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For reshoring and workforce development efforts to succeed,
Industry leaders say public perception must change
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Ask the Grinding Doc N

VARYING THE WORKPIECE RPM

By Jeffrey Badger, Ph.D.

ear Doc: Our cylindrical
Dgrinding machine has the

option of varying the work-
piece rom. Is this legit? How does
it work?

The Doc replies: Yes, it's defi-
nitely legit. Here are the two main
reasons it's helpful.

Reason 1: When you begin to
grind, the wheel/spindle assem-
bly bounces up and down — ever
so slightly — at its natural frequency.
This can lead to self-excited work-
piece-regenerative chatter. As
the workpiece rotates, the slightly
bouncing wheel creates small lobes
on the workpiece. As these lobes

come around again, they create
force pulsations that excite the
wheel/spindle, causing it to bounce
slightly more, which creates bigger
lobes. These bigger lobes come
around again and excite the wheel/
spindle even more, causing higher
bouncing, which creates bigger
lobes, which come around again
and excite the wheel/spindle even
more, which creates even bigger
lobes. Next thing you know, the
wheel/spindle is bouncing like crazy
—i.e., chatter is out of control.

For the lobes to excite the bounc-
ing of the wheel/spindle, the wheel/
spindle bouncing and the work-
piece lobes have to be in-sync, with
no phase shift between the two.

This depends on the ratio of wheel/
spindle natural frequency and work-
piece rom. If the bouncing/lobes
are in-sync, chatter gets worse. If
the bouncing/lobes are out-of-sync,
chatter is attenuated — i.e., it dies
down.

Sometimes bouncing/lobes are
in-sync, sometimes they're not.
There's no good way to predict
when that happens. It happens
mostly by chance.

If you vary the workpiece rpm, the
bouncing/lobes are going in-sync
and out-of-sync. Chatter may build
up for a second or two, but then a
second or two later it is being at-
tenuated.

The result? Chatter doesn’t

Varying the workpiece rpm causes the lobes to shift in and out of sync, which naturally builds and then dampens chatter. As shown in the figure,
a =5% rpm variation every six seconds effectively prevents chatter from escalating.
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Ask the Grinding Doc N

self-excite drastically.

The figure shows an example
of the theory proven out by mea-
surements. A workpiece rpm varia-
tion of +5% every six seconds was
enough to keep chatter from get-

ting out of control.

Reason 2: No wheel is perfectly
balanced, and no wheel is perfectly
true. Even a wheel with auto-bal-
ancing is out of balance. It's just less
out of balance.

TAR CUTTER COMPANY

/ Since 1927
[

Custom Cutting Tool Solutions

TOOLS

THAT START
WITH YOUR
APPLICATION. /,

v Carbide Drills
& Reamers

v Deep Hole Drills
v PCD Tools

Optimize your machining operations with custom-engineered tooling from
Star Cutter Company. We analyze your process, materials, and requirements
to provide solutions across a variety of tight tolerance and high precision
applications. Reduce time, improve quality and cost of ownership over

the life of the tool.

There's always a solution with Star Cutter.
We find a way or make one.

starcutter.com
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Out-of-balance creates lobes on
the workpiece. That's fine and nor-
mal and unavoidable. That's why we
spark out, to obliterate those lobes.

But what happens when the ratio
of wheel-rom to workpiece-rpm
is close to an "integer value” of
8.0000 or 2.013 or 8.9924? As we

Sometimes bouncing/
lobes are in-sync,
sometimes they're not.
There'’s no good way
to predict when that
happens. It happens
mostly by chance.

spark out, the same point on the
wheel hits the same point on the
workpiece, and we never obliterate
those lobes. That's why we want a
ratio like 9.36488 or 8.916742. During
my grinding courses, | have attend-
ees chant the Grinder’s Mantra:
“Round number bad, strange num-
ber good.”

There's a remedy for avoiding
those bad round numbers: Vary the
workpiece rpom. That way, you're
never in a round number for more
than a split second. You're obliterat-
ing those lobes. The result? A round
workpiece. cre

about the author

Jeffrey Badger,
Ph.D., is an inde-
pendent grinding
consultant. His
popular three-day
High Intensity
Grinding Course
has been helping
grinders for almost 20 years.
Visit www.TheGrindingDoc.com.
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Machinist’s Corner

PATENT PRIMER - THE PROCESS

By Brandt Taylor

ast month | explained the dif-
Lferent types of patents with an

emphasis on utility patents.
This month | will walk you through
the key steps involved in applying
for one.

The first step in getting a utility
patent is to file a provisional applica-
tion. The filing fee is small. The sub-
sequent non-provisional application
can either be a U.S. patent applica-
tion or a PCT (Patent Cooperation
Treaty) application. A U.S. patent will
give protection in the United States
only. A PCT application affords an
inventor the ability to apply for the
patent in foreign countries. The one-
year period gives time to search the
patent literature to see if the idea
has been made public before, and
also to find a patent agent. A good
agent could also do the search. |
personally liked doing the search.
It can be done online using the U.S.
Patent and Trademark Office data-
base. It has every patent ever issued
in the United States. Bear in mind,
something that was first patented in
a foreign country and had value was
also likely patented in the United
States because of the size of the U.S.
economy. If you have an idea that
you think might be patentable and
valuable, doing a search can prevent
wasted time.

When a non-provisional appli-
cation is filed, the USPTO will do a
thorough search of previously is-
sued patents.

A non-provisional utility patent
has:

1. An abstract. This is a short

description of the patent.

2. Background. This is a de-
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scription of the field of the in-
vention before the subject in-
vention came to be and why
the subject invention is an ad-
vancement. It helps the pat-
ent agent argue for granting
a patent.

claim narrow. Utility patents
often contain multiple inde-
pendent claims to cover dif-
ferent categories of an inven-
tion, such as a service or ap-
paratus claim, a method or
process claim, a system claim,

PART 2

Specification. A detailed ex-
planation of the subject in-
vention.

Claims. An explanation of
what is legally covered by the
patent. There are two types
of claims: independent claims
and dependent claims. An
independent claim explains
the core principle that is pat-
ented. The job of the appli-
cant is to make this claim as
broad as possible to cover
as many embodiments of the
idea as possible. The job of
the examiner is to make this

or a composition claim. De-
pendent claims describe nar-
row applications of the inde-
pendent claims. A patent can
have many dependent claims.

5. Drawings. Any drawing

sheets.

The USPTO has specifications for
content and format for a non-pro-
visional patent application that you
must follow. (See uspto.gov)

A patent may be applied for by
the inventor, by a patent agent on
behalf of the inventor or by a patent
lawyer on behalf of the inventor. A
patent agent must have passed the
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USPTO bar exam and have a bachelor’s degree in sci-
ence, engineering or technology. A patent lawyer must
also have a law degree and be a practicing lawyer. In my
case, | filed provisional applications myself and then got
a patent agent or lawyer to carry the ball the rest of the
way. Finding an agent that has background in the field
of the invention is important. A primary job of an agent
is to help write claims, and so having good language
skills and being versed in the legalese of patents is also
important. Only a patent lawyer can represent the pat-
ent in infringement cases.

When a non-provisional or PCT application is re-

If you have an idea that you think might
be patentable and valuable, doing a
search can prevent wasted time.

ceived by the USPTO, an examiner will be assigned to it
by the patent office. The job of the examiner is to deter-
mine if a patent is justified. The material must be novel,
advance the art, and not have been made public pre-
vious to the priority date. The job of the inventor or his
representative is to convince the examiner to grant a
patent. It is a back and forth negotiation that will usually
last about three years.

