy of the
original questionnaire can be found n the appendix.

While brainstorming possible problems we could encounter during our project,
communication issues were considered, and our back-up plan was to use data gathered
from the conference and from secondary contacts and research to make our decisions. We
had more than enough resources to move forward, and there was no resistance from the

companies helping support the project to see it completed.
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In order to move forward with our market evaluation, we asked representatives at
Staubli Corporation how they gathered their data. It was suggested that we travel to a major
conference, where many companies in the field would be n attendance. This allowed us to
meet potential buyers and competitors for our project. The Stiubli representative suggested
that the SLLAS conference i San Diego was the most appropriate event that was being held
i the time frame of our project. SLAS stands for the Society of Laboratory Automation
and Screening, and this particular conference would have multiple companies at it that
could be interested in the technology we would be offering, which would, in turn, draw
competition to the showcase.

Since we were working closely with Stiubli, we requested that we be allowed to join
them as students under their company’s name, already an established one in the
automation industry. This would help us gain the respect of the people we would be talking
to, as well as allow us to talk to the Stiubli salesmen who were there to sell a similar

product.

Results

Our major result that we determined from our research was that if changes are not
made to the PUMA 260 robot, the customers that currently use it now will be lost. The
PUMA 260 1s a unique robot in that it 1s the only one of that size that RP offers, which
means that those current customers would have to search elsewhere for a replacement.
The market for the robot will fall by the wayside as other companies in the field had come
up with equivalent technology that can be purchased for a cheaper price. The results
section will be divided nto the following sections: the conference, the questionnaire, and

the final conclusion.
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The Conference

Sunday February 5%, 2012
After armving in San  Diego,

California, we prepared our plan of action

1 annual

CONFERENCE & EXHIBITION

for the conference. We decided to use the
preparation day for the conference to walk
through and determine which companies would have mterest in the product we were
looking to sell. Having Stiaubli name tags afforded us the luxury of being associated with a
market leader in the product which got us respect from the companies that were there. We
determined that there were definitely companies i attendance who wused similar
technology to what we were attempting to redevelop. We wanted to determine what made
the product these companies were using better than the PUMA and understand why they

were using it.

Monday February 6"
The conference officially began on Monday, and we quickly realized that we had

ample time to visit every booth. We started by questioning the Stiubli people about their
TX 60 robotic arm, the one being used as their display model. The model itself was a six
axis robotic arm, similar in shape to the PUMA 260, but it had a larger reach. It was
showcasing three abilities during the show:
1. It would grab vials with a pincer wrist attachment and stir them slowly, showcasing
its ability to move over all of its axes in one smooth motion,
2. It used a needle to show how it could pinpomt multiple locations with a high

repeatability by poking the tops of numerous vials positioned around the case,
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3. And, it used a grabbing end affecter to lift and place pipetting plates that would hold
sample materials for lab work, showcasing its ability to grab lab materials in both
landscape and portrait planes.

This robot had many of the same features as the PUMA 260 arm, which means that the
PUMA could be used in similar market settings. At the time of the conference, Stiubli was
Just getting into the photovoltaic market, working in solar panel construction.

Soon after this, a man who was working in collaboration with Stiubli at the event
visited the booth. His name was Terry Rutledge, and he ran a company that assisted small
companies in marketing their product. He showed interest in helping us take a finished
product to market and find mtegrators and fabricators that would use it. After exchanging
cards, we decided that he would be a strong resource for later in the project, but for now,
there was not much use for his services.

Following this, we began travelling to the different tables at the conference. There
were a large number of companies that attended that were in the lab automation sector for
biomaterials and sciences, many of which integrated robotic arms similar to ours in their
lab testing simulations involving pipetting and biomaterial culturing. One of the first
companies we talked to, DiscoveRx, boosted our confidence about the direction of the
product. They were a company that would use robotic arms to translocate their materials
throughout the process, and expressed interest in being able to acquire an affordable
tabletop robot to put in their screening lab. They believed that if the robot was sold
somewhere in the $5-10,000 range, we could sell to them and a myriad of other companies
who could not afford a $40,000, but would be willing to purchase the technology for a

fraction of the cost.
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From here, the next meaningful conversation we had was with Precise Automation.
We saw that they were showcasing a four axis robot that slid along horizontal and linear
planes but had no shoulder motion. Their goal was to “develop low-cost, desktop safe lab
equipment”. It was a kinematically driven system, which we believed could be appropriate
for our model, should the price fit. The machine ran all on encoders, which 1s what an
updated control system for our robot would also run on, so we saw promise in that as well.

