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‘Modeling a sub

for vuewmc};(g reat
.}whlte shar

- Engineers in a project for studying great white sharks i
ysed the free download version of CoCreate Modeling f
‘Personal Edition to desian a submersible vehicle for view- |
ing the animals up close. Previously, researchers had to §
rely.on sharks approaching their diving cages voluntarily. f
But ance the shark’s interest faded and it disappeared §
into the sea depths, the cbservational dive was over. ;

So Peter Arnold of SharkProject developed the new #
Shark Observation Vehicle Il (SOVHI). The team only had
nine months for design, development, manufacturing,
and testing. “All the components and instruments of SOVI|. §
had to be redeveloped from scratch because everything |
had to be pressurized and saltwater resistant,” says Arnold.
“Designs like this are most easily done using explicit mod-
eling. I*had no time te plan ahead or give thought to pa-
rameters and boundary conditions.’

The SOVII is 4.5-m long, 1.6-m wide, and 1.6-m high,
with an open aluminum-frame construction. It was de-
signed for long dives and full-day operations with a max-
imum depth of 70'm and an operating depth for shark
observation of 5 to 30 m. The vehicle provides sufficient
space and protection for two people, while being agile
enough tofollow sharks.
= - i Interestingly, the:engine isa common outhoard motor

5 ' forinflatable boats. Forunderwateruse, itmust respond to
constantly changing pressures in different water depths.
‘Arnold designed an automatic air control, which mea-
sures the external pressure so enough pressure builds up

Sl in the engine to prohibit water from entering the motor.

Underwater, the vehicle i ‘| clarified this and a number of other development
EIELEET (o TR VAL VIVEERIN issues through trial and error, says Arnold! The explicit
LEEAUIICRUE LSRGV modeler made it easy to tryout new ideas for review and
LU LUE N DIE U UE TS <t keep discarding them until | found the right solution,
I'had to repeatedly rebuild individual components and
& derive the drawings. Optimizing the weight of the boat

Bl Was a bit scary because I had no expetience in how heavy
i = | The SOVIifor studying a sub should be”

: ., greatwhite sharks was The team first tested the'sub in the plunge pool of the
designed using the free _European Astronaut Centre of the European Space |
download of CoCreate [ Agency in Cologne, Germany. The good news; SOVII was
paadelifty PeconikEditio] not too heavy. The bad news: it was too light. “CoCreate

“made it simple to make the necessary weight changes,
‘which et us meet our deadline; says Arnold.

how engineers and manufacturers work.

A different “personal-manufacturing” slant comes from
machine-tool builders, software developers, and smaller
companies that straddle the line between newer ideas | i
and conventional manufacturing. Consider, for example, | ::"F E Focus orithis <o sage
Tormach LCC, Waunakee, Wis., developer of the personal | 3 using yoursmartphoneand

CNC (PCNC) machine tool. | B free software from www.

i «¥1 neoreader.comand youwill be
connected to related content
on machinedesign.com

WANT MORE?

Machine tools get personal
“Crowd sourcing and social networking include lots
of discussion forums and groups that are doing interest-

inyurl.com/27pva3s
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ing things with technology.” says Greg Jackson, president
of Tormach. “Really, though, these individuals are mostly
just having fun screwing around with cool stuff?”

Another tack comes from countless “little guys,” usually
with part-time jobs, who are invisibly weaving themselves
into mainstream business-to-business interactions, often
by cutting parts for their interest group or community,
says Jackson. “For instance, a guy might be a hobbyist or
an enthusiast of vintage Triumph motorcycles.” he says.
“But components for them are no longer available. So he
sets up shop in a garage to cut motorcycle parts and then
starts selling them to others in his interest group.”

A machine tool with a smaller footprint, the personal

CNC targets one-man shops, says Jackson. “One person

acts as a vertically integrated company — he's a machinist,
but he is also the programmer, designer, accountant, and
salesman. The shops fill niche or boutique markets and
usually perform what is called ‘small-batch manufac-
turing’ of one to 50 parts”

Because the machines are smaller and weigh
less, PCNCs are less rigid than traditional 4
machine tools. “However, this is not typi-
cally a factor for a lower-power spin-
dle,” says Jackson. “First, one-man
shops usually cut smaller parts —
you ¢an hold one in the palm of
your hand. The smaller machines
cut parts such as this as accurately
as traditional large, general-purpose
machine tools, capable of holding
tolerances of 0.001 in. And although
users must cut parts more slowly, at the end
of the day it doesn’t matter. For instance, consider the
traditional approach of making a one-off part. The user
would probably go to a big machine shop that would take
perhaps 8 hours to design and lay out the part, proof the
program, and bolt everything down, It then takes 5 min-
utes to cut the part. A small guy with a PCNC would also
take 8 hours, plus maybe 15 minutes to cut the part. The
difference is negligible”

What small shops need is a lot of capability, adds Jack-
son. “To this end, we provide enough attachments for
the PCNC that, in-house, we informally call it ‘the Swiss-
Army knife’ machine;” he says. One option, for example,
provides part inspection and reverse engineering. The
unit comprises a low-cost USB microscope that creates
video images and mounts where the cutting tool normally
attaches. The CNC system moves the camera to the part,
takes a series of pictures, and then stitches them together,
creating an image equivalent to that of a 200-Mbyte cam-
era. The system uses a Google Maps-like principle of con-
necting many images together to create a larger, more-
complete picture.

And for those who want to make a product but lack
CNC skills, the company lists helpful manufacturing con-
sultants on its Web site — either machinists or manufac-
turing engineers who have no direct relationship with
‘Tormach. The consultants do own at least one PCNC
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The PCNC 770 milling
machine features a
10,000-rpm spindle,
130-ipm maximum
feedrate, and a cast-
iron construction.
Shipping dimensions
ared2 x45x49in.