If a patent is granted, a fee must be paid to the patent
office in each country where a patent is sought. After
that, periodic annuities must be paid to each granting
authority to keep the patent in force. A patent agent will
keep track of all this stuff.

If a patent has great value, a third party may challenge
the validity of the patent in court, claiming that the pat-
ent should not have been issued in the first place. Only
a patent lawyer can litigate such a case on behalf of the
patent holder.

Is owning a patent worth all this work? It is for me.
Coming up with some world beating technology is what
still gets this old boy out of bed in the morning. cre

about the author

Brandt Taylor is owner of Berlin, Mas-
sachusetts-based Taylor Engineering,
a machine shop and manufacturer of
lathe chuck jaws. He can be reached
via email at gbrandttaylor@gmail.com.
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Workforce
Reshoring

Urgency builds for workforce development solutions
as manufacturing reshoring grabs headlines.

By Dennis Spaeth

ot that we needed to be re-
N minded, but last month’s

news of the tariffs the U.S.
announced on imports from all
countries makes it painfully ob-
vious that manufacturing in this
country remains sorely misun-
derstood by the general public.
And, that goes for much of the
news media as well.

In the immediate aftermath of the
announcement April 2, most news
media outlets framed the tariffs as a
political or economic tactic related to in-
flation or geopolitical motives. While true
enough, generally speaking, such coverage
gives short shrift to a complex story.
A few business-oriented outlets, like
Bloomberg and The Wall Street Jour-
nal, thankfully made the effort to delve
into the stated goal of the tariffs — to spark
a renaissance in U.S. manufacturing. Or, in less poetic
terms, the goal is to encourage more manufacturers
to locate jobs and facilities in this country, something
widely known today as manufacturing reshoring.

The tariff news coverage not only underscores the
need to update the public’s perception of manufac-
turing, it pretty much establishes that need as a pre-
requisite for the success of workforce development
and manufacturing reshoring efforts. To explore why, |
turned to three industry leaders uniquely qualified and

12 MAY 2025
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actively leading the charge for the changes
needed to improve workforce develop-
ment and manufacturing reshoring ef-
forts in this country.
Harry Moser, a 58-
year industry vet-
eran and founder
of the Reshoring
Initiative, grew up
during an era when
the U.S. still reigned
as the world’s indus-
trial leader and his fa-
ther and grandfather both worked at the
Singer Sewing Machine Manufacturing Co.
in Elizabeth, New Jersey. Moser himself spent
summer vacations from school working at the
plant, which is historically regarded as a pow-
erhouse of the Industrial Revolution. By
the time the plant closed in 1982, Moser
was well on his way to forging his own
manufacturing career. In 1985, he went to
work for Charmilles Technologies, an EDM ma-
chine tool company in Lincolnshire, lllinois, where he
served as president for nearly 25 years. By the time he
retired from the company — now known as GF Ma-
chining Solutions — in 2007, Moser had grown tired of
watching a long list of American manufacturing plants
move offshore. So, in 2010, he founded the Reshoring
Initiative to help bring manufacturing jobs back to the
U.S. by providing free analytical tools, such as its Total
Cost of Ownership Estimator. The tool helps American
companies understand all the financial ramifications

% ".;,;
Harry Moser
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As of February 2025, the average hourly earnings among U.S.
manufacturing production and nonsupervisory workers was $28.68,
according to the Bureau of Labor Statistics. For all manufacturing
employees, average hourly earnings were $34.92.

Foreign direct investment jumped from $757 billion in 2010 to
$2.22 trillion in 2023, according to the Bureau of Economic Analysis.
In 2022, the manufacturing sector accounted for 42.4% of the total
FDI position in the U.S.

As of March 2025, U.S. manufacturing employment remained
above pre-pandemic levels at 12.764 million, according to the
Bureau of Labor Statistics. That's about 12,000 more jobs than in
February 2020.

Scan the QR code to learn how you can
getinvolved with a variety of industry
efforts aimed at the future health of U.S.
manufacturing.

associated with offshoring, such as inventory carrying
costs, travel costs to check on suppliers, opportunity
costs from product pipelines being too long, and risks
to intellectual property.

Terry Iverson, a 45-year machine
tool veteran, is the former owner and
president of Iverson & Company, a
machine tool sales, service and reman-
ufacturing company in Des Plaines, II-
linois, founded by his grandfather
in 1931. Since selling the business t
in June 2023, Iverson has turned his Terry Iverson

focus to giving back to the industry that has been part
of his family for three generations. Iverson, who first
began speaking to high school students about manu-
facturing in the mid 1990s at Moser’s encouragement,
founded CHAMPION Now! in 2012 as a nonprofit or-
ganization focused on changing the public’s outdated
view of manufacturing careers. He's written two books
supporting that mission: Finding America’s Greatest
Champion, published in 2018, and Inspiring Champi-
ons in Advanced Manufacturing, published in 2023.
In addition, Iverson developed and launched Camp
CHAMP, a traveling workshop that features two table-

ctemag.com/cteguide.com 13
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@ Workforce Reshoring

top CNC machines — a mill and a
lathe — and a curriculum designed
to introduce middle school stu-
dents to careers in manufacturing.
Having received positive feedback
from a dozen camps held through-
out the Chicago metropolitan area
in the past year, Iverson hopes to
expand Camp CHAMP workshops
nationwide.

Roy Sweatman,
a 60-year indus-
try veteran, is the
president and
owner of South-
ern Manufactur-
ing Technolo-
gies Inc. (SMT),
an AS9100- and
ISO9001-registered precision ma-
chine shop in Tampa, Florida, that
specializes in complex precision

Roy Swetman

machined components and assem-
blies for the aircraft, aerospace,
defense and medical industries.
Sweatman began his career as an
apprentice machinist at General
Electric in Erie, Pennsylvania. He
spent 13 years with GE, working his
way up to general manager of GE's
Cleveland, Ohio, facility. He left
GE and spent the next five years
as general manager for a Cleve-
land-area precision machine shop.
Then, in 1983, he moved to Tampa,
Florida, to purchase a small ma-
chining company with five employ-
ees. That company was SMT, which
now employs more than 100 peo-
ple. Sweatman's industry involve-
ment, however, goes even deeper
than that. In addition to being a
CHAMPION Now! board member,
Sweatman serves or has served on
the boards for a lengthy list of man-
ufacturing trade associations, in-
cluding the National Tooling and

Machining Association (NTMA), the
National Institute for Metalcutting
Skills (NIMS), the Bay Area Manu-
facturers Association (BAMA), and
Florida's State Manufacturing Ex-
tension Partnership (MEP) known as
FloridaMakes. He's also active with
numerous advisory councils for a
variety of educational institutions in
the Tampa area.

Opportunity knocking

The debate surrounding the gov-
ernment’s tariff strategy has thrust
the U.S. manufacturing industry
onto the world stage, front and cen-
ter. As an industry, we must seize this
rare opportunity to introduce this
nation to an industry that is clean,
safe and brimming with well-pay-
ing career opportunities to program
and operate the most innovative,
technologically advanced machines
and processes available today. Plus,
we must make abundantly clear the

i3 Greenleaf=
Tooling Solutions

CERAMIC END MILLS

Offers up to 10X higher productivity over standard
carbide solutions, bringing tremendous cost savings

Our toughest ceramic material combined with a
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Extreme versatility allows for maximum removal rates

on a wide range of material

Visit greenleafcorporation.com for more information!
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FRED 5 — value Added by Industry: Manufacturing as a Percentage of GDP
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@ Workforce Reshoring

strength of U.S. manufacturing and
its place in today’s economy.

