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Big Parts
Propel Wind

Machining wind turbine parts
can help machine shops
diversify and grow

Turning technology for orthopedic implants
Grinding: a pictorial odyssey
Error detection and prevention for CAM

Grooving miniature parts



Haas Automation

Milton Ramirez, product technical specialist for Haas Automation, sets tool offsets using the Haas Intuitive Programming System. The
operator selects workpiece material, tool type and tool material during setup, and the IPS uses that information to calculate safe speeds

and feeds for the part program.

Fail-Safe
CAM

CAM programs enable CNC machine
tools to make parts with speeds, accura-
cies and repeatabilities unimagined by
the manual machinists of old. However,
as with any digital technology, the rule of
garbage-in, garbage-out holds firm.

A CAM program can run an errone-
ous toolpath just as fast and faithfully as
it does a perfect one. The increasing com-
plexity of machined parts, the growing
capabilities of machine tools and a scar-
city of experienced programmers mag-
nify the need for error recognition and
prevention at the part-programming
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stage of machining operations. Cutting
100l Engineering talked to suppliers and
users of CAM software, machining sim-
ulation programs and machine tools to
explore the sources of programming er-
rors and the efforts to detect them before
the mistakes produce wasted time, scrap
and even machine tool damage.

Sources of Error

Familiarity breeds competence, but
inexperience breeds mistakes. A new
programmer is more likely to make pro-
gramming errors than an experienced

Computer-aided error detection
and prevention routines for CAM
programs not only help prevent
disaster—they improve machine
efficiency too.

By Bill Kennedy, Contributing Editor

one. Vytas Cijunelis, Midwest operations
manager for DP Technology Corp., Ca-
marillo, Calif., developer of Esprit soft-
ware, said, “It is luck or an extreme gift
if someone can ‘hit the street running’
from the get-go. Mozart wrote some
great music when he was 5, but that’s
pretty rare. Most of us have to work at
[programming]. Most of us have to do it
over and over to make the process more
secure.”

In addition to the retirement of vet-
eran programmers and the declining
popularity of machining careers in



general, changes in manufacturing tech-
nology are giving rise to a new group of
programmers unfamiliar with machining
practices. Steve Bertrand, sales manager
for CNC Software Inc., Tolland, Conn.,
supplier of Mastercam software, calls this
growing group “nontraditional” CAM
programmers. An example is producers
of rapid prototypes who need to repro-
duce polymer models made on rapid-
prototyping machines as prototypes or
parts machined from steel or alumi-
num. “These guys are buying tabletop
machines, and they are making some of
the prototypes in their offices, machin-
ing them for the first time. They are just
learning,” Bertrand said.

Bill Hasenjaeger, product market-
ing manager for CGTech, Irvine Calif.,
which provides Vericut verification and
simulation software, said common pro-
gramming errors caused by lack of expe-
rience include setting an overly aggressive
material-removal rate, programming in-
efficient motion during machining and
missing features entirely.

Even veteran programmers, however,
can be rushed into making program-
ming mistakes when dealing with the
fast turnover and small lot sizes required
for just-in-time production demands.
Hasenjaeger said these errors include
programming toolpaths that gouge or
undercut the design geometry or rough-
ing routines that leave too much or too
little material for subsequent operations.
Tooling-related mistakes include tool-
paths that result in the shank of the tool
assembly rubbing on the part’s sidewall
or improper ramping or plunge-cutting
with a noncenter-cutting endmill. Spin-
dle mistakes can involve setting the spin-
dle to turn in the wrong direction or at
speeds or feed rates that are too high or
too low.

Hasenjaeger added that increasingly
complex parts and machine tools cre-
ate their own set of unexpected mistakes
and problems; 5-axis material removal
can result in unintended cutter contact
with fixturing or machine components,
and multifunction mill/turn tooling con-
figurations may produce unanticipated
collisions as well. At best, programming
errors will result in lower part quality and
lower production rates; at worst, bro-
ken tools and even machine tool dam-
age can occur.

