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Break FREE from the
traditional PLC experience!

AND GET SHUTDOWN: PLUS
SAFETY :

FREE Software S 1NTERLOCK N FREE Tech Support

Download and install as [ TRIPPED Voted Best in Service |5 years straight.
often as you need. A% P2-550 CPU Give us a call and see for yourself.
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Additional '
i ,dditional — because once Is enough!
b Initial Contl‘aC: With traditional suppliers the “upfront” price
2 software Access to renewa is not always the price you pay. The costs
costs online . . .

" . resources associated with service contracts, software
ﬁ ci‘:"t‘:'a‘:t . g;tf:smesi() licenses, access to online resources, etc. can
pates, € make your PLC purchase a long and painful one.

a Hardware .
b cost Our programmable controllers include many

standard features that you would pay thousands
for elsewhere, but what they don't include is the
additional cost of ownership.

FREE Software
FREE Tech Support
NO software license fee.

$95$

Cost of Ownership Over Time
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=z Download as many copies for as g i
cost many computers as heeded, We re r\ot a traditional PLC company ... but we
@ O p | just might be what you need. Check us out.
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NEW CLICK PLC BAsIC PLC STARTING AT:

E%Ltr:ﬁl‘:li;rt i FREE Programming Software and Tech Support f

It's amazing how we fit so much functionality into su
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« FREE, easy-to-use programming software
« 2year warranty

See more at: www.automationdirect.
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FREE Software

" prices.

Direct has a PLC to match
a simple process or a
novations you can rely on.

FREE Tech Support

Our field-experienced and highly-trained

4 technical support specialists are ready to

$6 9 z help. So give us a call at 1-800-633-0405.
We're available 9am - 6pm ET on weekdays.

or Life!
ch a small package,
o-brick PLC is a

log1/0

Our manuals, help files, software updates and access
to online resources such as forumes, articles, and FAQs
are always FREE and available 24/7 on our website.
There you will also find our FREE programming
software. Download as much as needed or try

com/clickplcs \ L / before you buy:
« CLICK Software - FREE

T $299 | | « Do-more Designer - FREE

« Productivity Suite - FREE

Mbps Ethernet port

port for Life!
-tested DirectLOGIC PLC
tion controller, offering

How about doing it for And don't forget we offer FREE

two-day shipping on any purchase
over $49. We also offer a 30-day

ytes of memory (H2 models) i\l ' money-back guarantee which
can be useful for any last minute
| specialty 1/0 changes or modifications.

simulator!

ect.com/Do-more-PLCs

And our newest programmable controller line. ...

[ PrOductiVityzooo PLC cru wis comm ports: $25 5

FREE Programming Software and Tech Support for Life!

The Productivity2000 PLC is our newest PLC and is designed to offer you the best
value and lowest cost of ownership in its class. Compared to the competition, the
Productivity2000 PLC has the features you want at a price they can’t touch.

M
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+ 50MB of user memory with built-in data logging capability

+ OLED real-time data and diagnostic displays

+ 5 built-in communication ports including USB programming, serial, and Ethernet ports
+ Communication protocols include EtherNet/IP and Modbus TCP

« FREE, tag name based programming software

+ Mobile device access and remote visibility

» 2 year warranty

See more at: www.automationdirect.com/Productivity2000

See for yourself, and get more than you paid for

at www.AutomationDirect.com/plcs

1-800-633-0405 www.AutomationDirect.com
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UL(AC), DL(DC) Series

e Available in AC and DC models

e 0.3-63A/ 240V AC, 0.3-32A/ 480Y/277V

e 0.3-60A/ 125V DC (1 pole); 250V DC (2

e Thermal Magnetic

o 10KkA Short Circuit Interrupting Capacity
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L Series, AC or DC
o Available in AC and DC models
o 0.2-63A/240VAC, 0.2-32A/480Y/277VAC
e 0.2-63A/125V DC (1 pole); 250V DC (2
e Thermal Magnetic

© 10kA Short Circuit Interrupting Capacity
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. Manual
V-EA Series Wotor Controllers
e (0.3-60A/480Y/277V AC
e (0.3-25A: 1 pole - 42V DC; 2 Pole - 80V DC
e 30-60A: 1 pole - 24V DC; 2 Pole - 60V DC
e Thermal Magnetic
* 10kA Short Circuit Withstand Capacity
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UR Series Supplementary Protector
e 0.5-60A/ 480Y/277V AC

e Thermal Magnetic

e 10KA Short Circuit Withstand Capacity

UNIQUE DUAL CONNECTION TERMINALS

B Screw terminal for forked cable lug.
] C Screw términal for ring tongue connection.