The representative suggested that we focus on designing our model for small work
spaces because there are labs out there that have the problem of needing to keep overhead
at a minimum, so a small arm would be perfect. He also warned us that the robotics
mdustry had a very volatile target market so it would be relevant for use to target
companies, including startups, which had long term vision. Their product being showcased
sold for $15,000.

Another company at the conference that was showcasing an arm similar to the
PUMA 260 was Wako Lab Automation. The representatives absolutely believed that there
was a market for six-axis robots, and that as the technology advances to make systems more
user-friendly, more and more will be sold.

We met two parts companies that we believed would make great contacts
throughout the redesigning process: Lin Engineering and Harmonic Drive. Lin
Engineering produced step motors that had lower reverberations and heat output, which
would allow us to change the material properties of the robot without worrying too much
about deformation. Harmonic drive developed precision gearing technology that had
virtually no backlash and took up significantly less space than the gear system currently in
place m the robot. If these could be implemented, then the part count on the robot would
drop significantly.
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Tuesday February 7"
Tuesday was significantly less successful than the day previous, and as we travelled

to the remaining booths, we realized that there were a significant number of companies at
the conference who did not use robotics. High Res Biosolutions was showcasing the last of
the six-axis arms we saw, but it seemed extremely cramped 1n its workplace. The PUMA
260 could potentially alleviate some of the complex coding that goes into making a large
arm swivel around a small work place. Making a note of this advantage our robot would

provide to smaller sized companies, we moved forward in our analysis.

The Questionnaire
There are no concrete results from the questionnaire, but we do believe that it was

a valuable resource to create for two reasons: it can be used in the future as a customer
satisfaction survey for RP, and as it was created, we thought about all of the potential
problems customers could be facing with the robot. This allowed us to create an educated
guess on how effective the changes we chose to make would be in maintaining satisfaction

with the original customer base while also trying to expand nto different sectors.

Conclusion
The PUMA 260 project was a great experiment in determining the decision-making

factors that are associated with the renovation and re-entry of a product into a market.
Using the existing market and the research that our team had done at the SLLAS conference
we made a few decisions that we felt would give this product some potential when trying to
enter new markets. The conclusions we drew were important learning objectives that we
believe will help future students make progress on any similar projects.

The first decision that out team had to manage was how to begin the research

process. This was a critical part in our project because being able to narrow in on the
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direction you are trying to take the product can save a lot of resources in the long run.
When this process 1s being carried out in an R&D setting, being able to make moves in the
right direction will help get a product back to the market quicker. For our team we also had
the added time limitation that made our first steps even more critical. Being able to look at
what we were expected to accomplish and determine what was a realistic and optimistic
goal helped us to prioritize what paths we were going to pursue. We decided that doing
market research into an inexpensive small reach tabletop robotic system would benefit the
product the most. This decision was based off of the multiple competitors we determined
to be mn the robotics field. Our team decided that there was a market opening in this type
of technology and that by trying to offer a unique approach to many robotics solutions we
could potentially enter many different industries. We were able to confirm these
hypotheses after our research at the SLLAS conference in San Diego when talking to many
of the potential clients in the lab automation industry.

