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When a federally funded 
organization lands in my 
hometown of Chicago, 
where transparency at City 
Hall is murky at best, I tend 
to think “boondoggle.” 

Therefore, I was pleasantly surprised to find 
that the Digital Manufacturing and Design 
Innovation Institute at Chicago’s Goose Island 
didn’t appear to be a wasteful project.

I visited DMDII Sept. 3 to attend “The Future 
of Machining – A Guide to Better Processes.” 
Coordinated by Blaser Swisslube Inc., Goshen, 
N.Y., the event featured presentations 
about toolholders, high-pressure coolant, 
minimum-quantity lubrication and chlorinated 
paraffins as an extreme-pressure additive in 
metalworking fluids.

The meeting also included equipment 
demos and a tour of the factory floor. 
The national institute, which is housed in 
a 94,000-sq.-ft. facility that serves as the 
headquarters for DMDII and its parent 
organization, UI LABS, began operation in 
May. It has three principal missions: R&D 
projects, outreach to manufacturers and 
workforce development. 

The factory floor is comprised of seven 
cells: multiaxis complex machining, standard 
machining, emerging technologies, 
a metrology laboratory, welding and 
fabrication, microtechnology, and electronics 
and assembly. The emerging technologies 
cell, for example, has a 5-axis vertical 
machining center and will reportedly expand 
to include a 3D printer, robotics and optical 
scanning equipment.

Initially, I wasn’t sure why the institute’s 
name began with Digital, but was informed 
that the work on the factory floor involves 
collecting and processing as much 
machining data as possible to connect all 
elements of the manufacturing chain so they 
seamlessly communicate with each other. For 

instance, DMDII stated that it is developing 
open-source software, called the Digital 
Manufacturing Commons, which will be an 
open-architecture communication platform 
and enable plug-and-play functionality across 
the entire “digital thread.” DMC sounds like 
something that could positively transform a 
manufacturing organization.

The post-lunch presentation, titled 
“Metalworking Fluids Wakeup Call – 
Replacing Traditional Chlorinated Paraffins,” 
refocused my attention on consuming 
information rather than nutrients. Given by 
Ron “Andy” Anderson, Brookfield, Wis.-based 
product manager for fluids and filtration at 
DXP Enterprises Inc./Machinery Tooling & 
Supply, the presentation covered how the 
Environmental Protection Agency plans to 
eliminate the chlorinated paraffins that are 
effective as an EP additive by May 31, 2016. 

There are short-, medium-, long- and very 
long-chain CPs, but short-chain ones are 
considered highly toxic and not used for EP 
additives, and the medium ones are generally 
not used. Those with the longest chains 
would not be banned, but they have a higher 
viscosity than the others and, therefore, make 
it difficult for them to stay in suspension, 
Anderson noted.

He added that other EP additives 
are available, but are not suitable for all 
applications, such as some demanding ones 
required to make aerospace and defense 
parts. With no direct drop-in replacement 
for long-chain CPs, metalworking fluids with 
CPs will need to be reformulated. While 
banning CPs is debatable, I’m confident 
the chemists at coolant manufacturers will 
develop effective alternative emulsions; 
they’ll probably just cost more.  CTE
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ILLICIT MINES DISRUPT RARE EARTH 
METALS INDUSTRY: Usually, illicit 
business activity in China seems 
to negatively impact companies 
outside that country. However, the 
news agency China Daily Informa-
tion reported that about 90 percent 
of China’s rare earth mining com-
panies are incurring losses as rare 
earth prices continue to plummet 
because of illegal Chinese mining 
and overcapacity.

Chinese mines aren’t the only 
producers of rare earth metals to 
feel the pain from tumbling prices. 
Greenwood Village, Colo.-based 
Molycorp Inc. announced in late 
August that it will transition its 
Mountain Pass Rare Earth Facility 
on the California-Nevada border to 
a “care and maintenance mode” 
while it plans to continue serving 
its rare earth-oxide customers via 
Molycorp’s facilities in Estonia and 
China. According to the company, 
rare earth pricing was a key factor in 
the decision to suspend rare earth 
production at Mountain Pass no 
later than Oct. 20, 2015.

“Rare earth prices have declined 

as much as 90 percent over the last 
3 years or so,” said Jim Sims, vice 
president corporate communica-
tions for Molycorp, noting illicit min-
ing is the primary driver for the price 
plunge. “The Chinese estimate that 
about 30 to 40 percent of all rare 
earths produced and consumed 
globally are made by illegal produc-
ers in China.” The only illicit mines 
are in China, according to Sims.

Rare earths from illicit sources 
are 50 percent below the marginal 
cost from most producers, Sims 
explained, because they operate 
below the “regulatory radar screen.” 
Therefore, those mines do not have 
to adhere to environmental regu-
lations and pay the fees and taxes 
that regulated producers do. The 
mining, refining and disposal of rare 
earth elements—used to produce
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HIGH-POWER LASER GENERATES 
HIGH-ENERGY BEAMS: The In-
stitute of Laser Engineering at 
Osaka University in Japan re-
ported that it has reinforced the 
Petawatt laser “LFEX” to de-
liver up to 2,000-trillion watts for 
1-trillionth of a second. Appli-
cations include cancer therapy 
and nondestructive inspection 
of bridges and buildings. Pic-
tured is a laser pulse compres-
sor using 16 sheets of the di-
electric multilayer film diffrac-
tion grating.

Osaka University
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many consumer and electronics de-
vices—can cause considerable en-
vironmental damage, which is not 
captured in the cost that illicit mines 
charge, he pointed out.

He added that Molycorp’s Moun-
tain Pass mine, which has continu-
ally produced rare earths since the 
early 1950s, is the only producer of 
separated rare earth materials in the 
Western Hemisphere.

Sims explained that there are 17 
rare earth elements, which are natu-
rally occurring and exist in appre-
ciable quantities in the Earth’s crust, 
with the exception of promethium. 
These materials are beneficial for 
technologies from smartphones 
to automotive and airplane equip-
ment. For example, neodymium 
and praseodymium are two rare 

earths found in neodymium-iron-
boron permanent magnets, or neo-
magnets, which are often used in 
motors, pumps and compressors. 
“They can be a 10th the size and 
weight of traditional ferrite magnets 
and be 10 or more times as power-
ful,” he said.

Those advantages make the 
magnets attractive for increasing 
transportation fuel efficiency. Indus-
try data showed that production ca-
pacity of neo-magnets in 2015 grew 
50-fold from a mere 8,000 tons in 
2000, China Daily Information re-
ported. It added that, according 
to the Chinese government’s Min-
istry of Industry and Information 
Technology, which shut 55 illegal 
rare earth producers and 22 illegal 
mines in the past 4 years, about 

12,400 tons of rare earths were ex-
plored illegally from last September 
to May.

“Authorities in Beijing appear 
very diligent and focused on trying 
to crack down on this,” Sims said. 
“They have a lot of initiatives under-
way to try and root out this illicit pro-
duction, but, to date, there hasn’t 
been a great deal of success.”

—Alan Richter

MACHINING CLOUD PROVIDES 
INSTANT ACCESS TO DATA: Since 
it launched in 2013, it seems as 
though Machining Cloud GmbH 
has seen its name appear in manu-
facturing news feeds incessantly. 
But despite partnerships with some 
of the biggest names in the busi-
ness—WIDIA Products Group, 
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Siemens, Iscar Metals, Okuma and 
SolidWorks—it may not be immedi-
ately clear exactly what Machining 
Cloud is.

According to the Stans, Swit-
zerland-based company’s mission 

statement, its goal is “to provide 
the manufacturing community a 
single source of access to product 
data from the leading manufactur-
ers of cutting tools, machine tools 
and workholding that is complete 

and always up-to-date.” In short, 
then, Machining Cloud aims to be 
a universal catalog of sorts, a one-
stop online shop for product infor-
mation. Granted, putting product 
data from a variety of sources in 
one place isn’t exactly novel, but by 
using a network of remote servers 
to store, manage and process data, 
information is instantly available 
from any connected access point.

Machining Cloud has partnered 
with manufacturers and software 
developers alike, allowing its exten-
sive database of product informa-
tion to be accessed by customers 
of partner-companies. For exam-
ple, in February, Machining Cloud 
partnered with manufacturing op-
erations management software de-
veloper System Insights, Berkeley, 
Calif., to extend Machining Cloud 
access to users of System Insight’s 
VIMANA software, which provides 
predictive analytics.

“By utilizing cloud technology 
and industry standards for cutting 
tool data, including ISO 13399, 
GTC, STEP and MTConnect, [we] 
will provide a smooth, efficient flow 
of data from cutting tool manu-
facturers to the end users,” said 
Michael Taesch, Machining Cloud 
product manager.

Following the Version 1.9 release 
in July, Machining Cloud joined the 
PTC Partner Advantage program, 
became a Siemens Software and 
Technology Partner and announced 
increased integration for custom-
ers of tool presetter manufacturer 
Zoller Inc., Ann Arbor, Mich., one of 
its first partners. 

—Evan Jones Thorne

U.S. CUTTING TOOL SALES DROP:
The total billings index for mem-
ber-companies of the United States 
Cutting Tool Institute slipped 5.7 
percent from June to July, reaching 
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the second lowest level in 2015. 
Compared to July 2014, the index 
sank 7.4 percent.

Compared to June, total cutting 
tool billings in dollars for July de-
creased 4.8 percent. Compared to 
July 2014, total billings in dollars for 
July 2015 decreased 6.1 percent.

For more information about 
USCTI, call (216) 241-7333 or visit 
www.uscti.com.

Total Billings Index
(The index uses 2007 annual data, which equals 
100 percent, as its baseline.)

2014 2015

July 120.4% 113.0%

June 122.1% 118.7%

May 119.5% 110.6%

April 123.5% 117.4%

March 121.7% 126.5%

February 113.0% 114.6%

FIVES DEVELOPS VIBRATION- 
DAMPING PATENTS: Fives Machin-
ing Systems Inc., Hebron, Ky., has 
developed 10 patents in the fields 
of metalcutting and composite pro-
cessing, thanks to recent invest-
ments in manufacturing science. 
These patents include two differ-
ent vibration-damping technolo-
gies for machine tool structures, as 
well as a vibration damper for rotary  
encoders. 

The machine tool builder is fa-
miliar with vibration technology, ac-
cording to Paul McCalmont, engi-
neering analysis and test manager 
at the Fives Cincinnati division in 
Hebron. “We’ve been conducting 
research in this area since the 1950s 
and utilizing the technology to im-
prove the productivity of our ma-

chine tools,” he said.  
McCalmont explained that one 

patent provides a tuned mass 
damper absorber mounted on the 
multiaxis head of a machine tool. 
This damper moves in conjunction 

with the X, Y and Z axes. A resilient 
mounting is provided for each of 
the damper masses, allowing them 
to damp vibration in the X and Y 
axes regardless of the orientation of 
the C-axis. 

The USCTI collected the above data from member-companies.
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Peter Mischler, development engineering man-
ager at Fives Cincinnati, discussed another vi-
bration-damping invention for encoders, which 
should not be isolated from the axis an en-
coder is controlling to avoid a loss of accuracy. 
“We’ve developed a unique configuration 
that restricts unwanted vibrations that are 
both lateral and torsional, eliminating the 
lost axis position and improving reliability,” 
he said. “Basically, [the system] absorbs the 
energy before it reaches the encoder.”

These products demonstrate the com-
pany’s commitment to increasing the DOC, 
enhancing productivity, generating high metal-
removal rates and making the machine tools as 
fast and efficient as possible, according to Stephen 
Albers, product manager at Fives Cincinnati. The 
Fond du Lac, Wis.-based Fives Giddings & Lewis 
LLC subsidiary has a rich history in the machine tool 
market, and R&D projects like vibration damping ben-
efit everyone, he added. “It’s nice to collaborate and 

a company
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discuss best practices and share 
these ideas throughout the com-
pany.”   

In addition to the metalcutting 
patents, Fives received eight pat-
ents related to composite-part 
manufacturing, and users such as 
Boeing and Airbus have provided 
encouraging feedback. “The pro-
ductivity gains are staggering,” Al-
bers said. “To get the kind of im-
provement we’re seeing with com-
posites in the aerospace industry 
at such a fast pace is pretty remark-
able.” These gains include a robotic 
fiber placement system, a 6-axis 
gantry-mounted fiber and tape lay-
ing system, and an automatic spool 
loader and a fiber placement sys-
tem for small, flat parts. 