Take a minute to consider how
prolonged access to this media
spotlight is an opportunity for the
industry to shatter the public’s
negative views of manufacturing.

Given that the tariffs are intended
to spark a manufacturing renais-
sance, there's a real possibility the
public’s focus on the industry will
linger — despite the 90-day tariff
pause announced a week later.
Notably ignored by much of the
ensuing tariff analysis was any men-
tion of the lessons learned from the
COVID-19 pandemic, such as the vul-
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nerability of extended global supply
chains, especially those heavily re-
liant on single-source suppliers —
many of which are in China or South-
east Asia. Plus, labor shortages com-
pounded supply chain bottlenecks
during the pandemic due to worker
absenteeism, illness and burnout.

While automation, upskilling and
workforce retention are now priorities
throughout the industry, the skilled
labor shortage remains a major hur-
dle. And, there's no quick fix for a
problem decades in the making.

The once-thriving American
middle class, long anchored by a
strong manufacturing base, bore
the economic brunt of offshoring.
Little wonder why the public may
still hold a dim view of manufactur-
ing career prospects. Exasperating
the labor shortage, meanwhile, has
been a 50-plus year crusade in this
country pushing everyone to seek
higher education.

For a successful renaissance,
Moser observed, manufacturing
output would have to increase by
30% or more, and that's not possible
unless the federal government and
the industry work together to first re-
solve the skilled labor shortage.

No longer the global leader

The public's perception that man-
ufacturing is an industry in decline
became more entrenched in 2010,
which is when China overtook the
U.S. as the world’s manufacturing
powerhouse. Until that point, the
U.S. had reigned as the global man-
ufacturing leader for decades while
China struggled with wars, unrest,
weak government, natural disas-
ters and poor economic policies.
China began turning things around
when it implemented economic re-
forms in the late 1970s, and over the
next 30 years transformed into the
world’s largest manufacturing hub,
according to a 2007 research paper
by Angus Maddison titled, “The
Organization for Economic Coop-
eration and Development, Chinese
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@ Workforce Reshoring

share of global manufacturing out-
put stood at just 3% in 1990.

Yet, U.S. manufacturing remains
strong. As of 2024, the U.S. manufac-
turing sector added $2.94 trillion to
the economy, accounting for 10% of
the nation’s Gross Domestic Prod-
uct (GDP). Again, for perspective,
the National Association of Manu-
facturers (NAM) has compared the
U.S. manufacturing output alone
against the total GDP of other coun-
tries to see where it would rank. This
year, U.S. manufacturing would be
ranked as the eighth largest econ-
omy in the world.

After China and the U.S,, the top
10 list of countries with the larg-
est share of global manufacturing
output in 2023 includes Japan with
6.6%, Germany with 4.6%, India with
3.2%, the Republic of Korea with

3.0%, the United Kingdom with
1.9%, ltaly with 1.8%, Mexico with
1.8% and France with 1.7%.

The accompanying chart, “Trade
Deficit Drove Jobs Down” on page
17, shows China experiencing much
of its growth over U.S. manufacturing
between the years 2000 and 2010.
Following the aught years, Moser
said, there's some gradual improve-
ment for U.S. manufacturing, “albeit
we're losing jobs less rapidly.”

Moser added, however, that U.S.
manufacturing managed to stanch
the flow of jobs to China during the
aught years. Since 2010, Moser has
tracked all job announcements tied
to reshoring and foreign compa-
nies investing in some way in man-
ufacturing jobs on U.S. soil, other-
wise known as foreign direct invest-
ment (FDI).

In fact, U.S. manufacturing jobs
from reshoring and FDI reveals over-
all consistent growth since 2010.

(See chart, “Reshoring + FDI Jobs
Announced per Year” on page 22.)
"The rate of job announcements
has risen from 11,000 in 2010 to
240,000 in 2024, much better than
anyone anticipated in 2010 when we
were founded,” Moser observed.
Though the companies that have
reshored or gone the FDI route have
been able to find the workforce they
need, he continued, other compa-
nies choose not to reshore directly
because of the skilled labor short-
age, further emphasizing the impor-
tance of workforce development
efforts to alleviate the problem.
What's more, a recent Reshoring
Initiative survey of about 500 U.S.
manufacturers found that “a suffi-
cient quantity and quality of work-
force” within the U.S. would bring
back more manufacturing than
any of the other surveyed options,
Moser reported. A sufficient work-
force was the clear favorite among
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@ Workforce Reshoring

the other options presented in the
survey, which included tariffs, a
lower value for the U.S. dollar, lower
tax rates and fewer regulations.
The group as a whole said that a
15% additional tariff applied to ev-
erything from everywhere would

help increase their output by 24%,
Moser continued. By contrast, the
same group said an abundant U.S.
workforce with higher skills would
on average increase their output
by 30%.

“Having the right workforce,”
Moser concluded, "would create
about 2 million manufacturing jobs.”

The relationship between reshor-
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ing and workforce development
is symbiotic, Moser stressed.
“Reshoring needs a skilled work-
force. A skilled workforce needs
reshoring to succeed and prove the
value of manufacturing careers.”

The skilled labor shortage not
only hampers reshoring but could
have long-term consequences for
the U.S. economy. The Manufac-
turing Institute forecasts a work-
force shortage of 1.9 million peo-
ple by 2033.

“At such a level,” Moser said,
“manufacturing will shrink by 10%
and push automation much harder.”
Still, Moser is quick to point out that
technology alone cannot solve the
workforce shortage. “We see auto-
mation as a necessary but not suffi-
cient condition to enable reshoring,”
he said. “Like in Alice and Wonder-
land, we need to run as fast as we
can to stay even. So, automation and
Al are not enough to enable reshor-
ing but they are necessary.”

Battling an outdated perception

Changing the perception of man-
ufacturing in this country usually is a
reference to the public's notion that
manufacturing jobs are still dark,
dirty and fraught with safety risks.
But there’s also the idea that the in-
dustry is dying and, therefore, not
worth mentioning as a career option
to high school or college students.
In fact, the pervasive view of manu-
facturing is so outdated, it's jarring.

Comedian and talk show host
Bill Maher questioned the desire
to revive manufacturing in the U.S.
during a March 2025 episode of
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his HBO series, Real Time with Bill
Maher.

“Why do we want to bring back
manufacturing? It's so '70s, | mean,
that ship has sailed,” Maher said to
his guests before noting the folly
of trying to compete with clothing
makers in other countries.

This perception, in a nutshell, is
what the manufacturing industry
must combat in order to chip away
at the public’s resistance to manu-
facturing careers.

At the heart of efforts to build
a future U.S. manufacturing work-
force are people like Iverson, whose
mission is to change the public’s
perception of manufacturing ca-
reers. “We need to reach not only
the students, who simply don’t
know that manufacturing careers
are a viable option,” Iverson said,
"but also parents who think that
manufacturing is stuck back in the
pre-computerization age.”

