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5 - CUTTING EDGE - A CAPSTONE 
PRIMER

Part 1 - Meet the Team

“Dad,  where does gasoline come from?” Aaron said 
as  father and son knelt on the ground filling Aaron’s 
new P-51D Micro Mustang model airplane with fuel.

“Well,  they make it from oil that comes from deep in 
the earth.”

Aaron looked at the ground, then scooped up a little 
dirt between his thumb and index finger. “How far?”

“Oh,  I’d say this much fuel should make the 
Mustang fly for about ten minutes depending on...”

“No, I mean, how far down in the earth is the oil?” 
Aaron rubbed his fingers back and forth as  the dirt fell 
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back to the earth.
“Oh,  a few miles  I suppose,  like from here to 

Walmart™, except straight down.”
Looking down the fuel tube, Aaron carefully 

replaced the cap while his dad held the plane. “That’s a 
really deep hole,” he thought to himself then asked, 
“But,  how do they get to it,  and get it out of the 
ground?”

“They drill a hole and use pumps.” Aaron’s father 
smiled, looked his son in the eye, and wiped a few drips 
from around the engine.

“How do they drill a hole that deep? My earth 
science teacher told us about the different layers  of rock 
as you go down.”

“Well,  they use something harder than rock, like 
diamonds on a big drill bit that turns  while it’s  forced 
down,  you know,  like my drill press  back at the house,  in 
the corner of  the garage, only bigger.”

Aaron raised one eye brow. 
Aaron’s father carefully put the plane on the ground, 

drew a circle in the dirt about six inches  in diameter 
and said, “Here is  the drill bit.” Then he poked little 
holes  inside the circle with his index finger. “And here 
are the diamonds.”

Aaron heard a loud horn honk, bringing him back 
from daydreaming about his father when he was 
thirteen. The traffic light in front of him was  green so 
he stepped on the gas. Now, as  a senior in college and 
Capstone senior project leader, Aaron and his  team 
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mates were on their way to help a company improve 
their process  for making synthetic diamonds for drilling. 
“I can’t believe they asked me to lead this  team,” he 
thought. “I can’t tell people what to do. I’d rather just 
be a member of the team, ask lots  of questions, get my 
assignments done, and get a good grade.”

“Did everyone remember their notebooks,” Aaron 
said,  driving the blue university van with a number 9 on 
the back.

Each answered yes.
“Guys, I’m a little nervous.” Kate said.
“Me too.” Aaron thought.
Kate, a manufacturing engineer, lifted her hand from 

the left armrest leaving finger impressions  as she pulled 
her long dark hair from in front of her face revealing 
her bright,  but cautious smile. “I mean, I feel ready 
after all those classes on automation,  lean-plus, and 
business,  but this is really my first chance to apply it. 
What if  I...”

“I can’t wait.” Bryce,  a mechanical engineer sat just 
behind Kate leaning inboard anxiously looking past her 
through the windshield. “I’ve been working as an intern 
the last two summers following other engineers around 
and designing small parts. With this project we’ll get to 
design a whole machine from the ground up.”

Aaron listened and reflected on his team. “I’m sure 
Kate will relax once we find out what we’re doing. I’m 
glad Bryce has experience working in industry.”

Aaron looked at Bryce through the rear view mirror 
making note of his  short, sandy blonde hair, sporting a 
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little curl in the front.
Aaron, Kate,  and Bryce, along with one other team 

member, Ray competed for this  project on the first week 
of school. They got the good news yesterday. All in their 
fourth year of college,  they now had the opportunity to 
apply their skills to a real project, for a real company. 

“Remember Kate,” Ray leaned forward against his 
seat belt from the other back seat, “When we wrote our 
proposal, you were the one who talked us in to bidding 
for this project.”

Kate took a deep breath and raised and lowered her 
shoulders.

“You liked it,” Ray continued, “because it includes 
automation and probably some software.”

“Ray is going to be our team cheerleader,” Aaron 
thought.

“We can do it,” Ray added. “I know we can.” Ray 
reached forward, and tapped Kate on the shoulder. 
“You’ll be fine.”

Now Aaron could see Ray in the mirror, pleasing 
smile, brown hair, long sideburns.

“Our objective on this  first visit,” Aaron said, “is  to 
learn the existing company process and figure out all 
their needs  for this new machine. We are meeting with a 
guy named,...” Aaron gripped the steering wheel with 
his left hand and reached in his shirt pocket with his 
right and pulled out a torn slip of paper. “A guy named, 
Matt Clawson. Be thinking about your individual 
expertise and be ready to ask lots of questions from 
your perspective.”
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Just a mile away from their destination, Aaron could 
still see in his mind the six inch circle his  father drew in 
the dirt years ago.

“But who would use real diamonds to dig a hole?” 
Aaron had asked his father. “Aren’t they valuable and 
expensive and hard to find?”

“They use man made diamonds to do it.” Aaron’s 
father said.

“No Way!” Aaron had exclaimed. “I remember my 
teacher telling us  that diamonds form over millions of 
years  deep in the ground with the weight of the earth 
pushing down on them. The reason we find them is 
because volcanos bring them to the surface.”

“Well,  someone has figured out how to do it faster,” 
his father said, “simulating the environment with very 
high pressure and heat.”

Aaron and his  father took the P51-D to the large 
field behind their home, checked all the flaps and 
settings, then Aaron held the plane while his father 
flipped the propeller three times. It started. Aaron 
remembered the very loud buzzing sound.

“What do they make the diamonds out of ?” Aaron 
yelled.

Amidst the high pitched motor noise,  Aaron heard 
his father call back, “I think that would be a good 
question for your science teacher.” 

“I don’t think he knew the answer,” Aaron thought, 
“but he sure encouraged me to find out.
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Part 2 - Meet the Customer

The blue van pulled into the parking lot at HTP 
Diamond where their Capstone coach, Wesley was 
waiting.

“I wonder,” Bryce said to the team, “if our coach has 
any experience with synthetic diamonds.”

Aaron replied, “I hear he has designed a lot of 
machines.”

“He seemed kind of quiet the other day when we 
met.” Kate added.

Wesley, a middle-aged man, brown hair, six-foot tall 
and a professional disposition, greeted the team in the 
parking lot. “Are you ready everyone? This  will be a 
great experience.” Wesley turned to Aaron and gave a 
few words of  advice.

In the reception area,  they toured the room,  drawn 
toward pictures  of oil rigs, drill bits, and photos of 
employees wearing hard hats and safety glasses.

Aaron walked over to a chromium framed,  glass 
display case in the corner of the room, light reflecting 
from various shapes  and sizes of small metal objects 
displayed like jewels  on black felt. “I remember seeing 
these.”

“Here they are.” Aaron turned to the others while 
pointing at the case. “Remember,  we saw some of these 
on their website. I think these are the diamond cutters.”

“What, they use these to cut the diamonds?” Bryce 
said, hands folded behind his back.

“Is  he serious?” Aaron thought then responded “no, 
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they are cutters made out of diamonds,  synthetic 
diamonds.”

“They don’t look like diamonds.”
The team crowded around the case and examined 

the precious  objects,  cylindrical like bullets,  shiny on the 
sides, some with flat ends and others rounded with a 
grey matt finish.

“Welcome.”
A young man, about age twenty-five and dark hair, 

entered the reception area from a door opposite the 
display case. He held a pair of safety glasses  in one 
hand, and an iPhone™ in the other.

“I’m Matt Clawson. I’ll be your liaison here at HTP 
Diamond.”

“He looks about our age,” Aaron thought. “I’m glad 
to know they hire young engineers. Maybe there’ll be 
an opportunity when we’re done. I wonder what HTP 
stands for.”

The coach introduced each team member to Matt.
“We’re excited to have you here. The work we need 

you to do has  been on our list for some time,  but first, 
I’d like to take you on a tour and give you an overview 
of the company and what we do here. You’ll each need 
these.”

Matt pointed at several safety glasses  sitting on the 
counter and a box with little bags containing round 
orange sponges,  and then led them down a narrow 
hallway, walls decorated with numerous  framed patents. 
Matt stopped at another display case and explained the 
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idea of a synthetic diamond cutter, generally small 
cylindrical metal looking objects  that are mounted into 
larger tools called drill bits.

“Oh,  that’s what my dad was  talking about.” Aaron 
thought,  remembering the small drill press in his garage 
and the six-inch circle in the dirt.

“We produce polycrystalline diamond cutters like 
these, also known as PDCs  or inserts.” Matt pointed to 
several cylindrical objects ranging in size from a lipstick 
cap to a soda bottle cap. “And we sell them to drill bit 
manufacturers  who then install them into their bits and 
in turn sell them to oil drilling operators.”

“I better write this  down,” Aaron thought. Each 
team member opened their notebook and began to 
write making certain to capture everything they could 
about the product and the process. 

Like ducklings  in line behind their mother,  the team 
followed Matt as he led them into the factory where 
rows of operators were busy at work benches just 
outside large brick rooms. There was a red and green 
light above each metal door. Some were illuminated.

“We are dedicated to the highest quality of 
manufacturing, and our customers  expect it. They come 
to us because they know our cutters  will survive miles 
below the surface under the most demanding 
environments.”

“Hi Jared.” Matt turned to a dusty blonde haired 
man in a white lab coat. “This  is  the engineering team 
that is going to look at automating the cutter cleaning 
operation.“
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Aaron almost spoke out loud. “Cleaning operation? 
Did he say we are going to automate a cleaning 
operation? That doesn’t sound very exciting.”

With dry cracked hands, Jared handed Matt a small 
clear plastic storage case from a shelf on the 
workbench. Matt carefully opened the lid and removed 
some objects explaining how synthetic diamonds  are 
made. He retrieved several more items from the shelf 
and laid them in front of  the team.

“This is going to be good,” Aaron thought.
“We start with premium saw-grade diamond crystals, 

sintered together at about 1400 C and about 60 kbar, 
bonded to a tungsten carbide...” 

Aaron rubbed the back of his neck with four fingers. 
“Saw-grade diamond crystals?” Aaron thought. 
“Sintered? I wonder what that means. I have no idea 
how much pressure 60 kbar is.”

Matt stopped when he saw four straining faces. 
Aaron noticed Bryce on his iPhone® using a units 

conversion app.
“You can get those details  on our website.” Matt 

continued, a little slower this time. “For now, here’s the 
basic process.”

“First, we partially fill two or three of these small 
niobium cans with polycrystalline powder like this.” 
Matt demonstrated with Jared's help. “We then insert a 
tungsten carbide cylinder into the can on top of the 
powder. Then we stack them up in sets  of two or three, 
separated by discs made of salt into a cube like this.” 
Matt held the assembly between his  fingers  and slowly 
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moved it horizontally in front of each team member. 
“Then we put it in the press.”

Matt led the team into the nearest metal room; the 
indicator light was green. The room was nearly filled 
with a large apparatus  that looked like six rocket ships 
pointed nose to nose, having very large cylindrical parts 
axially aligned towards the center of the room. All 
surfaces in the room were covered with a fine white 
dust,  a chalk smell filled the air. The room was  a little 
warmer than the main factory.

“This is the press.” Matt said. “We have ten of 
them.”

Working with Jared, Matt used a long bar with a 
forked end to place the cube into the epicenter of the 
press  and again explained that heat and pressure would 
be applied at 1400 degrees  C and about 60 kbar to 
sinter the materials.

“What does sinter mean?” Bryce whispered to Ray.
Kate leaned over,  “I think it means to make it into a 

solid.”
We then exited the room and Jared closed the door. 

Matt stepped to a control panel and pressed a couple 
buttons. The light turned red. A loud clanking sound 
came from the door latch, then the whining of a pump 
or motor penetrated the walls  from somewhere. A 
minute later the motor stopped and the light returned 
to green. Matt put on some gloves and led us back into 
the room. The mist and odor was  heavier than before. 
Using the gloves  and fork,  Matt removed the cube 
which was several times smaller than it was before.
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“Imagine five HumVs™ stacked on your little toe!” 
Jared said, leaning toward the team. 

Ray raised an eyebrow; Kate squinted.
“Thats how much pressure was on the cube.”
“High Temperature and High Pressure,” Aaron 

thought.
“Oh I get it.” Aaron blurted out. “HTP stands for 

High Temperature and Pressure, right?”
Matt confirmed Aaron's hypothesis while the team 

gathered around the work bench where without 
warning, Matt took a mallet and abruptly smashed the 
cube and broke it into several pieces. The salt material 
scattered on the workbench revealing the new, much 
smaller niobium cans containing the new diamonds.