Fives joined the prestigious Jules 
Verne Research Institute, Bougue-
nais, France, in order to study new 
materials and manufacturing con-
cepts. The institute is dedicated to 
advanced-composites production 
technology and metal and hybrid 

structures. 
“We’re in a very interesting time 

for composite technologies,” Mc-
Calmont said. “The general-pur-
pose machine is being replaced 
with systems that are more special-

ized and better tailored for specific 
applications. We’re seeing plenty 
of activity in the aerospace industry, 
and areas like the automotive sector 
will no doubt follow suit.”  CTE 

—Matthew Jaster    

Fives

The symmetrical-tuned mass head damper 
from Fives Machining Systems is designed 
into the side cover of the A-axis/C-axis head 
to maximize effectiveness while maintaining 
ease of maintenance.
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Metalworking Product Review

FILTRATION SYSTEM IS FOR OIL-BASED 
COOLANT: Comat Technologies Inc. offers the 
1F14US-15 fi ltration system to continuously fi lter 
coolant to a 3µm level while maintaining a temperature 
to ±2° F. The nominal fi ltration capacity is 50 gpm 
(180 lpm). The system has isolated chambers for clean 
and dirty coolant. Contaminants that the system fi lters 
include carbide, cermet, PCD, HSS, precious metals, 
cast iron, copper, aluminum, ceramic and plastics. It is 
compatible with all straight cutting oils (no emulsions).
Comat Technologies Inc.; 
www.comattechnologies.com

RARE EARTH MAGNETIC FILTERS ARE FOR 
FINISHING PROCESSES: Flow Pro Products 
Inc. offers rare earth magnetic fi ltration for minimally 
ferrous materials, such as HSS, tool steel and carbide. 
The fi lters can maintain machine tool coolants to 10µm 
nominal clarity, without the need for consumable 
fi ltration media. The fi ltration system has a high-power, 
neodymium-iron-boron drum, which indexes on 
demand and does not rotate continuously to reduce 
coolant loss. Applications include grinding, honing, 
microsizing and wire drawing.
Flow Pro Products Inc.; www.fl owproinc.com

INSPECTION DEVICE DIRECTLY DELIVERS 
RESULTS: The »pomSkpGo« inspection device from 
ZOLLER Inc. delivers cutting tool measurement results 
directly to the production environment. According to 
the company, the device enables even inexperienced 
operators to generate results to micron-level precision 
with the help of specially developed tool supports, a 
positioning aid and the displayed live image. With 
one measurement, the user receives details about the 
tool geometry, radius, K factor and any chipping of the 
cutting edge.
ZOLLER Inc.; www.zoller-usa.com

DEEP-HOLE DRILLS REDUCE CYCLE TIMES:
Precision Cutting Tools Inc. offers Hi-Depth Long 
Drills for deep-hole applications. According to the 
company, users have reduced cycle times up to 85 
percent while increasing productivity up to fi ve times. 
The drills are available in two styles: the triple-margin 
AXC series (pictured) for aluminum and gray cast iron 
and the double-margin SXC series for titanium, Inconel 
and stainless steel. Drills for holemaking 40 diameters 
deep are available in diameters from 3.0mm to 8.0mm 
(0.118" to 0.315"), and ones from 3.0mm to 6.0mm 
(0.236") in diameter are for drilling 50 diameters deep.
Precision Cutting Tools Inc.; www.pctcutters.com
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Metalworking Product Review

CHIP PROCESSING SYSTEM IS FOR LOW 
VOLUMES: PRAB’s E-Series skid-mounted chip 
processing system is for volumes of less than 1,000 lbs. 
(454 kg). The units include all the necessary equipment 
for effectively processing chips and collecting fl uids 
for recycling, according to the company. Portable via a 
forklift, the system’s centrifuge removes 98 percent of 
the fl uid from chips. A reversible diagonal shaft wringer 
increases effi ciency and reduces maintenance.
PRAB; www.prab.com

TOOL PERFORMS MULTIPLE OPERATIONS:
Carmex Precision Tools LLC’s multitask CMR is the 
latest addition to its Tiny Tool line and allows users to 
bore, turn, face and chamfer. The cutting geometry 
permits machining without the need for a pilot hole, 
according to the company. A vertical coolant hole and a 
spiral fl ute enable the tool to continually evacuate chips 
out of a hole during machining. The tool is made of the 
company’s BMK submicron-carbide grade and has a 
triple-layer PVD coating.
Carmex Precision Tools LLC; www.carmexusa.com
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MILLING CUTTERS DELIVER HIGH SPEEDS, 
FEEDS: Seco Tools LLC expanded its Highfeed series 
of indexable-insert milling cutters. These new tools have 
more teeth per diameter to achieve high machining 
parameters. Highfeed 2 cutter bodies are from 0.5" to 
0.75" (12.7mm to 19.05mm) in diameter and accept 
positive LP05 single-sided inserts with two cutting edges. 
Highfeed 4 bodies range from 1.00" to 2.50" (25.4mm 
to 63.5mm) and accept close-pitch, negative-pocket 
LO06 double-sided inserts with four cutting edges. 
Seco Tools LLC; www.secotools.com

SYSTEM AUTOMATICALLY MEASURES 
CUTTING EDGES: Alicona Corp.’s EdgeMasterX 
measures the cutting edges of inserts, drills, taps and 
other tools. A motorized rotation unit allows users to 
measure multiple cutting edges in one measurement 
cycle, including chamfered edges. Traffic-light color 
codes indicate geometric deviations from a CAD dataset 
or reference geometry. 
Alicona Corp.; www.alicona.com

Greenleaf_CTE_XSYTIN1_JUL2015.indd   1 6/1/15   10:24 AM
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Manager’s Desk
staying sharp

Several good customers 
indicated they’ll be issuing 
jobs in the last quarter 
of 2015 and, with other 
accounts cutting back, we 
can use the work. 

Even with a good fourth quarter and my 
natural optimism, reports from contacts at 
some of our larger customers concern me. It 
mostly relates to a return of offshoring, not only 
the machining of important products, but the 
divesting and transferring of their jobs to other 
countries, particularly the Far East and India.

In one example, a large U.S. conglomerate 
acquired many smaller companies that 
were longtime customers and strategically 
revamped their approach to sourcing—to our 
detriment. Their strategies and new contract 
terms evolved into a typical big-corporation 
approach, requiring us to reevaluate the 
profitability of their work.

As is common in this scenario, the 
corporation became more price-conscious 
and demanding, wanting to extend payment 
terms to unsatisfactory timeframes, perhaps 
Net-90 or longer. We attempt to work 
through these situations, and even offer 
discounts for prompt payments. Occasionally, 
they agree, but more often than not, they 
aren’t flexible. 

Over time, the terms and conditions 
became more difficult and most of the work 
dwindled or went away—usually overseas. 
To make matters worse, a longtime contact 
at that same corporation said he was being 
laid off, along with other skilled employees, 
with many of the positions transferred as well. 
This was not because of reduced demand 
for the company’s products, but because the 
company views the employees’ capabilities 
and skills as commodities and no longer 
values them in the same way.

In a similar case, CNBC.com reported 
that Disney’s Florida headquarters replaced 
many highly skilled employees, such as 
engineers and IT professionals, with lower-
cost foreign workers. The company even 
required the longtime employees to train their 
replacements, threatening that their severance 
packages would go bye-bye if they refused. 

Being a machine shop owner, thankfully, 
no one can replace us in this manner. But 
thinking about being required to train your 
foreign replacement, who’ll earn half your 
salary, has to be difficult, if not maddening. 

With our local market slowing, it got me 
thinking about all the good machine shops 
and related companies in North America and 
the potential ramifications of this offshoring 
trend. If this caliber of highly skilled jobs is 
less-valued and easily duplicated elsewhere 
to reduce costs, could our shop’s capabilities 
and skill set suffer the same fate? With the 
rapid evolution of shop automation, software, 
3D printing and other technologies, how 
much longer can we be viable?

The reality is, some large corporations have 
also acquired their longtime customers. It’s 
happened to such a degree that four large 
companies now literally dictate the primary 
energy market we serve.

Will the other conglomerates follow the 
lead of the previously discussed corporation 
and their offshoring strategies as well? Time 
will tell, but it certainly makes me think about 
whether my kids and yours will have the same 
opportunities in this industry that has served us 
so well. One thing is for sure: We’ll aggressively 
press on and make it hard for others to 
duplicate what we offer. We’re not done yet! CTE

OFFSHORING AGAIN
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Machine Technology
staying sharp

By Markus Stolmar, 
United Grinding North America Inc.

Companies that make cylindrical 
cutting tools from PCD and other 
materials face two key challenges: 
meeting the surging demand for 
PCD tools while retaining the ability 
to produce HSS, carbide, ceramic 
and cermet tools. 

Being superhard, PCD cutting 
tools provide long tool life when 
machining abrasive, gummy mate-
rials, such as composites and alumi-
num alloys. The use of PCD tools is 
expanding as aerospace manufac-

turers seek to improve fuel econ-
omy by increasing the proportion of 
lightweight composite and alumi-
num parts in new aircraft.

Also in pursuit of lighter, more 

fuel-efficient vehicles, the automo-
tive industry is machining more 
composite and aluminum work-
pieces. The extended tool life and 
clean cutting action provided by 

OVERCOMING MATERIAL CHALLENGES
Diamond-Plus, 
Walter’s tool erosion 
software, enables 
an optimal erosion 
process independent 
of disturbances, such 
as differences in 
material, electrode 
shape or tool profile, 
according to the 
company.

United Grinding North America 
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PCD tools for these materials out-
weigh their higher costs. 

Toolmakers are producing PCD 
tools with complex cutting edge ge-
ometries to efficiently cut these ad-
vanced workpiece materials. How-
ever, creating those geometries in 
PCD is the real challenge.

Grinding PCD with diamond 
wheels presents the conundrum of 
grinding diamond with diamond, and 
it requires careful management of 
cutting parameters and close atten-
tion to wheel wear. An alternative to 
grinding is the noncontact EDM pro-
cess. Wire and sinker EDMs can erode 
PCD, but there are restrictions on the 
tool features either can produce.

A wire EDM can produce the OD 
geometry of a PCD tool, for exam-
ple, but forming some geometric 
details may not be possible be-
cause of the continuous nature of 
the wire. Similarly, the ability of a 
sinker EDM to follow a helical con-
tour is limited. Both types of EDMs 
tend to be dedicated equipment 
without any grinding capabilities.

To grind the full array of tool mate-
rials, Walter developed the Helitronic 
Diamond Evolution grinding and 
erosion machine. This two-in-one 
machine grinds features of rotation-
ally symmetrical carbide, HSS, cer-
met and ceramic tools while being 
able to erode PCD and PCBN tools 
with a rotary-disc EDM electrode.

The electrode rotates on one 
end of the machine’s two-sided car-

tridge spindle and produces tool 
features in the same manner as a 
grinding wheel. The compact ma-
chine has a 2,100mm × 3,100mm 
(6.9'×10.2') footprint.

Engineered for shops processing 
small to medium tools, the machine 
facilitates production or resharp-
ening of tools from 1mm (0.04") 
to 165mm (6.5") in diameter, up to 
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About the Author
Markus Stolmar is vice president 
of tool and measurement at 
United Grinding North America 
Inc., Miamisburg, Ohio. For 
more information about the 
company’s grinding machines, 
call (937) 859-1975 or visit www.
grinding.com.



28   OCTOBER 2015              

Machine Technology
staying sharp

185mm (7.3") long and weighing up 
to 30 kg (66.1 lbs.).  

If grinding conventional tool 
materials becomes a priority, shops 
can replace the rotary electrode with 
a second grinding wheel set. When 
erosion work returns, the rotary elec-
trode can be quickly refitted. 

The same fluid is applied for both 
processes. Walter research deter-
mined that dielectric, which is nec-
essary for EDMing, performs quite 
well as grinding coolant. 

The dual-process nature of the 
machine also simplifies program-
ming. Because the rotary EDM elec-
trode disc produces tool features 
in the same manner as a grinding 
wheel, the software to control the 
electrode’s motion is similar to that 

used for grinding. Some operator 
training is necessary, however, be-
cause setting up the erosion process 
requires entry of information differ-
ent than that typical of grinding.

Diamond-Plus, the most recent 
generation of tool erosion software 
from Walter, employs a new vari-
able-acceleration factor that con-
tinually optimizes the erosion pro-
cess to compensate for differences 
in material, electrode shape, stock 
removal and tool profile. 

In the past, it was always neces-
sary to finish-grind PCD tools, but 
now, many applications require only 
finish eroding. And Walter’s Super-
fine finish erosion technology limits 
cutting edge chipping to 5µm.

Automation can enhance the pro-

ductivity of the erosion process, 
and robot loaders and extensions 
for cylindrical and HSK tools are 
available as options. Untended or 
semitended operation is an impor-
tant factor when employing the ero-
sion process, which usually is more 
time-consuming than conventional 
grinding. In addition, automation 
permits loading a series of tools 
and utilizing on-machine probing to 
monitor the operation, freeing op-
erators to tend multiple machines.

As OEMs incorporate more 
weight-reducing composites and 
exotic materials, the demand for 
PCD tools to machine them will 
continue to grow, placing more 
pressure on cutting tool manufac-
turers to deliver. CTE
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CONSTANT CHIP LOAD MACHINING
By Steve Kidd, 
Cimtech

Most people’s eyes glaze over 
at the mere mention of radial chip 
thinning (RCT), but it is important. 
Essentially, when machining at 
step-overs of 50 percent or less, 
everything most of us over 30 have 
been taught about CNC machining 
parameters goes out the window.

Decreasing the step-over can be 
effective because it:

■ reduces stresses on the tool, the 
part and the machine;

■ allows up to the entire flute 
length of an endmill to be used for 
full depth cutting;

■ requires cutting at a higher metal-
removal rate to effectively evacuate 
chips and, therefore, heat; and

■ substantially reduces tool wear 
and associated costs as a result.

To use RCT effectively, all you 
need is a good machine, good 
CAM software, appropriate carbide 
cutting tools and a basic knowledge 
of the appropriate settings for a 
given machine, workpiece material 
and cutting tool combination. You 
can vary the feeds, speeds and tool 
engagement as much as you want, 
as long as you keep the toolmakers’ 
recommended chip load constant. 
The benefits of constant chip load 
machining are far greater than the 
sum of the individual cost benefits. 

Five Axis Industries, Seattle, is a 
job shop that specializes in complex, 
multiple-axis machining of titanium, 
Inconel and the hardest grades of 
stainless steel. The company started 
as a hobby shop for the owner to 
produce advanced propellers for 
his race boat, but soon racing-boat 

enthusiasts throughout the world 
were buying them. The expertise 
gained in adapting 5-axis machining 
to making propellers led to 
additional opportunities for making 
geometrically complex parts for 
aerospace and other industries.

In 2013, the company retained 
Jason Koger as a programming 
consultant. His mission was to 
use his extensive experience with 
Mastercam CAM software from 
CNC Software Inc., Tolland, Conn., 

to devise efficient machining 
strategies that would reduce costs 
and enhance competitiveness.

An early project he worked 
on was a difficult part that was 
consuming 8 hours of machining 
time and leaving a trail of broken 
cutters in its wake. Koger was 
familiar with Mastercam’s Dynamic 
Motion technology, a version of 
constant chip load machining, and 
he applied it to the job.

