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4 - QUICK STEP

“I hardly slept last night,” Glenn said, placing the 
pin mold onto the vacuum press. “I have lived and 
relived this day for weeks.”

Craig lifted the press  door up while Glenn carefully 
aligned the new device. 

“I’ll tell you what,” Craig said,  “the day we first met 
with the customer, I saw how something like this could 
really help people.” Craig glided his  fingers lightly 
across  the rounded tips  of the polished pins,  collectively 
resembling the bottom of  a foot.

It was  6:30 am. The winter darkness still blackened 
the only window in the lab. 

Glenn and Craig,  two mechanical engineers,  arrived 
before the rest of the team to get a head start testing the 
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new forming device, a precision assembly of six-
hundred and sixty-six stainless steel dowel pins,1 
completed just the night before. 

“This is going to change the game for foot doctors 
and their patients.” Glenn aligned a thin rubber sheet 
over the pin mold in the press  then paused and looked 
up at the simple cooking oven sitting on the work 
bench. “I didn’t think we were going to get the pin mold 
to work.”

Craig looked up at his  team mate, both eyebrows 
raised. “The hardest part was getting the top and 
bottom plates  drilled accurate enough for the pins to 
slide freely up and down through both plates.”

Glenn lifted a half filled bucket of water and placed 
it on the workbench next to the press. “I know. Bill went 
through four sets of  plates trying to get it right.”

“My biggest worry was the friction strips between 
the plates.“ Craig said. “We tried everything we could 
think of, different materials,  different sizes, to get the 
pins  to stay put after being shaped like a foot. But I feel 
good about this  solution. We’re set for the big 
demonstration in three weeks.”

I hope you’re right, Glenn thought,  checking the 
timer and placing his finger tips near the oven door 
without touching. “Who was it that thought of using 
strips of  rubber material between the pins?”

“I think it just came out in one of our brainstorm 
sessions. As I remember, when our first attempt didn’t 
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work,  we considered all kinds of things from the 
hardware store that we could put between the pins  to 
get the right amount of  friction...”

The bell on the oven rang.
Craig looked up at the tilted clock hanging from the 

corrugated steel wall of the old engineering lab. “Was 
that five minutes?”

Figure - Clear Hot Plastic Sheet over Smoothing 
Layer on Pins. Photo by Jaren Wilkey, Used by 

Permission

“Actually, I went thirty seconds  longer this time to 
make sure the temperature was uniform all the way 
through the plastic.” Glenn grabbed the chrome handle 
on the clear oven door and looked down at the 
workbench. “Where are the gloves? Never mind.” 
Glenn reached in the oven, quickly removed a drooping 
transparent sheet of plastic,  placed it on the rubber 
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layer already on the pins  then plunged his  hands in the 
bucket of  water.

“Ouch!”
While still holding the door up, Craig flipped a 

switch on the vacuum press. A low frequency rumble 
confirmed the pump was running. “Ready?”

Glenn moved back and Craig lowered the lid 
allowing its rubber sheet or bladder to lay across  the 
plastic on the pin mold. He pressed the frame down 
against the vacuum table. As air evacuated from the 
mold area, the rubber bladder in the lid compressed 
against everything beneath it. Within seconds, they saw 
the unmistakable shape of the pin mold through the 
rubber, and then the shape of  the foot...

“Somethings wrong.”
“Uh-oh,” they called out in unison.
“The shape is collapsing,  the pins  are slipping,” 

Craig said. “There’s  too much vacuum! Shall I turn it 
off ?”

“Yes, but it’s too late. The shape is already gone.” I 
was  afraid that would happen,” Glenn thought. “We’ll 
have to try another one. Let this  one cool and harden, 
then we’ll make some notes  and decide what to do.” 
Glenn reached into the bucket, grabbed a wet rag, rung 
it out,  then placed it on the hot rubber bladder under 
which the orthotic2  (for a very flat-footed person)  was 
cooling. A drop of sweat formed on his forehead. He 
then sat on a stool, eye-brows slightly lowered,  chin on 
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his fist, and eyes fixed on the vacuum press. “I wonder if 
anyone calculated the amount of force pushing down 
on the pins, and compared it with the total pin 
friction?”

