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Stuck on a Job-site Waiting for a Motor?

We normally stock hundreds of motors so you can keep your project moving

AutomationDirect carries a full line of AC and DC
motors from trusted brands like Leeson®, IronHorse®
and Marathon®, at the best prices in the industry.
In-stock motors are shipped quickly with free
shipping on orders over $49%,

Leeson Washguard SST and White Duck AC Motors
Starting at $438.00
+ Durable, chemical resistant white-epoxy finish on

White Duck series. All exterior components made
from stainless steel on SST series

« 3-phase 208-230/460 VAC up to 10 hp
1-phase 115/230 VACup to 1 hp

« Interior corrosion protection

ﬁRegajRe}mgrd » Shaft seals on both ends of TEFC motors
+ Sealed bearings

«+ Meets IP55 enclosure protection

¢ - UL Recognized, CSA

Marathon Globetrotter AC Motors
Starting at $89.00
« General purpose and inverter rated
+ ODP motors available in sizes
up to 50 hp
« TEFC motors available in rolled steel
and cast-iron models in sizes

Marathon SYMAX PMAC Motors

- Starting at $523.00

\| - Permanent magnet AC motors in
sizes up to 10hp

- Power density benefit that allows
for the same horsepower rating in
asmaller frame

ﬁiﬁﬁ{ﬁ up to 200 hp +25% - 40% efficiency improvement vs
oo . Inverter rated standard induction motor even
(10:1 ratio, Class F insulation) under partial load
- Cast-iron models are Div 2/Zone 2 + 3year warranty

Class 1, Groups A, B, C,D
« 3 year warranty

IronHorse General Purpose Jet Pump & Washdown Duty
Conveyor/Farm Duty Motors AC Motors
Starting at $485.00 Starting at $181.00

w «Single and three-phase models

- Totally Enclosed (TE) or
Drip Proof (DP)

- Mounting via C-face, rigid base,
or removable base

« NEMA 56C or 56) Frames

« 1 year warranty

- General purpose up to 10 HP PN
A '" « Farm duty motorsare2-10HP &+ |
@ . 208-230VAC single-phase ‘
~" «Rolled-steel housing

IRONHORSE « Class F insulation
« 2 year warranty

__Also Available
Soft Starters
and AC Drives DC Motors DC Drives

Research, price, buy at:
www.automationdirect.com/motors
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o
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p— 1-800-633-0405 the #1 value in automation
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Altech

Low Profile & Ultra-Compact g \\'stock
DIN Rail Power Supplies

Compact
e Profile Standard
ra om pac "i-_‘i-—*-sra;‘ | Profile
Available Rated Power: QAIDD —

oc ok VY -V v -y

75, 120, 240, or 480W

e

Switching Power
Cat No,: PSC-24024

-100-240V ~
INPUT:100-240%
50/B0HZ

OUTPUT:Z4V 108
s S8 LI

,q'«%? . BN
50% peakioadicapacity *
L .'r;’:l' e, \‘\“ -L‘:“\
Y o_Bun{-_m.'curre sharing f il
s Built-in currentilim |ng'c_irl}"|'t;
Three-yearWarranty

%\\)” 1 o e,
\-\}{ |K '-'*"6.0?"
imica CER: Warranty

521519 iy

Low Profile

Available Rated Power:
15, 30, 60, or 100W

Brinebiise * High Efficiency
Profile

* 100% Full Load Burn-In

¢ Low Ripple & Noise

¢ Adjustable DC Voltage Output

_ ¢ Class Il Isolation Level
s Low el ° UL62368-1 and CAN / CSA C22.2
‘ ‘-, - il SPUT: e Protections: Overload / Over
e ", — '

SLagle /””- Voltage / Short Circuit

. e
StLaale '/,/////// ‘ * Three-year Warranty

‘,’7/.////' ; R & ) (€ CB
E . 4

E521519
UL62368

Class Il Isolation

\

Hltﬂd‘ corl)._® ’® AltechCorp.com/power

LEARN MORE 908.806.9400

Your Source for Automation & Control Components


http://altechcorp.com/power

MachineDesign.
FEBRUARY/MARCH 2022

Companies that minimize the number of parts that
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smaller inventories, less handling costs, decreased working- 4 From the Editor
. . . . Effective communication between design
capital requirements, faster times-to-market and higher and operations teams remains imperative.
profit margins.” — Bradford Goldense, Goldense Group Inc.
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Owl wings give insight on ways to suppress
the aerodynamic noise of an airfoil.
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Engineering Your Career,
Part 3

Learn how joining professional
societies and community groups
is invaluable for networking and
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Heavy Metal: PC Control Guides Steel Forming

A Swiss machine builder uses automation technology to form 45-ton

tanker hull plates.
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Simplify DC Micro Grid Heat Management

High Voltage DC (~385V)
Wind 5

HVDC Input | LED Luminaires Isolated DC-DC Converters

Solar — DC ” 12-48vdc
pcH—>

TPF45000
3-Phase
400-480Vac

Energy
Storage
Battery

12-48Vdc
s

TPF45000-385 SERIES

45kW 3-Phase, 98% efficient Input 385Vdc Output Power Supply

Whether you are considering a 385Vdc distributed power system for % 400/440/480 Vac (Nominal),

industrial equipment or installing LEDs for large scale horticultural 3 Phase Delta or Wye Inputs

lighting, the heat management of each device is critical.
'ghing g vice ! I € Modular, scalable output from

4,500W to 45,000W
The 98% efficient, air cooled, 45kW rated TPF45000 power supply

reduces waste heat, air conditioning costs and the need for expensive 4 Non-isolated

1 ling.
water cooling € PMBus™ and USB Interfaces

https://product.tdk.com/en/power/tpf € -20°C (Start-Up) to +50°C Operation

Visit our new website! www.us.Iambda.tdk.com

For more information on how TDK-Lambda can help you
power your unique applications, visit our new web site at
www.us.lambda.tdk.com or call 1-800-LAMBDA-4


http://www.us.lambda.tdk.com
https://product.tdk.com/en/power/tpf
http://www.us.lambda.tdk.com

PRESS-N-LOK™ PINS

for plastic enclosures
-

Permanent / tamper resistant
Simple & clean installation
Lightweight & lead free
Corrosion resistant

Quicker assembly time and
lower assembly equipment costs
compared to screws and adhesives

Learn more:

=

Application example:
(8) Press-N-Lok™ Pins
in an Electric Vehicle
Charging Handle

SPIROL’s

Application Engineers will assist you
in developing quality fastening and

assembly solutions.

Contact us today!

SPIROL.com

860.774.8571  info@spirol.com
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From the Editor

By Bob Vavra, Senior Content Director

Demolishing the Silos

B

Even in the modern workplace, effective
communication between design and
operations teams remains imperative.

IN THIS WONDERFUL and interconnected age of informa-
tion, perhaps the best thing to come from all of it is the ability
to deliver information to the right person at the right time in
the right context. We can target our message and deliver our
information to just the right person. That makes information more useful.

Sometimes we've depended too much within our organizations on these tools. The
information can lack context, or what we used to call “the human touch” And with
the events of the last couple of years, the human element has had to take a back seat
to our need for safer conversations.

But that still shouldn’t get in the way of making sure we continue to make valuable
connections with other parts of our organization. One area we've focused on this
month with our cover story—and one that will be the focus of a great deal of coverage
throughout this year and beyond—is the relationship between the design and opera-
tions teams. The traditional silos that have existing in several parts of an organization
are being demolished not just with better communication tools, but also with a better
understanding of how connected enterprises can be more efficient and effective.

This is especially true for the design and operations teams. System design is only
effective when it produces products that meet all the expected quality, safety and
productivity standards. Yet that is not a fixed standard; there’s always room for process
improvement, both at the initial design stage as well as at regular review intervals.
The operations team can influence effective design from conception, but it also can
provide real-world feedback on how that design has performed.

The design team also can better create and optimize process design with a fuller
understanding of the capabilities and limitations in operations. They can design a
system that takes full advantage of those skills and delivers the best version of effi-
ciency on Day 1.

Such an outcome isn’t accomplished simply with communications, however. It’s
achieved through understanding the message being communicated. Whether through
the use of our modern tools or across a table, gaining a deeper insight into the challenges
and opportunities within the entire design-to-operate process is a worthy aspiration.

And as we seek to communicate this month, it’s also a competitive advantage. B

age:
Orest Lyzhechka and Niderlander
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EMERGENCY
STOP SWITCH

Powerful, consistent illumination

with animated options for a wide
variety of applications.