 “The goal was to make these 
parts as fast as possible without 
breaking a cutter,” said Erik Ellstrom, 
president. “The machine cycle was 
reduced to a little over 3 hours and 
there were no broken cutters.” 

Today, Five Axis Industries applies 
this roughing strategy at every 
possible opportunity.

 “We were spending up to 
$150,000 a month on cutters a 
couple years ago,” Ellstrom said. 

CNC Software

High-speed machining using Mastercam’s Dynamic Motion Technology is shown here in 
combination with the advanced tabs fixturing for fast transitions between top and bottom 
side machining. This allowed Five Axis Industries to improve in its metal-removal rates by 
up to 70 percent.

About the Author
Steve Kidd is president of 
Cimtech Inc., Algona, Wash. 
He founded Cimtech in 1986 
as a consulting engineering 
company and is CNC Software’s 
Mastercam reseller for the 
Pacifi c Northwest. For more 
information, call (253) 333-0126 
or visit www.multiaxis.com.
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“Using Dynamic Motion to change 
our machining strategies, we have 
brought those costs down to $35,000 
in June of 2015. Even though we 
are doing much higher volumes of 

work, during the past 12 months we 
have reduced overall cutter costs by 
more than 75 percent.”

Part of the cutter cost reduction 
is because of slower tool wear. 

For roughing, Five Axis Industries 
typically applies endmills with 
minimal step-overs and the DOC 
can be up to the full flute length. 
This spreads the wear over more 
surface area, so a tool lasts up to 
four times longer.

Because Dynamic Motion 
reduces lateral cutting stresses, the 
shop can reduce the size of the tool 
required for any given operation. 
“A ½" carbide endmill might cost 
$60, but if you jump to ¾", the 
tool takes an exponential leap to 
$140,” Ellstrom said. “So by using 
the high-speed Dynamic Motion 
toolpath, we can get away with a 
smaller cutter that would have the 
same life, but is nearly 60 percent 
less expensive.”

Smaller cutters also impart finer 
surface finishes. Five Axis Industries 
takes advantage of this as often as 
possible to rough and finish with the 
same tool. Ellstrom said, “We were 
setting up 30 tools to do a typical 
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Five Axis Industries

Five Axis Industries has improved mrr by 
about 60 to 70 percent on a part like this by 
incorporating Mastercam’s Dynamic Motion 
technology, which enables cutting with 
full-flute engagement at high speeds and a 
constant chip load.
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job and are now setting up about 
20.” This reduces setup times by 
about 1 hour and eliminates about 
20 tool changes, saving 15 seconds 
for each change.

Although reducing tool costs was 
its primary objective, the company 
soon learned that Dynamic Motion 
toolpaths also improved the mrr. 
He estimated that using Dynamic 
Motion for roughing and applying 
the same tool for finishing cut run 
times by 60 to 70 percent.

“Based on the material we are 
running and the cutter specs, we 
know what the max chip load is, so 
we will run as fast as the carbide 
tool will allow us and vary the 
engagement to keep the chip load 
constant,” Ellstrom said. “With 
titanium, we’ll run 425 sfm with a 
0.0067" chip, using a 5-flute endmill. 
With this approach, a 2-hour job can 
easily become a 40-minute job.”

Five Axis Industries maximizes its 
spindle hours by running equipment 

unattended through the evening 
hours when it can at the same 
parameters it does during the day. 
The toolpaths based on Dynamic 
Motion technology are so reliable 

that there is little concern that a 
broken tool will interrupt lights-out 
production. “If a tool breaks, then 
we did something wrong, not the 
software,” Ellstrom said. CTE
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LEAN DRIVES MODULARITY
By Christopher Tate

Lean manufacturing principles 
have changed the way engineers 
program machine tools and select 
tooling. Batch processing of parts, 
piles of work in process and dedi-
cated fixtures are quickly becom-
ing extinct as companies realize the 
cost advantages of being lean.

In the not-so-distant past, for ex-
ample, it was common to build ded-
icated fixtures for machining a part. 
Often, a part required multiple fix-
tures to hold it in various orienta-
tions. Having multiple dedicated 
fixtures for a part increases the de-
velopment cost and lead time, and 
dedicated fixtures often go unused 
or get scrapped when a job be-
comes obsolete. 

Companies that eliminate the 
waste associated with dedicated 
fixtures have a competitive advan-
tage in the marketplace. Many com-
panies that embrace lean principles 
have eliminated dedicated fixtures 
and switched to modular ones.

Modular fixtures are constructed 
from a standard set of components 
that are interchangeable. Often 
these products are provided in kits 
of various sizes, which can be ex-
panded by adding components as 
needed. The components are com-
bined to make a fixture for one part 
and then disassembled and reas-
sembled in different configurations 
for other parts. 

There are several benefits associ-
ated with modular fixturing, such as 
reducing the lead time to develop 
a new part. At the company where 
I work, Mitsubishi, the delivery of a 
new assembly fixture can take 12 to 

14 weeks after the vendor receives 
the order. CAD programming and 
sourcing activities prior to placing 
the order can add another 12 to 14 
weeks, which means it takes 6 to 7 
months to complete a dedicated 
fixture and get it to the machine. 
Modular fixturing can reduce these 

times to days, generating huge cost 
savings. A short lead time for fixtur-
ing can also be a game changer 
when trying to win new work.

Even well-designed dedicated 
fixtures can require rework and ad-
justment during process devel-
opment, whereas adjustments to 
modular fixtures are quick and often 
achieved by simply replacing com-
ponents. 

Experimenting with modular 
components allows a tool designer 
to prove out a new fixture concept 
before building a dedicated fixture, 

when justified. This process will lead 
to a more robust design, thereby 
reducing the risk of reworking a 
dedicated fixture and saving money 
because one-of-a-kind components 
used to build custom fixtures typi-
cally cost more than modular com-
ponents. Modular components 

are standard items made in larger 
quantities, which yield the benefits 
associated with economies of scale. 
In addition, because they are stock 
items, it may not be necessary to 
keep an inventory of modular com-
ponents, thereby reducing mainte-
nance and inventory costs.

Having dedicated fixtures made 
from modular components also 
eliminates obsolescence, because 
the components can be disassem-
bled and recycled to build other 
fixtures. Modular components also 
retain some resale value and can 

BIG Kaiser Precision Tooling 

Unilock 5-axis riser chucks from BIG Kaiser Precision Tooling Inc. come in many different 
lengths and are available on base plates and as stacking modules to elevate a workpiece off 
the table for clearance or reach issues during multiple-axis machining.
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be liquidated through online auc-
tions and used equipment deal-
ers. Custom components rarely—if 
ever—have any market value, which 
means they hit the scrap bin when 
the job goes away.

Reduction in the amount of stor-
age space needed to house fixtures 
is another benefit. Modular fixtures 
reduce the number of fixtures that 
must be stored and, in many cases, 
can be kept in a small tool box at 
the point of use. This frees shop 
space for value-added activities 
rather than storage. 

Remember, it is not the modular 
components that bring value, it is 
the concepts and philosophies as-
sociated with modularity where the 
value is gained. Investing in those 

components may be difficult for 
some small shops. However, it is 
possible to adopt the concepts of 
modular fixtures by standardizing 
fixture designs, utilizing common 
hardware and avoiding part-specific 
fixture components where possible. 
Soft vise jaws and soft chuck jaws are 
examples of inexpensive modular 

components utilized by many shops.
Creativity and ingenuity play an 

important role in the use and de-
velopment of modular concepts. 
One of the more creative ideas to 
achieve modularity used standard 
CAT 50 toolholders to fixture aero-
space parts in a 5-axis horizontal 
machining center. A perfect off-the-
shelf solution may not exist for a 
job, so think outside the box.

Modular fixtures can bring signifi-
cant efficiency gains and cost reduc-
tions to any shop by eliminating the 
waste associated with the storage 
and management of dedicated fix-
tures. Getting started can be daunt-
ing, but a slow and deliberate move 
to incorporate modularity will pay 
dividends.  CTE

About the Author
Christopher Tate 
is engineering 
manager, 
combustion shop, 
for Mitsubishi 
Hitachi Power 
Systems Americas, Savannah 
(Ga.) Machinery Works. Email: 
chris23tate@gmail.com.
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INTRO TO CNC TRADE SECRETS
By James A. Harvey

I’m spoiled. With few excep-
tions, I machine everything I can 
on CNC machines. In most cases, 
jobs are less labor-intensive, less 
prone to error and are completed 
faster than when using manual, or 
conventional, machines. With the 
user-friendly CNC technology avail-
able today, even making one or 
two simple parts is often easier and 
more efficient.

This doesn’t mean the end of 
manual machining is near. There 
are certain tasks you can do with 
conventional machines that CNC 
machines are just not good at, such 
as “blending.” CNC machines can’t 
blend flawed features very well, sim-
ply because they don’t have “eyes.” 
They run on numbers. Many jobs 
that come through the door don’t 
have any documentation, any exact 
numbers to work toward.

Often parts than need rework 
are so beat up, worn out or out-
dated that, even if you had a print, 
there’s a good chance the dimen-
sions on the print won’t match the 
part. Maintenance machining and 
mold repair come to mind as jobs 
that often need manual blending of 
some sort.

There are craftsmen in our shop 
who know little about CNC ma-
chining and CNC machinists who 
are not craftsmen. The funny thing 
is that often these people imagine 
the other as having some kind of 
supernatural abilities. The fact is 
little would get accomplished if it 
weren’t for these two groups work-
ing together.

CNC machining involves a com-

bination of machining knowledge, 
controller familiarity and program-
ming expertise.

Machining is the art of removing 
material in the proper sequence, 
selecting and sharpening cutters, 
setting speeds and feeds, measur-
ing and determining how to hold 
the work. The planning and cut-

ting characteristics of manual and 
CNC machining are quite similar 
with the exception that you can 
machine parts a lot faster on CNC 
machines, because they can read 
numbers quickly and move accord-
ingly. They also don’t take coffee 
breaks.

CNC programming, at its core, 
is simply point-to-point program-
ming, which, in turn, obliges the cut-
ter to move from point to point. You 
don’t have to be especially adept 
at doing mental gymnastics to pro-
gram CNC machines, because al-
most all the instructions you give 
the machine are sequential. It’s a lot 
like driving: “Go north 3 miles and 
turn left.”

The practice of starting to learn 

on conventional machines may be 
shifting as CNC machines become 
increasingly more popular, less ex-
pensive and easier to use. If you are 
an experienced manual machin-
ist, you’ll have the advantage of 
being able to concentrate your ef-
forts on learning the controller and 
how to program. It isn’t essential 

to have experience on manual ma-
chines to learn CNC machining, but 
someone with a strong, manual ma-
chining background will likely have 
an easier time getting good parts 
consistently.

To the untrained eye, CNC ma-
chines may look complicated. They 
did to me at first, and I couldn’t 
imagine how anybody could ma-
chine parts simply by pressing but-
tons on a control panel.

When I signed up for a CNC pro-
gramming course years ago, I asked 
the instructor how long he thought 
the average person would need to 
set up and operate a CNC machine. 
His answer—“a couple of days”—
surprised me. In my ignorance, I fig-
ured it would take at least a couple 

The planning 
and cutting 
characteristics of 
manual and CNC 
machining are 
quite similar, with 
the exception that 
you can machine 
parts a lot faster 
on a CNC machine, 
such as this Haas 
DT-1 drill/tap 
center.

Haas Automation
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months of intense training, but the 
instructor was correct.

The other day while running a 
job on a CNC mill, I took some 
time to look over the list of G codes 
posted on the control. To my sur-
prise, I wasn’t familiar with a lot of 
them. I have literally programmed 
and run thousands of different parts 
through these machines. “How can 
that be?” I asked myself. The only 
logical conclusion was you don’t 
have to know “everything there is 
to know” to make parts on these 
machines. 

What I strive for and demand of 
myself is being able to accomplish 
whatever machining job comes 
through the door. If I don’t know 

some aspect of doing a job, such as 
thread milling, I’ll learn it. 

I have always preferred learning 
something new by doing a project. 
That way I immediately start to sep-
arate what is important from what 
is not.

The CNC machines and controllers 

I’ll discuss in this column are primarily 
from Haas Automation Inc., because 
that is what we use in our shop. Al-
though the setup and programming 
procedures are specifically for Haas 
machines, they will likely be useful in 
a generic sense for CNC machines 
from other builders. CTE

About the Author
James A. Harvey is a machinist and plastic moldmaker who 
has worked in shops across the U.S. for nearly 40 years. 
Harvey’s column is adapted from information in his book 
“CNC Trade Secrets: A Guide to CNC Machine Shop 
Practices,” published by Industrial Press Inc., South Norwalk, 
Conn. The publisher can be reached by calling (888) 
528-7852 or visiting www.industrialpress.com. By indicating the code 
CTE20OFF when ordering, CTE readers will receive a 20 percent discount 
off the book’s list price of $29.95.
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If you’re a degreed 
engineer or programmer, 
stop reading. 

This column is for those who have 
aspirations of being an engineer or 
programmer who do not have a college 
degree. Those without a degree probably 
have a tougher time, because they have more 
to prove than their degreed colleagues. 

Let’s first look at some job requirements 
that a manufacturer might post when 
seeking a manufacturing, process or 
industrial engineer: a bachelor’s degree in 
manufacturing or industrial engineering, 
demonstrated knowledge of machining, 
ability to read blueprints and shop drawings, 
strong written and verbal communication 
skills, computer literacy, CAD/CAM 
experience, attention to detail and accuracy, 
and the ability to manage, prioritize and 
balance multiple tasks while working in a fast-
paced, dynamic environment. 

Many of the requirements are necessary. 
How else can someone be a manufacturing, 
process or industrial engineer without 
knowledge of machining and the ability to 
read blueprints? Strong written and verbal 
communication skills? Of course. And how 
can an engineer function without being 
computer literate in this day and age? 
Highly organized with attention to detail and 
accuracy? Perhaps it’s OK at some companies 
to ship parts without the required surface 
finishes or with incorrectly sized O-ring 
grooves, but I don’t think so. As anyone 
who has worked for a manufacturer or job 
shop knows, it is a given that workers must 
manage, prioritize and balance multiple 
tasks and work in a fast-paced, dynamic 
environment. 