g (=
£

b

Ny , ) ¥
&_&3 Trip
P Indicator

I

R Series Supplementary Protector
e 0.5-63A/480Y/277V AC
e Thermal Magnetic

pole) e 10KkA Short Circuit Withstand Capacity

v
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Intelligently Designed .
... thesSmart Choice!

Contact breakers@altechcorp.com

908.806.9400, ext-419
www.altechcorp.com
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Digital Edition Copyright Notice

The content contained in this digital edition (“Digital Material”’), as well as its
selection and arrangement, is owned by Penton. and its affiliated
companies, licensors, and suppliers, and is protected by their respective copyright,
trademark and other proprietary rights.

Upon payment of the subscription price, if applicable, you are hereby authorized
to view, download, copy, and print Digital Material solely for your own personal,
non-commercial use, provided that by doing any of the foregoing, you
acknowledge that (i) you do not and will not acquire any ownership rights of any
kind in the Digital Material or any portion thereof, (ii) you must preserve all copyright
and other proprietary notices included in any downloaded Digital Material, and (iii)
you must comply in all respects with the use restrictions set forth below and in the
Penton Privacy Policy and the Penton Terms of Use (the “Use Restrictions”), each
of which is hereby incorporated by reference. Any use not in accordance with, and
any failure to comply fully with, the Use Restrictions is expressly prohibited by law,
and may result in severe civil and criminal penalties. Violators will be prosecuted
to the maximum possible extent.

You may not modify, publish, license, transmit (including by way of email, facsimile
or other electronic means), transfer, sell, reproduce (including by copying or
posting on any network computer), create derivative works from, display, store,
or in any way exploit, broadcast, disseminate or distribute, in any format or
media of any kind, any of the Digital Material, in whole or in part, without the
express prior written consent of Penton. To request content for commercial use or
Penton’s approval of any other restricted activity described above, please contact
the Reprints Department at (877) 652-5295. Without in any way limiting the
foregoing, you may not use spiders, robots, data mining techniques or other
automated techniques to catalog, download or otherwise reproduce, store or
distribute any Digital Material.

NEITHER PENTON NOR ANY THIRD PARTY CONTENT PROVIDER OR
THEIR AGENTS SHALL BE LIABLE FOR ANY ACT, DIRECT OR INDIRECT,
INCIDENTAL, SPECIAL OR CONSEQUENTIAL DAMAGES ARISING OUT
OF THE USE OF OR ACCESS TO ANY DIGITAL MATERIAL, AND/OR ANY
INFORMATION CONTAINED THEREIN.
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Canted coil-spring-based electrical contacts ensure reliability
and redundancy of the electrical connections in neuro devices,
pacemakers, and other implants.
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Research in materials science and embedded
sensors have led to advances such as
rubber-bound metal nano blobs to increase
conductivity and machines that can “feel.”
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Piezoelectrics can add value to manufacturing if they are
designed and applied correctly. Learn about this phenomenon, how
it is used, and how it might change the future of the loT.
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From Ultra Motion For 2016

servocylinder

A robust, high performance linear actuator featuring Phase Index™.

Motion Command Modes
* Advanced servo controller

*+ Absolute position: m Voltage m Current !.! 1-2 ms Pulse
no homing, no batteries
+ Simple configuration EStep&Direaion E A/B Quadrature ™ cw /7 ccw

* Forces up to 540 Ibf

. Command Line Four Preset

° Operating V0|tage: 8-36 VDC + Configurable input signal ranges

+ Data streaming and diagnostic information via RS-232 or GPIO

phase IﬂdeX Cutting edge absolute position sensor designed for electromechanical actuators.
—_— N\

Why is it better? How does it work?

* Phase Index is the only sensor you need: eliminate Phase Index works by using the phase relationship between

limit switches, potentiometer, optical encoder, LVDT, two cyclic signals with different periods to determine

resolver, hall effect devices, etc. absolute position within a larger interefence cycle of the

« Robust digital contactless position feedback that reliably combined signals.
operates throughout extreme temperature ranges and
at high levels of shock and vibration.