ELECTRONICS

(Digi-Key

More Automation Options...And Growing.

d igikey.com/ automation DIGI-KEY ELECTRONICS & AUTOMATION®

Your source for the latest electronic components
1. 8 0 0 . 3 4 4 .4 5 3 9 and automation devices worldwide

Digi-Key is an authorized distributor for all supplier partners. New products added daily. Digi-Key and Digi-Key Electronics are registered trademarks of Digi-Key Electronics
inthe U.S. and other countries. © 2022 Digi-Key Electronics, 701 Brooks Ave. South, Thief River Falls, MN 56701, USA
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Three Rules to
Rescue Your Digital
Transformation Strategy

PTC's Catherine Kniker offers advice for
manufacturers looking to optimize their
DX efforts.

www.machinedesign.com/21215841

€ CHANGE

MachineDesign.com

ﬁ MachineDesignMagazine

o @MachineDesign
@ Machine-Design-Magazine

MNDUSTRIAL
AUTOMATION

BY@

CSIA Exchange
Find a system integrator here: https;//www.csiaexchange.com

Linear Motion a Lifeline
in Medicine
Medical and clean-room applications

carry specific design and operational
challenges.

www.machinedesign.com/21213375

Engineering Your Career,
Part 2: Licensing

The PE license and engineering
excellence.

www.machinedesign.com/21176318

Additive Manufacturing
Accelerates Racing
Solution

3D Systems teams up with Formula 1
car designers for a printed
accumulator.

www.machinedesign.com/21183611

Plastics Help Solar Power
Reach Potential

From energy chains to lubrication-free
connectors, applications are emerging.

www.machinedesign.com/21183246

MachineDesign Read Anytimer

< == Anywhere!
View the digital edition
of Machine Design at:

www.machinedesign.com/
magazine
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¢ No minimum orders

¢ Knowledgeable customer service

¢ Value-added options such as lengths, colors,
packaging & labeling

¢ Blanket and scheduled orders available

Interpower® North American
& International Power Cords

MADE IN AMERICA

Interpower North American and international cords  Interpower manufactures dependable, standards-
and cord sets provide the correct amperages and ready cords and cord sets. Every Interpower cord
voltages to end users when connecting to country- and component is subjected to Interpower’s strict
specific mains power—our cords are ready to quality control procedures: hipot testing, continuity
use right out of the box. Use them separately, or testing, ground testing, and multiple inspections
integrate custom-length cords and devices using an after each process to guarantee electrical
Interpower power distribution unit or an accessory  continuity.

power strip. ) )
Interpower provides expert customer service

Monday through Friday from 7 a.m. to 6 p.m. CST.
Our knowledgeable staff will assist you in finding
exactly what you need. Please find our Guide to
Worldwide Plug and Socket Patterns at www.
interpower.com/guide. Order 1 cord or 5,000
cords—made in the U.S.A.!

Accessory
Power Strip

Jumper Cord Set

| NEMA Power Cord

_ | interpower
Order Online! www.interpower.com rp

INTERPOWER | P.O. Box 1151 100 Interpower Ave | Oskaloosa, 1A 52577 | Toll-Free Phone: (800) 662-2290 | Toll-Free Fax: (800) 645-5360 | info@interpower.com

Business Hours: 7 a.m.—6 p.m. CST
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By Design

Sara Jensen to Lead
Power & Motion

A veteran journalist in the fluid power space, she will direct editorial coverage for
the recently expanded brand.

ower & Motion, sister
brand to Machine Design,
announces Sara Jensen has
been hired as its technical
editor, directing expanded
coverage into the modern fluid power
space, mechatronic and smart technologies.

“Sara joins us with more than a decade
of experience covering the advancing fluid
power industry. She specializes in onboard
vehicle applications, which brings excel-
lent balance to our existing competencies,’
says Bob Vavra, senior content director.

“Her active presence in the fluid power
industry brings with it a strong network
of established contacts and relationships
that will help us further integrate ourselves
into the fluid power and motion control
markets,” continues Vavra.

Jensen joins Power ¢ Motion and the
Design & Engineering Group at Endeavor
Business Media after a successful career
leading OEM Off-Highway, covering

HANROVER
(e

AFTER CANCELLATIONS OF live events
in 2021, two of the most prominent global
trade events have been postponed until
late May and early June. Show officials
said the postponements were made to
get past the current COVID restrictions.

Officials for ARC Advisory Group and

POWER
MOTION

Sara Jensen

fluid power technology extensively as it
has progressed from components to an
integrated system, to a smarter and con-
nected part of an optimized vehicle.

“Sara has a long history of creating
exceptional industry coverage in a mul-
titude of delivery platforms, from print
magazine to digital content, including
video and podcast formats. Her experi-
ence is exactly what Power & Motion needs
to bring the next level of industry cover-
age to its audience,” says Michelle Kopier,
group content director for the Design &
Engineering Group.

“I'm thrilled to be given a chance to
lead the new Power ¢ Motion brand at
Endeavor Business Media,” said Jensen
of her appointment. “My interest in the
fluid power industry has only grown as
the technologies have advanced over the
years, and I can’t wait to dive even deeper
into the industry” m

ARC Forum, Hannover Messe Postponed

Hannover Messe announced that their
events have been delayed in 2022. ARC
Advisory Group has postponed its 2022
Industry Forum to June 6-9 at the Renais-
sance Orlando at SeaWorld in Orlando.
Hannover Messe will be a four-day event
in 2022, scheduled for May 30 to June 2
in Hannover, Germany.

The ARC event was originally sched-
uled for Feb. 14-17 at the same location,
but the event was delayed “to ensure the
safety of our customers, partners, and
employees," ARC officials said in a press
release.

“We believe that the COVID situation will

be much improved in June for usto have a
more meaningful learning and networking
experience” ARC officials said in the press
release. “Those of you who have already
registered for the Forum, your registration
will be valid for the June Forum, and you
do not need to register again.”

The ARC Industry Forum's online event
also has been postponed until June 20-23.

Officials at Hannover Messe, the world's
largest industrial trade show, had a similar
message in postponing the event from
April 25-29 until later in the year. &

FEBRUARY/MARCH 2022 MACHINE DESIGN



@

Everything you need in one place at automation24.com ﬂutomatlon 24

One stop. Smart shop.

One stop. Smart shop.

ﬁ —
@ Q] Bill of Materials c

Automation=,

One stop. Smart shop. —_——

Categories

Sensor syste P
" Factory automation

Process instrumentation
Control systems

Safety technology

Industrial communication
technology

Measuring & regulation
technology

Switches & signaling devices

Process instrumentation
Industrial controls
High warehous
Circuit protection e
Drive technology ; .
. : ms—

Enclosures / Control cabinets

Industrial lighting

(srvaGfissagl-§

Safety technology

Automation

3
ian, s

WARRANTY

610-981-2900 or 800-250-6772 (free) mail@automation24. automation24.com



http://automation24.com
mailto:mail@automation24.com
http://automation24.com

By Design

Self-Replicating Fab Lab Brings Innovators Closer

to Self-Sustained Future

IT'S NEVER A BAD IDEA to give back.

But it's just part of a message Paul
Altidor, former ambassador of Haiti to the
US, hoped to convey when he announced
his intention behind locating a state-of-
the-art fab lab in the town of Jérémie. The
project potentially closes the gap between
local makers and advanced global digital
fabrication tools and skills.

The announcement was made during
a media session at 3DEXPERIENCE World
2022 (Feb. 7-9). Altidor joined Sherry Las-
siter, president & CEO of The Fab Foun-
dation, and Suchit Jain, vice president of
Strategy and Business Development for
3DExperience Works, Dassault Systémes,
in broadcasting the announcement during
the virtual event.

“The Center for Bits and Atoms at MIT has
been working closely with The Fab Founda-
tion, which has a mission of providing means
and ways by which communities in different

parts of the world can essentially sustain
things—so giving power and democratizing
the idea of creation,” said Jain.

In essence, fab labs provide a platform
for capacity building, knowledge sharing
and integration of hardware and software
disciplines.

The Haitian fab lab will be the fifth in a
series of facilities set up jointly by Dassault
Systémes and The Fab Foundation. The
other four are located in Rwanda, Bhutan,
Chile and Nepal.

Self-Replicating Fab Labs

Fab Lab Jérémie differs from the other
four because it is planned as the first in a
series of “self-replicating” fab labs. In other
words, this facility will be equipped to make
machines that can create the entire set of
other machines, components and utilities
needed to function a fab lab in a second
community.

Positioned for Tough,
Compact Applications

Novotechnik’s TX2 Series of position sensors have pivot-head mounting
that can handle up to £12.5° of offset from misalignment without affecting
performance. The TX2 is designed for mobile and other tough _
environments with heavy-duty construction featuring a ®

stainless steel rod and metal housing. It is

sealed against ingress of
dust and liquids.

- Specifications
~ » Stroke lengths from 25 to 300 mm
* Very long life to 50 million movements
* Resolution better than 0.01 mm
» Repeatability to 0.01 mm
* Linearity up to +0.05%
= Sealed to IP67

For complete TX2 information, visit www.novotechnik.com/ix2

novotechnik

Siedle Group

Novotechnik U.S., Inc.
155 Northboro Road « Southborough, MA 01772
Telephone: 508-485-2244 Fax: 508-485-2430

Paul Altidor, former
ambassador of Haiti to the
U.S. Dassault Systémes

“We call this Fab Lab 2.0," said Lassiter.
"We've partnered with MIT's Center for Bits
& Atoms on a project called ‘Machines that
Make, and can now produce the machines
for a fab lab, in a fab lab”

The Goal is to Provide Access

Locating the pilot in Jérémie will enable
the Haitian community to build new eco-
nomic opportunity locally, and to scale
opportunity across the country,” Lassiter
said. She described the project as a nexus
of innovation and a network for the larger
additive manufacturing community.

The fact that the facility can be set up at
1/10th the price of off-the-shelf technology is
a strong motivator. The cost of setting up a
typical fab lab is around $150,000 in materi-
als, equipment and shipping. “It's really hard
for many communities around the world to
have access to that kind of money, and these
kinds of resources,” said Lassiter. “But when
you make it yourself, you're probably talk-
ing about $15,000. Now that becomes a lot
more accessible to the community and to
a business. And it makes it very scalable.

Altidor explained that the project not only
brings access to cutting edge technology to
the community, but will serve to “reduce our
dependency on a number of issues with the
world" and open “a set of doors that were
historically closed to people”

Altidor, who is also native to the city of
Jérémie, explained that 70% of the popula-
tion is under the age of 25 and that locating
the lab in Jérémie would be tantamount to
building the future.