However, what does the first listed 
requirement really have to do with these 
positions? Is a degreed person any better 

at performing the job than an individual 
without a degree? I’ve also seen preferences 
for MBAs. Why? Are we just breeding more 
managers who are strictly interested in the 
bottom line rather than the production of 
high-quality parts at a fast cycle time? 

Sure, a degree shows someone has 
dedication. Nonetheless, the individuals 
without a degree show dedication to 
manufacturing by being in the business for 
10, 15, 20 or more years, going through the 
blood, sweat and tears of our industry, and 
knowing products and processes intimately. 
So what if they didn’t study humanities or 
know the philosophies of dozens of dead 
people.

Based on my experience, the people in 
charge of hiring don’t feel that experienced 
people with only high school degrees are 
not as educated. I’ll bet more non-degreed, 
experienced individuals can tell the feed 
and speed differences between Inconel and 
stainless steel and tool steel from memory 
than those with degrees. 

It is easy for a hiring manager to add the 
degree requirement for a position. But is 
it really needed? Does a humanities class 
help program a clockwise arc going into a 
counterclockwise one? Will an art class help 
to determine how to reduce cycle time on 
that 3½-minute part to 3 minutes and save 
the company $230,000 over the next 2 years? 
Let’s be realistic. If you’ve earned a degree, 
great. More power to you. But for hiring 
managers, look at what the experienced 
individuals bring to the table. CTE

Michael Deren
Manufacturing engineer/project 
manager and a regular CTE 
contributor 
mderen1@wi.rr.com
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BETTER TO HAVE A DEGREE?
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Medieval soldiers did it to strengthen their 
armor, Civil War engineers did it to improve 
gun and cannon barrels, railroad men did it to 
locomotive axles before they rolled into the 
untamed West and Henry Ford did it to en-
hance parts bound for his new invention, the 
assembly line. More recently, aircraft manu-

facturers began doing it 
to virtually every square 
inch of their metal wares 

before sending them skyward.
What shared action connects these war-

riors, inventors and manufacturers? The cold 
working of metal workpieces.

All Stressed Out
Cold working is the plastic deformation of 

metal, a process that takes place below the 
material’s recrystallization point (i.e., at room 
temperature) to improve strength and hard-
ness while reducing ductility. Shot peening is a 
common type of cold working. It is done by di-
recting balls, or shot, at a workpiece at speeds 
faster than a Top Fuel dragster crossing the 
finish line. The result is a series of overlapping 
dimples on the part surface, which induce re-
sidual compressive stresses in the metal. 

Repeatedly striking metal surfaces in this 
manner enhances fatigue resistance, reduc-
ing the chance of cracking or stress corrosion 
in parts such as turbine discs, springs, gears, 

STRESS RELIEFSTRESS RELIEFSTRESS RELIEFSTRESS RELIEFSTRESS RELIEFSTRESS RELIEF
Shot peening is a cost-
effective way to make 
metal products stronger 
and more dependable.

  Cover Story

About the Author
Kip Hanson is contributing 
editor for CTE. Contact 
him at (520) 548-7328 or 
khanson@jwr.com.
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When traditional shot peening doesn’t fulfill the needs of the job, 
manufacturers turn to laser peening. 

Dr. David Sokol, director of research at LSP Technologies Inc., Dublin, 
Ohio, said the technology uses a high-energy, pulsed laser beam to 
produce a compressive shock wave, which introduces plastic strain into a 
metal surface. This produces compressive residual stresses up to 5.0mm 
(0.197") deep, depending on the material and processing conditions.

Just like mechanical peening, laser peening increases fatigue life and 
strength in parts. The difference is depth. According to Sokol, shot peening 
penetration is limited to less than 0.025" (0.6 mm), whereas laser peening 
penetrates up to 10 times that amount, so it can be used in part locations 
where shot peening does not sufficiently relieve residual stresses to meet 
fatigue requirements. And because laser peening doesn’t rely on flying 
balls to do its work, it’s more accurate and repeatable and can often be 

applied to specific areas of a workpiece without the need for a mask. The 
process involves application of Nd:glass, YAG (yttrium aluminum garnet) or 
YLF (yttrium lithium fluoride) laser-emitting pulses 10 to 30 nanoseconds 
in length, with energy levels up to 50 joules—producing pressures up to 
roughly 1 million lbs./sq. in.—focused on a spot no larger than the diameter 
of a pencil. “LSP Techologies Inc. is working toward reducing the cost of 
laser peening by employing diode-pumped lasers that can operate at 
repetition rates up to 60 Hz,” Sokol said.

While a laser peens harder and faster than a steel ball can ever hope 
to, it does not heat the metal. For this reason, laser peened parts are 
strengthened without the cold working associated with shot peening, 
allowing parts to operate in high-temperature environments without risk of 
degradation. 

Curtiss-Wright’s Dave Breuer said laser peening prevents fretting 

Workpiece Workpiece

Pressure Wave

High-Pressure 
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Inertial Tamping
Layer (water)

Ablative Layer
(paint or tape)

Inertial Tamping
Layer (water)

Ablative Layer
(paint or tape)

Laser Beam
λ ∼ 1µm

25 J, 25 ns

Peening deep

Curtiss-Wright

Laser peening is used in areas that shot peening cannot reach or where the depth 
of mechanically generated dimples is insufficient to achieve the desired results. 

Wheelabrator Group 
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engine parts, landing gear and air-
craft wheels. 

Dave Breuer, director of North 
American sales for surface tech-
nologies specialist Curtiss-Wright 
Corp., Paramus, N.J., said his cus-
tomers have the company shot-
peen everything from 
8,000-lb. shafts used in 
mining equipment to 
the tiny gears that drive 
electric power tools. 

Breuer added that 
shot peening is per-
formed on such a wide 
range of components 
that the company must 
stock dozens of differ-
ent media, from balls 
the size of sand grains 
to shot large enough 
to fill the barrel of a BB 
gun. In addition to steel, 
shot is made of ceramic, 
glass and stainless steel, 
and ranges in cost from 
a few hundred to a thou-
sand dollars or more per 
ton. Much of this media 
can be used repeatedly, 
although friable shot, 
such as glass and ce-
ramic, typically breaks 
down far more quickly 
when subjected to the 
cruel pounding that oc-
curs when shot peening. 

Shot must be harder 
than the material being peened. 
Hitting a cast iron cylinder head 

fatigue and foreign-object damage better than shot peening. 
“Think about the blades on a jet engine,” he said. “They’re 
prone to damage from rocks and other kinds of debris that can 
chip or ding those blades. In critical areas like this, you need a 
compressive layer that is deeper than the nick or the ding.”

Breuer said 90 percent of fatigue application problems 
can be solved with shot peening, which has been in use for 

nearly 50 years and is a well-controlled process that’s relatively 
inexpensive. But for the other 10 percent of parts, laser peening 
makes a huge difference. “You look at laser peening where shot 
peening doesn’t work. It’s expensive—maybe 10 times the cost 
of shot peening—so isn’t going to be used on a transmission 
gear that can be peened for a few bucks. But for folks who make 
critical rotating parts, such as jet engines or power generating 
turbines, where a thrown fan blade can make for a real bad day, 
spending the extra money makes sense.”

—K. Hanson

Peening deep

Stress Relief    
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with annealed steel shot, for exam-
ple, would be like shooting marsh-
mallows at a concrete wall. In this 
case, hardened steel media would 
be more effective. Softer materials, 
such as aluminum, would likely be 
peened with stainless steel or ce-
ramic balls, depending on the ap-
plication.   

Lifting the Lid
While shot peening media is fairly 

inexpensive, the equipment isn’t. 
A manual, air-powered shot blast 
cabinet suitable for a small machine 
shop might sell for a few thousand 
dollars. But such lightweight equip-
ment is geared more towards clean-
ing and scale removal and would al-
most certainly fail to meet the qual-
ity requirements of aerospace or 

medical customers. Anyone seri-
ous about shot peening might eas-
ily spend $100,000 for one machine, 
or millions for a large, automated 
system. 

Dan Dickey, owner of equip-
ment provider Innovative Peening 
Systems, Norcross, Ga., said shot 
peening has evolved substantially 
over the past 20 years. “It used to 

be a matter of throwing a whole 
bunch of balls at the part in hopes 
that you strike it in all areas; the 
technology available today is much 
more motion-controlled. You de-
cide where on the part you want 
to hit, then program that into the 
machine, and the nozzle directs 
the balls at the exact spot desired. 
You can strike it quick and be done 
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The move from carpet bombing 
to sniper shots makes shot peening 
far more cost-effective than in gen-
erations past. CNCs and robotic 
part handling reduce air and power 
consumption while greatly increas-
ing throughput. “Shot peening is a 

complex process that requires pre-
cise shot delivery to be efficient,” 
Dickey said. “That’s because every 
part is different, with its own unique 
curves and features. This can have 
a dramatic effect on shot inten-
sity and change the angle at which 
the shot strikes. If you’re hitting at 
a flat angle, for example, the shot 
just skips off and there’s not much 

of a dent, as opposed to hitting it 
at 90°, which is the best angle for 
penetration. So it’s important to al-
ways follow the contour of the part 
while keeping the nozzle perpen-
dicular, adjusting the speed as you 
move into and out of internal cor-
ners. That’s the key to successful 
shot peening.”

Dickey said the lion’s share of his 
equipment is automated and typi-
cally has one 4-axis shot nozzle and 
2-axis control of the workpiece. De-
spite having six axes to contend 
with, programming requires little 
more than driving the part and noz-
zle through the desired motions 
with the machine in teach mode, 
then allowing the CNC to repeat 
the pattern. After that, being suc-
cessful with shot peening is largely 
a matter of monitoring media flow 
and air pressure. 

Not all shot peening systems 
need air to propel their payload. 
Rose Hill, Kan.-based equipment 
manufacturer Viking Blast &  Wash 
Systems builds machines that send 
shot flying via a spinning wheel. 
“Our equipment has an impeller 
mounted to a wheel that’s driven 
by an electric motor,” said Mar-
tin Freund, Viking’s sales and cus-
tomer service manager. “Media is 
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released near the center of the wheel, which is then 
distributed across the individual blades and projected 
towards the workpiece.” For example, a 15" (381mm) 
wheel spinning at 3,450 rpm  propels media at about 
285' (86.9m) a second. However, a control gauge can 
be used to advance or retard the rate of the wheel’s ro-
tation, making the blast pattern and velocity tunable, 
he added.

Round and Round
When comparing wheel to air-driven machines, 

there are pros and cons to each. One advantage air 
has over its mechanical counterpart is velocity, and in 
some cases achieves roughly twice the shot speed as 
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An operator performs a setup via teach mode on a CNC shot peening 
machine.
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Aircraft wings are formed components made by a combined process 
involving saturation peening and peen forming. 
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Running a successful machine shop takes 
more than having advanced machine tools, 
high-performance cutting tools and machin-
ists that boost productivity. A manufacturer of 
precision metal parts might also need a stra-
tegic partner that has the network, expertise 
and—last but not least—capital to penetrate 
new markets, overcome capacity constraints 
and make investments to help the business 
grow. 

Technicut Tool Inc. is one example of a ma-
chine shop that followed this path. The Wind-
sor, Ontario-based company employs 80 
people and specializes in machining com-
plex, precision parts for the oil and gas in-
dustry, as well as for aerospace customers, at 

its 44,000-sq.-ft. manufacturing facility. CEO 
Dino Civiero explained that his partner was 
looking to retire while he wanted to remain 
and grow the business. “I was looking for 
somebody who has the capital and connec-
tions to help us do that.”

He turned to Capital Assist (Valuation) Inc., 
a Windsor-based capital advisory firm, and 
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NewPoint Capital Partners Inc., a 
Toronto-based investment banking 
firm, to serve as financial advisers. 
Capital Assist President Federica 
Nazzani said the process for secur-
ing a financial investor begins by ex-
amining an organization’s structure, 

products and management team 
while looking at the customers and 
industries it serves, as well as the 
direction, opportunities and chal-
lenges that exist for the company. 
From there, an adviser prepares a 
document called a confidential in-
vestment memorandum, which is 
provided to potential investors as 
they start to evaluate opportuni-

ties, and determine its interest in 
investing.

“We work closely with manage-
ment to assess future growth pro-
jections,” Nazzani said. “We then 
look at potential sources of capital 
required to meet that growth.”

Enter the Equity Fund
After shortlisting those sources, 

Nazzani noted White Wolf Capital 
LLC, Miami, was ultimately selected 
as the most appropriate partner for 

Technicut. “They have tremendous 
depth in terms of their technical 
and financial expertise, as well as 
their knowledge of the U.S. market, 
a key target market for Technicut,” 
Nazzani said.

“From a growth standpoint, they 
seem to be the best fit,” Civiero 
added, noting White Wolf is aligned 
with manufacturers that machine 
similar types of parts. “They have a 
lot of connections in the oil and gas 
industry.”

Civiero said he was also attracted 
to White Wolf’s focus on long-term 
investing with a strategy that keeps 
the administration of a machine 
shop intact. “They are looking for 
companies with a strong manage-
ment team, which is what we have. 
It’s pretty much business as usual 
for us.” 

Partnering for Growth

‘[White Wolf is] looking 
for companies with a 
strong management 
team, which is what 
we have. It’s pretty 
much business as 
usual for us.’ 