“This is  a synthetic diamond.” Matt pointed to one 
of the small dirty cylinders,  then tapped it carefully with 
his bare finger tip.

“It doesn’t look like diamond.” Jesse said. “Does it 
ever become clear?”

“No. When finished they will look like polished 
metal,  like the ones  in the display case. Before we 
perform final machining and grinding to our customers 
specifications, the niobium can material must be 
removed. It is  bonded to the diamond.” Matt pointed to 
a new niobium can on the shelf reminding them of its 
purpose to hold and shape the powder until it was made 
into a diamond.

The team watched and made notes  as Matt pressed 
several new cutters  up-side-down into a rubber holder 
with holes. “A couple of you didn’t put in your hearing 
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protection.”
“Oh Yah,” Aaron remembered.
Matt then took us  to a small closet between two press 

rooms.
“To remove the niobium can material,  we blast the 

cutter with high velocity Silicon Carbide (SiC) grit very 
much like sandblasting but the SiC is highly abrasive. 
It’l remove everything, except the diamond.”

Part 3 - Experience The Product

In the small room stood a filthy laboratory-looking 
cabinet with a cloudy viewport above two round hand-
size holes. Matt opened the window and put the new 
cutters inside then closed the window and reached in 
through the two round holes. Each hole was  fitted with 
a rubber glove reaching inside the machine where the 
operator could insert hands and arms, hold the objects 
inside of the cabinet, and perform the blasting 
operation. Jared demonstrated. Everyone covered their 
ears.

Aaron thought,  “Now I know what the orange 
sponges are for.” He pushed the earplugs into his ears.

Each team member was  given the opportunity to 
look through the window to see what Jared was doing. 
With cutters in one hand, and a blasting nozzle at the 
end of a hose in the other hand, Aaron, Bryce, Kate, 
and Ray pretended they could see what was going on, 
but the dust was  too thick. As  Jared worked,  a very loud 
hissing sound emanated from the nozzle inside the 
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cabinet.
“Boy,” Aaron thought. “I would hate to work in this 

environment every day for hours. No wonder Jared’s 
hands  are all cracked. I wonder if he’s really blonde, or 
if  that’s polychristalin powder in his hair.”

With safety glasses, ear plugs and respirator,  using 
back and forth motions,  Jared took half a minute to 
blast or clean the can material from several cutters, then 
turned the machine off and invited us  all back to the 
workbench.

Aaron looked around, seeing similar operations 
through the factory asked,  “How many press  stations 
did you say you have?”

“Ten presently,” Matt responded. “We have one 
blasting cabinet for each press station.” Matt put a hand 
on Jared’s shoulder. “Out of all the jobs to do at HTP 
Diamond, this is the least desirable,  and the least 
healthy. That’s why you’re here. We need you to 
automate the blasting process.” Matt patted Jared’s 
shoulder. “We would like to free up our operators to 
work other tasks while the blasting is taking place.”

As Matt spoke, Jared nodded in violent agreement.
“Jared, tell’m what it’s like in there.” Matt said.
Jared removed his safety glasses and respirator 

leaving a clear mark across  his forehead. Below the 
mark the skin around his eyes was wet,  above the line 
was  dirty sweat. “Well, the head gear is  hot and bulky, 
and by the end of the day,  your just shaking...” Jared 
stopped,  looked toward the team, then at Matt. “I’ll tell 
you what. Why don’t we just have them blast the next 
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cutters and they can see for themselves what it’s  like. It’s 
not very difficult, its just...”

“Perfect.” Matt said. “Who would like to go first?”
Bryce opened his mouth to speak but stopped when 

Kate raised her hand.
Several eyebrows raised.
“I nominate Aaron.” Kate said.
Everyone looked at Kate.
“Thanks Kate.” Aaron thought.
“Well,  you’re our leader. And then, I’ll go next.” 

Kate said gesturing with both hands, palms up. If we’re 
going to automate this, let’s see how it’s done.

“Way to go Kate.” Ray acknowledged.
“I like her style,” Aaron admitted.
Jared handed the respirator to Aaron and gave him 

some instructions while stretching the elastic band over 
his head. “Do you have your ear plugs in?”

“Yes,” Aaron replied.
Jared inserted a new cutter into the rubber holder 

and showed Aaron how to hold it.
“I can’t see anything with this mask on,” Aaron 

thought.
Jared guided Aaron into the blasting room and 

without turning on the SiC, walked Aaron through the 
process then asked if  he was ready.

“Yes,” Aaron said.
“What did you say,” Jared asked.
“Yes,” Aaron yelled this time with a distinct nod, 

then thought, “Ready or not, let’s give this a try.”
Jared closed the door on the blaster, looked through 
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the window to make sure Aaron had a good grip on the 
rubber holder and the nozzle, then held his thumb up.

Aaron nodded again.
Jared turned on the SiC blaster, a very loud hissing 

sound filled the room and immediately the nozzle lifted 
Aaron’s hand upward. 

“Wo,” Aaron thought, “this thing has thrust; 
Houston, we have lift-off.”

The nozzle vibrated in Aaron’s hand,  the cabinet 
filling with dust as thick as fog. “I can’t see anything.” 
Aaron said but know one could hear him. “Where’s the 
cutter? I hope I don’t blast through the glove.”

Trying to hold the cutter and focus the nozzle on the 
cutter was hard enough,  but looking through the helmet 
glass and the cabinet window made it even harder. 
Aaron shuffled his  feet for balance,  and adjusted his 
posture to get a better view then with imagination, 
aimed the nozzle directly toward the top of the cutter. It 
glowed white as  niobium can material heated and 
eroded from the surface of the cutter. The light 
penetrated the mist like a automobile headlight through 
dense fog on a cold winter day,  bright in the center, then 
fading outward. After several seconds  the can material 
was  gone from one edge of the cutter so Aaron slowly 
aimed the nozzle more toward the center. Eventually 
the glowing stopped. “I guess that means all the 
niobium is gone.”

Jared watched through the cabinet window and 
turned the blasting system off.

“My hands are so sweaty and shaking. These gloves 
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are hot.”
“Okay Kate, its your turn.” Aaron said as he peeled 

the respirator from his face.
As Kate and the others took their turn, Aaron 

imagined the hours and hours that Jared and his  co-
workers had spent with this hot space-suit on.

“I hope we can fix this,” Aaron thought. “We’ve got 
to make a machine that will automate this  process  and 
improve life for these operators. What if we fail? How 
are we going to create a machine that will hold the 
cutters and nozzle,  move them around, and sense when 
the niobium is gone?”

Part 4 - Uncover Customer Needs

Wesley, the team Coach was the last one in the 
booth. After the blasting experience,  Matt took the 
sweaty team to see the machining processes  performed 
after blasting,  then led them to a conference room 
where they found a large table,  several employees,  and a 
whiteboard on the wall. Fortunately,  there was a box of 
tissues on the table.

Wesley gathered the team briefly for a huddle in the 
corner of the room. “Remember, all team members 
should take good notes  during this  conversation. Ask 
lots of questions,  and listen to everything they have to 
say. Our goal is to take this information and write 
specifications for the machine. By the way,  I noticed 
Bryce sketching what was  going on out in the shop. 
Good job Bryce.”
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“Okay,” Matt began. “Now you know what Jared 
and all our blasting operators go through to get these 
cutters clean.”

Wesley wiped his  forehead and nodded for Aaron to 
take over.

“That was very eye opening,” Aaron said. “Before 
we as  a team get serious  about design options, we need 
to come to some agreement on specifications for the 
machine,  and to do that, we’d like to ask a few 
questions.”

Matt introduced the employees from HTP Diamond 
in the room and stated what their specialties are,  and 
then Aaron had each team member introduce 
themselves.

“Well,  let’s  start with Jared,” Matt said. “Tell the 
team what the machine needs to do from your 
perspective.”

“Do you mind if we capture these on the 
whiteboard?” Aaron asked.

“No problem.”
“Kate, would you be our scribe today?”

“Well,” Jared began,  “First and foremost the 
machine needs  to remove the niobium can material 
from the bottom of the cutter without any operator 
interaction. I want to walk up to the machine, insert a 
cutter,  press  a button,  then when I return, the cutter 
needs to be clean, or blasted ready for me to pick it up 
and install the next cutter.”

Kate stopped writing on the whiteboard for a 
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moment and asked, “What is the required cycle time?”
“Oh,  I think 15 seconds per cutter is about right, 

unless  you find a way to blast faster. Right now it takes 
about 15 seconds  to blast each cutter then move to the 
next cutter in the holder.”

“Can the machine blast more than one cutter at a 
time?” Ray said.

“I don’t see why not as long as the average time is 15 
seconds per cutter. The next thing is  that the machine 
needs to recycle the grit for multiple uses. Right now we 
have to move the grit from a container down below the 
machine,  examine it to see if it can be used again, and if 
it can, move it up into the hopper for re-use. It’s  an 
activity we would like automated.”

“So,  some kind of recirculation system to cycle and 
check the grit?” Bryce asked. “How long does the grit 
last;  how much grit is  used to blast a certain number of 
cutters?”

“That all depends,” Jared said,  “on the hardness of 
the can, the age of the grit and other factors. I’d suggest 
you do some testing to determine that. Matt, can we 
give them some samples to test?”

“Absolutely.”
Each team member continued to make notes while 

Kate wrote on the board.
“Anything else Jared?” Matt said.
“Oh yes, if you handle more than one cutter at a 

time, and especially if you drop them into a bin when 
your done, remember, they can’t touch each other. The 
diamond from one cutter will damage another cutter if 
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they come in contact.” Jared waited while the team 
wrote this down. “And one more thing,  we don’t want to 
have to use a tool to press  the cutters out of a holder 
like we do now. We would like the cutters to be free, 
perhaps in a bin of cooling water, ready to be picked up 
by hand and placed on the polishing machine.”

“What is the polishing machine?” Kate asked.
“Oh,  it’s that rotary device we showed you right next 

to the blasting table that has holes or receptacles for 
many cutters. It laps the surface of the cutter against a 
fine stone.”

Matt moved the meeting forward. “Okay, Jared, we’ll 
come back to you in a few minutes to see if you have 
any more needs. Let’s  go next to Peter, our safety 
representative.”

“I can imagine,” Aaron thought,  “that he’s going to 
have a lot of  requirements.”

“All of our machines  need to conform to regulatory 
requirements to protect the operators and others  near 
the machines. Instead of listing each one right now, I 
will email the list to you. Let me just emphasize that the 
machine will need provisions  for protecting employees 
from electric shock and accidental contact with harmful 
forces, pressures,  fluids, etc. If the machine has  any 
actuators or motors, and it sounds  like this one will, 
there will need to be two buttons for the operator to 
push simultaneously to start the operation cycle,...”

“Why two start buttons,” Aaron wondered.
Kate asked, “Why two start buttons?”
“So both hands  of the operator are definitely out of 
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harms way.”
“Oh yah.” Kate said. “I knew that.”
“And also an emergency stop button to immediately 

disconnect all power and stop all motion. Look at our 
other machines and you can see how this is done.”

“That reminds me,” Jared said,  “We don’t want to 
have to wear extra hearing protection, so we want the 
machine to have acoustic coverings to keep the sound 
below the safety requirement.”

“And that reminds me,” Peter added, “That the 
machine needs to capture the Silicon Carbide dust; 
their can’t be any grit floating in the air to get into 
people’s lungs.”

This  process continued as the representatives from 
maintenance and automation spoke their needs  and the 
team wrote diligently.

“Now then,” Matt said to the team members, “Do 
you have any questions for us about the machine?”

“Yes. Kate, why don’t you go first?” Aaron said.
“Okay. One of my specialties is  software.” Kate 

rubbed her nose. “Well, at least I’ve had a couple 
classes. What kind of controller and software do you 
want us to use?”

“We use Allen-Bradley™ PLCs (programmable-
logic-controllers)  and Direct Logic software,  so we 
would like you to be consistent with what we already 
have. That way our programmers can make 
adjustments in the future.”

“How many variations of cutters are you going to 
use on this  machine?” Kate continued. “Will the 
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software need to consider different cases for different 
variations?

Jared and Matt looked at each other.
“Excellent question,” Aaron thought.
“Well,” Matt said, “Our cutters range in diameter 

from 15 to 25 millimeters, so...”
“And the larger ones take longer to be blasted.” Jared 

added.
“So for now,” Matt continued,  “let’s say that we will 

need to handle different diameters in that range, and we 
will have to determine how this affects the software.”