“We're talking about designing, thinking,
innovating for the future," said the MIT gradu-
ate and guest lecturer. “Once you put these
kinds of tools in the right hands, with the
right guidance, the sky's the limit in terms
of enabling Haitian innovators—young folks
inthe country, engineers, designers. | do feel
that this can be a catalyst for something that
can happen.”
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You'venever seen

a solenoid valve
ke this belo

Learn more at
www.theleeco.com/genvi

High Flow, Low Power, Low Leakage
Across an Extensive Cycle Life

The Lee Company is excited to announce a new generation of versatile and innovative 3-port solenoid
valves. In a miniature 10mm package, the genvi® solenoid valve platform features high flow capacity,
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The specialization of engineering and manufacturing
disciplines drove industry to formalize the cross-
functional knowledge needed to re-integrate the

specialties.

by Bradford Goldense, President of Goldense Group Inc.

he need for Design for

Manufacture and Assembly

(DFMA) began shortly after

the dawn of the Industrial

Revolution, but it took a
hundred years for it to ultimately come
into focus in the 1960s, and it did not
really blossom until the 1980s.

The road to high volume: Frederick
Winslow Taylor and Henry Ford, co-
creators of the assembly-line process of
manufacturing, began tearing apart the
centuries-old Master-Apprentice Model
as the Model A was being designed in
1903. Masters knew how to do every-
thing, from concept-to-customer, and
intuitively designed products so they
could make them efficiently. But, taking
8 to 15 years to train Masters in all the
required skills simply didn’t cut it when it
came to meeting the immediate and large
demand for cars and trucks that arose in
the early 1900s.

So, while transitioning from the Model
Ain 1903 to the Model T in 1908, Taylor
and Ford introduced task specialization
at every step of the design and manufac-
turing process. With specialization, each
person could be trained to do their piece
of the overall process in a few weeks to a
few months, which led directly to high-
volume manufacturing.

The underpinnings of manufactur-
ing specialization had been in the works
since the 1870s, as Taylor’s productive
approaches grew and spread. The under-
pinnings of engineering specialization
actually began earlier, in the 1850s. The
Second Industrial Revolution led to com-
pletely utilitarian product designs. Aes-
thetics had never been important.

Like Taylor, Christopher Dresser was
on a mission to improve the way prod-
ucts looked. As the first person credited
with improving the look of new products,
Dresser helped many companies in the

Image:: WisconsinArt/Dreamstime and iStock

late 1800s. The founding of The Rhode
Island School of Design in 1877 affirmed
the importance of good-looking products.
As Dresser aged and finally passed in
1904, Joseph Sinel became the recognized
expert and further refined the approaches
and processes of product design.

The first attributed use of the term
“industrial design” was in 1919 and is
credited to Sinel. When The Carnegie
Institute of Technology created a formal
product-design curriculum in 1934, the
final milestone for the specialty of Indus-
trial Design was set.

Organization evolution: As task
specialization spread across industries,
company-wide organizational struc-
tures quickly evolved to accommodate
this new and improved method of work.
Soon, there were departments for each
specialized capability. Today, at the macro
level, we think of them as the level-one
blocks such as Marketing, Engineering,
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Purchasing and Manufacturing on most
companies’ organizational charts. Of
course, each of these level-one blocks
houses its own respective sub-specialties.

For the first several decades, with
most companies and industries staying
small and designing and producing for
their own countries, this all worked fine.
Assembly-line business and organization-
al structures certainly proved faster than
the Master-Apprentice approach. How-
ever, as globalization started and prod-
ucts were designed and manufactured all
around the world and global companies
emerged, the flaws in task specialization

became increasingly evident.

Departmental optimization: By the
late 1970s, driven by the need for speed
as global competition accelerated, depart-
ments were under so much pressure to
complete tasks quickly that managers
began optimizing their department at
the expense of optimizing the company.

GO TO MACHINEDESIGN.COM

AT A GLANCE:

- The need for DFMA traces back
to the Industrial Revolution, but
it took until the middle of the
20th Century to come into focus.

- As globalization took hold,
with products being designed
and manufactured all around
the world, the flaws in task
specialization became evident.

Department self-optimization became
widespread.

This problem appeared in just about
every department. For example, Market-
ing and Product Management pushed for
along list of unique features which would
make it easier for Sales to generate rev-
enues. They hoped to dazzle customers by
out-featuring the competition, regardless
of the time Engineering would take to

design a product that met all the extraor-
dinary requirements.

Engineering monomania: Engineer-
ing’s self-optimization, analogous to Mar-
keting and Product Management, resulted
in highly elegant design packages that
manufacturing simply couldn’t produce—
or took too long to do so. Tight specifica-
tions and tolerances often exceeded the
manufacturing equipment’s capabilities.
Components were not optimally designed
for the tooling, equipment and processes
actually available to manufacturing.

Designs were also unnecessarily com-
plex. They had many parts, each designed
by engineering specialists, and that drove
part and material costs through the roof.
Parts took so long to manufacture and
then assemble into final products that the
profit margin targeted in the approved
business plans were missed or erased. Ten-
sions between Engineering and Manufac-
turing steadily began to rise.
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Business challenges: Management
began blaming Manufacturing for not
keeping up with customer demand, while
the real problem was that Engineering
was not designing products for fast and
profitable manufacture and assembly.
“The product design was thrown over
the wall from Engineering to Manufac-
turing” became the mantra in just about
all companies.

By the time Engineering and Manu-
facturing hammered-out the design
problems, the development budget was
through the roof. Products were late com-
pared to the planned schedule. Actual
product cost greatly exceeded the planned
product cost, thereby reducing planned
profit margins. Worse yet, products often
missed the market window and had to
be canceled.

Specific solutions: As long as compa-
nies all endured the same task-special-
ization problems, none suffered dispro-
portionately in the marketplace. Soon,
though, some companies realized they
could gain a competitive advantage if they
reduced excessive costs and avoided the
missed schedules caused by Engineering
throwing designs over the wall to Manu-
facturing.

Leading companies developed an array
of proprietary management procedures.
Westinghouse, using a slide ruler analo-
gy, developed the “Westinghouse Wheel”

Cross-Functional Knowledge Becomes Supplemented

to help engineers create manufacturable
designs. It helped determine “assembly
difficulty” and “acquisition difficulty”
Hitachi came up with the Assembly
Evaluation Method (AEM). Fujitsu
devised the Productivity Evaluation
Method. Xerox developed the Produc-
ibility Index, XPI and something called
Pumpkin Books. Lucas Engineering
(UK) created engineering methodologies
to improve designs for British military
and commercial purposes, as did Draper
Labs in the U.S.

All these approaches were specific to
each competitor’s situation. A non-pro-
prietary and more general application
methodology was needed, a methodol-
ogy that could be documented and auto-
mated through software and used across
industries.

General solutions: Enter a group
of professors at the University of Mas-
sachusetts Amherst including Corrado
Poli, Robert Graves, Laurence Murch
and Geoffrey Boothroyd in the mid-1960s.
They didn’t set out to create DEMA. They
were focused on better product designs
that would feed parts faster through the
state-of-the-art robotic parts-feeding and
assembly processes of that time. By 1970, a
handbook on feeding and orienting small
parts had been published.

Source: Goldense Group, Inc., Dedham, Massachssens.

The next step was coming up with a
way to code those parts with desirable
and undesirable characteristics. If a cod-
ing system could be developed, engineers
could quickly reference it when designing
parts. Boothroyd and his graduate student
C. Ho published their coding system in
1976. Dozens of visiting scholars, grad-
uate and undergraduate students, and
exchange students contributed across
the years.

By the late 1970s, there was a working
methodology for Design for Assembly.
In 1978, Boothroyd and colleague Bill
Wilson at Amherst obtained a three-year
grant from the NSF to study the broader
topic of Product Design for Ease of Manu-
facture. A final report was produced in
1981, entitled Design for Manufactur-
ability.

The University of Rhode Island (URI)
was quite interested in what was going
on at UMass and the next thing you
know, Boothroyd was on his way to
URL. The details of this sudden research
and intellectual property break-up are
scant and hard to come by, and remain
the lore of DFA and DFM historians
and aficionados. Boothroyd was soon to
team with colleague Peter Dewhurst who
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Thermomechanical Fatigue
of Electronics Products

Electronic devices are abundant, ranging from
cellphones and computers to household appliances
and automobiles. Ever-increasing demands on energy
efficiency, performance, and prolonged service life
present significant challenges to design engineers.

In operating these devices, temperatures in the
electronic circuitry vary over time, and this cyclic
thermal loading produces mechanical stresses and
strains that can cause fatigue damage. The product
fails when sufficient fatigue damage has accumulated.

Multiphysics simulation software can be used to
assess the risk of fatigue failure for electronic products.
A multiphysics simulation computes the cyclic thermal

loading, including the heat generated by the electronic In this presentation, guest speakers Kyle Koppenhoefer
components. In addition, the simulation include the and Joshua Thomas from AltaSim Technologies will
effects of surrounding airflow and the radiative heat discuss the development of a thermomechanical fatigue
transfer. The simulation uses computed temperatures model for electronic devices subjected to a complex

to calculate stress and strains in the component. thermal environment. The webinar will also include a
The simulation then calculates the fatigue damage live demonstration using the COMSOL Multiphysics®
produced by this thermomechanical loading. software and a Q&A session.