Dino Civiero, 
CEO of Technicut Tool 
Inc.
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Elie Azar, managing director for 
White Wolf, noted the equity firm 
focuses on lower- to mid-market 
companies with revenues up to 
$100 million and EBITDA (earnings 
before interest, taxes, depreciation 
and amortization) up to $10 mil-
lion. White Wolf typically looks to 
acquire 60 to 75 percent of those 
companies. “We are only interested 
in situations where we can part-
ner with an existing team,” he said. 
“We look for situations where the 
management team has grown the 
company to maybe $15 million to 
$30 million in revenue and are look-
ing to take it to the next level, take 
some chips off the table and take 
a second bite of the apple—hope-
fully, a much larger apple—5 to 7 
years down the road.”

As a partner, an equity firm isn’t 
going to recommend what cutting 
tool to apply when deep-hole drill-
ing or the speeds and feeds for 
roughing a block of Inconel, but 
rather it helps in areas such as busi-
ness development, financing and 
mergers and acquisitions. “Maybe 
the business needs a CFO, mak-
ing investments in strategic IT like 
ERP (enterprise resource planning) 
or CRM (customer relationship 
management),” Azar said. “A lot 

of times these growing companies 
have been financed by the owner, 
so they typically are more conser-
vative. We see an opportunity to 
seek out strategic acquisitions for 
the company, expanding lines of 
credit and investing working capital 
to help grow the business.”

That conservative nature can trans-
late to owners not wanting to accept 

100 percent of the risk when growing 
a manufacturing operation. “So they 
take on an investor to help share the 
risk,” Nazzani said. “That could be 
a reflection of age or just their own 
internal resources and what they 
are prepared to continually invest. 
In the case of Technicut, it’s not just 
about providing money to help them 
grow, but they are really looking for  
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expertise and network.”
Because many founders of private 

equity groups have an industrial
 background, their personal rela-
tionships can be quite valuable 
when targeting new markets, ac-
cording to Nazzani.

Although diversifying a manu-
facturer’s customer base usually 
involves serving industries it had 
not previously, that’s not always 
the case. “There is an incredible 
amount of promise in the oil and 
gas industry, and just diversifying in 
that industry alone is huge,” Tech-
nicut’s Civiero said, adding that the 
company plans to target other in-
dustries as well.

Consolidation Crunch
Strategic investors often seek to 

consolidate companies in a highly 

fragmented marketplace, and, with 
at least 20,000-plus machine shops 
in the U.S., precision parts manu-
facturing certainly qualifies, noted 
Elijah Crotzer, president and CEO 

of ARCH Global Precision, Livonia, 
Mich. The company was formed in 
2011 with the goal to acquire manu-
facturers that specialize in produc-
ing machined components and cut-
ting tools.

He explained that large consum-
ers of parts, such as numerous For-
tune 500 companies, want to dra-
matically reduce their supply base. 
Therefore, a parts manufacturer be-
comes a more attractive supplier 
by acquiring additional machining 
capabilities. “We have different ca-
pabilities, from Swiss-style screw 
machining of very small parts all 
the way to machining castings and 
forgings that weigh several thou-
sand pounds—and everything in 
between,” Crotzer said. “We be-
come a one-stop shop for our cus-
tomer base.”

Nazzani concurred that it’s an op-
timal time to consolidate within the 
parts manufacturing sector. This is 

Partnering for Growth ‘You suddenly are 
introducing two 
strangers and telling 
them that if this deal 
goes through, they 
are now going to be 
partners and aligned 
to grow this business 
together.’

Federica Nazzani,
president of Capital 
Assist (Valuation) Inc.
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because, depending on the indus-
tries they serve, machine shops are 
seeing increased business activity 
and face several constraints when 
increasing capacity. These include 
financial constraints to growth, such 
as physical, where a facility doesn’t 
have the space to deploy additional 
machine tools, people, where even 
if a facility has the space for new 
equipment it’s challenged to find a 
skilled person to operate it, and ex-
pertise, because besides machin-
ists, qualified production manag-

ers, manufacturing engineers and 
logistics personnel are also in lim-
ited supply.

“All of those things are impor-
tant,” she said, “and the ability to 
share those resources through con-
solidation leads to greater econo-
mies of scale and helps with those 
constraints.”

Nonetheless, the consolidation 
of parts manufacturing may be 
more anecdotal than a real trend 
for now. “For whatever reason, a 
lot of private equity has not ven-
tured into this space as much as I 

would have anticipated,” Crotzer 
said. “But I would be surprised if we 
don’t start to see more and more 
folks at private equity firms getting 
into this space.”

Crotzer pointed out that ARCH 
Global Precision purchases 100 
percent of a company’s equity or 
assets, depending on how the deal 
is structured. Typically with ARCH 

Global, the previous owners remain 
to continue their day-to-day roles 
of running the business, or, when 
owners want to transition out, the 
owners create a second layer of 
management to handle operations. 
“We help with purchasing and ben-
efits and put in a little bit of ac-
counting structure,” he said.

To help ensure that the profitable 
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‘We don’t want all of 
our eggs in one basket. 
We want ARCH Global 
to be a precision 
machining company 
serving as many 
markets as possible, so 
as one industry cycles 
down, another one is 
presumably doing well 
or at least holding its 
own.’

Elijah Crotzer,  
president and CEO of 
ARCH Global Precision
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manufacturers it acquires stay prof-
itable and avoid losing sales to pro-
ducers in low-labor-cost regions, 
Crotzer said ARCH targets compa-
nies that manufacture high-value-
added, difficult-to-machine parts. 
“It’s not commodity stuff.”

In addition to profitability, diversi-
fication is critical. “We don’t want all 
of our eggs in one basket,” Crotzer 
said. “We want ARCH Global to be 
a precision machining company 
serving as many markets as possi-
ble, so as one industry cycles down, 
another one is presumably doing 
well or at least holding its own.”

And after the company makes 
an acquisition, Crotzer empha-
sized that ARCH intends to hold 
onto it while continuing to operate 
the business with its legacy name, 
at least for now. “One of the ways 
we differentiate ourselves is we 
are not the traditional, ruthless pri-
vate equity firm that is just trying to 
squeeze the business for cash and 
leave a disaster,” he said. “We are 
very actively reinvesting in the busi-
nesses and are focused on growth.”

Distress Signal
Some strategic investors are also 

interested in growing companies, 
but start with calamities. One in-
vestment banking firm that special-
izes in this space is Heritage Equity 
Partners, Easton, Md. “We live in a 
small niche in the investment bank-
ing world,” said Managing Director 
Fred Cross. “For the past 27 years, 
we’ve worked with troubled com-
panies, either finding them new 
money, joint venture relationships 
or entirety sales.”

In addition to troubled compa-
nies, Heritage conducts single-as-
set sales, including what once was 
the largest barge crane. “We’ve 
sold just about everything, but the 
common thread is some sort of dis-
tress, either in Chapter 11, having 

financial troubles or experiencing 
partnership disputes,” Cross said.

The majority of owners of trou-
bled companies stay on board, 
frequently as part of the owner-
ship group, unless they caused the 
problems, he noted. The goal is to 
turn the businesses around by elim-
inating the financial distress and 
taking it to the next level.

One manufacturer that recently 
retained Heritage is TT and D Inc., a 
12-employee shop in Tupelo, Miss., 
that makes precision dies and tool-

ing. “There is significant opportu-
nity to not only expand business 
with the company’s existing cus-
tomer base, but also utilize their ex-
cess capacity to make new compo-
nents in any number of different in-
dustries,” Cross stated. “We took 
the project on in late June, and we 
are finalizing documents with a go-
ing-concern buyer now in August. 
These project don’t need a great 
deal of time to reach a positive out-
come for all those involved.”

Some projects, however, require 
a resurrection rather than a turn-
around, because the business is 
no longer a going concern. When 
a company has a padlock on its 
door, Cross said Heritage looks for 

a buyer to open the business again 
by hiring personnel and resum-
ing operations. “We’re not scared 
of situations like that. The niche 
we’re in is to try and help people 
who have seemingly gotten too far 
along in the fall, so to speak, and 
then provide a solution that brings 
them back from death’s door.”

Cross added that nearly all of 
its clients come to Heritage via 
hundreds of bankruptcy attorneys 
across the U.S. and the workout 
departments at banks where bad 
loans go. Then, through negotia-
tions with bankers, buyers, sellers 
and company personnel, Heritage 
works to awaken a troubled com-
pany from its nightmare, he said. 
“In many cases, the family’s name is 
in the company’s name, they have 
a staff of 50 to 100 people on the 
floor and they’re like family. We un-
derstand that and want to do right 
by all of those people.”

Regardless of the scenario that 
causes a parts manufacturer to 
seek an investor, having a positive 
chemistry between the buyer and 
seller is critical. “How comfortable 
do each of the parties feel work-
ing together?” Capital Assist’s Naz-
zani asked. “Because you suddenly 
are introducing two strangers and 
telling them that if this deal goes 
through, they are now going to be 
partners and aligned to grow this 
business together.”

ARCH Global Precision’s Crotzer 
added cultural alignment to the 
list of marriage requirements. “We 
have a set of values and beliefs that 
are pretty core to our identity,” he 
said, “and we want people who are 
like-minded and share the same vi-
sion and value system.” 

Those values, for example, in-
clude treating all constituents as 
you would want to be treated, 
being passionate about what you 
do every day and striving to create 
and maintain a workplace that is fun 
and enjoyable. Who wouldn’t buy 
into that? CTE

Partnering for Growth

‘The niche we’re in is 
to try and help people 
who have seemingly 
gotten too far along 
in the fall, so to speak, 
and then provide a 
solution that brings 
them back from death’s 
door.’

Fred Cross, 
managing director, 
Heritage Equity Partners
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  In the market for a rotary table? The check-
list of requirements starts with speed, accu-
racy and rigidity. Will it be used for contour 
machining? Do you need high-speed indexing 
for high-volume parts? What features and ca-
pabilities will help in the short and long term 
within the industries your company serves? 
CTE spoke with multiple rotary table manu-
facturers to discuss market trends, product in-
novations and add-ons that can improve over-
all machine tool performance.           

Machine-Specifi c Requirements 
In addition to a standard rotary table, many 

manufacturers require additional system fea-
tures to meet the special machining require-

ments necessary in production facilities, ac-
cording to Randy Conley, rotary table prod-
uct manager at CNC Engineering Inc., Enfield, 
Conn. “Today’s rotary table customers typi-
cally look for a turnkey package that includes 
an additional axis interface, control options, 
rotary table hardware, installation, training 
and a complete documentation process. We 
also have to offer accessories like workholding 
fixtures, tailstocks, risers and hydraulic power 
units,” he said. 

Off-the-shelf rotary tables are not always 
enough as customers seek equipment made 
specifically for their individual machining 

60   OCTOBER 2015              

Options to consider when 
selecting a custom work-
positioning device. 
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applications and the accessories. 
“For example, the application may 
require an outboard support spin-
dle and a trunnion plate. A subplate 
or riser may be required. These 
parts would all be designed based 
on a particular manufacturing pro-

cess for a particular machine,” Con-
ley said. 

 
Slight Modifi cations

Conley said small improve-
ments through the years have 
been the norm for rotary tables. 
“Most commonly, that has meant 
higher speeds and greater clamp-
ing torque. Many rotary table man-

ufacturers offer worm wheel mod-
els that are able to run at 100 rpm 
or more, within a limited-duty cycle. 
Pneumatic clamping torque is often 
in the range now that could only be 
provided with a hydraulic clamping 
system just a couple of years ago,” 
he added. 

Many manufacturers offer direct-
drive rotary tables that eliminate 
the worm gear (see chart on page 
66). “These tables can offer higher 
speeds than the traditional gear 
drive tables but, depending on the 
application, the drive torque may 
be lower. Furthermore, users may 
find it necessary to retune the ser-
vodrive for different applications to 
maintain optimal performance and 
stability,” Conley added.

“These direct-drive rotary ta-
bles specialize in eliminating back-
lash and can provide a stiff me-
chanical system for highly dynamic 
applications,” said Gregory Kane, 
marketing manager at IntelLiDrives 
Inc., Philadelphia. “Integrated with 
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Many CNC Engineering customers want to use 
old rotary tables on new and old machines, 
according to the company.
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precision bearings and ring encod-
ers, these tables provide high per-
formance for indexing applications 
compared to other mechanical 
transmission rotary systems.”  

Today’s rotary table users seek 
products that are accurate, effi-
cient and easy to use, according to 
Frank Cerrito, general manager at 
Koma Precision Inc., East Windsor, 

Conn. “Our customers are looking 
for automatic fixturing to increase 
production and reduce errors, for 
example. They’re asking for higher 
speeds, higher accuracy and less 
backlash.”

These tables are being pur-
chased for old and new machine 
tools, according to Conley. “Often 
our customers would like to be able 
to use an older rotary table on a 
new machine, as well as an older 

machine. Depending on the control 
vintages, we can often accommo-
date that need,” he added. 

For Your Consideration
Additional considerations play 

a part in choosing the right rotary 
table. This includes everything from 
number of axes, position require-
ments, faceplate size, motor loca-

tion and energy requirements. “A 
customer may need a low-profile 
rotary table that reduces rotor in-
ertia, improves start/stop behav-
ior and enhances velocity control 
compared to conventional rotary 
systems,” Kane said. “This is due to 
the lightweight, direct-drive motor, 
resulting in precise bidirectional 
speed and position control, which 

CNC Engineering

Weiss North America

The Weiss rotary indexing ring has a large 
central opening to allow a customer to 
position all tooling and cables internally.
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is critical for high-speed motion 
contouring.”

Weiss North America Inc. says 
its index tables are sized properly 
so the use of an overload clutch 
is not needed in a jam-up situa-
tion. Overload clutches increase 
the maintenance cost of the table, 
according to John Treter, the Wil-
loughby, Ohio, company’s product 
sales manager. 

“Our tables are also filled with oil 
at the factory and will never need to 
be changed,” Treter said. “Because 
of these two differences, Weiss is a 
maintenance-free solution. We also 
manufacture risers, tool and sta-
tionary plates and machine bases. 
This saves our customers the hassle 
of purchasing multiple components 
from multiple vendors.”