Each team member took turns asking questions for 
another hour whereupon the rate of questions 
decreased to where it was obvious  the team had enough 
information to at least get started.

Looking at Wesley for concurrence,  Matt brought the 
meeting to an end. Wesley nodded to Aaron.

Leaving the room Aaron said. “We will meet as  a 
team now and digest all that we’ve learned and begin to 
put this  information into solid specific requirements  for 
you to review. Thanks everyone for being such great 
hosts today.” 

Matt and the team bid their good-byes and headed 
back to the van sharing their individual experiences in 
the hot gloves.

Part 5 - Refine the Specifications

“How are we ever going to make sense of all this?” 
Bryce admitted the next day at school. “I don’t see how 

CUTTING EDGE

21



we can get our arms around all these requirements.” 
“He’s right,” Aaron thought. “We’ve got information 

in log books, lap top files,  website printouts. How do we 
get this organized? What do I do to keep my team 
moving forward? And where is Ray?” 

“Okay,” Aaron said. “Let’s  get these into one place 
or one document so we can group them.”

The team, less  Ray, began compiling customer 
needs,  grouping them into categories such as cutter 
handling, machine operation, versatility,  safety, 
maintenance,  control system and mechanical. They 
reviewed other requirements found on the company’s 
website and studied the safety and regulatory 
requirements sent by Peter. 

“Ray,  we’re glad you could join us.” Bryce said as 
Ray came in a half  hour late.

“Well, now that we have them divided into 
categories,” Aaron assured,  “let’s  look for overlaps or 
similarities, get rid of duplicates, then create a clean 
list.”

“How about if we prioritize each one,  say on a scale 
of one to three,” Ray suggested. “We could just put 
one, two, or three asterisks by each item. That will help 
us focus.”

The team worked diligently for several days reading, 
discussing and adjusting the customer needs  statements 
until they felt they were ready to start extracting 
succinct requirements  statements  upon which they 
could apply metrics. Occasionally a sketch or two was 
drawn to discuss  possible solutions but that was 
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premature. At this  stage it was time to focus on the 
‘Whats’,  not the ‘Hows.’  At last, the Specification began 
to emerge. 

Another thing that emerged was a machine name. At 
first, as  they conversed with each other, referring to the 
yet uncreated machine, they used terms like blaster, 
diamond blaster, automated blasting machine, and 
others. Eventually, realizing they were all using different 
terminology in their conversations, they got their heads 
together and debated options for the name of the 
machine. They eventually converged on AutoBlaster, or 
AB, short for Automated Diamond Blaster.

By way of phone calls,  teleconferences and face to 
face meetings, the team met with the customer several 
times to discuss and adjust the requirements  before all 
agreed as follows.

• The AutoBlaster shall remove 100% of  the niobium can 
material from the flat surface of  the cutter

• The AutoBlaster shall not blast or damage the cylindrical sides 
of  the cutter

• Averaged over a batch of  cutters, the AutoBlaster shall remove 
can material in 30 seconds maximum (20 seconds ideal)

• The AutoBlaster shall receive one or more cutters from an 
operator and begin the blasting cycle when the operator presses 
two start buttons

• The AutoBlaster shall blast cutters of  any diameter between 15 
and 25 millimeters

• The AutoBlaster shall not allow cutters to physically contact 
each other
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• The AutoBlaster shall operate continuously for two shifts per 
day (16 hours), 6 days per week, 3 months without the need for 
preventative maintenance.

• The AutoBlaster shall have a mean time between failure 
(MTBF) of  10,000 hours.

• Where feasible, the AutoBlaster shall use components consistent 
with other similar machines at HTP.

• The AutoBlaster shall comply with OSHA (Occupational 
Safety and Health Administration) requirements

• At a distance of  3 feet or greater from the AutoBlaster, at any 
time during operation, the AutoBlaster noise shall not exceed 
requirements specified in OSHA 1910.95.

• SiC escape from the AutoBlaster shall comply with OSHA 
requirements

• The AutoBlaster shall be mobile by lockable wheels installed on 
the machine. Two of  the four casters shall be swivel type.

• The AutoBlaster user interface shall consist of  simple buttons, 
switches or dials. [The AutoBlaster shall not require a 
Graphical User Interface (GUI)].

• The AutoBlaster shall include a ‘light’ pole providing operator 
visual indication of  machine status including ‘In Operation’, 
‘Ready’, or ‘Fault’.

• The AutoBlaster shall cost less than $30,000 per unit to 
produce a quantity of  10 units. (The team shall produce one 
fully functional prototype).

• The AutoBlaster shall be delivered and fully tested by March 
30th.

Aaron made a personal trip back to HTP Diamond 
to get Matt’s  signature on the Specification sheet. “Now 
at least we know for sure ‘what’  the machine has to do 
to please the customer,” Aaron thought. “I’m not too 
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worried about their cost requirement, and I think 
working smart as a team, we can find or develop the 
technology that’s  needed,  well,  at least Wesley thinks we 
can. But I don’t know how we are going to get it all 
done, ready for testing, in a little over six months.”

Part 6 - Compose the Functions

“Aaron, I can’t wait to show you what I’ve done.”
“Who is this?” Aaron spoke into the phone.
“It’s  Ray. I can’t wait to show you the Functional 

Decomposition.” 
“The what?”
“The Functional Decomposition, you know, for the 

machine. I was  so excited about the project I did it over 
the weekend. I hope you don’t mind.”

“Sounds great.” Aaron said. “Gee,  thanks. Let’s have 
you go first on the agenda at our meeting tomorrow 
morning.”

“Okay, I’ll see you then. Eight o’clock sharp.” Aaron 
said.

“Was  that really Ray?” Aaron thought. “That will be 
a first if  he’s on time.”

Aaron arrived early to get the room ready but Ray 
beat him to it. All four team members  were on time 
ready to go. Ray was bouncing with excitement so 
Aaron made no delay.

Ray began, “I started by thinking through the 
sequence our machine will need to go through. Then I 
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wrote the sequence steps from the perspective of the 
machine.”

“The machine doesn’t have a perspective,” Bryce 
said.

The door opened and in walked Wesley. “Hey,  could 
you use an extra team member today?”

Ray made a fist with his right hand,  thrust it forward 
a little and under his breath cheered, “Yes!”

“You bet,” Aaron said. “We appreciate any ideas you 
have. It seems that Ray was doing some deep thinking 
over the weekend.”

“Great,” Wesley responded. “Please keep going.”
Bryce repeated to Ray,  “You make the machine 

sound like it can think.”
“Well,  it will have a programmable controller, so I 

guess you could say it can think. Look at it this way, the 
controller doesn’t know anything except what it senses 
by way of  inputs like sensors and switches.”

“That’s  right,” Kate said. “We learned all about that 
in my automation class. Controllers have inputs  and 
outputs, or I/O for short.”

Ray continued, “The inputs  will allow the controller 
to know the state of the machine so it can take action 
steps and perform functions or outputs. Here are the 
actions, and then I will show you what I recommend for 
functions.”

“Boy I’m glad he’s on our team,” Aaron thought. “I 
hope Kate doesn’t mind Ray working in her territory.”

Ray moved to the whiteboard. “First the machine 
needs to ‘Receive and Retain two cutters.”
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“Wait a minute,” Bryce interrupted. “The 
specification says ‘one or more cutters.”

“I know, but for discussion purposes, let’s suppose the 
number of cutters is  two. I noticed the other day that 
many of their batches are done in twos. This 
assumption will let us  move forward in Functional 
Decomposition. Next, the machine needs to wait for 
and ‘Receive a Start indication’ from the operator.”

“Two start indications.” Kate reminded.
Ray continued step by step writing the generic 

machine sequence on the left side of the board, 
explaining his thoughts whenever a question was  asked. 
Wesley added a little here and there, but generally sat in 
his chair nodding his head with a proud smile.

“Here are the steps  of a machine cycle from 
beginning to end.”

1. Receive and Retain two cutters
2. Receive Start indications
3. Detect operator safety clearance
4. Move first cutter into position for blasting
5. Seal enclosure
6. Start blasting and blasting timer
7. Wait for timer to expire
8. Stop blasting
9. Move second cutter into position for blasting
10. (Repeat 6-8)
11. Open enclosure
12. Move cutters to pickup position
13. Release cutters
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14. Reset all elements of  the machine

“I’ve looked over this  list several times and have 
decomposed the basic machine functions  as follows.” 
Ray looked hopeful toward his bright-eyed team mates 
as  he began writing on the right side of the board. 
“Essentially, we need to design a machine that will do 
these things.”

1. Receive and Retain Two Cutters
2. Move Cutters to Multiple Positions
3. Provide a Containment Environment that can 

be opened
4. Perform directed SiC Blasting and SiC recovery
5. Provide operator Interface with Start, Stop, and 

Options Selection
6. Provide Control System with Controller, 

Electrical, and Software
7. Provide Machine Structure, Cabinet, misc

“I think you missed one.” Kate said.
Everyone looked at Kate,  then turned to Ray, and 

then back to Kate.”
“Hang in there Ray,” Aaron thought. “I was hoping 

Kate or Bryce would speak up.”
“I know it’s  kind of general,” Kate said, “but the 

machine needs functionality for interfacing with it’s 
surroundings.”

“What do you mean?” Aaron asked.
“Well,  the machine will likely need electrical power, 
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perhaps compressed air, and maybe a ventilation 
system.”

Everyone looked at Wesley who pressed his lips 
together and gave a favorable nod.

“Okay,” Ray said turning back to Kate. “What 
would you like to call that function?”

“How about, ‘Physical and Electrical Interfaces,’  or 
something like that?”

Ray added it to the board.

8. Provide Physical and Electrical Interfaces (e.g. 
power, air, ventilation)

“Does anyone have any more functions  to add?” Ray 
asked.

“Well,” Aaron said,  “I think this  looks  pretty great. 
Thanks Ray. What made you think of  this anyway?”

“Oh,” Ray looked over at Wesley who remained 
silent. “I was working on my motorcycle Saturday and I 
got to thinking about it’s different parts,  and I started 
thinking about the functions each part or assembly 
performs. Like, the brake handles,  cables, and calipers 
perform the stopping function,  the motor and throttle 
perform the acceleration function,  the wheels, bearings 
and tires perform the rolling and steering function,  the 
bike frame...”

“We get the idea,” Aaron said.
“Anyway,” Ray continued,  “When designing 

something new, you just reverse the process by 
determining the functions  that are needed,  and then 
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you can figure out what parts  you need to accomplish 
those functions. I did it for the AutoBlaster by starting 
with the sequence,  then figuring out the functions 
needed for that sequence.”

“I’m gonna start doing more of that kind of thinking 
when I look at things.” Aaron said.

“Don’t do it at the dinner table,” Kate said. “Your 
wife might not be interested in what function the tables 
and chairs perform.”

“Good job Ray,” Bryce added. 
“Yes, great job everyone.” Wesley leaned forward 

looking one by one at each team member in the eye. 
“You are making great progress and I can tell you are 
each being proactive. Before we go any further, we need 
to go visit some places  that have machines that do these 
kind of things, these functions. Matt,  from HTP 
Diamond has arranged for us  to visit a company not too 
far from them that uses sand-blasting in their 
production of jewelry and metal medallions. Our 
machine will be doing a kind of sand-blasting, and it 
will be handling small objects about the size of  jewelry.

“That sounds awesome,” Bryce said. “What’s it 
called?”

“Recognition Services Incorporated, or RSI.”
“Bryce,  would you arrange the van again?” Aaron 

said.
“In the mean time,” Wesley added, “every chance 

you get,  open your notebooks and brainstorm ideas  for 
accomplishing these functions. Look at everything 
around you and see if you can see things that hold or 
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clamp parts, that move parts from one point to another. 
Keep your list of functions  handy and look for existing 
machines,  devices, objects, at home,  at work, 
everywhere.”

Part 7 - Go Benchmarking

“Can you believe it?” Kate spoke lightly to Bryce. 
“Look at this  place. The whole factory is carpeted,  even 
under the machines.” 

The team followed Rex Morgan into the automation 
area at Recognition Services  Incorporated. Equipment 
was  arranged generally in several lines  so that raw 
materials  passed from one end of the line to the other 
being stamped, formed, engraved, and cleaned before 
being received by an operator at the other end.