Unfortunately, noted Iverson,
parents still clinging to the prom-
ise of college don't bother to weigh
the extreme cost of a four-year de-
gree against the earning potential
of the jobs for which their children
are being trained. Manufacturing
careers, he added, not only offer a
well-paying alternative straight out
of high school, they provide benefits
such as paying for higher education.

“Today's manufacturers,” he ex-
plained, “are more than willing to
help pay to educate or upskill their
future employees and leaders.”

lverson has employed a variety
of strategies to reshape the narra-
tive around manufacturing, includ-
ing publishing two books, creating a
series of educational videos, award-
ing scholarships, and launching a
podcast. Most recently, CHAMPION
Now! introduced Camp CHAMP,
a hands-on workshop designed to
introduce middle school students

to modern manufacturing environ-
ments. “The program is very much in
its infancy with only 12 camps held,”
lverson noted, but added, “we have
received great initial feedback from
the high school mentors as well as ca-
reer and technical education instruc-
tors who help run the workshops.”
Studies support the value of early
exposure to manufacturing careers.
One study conducted by the Stu-
dent Research Foundation, in col-
laboration with The Manufacturing
Institute, found that 63% of students
who had enrolled in career and tech-
nical education courses credited
their own interests and prior expo-
sure to the industry as major influ-
ences on their career decisions.
Sweatman echoed the impor-
tance of early engagement for the
next generation of skilled labor.
“We typically will have about a
dozen middle and high school tours
each year (at SMT),” Sweatman said.
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@ Workforce Reshoring

“We have had some success
in getting some good hires from
those,” Sweatman said. The hardest
part of the school tours, he added,
occurs when he learns about stu-
dents who were excited about man-
ufacturing during the tour only to
get a negative reaction from their
parents afterward. “| haven't been
able to figure out how to get to
most parents.”

lverson wrote his second book
specifically to engage students and
their parents at the same time. Be-
ginning with its subtitle, “Discover
The Path to a Debt-free Career,”
the book lays out the case for put-
ting manufacturing careers back on
the radar in this country.

One book, or one voice, however,
cannot by itself erase the empha-
sis this country has placed on higher
education. That focus has clearly
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come at the expense of manufactur-
ing careers, which are still not widely
mentioned as an option for high
school students to consider. For that
matter, several generations of youth
in this country have had little expo-
sure to the manufacturing industry,
let alone the careers it offers.

Why is that important?

A Kronos 2018 Manufacturing
Day survey found that only 49% of
parents were likely to encourage
their child to consider a career in
manufacturing, compared to 88%
for technology and 82% for engi-
neering. Other surveys have shown
more than a fifth of parents still as-
sociate manufacturing jobs as out-
dated and dirty work environments,
while a quarter of parents don't
think manufacturing pays well.

Another survey collaboration be-
tween Deloitte and The Manufac-
turing Institute in 2022 suggested
some improvement in the percep-

tion of manufacturing careers held
by parents. Of the parents sur-
veyed, 64% agreed that U.S. man-
ufacturing jobs are creative, inno-
vative and employ problem-solv-
ing skills, which was up from 39% in
2017. Plus, 40% of parents said they
are likely to encourage their child to
pursue a career in manufacturing,
which was up from just 27% in 2017.

Whether the needle has moved
on the perception of manufacturing
careers among parents, reaching
parents to update their perceptions
about manufacturing careers re-
mains a significant challenge, Iver-
son said, noting that more indus-
try involvement will be needed to
reach parents.

“Industry leaders need to get en-
gaged,” Iverson said. “They need
to become active participants with
their high schools and promote in-
ternships at their companies.”

Sweatman emphasized the need
for industry collaboration to over-
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come the labor shortage. “Industry
collaboration is very important,” he
said. "Unfortunately, it is a struggle
to get manufacturers to take time
away from their businesses to do
so. If all machine shops had appren-
ticeship programs, the skilled labor
shortage would go away.”

SMT works closely with local
technical colleges and school sys-
tems to develop apprenticeship
programs and training curricula.
“We worked with [Pinellas Techni-
cal College] to convert the CNC
apprenticeship from time-based to
a hybrid with reduced hours and a
certain number of NIMS creden-
tials,” Sweatman said.

Funding obstacles

Funding remains a persistent
challenge for workforce develop-
ment initiatives like CHAMPION
Now! “Most of it for the last 12
years has come from both myself
and board members,” Iverson said.
“During IMTS 2024, we received
a five-figure donation from a very
large machine tool distributor. The
only way we can make an impact is
to print and distribute books, pro-
duce podcast interviews, and con-
duct camps.”

The lllinois Manufacturing Ex-
cellence Center (IMEC) has funded
Camp CHAMP for two years, but is
potentially slated to be eliminated
by recent cuts.

“Camp CHAMP is a great ini-
tiative,” said Sweatman, “but it is
costly to ship the machines around
the country. What would work bet-
ter — if enough people got in-
volved and supported it — would
be to have regional locations with
a set of machines that could more
easily be transported to various lo-
cations to hold the camps.”

CHAMPION Now! calls this man-
ufacturing localism.

“The skilled labor shortage will
not go away unless everyone gets
involved,” Sweatman continued.
“One small initiative like CHAM-

PION Now! cannot do it by itself
unless it gets enough support from
industry.”

Informing and engaging younger
generations about manufacturing
careers through early exposure,
modernized vocational education,
and collaborative community ef-
forts can positively influence their
career choices. These strategies

not only address the skilled labor
shortage but also ensure a robust
future workforce for the U.S. man-
ufacturing industry. But as all three
leaders make clear, the manufac-
turing industry itself must step up,
collaborate, and invest in the next
generation of skilled workers — be-
fore the opportunity to bring jobs
back home slips away. cte
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Heidenhain

NEXT-GEN AUTOMATION

Machine shops adopt intelligent, flexible systems
to overcome labor gaps and streamline production.

By Alan Richter

aterial handling is the No.
1 application for robotics,
according to Alex Shikany,

executive vice president of the As-
sociation for Advancing Automation
(A3) in Ann Arbor, Michigan. Ma-
terial removal is one of the smaller
but fastest-growing applications, in-
cluding grinding and polishing.

“There's a growing focus on au-
tomating finishing applications like
grinding and polishing because
theyre physically demanding, repet-
itive and require precision,” Shikany
said. "With advancements in force
control, vision and Al-driven program-
ming, robots are now handling these
tasks more effectively than ever.”

He added that small and medi-
um-sized manufacturers, includ-
ing job shops, represent the largest
untapped market for automation.
“These companies are increasingly
recognizing that automation isn't

24 MAY 2025

just for high-volume production —
it's a competitive necessity,” he said.
“The key is helping them take that
first step with the right solution.”
Unlike the fixed automation solu-
tions of the past, which were costly
and difficult to reconfigure, today’s
manufacturers prioritize flexibility.
“Scalability and redeployment are
critical,” Shikany said. “Companies
need automation solutions that adapt
as production demands change.”
Hermle is one machine tool
builder that understands that end
users producing parts in a low-vol-
ume, high-mix environment require
automation that can accommodate
planned and unplanned changes,
said Frank Keller, sales director of
automation and technology for HLS
Hermle Systemtechnik GmbH in
Gosheim, Germany. Hermle USA
Inc. is in Franklin, Wisconsin. “We
supply flexible clamping systems,
flexible vises, flexible robot gripping
systems — and all are controlled

with very easy-to-use software.”