SPEAKER: Kyle Koppenhoefer, Altasim Technologies

Kyle Koppenhoefer is the president of AltaSim Technologies. He and his business partner founded AltaSim 20 years ago.

He works with customers to identify how computational analysis can be used to provide solutions to their products and
manufacturing processes. Prior to cofounding AltaSim, Kyle worked for the Department of Defense and the Edison Welding
Institute. He holds a PhD in civil engineering from the University of Illinois.

SPEAKER: Joshua Thomas, Altasim Technologies

Josh Thomas is a senior engineer at AltaSim Technologies. He has provided consulting and training supportin COMSOL
Multiphysics® over the last 10 years. He is a lead instructor in many of AltaSim’s classes and has worked extensively with
structural mechanics problems and multiphysics problems involving thermal and structural analysis. Josh received his
bachelor’s degree in aerospace engineering and master’s degree in mechanical engineering from The Ohio State University.

SPEAKER: Akhilesh Sasankan, COMSOL

Akhilesh Sasankan is a technical sales engineer at COMSOL. Before starting at COMSOL, he received master’s in mechanical
engineering from Arizona State University. Akhilesh’s areas of interests include CFD and high-performance computing.

Hosted with
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quickly embraced Boothroyd’s rapidly
solidifying methodologies for both
Design for Assembly and Design
for Maufacturability. /

Joining forces in 1980, along with [
Professor Winston Knight, they h
were soon recognized as the inter- |
national experts on these emerg- l
ing DFA/DFM methods and were
highly sought after by the world’s \
largest companies.

The Advent of DFA & DFM: Their
first DFA/DFM product was Design for
Automatic and Manual Assembly soft-
ware for the Apple IT Plus. IBM and Digi-
tal Equipment expressed interest, which
quickly led to the funding of a PC ver-
sion and the incorporation of Boothroyd
Dewhurst Inc. (BDI) in 1983. With URI
resources and outside corporate support,
additional research was conducted that
led to the first Design-for-Manufacturing
module being added in 1985.

Industry-leading companies, such as
GM and Ford, quickly recognized the val-
ue of DFA and DFM and were using them
to save billions of dollars annually. BDI
quickly rebranded their intellectual prop-
erty and its capabilities as DFMA. Both
founders received the National Medal of
Technology from President George H.-W.
Bush in 1991. Today, thousands of com-
panies around the world practice DFM
and DFA and many use BDI’s software
to help apply them.

BDTI’s founders’ greatest contribution,
as history will write, was not creating
the software. It was something more
profound that can be used every day by
any product designer, engineer or manu-
facturing professional. Their concept of
“Theoretical Minimum Part Count” was
revolutionary and changed how everyone
in manufacturing thought. Fewer parts to
design, fasten together and quality check
made sense. Fewer design change orders
to fix tolerances so assemblies fit snugly
together would save time. Fewer items
to purchase or manufacture, handle and
stock would save money.

Specializing engineering disci-
plines had led to optimizing product

The Westinghouse Wheel.

design at too low a level in engineering
organizations and the product bills-of-
material they generated. Specialization
had also resulted in a parts and fasteners
nightmare that no one really noticed had
happened over the years.

The theoretical minimum count can
rarely be reached; there are too many per-
formance trade-offs to do so. But forcing
a discussion that questions if every part
and fastener is needed to meet the speci-
fied product performance is a discussion
management should want to have in smart
and efficient companies.

Business results: Companies that mini-
mize the number of parts that must be
assembled into products enjoy lower costs,
smaller inventories, less handling costs,
decreased working-capital requirements,
faster times-to-market and higher profit
margins. Companies that can also lower
each part’s manufacturing cost through
better material selection, improved tool-
ing strategies and more rapid fabrication
processes garner even more profit.

DFA part optimization, followed
by DEM on the fewer resultant parts,
improves overall corporate speed and
profit margins. After 40 years, no oth-
er company has accumulated a greater
resource than the research underpinning
BDI offerings and is still being built upon.

What lies ahead: The next chapter
in DFA’s and DFM’s evolution is now

unfolding. 3D printing has come of age
and the advent of additive manufacturing
is at hand. Additive design and produc-
tion approaches differ from traditional
approaches for both engineering and
manufacturing. Just as happened before
BDI created generalized cross-industry
DFA and DFM methods and software,
corporations are again creating their own
company-specific DFAM or DFAM meth-
ods for additively manufactured parts and
assemblies.

Will there be another incarnation to
include 3D-printed designs from BDI, or
will there be an entirely new generalized
approach for additive DFA and DFM that
emerges elsewhere? The next decade is
sure to be exciting as additively manu-
factured part volumes increase. And, of
course, most future products will combine
additive and traditional parts. DFA and
DFM solutions of the future will need
to address these new hybrid product
approaches. ®

Bradford L. Goldense, NPDP, CMfgE, CPIM,
CCP, president of Goldense Group Inc. (GGI;
www.goldensegroupinc.com), has advised
over 300 manufacturing companies on
four continents in product management,
R&D, engineering, product development
and metrics. GGl is a consulting, market
research and executive education firm
founded in 1986.
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A Quick Look
at DFMA

Industry experts talk about DFMA advances and
benefits, as well as the stumbling blocks standing in
the way of its principles being more widely applied.

by Stephen J. Mraz, Senior Editor

trio of manufacturing

experts with years of expe-

rience applying Design

For Manufacturing and

Assembly (DFMA) princi-
ples take alook at how companies should
use them, advancements in the method-
ology and what engineering students are
learning about it.

The Panel

Scott Baxter has spent over 13 years as
business development manager and pro-
posal writer at PEKO Precision Products.
He has a bachelor’s degrees in manufac-
turing engineering and economics.

Jon Freckleton has decades of manu-
facturing DFMA experience and has
worked for and consulted with a wide
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AT A GLANCE:

- Itis imperative for DFMA to
be kept in mind from the first
design concept, and its use
depends greatly on the forecast
of production quantities.

- DFA takes a “big picture”
approach and DFA software
helps to visualize those savings.

- Applying a DFA analysis to
an assembled product is only
beneficial if there is an intimate
knowledge of the available
design options.

range of companies. He has also taught
DFMA workshops and provides DEMA
advice to innovators.

Christopher Kehoe has 15 years of
experience using DFMA. He also earned
a master’s degree in manufacturing and
mechanical systems integration and prod-
uct development.
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What have been the most significant
advances or findings regarding DFMA
over the last five or 10 years?

Scott Baxter: One of the most signifi-
cant advances in DFMA are the CAD
software plug-ins that let designers see
how much parts from suppliers might cost
as they are designing those parts. These
programs are not without hiccups, but
they can help designers see what kinds
of features have major effects on manu-
facturability.

Christopher Kehoe: There is now more
of a focus on cost realization at earlier
stages of design. Project Management
and Product Development processes, for
example, are requiring DFA/DFM analysis
at earlier stages in design. Having it as
a checked off requirement rather than
part of a culture of design efficiency is
the toughest part to achieve. Establish-
ing an engineering culture that embraces
DFMA requires quantifying successes to
show value. Software can help the col-
laboration, but programs must be easy to
use and understandable to several parties.

Is DEMA used more often to lower pro-
duction costs for products already being
made or when designing new products?
Why? Wouldn’t it make sense to use it
starting early in the design phase?

Jon Freckleton: Once a company is
tooled and in production, it is too late
for DEM. Therefore, it is essential to have
DFMA in mind from the first design
concept. How a firm uses DFMA greatly
depends on the forecast of production
quantities. It is also important that firms
have design and advanced manufacturing
departments working together.

Baxter: That depends on the OEM. My
guess is that DFMA is being used mostly
on second- and third-generation prod-
ucts. By that time, OEMs have some real
data on which to base DFMA decisions.
DFMA at the early stage is always best for
cost down initiatives, but there is a huge
disparity in the DEMA skills of design and
manufacturing professionals, so it makes
sense that some companies are less fluent
in DFMA for early designs.

GO TO MACHINEDESIGN.COM

Kehoe: I would agree that DFMA is
used more for cost reduction after pro-
duction as opposed to cost avoidance
during the design phase. That is because
product development has historically been
linear. But using DFMA requires back
and forth collaborations between design
and manufacturing. That back-and-forth
helps designers better understanding the
manufacturing processes and helps manu-

The coupling handles are used to
provide improved pressure and
temperature control capabilities in
fluid power controls for a wide
variety of applications.

The casing and ground components
require high magnetic permeability

and low coercive field strength and
are used in industrial gas sensors.

Learn more at PickPM.com.
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facturing better understand the designs
they are building.

Which has the biggest economic return,
DFM (how to improve the manufactur-
ing of parts and components) or DFA
(how to improve the processes of put-
ting together parts and components

into assemblies and then completed
products)?
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Scott Baxter

Freckleton: They are not separate; they
must be considered together and must
include repair if that is a factor, and recy-
cling, which is always a factor unless it
is an expendable item such as a bomb.
A non-repairable item can be ultrasoni-
cally welded or have a permanent snap
fit, but not if it needs to come apart for
maintenance or repair.

Baxter: This depends on a host of fac-
tors, but a good rule of thumb would be
to Pareto lower cost ideas and first attack
high-fliers with the lowest risk. Sometimes
the two are intertwined, such as when
redesigning a part to make its assembly
easier (like adding a keyway) but increas-
ing the part’s price. It also depends on how
quality is affected at either the manufac-
turing or assembly levels.

Kehoe: Both. DFA takes a “big pic-
ture” approach and DFA software helps
“visualize” those savings. DFA analysis
is best done with product and manu-
facturing knowledge. Simply applying a
DFA analysis to an assembled product
is only beneficial if there is an intimate
knowledge of the available design options
from the design and manufacturing per-
spectives.