Choosing between an incremen-
tal or absolute encoder will vary 
based on the application. “The 
major advantage of an absolute 
encoder versus an incremental en-
coder is that the absolute encoder 
keeps track of its position at all 
times and provides it as soon power 
is applied,” said IntelLiDrives’ Kane 
said. “This feature is particularly 
useful in applications where the 
equipment has its power turned off 
between uses.” 

The size of the through-hole is 
an additional factor. “A table with 
a large center hole allows [running] 
routing cables and pressure/vac-
uum lines through the aperture, 
placing test objects into the aper-
ture, and inserting work tools and 
installing slip rings,” Kane said.  

Conley believes cable manage-
ment for pallet-changing machines 
is often the most challenging part 

when integrating a rotary table.
“Sometimes there may not be a 

pre-engineered solution for keep-
ing a rotary table connected to 
the control throughout a pallet 
change,” Conley continued. “De-
signing and building a system for a 
particular machine model is often 

On the Table
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CNC Engineering Inc.
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more work than a customer wants 
to take on. CNC Engineering has 
developed several types of cable 
management systems. If we’re deal-
ing with a new model, we typically 
customize one of our existing sys-
tems to adapt it to a new machine 
configuration.”

Weiss North America introduced 
the first rotary indexing ring, which 
features a large central opening. 
“This allows the customer to inter-
nally position all tooling, cables, 
etc. and to work from the inside out, 
saving sought-after floor space,” 
Treter said. “From there, we moved 
to servomechanical, offering an-
other option utilizing the same de-
sign yet incorporating the flexibility 
of servotechnology.” 

Remote diagnostics is another 
area gaining momentum in the in-
dustry, according to Kane. More 
manufacturers are beginning to look 
at monitoring equipment that can 
help prevent production downtime 
and eliminate costly repairs. These 
capabilities can be performed over 
the Ethernet or on mobile devices. 
With the release of Weiss Applica-
tion Software 2 early this year, a re-
mote diagnostic portal for a Weiss 
technician has been added. “This 
helps ensure a quick fix for the cus-
tomer if something were to hap-

pen,” Treter said. “It is very simple 
to email a Weiss technician the pro-
gram parameters to be diagnosed.” 

Quality and Service
The individual needs of each 

user will determine what type of 
services and accessories make the 

most sense. Our experts stressed 
the importance of thinking ahead, 
keeping in mind that the jobs 
currently taking place on the shop 
floor may not be the same jobs 2 
years down the road. Therefore, 
flexibility is the key to long-term 
success.  CTE

On the Table Rotary tables: worm vs. direct drive

Worm wheel/worm spindle system 

Advantages High accuracy Guaranteed mechanical positioning and repeatability accuracy is very 
good. Scale option is available for ultraprecision. Customers have the 
fl exibility to choose according to their accuracy requirements and 
budgets. 

High output torque Tsudakoma’s high-torque-transfer, effi cient worm system and gear 
reduction creates a high output torque from a compact servomotor. 

High clamping 
torque 

Various types of advanced hydraulic and pneumatic clamping 
technologies are available, based on the table model. 

Compact size Thinner body design than a direct-drive motor system. 

Low thermal 
deformation 

Chiller unit is not required for rotary table cooling. 

Maintenance Routine maintenance with easy adjustments. Lower cost for 
replacement parts and labor than a direct-drive motor system when 
repairing a rotary table. 

Low interface costs Only standard interface hardware and software are required. 

Disadvantages Low speed 88.9 rpm maximum. 

Mechanical parts 
wear 

Periodic backlash adjustment may be required based on use and 
accuracy requirement. 

Low fi nishing 
capability 

Lower surface fi nish that a direct-drive motor system can be 
expected because of gear train-reversal error when contouring. 

Direct-drive motor system 

Advantages High accuracy A direct measuring scale feedback system is standard. 

High speed Up to 1,000 rpm. 

Rotation/indexing Various speed options are available based on the direct-drive motor 
selection. Sharp acceleration/reacceleration helps to shorten indexing time. 

Ideal for fi nishing No mechanical reversal error.  Provides excellent surface fi nish when 
contouring. 

No mechanical 
parts wear 

Systems are maintenance free. 

Disadvantages Low output torque A large direct-drive motor is required to handle heavy loads, 
unbalanced loads and heavy-duty machining.

Large size Physical size of the rotary table is larger than a comparable worm 
system rotary table. 

High thermal 
deformation 

Direct-drive motors generate a lot of heat. A chiller unit is required 
based on the application and the accuracy requirement. 

Maintenance Diffi cult to adjust or repair. Crashes can be catastrophic. 

Complex tuning 
and adjusting 

Complex servo tuning and adjustment are required for different 
applications.  Fine tuning is needed for each machining application.

High interface costs Special interface software is required. 

IntelLiDrives

The Planar ServoRing from IntelLiDrives is 
designed to eliminate backlash, friction and 
wear problems associated with worm, gear 
and belt drives.

Koma Precision, which distributes Tsudakama rotary tables, offers a detailed 
comparison chart (www.komaprecision.com) for those interested in some of the 
advantages and disadvantages of a worm wheel vs. a direct-drive system. Here are 
some of the differences that distinguish the rotary tables from one another.

Koma Precision
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As children, we likely all learned the hard 
way that drastic temperature changes cause 
objects to change size—whether it was leav-
ing a soda in the freezer too long to get it cold 
or breaking your turtle’s terrarium by cleaning 
it with hot water after it had been resting on 
the cold ground (sorry, Mom and Dad!). 

However, in the realm of precision measure-
ment, even minute differences in atmospheric 
conditions can have huge impacts—to the 
point that parts manufactured within spec can 
fail inspection and be needlessly reworked or 
even scrapped. 

According to the paper “Coordinate Mea-
suring Machine Accuracy on the Shop Floor: 
The Value of Continuous Thermal Specifica-
tions” by Eric Bennet and Wim Weekers of 

Hexagon Metrology Inc., North Kingston, R.I., 
changes in temperature can cause the scales, 
machine structure and workpieces being 
measured to expand, contract or even distort.

“Though often compensated for in a vari-
ety of ways, these thermally induced changes 
can lead to significant measurement uncer-
tainty, particularly in the context of measure-
ment on the shop floor, where temperature 
can be difficult to control,” they stated. “With 
the ever-continuing trend of moving dimen-
sional inspection from thermally controlled 
metrology labs to the shop floor, understand-
ing how temperature affects CMM accuracy is 
more important than ever before.

“Traditionally, the thermal dependence of a 
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By stabilizing and monitoring 
air temperature, pressure and 
humidity help ensure part 
measurement accuracy. 

About the Author
Evan Jones Thorne 
is assistant editor for 
CTE. Contact him at 
ejonesthorne@jwr.com or 
(847) 714-0182.

Hexagon Metrology
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CMM’s accuracy has been specified 
using broad temperature bands 
centered about 20° C (68° F). For in-
stance, a manufacturer might spec-
ify a hypothetical CMM’s maximum 
permissible error of indication for 
size measurement, MPEE, accord-
ing to ISO 10360-2 over a temper-
ature band of 18° to 22° C (64° to 
72° F) as:

 MPEE (µm)= 3.0 + 3.0 × L ÷ 1,000,
where L is the measurement 

length in millimeters.
“While this is a logical way for 

both the CMM manufacturer and 
the customer to specify the tem-
perature dependence of CMM ac-
curacy for a machine in a lab en-
vironment, the logic falls apart for 
machines installed and used in an 
environment where the tempera-
ture is not well controlled over both 
long and short time scales.

“To avoid these measurement er-
rors, shops must be able to control 
and monitor the atmosphere sur-
rounding the measurement device. 
Typically, this is done using specially 
designed rooms, air sensors and 
software programmed to detect 
fluctuations.” 

So, how can a shop control and 
monitor the atmosphere?

The Room
In a perfect world, measurement 

equipment would be enclosed in a 
controlled bubble, where temper-
ature and humidity remain com-
pletely static at all times. In the 
world we inhabit, however, specially 
constructed measurement rooms 
can approach that ideal. 

“Temperature and humidity con-
trol are the most important design 
criteria, because temperature stabi-
lizes the part piece and the instru-
ments making the measurement,” 
said Doug Cooper, president of 
controlled environment builders 
Precision Environments Inc., West 

Chester, Ohio. “There’s a coeffi-
cient of expansion of the materials, 
and when you have temperature 
fluctuations, materials will expand 
and contract along with them.”

To achieve this, Precision Envi-
ronments constructs custom rooms 
equipped with dedicated heating, 
ventilation and air-conditioning sys-
tems to maintain atmospheric con-
sistency, and special features to 
allow a high air exchange rate at a 
low air velocity. The room, which 
can range from 100 to 9,000 sq. 
ft., with ceiling heights from 9' to 

40', is essentially a box with a roof. 
The plenum—the space between 
the roof and the perforated ceil-
ing—is pressurized by the HVAC 
unit, which forces new air through 
the perforations, while old air is re-
turned through a wall vent close to 
the ground. This high rate of ex-
change ensures atmospheric spec-
ifications are being met, according 
to the company.

BALL BAR - DUMBELL
A very large machine tool manu-

facturer had just installed a giant 

C.M.M. in a newly constructed tem-

perature controlled lab. The brand 

new machine was certifi ed in place by 

the C.M.M. Manufacturer. This ma-

chine tool manufacturer was getting 

some measurements that disturbed 

them. They purchased our 900mm 

Cantilevered Ball Bar on a Way Out 

Ball Bar Support. This 900mm Ball 

Bar was held on the machine table by 

our 36 inch tall, Heavy Duty Stand.   

See:  www.precisionballs.com

They called a week later to com-

plain that there was something very 

wrong with our Ball Bar. They knew 

that the error was in the Ball Bar, be-

cause when they measured it in line 

with any axis, in any position and at 

any elevation it measured exactly 

the same length, but as soon as they 

inclined the Ball Bar at an angle, the 

readings were all over the place. We 

politely informed this customer that 

what they were measuring were the 

squareness errors in the C.M.M.

A simple Ball Bar - Dumbell 

system including the stand starts at 

$855.63. This system provides le-

gal certifi cation according to ANSI 

B89.4.1 or VIM-VAR 260.

Bal-tec Division
Micro Surface Engr., Inc.

1550 E. Slauson Ave

Los Angeles, CA 90011

323-582-7348

866-961-4469

www.precisionballs.com

QLT10084baltec-A.indd   1 11/17/08   3:48:05 PM

Conditioned Air

Carl Zeiss Industrial Metrology

The TEMPAR system by Zeiss utilizes an array 
of sensors (inset) distributed throughout the 
room to accurately measure atmospheric 
conditions.
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“The international standard tem-
perature set point is 20° C,” Cooper 
noted. “State-of-the-art tempera-
ture control for very high measure-
ment accuracy is ±0.01° C, while 
temperature control for standard 
industrial manufacturing is usually 
±1° C. Humidity is also a major con-
cern, as corrosion can occur at over 
50 percent RH (relative humidity), 
so in typical manufacturing envi-
ronments, specifications are 45 per-
cent, ±5 percent RH.” 

Another reason humidity is  
important is because many CMMs 

have granite tables. Granite is  
hygroscopic, meaning it attracts 
and holds water molecules from  
the environment. “Granite will  
actually change its geometry with 
fluctuations in humidity,” Cooper 
said.

In addition, the rooms are rated 
to ISO 8 or better in terms of air 
cleanliness, not high enough to cer-
tify the space as a “clean room,” but 
offering enough filtering capability 
to prevent particulates from affect-
ing the measurement process.

However, adding one of these 
rooms is no small task. First, Cooper 
said, the shop must have enough 
space, horizontally and vertically, 
for the desired room size, as well as 
for the HVAC unit. Then, Precision 
Environments’ customers complete 
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a lab planning guide question-
naire, answering questions about 
doors, windows, temperature spec-
ifications, electricity requirements 
and other existing features. This 
information gives Precision Envi-
ronments a sense of what it has 
to work with by way of shop infra-
structure. A budget is developed 
and submitted for approval, fol-
lowed by a site visit. Once 
engineering drawings and 
an equipment manifest is 
approved, the actual con-
struction can begin.

“From the time materi-
als arrive up until the certi-
fication process, we have a 
site superintendent head-
ing up the project,” Coo-
per said, “and once instal-
lation is completed, we 
have specially trained tech-
nicians come in to start the 
HVAC, balance the room 
to ensure proper temper-
ature, humidity and gradi-
ent control, and then we 
certify the room.” 

Air-ly Detection 
So, once you’ve got a 

room set up and certified, 
how do you ensure the atmospheric 
conditions aren’t compromised? 
Fortunately, many basic measure-
ment software suites enable pro-
gramming to detect and accommo-
date for atmospheric fluctuations.

“We use a basic air-tempera-
ture sensor, which senses things 
like humidity, barometric pressure 
and air temperature,” said Sean 
Leonard, product integration en-
gineer for software provider Veri-
surf Software Inc., Anaheim, Calif., 
“We’ll take those factors [into con-
sideration] when recording mea-
surements regardless of the device 
type. Whether it’s a laser tracker, a 
CMM or portable CMM, we’re ac-

counting for the temperature con-
ditions on both the device and the 
air around it. We also use an exter-
nal probe to measure the tempera-
ture of parts.”

Once the software has recorded 
the information, Leonard explained 
that users can select the material 
type from a list of more than 20 dif-
ferent options and the software 
will calculate the appropriate co-
efficient and update the results. 
The software also features a drift 

alarm, which generates a pop-up 
message and won’t allow measure-
ments to be taken if the tempera-
ture fluctuates outside a user-spec-
ified parameter. 

“It doesn’t really get any simpler 
or easier than that,” he said.

In addition to basic air-tempera-
ture sensors, new systems, such as 
TEMPAR from Carl Zeiss Industrial 
Metrology, Maple Grove, Minn., 
offer an array of sensors to be de-
ployed around a metrology lab, giv-
ing a comprehensive picture of its 
atmosphere.