» No homing: full accuracy on startup.

cortmne, o &R uitramotion.com  JLTRAMOTION 888-321-9178
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THIN LINE BETWEEN
TOYS AND ENGINEERING

http://machinedesign.com/blog/vanishing-line-between-
engineering-and-toys

After attending Pacific Design West and the International Toy
Fair back to back, Technology Editor Carlos Gonzalez was
struck by how the latest engineering innovations have been
integrated into the latest toys—and impressed by how many
new toys for kids are designed with STEM education in mind.
Read his blog for his observations, and don’t miss the gallery
of images from Toy Fair (http://machinedesign.com/news/
latest-stem-kits-and-toys-international-toy-fair-2016).

HISTORY’S MOST
OVER-ENGINEERED
ATRCRATT

http://machinedesign.com/blog/4-incredibly-over-engineered-
aircraft

Why is it that some airplanes seem to fly well past what
anyone could’ve hoped for in terms of an operational life? Is it
overdesign or good design or both? Technology Editor Stephen
Mraz takes a look at four legendary planes that have outflown
others of their eras.

MICROBE METABOLISMS
MAY REVEAL CLUES
ABOUT ATMOSPHERE

http://machinedesign.com/news/analysis-microbe-metabolism-
could-reveal-clues-about-atmosphere

Woods Hole Oceanographic Institution (WHOI) is studying the
biochemistry of microbes in low-oxygen maritime regions—
also known as dead zones— where aerobic lifeforms that
depend on free oxygen in the water cannot survive. They hope
to gain insight on current cycles of organic materials in dead
zones and their effects on Earth’s atmosphere.

join us online & K3

twitter.com/machinedesign

MAKING SHAPES OUT OF
COLD-DRAWN STEEL

Groove is too wide and deep; die would break too often.

facebook.com/MachineDesignMagazine

http://machinedesign.com/metals/tips-making-shapes-out-
cold-drawn-steel

Special-section steel bars are hot-rolled bars that have been
cold-drawn to a designer’s or manufacturer’s specifications.
Usually they are given the cross-section and size of a part
they will be used to make. They are made like standard shapes
(rounds, squares, hexagons, and flats), except the die is shaped
to precut the required cross-section. Here are illustrated tips to
making shapes out of cold-drawn steel.

MARCH 2016 MACHINE DESIGN
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Low Cost Vacuum Generators

For Lifting, Clamping, Mounting, Vessel Evacuation and “Pick and Place”!

Adjustable E-Vac

vacuum generators permit easy

adjustment by simply loosening

the locknut and turning the

R—— exhaust to increase or decrease

Adjustable E-Vac®

Vacuum Generator . the level of vacuum. Four models

gty available. Ideal for porous and
&/ A

: non-porous applications.

In-Line E-Vac
vacuum generators are
e ' | _ — cylindrical and compact.
THH ‘ = | They can be threaded
T directly onto a compressed
Vacuum Generator air line or held in place with
a mounting clip. Fourteen
~* models for porous and
non-porous applications.

E-Vac '-
VacuumliGenerators

are compressed air powered vacuum pumps
that provide instantaneous response and

are most commonly used for pick and place
operations. These single stage vacuum pumps
are a low cost venturi available in a variety of
sizes and flows along with a selection of
vacuum cups suitable for a wide range of
applications.

« Compact, portable
« Instantaneous vacuum up to 27"Hg
« Easy to mount at point of use

» Engineered for high efficiency to

minimize compressed air usage &

0D A
2

22 o B

Accessories

Vacuum Cups, Fittings, Tubing, and More
EXAIR can provide the accessories you need to build your
vacuum system.

WATCH THE VIDEO! NP www.exair.com/a5/480.htm € L L

www.exair.com/45/48045.htm

An INTELLIGENT,

m’”® 11510 Goldcoast Drive Cincinnati, Ohio 45249-1621 BLOG.EXAIR.COM
Phone: (513)671-3322 Fax: (513)671-3363 COMPRESSEDAIR®

Corporation Website: www.exair.com Email: techelp@exair.com Product o O @ @EXAIR
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Tested and
Proven

138 million

Chainflex®
control cable
CF98.05.04 Has
withstood more than
138 million strokes at
aradiusof 3.2xd

Test information and
details available online:
chainflex.com/test3621

°
®

Plastics for longer life®
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www.theleeco.com

Go ahead, push us to your limits.

|

[ »

3 WAY MV
THE LEE CO
£R0EY, CT

We love a good challenge.