“This is  so impressive,” Aaron thought. “I wonder 
who designs all this equipment. Do they buy it,  or make 
it themselves. And the people look like they enjoy 
working here.”

“Mr. Morgan,” Aaron asked. “Do you design these 
machines in house, or contract with other companies to 
make them?”

“We make all our own tooling, the dies, the cutters, 
things like that. We also design and make many of the 
machines. We have a very talented team of engineers 
and designers. Some of the standard equipment,  we 
buy complete,  but we work close with our automation 
suppliers whether we’re buying a complete machine,  or 
just components.”
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Soon the team was standing around a small table 
with two white vertical PVC pipe assemblies side-by-
side on the top,  and flexible hosing coming out the 
bottom. There were two antenna looking devices on the 
front two corners of the table, a large red button in the 
center,  and blue flexible tubing coming out the top of 
each PVC assembly.

“I recognize this.” Bryce said.
“What is your name again?” Rex asked.
“Bryce.”
“Go ahead Bryce. Tell us what you see.”
“Well,  it looks like you open the cap on the front and 

put small parts  in the little tray to be sand-blasted. Then 
you close the door... No, it looks  like the little door 
automatically closes when the tray is pulled inside.”

“Thats right.”
“So when the machine starts...” Bryce walked 

around to the back of the PVC assembly. “So when the 
machine starts,  this  piston or cylinder back here pulls 
the tray inside the blasting area and the spring loaded 
door closes  automatically. Then the blasting starts. It 
looks like the sand comes  through this blue tube up 
here,  then..” Bryce bent over and looked under the 
table. “Then the sand and air is  collected through these 
large hoses and fed back to the source.” Bryce pointed 
behind the blasting table to what appeared to be a sand 
blasting supply and recovery system.

“Wow,” Aaron thought,  “this looks like exactly what 
we need,  except I bet you can’t use SiC in this blaster, 
the PVC would probably be destroyed.”
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Ray and Kate were moving all around the machine 
to get a better view of  all its gadgets.

“How long does it take?” Ray asked. “I mean, what 
do you blast with this machine, and how long does  it 
take to...”

“We sand-blast our medallions  for example, to 
remove the burrs and residue created during our 
various  processes. Typically, the blasting takes  less than 
a minute.”

“How loud is  it?” Kate said while looking down the 
row at an operator wearing ear plugs on a nearby 
blasting station.

“We’ve measured the noise to be... Well I don’t know 
the decibels off-hand but it exceeds  OSHA 
requirements so our operators  need to wear extra 
hearing protection. I have an engineer looking into 
ways that we could reduce the noise level.”

Team members asked more questions  regarding the 
blasting nozzles,  tubing materials,  maintenance 
requirements, type of  controller and software.

“Seeing this blaster has been great.” Ray said. “I 
think a concept like this would work well at HTP 
Diamond except...”

“Except for the PVC.” Bryce said. “There’s  no way it 
would stand up to the SiC.”

“Yeh,” Ray continued. “That’s what I was  going to 
say. But I think it could be done with a different 
material,  I mean,  the enclosure could be something 
much harder.”

“Mr. Morgan?” Kate asked. “Can you show us 
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inside the control box? I’d like to see the PLC.”
Rex gave the team a thorough view of the inside and 

outside of the machine, then escorted them to a small 
conference room where he addressed remaining 
questions.

“Rex,” Wesley asked when team member questions 
were exhausted, “These engineering students will be 
graduating soon and we want them to be leaders in 
their profession. Leaders in academic skills,  leaders  in 
finding solutions to help the world, and leaders in 
people skills. What do you expect from your engineers 
at RSI?”

Aaron thought, “I was  hoping he would ask that 
question.”

“I was hoping someone would ask that question.” 
Rex said. 

“Hey, thats exactly what I was thinking.” Aaron 
thought.

Rex walked over to a framed,  glass  covered plaque 
on the wall and lifted it off it’s hook. “Here is  what we 
expect of our engineers and designers.” Rex passed the 
list around.

“It must be important to be hanging on the wall of 
the conference room.” Aaron thought.

“We expect them to have a good foundation and 
working ability in the tools we use like CAD and PLC 
programming. They need an understanding of 
mechanical tolerances,  and materials  used in machine 
design. They need to be good trouble-shooters,  good 
problem solvers  to keep the machines running. You 
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need an understanding of pneumatics  and electro-
mechanical devices  like cylinders  and valves. And it is 
very important that you understand quality control 
practices like SPC and Lean.”

“Statistical Process Control, right?” Kate said.
“Right.”
“What about Personal or Interpersonal Skills?” 

Aaron asked.
“Oh absolutely. Product Development can be 

stressful and it always  involves  many people like co-
workers,  management, operators, maintenance, 
customers, suppliers... You need to be able to work with 
all these people collaboratively, constructively and 
respectfully. In fact, we’ve learned that the best solutions 
come from involving all these people. Never work in 
isolation.”

“Anything else?” Wesley said.
“Yes, Rex continued,  “you should get in the habit of 

being creative, drawing sketches  of your ideas,  building 
prototypes, being self-motivated and persistent,  and it 
wouldn’t hurt to have an understanding of electrical 
wiring, power supplies, relays and those kinds of 
things.”

Part 8 - Sketch Many Concepts

“That trip to RSI yesterday was great,” Bryce said.
“Yah!” Ray agreed. “You know, I think our machine 

could be very similar to their sand-blaster. We just need 
to make it more of  a tank so it can stand the SiC.”
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Kate added her thoughts. “And our machine needs 
to process probably a lot more parts  and not wear out. 
RSI doesn’t use the machine continuously like HTP 
Diamond will be using their blaster, I mean 
AutoBlaster.”

Aaron called the group to order.
“Okay, I hope each of you have been thinking of 

concepts for the various functions of  the machine.”
“Why are we meeting in a classroom today, and at 2 

p.m.?” Bryce asked.
Aaron pointed at the wall-to-wall whiteboard at the 

head of the class. “So we could all use the whiteboard 
at the same time and immediately see each others 
concepts. Most of the rooms are booked all morning 
starting at eight.” Aaron pulled some loose sheets of 
paper from his  notebook. “Wesley couldn’t meet with us 
today, but as you will see in a minute,  he did a lot of 
thinking and sketching overnight. He scanned and 
emailed his sketches and I printed them this morning.”

“Let’s review our Functional Decomposition, thanks 
again Ray,  then get started with our group brainstorm 
session. I wrote them on this poster to put beside the 
whiteboard to remind us. I propose that we focus  today 
on the functions that involve moving parts. That’s the 
first three on our list.”

1. Receive and Retain Two Cutters
2. Move Cutters to Multiple Positions
3. Provide a Containment Environment that can be 

opened
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4. Perform directed SiC Blasting and SiC recovery
5. Provide operator Interface with Start,  Stop, and 

Options Selection
6. Provide Control System with Controller, 

Electrical, and Software
7. Provide Machine Structure, Cabinet, misc
8. Provide Physical and Electrical Interfaces  (e.g. 

power, air, ventilation)

Aaron wrote the three functions  across  the top of the 
whiteboard leaving plenty of working space for many 
concepts. “Work in which ever function you want, there 
should be enough room for two or three people to work 
on the same function at the same time if necessary. 
Sketch whatever you drew in your notebooks, or 
whatever you think of for the next 20 minutes. This  will 
be a silent brainstorm, no talking,  just sketching and 
writing. Label each of your sketches with a descriptive 
name. Then we’ll take time for each person to explain 
their concepts and respond to questions. During the first 
round, there will be no criticism. Then we’ll repeat the 
brainstorm again,  this time allowing comments. Let’s 
get started.”

“Hey,” Bryce immediately broke the silence rule. 
“This blue pen doesn’t work.”

“Just get another one.”
“Don’t put it back on the tray,” Ray demanded. 

“Throw it in the trash can. I hate it when people put a 
bad pen back on the tray for the next guy.”
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With notebooks or scratch paper in one hand,  and 
dry erase markers  in the other, illustrations began to 
replace the plane white space across the wall. Some 
sketches were clean and orderly,  some looked like they 
were made by a two year old,  but all served a good 
purpose to get ideas out on the table (or on the 
whiteboard in this case)  and out of the heads of the 
creative team.

Kate drew a fork or goal post device with a cutter on 
the top of each vertical post. She then drew a motor or 
actuator under the goal post and circular arrows 
indicating that the post can rotate about a vertical axis. 
Next to the arrows  she wrote “180 degrees.” She drew 
what looked like a kitchen faucet spraying down on one 
of  the cutters.

“I’m sorry about my drawings,” Kate said. “I never 
was very...”

“Kate,” Aaron said sharply but politely,  “No 
talking.”

“What is  she talking about,” Aaron thought, “her 
sketches are great compared to mine. In fact, she draws 
better than the rest of  the team.”

While the team continued to draw, Aaron taped 
Wesley’s  sketches on the board under the functions that 
seemed applicable. The allotted twenty minutes went by 
pretty quick.

Part 9 - Explain and Discuss Concepts

“Okay, everybody finish the sketch you’re working on 
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and let’s get ready for the next step. Don’t worry,  this is 
just the beginning. We’ll take a lot more time to 
brainstorm.”

Pen caps  returned to pens, and pens  returned to the 
tray.

“Let’s start with the first function, ‘Receive and 
Retain’  and have each person explain their concept. 
Hopefully, Wesley’s concepts will be self  explanatory.”

“Kate, please go first.”
“Okay, in this  concept,  the cutters are held in place 

by magnets, one on each end of a round cylinder. The 
operator has  to orient each cutter with the niobium can 
facing away from the magnet,  but no action is required 
by the operator to get the cutters to stay in place. This 
drawing also shows a concept for movement and 
enclosure, but I’ll wait until we get to those functions.”

“Cool.” Ray said.
“Good job Kate.” Bryce added.
“Okay, Ray, why don’t you go next?”
“Mine is  similar to Kate’s,  except the magnet 

assembly is  more complex.” Ray pointed at a round 
thick disc with a large circle in the center and smaller 
circles  around the perimeter. “In the center is a strong 
electro-magnet that energized to keep the cutter in 
place while being blasted, you know, to keep it from 
being blasted off. Then around the circumference of the 
magnetic assembly, there are a number of weaker 
magnets that hold the cutter when the operator first 
puts the cutters in place. In either case, some how the 
cutters will have to be pulled off or pushed off the 
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magnets when their done.”
“Bryce, your turn.”
“Down where I work,  they use suction cups to hold 

panels in place. I wonder if something like that could be 
used to hold the cutters. Anyway, this  part in the center 
is a suction cup.” Bryce pointed at a conical figure, 
something like an ice cream sugar cone, with a flexible 
tube coming out the bottom. A cylindrical cutter was 
shown just above the cone. “Their usually made out of 
some kind of rubber and come in various  shapes and 
sizes. Some of them even have bellows,  accordion 
shapes  to allow them to expand and contract easily. The 
tube coming out the bottom is the vacuum or suction 
hose. The suction is controlled by some kind of valve 
which can be turned on and off by the controller. This 
way,  the operator can put the cutter on the gripper or 
vacuum cup, press  a button with the other hand, or 
maybe step on a foot pedal to cause the vacuum cup to 
grip the cutter.”

“Great job so far. Okay, let’s look at Wesley’s  sketches 
and see what he had in mind. This  first one he called a 
Double-V with Symmetric Grippers.”

“I think Wesley has done this before,” Aaron 
thought. “He labelled all his  concepts  and listed which 
function is applicable.”

“I think I see how it works.” Bryce jumped in. “In 
the center,  there is  what machinists  call a V-block except 
this  one has  two back-to-back Vs, one for each cutter. 
Then this gripper device below it does a pinching 
action.” Bryce extended his right hand and moved his 
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thumb and fore finger toward and away from each 
other.”

“Here’s the note,” Aaron said,  “that Wesley sent with 
this  sketch. It reads,  ‘With gripper open, operator 
inserts  two cutters on supports  and against V-Blocks. 
Upon actuation,  gripper fingers close and compress 
cutters against V-Blocks. Periodically replace sacrificial 
shields.’”

“What does he mean by sacrificial shields?” Kate 
asked.

The team looked closer at Wesley’s sketch.
“Look down here,  in the middle.” Bryce pointed. “It 

says sacrificial rubber shield, and then there are two 
arrows pointing to something on top of the V-Block. 
Oh, that’s to protect the V-Block from the SiC. 
Occasionally as it wears  down,  you just replace the 
shield so you won’t have to replace the V-block.”