What key features are companies adding
to DFMA software?

Baxter: There are some DFMA plat-
forms that give real-time feedback about

20

Jon Freckleton

features that can be really handy, such
as locations or relations of features, and
hole sizes as compared to nominal drill
sizes. These are very powerful. Once
these platforms can analyze and com-
pare DFMA features against production
volumes and make process suggestions,
DFMA software packages will make
huge leaps.

Kehoe There are some DFMA pack-
ages that provide on-the-fly cost feedback
from CAD models and how changes can
affect cost.

Is DFM well-covered in undergradu-
ate engineering curriculums? If not,
how should it be taught—as one
major course (and lab) for all engi-
neering students, or as part of several
required courses in a student’s chosen
field of engineering? As an aside, are
there enough people qualified to teach
college-level DFMA to handle all the
engineering undergrads?

Baxter: Luckily for me, I took a DFMA
class with a lab at Rochester Institute of
Technology, and I am glad they offered
it. It taught me the principles of DFMA
and in our final project each of us applied
those principles to a real product and
developed new designs and cost estimates.
It taught me a lot.

But based on what I've garnered from
designers I've met, college-level DFMA

Christopher Kehoe

Luckily for me, | took

a DFMA class with a
lab at Rochester Institute of
Technology, and | am glad
they offered it. It taught me
the principles of DFMA and
in our final project each of us
applied those principles to a
real product and developed
new designs and cost
estimates. It taught me a lot.”

— Scott Baxter

courses are not well-staffed. DFMA
courses also require real-world interac-
tion (for getting prices, for example) that
most colleges cannot offer.

Freckleton: First off, a Ph.D. who has
never worked in product development
and production cannot teach it. Ideally
it should be covered in many engineer-
ing courses and also covered in a course
devoted to DFMA. It should also be an
important part of any appropriate cap-
stone senior design project. Hose senior
projects should be industry sponsored
and involve actual design problems and
challenges. They should also be multi-
department or multi-discipline projects
where appropriate, as this is usually the
case in the real world.
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I cannot answer as to how well it is cov-
ered these days, but as a hiring manager
at several tech companies, I never found
a properly prepared B.S. grad.

Since industry lacks enough people
with this background, they are in demand.
And since colleges look down on—and
usually will not hire—anyone lacking a
Ph.D,, it is often taught by adjuncts who
cannot present a demanding-enough
course, and do not have daytime office
hours and availability to students for
project support.

Kehoe: No. Undergraduates do not
have enough design or manufacturing
knowledge to apply DFMA. I would sup-
port the influx of DFMA any time criti-
cal thinking of product development is
part of a curriculum. Dedicated DFMA
classes can be considered specialized since
engineering undergrads would need to do
significant research to understand design
factors and manufacturing factors of cost.

That is a major challenge for a younger
student. Mostly this can only be sub-

stituted with practical experience. The
principles of DFMA are questioned
throughout the curriculum and then re-
enforced with research. Only then can
this become a tool for use in practical
application.

I cannot speak the state of education
at this time, but I can attest to the fact
that through six years of graduate work,
the education department was not able to
embed DFMA principles into programs
of study. I took a dedicated class as a
graduate student, but also had close to 20
years of experience. I was able to absorb
the principles and apply them from my
extensive knowledge of manufacturing
and design.

What industry seems to be the best at
using DFMA and enjoying significant
benefits from it? Why is this industry
doing so well?

Baxter: One thing I know is that
every industry wants DFMA. I'd guess
that automotive and electronics are the
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best at using DFMA based on their deep
pockets, R&D commitments and predict-
able, high-volume forecasts. They also
have lots of weight with their suppliers
so they can easily get pricing and cost
ideas from the supply chain to verify their
DFMA concepts.

Why haven’t other branches of DFMA
taken off, such as Design for Reliability,
Design for Serviceability, Design for
Environment, Design for Recyclability,
Design for Disassembly and so on?
Freckleton: Idiots in management.
Kehoe There needs to be culture or
paradigm shift in a company to where
these approaches are infused into the
design while it is being developed, not
after the design has been completed.
Baxter: Usually cost is the first thing I
hear regarding DFMA efforts. The costs
in DFMA efforts are immediate and less
theoretical. In other words, DFMA costs
seem to be more tangible, so they get more
consideration from decision makers. B
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A Look Inside the

DFMA TOOLBOX

Here are some tools
and technologies that
let companies apply
DFMA principles to their
products.

by David Meeker, Consultant,
Neoteric Product Development

ver the last decade sev-
eral design methodolo-
gies and manufacturing
processes have appeared
that, when employed,
lead to automatic DFMA results. \

Electronic Assembly Packaging Concept EPAC

» Parts count reduction 124 parts
» Labor savings 79%
» All but 4 fasteners eliminated

Image: David Meeker

Here’s look at several* of them that have
been shown to help designers and engineers achieve several
DFMA goals—the primary one being reduced part count, which
saves money and simplifies assembly.

Electronic Packaging Assembly Concept

In the 1990s, steadily decreasing market prices and shorter
life cycles crippled Hewlett-Packard’s workstation business. The
company decided it suddenly needed faster production processes.

Hewlett-Packard’s workstation design team, needing to reduce
the cost and time it took to building its workstation, had an
epiphany. As one of the designers recalls, “The team could not
get out of their minds the idea of fixing parts so that they are
enclosed and held by their by geometrical forms. The idea is
similar to children’s games that require players to put differently
shaped blocks into matching hollows.”

For the workstation, the blocks would be the workstation’s
electrical and mechanical components, while the hollows would
be spaces inside the workstation’s enclosure. The critical step
turned out to be finding a suitable material in which to carve
out spaces for components inside the enclosure. The material
would need to:

« Be pliable and bouncy.

o Be 100% recyclable.

» Be nonconductive.

« Hold tolerances.

o Attach components to substrates without fasteners.

o Resist heat, chemicals and moisture. The material that

seemed most suitable was expanded polypropylene (EPP).
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Creating the prototype with EPP foam required two days to
fabricate the parts and assemble the workstation. With a few
minor alterations required for air flow, the workstation not only
ran, but passed all environmental tests as well. Compared to
the traditional workstation, the Electronic Packaging Assembly
Concept (E-PAC) workstation needed:

o 70% fewer housing parts.

o 95% fewer screw joints.

o 50% less assembly time.

o 90% less disassembly time.

o 30% less transport packaging.

o 50% less time and cost in developing the housing.

Moreover, the E-PAC workstation included these additional
benefits:

o Fewer chassis parts.

o A one-step process to make molded parts.

« Simple, fast, cost-effective assembly.

« A lighter final product.

o Shock and vibration protection.

« Cooling from air channels in the foam.

o 100% recyclable materials.

o Fewer tolerance issues due to material flexibility. B

*For the full text of this article, including additional images and
DFMA principles on 3D Molded Interconnect Devices, Electronic
Magnetic Assembly Bonding, hydroforming, 3D printing and friction
stir welding, please visit www.machinedesign.com/21216271.
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DFMA Redesign

L eads to Reusable Parts That
Withstand the Heat

This redesigned part performs better, lowers cost and shortens lead times.

by Stephen J. Mraz, Senior Editor

ngineers at Nieka Systems in
Canada design x-ray equip-
ment that determines the
compositional makeup of
ore and cement samples.
They also design and manufacture the
equipment needed to mix and dissolve
samples in molten borate at temperatures
over 1,000°C to make the material samples
compatible with the analysis process.

The materials and borate are mixed and

heated in platinum crucibles which are
suspended by thin metal clips. Nieka Sys-
tem’s founder, Louis Croisetiére, wanted to
redesign the clips using DFMA principles
to lower costs.

There were several goals for the clip’s

redesign. The new clip would need to:

« Hold the crucible in place through-
out the mixing and pouring opera-
tions.

o Minimize heat transfer from the
crucible to the rest of the machine.

o Keep its strength and durability
despite high temperatures.

» Have lower manufacturing costs.

o Make lead times shorter and more
predictable.

Deciding the clips’ material was rela-
tively simple. The high temperatures
and rapid temperature changes made
the nickel-based superalloy Inconel
625 a natural fit. Choosing that exotic
metal introduced several manufacturing
complications.

26

The crucible clips can be seen holding platinum crucibles over gas burners in one of Nieka’'s
sample-making machines. The clip’s design is relatively simple. But it took the company

several DFMA steps to get to the final design.

At first, Nieka wanted to use CNC
machining to prototype and manufactur-
ing the clips. The company designed a
clip that met the mechanical requirements
and had a slot in each of the clip’s legs to
minimize heat transfer. A design evalu-
ation concluded this would be difficult
to manufacture using CNC machining

and lead to steep costs, long lead times
and machine shops declining to take on
the job.

CNC machining also meant the clip
had to be cut from a much larger vol-
ume of Inconel 625 stock, so much of it
was lost to waste. Inconel 625 also can
quickly wear down slotting tools required

An early design for a CNC-
machined crucible clip
(left) and the bounding box
of the Inconel 625 sheet
stock from which it would
have to be cut (right). Note
the large amount of extra
material that must be
removed to create the clip.
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A clip
orientated
for DMLS
production
shows the
supports
needed
during the
3D printing
process in
red.

i
|

to cut the overhangs that hold the cru-
cible. Keeping the clip in position while
it was machined was also a challenge: It
took several set-ups, and the clip tended
to bend under the forces from the vice
holding it.