Craig made some notes in the test log.
For the next hour, Glenn and Craig repeatedly 

reshaped the pin mold,  tweaked the vacuum level, 
adjusted the oven temperature,  varied the heating time, 
and created six more orthotics. Each one failed.

“We’re doomed.” Craig stood by the work bench, 
hunched over like someone kicked him in the stomach 
six times  with six flattened orthotics. “I thought for sure 
this  would work. What are we gonna tell Bill and Jake? 
What are we gonna tell our customer?”

When Jake and Bill arrived, the lab was a little warm 
for 8 a.m.

“Good morning guys,” Jake said,  sniffing the air. 
“Hey, you look like you’ve been up all night.”

Bill looked down at the six pieces of white warped 
plastic on the work bench. “What is  this? Are these old 
test samples, or have you been using the new mold?”

“Craig and I came in early,  and...” Glenn looked 
carefully at Craig, “We have a problem.”

Bill raised his  head sharply. “You didn’t break the 
mold did you?”

The four team members  hovered around the work 
bench.

Craig pointed at the data in the test log. “We tried 
everything,  different vacuum levels, different 
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temperatures. Every time, the pins slipped.”
“The friction in the pin mold seems  to be pretty 

consistent for all the pins,” Glenn added. “But it’s  not 
strong enough to hold, even against the lowest practical 
vacuum.”

“I wonder,“ Bill lifted the pin mold to eye level and 
closed one eye. “I wonder if the vacuum is having some 
kind of effect on the rubber friction material,  you know, 
causing it to slip when the vacuum is on?”

“Hadn’t thought of  that,” Glenn said.
“Do you think the strips  of rubber need to be 

thicker,” Craig offered in desperation, “you know, larger 
diameter?”

“Or harder,” Bill said.
“Okay,” Jake interrupted. “These are all good 

questions, let’s  make sure we think through each one 
and not miss any important ideas.” Jake took a deep 
breath. “Since there’s  no reason to jump right back into 
testing without some idea of how we’re gonna fix this, 
let’s take our lab books  into the conference room and go 
through this  a step at a time. Bill,  will you bring the pin 
mold? Glenn, do you have a convenient copy of the 
requirements, the specification?”

Glenn nodded,  looking in the back cover of his  lab 
book for a loose piece of paper. “Yeh, I’ve got it.” He 
then thought, “I don’t know if I updated it after the last 
design review. It should be okay.”

Other people were now coming into the lab,  so Jake 
shut the door after all four were in the conference room, 
tossed last nights pizza boxes on top of the waste basket, 
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and walked over to the whiteboard. 
“All right,” Jake began. “We’ve got three weeks  until 

our customer demonstration. Other parts of the project 
are going well, right Bill?”

Bill nodded, gently putting the pin mold on the table.
Jake continued. “Suggestions on how we should 

proceed? I’m thinking we should review how we got to 
this point.”

“Good idea,” Glenn said. “I think we need to 
calculate the amount of force pushing down on the pins 
by the rubber bladder.”

“Good. But first, would you please read the original 
requirements  for the pin mold. Let’s  see if we 
overlooked something.”

“Okay,” Glenn pulled the wrinkled paper from his 
book,  grabbed the two short ends,  and dragged it back 
and forth across  the edge of the table,  then adjusted his 
glasses. “Okay, there are 27 requirements--”

Jake stopped him. “Just the ones that have something 
to do with shape,  pressure,  or vacuum. Use your best 
judgment.”

Glenn read the list out loud.

“1,  Allowable vacuum on the mold,  maximum  
70,000 Pascals. 2, Allowable heat on the mold, 
maximum 300 degrees Fahrenheit. 3,  User friendly... 
No not that one.”