“Think of a security system for 
your home,” said Zeiss product 
manager David Wick. “A security 

system monitors all of your windows 
and doors and lets you know if any-
thing goes wrong. TEMPAR tracks 
and records temperature and hu-
midity and how they change over 
time, and lets you know if some-
thing goes out of spec. It can dis-
play the information on a computer 
screen, it can send you an email or 
text message, or you can check the 
readings via remote web access. It’s 
like a security system for your mea-
suring room.”

Within the typical range of 15° to 
30° C, precision CMMs are spec’d 
so the room temperature can vary 
1° C per meter, Wick said. “Essen-
tially, that means the temperature 
at the very edge of the room has 
to be within 1° C of the tempera-
ture when you take one step into 
the room. We use these tight toler-
ances because performance-mea-
surement equipment is extremely 
precise, and it is absolutely essen-
tial to ensure your measuring room 
stays in spec throughout the mea-
surement process.”

The entry-level TEMPAR system 
includes eight sensors and a touch-
screen-equipped computing node, 

Conditioned Air

Hexagon Metrology 

Hexagon Metrology’s MMS Pulse system offers a central dashboard to display variations in temperature, 
vibration and humidity, which operators can access at any time.
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which operators can use to view and 
interact with the readings. More ex-
pensive packages offer more sen-
sors and additional functionality, 
such as a mobile workstation that 
can be moved around the room or 
connectivity using Zeiss’s PiWEB 
software protocol.

“PiWEB is a quality data-manage-
ment protocol that ties together all 
Zeiss equipment,” Wick explained. 
“If you’ve got any number of Zeiss 
machines at different locations all 
over the country, using the PiWeb 
software, you can monitor all of 
those machines from one location. 
On top of that, TEMPAR lets you 
remotely see what the measuring-
room temperature and conditions 
are for each machine.”

Additionally, some TEMPAR 
packages offer a perk called “mea-
suring room class in real time.” This 
is software that takes the sensor 
input data and turns it into a clas-

sification for the atmosphere in-
side the room using ISO definitions, 
Wick said. Also, all measurements 
are recorded as a function of time, 
meaning that some errors can be 
identified as a result of tempera-
ture fluctuations, avoiding unnec-

essary rework.
Frequently, a CMM is used to 

measure parts that are in ongoing 
production, Wick said. “If you’re 
making 1,000 transmission cases  
for cars every day, you might sam-
ple 50 of them and measure a 
dozen key dimensions on each  
of those 50. The results you will  
get from the machine will be dif-
ferent at 17° vs. 24° C, because  
the transmission case expands or 
contracts, and the material in the 
CMM expands or contracts, and 
because they’re different materials, 
they expand or contract at differ-
ent rates. So, if a part is measured  
and found to be out of spec, you 
can compare that to the TEMPAR 
data from the time the measure-
ment was taken. If there was a major 
atmospheric fluctuation at that 
time, you can remeasure the part, 
and you might find that it’s in spec 
after all.” CTE
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Briney Tooling Systems is well-
known as a toolholder manufac-
turer, but the Bad Axe, Mich.-based 
company also has a sister facility 
that performs job shop work. The 
shop often machines workpiece 
materials hardened to 50 HRC or 
harder and manually polishes the 
parts after machining to achieve 
the required surface-finish specifi-
cations, noted Justin London, sales 
engineer for Briney.

One such job involved producing punches made 
of H-13 tool steel hardened to 50 to 55 HRC that had 
a complex profile on one end. London said each punch 
required 1 to 2 hours of manual polishing using angle-
head pneumatic tools to impart the specified 8-rms 

finish. In addition, workers had diffi-
culty achieving a consistent surface 
finish.

JM Performance Products Inc., 
Fairport Harbor, Ohio, then in-
formed Briney about its high-torque 
retention knobs. According to JM 
Performance Products, a conven-
tional retention knob, when in-
stalled in a toolholder, will deform 
the precision taper because of 
the elastic nature of a toolholder’s 
thin walls. This taper deformation 
prevents a toolholder from prop-
erly mating with the spindle of 
a CNC machine. When the 
toolholder expands, taper 
contact can be reduced by 
as much as 70 percent. When 
properly installed with a reten-
tion knob socket and torque 
wrench, the patent-pending de-
sign of the high-torque reten-
tion knobs prevents toolholder 
deformation.

London concurred that a 
conventional retention knob 
changes the taper form of 
a toolholder and creates a 
permanent deformation that, 
however small, negatively im-
pacts machining performance, 
toolholder rigidity and tool and 
spindle life. “We have done our 
own internal study and found 
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torque on toolholders as low as 15 
ft.-lbs. could cause warpage,” he 
said.

Briney switched to the high-
torque knob and ran the program, 
London said. “At first it didn’t visu-
ally look like there was much of a dif-
ference.” However, it only required 
15 minutes or less of polishing to 
impart the required surface finish 
rather than 60 to 120 minutes.

In another application on the 
same machining center, polishing 
time to achieve an 8-rms finish went 
from 28 to 2 minutes for a part made 
of YXR-33 HSS hardened to 50 HRC 
after switching to the high-torque 
retention knob. Again, London 
pointed out that the shop did not 
see the difference the knob made 

until an operator began to hand 
polish the part. “This reason alone 
was enough to switch over all of our 
milling centers to high-torque re-
tention knobs,” he said.

After realizing the benefits the 
high-torque retention knobs from 
JM Performance Products had on 
its job shop applications, Briney 
began offering those knobs with the 
toolholders it produces, as well as 
JM’s standard retention knobs. The 
company stated that its standard 
knobs, for example, have radius 
thread points to help increase knob 
strength.

London noted Briney sells about 
15 to 25 percent of its toolholders 
with a high-torque retention knob, 
and expects the percentage to in-

crease as more end users begin to 
understand the knob’s critical role 
as the interface between the tool-
holder and machine spindle. “They 
are moving towards the high-torque 
knob so they can minimize the ex-
pansion that happens at the small 
end of the taper when they over-
torque it,” he said.

The price premium for the high-
torque version is about 10 to 
20 percent, depending on the type 
of knob, London added. JM manu-
factures BT-, DIN-, ISO- and CAT-
style knobs in sizes from 30 to 60 
taper. 

“It’s a very small investment to 
protect equipment that you spent 
hundreds of thousands of dollars 
on,” London added.
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Machining centers from Starrag 
AG are available as turnkey solu-
tions, including software, clamping 
fixtures, toolholders and peripheral 
accessories. The company, located 
in Rorschacherberg, Switzerland, 
provides 5-axis machining centers 
capable of high metal-removal rates 
to produce turbine blades, impel-
lers, blisks and other structurally 
complex parts for industries such as 
aerospace and energy. (Starrag USA 
Inc. is located in Hebron, Ky.)

Because the company has been 
using a 30,000-rpm spindle for 20-
plus years, it realizes the importance 
of toolholding. “In the past, our 

cutting tools were usually clamped 
with Weldon or whistle-notch hold-
ers and collet chucks, which led 
to many problems because of the 
insufficient runout accuracy they 
provide,” said Patrick Rutishauser, 
head of application engineering at 

Starrag. “At high rotational speeds, 
even small deviations can lead to 
poor milling results, inferior surface 
quality and tool and spindle wear. 
Also, the geometry of these tool-
holders has many interfering con-
tours, which make it impossible to 
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reach deep cavities with minimally 
clamped tools.”

Starrag determined through 
R&D efforts to use shrink-fit chucks 
due to their rotationally symmet-
ric clamping bodies. These chucks 
have fewer interfering contours and 
a high runout accuracy. As a re-
sult, Starrag engineers came across 
Haimer GmbH, Igenhausen, Ger-
many, a shrink-fit toolholder manu-
facturer. (Haimer USA LLC is located 
in Villa Park, Ill.)

Haimer makes all its shrink-fit 
chucks, including standards, out of 
heat-resistant steel. For specific ma-
chining requirements, Haimer offers 
specials. The Power Shrink Chucks, 
for example, are suitable for special 
high-speed or high-precision mill-
ing applications. 

www.storloc.com
1-800-786-7562

1-800-storloc Made by aMerican craftsMen in the Usa

you’ll ever buy
guaranteed for 55 years

100% made 
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Rutishauser explained that there 
are generally two procedures dur-
ing blade production, starting with 
a roughing process where the chuck 
operates with a damping compo-
nent to achieve a high cutting depth 
and feed. “During the finishing 
process, however, there aren’t any 
strong cutting forces,” he said. “At 
this point, a high runout accuracy 
and the balancing quality are im-
portant. The Haimer Power Shrink 
Chucks are suitable for both pro-
cesses and, if the cutting gets even 
tougher, we simply switch to the 
heavy-duty chucks.”

When roughing and finishing ti-

tanium and other difficult-to-cut 
materials, cutting forces can be 
very aggressive on the interface 
between the machine spindle and 
the toolholder. “In the end, the key 
element is the part quality. It has to 
be perfect from the very beginning, 
because even the titanium blanks 
cost a small fortune,” Rutishauser 
said. “This is especially true regard-
ing the surface quality, which con-
stitutes an important factor. This 
is due to the fact that the turbine 
blades need a very precise structure 
in order to be very energy efficient. 
Nowadays, you can get the desired 
structure through milling and with-
out any additional regrinding.” Star-
rag can achieve a surface quality of 
0.4 µm Ra to 0.8 µm Ra, he noted.

To heat toolholders for shrink 
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According to Patrick Rutishauser, head of 
application engineering at Starrag, Haimer 
professionalized the shrink-fit process.
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fitting, Starrag uses a Haimer 
Power Clamp Profi Plus NG in its 
Centre of Production Excellence 
(CPE). It is suitable for all 3mm- to 
50mm-dia. (0.118" to 1.968") HSS 
and solid-carbide tools with an H6 
shank tolerance. It is equipped 
with a patented double-coil tech-
nology, which means that the coil 
adapts itself to the length and di-
ameter of the chuck. During the 
process, only the shrinkable area is 
heated, which significantly reduces 
the heating and cooling time (via 
contact cooling). 

“Haimer shrink-fit chucks are 
part of our standard equipment, 
because they offer the best condi-
tions for reliable cutting, which peo-
ple expect from us,” Rutishauser 
said.  CTE
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Starrag utilizes Haimer shrink-fit chucks due to their rotationally symmetric clamping 
bodies.  



PEOPLE
■	  Abtex Corp., Dresden, N.Y., 

hired Lyell Adler as controller and 
Shirley Bendura as purchasing 
agent. Abtex provides integrated 
brush and machine deburring 
equipment.

■		Toolmaker Carbide Tool 
Services Inc., Anoka, Minn., 
named Kevin Schaefer cutting  
tool specialist for the southeast 
region.

■		Cincinnati Inc., Harrison, 
Ohio, named Alex Gorosito as 
regional sales engineer for Texas. 
The company makes laser cutting, 
automation and metal fabrication 
equipment.

■		Machine tool builder EMAG 
LLC, Farmington Hills, Mich., 
hired James Petiprin as regional 
sales manager for Michigan, Ohio, 
eastern Pennsylvania and eastern 
New York.

■		Toolholder manufacturer 
Haimer USA, Villa Park, Ill., hired 
Steven Baier as national sales 
manager.

■		Marcello Boldrini joined 
metalworking fluid manufacturer 
Houghton International Inc., 
Valley Forge, Pa., as senior vice 
president and president of Global 
Metals. In this newly created 
position, he will assume the 
global leadership of Houghton 
specialty product lines.

■		LMC Workholding, 
Logansport, Ind., promoted 
Bill Holt to vice president of 
manufacturing.

■		Machine tool builder MC 
Machinery Systems Inc.,Wood 
Dale, Ill., named Todd Romeiser 
national sales manager of its 
machining division.

■		The National Institute 
for Metalworking Skills, 
hired Shelby Hill as customer 

service representative, Christine 
Hubley as director of marketing 
and Kendra Hurt as program 
coordinator.

■		Toolmaker North American 
Tool Corp., South Beloit, Ill., 
appointed Phil Samuels director 
of sales and marketing.

■		Industrial brush, polishing 
compound and buff supplier 
Osborn, Richmond, Ind., hired 
Joseph Langlois as director of 
sales, primary metals division, and 
Larry Outtrim as national account 
manager.

■		Honing technology supplier 
Sunnen Products Co., St. Louis, 
appointed Chris Miltenberger 
president and COO.

■		TM Robotics, Elk Grove 
Village, Ill., hired Doug Dalgliesh 
as U.S. business development 
manager.

	

COMPANIES
■		Robotic peripheral 

equipment manufacturer ATI 

Industrial Automation, Apex, 
N.C., has opened a new office in 
Queretaro, Mexico.

■		Multinational holding 
company Berkshire Hathaway 
Inc., Omaha, Neb., will acquire all 
outstanding shares of Portland, 
Ore.-based Precision Castparts 
Corp., a manufacturer of metal 
components.

■		Metalworking services 
provider BTD Manufacturing 
Inc., Detroit Lakes, Minn., 
acquired metal fabricator Impulse 
Manufacturing, Dawsonville, Ga., 
for $30.5 million in cash.

■		CNC Software Inc., Tolland, 
Conn., reorganized its education 
divsion to better align the 
developer of Mastercam CAD/
CAM software with the needs of 
the industry it serves. The group 
of representatives in the Gig 
Harbor, Wash., office now report 
to divisional leaders in the Tolland 
headquarters.

■		Columbia Marking Tools, 
Chesterfield, Mich., has added 
Left Coast Tool & Supply Co., 
Costa Mesa, Calif., as a distributor 
for California.

■		Kentucky Gov. Steve Beshear 
appointed Bill Weier, human 
resources director at Hebron, 
Ky.-based machine tool builder 
Fives Cincinnati, to the newly 
reconstituted Kentucky Workforce 
Innovation Board.

■		Microtool provider Harvey 
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Tool Co., Rowley, Mass., has 
acquired endmill manufacturer 
Helical Solutions, Gorham, 
Maine.