To lower the cost for complex parts
made in low-volume production, Nieka
turned to direct metal laser sinter-
ing (DMLS) and an outside vendor.
Although the original CNC clip design
was already DMLS-compatible, there
were other complications. The clip was
3D printed upright to simplify remov-
ing it from the build platform. In this
upright orientation, support structures
were needed to anchor the part during
fabrication. Although an outside DMLS
vendor agreed to remove these struc-
tures, it added lead time and occasionally
left rough surfaces that required post-
processing.

More significantly, Nieka did not have
enough orders to fill an entire build plat-
form. To keep costs down, the vendor
delayed making the clips until it had
enough orders to run a full build. This
led to inconsistent and unpredictable
lead times varying from 14 to 40 days,
which hindered R&D and production
planning. These supply chain constraints
led Nieka to seek an in-house metal AM
technology, leading to a new design for
the crucible clip.

A Flexible Manufacturing Solution
Nieka needed a more flexible manu-
facturing method that could be done in-
house. The company eventually chose
metal fused filament fabrication (FFF)
on a Metal X printer from Markforged.

GO TO MACHINEDESIGN.COM

Of course, this also called for a redesign
of the clip, as the FFF process involves
3D printing using a polymer and wax
filament which contains metal powder,
then removing the wax and polymer
and sintering the metal powder into a
metal clip.

FFF let Nieka engineers create complex
clip geometries to meet their design goals.

They also used Eiger slicing software from
Markforged to create a hollow triangular
infill in the clips CAD model. This elimi-
nated the need for the cooling slot and
meant that less heat-transmitting Inconel
was needed to make each clip. The new
design prevented much of the heat from
escaping the crucible, and the new leg was
stiffer than the DMLS version.

It used to skew and chatter.

| A
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Eiger slicing also creates a “raft”
underneath printed parts to improve
geometric stability during sintering.
This normally has minimal impact on
process costs, but the crucible clips are
so small that printing the raft doubled
the print time and material cost. Nieka’s
engineers chose to forgo the raft, dou-
bling daily production capacity but also
causing the legs of the clip to go slightly
out-of-parallel during sintering. This

A screenshot
from Eiger
slicing
software
shows the
sparse
triangular
infill structure
within the
crucible clip
printed using
FFF.

was a classic engineering trade-off—a
small reduction in dimensional accuracy
increased production capability.

Fortunately, the resulting problem of
legs that were out of parallel also had
a simple fix. The clip’s legs always bent
outwards by a repeatable angle during
sintering, so they were redesigned to
angle inwards by the same amount and
they would be straight and parallel after
sintering.

The crucible clip 3D printed using DMLS
(left) and FFF (right).

Subtle modifications created efficiency
improvements in processing FFF parts
after sintering. A small chamfer added
to the lip that retains the crucible flange
reduced the amount of support material
used in that region. This created a bigger
gap between the support material and the
part and made it easier to remove any
remaining support material.

Redesigning the crucible clip for
the Markforged FFF printer lets Nieka

FAULHABER

Drive Systems,
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A complete FAULHABER Drive System is more

than the sum of its components. Experience
FAULHABER's principle of perfectly optimized
parameters and interfaces for improved performance.
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FFF parts are usually printed on a raft (in
red) which helps maintain dimensional
accuracy during sintering.

Systems consistently deliver lead times
and cost savings at least an order of
magnitude better than CNC machining
or DMLS could, while improving the clip’s
performance.

Nieka O

3D printing the legs so they are canted
slightly inwards offsets sintering’s
warping effects without using a raft.

Some of our new

designs are based on
the fact we can print parts,
so it’s changed the way
we work. It’s reduced our
assembly time and we have
none of the design limitations
of traditional methods.”

— Louis Croisetiere

It also has changed the way that Nieka
designs its products. “Some of our new
designs are based on the fact we can print
parts, so it’s changed the way we work,”
says Croisetiére. “It’s reduced our assembly
time and we have none of the design limi-
tations of traditional methods” m
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A small chamfer added to a flange made it easier to slide a tool in to remove the part
from the build platform.
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Redesign of Medical Imager Gantry
Cuts Costs, Eases Installation

Replacing heavy welds with bolts for the main gantry
saved considerable time and money.

by Scott Baxter, BD Manager, PEKO Precision Products

medical company had been

making and marketing a

multi-million-dollar can-

cer imaging and treatment

system, the company’s flag-

ship device, for a few years. Management

then decided to upgrade portions of the

technology in the device, not the least of

which was changing the dosing subsystem.

The original model, the one they had been
selling, relied on cobalt for dosing.

The company wanted to move to linear

accelerators, sometimes known as linacs.

Serving a World
of Industries!

Request your

FREE

CATALOG &
CALENDAR!

e

It also wanted to lower the cost of mak-
ing the imager. But such a major redesign
would make it mandatory to requalify the
machine, and requalification is along and
arduous process. Nevertheless, it would
open a window to some interesting pos-
sibilities.

When the company first designed
the machine, it had partnered with an
engineering team from PEKO, a contract
design and manufacturing firm. PEKO
manufactured the machine the OEM had
designed. While the machine was being

qualified, PEKO engineers brainstormed
some Design for Manufacturability and
Assembly (DFMA) ideas for it. Imple-
menting them at the time of the original
design would require a new requalifica-
tion which could take over a year and
cost tens of thousands of dollars. The
company was anxious to get the machine
on the market, so the DFMA ideas were
shelved.

Since the upgrade would require
requalification anyway, the two compa-
nies decided to apply DFM principles to
the device and lower the cost of making
it at the same time.

One of the machine’s main assemblies
is a gantry, a large donut-shaped ring into
which the patient is placed, much like an

MRI machine. Changing the dosing sub-
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system would affect the gantry the most,
so the DFMA principles of “eliminate,
combine and optimize” were applied to
its redesign.

The gantry, an electro-mechanical
assembly, stands roughly nine feet tall
and is composed of large aluminum
components, all on a heavy base. The alu-
minum sections are joined to strengthen
the gantry. A chain drive rotates the gan-
try when the machine is operating. The
gantry’s main function is to position and
hold the imaging and dosing subsystems
that are paramount to proper treatment.

The original gantry was assembled
using heavy 3/4-in. welds joining the
aluminum components. It took 100
hours to weld, but the aluminum parts
had to be heated to 300°F during this
process. This type of welding presents
several challenges. It is prone to warp and
shrink parts in unpredictable directions,
which can push parts out of tolerance and
lead to low yield rates and repeatability

problems.

.

Another issue is the high cost of
welding thick beads on large structures
followed by post machining. Lastly,
inspection time was lengthy due to the
manufacturing method and the size of
the components. The original design was
also more likely to be rejected during
inspection of the entire unit, and at that
point the gantry could not be dissembled
to make easy corrections.

New Calculations for Old Issues

The DFMA redesign used bolts rather
than welds to assemble the gantry. This
would maintain the gantry’s strength and
durability while reducing assembly and
inspection times and increasing manu-
facturing throughput. Using bolts also
slashed the amount of time parts spent
on large CNC machining centers, a costly
and unwieldy machining method.

The design team also calculated that the
heavy aluminum welded structures could
be replaced by smaller components. The
components would be precision machined

to ensure the positioning of critical fea-
tures was accurate and could be performed
on smaller, less-expensive CNC machines.
Holes for fasteners could be drilled and
tapped using CNC and all the parts could
be delivered to the assembly line in a kit
for technicians. The new assembly process
benefits from the accuracy of the features
machined into lower-level components.

As in any DFMA initiative, results
are what matters most. Once the work
is performed, measuring the outputs
against the expectations reveals suc-
cess or failure. In this case, PEKO used
DFMA to lower the overall unit cost
and increase manufacturing capacity
and throughput by eliminating welding
and large machining. The redesign saved
thousands of dollars and removed pro-
cess uncertainty from this gantry proj-
ect. The time needed on large mills was
reduced by 50%. Across the board, the
gantry’s price was reduced by nearly 22%
and throughput rose to more than double
that of the original gantry. m
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Engineering
Your Career,

Part 3

Professional Societies
and Community

Groups

Professional societies and community groups can
help build networks of design professionals that help
engineers stay technically relevant.

32

by Tricia Hatley, Immediate Past
President, National Society of
Professional Engineers

ngineers who invest time

and energy in professional

associations and communi-

ty groups will quickly find

that those investments pay
dividends in terms of building networks
of engineers and design professionals
and staying technically relevant. Both
of these can be critical to an engineer’s
career success.

Investing in Your Profession and
Community

When you decide to join a professional
association or a community group, you've
taken an important first step in boosting
your career. But that membership likely
won’t pay dividends until you engage.
Being a member typically includes access
to various benefits, but actively engaging in
the organization often leads to real career
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growth and acceleration of an engineer’s
professional development. For example,
associations are leaders in post-college
training and professional development
for engineers of all disciplines.

My own story serves as a good example.
I first joined the National Society of Profes-
sional Engineers as a young engineer fresh
out of college after being invited to a meet-
ing by a co-worker. At that first meeting
I learned about an opportunity to volun-
teer at the local Mathcounts competition.
Mathcounts, a STEM program for 6th, 7th
and 8th graders, encourages the pursuit of
high-level math courses, a prerequisite for
any engineering program. I participated
in Mathcounts in grade school and knew
how fun it is, so I wanted to be a part of
the effort. Through that engagement, I had
the opportunity to be a Mathcounts coor-
dinator for my local NSPE chapter. I also
moved through the various officer posi-
tions in NSPE, including chapter president.