Error Detection and Prevention

As a result, CAM suppliers provide
tools to help avoid programming errors.
DP Technology’s Cijunelis said Esprit
software, for example, contains a data-
base of tools, speeds and feeds for com-
mon workpiece materials. “It will look
for each of the tools that you are using
and go to the appropriate settings and
put those into the operation pages. It is
a one-step process.” Cijunelis added that
the parameters may not exactly match a

particular shop’s practices. “You talk to
10 guys who want to cut aluminum, they
are all going to tell you a different speed
and feed to use because of cutter or ma-
chining strategy,” he said. Nonetheless,
the database’s recommendations are in-
tended to eliminate errors across a range
of machines and operations.
User-determined rules are another
error-prevention feature. “For example,
you can set rules so you can't cut deeper
than 10 percent of the tool diameter, or
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Fail-Safe CAM (continued)

you can’t make a step-over greater than
50 percent of the tool diameter,” Cijune-
lis said. “There are a lot of things that
you can do that will prevent you from
[programming] something in that you
shouldn’t. It depends, of course, on if and
how the user wants to use these features.
The user can set up to machine parts the
way he wishes and automatically call up
the proven processes again and again.”
Another error-prevention strategy in-
volves adding a degree of automation to
the programming process. According to
CNC Software’s Bertrand, Mastercam’s
Feature Based Machining (FBM) elim-
inates manual feature identification for
programming milling and drilling opera-
tions on prismatic (geometrically shaped)
parts. Toolpaths are created automatically
to machine features, and FBM output
can be refined to meet user-selected cri-
teria such as choosing tools only from a
certain specified group of tools or tap-

ping a hole in a specified way.

Bertrand said the automation helps in-
experienced programmers by making the
decisions required to machine a part in
a logical sequence of events, using best
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CNC Software
One error-prevention strategy for CAM programs involves
adding a degree of automation to the programming
process. For example, Mastercam says its Feature Based
Machining automatically creates toolpaths to machine
features that are detected and identified via user criteria.

practices. An experienced
CAM programmer, on the
other hand, may use FBM-
generated programs as a
starting point to generate
basic toolpaths. “You have
the ability to go back and
tailor it and tweak it so it’s
" exactly the way you want
it to be,” Bertrand said.
Mastercam’s milling FBM
handles “pocketing, con-
touring, drilling, tapping,
boring, countersinking
and things of that nature
on what we call a produc-
tion-type part, or prismatic
part,” Bertrand said.

Simulation
DP Technology’s Cijunelis said simu-
lation is a key step in error-free program-
ming. “A lot of people use simulation
throughout the program. You program a
few operations, then you simulate; then
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you program a few more, then you simulate. You know exactly
where the error occurs because the simulation stops and tells you.
Having this information, you know exactly what to change to
optimize your NC program prior to sending it to the machine.
In Esprit, you always have the NC block-by-block information
of the tool associated with the operation being simulated.”
CGTech’s Hasenjaeger pointed out that before a part is ma-
chined, a CAM program must be translated through post-
processing software to create the G code that actually dictates
machine movements. He said a CAM system checking its own
NC path is “like a student grading his own test. It is not a com-
prehensive check and common errors can still reach the shop
floor and waste valuable machine time and shop resources.”
Hasenjaeger said CGTech’s Vericut verification and simula-
tion software checks the machining program after post-process-
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This simulation in Esprit CAM software from DP Technology depicts
synchronization of three tool turrets on a mill/turn machine.
Synchronizing turrets prevents collisions and enables programmers
to maximize utilization of each turret in relation to the others.

ing and detects feed errors, potential crashes/collisions, gouges,
overcutting or undercutting, syntax errors in G code and other
procedural details. The software then generates a report that
identifies the errors and highlights the relevant lines from the
NC program so the problem can be corrected.