Glenn skimmed down through the list. 
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“8,  Allowable time for cooling, 120 seconds. 20, 
minimum pin travel, 1 inch. 26,  accuracy of pin 
positioning,  0.063 inches. 27,  material thickness 
ranges--”

Glenn looked up. “There really isn’t a requirement 
that specifies how much pin friction there should be.”

Bill said,  “That’s because requirements aren’t 
supposed to assume how the mold is  designed. If the 
specification said something about pin friction,  then 
that would exclude designs that don’t use pins.”

“I already knew that.” Glenn said.
“So why don’t we just increase the friction,” Craig 

said,  “so the pins won’t move under vacuum. That will 
guarantee that the shape will hold at other times.”

“Look,” Bill grabbed the pin mold and began 
pushing pins back and forth. “If you increase the 
friction too much,  then the machine that pushes  all the 
pins  into position will need to be more powerful, bigger 
actuators,  it will run our costs up, and it will probably 
take longer to form each foot shape. What is the 
requirement for forming time?”

“Let’s see,” Glenn looked down the list. “Here it is,” 
22, Allowable time to generate surface,  maximum 180 
seconds.”

Everyone looked at Bill. “How long does it take 
now?”

“I don’t know exactly,” Bill said. “We haven’t tested 
that part yet but initial estimates are about two minutes 
at best.”
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“Okay,” Jake said. “Let’s  review the ideas we had 
that led up to using rubber strips between the pins, and 
let’s look for ways to make the friction force lighter 
during pin positioning, and stronger during vacuum 
forming. Look through your lab books  and let’s list 
them. Craig will you writes these on the board?”

The team worked for an hour recalling the various 
concepts  associated with retaining pin position and 
mold shape. As the whiteboard filled with color,  the 
room filled with pen odor. There were times of 
progress, and times of  frustration as the hour passed.

Ideas came slower, fewer and far between. Normally 
that would be good if everyone was writing or sketching 
and getting lots of good ideas down in their lab books, 
but voices  as  well as  pens and pencils  turned quiet. Eyes 
were glassing over with discouragement.

“I have a suggestion.” Glenn removed his  glasses and 
rubbed his  eyes. “I suggest we break,  go on our own and 
look for ideas. I think I’d like to go to the hardware 
store and just walk up and down the isles looking for 
things that lock or clamp or have friction.”

“I agree,” Jake said noticing nods  from each team 
member. “Let’s go to where ever our creative places are. 
I think I’ll go to the sporting goods store. I need to pick 
up a tube for my bike anyway.”

“I like to browse through auto parts,” Craig said, 
“but I’m gonna stop by my home first.”

“How about you Bill?”
“Well,  I’m gonna get online and search through 

some catalogs like McMaster Carr and Grainger.”
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“I know we’ll find a solution. Let’s meet back here 
tomorrow morning, 8:00 a.m.” Jake rallied the team as 
they left the conference room. “Look for things, 
anything that has a part that moves in a straight line, in 
some kind of linear motion, and stops  or locks  at an 
infinite number of positions. There’s gotta be things like 
that at home,  in the garage, in a car, in tools,  look 
everywhere. Craig,  when you’re at home, see how 
window blinds  can be set at any desired opening height. 
Alright?”

Glenn held back near the vacuum press  after the 
others  left, putting things away, sketching in his book, 
reviewing the list on the board, flipping through the test 
log. He even sorted through odds and ends  in the 
storage cabinet looking for ideas. He caught himself 
clicking his ball-point pen in and out,  then thought, “I 
wonder what mechanism latches the pen at the two 
positions,  retracted and extended? Wait,  my mechanical 
pencil can hold the led at any position.” He pulled the 
pencil from his  shirt pocket and examined the led 
motion repeatedly clicking the other end. He 
disassembled it,  made some notes, put it back together, 
then headed for the door.

“Our customer will be really disappointed if we can’t 
get this to work.” Glenn thought, driving a little slower 
than usual to the hardware store. He reflected on the 
image of a young man the team met three months ago 
with Cerebral Palsy. In his mind Glenn saw the boy’s 
involuntary but happy facial gestures, feet and hands 
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mildly deformed, slight slouch while sitting, anxious 
about the attention he received for special shoes and 
orthotics,  a gleam in his eyes. “Such a happy boy. He’ll 
be heart broken.”