After we got back from the conference our team needed to start looking into the
cost analysis of the current and potential robotics system. Due to the time constraints that
we had on the project we had decided to focus our efforts on a smaller section of the
robotics arm instead of the whole system. Looking only mto the inner link containing the
jomt two and three components we were able to break down the materials used and the
parts count in order to determine what might be changed in the arm. We were also able to
look at the potential changes that we would need to make to the robotic arm in order to
mcorporate the new parts that we would use. This includes the harmonic drive systems that
would allow for better repeatability and longevity of the arm, and the new material
construction. The material was meant to be a metal substitute plastic that had some glass in
the material to provide less creep over time and more structure. Our team wanted to go
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with the plastic material because 1t has the potential to be mnjection molded 1if the product
were to have large market applications and need to be mass produced. The cost efficiency
of injection molding and metallic molding were the main deciding factor when choosing a
material to focus on for the revamped system. The harmonic drive systems were going to
be used i order to reduce the part count for each of the gear mput systems that were n
the mner Iink section and increase the repeatability of the arm itself. The drive systems
would also reduce the amount of backlash that was i the drive system and decrease the
amount of wear on the drive systems allowing for the robot to run longer m the field
creating more value to the customer.

Once we had discussed what changes we were going to focus on we needed to start
putting together a plan and a bill of materals for the new product. Unfortunately this 1s
where the time constraint caught up to us and forced us to limit the amount of work we
could do m this part of the project. We would hope to have laid a solid groundwork for
future teams to continue progress on this project. In order to see this project to
completion, the engineering and incorporation of the new materials would need to be
finished and eventually made into a working prototype. This would not be done using an
mjection mold due to the cost of creating a mold but in fact using a block of material and
machining the part out of the blank.

Trying to bring back a product that had moved late into its life cycle 1s a difficult
task that 1s not always accomplishable. Bringing back the PUMA system proved to be very
consistent with this model and was no easy task. There 1s a very slim margin for error and
as the product cycle continues on it becomes harder to bring this product back to the
market. As it stands there are many changes that need to be made m order to capture new
markets and make this a profitable product. In many of the entrepreneur classes taught

25|Page



here at Worcester Polytechnic Institute, we focused on product life cycles and the
mnovations that must be made in order to continue a product line. Using the lessons
learned 1n these classes we determined that the PUMA has moved past the point where
changes should have been mimplemented and now lies in a questionable area of the chart
where the product can be dropped or requires drastic changes. At this point it really
depends on the decision of the sponsor on weather or not to continue the product or to
make the effort to revive it.

Our research shows that the PUMA 260 system can be brought back to market, but
the radical changes that would need to be addressed may not be efficient enough for the
sponsor to address. If the company chooses not to change the PUMA system, it will most
likely continue servicing the product until the product runs out of replacement parts and
customers are forced to find a replacement. The other option is for the company to
manufacture more parts for the existing robot and find a replacement motor. The problem
with this 1s that if a replacement motor cannot be found the company would have to pay a
good deal of money 1n order to design and manufacture a motor that would replace the

existing motors.
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Appendix

The Questionnaire
Dear Valued Consumer,

RP Automations 1s a Robotic manufacturing and system design company
focused on using the Unimate PUMA and Stiubli RX and TX robotic arm
systems used commonly in semiconductor manufacturing, life sciences, and
general manufacturing industries.

RP Automation 1s looking to expand their current robotic product line with
a new model of the PUMA 260 robotic arm. The original 260 model was
created 1n the early 1980s and was ahead of its time and we are now in the
process of updating the control and feedback systems. The PUMA arm 1s
still being sold to companies today, but when parts fail, replacement parts
are expensive and some of the electronic circuit board components need to
be redesigned. This 1s becoming a greater cost burden on our customers
and we are looking mto ways to improve the rehability of the PUMA 260.

We are looking to switch the system over to resolvers so that 1t will run on a
more current PC control system. This will create a higher degree of
repeatability, and improve linear accuracy.

We have requested that you fill out this questionnaire because we believe
that the customer 1s the greatest source of knowledge we have when it
comes to this remanufacturing process. It 1s our goal to make sure that
every need your company will have when using the PUMA 260 robotic
system will be met with the utmost care, while also cutting back on costs on
the product itself. Adding superfluous changes that mean nothing to the
customer would be a waste of time for both parties.

We will make every possible effort to accommodate the needs generated

by the mdividuals filling out this form, and look forward to working with
you 1n the future.