■	 Toolmaker Kennametal Inc., 
Latrobe, Pa., was awarded the 
Bosch Global Supplier Award 
2015 from Robert Bosch GmbH, 
Gerlingen, Germany.

■	 Machining Cloud GmbH, 
Stans, Switzerland, has announced 
that customers of Zoller Inc., 
Ann Arbor, Mich., can now 
access complete and up-to-date 

cutting tool data from leading 
manufacturers. Additionally, tool 
management software provider 
TDM Systems, Schaumburg, Ill., 
has partnered with Machining 
Cloud.

■		Machine tool builder Mazak 
Corp., Florence, Ky., named 
MEMEX Inc., Burlington, Ontario-
based vendor of the MERLIN 
communications platform, to 
its Value Inspired Partner (VIP) 
program. Mazak has also added 
Tampa, Fla.-based Unbridled 

Technologies as its distributor in 
Florida.

■		Tooling manufacturer Oberg 
Industries, Freeport, Pa., broke 
ground on its new Sarver, Pa., 
campus for metal stamping.

■		UK-based engineering 
technologies company 
Renishaw Inc. broke ground 
on its new 133,000-sq.-ft. office 
and warehouse facility in West 
Dundee, Ill.

■		Siemens Industry Inc., 
Elk Grove Village, Ill., named 

MAKINO HOSTS AUTOMOTIVE 
TECHNOLOGY DAYS: The week 
leading up to Detroit’s Woodward 
Dream Cruise—a massive1-day cel-
ebration of car culture—was the 
perfect opportunity for machine 
tool builder Makino Inc. to host 
its 2015 Automotive Technology 
Days event in Auburn Hills, Mich. 
Attendees arrived at the company’s 
new Production Machining Tech-
nology Center just down the street 
from Makino’s Die/Mold Technolo-
gies Center to learn about the lat-
est advancements in automotive 
machining.  

A highlight was “Looking Beyond 
the Spreadsheet,” a machine tool 
purchasing strategy from David 
Ward, horizontal product man-
ager at Makino. Ward examined 
the machine features and capabili-
ties potential buyers typically fail to 
recognize when conducting head-
to-head comparisons of machine 
tools. 

In addition, Dave Walton, engi-
neering manager at Makino, pre-
sented, “Automation and Integra-
tion Services,” which looked at the 
increasing utilization of automation 
equipment for machine tools as com-
panies attempt to reduce labor costs 
and maximize shop floor operations.    

Turning to cars, Michael Robinet, 
managing director at IHS Automo-
tive, discussed the future of light-
vehicle production in North Amer-
ica and the challenges automakers 
face to supply more fuel-efficient 
vehicles in the future.  

In the showroom, attendees 
could see various machining dem-
onstrations for cast iron fluid heads 
and fluid ends, aluminum blocks, 
and die cast aluminum parts.  

After the technical presentations 
and machine demonstrations, at-

tendees were asked to bring their 
classic cars to the event for Maki-
no’s own car show.

“We are very pleased to open 
this new facility as an extension of 
our main production machining op-
eration in Mason, Ohio,” said Mark 
Rentschler, director of marketing at 
Makino. “We look forward to pro-
viding our automotive customers 
here in Michigan enhanced local 
support and innovative process so-
lutions for automotive parts.”

 —Matthew Jaster 

Attendees discuss 
the latest features 
and capabilities 
of Makino’s 
A61nx horizontal 
machining center. 

 M. Jaster 
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Dave Sweeney

Cincinnati-based TechSolve
as a solution partner to offer 
MTConnect installation and 
service to customers with 
Sinumerik CNCs.

■  CNC machine tool builder 

SMTCL - Americas, City of 
Industry, Calif., has added 
Southeast CNC, Madison, Ala., 
as its distributor for Mississippi, 
Alabama, Arkansas, Tennessee, 
Georgia, North Carolina, South 

Carolina and Louisiana.
■  Toolmaker Widin Co., South 

Korea, has contracted the Tom 
Paine Group, Mansfield, Texas, 
for representation in Kansas, 
Missouri and Colorado. CTE
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wheel-driven machines: 600 ft./sec. 
(182.9 m/sec.) is not unusual. Air 
peeners can, therefore, hit metal 
with far more force than wheel ma-
chines, thus creating deeper dim-
ples and potentially greater sur-
face conditioning. They are also 
more “surgical” than wheel-type 
shot peeners, meaning air peen-
ers able to work in tight corners 
and blind openings and on com-
plex surfaces. Yet air peening ma-
chines use copious amounts of 
compressed air to operate, enough 
that dedicated compressors are 
often called for. Also, some in the 
industry argue that higher media 
velocities—whether from air or me-
chanical sources—are generally 
not called for, and that air is best 
used for high-intensity peening 
applications.

For peening large areas, where 
massive quantities of shot must 
be applied as quickly as possible, 
nothing but a wheel-driven shot 
peener will do. Some wheel peen-
ing machines have flow rates of 
1,000 lbs. (453.6 kg) of shot per 
minute, compared to about 30 lbs. 
(13.6 kg) for an air-driven peener. 
This makes them a clear choice for 
big jobs, such as structural-steel 
conditioning, blasting plate for 
ships and earth moving machinery, 
and foundry applications, where 
large quantities of castings are pro-
cessed in batches. 

Ron Wright, automated air blast 
and peening manager for North 
America at Wheelabrator Group 
Inc., LaGrange, Ga., emphasized 
the benefits of wheel technology. 
“Speed is the major factor for many 
components,” Wright said. “Imag-
ine a wingspan that starts out as 
a large, flat sheet of aluminum. By 
using a wheel peener on that, you 
can cover an area several inches 
wide at a rate of 3' to 4' per minute, 
depending on the amount of shot 

being applied. With overlapping 
wheels, you might complete an en-
tire wing span for a commercial air-
craft in less than an hour.” 

Peening such as this goes be-
yond surface conditioning, Wright 
explained, and is more akin to 
blacksmithing. By applying com-

pressive stresses to one side of a 
sheet metal workpiece, the metal 
begins to curl towards the peen 
source, thus forming the curved 
shapes used in aircraft. 

“If you look carefully at a wing on 
a passenger plane, you’ll see that 
it’s actually a formed component,” 
Wright said. “This is done through 
a combined process of saturation 
peening and peen forming. Satu-
ration peening is the same method 
that’s applied to the aircraft frame, 
landing gear, wheels and engine 
components, except the skin of the 
wing is then peened on one side. 
It’s a little like beating it into shape 
with a hammer.”

With flow rates up to 500 tons 
of shot per hour or more, some 
might be concerned about the 
operating costs that come with 
wheel peening. Wright said there’s 
nothing to worry about. “We re-
claim 100 percent of the material. 
It’s constantly being cleaned, re-
cycled and classified, and the stuff 
that’s been turned into dust gets 
spit out automatically. Only very 
small amounts are needed for re-
plenishment.” CTE

 Wheelabrator Group 

Shot peening is commonly used on aircraft components and turbines to relieve residual stress.

Wheelabrator Group 

In shot peening, small metal balls propelled 
at a high velocity create dimples on the 
surface of a metal workpiece. This generates 
compressive stresses and enhances 
metallurgical properties.

Stress Relief
continued from page 51 
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O-ring damping), we can achieve 
a high rigidity of the spindle with  
hydroviscous damping,” Möller 
said. “Our unique linear bearing 
design allows us to use a compact 
oil supply with a small flow rate and 
low power requirement.”

These high-speed spindles will 
be available in the near future for 
manual tool changes, automatic 
toolchanger (ATC) spindles with 
custom housings and custom spin-
dles for OD grinding and combined 
grinding processes.

For more information about 
GMN USA LLC, Farmington, Conn., 
call (800) 686-1679 or visit www.gm 
nusa.com.

PRINTING CHUCKS

What will an additively manufac-
tured hydraulic chuck get you from 
a technology standpoint? This was 
the question asked by engineers 
at toolmaker Mapal Inc. The short 
answer is versatility, according to 
Jochen Schmidt, product manager 
for clamping technology at Mapal. 
Additive manufacturing is selec-
tively employed at Mapal when pro-
duction-related limitations hamper  
innovation. 

The company’s High Torque 
Chuck (HTC) with narrow contour 
combines the benefits of hydraulic 
expansion technology with the 3° 
back taper of the shrink-fit chuck. 
This is made possible by the ad-
ditive-manufacturing process em-
ployed at Mapal in the form of selec-
tive laser melting. SLM is a powder 

bed-based process. Loose metal 
powder is melted and laid down 
layer by layer onto the areas where 
material is required by a laser beam.  
During the production of the hy-
brid HTC, the functional area is ap-
plied to a conventionally manufac-
tured tool body via SLM. Thanks to  
additive manufacturing, the ad-
justment device can be positioned 
close to the chuck tip, which would 

not have been possible with conven-
tional manufacturing. This reportedly 
provides an optimal radial runout of 
less than 3µm at the location bore 
and less than 5µm at 2.5 times the di-
ameter, as well as a high shape accu-
racy and effective vibration damping. 
The damping reduces microstructure 
cracking at the cutting edge, which, 
in turn, ensures long tool life and less 
strain on the machine spindle, ac-
cording to the company. 

“The product’s unique selling 
point is that the benefits of hydrau-
lic clamping technology, such as 
simple handling, are combined 
with the other advantages of the 
HTC, such as thermal stability up to  
170° C and high-torque transmis-
sion,” Schmidt said. “These advan-
tages can now be exploited in con-
tour-critical areas.”

The new chuck also allows quick 
and simple clamping of the tool, 
and implementation requires no 

training, high retooling costs or ex-
pensive peripherals, Schmidt said, 
adding that there is no risk of being 
burned from heating a holder.

The HTC with narrow contour 
is available in clamping diameters 
of 6mm, 8mm, 10mm and 12mm 
(0.236", 0.315", 0.394" and 0.472") 
for HSK A63 and SK 40. Intermedi-
ate sleeves enable additional diam-
eter ranges to be covered. Mapal 

will continue to research the addi-
tive-manufacturing field, according 
to Schmidt. “There are so many 
possibilities left to meet the cus-
tomers’ needs,” he said. “One pos-
sibility that we have already realized 
is printing a hydraulic chuck directly 
into special combination tools. It 
is thus possible to take advantage 
of hydraulic expansion technology, 
such as damping, easy handling 
and high thermal stability, within a 
combination tool.”

For example, in the case of a 
modular tool for manufacturing a 
valve seat, the printed chuck serves 
as a clamping device for a multiple-
bladed reamer when finishing the 
valve guide while the other part of 
the tool machines the valve seat  
inserts.

For more information about 
Mapal Inc., Port Huron, Mich., call 
(810) 364-8020 or visit www.mapal.
com. CTE
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 MAPAL

Mapal created a hybrid High 
Torque Chuck with narrow 
contour via selective laser 
melting. 



GOOD VIBRATIONS 
Spindle manufacturer GMN re-

ports that greater cutting depths, 
higher material-removal rates and 
finer surface quality when roughing, 
finishing and grinding can be ob-
tained with its new range of high-
speed spindles.

Standard spindles undergoing 
high machining forces often lead 
to “rattling,” caused by insufficient 
damping of natural vibrations, ac-
cording to Bernd Möller, head of 
spindle development at GMN Paul 
Müller Industrie GmbH & Co. KG, 
Nuremberg, Germany. These vibra-
tions have serious consequences, 
including the creation of rough, 
partly scratched surfaces, uneven 
cutting tool edges and even spin-
dle failure. “Our analysis was show-
ing that there is a good chance to 
improve the dynamic behavior by 
introducing more damping into the 
spindle with the help of a hydraulic 
system,” he said. 

Studies conducted in cooperation 
with the Laboratory of Machine Tools 
and Production Engineering (WZL) 
at the Rhine-Westphalia Institute of 
Technology Aachen determined it 
was possible to double the minimum 
stable cutting depth at speeds from 
10,000 to 18,000 rpm with GMN’s 
HCS 280 high-speed spindle. 

In practice, it is almost impossible 
to select optimal speeds for cutting 
from a stability chart. Even at slower 
speeds, Möller said that hydrovis-
cous damping offers good surface 
results up to a plunge depth of 
6mm (0.236"). A depth of only 3mm 
(0.118") was achieved using a stan-

dard spindle under the same condi-
tions. Surface quality also improved 
for internal cylindrical grinding and 
surface grinding when performed 
with a hydroviscously damped 
spindle, producing a roughness of 
0.89µm compared to 2.36µm using 
a standard model. 

The high-speed spindles are in-
dependently driven by a hydraulic 
power unit. The bearing preload 
can be controlled via oil pressure. 
This way, the rigidity of the spindle 
can be modified and its behavior 
optimized, depending on the ma-
chining task, spindle speed and 
tool. An increased preload, for ex-
ample, can improve spindle perfor-
mance at lower speeds. 

“The target of our development 
was to combine the advantages of 

ball bearings and hydrostatic bear-
ings,” Möller explained. “Ball bear-
ings have low-friction, high-speed 
capability and are insensitive to 
high overloads, while hydrostatic 
bearings are used, in some cases, 
for spindles when very high accu-
racy and low vibration are needed.”

The hydroviscous damping sys-
tem incorporates a specially devel-
oped linear hydrostatic bearing for 
the floating bearing to add viscous 
damping to the ball bearing ar-
rangement.

“Introducing damping often has 
the disadvantage of reducing sys-
tem stiffness, but due to the un-
modified front bearing setup and 
stiffness of the hydrostatic bear-
ing (compared to squeeze film or 

This month Cutting Tool Engineering covers:
■  A high-speed spindle that reduces natural vibrations; and  
■  An additively manufactured hydraulic chuck.
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Hydroviscous damping 
systems are structurally 
identical to standard 
models and can be easily 
retrofitted to existing 
machines.

GMN

GMN

The damping system is fully 
integrated into the spindle, 
and the bearing preload 
can be controlled via oil 
pressure. 

continued on page 87
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