Toolpath verification after post-processing is important at
Moscow Mills Manufacturing Services, Stowe, Vt., which serves
customers in the aerospace, robotics, semiconductor, R&D and
general industrial markets. Owner Anderson Leveille described
the shop’s niche as prototype to short-run production of high-
end, extremely tight-tolerance parts made of materials such as
titanium and Inconel. He said simulation and verification after
post-processing is particularly relevant in his operation because
the shop modifies its post-processors on an ongoing basis. “We
are continually working on our posts because at the end of the
day, we are always looking for better ways to do things,” he said.
A change in a post-processor might involve adding the capability
to precall a tool from a mill’s toolchanger while another tool is
in the cut. “In other words, you don’t have to wait for your car-
ousel to rotate; a tool will be waiting when the tool arm comes
around,” Leveille said. “A post is never perfect, so running the
simulation after the post will take care of all these tweaks.”
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Fail-Safe CAM (continued)

In one example, Leveille said, the
CAM simulation of toolpaths involved
in machining a complex plastic compo-
nent “looked beautiful.” However, when
an operator posted a new version of the
program on the machine, “the thing just
did a crazy move and drove the cutter
straight across the part. Thankfully, it
didn’t smash our machine up. It would be
an issue to have a $350,000 to $400,000
5-axis machine and drive a $30,000 spin-
dle into a $100,000 rotary table.”

Moscow Mills recently installed Veri-
cut software. “Vericut is a second filter
to make sure that your toolpaths are ac-
tually not going to have an issue such as
that,” Leveille said.

In addition to avoiding crashes, reli-
able simulation is important when ma-
chining low-volume, high-value parts, he
said: “One of the most expensive things
that you do is proof a part. When mak-
ing a quantity of one ultracomplex tita-
nium component with tolerances in the
0.0002" range true position to a, b and
c on certain features, do you proof?” Re-

PR R ErE A SRR e S P R o B aan
FrEcharad i als il . b
- [ i -

CGTech
This simulation in Vericut software shows the gimbal
holding a 5-axis milling head colliding with the part
being machined. Vericut verification and simulation
software checks the machining program after post-
processing and detects feed errors, potential crashes/
collisions, gouges, over/undercutting, syntax errors in
G codes and other procedural details.

out for that sort of thing,” he
said. “Some companies say use
the solid as the master, and some
say use the print as a master.
So we are constantly compar-
ing solids to prints and dig-
ging out issues.” Leveille said
the model-to-part process is
rarely as simple as running the
model through the CAM sys-
tem, loading the program into
the machine control and press-
ing the start button. “You have
to have your sixth sense on
at all times.” He cited an ex-
ample where a bore on a part
might be called out +0.0005"/
-0.0000", “and we are making
the mating part, and the toler-
ance doesn’t look like those two

liable simulation, he said, can help min-
imize the expensive process of dry runs
and proofing of these parts.

Leveille added that a common stum-
bling block in the programming process
often originates outside his shop, when
a customer’s solid model doesn’t match
the print. “We are constantly looking

parts are going to fit together.” When it
comes to resolving model/print conflicts,
Leveille said, “our goal is to ensure that
our customers get what they need, not
necessarily what they ordered.”

Programming at the Machine
Error-prevention tools are also
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available to shops that program parts
at the machine. According to Milton
Ramirez, product technical specialist
at machine tool builder Haas Automa-
tion Inc., Oxnard, Calif., the company’s
conversational Intuitive Programming
System (IPS) can detect a variety of pro-
gramming errors.

In programming a part with IPS, the
operator is instructed to enter informa-
tion regarding the desired operation,
workpiece material, part dimensions
and tools that will be applied. The sys-
tem provides default speed and feed val-
ues. Users can alter the values if desired,
but the system issues warning messages
for values that exceed machine capacity.
“For every box that you fill in on the IPS
pages, there are instructions or messages
on the bottom right side. They will tell
you if there is any problem and what the
problem is,” Ramirez said.

When the part program is complete,
it is presented in a graphic representa-
tion on the control screen. “Visually,”
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Ramirez said, “it is a 2-D presentation,
not a 3-D, isometric graphic like you
would see on a computer system, but it
does what you need. It is very useful be-
cause it will check your program, make
sure there are no errors and you can also
see what it is going to do when you run
it.” Ramirez pointed out that the veri-
fication process is performed on the G
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code that actually runs the ma-
chine tool.