If you need a fluid handling component for whatever reason, no matter ~ We're not just talking about off-the-shelf solutions, either. A Lee

how extreme, talk to The Lee Company. We've been solving complex engineer will be happy fo discuss your application, and develop a
fluid control problems in all kinds of industries for more than 60 years. ~ custom design if needed. From managing nanoliter droplets to

Our extensive family of precision fluid control products offers unsurpassed  creating fully integrated fluidic systems, we're unsurpassed in breadth
reliability in just about every configuration you could imagine, including:  and experience fo deliver the precise, reliable performance you require.

e Miniature Solenoid Valves Whatever problem you face, make the solution easy.

Contact The Lee Company today.
* Fixed and Variable Volume Pumps

e Atomizing and Dispense Nozzles Innovation in Miniature

® Micro Dispensing Valves
* Integrated Fluidic Manifolds

: . The Lee Company 2 Petipaug Road | Westbrook, CT 06498-0424
. 0
Custom Engineered Designs Tel: 860:399-6281 | 800-533-7584 | www theleeco.com
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Editorial
STEPHEN MRAZ | Senior Editor

stephen.mraz@penton.com

COMPRESSION LIMITERS

SPIROL’s standard
Compression Limiters

are designed to protect plastic WhOT TO
components from compressive

loads generated by the EXpeCT Iﬂ

tightening of bolts.

Solar Power

o get an idea of what the year might have in store for solar power,
here’s a quick look at a few predictions from Sven Lindstrom, CEO
of Midsummer, a Swedish firm that designs and builds equipment
for making thin-film solar cells.

1. China will strengthen its position as the world’s leading producer of photo-
voltaic solar cells. China is already the most prominent player in this field. And
political stability, large government subsidies, and a host of innovative home-
Stronger than bolt proof load grown entrepreneurs will keep China at the top in terms of solar-cell production.
Diameter toleranced to In fact, few companies elsewhere in the world dare invest in production capacity

compensate for misalignment with China so far ahead.

Various designs available to
meet specific performance
requirements — these include

split-seam, molded-in and e ] -
solid knurl versions power generated by individuals decrease and installations of rooftop systems

e increase, governments will extend their reach into the pockets of homeowners

2. Governments won't be able to resist solar-energy taxes on private citizens.
In most countries, the government earns more from taxes on solar power than
the utilities that build solar-power plants provide it. So as feed-in tariffs on solar

—~ 3 and private citizens, installing them for their own use. In fact, many countries

will follow Germany’s lead in establishing a self-consumption levy. That means all
those hoping to generate “free” electricity could be in for a surprise (new taxes).

3. Price cuts in solar power will depend on innovations in installation. Fac-
tory prices for photovoltaic modules will not fall dramatically, but there is still
some room for improvements in installation and system costs. Module-level
Application example: efficiencies will be improved, but the majority of the production overcapacity is
Intake Manifold now gone, so price cuts will have to come from innovations and improvements
in installation costs.
SPIROL’s . . . .
Application Engineers will 4. It will be a disappointing year for batteries that back up solar power. Bat-
assist you in developing cost-effective teries might have a future in solar power, but only for off-grid systems and those
fastening and assembly solutions. built in sun-rich countries where the amount of sunlight does not vary much
over the year. Battery technology is also still uncertain and the limited life of

Download SPIROL's battery systems makes large investment in them unlikely. That’s why batteries
Compression Limiters Design Guide p&#

will not boom in 2016 when it comes to those targeted at solar power systems. El
spirol.com/library/main_catalogs/cmpl_us.pdf i

info@spirol.com
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Medical equipment requires high performance motors. Moog
Silencer® series brushless DC motors offer unique designs that
deliver results. Ultra-quiet functionality, smooth operation at various
speeds and the advantage of high torque at a low cost.

Learn more about Moog’s solutions for ventilators, centrifuges and
other medical devices. Standard and custom motor models are
available with options. Contact us to discuss your requirements.