Glenn remembered how the orthotic machine was 
intended to create special arch supports  for any person 
in need of a custom flexible insole, but the machine was 
especially intended to help the boy with CP.

“Can I help you find something?” An assistant at the 
hardware store interrupted Glenn’s  seemingly mindless 
wandering.

“Oh,  no thank you.” Glenn replied then thought, “I 
know what my wife would say;  why is it men never ask 
for directions.”

He turned around quickly. “Sir,  actually I’m working 
on a science project. I’m looking for things  that have 
some kind of clamping device as part of the way they 
work. Can you think of  anything like that in the store?”

The assistant did not look surprised at the question. 
“Perhaps he’s heard that line before,” Glenn thought. 

“Well,” making gestures  with his  hands. “Over in the 
tool section,  Isle 7 and 8, you can find bar clamps, 
wood-screw clamps, and things like that. And over in 
plumbing,  uh,  Isle 22, they have hose clamps, you know 
those band type strips of metal that wrap around hoses 
to clamp them to pipes, like the radiator hose in your 
car.”

“Thanks,  I’ll start with plumbing and then go to 
tools.”

QUICK STEP
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Glenn walked a little faster. “Hose clamps  look pretty 
useful,  but I can’t see wrapping a tiny clamp around 
each pin and then adjusting all of them to change the 
friction.”

On the way from Isle 22 to Isle 8, Glenn passed by 
the garden section and noticed rakes  and shovels 
hanging handle-up side-by-side from a bracket. “Now 
there’s something,” Glenn thought. “I saw one of these 
in Craig's  garage. You insert the handle upward from 
below and you can push it as high as  you want, let go 
and it will stay in place.” Glenn pushed up, then pulled 
down on a rake handle. “It looks like there’s some kind 
of,... oh I see,  there’s  a wedge shape, a piece of rubber 
that pivots  away from the handle when pushing up, then 
it binds  or pushes into the handle on the way down. I 
wonder if this could be done on miniature pins?” Glenn 
made a quick sketch in his lab book. (Yes, he brought 
his lab book to the hardware store.)

In the tool section Glenn walked very slowly looking 
up and down each rack of all kinds of tools. Noticing a 
familiar instrument,  he thought, “Carpenters  measuring 
tape.” He picked up a basic model,  pulled the tape from 
the body then let it retract. “Look at the thumb latch. 
You pull the tape out,  push on the latch and it binds  the 
tape against the inside surface,  so tight I can’t even push 
the tape back in without it buckling.” Another entry was 
make in his book.

“Hey, what is that?” Glenn forgot he was in public. 
“Contour gauge? I’ve heard of these,  a long set of little 
parallel pins that are right next to each other,  like a 
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hundred tiny soldiers standing in a row. It’s  used to 
measure the shape of wood moldings. I think my dad 
has one of these he uses to check the shape of wood 
turnings,  like table legs  or stair posts.” Being careful not 
to wrinkle the wrapping, Glenn turned a small thumb 
screw on the side of the contour gauge. “Looks like the 
sides  clamp on the pins  to keep them in place. Wow, 
something like this might work. I wonder if we could 
stack a whole bunch of these side by side creating a 
clamp-able pin matrix.” Glenn pulled out his cell phone 
and took a picture of the contour gauge then put it 
back on the shelf.

Finally at the wood clamp display,  Glenn 
thoughtfully examined the various  types including bar 
clamps, wood-screw, and spring clamps of all sizes. “I 
can’t imagine how anything like these could be made 
small enough for what we need.” Feeling discouraged, 
Glenn turned from the clamps  to look at other tools. 
Just down by his  feet on the bottom shelf he saw a 
familiar device. “Hey, that’s  what we used last week to 
seal around our leaking vent pipe.” Glenn picked up a 
caulking gun and examined the linear ratcheting 
mechanism and realized that it could be set in just 
about any position and hold the force of the caulking or 
sealant tube pushing back on the plunger. Again,  having 
doubts about using such a scheme on tiny pins caused 
him to return the tool to the shelf.