Having spoken with customers
across North America, Europe, Asia
and South Africa, Keller noted that
the common theme driving automa-
tion is the lack of skilled labor. “As a
side product, which is of course very
nice to have, you are much more ef-
ficient and have a much lower cost
per part at the end of the day.”

For workers relieved of dull, dirty
and dangerous tasks, automation
creates a more interesting and less
exhausting work environment that
is flexible and family-friendly, he
added. “Basically, you are able to
fulfill your commitment to your fam-
ily, and everyone is happy.”

When launching a machine auto-
mation project, Keller recommends
selecting enthusiastic people and in-
volving them early. Frequently, other
workers who were hesitant at first
see the benefits automation brings.
“All of a sudden, the whole atmo-
sphere changes, and these people
want more and more automation.”

The improvements can be signif-
icant. For example, a customer run-
ning one shift achieved 800 spindle



Heidenhain’s digital twin technology uses encoder data to simulate real-time performance.

hours annually on a machine out of
potentially more than 8,700. With
flexible automation, spindle hours
increased to 4,000 or more, Keller
said, noting that Hermle has cus-
tomers achieving 7,000 spindle
hours. “The whole system is some-
times amortized in less than a year.”

On average, he added, custom-
ers achieve a return on investment
in two years.

Once automation is in place,
Keller added, there's no returning
to the old way. “Not a single cus-
tomer,” he stressed, “has ever gone
back after they started with automa-
tion” — no matter the industry, com-
pany size or number of employees.

First Things First

Before automating a machine
tool, Gisbert Ledvon, vice presi-
dent of marketing for Heidenhain

Corp. in Schaumburg, lllinois, rec-
ommends ensuring a machine can
achieve a specified part accuracy.
This requires reliable, thermally sta-
ble machines that hold tolerances
throughout the day. If you can make
one part and that's accurate, then
you can be confident the machine
will reproduce those parts day and
night, and that automation makes
sense, he said.

In other words, the machine must
be capable of accurate and repeat-
able results. “That's what we see
from the Heidenhain side,” Ledvon
said, noting that encoder technol-
ogy provided to robots is becom-
ing increasingly important to en-
sure motion within all axes is re-
peatable and accurate.

With a reliable automation pro-
cess in place, the need to dou-
ble-check elements of production

is eliminated, he added. “The tech-
nology in the Heidenhain CNC will
do that for you.”

To help the next generation of op-
erators gain efficiency and run more
machines, Heidenhain replaced its
traditional CNC panel with one that
allows touchscreen customization,
similar to a smartphone or tablet.
And multiple operators can cus-
tomize the screen to their individual
preferences. “That helps attract new
people into the field,” Ledvon said,
while also providing them “much
higher confidence and a shorter
learning curve to operate in an auto-
mation environment.”

For that matter, he noted, "even
an experienced operator wants
much more help from the control
technology.”

Other Heidenhain enhance-
ments to the control include:
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® The introduction of video tu-
torials. “The operator can
say, ‘| want to do a setup on
this part, and | want to touch
probe this part — how do | do
that?’ You click on that video,
and it gives you a quick over-
view.”

* The addition of more dynamic
collision monitoring to avoid
crashes by simulating the part,
fixture, toolholder and cutting
tool in a test run before pro-
duction.

Engaging Atmosphere

The skilled labor shortage aside,
automation helps manufacturers
find, hire and retain employees in
general, according to Jeff Bennett,
senior automation and control engi-
neer of the A+ Automation team at
Absolute Machine Tools Inc. in Lo-
rain, Ohio. “They're forced to auto-

mate because the process is so mun-
dane and repetitive that operators
don't want to stand there and do it.”

Bennett noted that A+ Auto-
mation covers robot integration,
programming, training, automatic
doors and safety — everything in
the automated work cell. Many cus-
tomers don't need all the bells and
whistles, such as a cobot open-
ing and closing a machine door in-
stead of an automatic door. “We go
through and give them an option,
sometimes multiple options.”

Jonathan Sbert, vice president,
Americas, for Universal Robots USA
Inc. in Novi, Michigan, is familiar
with the potential for cobots in ma-
chine tool automation. Universal
Robots has sold more than 90,000
cobots for various applications,
from machine tending and welding
to serving lattes and food.

“We make a product that can be
told to do a million different things,
but it doesn't do anything out of

the box,” Sbert said, noting that
Universal Robots relies on more
than 1,200 partner companies to
develop the end equipment.

Welding automation, Sbert said,
for example, has experienced tre-
mendous growth thanks to excep-
tional offerings from Universal Ro-
bots partners, as well as a severe
labor shortage “that’s going to hit
us like a ton of bricks.”

Although manufacturers typically
target a return on investement (ROI)
of less than 18 months when pur-
chasing a cobot, the payback can
be quicker for welding applications,
particularly those previously per-
formed by skilled welders. “Techni-
cal welders are well paid and hard
to find,” Sbert noted.

However, convincing companies
to make the initial purchase can be
challenging. “Once they buy the
first one, they tend to buy the sec-
ond and third pretty quickly there-
after,” he said.
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Selling a Cell

Robots are often integrated into
work cells, Bennett said. For exam-
ple, an operator might work on two
machines while a robot tends one, or
two to three robots might run four to
six machines while an operator feeds
workpieces and checks quality.

Manufacturers with a high mix of
parts are ideal candidates for auto-
mation because robots are easy to
program and setup time is minimal.
However, automation is difficult to
justify for lot sizes below a certain
quantity. “Three hundred parts is
the threshold where the setup time
is worth it,” Bennett said.

Absolute Machine Tools typically
serves as a one-stop shop unless
a specialized machine control is
involved. “The vast majority are
controls we're used to seeing, so
we're the only contact a customer
needs,” Bennett added.

Most customers target an ROI

of 12 to 18 months, he said, noting
that even a couple of extra hours of
unattended production each day
can speed up payback. “When the
robot is running and the operator
goes to lunch or break, the opera-
tor is still getting parts out.”

Automation and Al
As with many areas of technol-

ogy, artificial intelligence (Al) plays
an evolving role in machine tool
automation. "Al will, in the next 10
years, completely change our in-
dustry,” said Hermle's Keller.

One area where Al can help is
capturing the know-how of retir-
ing workers and transferring it to
the next generation, Keller ex-
plained.
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@ Next-Gen Automation

Retaining such expertise is vital, con-
curred Shikany of the Association for
Advancing Automation. “You need
to somehow capture or transition
that knowledge within your organiza-
tion. Otherwise, you lose a big piece
of what made you successful.”

Al can also help optimize tool life

by removing the guesswork from
decisions about when to change a
worn cutting tool, Keller said. There's
no reason to burden skilled peo-
ple with such decisions, he added,
when Al can be trained to optimize
the use of expensive cutting tools.
Additionally, Al is being explored
to write CNC programs because
many end users struggle to create
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enough programs quickly. “There's
huge potential,” Keller said.

Heidenhain's Ledvon cautioned
that users shouldn’t fully trust
Al-generated programs without
verification. “Maybe Al can give you
basic programming, and you put it
into the machine and run it through
a verification process to make sure
the code is right.”

Shikany noted that large lan-
guage models can generate robot
programs with impressive accuracy.
"Al-assisted programming is accel-
erating deployment, but you still
need human oversight to refine and
optimize for real-world production.”