“How do you make a gripper like that?” Aaron 
asked.

“I think you can buy them that way.” Bryce said. 
“Wesley must have some experience with that kind of 
thing.”

“Bryce,  can you ask Wesley more about this  kind of 
gripper?”

The team continued through a few more ‘Receive 
and Retain’ concepts, then moved on to the ‘Move 
Cutters’  function,  and then on to the ‘Enclosure’ 
function. After several hours, they took photographs  of 
the whiteboard, and decided to called it a day. They 
had over two dozen concepts  from their first brainstorm 
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session.
“Let’s meet back here the same time tomorrow and 

continue our concept generation. I’m sure that between 
now and then, we’ll think of  some more possibilities.”

“I hope we can move on to the control part soon.” 
Kate said. “I’ve had some ideas swimming around in 
my head ever since Ray told us  about the machine 
sequence that led him to the major functions.”

For five straight days  the team met and re-met 
covering the whiteboard with new concepts. There were 
great ideas for how to move the cutters  between the 
inside and outside of the enclosure. They debated 
whether they should have one or two nozzles, or move 
the two cutters  under the nozzle one at a time for 
blasting. They discussed the total machine layout,  where 
the blasting unit would go, how the SiC would be 
recycled from the blasting chamber back to the SiC 
supply unit. All in all there were more than fifty 
individual concepts supporting all the functions,  and 
over one hundred various combinations of all the 
concepts. Their notebooks were getting full. They took 
photographs  of all the whiteboard sketches and posted 
them on the team website for all to review.

“Now what do we do?” Aaron thought. “We have all 
these concepts. Several of them are pretty good. Which 
one do we use? How do we figure out which ones are 
better than others? We’re gonna have to sort out those 
that aren’t as  good. We’re probably going to hurt some 
feelings. Everyone needs to be involved. We’ve got to get 
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the number down to a few. How do we do this? By what 
criteria do we choose or eliminate?”

Part 10 - Architect the Machine

“Good morning everyone.” Aaron said. “Wesley 
suggested we meet in the lab today so we could use 
these big tables to spread out our concept sheets  and try 
to group them into practical whole-machines concepts. 
Ray, would you please help me slide these two tables 
together?”

“Guys, I’m starting to get worried,” Bryce 
interrupted. “We’ve got seven months to get a machine 
ready for testing,  we’ve already used up one month, and 
we don’t even know what were designing yet. Our first 
informal design review is in two weeks.”

“I was afraid of this,” Aaron admitted to himself. 
“It’s  probably my fault. I haven’t been leading fast 
enough and we’re running out of  time.”

“I think we’re making good progress.” Ray assured 
Bryce. “We know what the Requirements are, and we 
have a list of functions, and now we have all these 
possible concepts...”

“Yah,” Bryce continued,  “But how can we possibly 
narrow it down to one concept,  get it designed in CAD, 
buy or make all the parts, assemble it and test it all in six 
more months. Some of the parts might take weeks  to 
get. Why don’t we get Matt over here and have him tell 
us which concept he thinks is best?”

“He doesn’t know,” Ray said. “Thats what he hired 
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us to do.”
“But he is  around this  kind of equipment every day.” 

Bryce insisted.
“How am I gonna get these two calmed down,” 

Aaron thought. “I have the same worries as Bryce, but I 
still think if we work together,  and work smart,  we can 
get this done.”

“I was also thinking,” Kate inserted. “That Wesley 
has a lot of experience. Let’s just have him go through 
the stack of ideas  and tell us which ones are more 
practical.”

“Kate,” Aaron said. “I’m sure Wesley will 
participate, but I don’t think he’s going to make the 
decisions for us. He’s a believer in team work and team 
inspiration. But if it makes you all feel better, He plans 
to be here shortly.”

Aaron led the team over to the long table and asked 
everyone to get out all their papers or photographs  with 
concepts.

“I don’t have all my concepts  on paper.” Bryce 
admitted. “Some of them I drew on my iPad®,  and 
some are on CAD.”

“Well,  then take some post-it notes and write a 
phrase describing each concept and give each a name. 
Don’t forget to write the applicable function on the 
note. To get started,  Wesley suggested we put all 
concepts  for each function in a vertical line or column, 
one concept above the other on the table. For example, 
all the ‘Receive and Retain’ function concepts get lined 
up in the first column,  then the next column is for all 
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the ‘Move Cutters’  function concepts, just like we did 
last week on the whiteboard when we drew the concepts 
except this time,  we’ll make a single row or column of 
concepts  so we should end up with as  many columns as 
we have functions.”

“There isn’t enough room,” Kate noted, “for all the 
concepts to be placed in a column.”

“Aaron,” Ray said. “Let’s  get another two tables  and 
make one large table two high and two wide.”

“Some of my sketches apply to more than one 
function.” Kate said.

“Just pick a place under one of the applicable 
functions. It’s okay” 

For the next ten minutes  the team sorted through 
their concepts placing them under the applicable 
function,  re-drawing, or re-writing where necessary to 
get them all in.

“Great,” Aaron said. “Now,  here’s what we do. We 
each take a marker and...”

“Oh,  how could I be so stupid,” Aaron thought. “I 
forgot the butcher paper. I’m gonna have a mutiny on 
my hands.

Aaron stopped,  pressed his  lips  together, looked 
toward the end of the room and shrugged his  shoulders. 
“Sorry guys, I forgot to put butcher paper down first. 
We need to be able to draw arrows from left to right, 
from column to column, combining concepts  into 
potential whole machines. See that role of butcher 
paper on the tool crib?”

“These are old work benches,” Kate said with a 
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frown. “Let’s just draw on the table.”
Everyone looked at Kate with surprised expressions.
“I didn’t think the mutiny would start with Kate,” 

Aaron thought.
“Just kidding.”
“Kate,  you had me worried.” Aaron said. “Okay, 

before we move the papers, let’s  give each concept a 
label,  like A1,  A2, A3,... B1,  B2, B3,... and so forth. ‘A’ is 
for ‘Receive and Retain,’ ‘B’ is for ‘Move Cutters,’  and 
so on.”

“I’ll take care of  that.” Ray said.
After another ten minutes the concepts were 

labelled, removed, and then replaced on the table now 
covered with butcher paper.

“Looks good!” Wesley came into the room holding a 
box of donuts  and gave a funny look at the table 
configuration.

“I’m saved,” Aaron thought.
“Ingenuity I see.” Wesley said. “I like that. Wow, I’ve 

never seen so many concept papers. You guys  are 
steaming with greatness. I see you remembered the 
butcher paper. My last team forgot the paper and had 
to lay out all the concept sheets twice.”

Everyone looked at Aaron who immediately put his 
left index finger vertically in front of his lips and said, 
“shh.”

“I won’t ask what that means.” Wesley said. “Please 
continue. Today I’m just a team member. Let’s  see if we 
can find a golden needle in this  haystack. Wesley put the 
box of donuts right in the middle of the group of 
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tables. Go ahead Aaron.”
“Okay, this is sort of  another brainstorm session.”
“What?” It was Ray this  time who was surprised. 

“We’ve got enough concepts, I’m sure.”
“No, we’re not going to brainstorm more concepts,” 

Aaron looked at Wesley for reassurance. “We are going 
to brainstorm concept combinations. We are going to 
draw lines from left to right connecting possible whole 
machine concepts. For example,  suppose it makes sense 
to combine A1 with B3, C2, and D5? Using the same 
color, draw lines or arrows from A1 to B3,  then from B3 
to C2, then from C2 to D5, and so on.”

“I see.”
“Some combinations will just make sense and others 

won’t. When we’re done, we should have a list of five or 
ten machines  that we can evaluate more carefully. Okay, 
grab a marker and let’s take twenty minutes and find 
some complete machines. Don’t use the same color 
twice. If we run out of colors, use a dash pattern. 
Wesley, thanks for the donuts.”

Before long,  a dozen machine concepts emerged 
from the flood of sketches, post-it notes, and butcher 
paper. Like planning a road trip across  the United 
States from the Pacific Ocean to the Atlantic,  a red line 
went from Seattle to Denver to St. Louis to Atlanta and 
then to Miami. Another line, blue this time, was  drawn 
from Portland to Salt Lake City to Chicago and on to 
New York. The board was  a multicolored map across 
the continent of  concept combinations.

Wesley pulled Aaron aside and suggested that he 
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assign a team member to prepare a Rating and 
Ranking chart,  a selection matrix to compare all the 
machine concepts with the customer requirements. 
Aaron gave the assignment to Ray who stayed late that 
night and prepared a spreadsheet on his  computer. He 
placed each concept across the top, ‘A’ through ‘L,’ and 
all applicable requirements down the left side of the 
matrix.

Part 11 - Rate, Rank, and Score

The next day,  the team met in the conference room 
where Ray was prepared to project the matrix on the 
wall. One of the concepts  was chosen as the benchmark 
or reference machine as  a basis of comparison for the 
rest of the machines. Ray typed a zero in every cell 
below the reference concept.

Taking one specification requirement or criteria at a 
time, the team evaluated each of the remaining 
concepts  as  being either more favorable (+), same as (0), 
or less favorable (-),  than the reference concept. The 
debate was lively and sometimes disagreeable which 
made Aaron flustered. Wesley just smiled and reminded 
the group that they were just trying to screen out the 
less suitable concepts and get the selection down to a 
reasonable level.

Ray summed the columns giving each concept a 
score, then ranked the concepts based on their relative 
scores.

“I don’t think this  is fair.” Bryce said leaning back in 
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his chair with his arms  folded. “Some of the criteria is 
not as important as  other criteria and yet we are giving 
them all the same weight. This  is gonna cause some 
good concepts to fall out of  contention for first place.”

Aaron looked to Wesley for help.
“You’re right Bryce,” Wesley said. “This  isn’t a very 

comprehensive evaluation, but all we are trying to do is 
eliminate the very low scoring concepts  so we can focus 
on the rest. We have a couple more exercises to do 
before we pick the most practical concept.”

Bryce remained a little red in the face.
“Aaron, may I suggest the next step?” Wesley asked.
Aaron nodded with relief.
“Without throwing any of the concepts totally out, 

let’s look at the whole group, but focus primarily on the 
top six or seven ranked machines and brainstorm any 
combinations  of these that we haven’t thought of yet. In 
other words, is there a thirteenth concept that embodies 
the favorable combination of  two or three others?”

The team worked at this  for twenty minutes and did 
indeed identify two more combinations  not thought of 
before. Bryce was instrumental in suggesting a good 
feature of a lower ranked concept (one of his)  that 
could be added into a new combination with the higher 
ranked concepts. Concepts  ‘M’ and ‘N’ were added to 
the list ranking up there with the good ones.

“Bryce looks a lot happier now,” Aaron thought.
To keep the team moving forward, Wesley suggested 

that they now choose the top five whole machine 
combinations  from the screen matrix and move on to 
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the weighted scoring exercise. The team took a break 
while Ray prepared the next spreadsheet and Wesley 
had a coaching session with Aaron.

“Okay.” Aaron stood by the wall next to the 
projection. “As you can see on the wall, we have 
concepts  ‘A,’ ‘C,' ‘D,' ‘H,' and ‘M.' The last one is a 
combination of ‘B’  and ‘G.’  We are now going to score 
each remaining concept with a weighted-sum. The total 
score...”

“Hey Aaron.” Ray interrupted. “I keep thinking 
something is  missing and I’m wondering if you all 
agree.”

“What is it?”
“Well,  all the criteria so far is based on the 

requirements we got from HTP.”
Wesley looked at Ray with interest.
“Well,” Aaron asked, “what else is there?”
“Yah,” Bryce added. “They are the customer.”
“We haven’t taken into account schedule and 

technical risk.”
This got everyone in the room thinking.
Ray continued. “Some of these concepts will take 

longer than the others  to design, analyze, build and test. 
Some of the concepts  use existing technology, and some 
might require doing things  that haven’t been proven 
yet.”

“What do you suggest Ray?” Wesley said.
“I suggest as a minimum we add a Schedule Risk 

criteria and a Technical Risk criteria below the 
customer requirements.”
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“What about Cost risk?” Kate asked.
“Well,  I thought of that but we already have a 

customer requirement for $30,000 per unit for 10 units, 
so we can assess cost risk with that requirement.”

“Sounds good.” Aaron looked around the room for 
consensus. “Ray, go ahead and add those two criteria. 
Thanks for bringing that up.” We are now going to 
score each remaining concept with a weighted-sum. 
The total score for each concept will be the sum of each 
concepts weighted criteria scores.”