“The best concept I’ve found is  the contour gauge. 
“Turning about, Glenn grabbed the cheapest one on 
the shelf and headed for checkout. He bought the 
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gauge and a soda as a reward for his  efforts then headed 
back to the office to refine his sketches.

“Donuts! Who brought donuts?” Craig said as he 
came into the conference room.

“Good morning everyone.” Jake opened the box and 
pushed it towards Craig. The smell of a dozen variety 
donuts filled the room. “I thought this would help the 
creative juices this morning. Speaking of juices...” Jake 
gave each person a Capri-Sun®.”

“Thanks Jake.” Each said in turn.
“Okay, no rules this morning. We’ll just go ’round 

the room, take turns,  and name one thing we learned or 
discovered yesterday, and then we’ll go around again 
until everyone has  listed everything they came with.” 
Jake held up a whiteboard pen and said, “Craig?”

Craig,  looking slightly disappointed chomping on a 
donut, got up and came to the board.

“I don’t care how you organize them, just list every 
idea that is said. Here,  I’ll go first. At the sporting goods 
store I looked at rope climbing equipment and saw a 
device that only allows the rope or cable to go through 
it in one direction and locks on the rope in the other 
direction. It’s called a vertical shuttle. Rock climbers use 
them as a safety device, I think.”

Craig wrote on the board.
“Okay Glenn, you next”
“Your idea reminded me of one I saw at the 

hardware store, and I’ve also seen it in Craig’s garage.”
Craig turned around.
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“It’s  a horizontal bracket that you mount on the wall 
to hang tools like rakes and shovels--”

“Oh yah,” Craig mumbled. “That is  so handy,  my 
tools used to be piled in a corner in a big mess, falling 
down all the time.”

“Craig, just write the idea on the board.”
“Okay, Bill?”
“Well,  I spent some time on the internet looking at 

hardware,  tools,  and industrial stuff. One thing led to 
another and I found myself at a hobby shop website 
looking at the pin art toy, remember, the one you can 
press  against things  and it will take an imprint of your 
face or your hand. Anyway, I searched the internet for 
‘pin art’  and found one that comes  with a locking 
motor.”

“A motor?” Craig asked.
“Yah, I don’t know how it works but apparently after 

you shape the pins, you flip a switch and something 
inside clamps all the pins.”

“Really?” Jake said with an ascending high pitch. 
“How could we get ahold of  one? How much was it?”

“I don’t know,  the price wasn’t listed but I could try 
to find out.”

“Please do and let’s see if  we could get one.”
With a Capri-Sun® in one hand, Craig wrote 

‘Motorized Pin Art’ on the board with the other.
“Craig, its your turn.”
“I asked the guy at the auto parts  store if he could 

think of  any parts that clamp on other parts.”
“That’s  exactly what I asked the guy at the hardware 
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store.” Glenn didn’t speak.
Gesturing with his hands  Craig continued,  “He 

walked down the isles with me and we looked at battery 
terminal clamps,  radiator hose clamps,  wire ties,  bungie 
cords,--”

“Craig,” Jake interrupted. “Please write all those on 
the board.”

“There were a few tools like vice-grips  that I looked 
at, but,  I don’t know,  I didn’t see anything that really 
jumped out as a possibility.”

“Okay it’s my turn again,” Jake said. “In the bike 
section, I fiddled with bicycle brakes for a while 
wondering if the brake pads  that clamp on the tire rim 
could be somehow developed into a series of little 
brakes to hold our pins. To be honest,  I couldn’t see--” 
Jake stopped himself. “Oh, we shouldn’t pass judgment 
when we are brainstorming.”

“Glenn?”
Glenn pulled out the contour gauge and put in on 

the table next to the pin mold. The other three leaned 
toward it. Bill took his  donut out of his mouth and 
everyone sat their drinks on the table.