Serving as a chapter leader and then at
the state and national levels, Ilearned vital
leadership skills and had the opportunity
to put those skills into practice. Certainly,
on-the-job training is a great way to learn
and grow, but learning and practicing
leadership skills in the safe and relatively
harmless context of a volunteer organiza-
tion or professional association has a lot
of benefits. I found my fellow members
and officers to be extremely supportive
and forgiving when I made mistakes or
missteps. This is not always the case in
the work environment. The experiences
in Mathcounts and NSPE helped build
my confidence along with my skills and
networking base.

For example, serving as a committee
chair in a professional association or com-
munity volunteer organization lets you
work with small groups to accomplish a
task or series of tasks. You have no real
authority over your other members, so
you must flex your skills of persuasion
to achieve results beyond what you alone
could accomplish.

Associations are leaders in post-college
training and professional development for
engineers of all disciplines.

GO TO MACHINEDESIGN.COM

To effectively influence team mem-
bers to take action and help with vari-
ous tasks, you have to paint a picture of
what the team is trying to achieve and
then organize the team with task assign-
ments and a schedule for completion. This
closely parallels what project managers
in engineering organizations do when
developing a project or product. Team

members don't usually report directly to
the project manager, and they have other
responsibilities within the organization
and outside of it. So, these skills of influ-
ence or persuasion, along with planning,
organizing and scheduling, are critical to
the team’s success. And mastering those
skills is critical to your development as
an engineering leader.
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In addition to skills development,
engaging in professional associations
and volunteer community organizations
requires that members learn to focus on
what is important to them, their careers
and their mental/physical health. In other
words, members learn to balance work
and outside activities, which can be a
challenge for any engineer.

As a young engineer working my way
up the corporate ladder, I was also a wife
and mother. I didn’t have a lot of spare
time, but I found a way to make time for
professional and community activities
while also excelling as an employee and
caring for my family. These things are
not mutually exclusive; they are com-
plementary. The skills learned in one
situation are helpful and applicable in
the other.

Granted, balancing all of this might
not be easy, but it is certainly possible.
It’s also fulfilling and enriching, which
is a huge motivator when it comes to
maintaining the focus necessary to push
forward daily.

Giving Back Gives Back

We often talk about the desire to “give
back to our profession,” an old-school way
of looking at the world and our respon-
sibilities. But maybe we need to rephrase
it to be more in tune with today’s think-
ing. For me, it means working as hard
as possible to improve the engineering
profession for future generations. Or in
other words, to leave things better off than
how I found them.

Whether it’s sustainability, resiliency
and green approaches to our work, or
improving processes and procedures for
the future, it’s all about making a differ-
ence and changing things for the better.
That’s a worthy goal, and one that fits the
calling of a professional engineer. So, to
have a rewarding and successful career,
many engineers feel the need to make
positive changes and “give back”

Mentoring young professionals, for
example, is one way to give back to
the profession and pass on the wisdom
we have learned to future generations.
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Mentors
were promoted

not mentor

Mentees
were promoted

5X more

6X more ofien
than those who did

According to a June 2019 Forbes article,
about 70% of Fortune 500 companies
offer mentoring programs to employ-
ees, a sure sign those companies value
mentoring.

Whether through formal mentoring
programs or informal settings, spending
time mentoring or being mentored can
be fulfilling and enlightening. Ironically, I
often leave mentoring sessions with more
than I brought to the table. Spending time
with people who may differ in age or back-
ground can enrich an engineer’s career
while also helping others.

Committing time to mentoring and
being mentored can be a challenge in
today’s busy world, but the time spent is
worth it. In a July 2019 Forbes article, a
Sun Microsystems case study illustrated
this point. Mentees in the program were
promoted five times more than those who
were not. And mentors were promoted six
times more often than those who did not
mentor anyone. On top of that, retention
rates were significantly higher for men-
tees (72%) and mentors (69%) than for

employees not participating in the pro-
gram (49%). It seems investing time in
mentoring is critical to career growth and
development.

Building a Network

Having an effective network is more
than just meeting folks, having casual
conversation and connecting on social
media. To illustrate this point, engineers
can create a bubble diagram of their net-
work. It starts with a circle in the middle
of the page that represents the engineer,
and then bubbles are drawn represent-
ing various people in their life including
friends, family and co-workers. This lets
engineers “see” their various relationships
and then focus on strengthening those
important to career advancement and
other goals. For me, that includes fam-
ily and professional relationships. Over
the years, I have revisited and updated
my network’s bubble diagram, which has
benefitted me.

Engineers who are exploring their
networks should consider not only their
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of Fortune 500
companies offer
mentoring programs
to employees

company and family, but also volunteer
organizations, alumni and community
groups, and others who influence their
lives. They will likely find that a reward-
ing engineering career is about more than
designing great projects; it is truly about
the people in their lives.

Staying Technically Relevant

Engineers are technical profession-
als and staying up to date on technical
advances in their fields is vital to their
career development. I have sat across the
table from numerous young engineers
who talk about wanting to be project
managers and leaders in their field.
But they don’t seem to understand the
value of their technical knowledge and
problem-solving abilities as they apply
for advancement.

Engineers should focus heavily on
developing their technical skills in their
first five years after graduating from col-
lege. Then, as their career progresses,
they may shift the focus to leadership,
management and business skills. At the
same time, however, it’s advisable to pick
a technical niche they find compelling
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and continue to take classes, read books
and articles, and attend webinars in that
area. Young engineers can easily become
experts in their field if they put in the time.
Fulfillment as a technical professional
requires continual learning throughout
your career.

Investment in your career development
is essential to success. So use professional

associations such as NSPE to achieve your
goals and take advantage of the many
opportunities that will come your way. B

This is the third part of a four-part series on
how engineers must adapt in these chang-
ing times. Part | covers the challenges of
engineering, Part Il covers licensing and
Part IV looks at risk taking.

We were too.

That's why we invented
the wave spring.

Optimize Application Space & Weight
Industry-Specialized Design Support
Large Selection from Stock

Easy to Customize

Crest-to-Crest® Wave Springs

&) SMALLEY

THE ENGINEER'S CHOICE®

Request Free Samples at 847-719-5900 or smalley.com
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Automation & lloT

Heavy Metal:

PC Control Guides Steel Forming

A Swiss machine

builder uses automation
technology to form 45-ton
tanker hull plates.

by Peter Reinstadler, Area Sales
Manager, Beckhoff Switzerland

aeusler AG, basedin Dug-

gingen, Switzerland, is a

leader in implementing

large-scale facilities for

forming metal plates.
Haeusler is a specialized machine man-
ufacturer that employs around 120 staff
today. Since its founding in 1936, the
company has developed a wide variety of
machines and production lines, including
customer-specific designs, for processing
sheet metal for use in applications such as
wind turbine towers, pipelines, the Ariane
rocket, shipbuilding and enclosures within
power plants and reactors.

At the end of 2020, the machine builder
delivered a giant 1,245-ton straightening
machine to one of the largest shipyards in
China. One of the largest of its kind in the
world, the machine is used in the oil tank-
er hull production. After an 18-month
design and construction period, the latest
RI 4000 X 87 straightening machine was
delivered to the Chinese customer.

Proven Machine Expertise

Haeusler’s RI machine series is fitted
with five, seven, nine or 11 straightening
rollers, depending on the technical speci-
fication. This includes the latest, gigantic
forming system, the RI 4000 X 87, which
draws on the company’s 80 years of experi-
ence in the field.

Standing 12 meters high, coming in at
a dead weight of 1,245 tons and equipped
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The C6920 control cabinet Industrial PC is used in two machine control cabinets.

with five large straightening rollers, this
most recent system can apply up to 19,000
tons of force during the forming processes.
It is capable of machining 120-mm-thick,
4-m-wide and 12-m-long high-strength
steel plates (1,000 N/mm?2 yield strength)
weighing up to 45 tons. Haeusler officials
said the capacity to process these huge
metal plate dimensions provides signifi-

cant advantages compared to traditional
straightening solutions.

Machining this kind of steel plate is
simply not comparable with forming
typical sheet metal that is just a few mil-
limeters thick. Here, it is more a matter
of evenly aligning the plates as a rule—
which are sometimes slightly wavy after
manufacturing—for the subsequent work
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steps. Another task is to homogenize the
stresses occurring in the sheet through
several passes of cold rolling.

For these purposes, the R series offers
a number of features, such as special
individual roller adjustment for optimal
straightening of both thin and very thick
sheets. The direct roller drive provides
automatic speed compensation and inte-
grated overload protection. For this need,
Haeusler turned to PC-based control tech-
nology from Beckhoff to ensure the enor-
mous forces for precisely forming steel
parts are guided in the right direction.

Intelligent Machine Control

Another feature of the RI series is
its intelligent machine control system,
according to Haeusler. The Beckhoff con-
trol technology allows users to achieve
optimum machining results within a short
amount of time. The modular components
are distributed and networked with the
high-performance EtherCAT commu-
nication system, which can be ideally
adapted to the special requirements of
the straightening machine.

“The strength of Beckhoff lies in the
breadth of the portfolio and in particular
in how open PC-based control and Ether-
CAT technology is,” said Patrick Stadler,
deputy head of the electrical department
at Haeusler. “This means that if third-par-
ty components such as position measuring
systems are required, they can be inte-
grated without a huge amount of effort.