Each team member slid their chairs  a little closer to 
the image, while Wesley inched his way to a back corner 
of  the room.

“First,” Aaron continued, “we need to weight each 
requirement or criteria relative to the other criteria in 
terms of importance. May I suggest each criteria get a 
weight of  1, 2, 3, 4, or 5...”

“I prefer a percentage.” Kate suggested. “That’s  the 
way we did it in one of my process improvement 
classes.”

“All right.” Aaron said. “How would you propose we 
use percentages?”

“Well,  we give each criteria a number between 0 and 
100 percent. The sum of the weight column has  to 
equal 100%.”

“That seems kind of a hard way to do it.” Bryce 
said. “We would have to iterate, changing all the 
numbers over and over again to get them to add up to 
100.”

“It’s  okay.” Aaron said. “Let’s  give it a try. Ray, put a 
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summation function at the bottom of the weight 
column in the spreadsheet so we can track it. Okay, let’s 
get going. There are 19 criteria;  17 from customer 
requirements, and the two additional ones we just 
added. The first Requirement or criteria states, “The 
AutoBlaster shall remove 100% of the niobium can 
material from the flat surface of the cutter.” What 
should the weight be for this one?”

With a little more frustration,  the team took a couple 
hours and finally agreed on weights for each criteria 
and ratings  for each concept. Ray entered equations  in 
the spreadsheet and before long, scores were revealed 
for the five concepts.

“Okay!” Rey exclaimed. “Concept ‘D’  is  the 
winner.”

“Hm-hmm.” Wesley respectfully broke his silence in 
the corner of the room. “Before we trust the results, we 
need to trust ourselves  and think carefully through the 
process  and the numbers in the spreadsheet. We’ve had 
a long day. I suggest we each take a visual image of 
what’s  on the wall,  sleep on it,  and return tomorrow to 
see if  any changes should be made.”

Part 12 - Build Prototypes

A week passed since the team decided on their top 
machine concepts. Aaron had made assignments for 
each team member to make prototypes of various  parts 
of machines ‘D’ and ‘M’ for further discussion and 
refinement.
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Ray worked miracles with cardboard,  Styrofoam, 
wooden dowels and duct tape to show how the cutters 
would move in and out of  the enclosure.

Aaron demonstrated his  creative work in plexiglass, 
nuts,  and bolts  to show how the diamond cutters would 
be received and retained into a receptacle containing 
magnets,  then released at the end of the cycle. With a 
prototype, the team discovered a better way to hold the 
cutters and release them at the end of  the cycle.

Kate searched for potential suppliers of blasting 
equipment and worked with Ray on the control system 
diagram consisting of a diagram of boxes and lines with 
arrows. There were separate boxes for the Controller, 
main actuator, cutter removing actuator, operator 
interface, blasting and recovery unit, and actuator 
sensors. Lines  and arrows represented the flow of 
information,  commands and signals,  Inputs and 
Outputs, between the controller and all other elements.

Bryce worked hard on the conceptual Computer 
Aided Design (CAD) three dimensional model to show 
how it would all go together. 

Aaron worked on the presentation to be given at 
their first customer design review just around the 
corner.

Part 13 - Conduct your Design Review

“Where have you guys  been!” Aaron complained, 
arms folded, hands gripping his upper arms as Ray and 
Bryce entered the conference room. “The Design 
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Review starts  in an hour and I need practice. You were 
supposed to be here at eight.”

“Sorry. We were up in the computer lab working on 
the cutter sweeper illustration.” Bryce handed a thumb 
drive to Aaron.

“The picture we have in the presentation should be 
good enough.” Aaron said.

“No really,” Ray insisted. “I think you’ll like this one 
much better.”

Aaron took the thumb drive and plugged it into his 
laptop sitting on the conference room table. Kate was 
sitting opposite from Aaron sketching some kind of 
diagram in her notebook. While Aaron loaded the file 
and replaced the image in question, he explained that 
Wesley had already reviewed the presentation and gave 
a few comments. 

“I don’t think these guys know how nervous I am,” 
Aaron thought. “I tried to get someone else to be the 
speaker but...”

“Okay.” Aaron adjusted the projector pointed at the 
whiteboard and called the group to order. “I’m going to 
try to give this presentation as though it’s the real thing. 
You can stop me if you want, but I’d prefer you wait 
until the end to make your suggestions.”

“Aaron?” Kate leaned back in her chair. “Don’t 
worry. You’ll do fine.”

“Look who’s talking,” Aaron thought. “If she were 
the one giving this  presentation, she’d probably be a 
nervous wreck.”

“It’s  just that there will be many people there, 
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including our customer,  and professors. I even saw some 
photographers headed toward the presentation rooms.”

“Look,” Ray said. “We have a great project;  nothing 
to be ashamed of. I think Matt’s going to be pleased. 
Just focus on what we have been doing and everything 
will be fine. There may be a surprise or two but...”

Kate kicked Ray on the shin under the table.
“What was  that all about?” Aaron thought to 

himself. “Do they know something?” 
Aaron stood beside the whiteboard and began. 

“Welcome. Our sponsor is HTP Diamond and we are 
team...”

Aaron made it through the dry-run without any 
difficulty. The team was amazed;  he was amazed. A few 
adjustments were made to the presentation materials 
and a few suggestions  given regarding presentation 
style. With thirty minutes to spare the team powered 
down the projector and computer and made their way 
to the assigned room.

“Did you remember to bring the prototypes?” Aaron 
asked Ray.

“Yah, they’re right here in this box.”
Entering the half filled room they greeted Matt 

Clawson from HTP Diamond and the rest of the HTP 
team, Jared, Cody, and Peter.

“Aaron.” Matt released Aaron’s right hand,  grabbed 
his shoulder and turned him in the direction of a 
distinguished man in a suit,  white shirt and tie. “I’d like 
you to meet Mr. Ben Ericsson. He is  the president of 
HTP Diamond.”
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“Oh my goodness. Now I’m in trouble.” Aaron 
thought then responded. “How do you do? Thanks... I 
mean thank you for coming.”

“Matt has told me great things about you and your 
team.” Mr. Ericsson said.

“Did he say ‘my’ team?” Aaron thought.
“And I’m looking forward to seeing your progress.” 

Mr. Ericsson looked for a moment at Jared. “This 
means a lot to our business, and our employees.”

“Talk about pressure,” Aaron thought. “Well,  if he 
cares that much about his employees, maybe he won’t 
be so hard on my presentation.”

Ray gave Aaron a pat on the back.
Wesley came over and gave Aaron some 

encouragement then sat with the team on the first row, 
all dressed in their black polo team shirts with white 
lettering AutoBlast. The HTP employees were seated in 
the second row.

The Capstone Professor was chairing the design 
review who, right at the scheduled time welcomed the 
audience,  thanked the sponsors, and introduced the 
team. Sure enough,  the photographer from the 
university press was standing against the wall adjacent 
to the first row. The room was  now nearly filled with 
Capstone students and a few others never seen before.

“Hello everyone.” Aaron began. “First of all we’d 
like to thank our sponsor, HTP Diamond who are all 
seated over here in the second row. We are team 
AutoBlast.”

Each member of the team raised their hand,  gave a 
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little wave, looked back at the audience, then back 
toward Aaron.

“We have been tasked to develop a system to 
improve an important process  at HTP Diamond. Here 
is an outline of  my presentation.“ 

The photographer clicked a rapid fire of several 
shots as Aaron pointed at the screen. 

“First I will provide a background of HTP Diamond 
and the current process they...”

Just then someone wearing a leather aviation jacket 
entered the room that Aaron had not expected.

“I can’t believe it,” Aaron thought. “I didn’t know 
my dad was coming.” Aaron looked over at his  team 
mates who were smiling a little extra.

“I bet Ray told him I was making this presentation,” 
Aaron thought. Aaron noticed a pin on his  father’s 
lapel. “It’s the P51-D Mustang. He remembered our 
conversation.”

Wesley cleared his throat.
Realizing he stopped mid sentence,  Aaron started 

again. “After the background,  I will show the Customer 
Needs  that we identified, then a sampling of the many 
concepts  we considered,  and then a detailed review of 
our recommended solution and rationale.”

Aaron’s father sat on the back row,  arms folded, with 
a proud look. Mr. Ericsson sat tall,  very attentive, 
scratching his chin between a thumb and forefinger.

“HTP Diamond makes synthetic diamond cutters 
used in the oil and gas industry to drill wells.” Aaron 
pointed to the screen at an image of several small 
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metallic objects. “The diamonds are made out of 
polycrystalline powder sintered at a temperature of 
1400 degrees C and about one million psi.”

“I wonder why Matt just nudged Mr. Ericsson with 
his elbow,” Aaron thought.

“After the sintering process, the niobium can used to 
contain the powder must be removed. That’s  where we 
come in.”

Aaron explained how the process  is done now and 
told the audience of the experience each team member 
had in September putting on the protective gear and 
performing the process.

Jared nodded as Aaron demonstrated wiping dust 
and sweat from his forehead. 

Aaron walked the audience through Customer 
Needs and Requirements,  Benchmarking, Concept 
Generation,  and finally Rating and Ranking which led 
him into several slides  of the final recommended 
machine concept. “Dad is smiling,” he observed to 
himself. “Mr. Ericsson is tapping all his  fingers together 
like a steeple.”

The professor in charge notified Aaron that he had 
five minutes left before his question and answer period.

Aaron pointed at the screen. “The machine will be 
mounted on a cart so maintenance personnel can move 
it around, and so it can be used at different sintering 
cells. The operator places  two cutters  in the holder at 
this  location then the operator presses two start buttons, 
for safety. The computer or PLC then commands a 
three position actuator to move the cutters under the 
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nozzle, one at a time.” Aaron pointed to the nozzle 
mounting position. “When one cutter is blasted, then 
the actuator moves  the cutters  to the next position. At 
the end,  the cutters  are returned to their loading 
position where another actuator pushes them off the 
holder into a container of water. We’ve prepared a little 
animation to demonstrate this.”

“I hope this video runs okay,” Aaron thought.
Aaron pressed a couple buttons on the laptop and 

ran the video.
“As you can see, this concept should help the 

operator blast the cutters while having time to perform 
other duties  and while removing him or her from the 
unhealthy and unsafe environment.” Aaron paused 
until the video completed. “Thank you. Are there any 
questions.”

The professor in charge applauded and the audience 
followed.

“Okay, Questions?” The professor asked.
“Here we go,” Aaron thought. “Take it easy on me.”
About five-seconds passed without a hand so the 

professor said, “What is  your greatest concern about the 
concept you have chosen?”

Aaron was ready for that one. He clicked the remote 
returning to a prior slide. “SiC blasting is very hostile, 
not only to the cutters being cleaned, but also to 
everything inside the blasting chamber. The multi-
position actuator must position the cutters in two 
positions inside the chamber. The holder is held by a 
precision rod attached to the actuator passing through 
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the bulkhead here.” Aaron pointed at the cross-section 
of the machine on the screen. “We need to design all 
these parts inside the chamber to withstand the hostile 
environment for a reasonable amount of time, including 
the holder, the shaft, and the linear bearings holding the 
shaft. We anticipate creating a preventative 
maintenance schedule to have the shaft and other parts 
replaced periodically by maintenance before they fail.”

Aaron turned back around and faced the audience, 
hands  held in front of him, looking back and forth 
across  the group, a little sweat forming on his forehead. 
Mr. Ericsson raised his hand.

“Oh-oh.”
“Yes, Mr...” Aaron cleared his throat. “Mr. 

Ericsson.”
“I wonder if  he’s worried,” Aaron thought.
“Very good presentation Aaron, and a promising 

design. I’d like to complement the team. If this  could be 
made to work,  and work reliably, we will need several of 
them as soon as  possible. How confident are you that 
you can get it fully designed and tested by the end of 
the semester?”

Part 14 - Design all the Details

“Hey Bryce,  how’s the progress on the cart design?” 
Aaron picked up an aluminum bracket from the table, 
bent over, squinting at the computer monitor in front of 
Bryce.

“Well,  it’s a little frustrating because there are so 
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many parts  involved. I chose to go with the ‘80/20®’ 
brand for the frame just because the local rep’ was 
willing to do some of the work for me and provided 
these sample parts.”

Aaron sat down at the terminal next to Bryce, typed 
in his  password and picked up a two foot long bar of 
extruded aluminum, examined the cross-section and the 
texture, then put it down.