“I’ve seen one of those before,” Craig said looking at 
Glenn. “Over at your dads house--”

“Yah, I know. My dads  a carpenter and they use this 
kind of a device to capture the shape of wood 
moldings,  using it as  a template to duplicate the shape 
in another piece of wood.” Glenn knelt down on the 
floor by the wall and pressed the stack of pins  against 
the base molding along the wall. He carefully twisted 
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the thumb screw then came back to the table. “See, the 
pin tips collectively follow the profile of the moulding 
and the clamping mechanism holds  them in place.” 
Glenn passed the device around. “Please don’t get 
donut glaze on it. I was thinking that perhaps a whole 
set of these could be mounted side by side to make a 
two-dimensional matrix,  and then we could somehow 
loosen all the clamps, drive all the pins  to the shape we 
want,  then lock them all to retain the shape during 
vacuum.”

“Wow, okay, let’s get that on the board and we’ll 
come back and discuss it in detail.”

“Bill, what else do you have?”
“Well,  it’s kind’a like the bike brakes. Going up the 

elevator yesterday,  I was  recalling how elevators are 
essentially a big linear device and they have an 
emergency brake system on each elevator car. It’s a 
caliper or pinching type brake,  like disc brakes  on an 
automobile that slides along a vertical rail. If the 
primary cable drive system fails, the clamps engage on 
the vertical rail preventing the elevator from falling.”

“I get it.” Craig wrote the idea on the board.
The meeting continued as  the donuts disappeared. 

None of the ideas  or discussion yet produced an 
optimism that got the whole team excited. To the 
contrary, the team seemed as discouraged as  they were 
the day before.

“I have one more,” Craig said. “Well, I’ve mentioned 
it before but I think its worth listing again. While 
playing with bungie cords  I was reminded of the cord 
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stretching idea where we stretch the rubber cord 
between the pins to change the amount it presses on 
each pin. So I picked up a variety of rubber bands and 
tubes of different sizes,  even surgical tubing, and 
experimented with the idea in our old prototype. It kind 
of works,  but its  got some problems. Anyway, I took a 
picture of  it.”

The team gathered around Craig as  he pointed to 
and described the various features.

“It looks  like a nice idea,” Glenn said. “What 
problems did you see?”

“When you pull or stretch a band,  since the band is 
pinched between all the pins in that row, it starts  to 
stretch first at the outer pins towards the end,  and the 
last pins  to be released are towards  the center of the 
row so the clamping and releasing is not uniform. I 
don’t know if that’s a problem, but it’s  something I 
noticed.”

After a few moments  of discussion,  rubber band 
pulling,  then silence, most eyes wandered back to the 
whiteboard.

“Let’s get out of this  room for a few minutes and 
stand around the press.” Bill suggested and no one 
objected.

“Glenn and Craig,” Jake said, “let’s  go ahead and 
repeat what you did yesterday morning.”

Craig objected and Jake refined his suggestion.
“Well,  at least stack up the pieces and let’s  have a 

look.”
“Okay,” Glenn said. We put the plastic orthotic in 
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the oven to heat at 250 degrees Fahrenheit for five 
minutes or so. We shaped the pin-mold like this.” Glenn 
pressed the bottom of the mold against a plaster foot 
cast to force the pins into a foot shape on the top side of 
the mold. “We put on the smoothing layer, then put the 
hot plastic orthotic on top of that, then closed the 
rubber bladder.”

To demonstrate, Craig lowered and clamped the 
door but did not turn on the vacuum.

Glenn sucked the rest of his  drink from his thin 
plastic Capri-Sun®.

“So when you evacuate it,  the rubber is pulled down 
against the pins  pushing all of them down.” Jake talked 
to himself  out loud.

Glenn was still sucking on his  empty drink when Bill 
pointed right at Glenn’s face and cried,  “That’s it! Look 
at Glenn’s drink. We need to put the mold in a bag.”