Universal Robots is also develop-
ing Al applications in partnership
with chip manufacturer Nvidia, with
the first focusing on vision sensing
and more promising ones on the
horizon. "You can imagine the Holy
Grail would be you just put a cobot
next to an employee and it can just
watch and learn what he does every
day. Then all of a sudden — boom
— your program is created. | don't
think we're that far away.”

A common pitfall, Ledvon said, is
attempting to automate everything
at once. He recommended ensuring
machines are solid and rigid enough,
with accurate kinematics and the
ability to be recalibrated. A tool pre-
setter should be used to transfer tool
data and maintain a complete tool
library in the machine.

“The first step into automation
is 3+2 machining in one setup and
machining five sides of a part, which
will significantly improve quality
and productivity — even without
adding a robot or pallet changer,”
Ledvon said.

Shikany emphasized the impor-
tance of working with an experi-
enced automation integrator. “Start
smart — focus on the application
that will create the most value,”
he said. “Some deceptively sim-
ple tasks present the biggest chal-
lenges, so selecting the right start-
ing point is critical.” cte
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AEROSPACE SETS A HIGH BAR
Insights into the intense standards, exotic materials
and rigid processes that define aerospace manufacturing.

By Christopher Tate

have had the opportunity to work in several indus-

tries machining parts and programing machine

tools over the course of the past 32 years. Without

a doubt, machining parts for aerospace companies
is the most demanding. Of course, the compensation
reflects the difficulty.

The global aerospace parts manufacturing mar-
ket reached $913 billion in 2023, according to Grand
View Research, a market research and consulting com-
pany headquartered in San Francisco. Grand View Re-
search also noted that the market segment is expected
to grow at a compound annual growth rate of 4.2%
through 2030.

As rewarding as aerospace machining can be, how-
ever, breaking into the aerospace market is not easy.

Aerospace work is challenging for one simple reason
— safety, which we all appreciate when flying. Com-
ponent failures on an airplane can cause catastrophic
problems. Because of the critical nature of aerospace
parts, engineers subject their part designs to countless
calculations, physical tests and multiple design reviews
to ensure everything is right. There is little allowance
for error, and every feature is tightly controlled to en-
sure the component functions as designed and tested.

For shops not currently in the market, even getting
the opportunity to submit a quote can be a challenge.
Sourcing teams in large aerospace companies are
under extreme pressure to control costs while improv-
ing inventory turns and ensuring there are no stocking

issues. Itis a challengingrole, so keep in mind that buy-
ers have limited time to process new vendors through
a bureaucratic maze.

They are also hesitant to accept the risks associated
with poor quality, late deliveries or working with ven-
dors who lack financial stability. These combined ele-
ments can make it almost impossible to get an oppor-
tunity to quote, if you can even get the opportunity to
talk to someone in sourcing.

Winning the work is only the beginning. Next comes
the qualification process that, when complete, demon-
strates the vendor is capable of successfully manufactur-
ing the part with no quality issues. While I'm sure most
shops have been through some kind of qualification be-
fore, aerospace qualifications are on another level.

Qualifications for the aerospace industry are intense.
Most machined parts require 100% dimensional in-
spection. That means every single dimension on the
drawing will be measured, usually on a batch of parts,
to demonstrate that the machining processes are re-
peatable and success is not a one-off event. There is
no allowance for error, and one incorrect dimension on
one part can sink the qualification.

Once a shop has made it to the qualification phase, it
becomes apparent that aerospace tolerances are tight.
Tight is a relative term, and means different things de-
pending on the industry and type of machining that is
performed. When considering the mechanical func-
tion, aerospace tolerances are typically tighter than
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those found on other types of parts. For example, the
tolerance on a bearing journal for industrial equipment
may have a total range of 0.0005" while the tolerance
range on the same size journal for an aerospace com-
ponent would be just 0.0002". Tapped hole locations
on a normal industrial part may be +/- 0.015", but the
same type of part in an aerospace application would
require a three-datum true-position call out of 0.005".
| have seen a true position tolerance of 0.005" for a
tapped hole that mated with clearance holes that were
0.020" larger than the screw diameter.

Compounding the difficult tolerancing are the ma-
terials that are often used for aerospace components.
Anything that goes inside of an engine is going to be
made from one of the many materials that fall into the
not-fun-to-machine category, like titanium, nickel alloys
and other nasty materials that can live in harsh environ-
ments. Exotic materials like nickel alloys are used ex-
tensively in jet engines because these materials retain
their strength and other mechanical properties at ele-
vated temperatures. However, the same material prop-
erties that make exotic alloys good for use in a jet en-
gine makes them difficult to machine. The nickel alloys
used in jet engines are the most difficult to machine
materials used in industry.

Airplanes use immense amounts of aluminum, which
is easy to machine. So, aluminum aerospace parts must
be easy, right? In some ways, yes. Knocking off alumi-
num chips is easy. Tools don't burn up. You can run as
fast as you want. No bird nest of stringy chips. How-
ever, these parts are subject to the same qualification
requirements as others with close tolerances, and pres-
ent a different type of challenge.

A large number of aluminum aerospace parts are
made from wrought alloys in the form of bar or plate.
These wrought alloys like to move around when they
are machined. Machining a large volume of chips from
a piece of plate relieves the internal stress and can make
those parts wander all over the place. A large aluminum
structural part can be dimensionally perfect until it is un-
clamped. Then it begins to bend, curl and bow out of tol-
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erance. Of course, shops that make these kinds of parts
have ways of mitigating such problems, but they have
learned these lessons the hard way over many years.

So, if a shop nails the qualification with tight toler-
ances on a difficult-to-machine material, then every-
thing should be like machining any other part, right?
Not really.

It is normal for aerospace manufacturing processes
to be “frozen” or “locked” after a successful qualifi-
cation. This means the shop does not have the same
freedom to change manufacturing processes to ad-
dress cost, productivity or quality issues that it would if
it were making tractor parts.

Aerospace companies, often compelled by agencies
like the FAA, do not allow manufacturers to change
manufacturing processes without initiating a requalifi-
cation. The restrictions vary depending on the part and
the consequences of failure, but there is always some
level of control over machining processes. These con-
trols make process improvements challenging and can
be a barrier to reducing manufacturing costs.

All the challenges of aerospace machining make it
exceptionally profitable — and once qualified, a shop
is almost guaranteed to keep the work. | did mention
that aerospace machining can be rewarding. cte
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By Tyler Massey

ith sensitive intellectual property (IP), global
Wsupplier networks and growing reliance on

connected technologies, the aerospace and
defense industry has become a prime target for cy-
berattacks. In fact, the average cost of a data breach
reached a record $4.45 million in 2023, according to
IBM'’s annual Cost of a Data Breach Report. This rep-
resents a 15.3% jump since 2020. For aerospace manu-
facturers, the stakes are especially high.

Aerospace manufacturing environments often in-
volve a complex web of suppliers, contractors, and both
legacy and modern technologies. This includes a mix of
information technology (IT) and operational technology
(OT) systems — each with different security needs and
vulnerabilities. The increasing adoption of Industrial In-
ternet of Things (lloT), Cloud computing and artificial in-
telligence (Al) technologies adds further layers of risk.

These evolving threats demand proactive, multi-lay-
ered defenses. Just how are aerospace manufacturers
expected to implement secure methods for data shar-
ing and collection? Essentially, the necessary cyberse-
curity solution begins by taking two key steps.