“Actually, all the brands are pretty competitive,” 
Bryce continued,  then pointed at the monitor.” I should 
be done with the basic design in a couple days. Have 
you seen Ray this morning?”

“No, I think he made a trip out to HTP to check on 
electrical parts.”

“What are you working on this  morning?” Bryce 
asked.

“I’m pretty excited about the cutter holder.” Aaron 
selected a folder and model with his mouse then waited 
for the model to display. “The two cutters will be held in 
these two cylindrical pockets  by magnets  under each 
pocket.” Aaron scaled and rotated the image as  he 
pointed to the features. “The operator will place the two 
cutters into the pockets  while being guided by these two 
half round slots  in the shielding material on top. When 
the process is  complete,  this shearing block will push 
both cutters off  the magnets into the cooling buckets.”

“Won’t the cutters tip over and bind on the 
magnet?”

“No, I don’t think so. The bottom edge of the 
shearing block will be very close to the height of the top 

CUTTING EDGE

61



of  the magnet so it...”
“Good news guys!” Ray called out as  he entered the 

CAD room. I just came from HTP and met the 
manager of the automation group. I was talking to him 
about options for the electrical enclosure and guess 
what? He showed me a machine that would work 
perfect for us.”

“What do you mean?” Aaron and Bryce said in 
unison.

“They have a machine that they started building a 
year ago for another project, but they didn’t finish it and 
so the machine is available if we want to use it. It’s  a 
frame with a nearly complete control box and a top 
mounting surface that we can modify and mount our 
stuff on to. It even has  an electronic safety screen 
installed and all wired up.”

“What kind of  controller does it have?” Aaron asked.
“What are you talking about?” Bryce protested. “I 

just spent the last two weeks designing a frame, and now 
you want me to...”

The computer lab door opened again an in walked 
Kate clutching her purse in one hand, holding a clear 
zip-lock bag in the other. She put the bag of sample 
cutters on the table and said, “They didn’t do it right. I 
can’t believe it. I wrote specific instructions  on the 
nozzle distance,  angle, SiC flow rate,... They didn’t get 
all the niobium can off  the cutters.”

“This can’t be good,” Aaron thought.
“I assume you’re talking about the SiC subsystem 

supplier.” Bryce asked. “What was their name?”
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“Yes, TurboEtch. Before we commit to them, they 
need to prove that their blaster and reclaimer will work. 
I got samples from HTP, wrote procedures, and...”

“Well,” Aaron thought, “a couple weeks of smooth 
sailing, and now a storm. I’d better gather the team and 
see where we’re at.”

“I’m sorry to interrupt Kate, but let’s all go into the 
conference room. It’s been a week since we coordinated, 
and we need to check our progress against the schedule 
anyway.”

Part 15 - Collaborate and Solve

Aaron closed the door behind them and noticed that 
the team’s action list hadn’t been erased from the 
whiteboard.

“How convenient,” Aaron thought.
It had been three weeks since the design review and 

customer concept approval, and with major high level 
decisions behind them, it was essential that they get 
serious work done on design details. 

“I know each of you have major issues you are trying 
to solve, but let’s  do it in context of what we decided 
after the design review.” Aaron pointed to the 
whiteboard and picked up a red dry erase marker. 
“Let’s go through this list one at a time,  give status, and 
state what our problems or risks are. Ray, you go first.” 

• Multiple Position act. & pneumatics - Ray 50%, Supplier?
• Cutter Holder for two - Aaron 75% Complete, No issues

CUTTING EDGE

63



• Containment Environment - Bryce 10%, Material?

• SiC Blasting and SiC recovery - Kate 25% Repeat test
• Operator Interface w/Start, Stop, etc. - Aaron 10%
• Controller and Software - Kate 25%, S/W License?
• Elect. Cabinet & Components - Ray 50%, Cabinet size?

• Machine Structure, Cabinet, misc - Bryce 50% 0% 75%
• Physical and Electrical Interfaces - Ray No progress
• Documentation (Test procedure, Final Report) Aaron 0%

• CAD Top Assembly - Bryce 25%
• Bill of  Materials - Aaron 25%
• Purchasing - Ray 10%

• Schedule - Aaron

“I have found several companies  that make 
pneumatic actuators that will stop at three positions.” 
Ray opened his MacBook Pro® and swiped the mouse 
pad a couple times. “I’ve compared Bimba™, SMC™, 
and PHD™ and haven’t made a decision yet. I’m 
leaning toward PHD or SMC because I’ve been able to 
go and see actuators  at the local suppliers.” Turning his 
computer around for the others to see he continued. 
“Here is  the model I like best at Bimba. It meets  our 
movement requirements and should be stiff enough to 
handle the cantilevered load of the cutter holder, 
cutters,  supporting shaft,  and downward blasting force. 
HTP uses this brand a lot.”

“Looks great Ray,” Aaron said. “Are you going to 
order the shearing actuator as well?”

“Yep, as soon as you tell me which one.”
“Would you say you are 50% complete on the 

selection of  the actuators?”
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“Yeh, that’s about right.”
“What have you found out about the electrical 

control cabinet?”
“What a win-fall!” Ray pulled a paper copy of the 

teams electrical schematic from his computer case and 
laid it on the table. “I spent the last week looking at 
enclosures, power supplies,  relays,  and the typical 
electrical parts we will need,...”

“That sounds familiar.” Bryce said.
“And the cabinet just offered to us by HTP already 

has most of the components we need. It even has  a 
controller in it.”

“Which model?” Kate asked.
“It’s  a smaller version of the Allen-Bradley unit you 

picked, but there may be enough space to add the I/O 
expansion module.”

Bryce leaned back in his chair,  arms crossed, face a 
little red. “Why didn’t they tell us  about this machine 
sooner? I mean,  it sounds great but I could’ve used the 
last several weeks to work on the blasting enclosure. If 
we use the existing machine, then I’ve waisted...”

“Sorry Bryce,” Ray said. “Nobody knew about this, 
and we didn’t think to ask if they had a machine we 
could modify.”

“Bryce is  a great designer,” Aaron thought. “I’ve got 
to keep him from getting discouraged.”

“Bryce,” Aaron said. “You’ve done a great job on the 
machine structure. While we sort this  out,  why don’t 
you give us your thoughts on the blasting enclosure,  and 
any progress  you’ve made. In the mean time Ray, can 
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you get drawings or CAD models  for the existing 
machine from HTP and get them to Bryce so he can 
check it out?”

“Done!” Ray pointed at his laptop monitor. “They 
emailed them to me ten minutes  ago and I just now 
posted them on our team server.”

Aaron turned to Bryce.
“All right.” Bryce said with a puckered smile. “Well, 

the blasting enclosure needs  to adapt to the SiC nozzle, 
allow penetration for the cutter holder shaft,  allow a 
door for loading and unloading cutters, allow for SiC 
return to the reclaimer, and it needs  to withstand the 
highly volatile environment without eroding away on 
the inside. I have a basic concept in work, but it has a 
ways to go.”

“What material are you thinking?” Ray asked.
“Eighth-in steel. It’s readily available and we can use 

the water-jet in the machine shop to cut out the pieces 
for welding.”

“So you’ve decided to weld it instead of bending it 
from a cut pattern?” Kate asked. “This kind’a looks like 
a ventilation duct part,  like the register ducts  in my 
house,  and most parts like that are bent out of sheet 
metal.”

“I know,” Bryce said, “but this  needs to be a very 
heavy gauge and I have a lot of  experience welding.”

Ray looked up. “I have some welding experience 
too.”

“Do you have any plans,” Kate continued, “for 
treating the inside of the enclosure to prevent SiC from 
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eroding the surface?”
“I thought about it but I don’t have any ideas yet. Do 

you have some?”
“I recall something from a materials class. Let me 

check one of  my textbooks and get back to you.”
“That went well,” Aaron thought.
“Okay. Thanks Bryce. Thanks Kate.” Aaron pointed 

to the SiC Blasting and Recovery line on the board. 
“Tell us what’s happening with the blasting supplier.”

Kate gave an understanding look toward Bryce. “I 
feel like I’ve wasted a week or more. I ordered sample 
cutters from Matt at HTP, sent them to TurboEtch 
along with clear instructions  that they were to record 
the blasting time and nozzle-to-cutter distance. I asked 
them to try several different nozzle distances  and blast 
until all the niobium material was  gone from the flat 
surface,  recording the amount of time in each case.” 
Kate picked up the bag of cutters,  holding them in the 
palm of her hand. “All they did was blast at one 
distance,  for a fixed amount of time, then they returned 
the cutters to us  for inspection. Most of the cutters  still 
have niobium on them.”

Part 16 - Purchase, Fabricate, Assemble

One month passed since the Design Review and, 
except for a few hick-ups here and there, the team 
progressed well designing the machine and ordering 
parts. The machine provided by HTP turned out to be 
a great help but the electrical control box was too small 
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for all the necessary components. Ray identified and 
ordered a new larger box and began making 
preparations  to transfer components  to the new box. He 
had to rewire the whole thing. Kate finally got favorable 
blasting results from TurboEtch and as  of yesterday, 
received approval from HTP to place TurboEtch on 
contract to build the blasting and re-claiming 
subsystem. Unfortunately the lead time was four weeks 
which meant the team would have less than a month to 
integrate and test the entire unit before the end of the 
semester, if TurboEtch delivered on time. The good 
thing was, she could now spend more time focusing on 
learning how the controller operates and writing the 
software.

Bryce completed the CAD design of the blasting 
enclosure, cut all the parts using the onsite water jet, 
and spent the last few days welding.

“Bryce?” Jay asked as he and Aaron entered the 
welding booth. “What happened to the enclosure? Why 
is the flange warped like this?” Jay tipped the enclosure 
back and forth on two low points  on opposite corners. 
Jay and Aaron noticed that when seated on three 
corners on a flat surface,  the forth corner was raised an 
eighth of  an inch above the surface.

“It warped while welding.” Bryce said. “The residual 
stress in the 3/16 inch thick steel caused bending when 
it cooled.”

“I thought,” Ray hesitated. “I thought you specified 
1/8 inch steel sheet.”

“It was going to take two weeks to get it, so I used 
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some material they had on hand in the machine shop.”
“I hope this doesn’t backfire on us,” Aaron thought.
“I’ve already designed and ordered the attachment 

hardware based on 1/8 inch thickness.” Aaron said. “I 
hope they still fit. Can we reheat the enclosure and get 
the flange flat?”

“I don’t think so, it’s pretty stiff. Maybe.”
“It’s  critical,” Aaron added,  “that the gap between 

the enclosure and the table be tight so no SiC escapes.”
“I know.” Bryce said abruptly. “I’ve been thinking 

about it all night and maybe I just need to make 
another one.”

“You mean start all over?” Aaron said. “I don’t think 
we have time for that. Can we use a thick rubber gasket 
to overcome the variance?”

“Let me work on it,” Bryce said. “It’s thick enough 
that I may be able to machine it flat on the mill.”

“I don’t think so,” said Ray. “Just heat it up and...”
Kate looked across  the room from where she was 

programming.
Aaron took a deep breath thinking,  “These guys  are 

getting heated up.”
“Just heat it up and ping it a few times all the way 

around,  just above the flange.” Ray insisted. “This 
should reduce some of  the residual stress.”

“I don’t agree,” Bryce said. “That won’t look 
professional. Look, this is  my design, let me figure it 
out.”

“Okay.” Aaron raised both hands. “Bryce you think 
it through and let us  know what you decide. Ray,” 
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Aaron pointed across the room to a workbench. “Show 
me how it’s  going with the new electrical box. Oh, and 
by the way, have the actuators come in yet?”

“It looks  like I successfully diverted that situation,” 
Aaron thought.

Later in the day Bryce came to Ray and offered to 
let him try the heating and pinging idea. By the next 
morning, the team was gathered around the blasting 
enclosure admiring how well it sat, flat as can be on the 
mounting surface.

“Thanks Ray,” Bryce said. “Not bad.”
“Ray!” Kate called out from across  the lab. “I can’t 

get this to work. Did you say that you have some PLC 
experience? How about Direct Logic?”

“Well,  a little. But I bet you learned a lot more than I 
know from your automation class. What’s  the 
problem?”

“Wesley helped me lay out the sequence diagram for 
the machine, but I am having difficulty implementing 
it.”

Ray pointed at a paper on the table. “Is this  the 
diagram?”