The Torﬁ'éch

CNCScanner 1 et regularly in a pro-

takes a series X PR £
of photographs fessional capacity. “They help
where CNC motion  less-experienced shops boot-
automatically  strap themselves,” say Jackson.
positionsthecamera  “For example, if you are just
for each photo. The starting up and don't yet know
associated software  how to use CAM software, a
_ thenassemblesa  small project might consist of
dimensionally scaled  ooying G & M code based on
. Phwtomosaicty your drawing. This is a way

stitching photographs : )
together to build a tor you to start cutting parts

quickly”

Fitting right in with the
low-cost PCNCs (a basic
milling machine is around $6,000) is low-cost CAD soft-
ware such as Alibre and CAM tools like SpratCAM from
Russia, says Jackson. “SprutCAM includes a wide variety
of machining strategies for better finishes, faster cutting,
and higher accuracy™ he says. “It costs around $1,000 and
is comparable to programs that generally cost $5,000." A
basic Alibre package costs under $100 and there are no
maintenance fees.

larger image,

Software helps democratize design

According 1o Max Freeman, vice president of market-
ing at Alibre, Richardson, Tex., its CAD software targets
“midnight engineers” — individuals in the new economy
trying to start up their own businesses. “Inexpensive pro-
grams such as ours facilitate the democratization, if you
will, of technology.” he says.

The basic version of the 3D CAD software costs $97.
“Previously, our software ranged between $1,000 to
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$2,000,” says Freeman. “Our intent was to open the
door for hobbyists and home guys who couldn't afford
higher-end packages. To an extent, this approach was
successful, but at that price we still didn't really grab
them. The $97 version, though, our bread-and-butter
software, has had a great response. We also provide
CAM software for about $4,000, much less expen-
sive than the mainstream-system costs of $10,000 to
$30,000”

Alibre users make everything from simple trinkets
to full assemblies with 3,000 parts, says Freeman. “For
example, a retired Air Force officer designs wheelchair
systems in 3D CAD that let disabled vets get into a
good-looking hot
rod and drive it in-
stead of grandma’s
van,” he says. “An-
other guy designs
special brackets
for car seat belts so
short people don't
get choked by the
belt. Yet another
individual makes
aluminum yo-yos,
which, believe
it or not, are hot
among a certain
global young set.
All of these indi-
viduals make a liv-
ing manufacturing something.”

Another CAD package playing into the mix is Co-
Create Modeling Personal Edition, a free download
froma PTC Corp., Needham, Mass. (www.ptc.com/go/
modelingpe). “As an explicit modeler, it's one of the eas-
iest ways to learn 3D CAD)” says Geoff Hedges, mar-
keting director, PTC. “Users don't need to worry about
the traditional complexities of other CAD tools, like
understanding parameters, constraint mechanisms, or
history trees. They just push and pull the geometry to
quickly and easily create their first 3D designs.”

According to Hedges, users design everything from
a computer mouse to 2 home. “The only real limita-
tion is you can only create models with 60 individual
parts,” he says. “But for hobbyists and small shops, that
js plenty good enough for their assemblies”

The company currently has over 175,000 regis-
tered users, which shows that lots of individuals are
interested in 3D CAD, says Hedges. “To keep track of
who is using the software and how often, rather than
just seeing a wave of people downloading the product
and never using it, the software includes a mecha-
nism that checks a central server when the program
is opened. This process is transparent to the end user.
Over 1.5 million product-starts shows the growing
interest in using free or inexpensive software in design
and manufacturing,” he says. MD
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A fast part loader

A turning and milling shop owner used Alibre to design
an innovative pallet or parts loader for machine tools. X1
Pallet Systems, Burbank, €alif., also uses the software inithe
design and machining of aerospace and military compo-
nents and industrial actuating systems:

“One of my jobsis te increase production, without distupt-
ing it and costing a lot of money; says Michael A. Near, owner
of the company. ‘I noticed that one of our three-axis NC ma-
chines was taking 12 minutes to machine a part, but the total
cycle time was 16.5 minutes because it took so long to unload
the finished part and insert and align the next part for ma-

= chining. Four and a half

minutes seemed way §

too long. So I developed
a fast parts-loader that
reduced the reload time
to less than 20 seconds!
The loader camiprises
a two-part fixture, says |
Near."The base attaches
to the NC machine. A
‘pallet containing parts.
for machining attaches
to the base quickly us-
ing locating pins and
swing clamps. | made
two pallets, one for use
on the machine tool
The X1Palletchangerlets  and the other offline so
operatorsload andreloada  the operator can unload
machine toolinlessthan30 finished parts and load £
sec. Inan unloadingcycle, the  new parts while the ma- &
operatorunlocks the clamps,  chine is running.
graspsthe handles,and 7o X1palletchanger
removes the platen. Loading is relatively inexpe

is amatter of positioningthe under $5,000, says Near,

platen loaded with new work, Hebis b it

placing it on the locators,and ' OUF Shop, It paid Tor
itself in' less than two

locking the clamps. .
months. The |oader

works on. almost any |
vertical spindle NC milling ar drilling machine. This is how §
shops can thrive — by doing things the smart way.” '
Near also says larger shaps can download the 3D datn
o a smaller machine tool tike the Tormach and not tie
a $400,000 machine to make two parts. “The $10,000 ma-
chine is ready to goand lets shops make a few parts and see
whether they work together. Ther they can commit the pro-
‘cess to larger equipment. This approarh is fairly new:in the -
industry. Years ago, when youwanted a part cut, you took the 8
biueprints to a shop and then basically: just waited three to
six:months. Only then could you see if they would fit/’
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