Daniel McCarthy and Maxwell Benko
Product Development Group
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RP Automation
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PUMA 260: A Metric Questionnaire for Innovation

1. What company do you represent (optional)?

2. What 1s your name (optional)?

3. At this facility, what industries do you engage in?
(Semiconductor, Life Sciences, Research, General

Manufacturing, Other)

4. What application(s) 1s your company using the PUMA
260 for?

5. What features make the robot useful in these
applications?
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6. Why did your company originally choose the PUMA
260 robot?

7. How many hours on average per month does your

company use the PUMA 260(Circle One)?
a. <80 hours ( 4 hours a day 5 days a week)

b. 173 hours ( 8 hours a day 5 days a week)
c. 224 hours ( 8 hours a day 7 days a week)
d. 346 hours (16 hours a day 5 days a week
e. > 400 hours a month

8. How would you rate the rehability of the PUMA 260?
a. Excellent
b. Very Good
c. Good
d. Fair

e. Poor

9. What parts, 1f any, do you find malfunction or break
the most on the robot?
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10.

11.

12.

13.

14.

What feature do you think the PUMA 260 could have

that would 1improve 1ts performance?

Are there any applications that the PUMA 260 could
be used for that are being filled by other means? If so,
what are they?

What features would make the PUMA 260 applicable

to these situations?

Would you buy another system 1f it was an improved
model?
a. Yes

b. No

If you would not purchase an updated model, what
would you choose?
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15. What makes this system better for the applications you
are using 1t for?
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Table 1: Mechanical Properties of Analyzed Polymers

PP LD-PE HD-PE  PA-6 PA-66 PC PBT PET PEEK PPS PEI PAI

Omax (MPa) Upper 41.4 78.6 38 79 94 72 559 70 103.5 90 104.9 192
Lower 26 4 14.5 43 12.4 53 51.8 50 70 65.6 103.5 90

E (GPa) Upper 1.776  0.38 1.49 2.9 3.9 3 237 4 3.8 3.8 3 4.4
Lower 0.95 0.055 0.413 25 23 27 31 26 28

or (MPa) Upper 55.2 1M7.3 1311 93.2 96 1123 1104 151 151.8 2408
Lower 69 89.7 814 828 1104 110 96 144.9 185.6

E: (GPa) Upper 1.73 1.07 2.8 3.5 2.38 286 28 3.9 4.1 3.5 6.6
Lower 0.83 0.41 1.9 11 214 19 2.8 3.4 3 3.6

€ (%) Upper 700 800 1000 150 >300 125 300 100 50 6 60 12
Lower 15 90 12 20 35 90 100 1.1 6

Izod, 1/8" (J/m) Upper 267 1068 160 854 908 534 267 50.2 133 133 133
Lower 214 >854 26.7 427 16 534 48.1 10.7 534 58.7

This table identifies the Tensile Strength, Tensile Modulus Flexural Strength, Flexural
Modulus, and Ultimate Tensile Strain of the polymers we looked into. ULTEM (bolded)
out performed all others in these categories.
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Graphic 1: Error Bars of Physical Properties of Polymers
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This graphic shows the relative ranges of the materials from Table 1.
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Table 2: Thermal Properties of Analyzed Polymers

Type . polymer

PP LD-PE  HD-PE PA-6 PA-66 PC PBT PET PEEK PPS PEl PAl

ar(10°°C')  Upper 135 10 13 g6 9 7 72 65 55 54 64 3.6
Lower 68 12 8 72 65 7 59 47 41 56 29
?ﬂ/’;’)’d shrink-— ypper 25 5 5 26 2 08 23 25 12 07
Lower 1 15 15 1.2 15 05 16 08 05
G (W/mC)  Upper 02 017 024 018 02 025 029 0.73
Lower 0.14 0.2
Specif. heat
s Upper 19 1989 2281 1509 168 126 1146 1.1
Lower 17 1901 1566 117 1103

This table 1dentifies the Linear Thermal Expansion, Mold Shrink, Thermal Conductivity,
and Specific Heat of the polymers we looked into. ULTEM (bolded) also outperformed all
others here.
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Graphic 2: Error Bars of Thermal Properties of Polymers
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This graphic shows the relative ranges of the materials from Table 2.
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