Step 1: Appoint a Cybersecurity Champion

Effective cybersecurity implementation starts with
leadership. Aerospace manufacturers should appoint
a dedicated cybersecurity project manager or engage
a knowledgeable systems integrator. This individual or
team must oversee the design, rollout and manage-
ment of security solutions.

Organizations can also choose to partner with
trusted vendors that offer secure IT systems to safe-
guard IP. These systems often connect to the Cloud via
a Virtual Private Network (VPN) and operate on inde-
pendent networks that push data outward without ex-
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Strategies to combat
= escalating attacks.

posing machines on the factory floor to inbound traffic.

Whether you appoint someone on your staff or you
work with a trusted third-party vendor, it's essential to
have professionals who specialize in industrial cyberse-
curity guiding the effort.

Step 2: Standardize with MTConnect

Regardless of the ERP system or machine tool brands
a manufacturer uses, establishing a standardized com-
munication framework is critical. Before introduc-
ing advanced cybersecurity measures, ensure that all
equipment and systems are MTConnect-compliant.
Developed by the MTConnect Institute, a not-for-profit
standards development organization supported by
AMT — The Association for Manufacturing Technology,
MTConnect is like a universal translator that enables
interoperability across a wide range of machine tools
and software. The non-proprietary, royalty-free stan-
dard provides a secure, consistent foundation for safe
data collection and exchange.

Once the foundation is in place, manufacturers need
to determine where their data is headed. Understand-
ing data directionality helps identify the right industrial
protocols and compatible third-party software to use
for collection and sharing. It also ensures that systems
remain scalable as the business evolves — a crucial con-
sideration in an industry where innovation moves fast.

l
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Cybersecurity
for Aerospace

SmartBox: A Cybersecurity
Solution at the Machine Level

On the shop floor, Mazak's Smart-
Box technology provides a robust
defense against cyber threats while
enabling advanced data monitor-
ing and analysis. Designed to se-

curely connect machines and de-
vices to a network, the SmartBox
acts as a protective barrier that iso-
lates machines, blocks unautho-
rized access, and allows only read-
only data collection.
Key features of the SmartBox in-
clude:
e Network isolation: Prevents
unauthorized access to and
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from connected equipment.

e No direct cabinet connec-
tion: Mounts externally with-
out interfering with machine
electronics.

e Plug-and-play connectiv-
ity: Easily integrates with off-
the-shelf sensors.

e Multi-machine support: One
unit can serve multiple ma-
chines and other production
assets.

This approach satisfies stringent
IT department requirements, es-
pecially when connecting legacy
equipment to modern data sys-
tems via MTConnect. It also elim-
inates risky workarounds, such as
using USB drives on the shop floor
to transfer part programs.

Mazak is further advancing its
SmartBox technology with the
launch of SmartBox 2.0. This new
version includes two managed net-
work switches, a fieldbus coupler
I/O module with Node-RED for in-
terfacing, the capability to host up
to 10 machines, as well as an on-
board industrial PC for comput-
ing at the edge. These improve-
ments give aerospace manufac-
turers more flexibility and control
while maintaining strict security
standards.

As cyberattacks grow more fre-
quent and sophisticated, manu-
facturers and suppliers in the aero-
space sector must implement
strong defenses to prevent mali-
cious software from infecting ma-
chines, stealing proprietary data or
halting production.

Cybersecurity is no longer op-
tional — it's foundational. As aero-
space operations continue inte-
grating IloT and connectivity, cy-
bersecurity is as critically important
to the security of the entire busi-
ness as the locks on the doors of
your facilities. Cybersecurity pro-
tects both the intellectual property
and the processes that drive inno-
vation and excellence in aerospace
manufacturing. cre
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BEAT THE ALUMINUM BLUES

Maximize thread quality when
tapping aluminum alloys.

By Jim Nielsen

luminum alloys are popular in numerous
Aindustries — from aerospace to automo-

tive — because they offer a high strength-
to-weight ratio, excellent thermal conductivity
and corrosion resistance. Tapping threads in alu-
minum components, however, presents unique
challenges. Because aluminum is relatively soft
and “gummy,” it can lead to issues such as poor
chip evacuation, built-up edge (BUE) and incon-
sistent thread finish. Understanding how to over-
come these hurdles is key to producing reliable,
high-quality threads.

Choose the Right Tap Geometry
One of the most critical decisions for tapping
aluminum is the selection of a suitable tap geom-
etry. Generally, spiral-fluted or straight-fluted taps
can be used; the choice depends on the applica-
tion and aluminum grade. Spiral-fluted taps are
ideal for blind holes in softer materials because
they facilitate better chip evacuation. They pull
chips back out of the hole, helping avoid chip pack-
ing that leads to poor thread finishes or breakage.
Additionally, the tap’s rake angle and relief fea-
tures should be designed for softer materials. A
high rake angle can help reduce cutting forces and
minimize burr formation. For form taps (also known
as roll taps), the geometry is optimized to plasti-
cally deform the material instead of cutting it, elim-
continued on Page 34

CoroTap® 400 is a high-speed, chip-
free forming tap suitable for both
through- and blind-holes in steel,
stainless steel, aluminum, and HRSAs.

Tips and tricks for threading
aluminum parts.

By Robert M. Layng

out of one aluminum alloy or another. Just

about every shop also threads holes in those
parts using taps. While taps are a highly efficient
way to make threads in a hole, they come with
potential problems, such as poor or inconsistent
thread finishes, thread galling, and the ultimate
nightmare — a tap broken off in a part. Here are
some common mistakes to avoid and a few tips
that have helped me.

| have found that the softer the aluminum, the
tougher it is to tap because the material acts like
chewing gum if not properly lubricated. Just like
when machining aluminum, keeping the chip hard-
ened is important to prevent a myriad of problems.
The use of oil or flood coolant helps with prevent-
ing galling. Inversely, the harder the alloy, the eas-
ier it is to tap.

Proper toolholding also goes a long way in pre-
venting downtime caused by tap failure, in what-
ever mode it presents itself. Toolholder choice is
usually dictated by factors involved in the tapping
operation such as the number of holes to tap, the
machine being used to do the tapping, as well
as the capabilities and limitations of your shop,
among others.

For example, if you are about to thread a lot of
parts with holes drilled by a different machine, we
use a Tapmatic tapping head as it has radial play
to allow for better alignment of the tap to the hole,
along with an internal clutch to automatically re-
verse the rotation of the tap as you lift it back out
of the part. Most of the time, the drilling and tap-
ping will occur in the same machine and the same
setup, so rigid tapping or power tapping with the
tool in the spindle, as in a milling machine or CNC
mill, is an obvious choice.

A common problem that presents itself is the
cutting tool selection, and the use of the wrong
tap for the job. There is, after all, an enormous list
of different taps, grades of substrate, classes of fit,
etc., from which to choose. Each of these facets
need to be considered when selecting a tap for a

continued on Page 35

|ust about every machine shop makes parts
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Maximize Thread Quality
continued from Page 33

inating the production of chips al-
together. Form tapping in alumi-
num can deliver excellent thread
strength, provided the specific alu-
minum grade is compatible with
this method.

Optimize Cutting Parameters

Aluminum’s gummy nature can
cause material to adhere to the cut-
ting edge, creating BUE. To mit-
igate this, running at higher sur-
face speeds — without exceed-
ing recommended limits — may
help shear the material cleanly and
reduce BUE formation. However,
striking the right balance is essen-
tial. Excessive speed can overheat
the tap, reduce tool life and de-
grade thread quality.