“Yes.”

Part 17 - Test and Refine

“What’s  going on?” Bryce said to Ray entering the 
lab. “Aaron sounded concerned in his  voicemail? Why 
the 7:00 a.m. urgent meeting?”

Ray pointed at the machine. “Look at the test cell. 
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We are supposed to start testing next week. Does 
anything look wrong to you?” Bryce scratched his head. 
“The blasting and reclaiming unit?”

Ray nodded.
“It was supposed to be here yesterday. What 

happened?”
“Kate got a message from the supplier rep’ last night 

and the unit won’t ship until Friday. That means it 
won’t be here until the middle of next week, and it takes 
time to get it through shipping and receiving...”

Aaron and Kate came into the lab, Aaron’s  eyes a 
little red. Kate looked worried.

“Houston,” Ray said. “We have a problem.”
No one smiled.
“I wish I could laugh,” Aaron thought. “I’m glad 

Ray tries to keep us cheerful.”
“Thanks for coming early today.” Aaron tossed his 

notebook three feet over to the table then walked to the 
machine. We’ve run into a couple issues.” Aaron 
motioned for everyone to look at the latches  on the 
blasting enclosure. “Last night I installed the new cutter 
holder,  and, while running initial software tests,  we 
found that the enclosure door doesn’t open all the way 
because of  an interference.”

“I thought,” Bryce said, looking at Kate, “that you 
were gonna tell us about the blasting unit.”

“We’ll get to that in a minute.” Aaron opened the 
door with his finger as  far as  it would go, then he moved 
the cutter holder until it hit the door. “See,  the door 
only opens to about 45 degrees and the cutter holder 
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won’t move all the way to the operator loading 
position.”

“Look at the hinge fasteners.” Ray said, bending 
over to look along the hinge axis. “They run into the 
enclosure flange.”

“That’s  what we noticed,” Aaron continued. “It may 
have something to do with the thickness of the 
enclosure material because the interference didn’t show 
up on the CAD model.”

“Oh no!” Bryce squinted and put his  hand on his 
forehead. “I never changed the CAD model to the 3/16 
inch material.”

“There might be other reasons,” Aaron assured. “I 
redesigned the cutter holder a few times and I may have 
increased the height to make room for the magnets 
without integrating it with the rest of  the model.”

“Can’t we just grind away the flange area where the 
fasteners hit?” Ray suggested.

“Or,” Bryce said, “maybe we could raise the cutter 
holder and the door and hinge. Then it will have more 
room to open.”

“But if we raise the cutter,” Ray countered,  “We’ll 
have to raise the supporting shaft,  the supporting 
bearings, and the multi-position actuator. That would 
affect all the main mounting...”

“Wait you guys,” Aaron interrupted. “There is 
another problem with the cutter holder that I designed, 
and just yesterday I was thinking I would have to go to 
the machine shop and make another one. We could 
relocate the supporting shaft hole a little lower in the 
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cutter holder. This would have the effect of raising the 
holder without raising the shaft and actuator. This 
would allow the hinge and door to be raised.”

“I’m confused.” Kate said. “How is raising the 
holder going to allow the door two swing further open?”

“Raising the holder,” Bryce explained,  “allows  us to 
raise the door. Raising the door allows the hinge to 
pivot further without hitting the fasteners on the 
enclosure flange.”

“Oh,  I see it now. Then I agree with Ray. Don’t go 
to all that work. Besides, it may cause other problems 
we can’t see yet. Just shorten the fasteners  or grind slots 
in the flange. This is just a prototype anyway.”

“You’re right Kate.” Aaron said. “I wanted it to be 
perfect for HTP, but we’ve run out of time and we can 
make recommendations for them to improve it later. 
What’s most important is  that we deliver a reliable 
working prototype.”

“I worked so hard,” Bryce said,  “making the 
enclosure look good... Now you want to grind slots  in 
it?”

Everyone was quiet.
“I see,” Bryce continued, “that this is the best way.”
“You’re a good sport Bryce.” Aaron assured.
“And a very good welder.” Ray added.
“I’ll get the grinder ready over in the welding 

booth.” Bryce headed for the other end of the lab. “Will 
you guys mark the interference points, then disassemble 
the enclosure and bring it over?”

“Weren’t we going to talk about the blasting unit?” 
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Kate looked at Aaron.
“Let’s let Bryce get ready.” Aaron said. “We can talk 

about the blaster while we disassemble the enclosure.”
While they worked, the team adjusted the schedule, 

re-planing the testing time for later next week leaving 
only a few days for testing.

“Kate,” Ray suggested, “I’ve been thinking. We don’t 
need the blasting unit to run your software,  at least the 
part that commands the multi-position and shearing 
actuators, and monitors all the sensors.”

“This may save us,” Aaron thought. “Good thinking 
Ray.”

“True,” Kate replied. “I can disable the blaster 
sensor and run the software, making the controller 
believe the blaster is operating. We should be able to test 
all the other functions, the start buttons,  the actuator 
movement,  the timing,  the safety screen,... Yes,  I’ll make 
those adjustments and we can still get started with that 
part of the testing as early as tomorrow. Aaron,  is the 
test procedure ready.”

“Yes, I’ll print a copy so you can check off each step 
as  you go. You guys  are awesome.” Aaron said raising 
both hands in the air.

Bryce looked over from the welding booth.
“You too Bryce, you’re all awesome.”

Bryce notched the enclosure flange and had it 
reassembled an hour later. Aaron decided against 
remaking the cutter holder now that the door opened 
properly. Testing continued the next day with numerous 
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adjustments to the software, and the procedures. When 
the blasting unit finally arrived, a couple days were 
needed to unpack,  set it up,  connect electrical and 
ventilation, and connect it to the machine.

Nearly all the assembly and test time was consumed 
leaving only a couple days  for testing before the 
promised delivery date.

“Matt?” Aaron spoke into his cell phone.
“Yes Aaron,” Matt Clawson said. “Did everything 

get assembled and tested as planned?”
“Well,  it’s  assembled, but due to a few issues, all 

we’ve been able to do is  power it up a couple times. The 
blasting unit just got here a few days ago so we did most 
of our machine testing, you know,  moving the cutter 
holder in and out,  without the blaster and reclaimer. We 
feel pretty good about the software, the electrical, and 
all the supporting equipment.”

The phone was silent for a few seconds.
“I’ll tell you what,” Matt said. “Instead of testing the 

unit twice, once at the university and once here at HTP, 
we have some space right now in our testing area. Let’s 
move the whole system over here and do all the testing. 
That way our maintenance crew and operators will be 
able to get familiar with the equipment while you finish 
your testing.”

“That would be great.” Aaron said. “Are you sure 
you have the utilities  we need in your testing area like 
sufficient compressed air, flow rate,  power, and 
ventilation?”

“Yah, I’m pretty sure,  but I’ll go check on it today. 
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You send me the facility requirements,  and I’ll get it 
ready.”

Part 18 - Deliver, Install, Demonstrate

A week passed and the unit was up and running at 
HTP Diamond. A nozzle was lost in transit, but the 
supplier was able to get a new one quickly. Also,  the 
pneumatic pipes in the HTP Lab had to be enlarged in 
order to get enough flow for the blaster. A few days 
beyond the original planned demonstration date,  the 
team powered up the machine and successfully loaded 
and cleaned two cutters. They ran a few cycles and then 
turned it over to Jared, the HTP operator.

“I’ve been looking forward to this  for months.” Jared 
said, putting on his head gear.

Peter, the safety engineer was  on hand to verify that 
the safety screen would prevent hazards to the operator. 
“I’ve been recording the sound level during the last two 
demonstrations.” He put his  hand on Jared’s shoulder. 
“You won’t need the extra hearing protection.”

Jared smiled.
Bryce smiled.
“Okay.” Kate said to Jared. “Put a cutter in each 

pocket on the cutter holder,  then press both start 
buttons simultaneously, then back away.”

Jared placed a cutter part-way into one of the 
pockets. The magnet snapped the cutter into position. 
Jared repeated with another cutter,  pulled his hands 
away from the enclosure,  and pressed down on both 
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buttons. The fan on the blasting reclaimer came on 
while the cutter holder disappeared into the blasting 
enclosure. The enclosure door snapped shut sealing the 
chamber. A muffled hissing sound emanated from 
inside. After about 15 seconds the hissing stopped and 
the actuator clicked to the second position. The hissing 
resumed another 15 seconds then stopped. The 
enclosure door popped open and the cutter holder 
returned to the load position displaying two clean 
cutters,  niobium free. The shearing actuator pushed 
both cutters from the holder into the two cooling cups.

“Oh yeh!” Jared exclaimed. “Get me some more 
cutters.”

There were ‘high-fives’ all around the test cell as 
other employees looked toward the excitement at the 
new machine with wonder. Wesley stood behind the 
team with a proud look. Matt looked down the hall and 
saw Mr. Ericsson looking through the lab window. Matt 
made a fist with his thumb pointing up. 

Aaron felt like he had just set foot on the moon 
thinking to himself,  “It was  hard, but it was  worth it. I 
wish my dad was here.”

Mentor Discussion and Exercises

Aaron, Ray, Kate,  and Bryce are typical of many 
engineering teams, sometimes working independently, 
sometimes working together,  always working to a 
common goal of meeting the customers requirements. 
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In Cutting Edge we get a sense for how important 
favorable results  might be to our customer,  how 
customer needs are obtained and requirements 
developed and then used to evaluate the solution, how 
benchmarking,  brainstorming and concept generation 
are critical to obtaining a good solution. 

1. How did this  team react, individually and as a 
whole, to setbacks and problems? 

2. Would you say that Aaron was a good leader? 
3. How would you have led the team through each 

crises? 
4. What role did the coach play? 
5. Should the most experience person make all the 

decisions?

Product Development is a great adventure creating 
new or improved solutions,  combining creative and 
academic skills,  managing and nurturing relationships 
to bring the best out in everyone involved. 

6. What engineering skills were necessary for this 
project? 

7. What resources  did team members use to find 
options and answers? 

8. Where did they go to get inspiration? 
9. What did they do when there was disagreement? 
10. What did this team do well? 
11. What could this  team have done differently to be 

more successful?
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SYNOPSES OF OTHER ENGINEERING 
STORIES

In Get a Grip, a young engineer is  astonished to be 
assigned to an experienced team responsible for developing 
critical automation in the manufacture of smart phones. She 
travels  with the team on a foreign customer visit, participates 
in creative concept generation, and helps  the team through 
difficult setbacks and technical problems.

In The Orbital Mechanic, a solar flare knocks  a space 
probe off course endangering a costly mission. A simple  
solution comes  just in time from an unlikely source to save 
the spacecraft. In this  story, learn how engineers  use science, 
math and physics  to get spaceships  from Earth out to distant 
planets and beyond.

In Foot Notes, an engineer is  faced with the daunting 
task of inventing a cost effective foot scanner in a short 
amount of time, driven to search for and consider possible 
solutions, taking clues from the near and far, the past and 
present, the people and objects  all around. After much effort, 
old impractical perceptions  are pushed aside by new 
achievable techniques.

In Quick Step, an engineering team is  required to create 
a way to make customer arch supports  (orthotics) in 30 
minutes. They face hurdle after hurdle as  they try to find an 
answer to a fundamental friction problem. In the end, after 
much frustration, determination and creativity, they stumble 
onto a completely different yet very elegant approach.

In Cutting Edge, a student engineering team wins a bid 
to develop an automated synthetic diamond cleaning 
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(blasting) machine. They familiarize and immerse themselves 
in customer needs, write specifications, research similar 
equipment, brainstorm solutions  and evaluate their options. 
They experience the pain of unforeseen problems  and the 
thrill of success  looking externally and internally to find 
answers to complex questions.

In Speed Reader, two engineers  have been working 
hard for weeks  to prepare for and demonstrate the capability 
of their design. On the Friday of their last week of testing, 
the customer is  not fully satisfied, launching the engineers 
into a last minute creative mode to find a quick and reliable 
solution, and to save their weekend plans.

In The Ribbon Cutting, three engineers  work to create 
a complex system, a cutting machine with a blade that 
automatically morphs  into shapes  needed for unique 
products. Ideas  and solutions  are found all around them, in 
their hobbies, in other machines, in books  and online. Their 
specific talents  unite as  they help each other move their 
company forward. 

See http://stemstories.wordpress.com or use the 
following key words to search for additional Engineering 
Stories.

“Hardman” AND “Engineering Stories”
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