“What?” Everyone looked at Bill with contempt then 
at Glenn. “What are you talking about?”

“Glenn, suck harder on that straw!”
Glenn puckered and pulled as much air out of the 

drink bag as he could.
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Figure - Evacuated Drink Bag showing Pressure on 
Both Sides of  Straw

“Look,” Bill continued. “Look at the shape of the 
bag surrounding the straw. The bag is  pushing equally 
on both sides of the straw. If we put the pin mold inside 
a flexible vacuum bag, then the force on the pin tips on 
the top will be balanced by the force on the pin tips  on 
the bottom. It’s perfect.”

“I get it.” Craig said. “Keep doing that Glenn. 
“We’ve been putting the mold on a hard surface in the 
vacuum press. We need to put the mold on a flexible 
surface and let the vacuum pull up on that surface while 
it is pulling down on the top bladder. Wow, thats great.”

Jake listened intently and the feeling in the lab 
changed in a few seconds  from near hopelessness  to 
cautious optimism.

“How did we overlook that?” Glenn said,  after 
playing with the concept a few more times,  finally 
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taking the straw out of his mouth. “Bill, you are 
amazing. Look,  we don’t necessarily have to put the 
mold in a bag,  we just need to make a box that the mold 
fits  into with rubber bladders  on both the top and the 
bottom.”

“I see.” Bill said.
Glenn opened his  lab book and began to sketch with 

everyone hovering. His enthusiasm caused him to draw 
faster than usual so the result was not as  clean as is 
typical for Glenn, but there was no holding back. He 
drew the top and bottom plate,  the pins, a box in which 
the mold could rest,  then a removable frame and 
bladder on the top, and a fixed frame and bladder on 
the bottom.

Figure - Engineering Sketch of Pin Mold Box with 
Top and Bottom Rubber Bladders. BYU Capstone 
Logbook, Used by Permission

“That is so cool.” Jake said. “Bill, thanks for 
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watching how Glenn drinks. Glenn, thanks  for playing 
with your food. Bill, how soon do you think you could 
build a box like this?”

Bill stopped and responded to his emotions. “I can’t 
believe it, we don’t even have to change the pin mold 
design for this; this is awesome. All this time, we’ve been 
focused on pin friction and clamping pins. This  solution 
is so elegant.”

“Glenn,” Bill continued. “If you could do a detailed 
sketch of the box,  I can get it built in a day or two. 
We’re gonna need a vacuum pump.”

“Can’t you use the one on this press?” Jake asked.
“It would be better to buy a pump so we can run the 

plumbing directly to the box and hook it up exactly 
where we want it. When I was online yesterday, I saw 
some vacuum pumps on Grainger.com™.”

“Hey, let me take care of that,” Craig offered. “I 
know the required vacuum level. I’ll go down to the 
local store and pick it up along with the tubing and 
fittings that we’ll need.”

“Thanks Craig,” Jake summarized. “Okay, Glenn 
will do the drawing,  Bill will make the new molding 
box,  Craig will get the pump, and I will get some more 
plastic material for orthotics. When can we have it all 
ready for testing?”

Three days  later,  7:30 p.m., the team had the final 
bladder mounted to the new box, and all the vacuum 
plumbing ready to go.

“Let’s do it.” Craig cheered.
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Figure - Heating Oven,  Upper Bladder in white, 
Lower Bladder in blue. BYU Capstone Files, Used by 
Permission

Craig held the vacuum top bladder while Glenn 
carefully aligned the pin mold in the box. Jake and Bill 
looked on anxiously.

“I’ll tell you what, from the day we first met with the 
customer,  I could see how this  could really help people.” 
Craig lightly glided his finger tips across the pins shaped 
like a foot.

Glenn placed the smoothing sheet over the pins  then 
reached under the box and felt with the tip of his 
fingers,  the new rubber bladder on the bottom of the 
box.