“What’s more, a second control com-
puter was installed in the plant for a
downstream measuring application,
which enables quality inspections to be
performed after straightening,” Stadler
continued. “Using the EL6695 EtherCAT
bridge terminal, both controllers could be
connected to allow real-time data com-
munication with minimal effort. We also
use ADS to transfer process parameters
between the controllers via TCP/IP and
to the HMI that we developed ourselves,
and we appreciate how open the interface
is in this respect, too”

As another example, Stadler mentions
a highly precise laser used for measuring
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the flatness of the straightened steel plates:
“The laser has an RS422 interface, and
could be easily integrated with the EL6021
serial interface and the corresponding
TwinCAT library without painstaking
project planning.

“A complex hydraulic system is fed
from an 8,000-liter oil tank, which
transfers up to 3,500 liters of oil per
minute,” he added. “Hydraulic torque
control of seven axes simultaneously

has been implemented, with torques of
up to 10 million Nm. The system is sup-
plied with up to 2,500 A power (at full
load), the majority of which is used for
the hydraulics”

Stadler also sees another advantage in
the TwinCAT OPC UA Server (TS6100):
“With this OPC UA interface, we pro-
vide the end customer with the option
to efficiently integrate the machine into
their shop floor management,” he said. =

Fabco-Made NFPA

Versatile, rugged cylinders—when you need them

FABCO-AIR

A member of Festo Group

Our NFPA interchangeable pneumatic
cylinders take the guesswork out of cylinder selection.

We design and manufacture our NFPA cylinders in Gainesville, Florida—so expect fast
delivery, supply chain resilience and local support no matter your application.

Built tough, our NFPA actuators feature anodized aluminum heads and barrels and
stainless steel hardware for corrosion resistance. They also incorporate high-strength
composite rod bearings and PTFE piston wear bands for superior load handling and
long service life. Choose from 19 standard mounting options and hundreds of standard
configurable options to meet the requirements of almost any application.

Standard catalog not enough? Tell us about your application and let us design a custom

solution optimized for your environment.

Standard bore sizes: 1.5-6 inches
Standard strokes to 99 inches
Pressure rating: 250 PSI
Temperature range: -10° to +165°F

MADE IN GAINESVILLE, FLORIDA

Conforms to NFPA dimensional specifications
Lead time for standard configurations: 7-10 days

www.fabco-air.com
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Featured Products

Continuous Jumpers
Reduce Vibration
Interference

The introduction of 3-way and 5-way
continuous jumpers has expanded
TOPJOB S uses. As with previous jumper
introductions, these versions utilize

the exclusive jumper retention spring
designed into TOPJOB S terminal blocks
to ensure a vibration-proof connection
every time. This offering provides
additional options when circuit designs
need to use the second row of jumper
slots on TOPJOB S terminal blocks for
other purposes (for example, testing).
Combined with staggered jumpers, they
are able to cover a wide variety of end-
use applications.

WAGO
www.machinedesign.com/21216882

Upgraded Pilot Devices

Offer More Options

An upgraded line of IEC Pilot Devices
features pilot lights, push buttons,
selector switches and E-Stops, with a
wide range of variations and options
available within each product group. All
new Series GT products are compatible
with the discontinued Series B products,
all while keeping the same mounting
and assembly dimensions and
specifications.

c3controls
www.machinedesign.com/21216609
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Heavy-Payload Robot Improves
Reach, Output

The M-1000iA robot is capable of handling very
heavy products, including automotive components,
construction materials and battery packs for electric
vehicles. The M-1000iA’s serial-link construction gives
the robot a wider range of motion in every direction.
It can extend its arm upright or rotate it backwards,
which is not possible for typical heavy-payload
robots with a parallel-link mechanism. With a 1,000
kg payload, a 3,253 mm horizontal reach and a 4,297
mm vertical reach, the M-1000iA is ready to go to
work for manufacturers looking to increase output and
maximize their production line’s efficiency.

FANUC
www.machinedesign.com/21216790

Photoelectric Sensors
are IP67 Rated

Contrinex metal M12 and M18
photoelectric sensors for process
and discrete control applications
offer complete overload protection
and are IP67 rated. They are
available in diffuse, diffuse with
adjustable background suppression,
retroreflective and through-beam
models. Select models are 10-Link
compatible, providing continuous diagnostic data and easy sensor mode selection. All
sensor outputs are complementary, allowing them to be used as a light-on or dark-on
sensor. The Contrinex photoelectric sensors are made in the US. and are UL listed, CE
marked and RoHs compliant..

AutomationDirect
www.machinedesign.com/21216681

Soft Gripper Combines Flexibility,

Washdown
The piSOFTGRIP 100-4 has four gripping fingers and
a vacuum cavity allowing it to hold objects up to
a width of 100 mm (393 in.). Made in detectable
silicone approved for direct contact with food,
the vacuum gripper can be used to automate
the handling of all sorts of fresh, unpackaged and
delicate food items, without the risk of crushing
them. They have a very small footprint making
them ideal for multiple applications even in space-
restrained machine settings. They do not require any
specific programming. To ensure the right gripping force for gentle but safe handling
of delicate objects, the vacuum level can easily be adjusted.

Piab USA, Inc.
www.machinedesign.com/21216671
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mance. Red Lion's newly launched okersin
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For more info visit: https://exair.co/bosed5If

UL98 & UL508 ‘o Your Sourcelfor
Disconnect SWItches Industrial Enclosures®™

UL98 T #¥ We carry an extena
60A & 100A line of Industrial Enclosure:

M 600 models available

DC-DC Converters &
DC-AC Inverters

ABS =-Aluminum s-Polypropylene
i Polycarbonatesi\Polystyrene

IP65'*IPG6 * IP67

©F Attech

AltechDisconnectSwitches.com ; AltechEnclosures.com

ABSOPULSE -
e ELECTRONICS LTD. Tel: +1-613-836-3511

www.absopulse.com

GO TO MACHINEDESIGN.COM 39


http://www.machinedesign.com/21233657
mailto:fgorman@astromet.com
http://www.astromet.com
http://spirol.com
http://machinedesign.com
http://bokers.com
https://exair.co/bose45lf
http://www.absopulse.com
http://altechdisconnectswitches.com
http://altechenclosures.com

One Last Thing...

Owl Wings
Inspire Airfoil Design
and Noise Suppression

Owl wings enlighten researchers on novel ways to suppress

the aerodynamic noise of an airfoil.

by Rehana Begg, Senior Editor

new sound-suppression study provides fresh
insight for airfoil design and noise control for
micro-aircraft and fluid machinery.
The research focused on the concept of trail-
ing-edge noise by using the characteristics of
owl wings to inform airfoil design and significantly reduce the
trailing-edge noise.

Trailing-edge noise can be characterized as the dominant
sound emitted from aeronautical and turbine engines, such as
wind turbines and marine propellers, but is also prevalent in
drones and automobile fans. Suppressing noise pollution from
take-off and landing is a major environmental goal in urban
areas. The FAA has set the day-night average sound level (DNL)
65 dBA as the threshold of significant noise exposure, below
which residential land uses are compatible.

Noise—whether of the engine or aerodynamic variety—is
a perpetual by-product of air travel and impels a continued
review of noise mitigation at the source.

Researchers from Xi'an Jiaotong University, based in Xi‘an,
Shaanxi, China, had good reason to take their cue from nocturnal
owls. “Nocturnal owls produce about 18 decibels less noise than
other birds at similar flight speeds due to their unique wing
configuration,” said Xiaomin Liu, a co-author of the paper, which
is published in Physics of Fluids, by AIP Publishing. Moreover,
Liu added, when the owl catches prey, the shape of the wings is
also constantly changing, which underscores the significance of
studying the wing edge configuration during owl flight.

What Exactly is Trailing-Edge Noise?

Trailing-edge noise is broadband sound. It is generated when
airflow passes along the back of an airfoil, such as the wing
or blades of the propeller, rotor or turbine. The flow forms a
turbulent layer of air along the upper and lower surfaces of the
airfoil. The researchers explain that when that layer of air flows
back through the trailing edge, it scatters and radiates noise. It
plays a significant role in the overall airframe noise.
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Previous research on the effects of serrated trailing edges
showed that serrations effectively reduce the noise of rotating
machinery. But these studies also showed that noise reduc-
tion could not be generalized—the measure of noise diffusion
depended on the final application.

“At present, the blade design of rotating turbomachinery has
gradually matured, but the noise reduction technology is still
at a bottleneck,” said Liu. “The noise reduction capabilities of
conventional sawtooth structures are limited, and some new
non-smooth trailing-edge structures need to be proposed and
developed to further tap the potential of bionic noise reduction.”

Suppressing Noise in Rotating Machinery

The researchers used noise calculation and analysis software
to conduct a series of detailed theoretical studies of simplified
airfoils with characteristics reminiscent of owl wings. They
applied their findings to suppress the noise of rotating machinery.

They found that they could suppress the noise when they
improved the flow conditions around the trailing edge and opti-
mized the shape of the edge. The researchers also pointed out
that symmetric trail-edge serrations reduced the noise more so
than conventional trailing-edge serrations.

Since the level of noise reduction was dependent on operating
conditions, the researchers emphasized that the airfoil designs
should be further evaluated based on the specific application.

For example, wind turbines have complex incoming flow
environments, which require a more general noise reduction
technology. The researchers said that examining noise reduc-
tion techniques under the influence of different incoming flows
would make their conclusions more universal.

The owl wing research, noted the authors, will serve as an
important guide for airfoil design and noise control.

The article “Aeroacoustic Investigation of Asymmetric
Oblique Trailing-edge Serrations Enlightened by Owl Wings”
was authored by Lei Wang and Xiaomin Liu. Read the full article
in Physics of Fluids. m
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