Also, not every programming
problem is an error. CGTech’s
Hasenjaeger said: “Inefficient
processes are sometimes more
costly than outright mistakes
because the inefficiency usu-
ally continues for months or
years and no one notices. The
attitude is often, ‘Hey, the pro-
cess is working, parts are being
made, why worry?” But not
considering inefficient pro-
cesses as errors is a big mistake,
especially when competing in
a global marketplace. Using process op-
timization products can cut machining
time dramatically and reduce many inci-
dental costs by improving tool life, reduc-
ing operator fatigue, reducing electrical
usage and reducing machine wear.”
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CGTech
This Vericut simulation includes a window listing the G
code used to run the machine. An arrow indicates the
line of code directing the machine’s current action.

Error Through Ignorance
Perhaps the more significant errors
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Fail-Safe CAM (continued)

associated with CAM programming
might be described as programming that
never occurs. According to DP Tech-
nology’s Cijunelis, shops often err when
“they stick to what they know and don’t
take into account new software features
to help them program more effectively
and more quickly.” He said many mis-
takes are made by programmers who
decide to do something by hand that ac-
tually can be handled by the computer
in an error-free way. He cited an exam-
ple of programming a wrapped mill-
ing operation on a rotary part. Such a
program would take hours to write by
hand and provide multiple opportuni-
ties to make mistakes. “You are typing
a bunch of numbers into a computer
and you forget one, or you miss a deci-
mal point. There are just so many things
that can go wrong when you start doing
drone-type work,” Cijunelis said. “The
nice thing about CAM is that a lot of

these routines are automated now. In a
few mouse clicks, the CAM software will
output optimized NC code. It eliminates
alot of errors and at the same time is eas-
ier and more secure.”

Ben Mund, CNC Software’s marketing
manager, said in addition to seeking the
latest CAM technology, shops should ex-
plore and exploit what they already have.
He named the feed rate optimization
utility in Mastercam as an example. The
utility analyzes the volume of material
being removed and the capabilities of the
machine tool in use and then generates
feeds tailored to maximize efficiency for
the specific operation. “It will change the
feed rate of every line of code to optimize
it for your machine,” he said. “It has
been in the software for years, and we
find that many users are not even aware
that it is there. That’s one of those things
that doesn’t cost them any extra money
because they already have it.”
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Admittedly, it’s not easy for shops to
find the time to thoroughly review the
capabilities of their software. CNC Soft-
ware’s Bertrand said programmers get used
to using software one way as they try to
get the jobs out the door. “Unfortunately,
in the real world of manufacturing, there
isn’t always enough time to learn.”

There are resources that can help shops
get maximum value out of their CAM
software without investing too much
time. “If there is an active user forum
for customers, that is a great place to just
hop on and get tips,” Mund said. “People
point out great tools that you may not
know about because you haven't had the
opportunity to run into them.” Forum
participants often are highly knowledge-
able, he said, especially regarding details
of specific applications. Staying in touch
with the software reseller, who can point
out improvements and features, is an-
other worthwhile strategy, as is taking
advantage of the information posted on
software provider’s Web site.

Responsibility Required
Despite the many types and levels

of error detection and prevention
features available in CAM systems, a
degree of responsibility and common
sense is still required on the part of the
user. “There’s nothing that is so auto-
matic that it is foolproof,” Bertrand said.
“Some people do expect that, but it’s not
realistic.”

Regarding egregious errors, such as
programming a tool to run in an Inconel
part at parameters appropriate for ma-
chining aluminum, DP Technology’s Ci-
junelis said “we don’t see that very often,
if ever. Something like that you’re almost
doing on purpose.”

In addition to demanding some
responsibility on the part of the pro-
grammer, truly productive CAM pro-
gramming also requires a level of skill.
“A lot of people make the claim that
the hands-on art of machining parts has
been lost because of computers and the
rest of it,” Moscow Mills’ Leveille said.
“Well, I would counter that all of that
art exists, it’s simply more so. Now the
guys on the shop floor, the good ones,
are using different pieces of technology
to apply the same skills and perceptive-

ness. They can spend more of their time
on the finer details because they are not
tied up in the minutia of doing some in-
sane trigonometry calculation to figure
out how to get a feature cut on a man-
ual machine.”

“Complexity of machine or cutting
process simply adds to the issue,” Ci-
junelis said, “but with the best software
tools at one’s side, we can do a good
job and minimize errors as much as

possible.”
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