QUICK STEP
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The oven bell rang.
Ready with gloves, Glenn retrieved the hot plastic 

from the oven and carefully placed it on the smoothing 
sheet. Craig lowered the upper bladder onto the hot 
plastic while turning the vacuum pump on. Everyone 
breathed in,  like the vacuum, and held their breath. 
Within seconds  the foot shape appeared in the rubber 
bladder.

“Will it--”
“Are they holding?”
“Their holding!” Glenn called out.
The vacuum kept pumping,  the air kept evacuating, 

the shape stood firm. Glenn reached under the box and 
felt the lower bladder lifted up into the shape of the 
pins  on the bottom side balancing the force applied by 
the upper bladder.

“Alright!” Glenn exclaimed.
“Awesome,” from the others.
Glenn wiped the sweat from his forehead while 

Craig grabbed a wet rag and wiped the upper bladder 
with cold water to help cool the orthotic below.

In a moment, Craig lifted the upper bladder and 
revealed a beautiful fully formed orthotic sitting on the 
mold and all he could think about was the smile on the 
little boys face, the boy with CP.
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Figure - Visible Shape of Orthotic through the 
Upper Bladder. Photo by Jaren Wilkey,  Used by 
Permission

Three weeks  later, with the entire machine now 
complete,  the team was  ready to demonstrate. It was a 
formal design review so the customer brought other 
important people to witness the event including the little 
boy. In a small auditorium, Bill demonstrated the 
machine that pushes  all the pins into the shape of a foot 
then Jake and Craig formed an orthotic on the pins 
while everyone watched.

Glenn sat proud and recalled the challenge and the 
satisfaction achieved by the team. He looked over at the 
boy, eyes still gleaming. “I love engineering.”

For refreshments, Capri-Suns for everyone.

QUICK STEP
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Mentor Discussion and Exercises

Glenn, Jake,  Craig and Bill are typical of many 
engineering teams, sometimes working independently, 
sometimes working together,  always working to a 
common goal of meeting the customers requirements. 
In this story we get a sense for how important favorable 
results might be to a customer, how requirements  are 
used to evaluate the solution, how brainstorming and 
concept generation are critical to obtaining a better 
solution, a solution more elegant than previously 
thought possible. 

1. How did this team as a whole react to a major 
problem?

2. How did each team member react? 
3. Would you say that Jake was a good leader? 
4. How would you have led the team through this 

crises?

Creativity and innovation in engineering are 
fascinating. During most of the story and months 
before,  the team was focused on a particular approach 
to hold the pins  in place. They were trying to rely on 
friction. Their paradigm was fixed and they spent a lot 
of  time trying to improve that method. 

5. What events led them to see things differently? 
6. What did they change, where did they go? 
7. How could they have made this change in 
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perspective sooner?
8. It seems that the team made a fundamental 

omission early in their project. What was it? 

They had a friction concept,  but it appears that they 
did not use their academic analysis skills to sum the 
forces  acting on the pins to determine if there was  a net 
force that would cause movement. Such an analysis, 
months earlier, might have saved some time and effort.

Even so, each team member learned that problem 
solving in engineering can be challenging and satisfying.

QUICK STEP
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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 
(blasting) machine. They familiarize and immerse themselves 
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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. 

Use the following key words to search for additional 
Engineering Stories.

“Hardman” AND “Engineering Stories”

SYNOPSIS OF EACH STORY

29

http://stemstories.files.wordpress.com/2012/08/cover-copy.jpg
http://stemstories.files.wordpress.com/2012/08/cover-copy.jpg


ABOUT THE AUTHOR

Ken Hardman graduated from Brigham Young University 
with a Master of  Science degree in Mechanical Engineering. 
He is a Licensed Professional Engineer. As of  this writing, he 

has worked 30 years in the aerospace and industrial 
automation fields defining, creating, researching, evaluating, 

managing, testing, and supporting satellites, aircraft, test 
equipment, and industrial automation. As an Adjunct 

Faculty, Ken has mentored and coached engineering students  
for many of  those years. He loves to solve design problems, 
create useful solutions and encourage others to do the same.

ENGINEERING STORIES

30