Equally important is the feed
rate. Since tapping is a synchro-
nized process, the feed must match
the thread pitch. For form tapping,
slightly different speeds and feed
profiles might be employed, as the
process depends on material flow
rather than chip removal. Always
refer to tooling guidelines and per-
form test cuts to fine-tune parame-
ters for each aluminum alloy.

Proper Lubrication

Effective lubrication is paramount
for tapping aluminum, as it reduces
friction, prevents chip welding and
flushes chips from the cutting zone.
Water-soluble coolants, with ade-
quate lubrication properties, typi-
cally perform well when tapping. In
some high-speed production envi-
ronments, minimum-quantity lubri-
cation (MQL) systems provide a fine
mist of oil that can also help lower
friction and improve chip evacuation.

To reduce the likelihood of BUE,
choose a coolant or lubricant spe-
cifically formulated for aluminum.
Additives like sulfur or chlorine can
enhance lubricity, but always con-
firm compatibility with both the
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workpiece material and any appli-
cable environmental or safety reg-
ulations.

Ensure Rigid Setups

Maintaining rigid setups is essen-
tial for consistent tapping perfor-
mance. Excessive vibration or axial
runout can result in misaligned holes,
broken taps and inconsistent thread
geometry. Use high-quality toolhold-
ers designed for tapping — ideally
with minimal runout and some float
or compensation to accommodate
any minor misalignment between
the spindle and hole center.

Equally important is securing the
workpiece to eliminate movement
during tapping. For CNC machines,
ensure the axis alignment is accu-
rate and that tapping cycles (rigid
or synchronous tapping) are well-
suited for aluminum.

Consider Thread Milling

In applications where burrs, chips
or close-tolerance threads pose
challenges, thread milling can serve

CoroTap“VI 100 s optimized grades ensure
3 peeds for precision

Sandvik Coromat

as an alternative to tapping. Thread
milling uses a helical cutting mo-
tion and can reduce the risk of bro-
ken taps and minimize downtime.
While tapping is still faster for many
high-volume aluminum applica-
tions, thread milling offers more
flexibility and can produce threads
of various diameters with one tool.
Depending on the complexity, ma-
terial thickness and machine capa-
bilities, weigh whether tapping or
thread milling is the optimal solu-
tion.

By paying close attention to tap
geometry, optimizing speeds and
feeds, using proper lubrication, and
ensuring rigid setups, manufactur-
ers can significantly improve the
consistency and quality of tapped
holes in aluminum. Thorough plan-
ning and testing are essential, as
each aluminum alloy can behave
differently. With the right approach,
tapping remains a cost-effective,
high-productivity method for cre-
ating threads in these widely used
and versatile materials. cte



Threading Tips & Tricks

continued from Page 33

particular part.

Let's take blind holes as an example. The selection of
a gun tap or spiral point tap may be the types to avoid
in this case. When you need to reach further down,
and when you want to prevent chips from compacting
in the bottom of the hole and causing premature tap
failure, consider switching to a spiral-fluted tap, which
is designed to bring the chips up and out of the hole.
The chip evacuation helps extend the tool’s life and re-
duces the chances of tap breakage.

Another common mistake machinists make is to as-
sume that “aluminum is almost too easy to tap,” and
they get too aggressive with speeds and feeds or they
prolong the use of a dull tap way beyond its useful lifes-
pan. Most aluminum alloys contain a percentage of sil-
icon, magnesium and chromium. While those amounts
may be minuscule (less than 1%), they are abrasive all
the same and can play havoc with tap lifespan.

Pressing a dull tap into service beyond its useful life
is a ticking time bomb. Aluminum, while one of the eas-
iest metals to work with, still poses significant pitfalls if
you become too complacent with tapping it. Dull taps
only exacerbate this situation by leaving either a galled
or inconsistent finished thread. They also take expo-
nentially more torque to turn and complete the thread
as a sharp one takes, and that leads to a higher prob-
ability of poor finish and/or a broken tap. The moral of
this story is that saving the few dollars to press a dull
tap into service right now may end up costing you a
pile of money in scrapped parts or tap removal. The
abrasive properties of aluminum listed above only add
to the trouble lurking in the shadows.

Tap drill size
The formula that | have always used for determin-

ing a tap drill size is tap diameter minus 1/N, where N
is threads per inch. For example, let's use 3/8-16 UNC.
The formula would look like this: 0.375" - 0.0625" =
0.3125" tap drill size. This will result in a 75% thread en-
gagement, which is enough for any standard applica-
tion of a threaded hole. If you are having trouble with
surface finishes or it takes an inordinate amount of ef-
fort to turn the tap, the above formula may be too tight
of a fit. Especially so in tough or troublesome alloys.

In our shop, the common practice is to move either
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Threading Tips & Tricks

continued from Page 35

one drill size larger, or 0.015" larger,
depending upon the thread size.
The loss of engagement is negligi-
ble and the strength is still there. It
is surprising how much of a differ-
ence those extra few thousandths
of an inch can make. We also take
the extra few seconds to leave a
healthy chamfer at the beginning
of any threaded hole. | realize that
time is money, and not every shop
can afford the cumulative time it
would take to chamfer every hole
on numerous parts, but the cost
savings it brings could more than
pay for any time lost in process
from chamfering. Chamfering the
holes pre-thread can take as much
as 25% off of the forces seen by the
tap as it engages the hole and cuts
the threads.

Whenever possible, we power
tap in the same machine setup as
the drilling. This ensures proper

alignment of the spindle centerline
with that of the hole. We also make
use of our CNC mill to rigid tap be-
cause the CAM software we use
generates the feeds that are per-
fect for any given tap we use. For
example, we tap a lot of ¥4-20 UNC
holes in one of our legacy parts,
an aluminum housing. To find the
pitch, divide 1 by threads per inch,
in this case 1/20. This tap advances
0.050" for every full revolution. We
spin the tap at 500 rpm, so 500 rom
+ 20 threads per inch = 25" per
minute infeed. This puts the per-
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fect load on the tap to prevent ex-
cess torque or stretching of the tap.
All modern CNC vertical machining
centers have stable and strong rigid
tapping cycles.

One final thing all shops must
consider is the tapping fluid used.
All of these other things I've men-
tioned are for naught if your tap-
ping fluid isn't up to the task. Tap
Magic is the standard “go to” for
our shop. It is an all-purpose fluid
that covers just about every metal
that we cut here, from the easiest
aluminum to the gummiest and
toughest titanium. Everything in
between, too. To give you an idea,
we have tested Tap Magic against
our typical cutting oil while cut-
ting the same thread with each
fluid. The Tap Magic reduced cut-
ting forces considerably. It also re-
sulted in the finest finishes on the
threads, and it has easily boosted
tap life by 50%. The same could be
said for the flood coolant in a CNC.
So long as your coolant concen-
trate is properly mixed, it should
provide the lubricity necessary to
prolong tap life.

Though tapping a hole may seem
simple enough, neglecting any of
the aspects I've covered here can
lead to problems in short order.
Guard against such complacency,
even in a material that could be con-
sidered as easy to machine as alumi-
num. If you keep these pointers in
mind — or easily accessible — you
can help your shop tap into its po-
tential for threading aluminum. cte
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