+1-540-552-3011 800-336-2112 (USA) mcg@moog.com

WwWww.moog.com/components

BN Silencer® Series
Brushless DC Motor
Features:

¢ Low noise, low vibration
e Compact size

¢ High reliability

¢ Long-life

» High efficiency

¢ High speed capability

NMO O

COMPONENTS GROUP
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At ebm-papst, we continue to refine our Compact Fan line with increased energy efficiency,
lower acoustics, and enhanced performance in mind to benefit the user. Regardless of your

cooling and ventilation requirements, we have an array of solutions to help in a variety of
applications and markets. Besides an impressive range of frame sizes in axial and radial flow,
the list of available options goes on — available voltages in EC, DC, and AC, wide range of
performance levels, PWM control input, speed monitoring & alarms, special IP ratings for wet
and dusty operating conditions, and value-added services. For more information about cooling
solutions, visit http://www.ebmpapst.us/en/products/compact_fans/compact_fans.html

ebmpapst

The engineer’s choice
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What'’s Inside

Compact,
Electric Cylinders
Lower Costs

Wiper seal on polished

stainless-steel output
Guide Hange keeps out contaminants
and retains lubricants.

prevents

A variety of feedback unwanted
options for brushless rotation of
servomotor or stepper ballnut.

motor (not shown).

Ground
stainless-steel
thrust tube
for long wear
and corrosion
resistance.

Front sleeve
bearing

supports side
Recirculating loads and
ball-bearing minimizes
ballscrews runout.

provide smooth,
Deep-groove ball high-thrust
bearings ensure long life drive.
with minimal backlash.

THE EC1 LINEAR Positioner from Kollmorgen (www.kollmorgen.
com), Redford, Va., has a maximum stroke length of 200 mm
and delivers thrusts of up to 150 Ib at 13 ips. It operates in
temperatures from —30 to 70°E. The positioner can be used
either with the company’s AKM brushless servomotor or its CT
stepper motor. Engineers have reduced the size of the unit by
33% compared to alternatives. It is designed as a clean, efficient
replacement for hydraulic actuators as well as pneumatic
cylinders.

The unit is available in both standard and custom lengths. In
addition, it can be equipped with either threaded, spherical, or
clevis rod ends. For feedback, optional home and limit sensors are
also available. [l

GO TO MACHINEDESIGN.COM

Strength in partnerships

Supplying our most
innovative air
movement technology
for your applications

MOUSER

ELECTRONICS.

Mouser Electronics, a
subsidiary of TTI, Inc., is
part of Warren Buffett's
Berkshire Hathaway family
of companies. Mouser

is an award-winning
authorized semiconductor
and electronic component
distributor, focused on the
rapid introduction of new
products and technologies
to electronic design
engineers and buyers. For
more information, visit
WWW.MOUSEr.com.

Mouser Electronics
1000 North Main Street
Mansfield, Texas 76063
1.800.346.6873
sales@mouser.com
WWW.MmOuser.com

ebmpapst

The engineer’s choice
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CENTURY SPRING
C ORP.

MW Industries, Inc.

One Source for
Your Spring
Requirements!

35,000 stock designs
300,000,000 springs in
stock

Custom & prototype
spring design &
manufacturing
Prototype to full
production

ISO 9001:2008; Made in
the USA

In stock products ship
within 8 hours

www.centuryspring.com
(800) 237-5225
Los Angeles, CA

MADE IN THE USA

What'’s Inside

Simulating
uman Touch

A NEW TACTILE sensor from SynTouch (www.syntouchllc.com) performs

three notable functions. First, the impedance is measured by using a

flexible bladder against an array of sensing electrodes in a rigid core.

It thus obtains a deformity measurement, much like the human finger

uses ductile skin

and flesh against a Thermistor

rigid bone. This is

Fingernail

Power & Data

where the finger-

nail is needed—it
causes budges in
the skin that allow
shear forces to be
detected.

. Impedance
Second, micro-

Sensing

vibrations are reg-  Electrodes

istered by a pres-

sure sensor mounted on
the inside of the sensor’s
core, enabling the measure-
ment of surface roughness
and texture. It’s at this point
where the fingerprints add a
lot of value, since they inter-
act with textures.

Third, in the sensor’s
thermistor, the electrical
resistance depends on tem-
perature. The sensor (like
a human finger) generates
heat, and the thermistor
allows the sensor to detect
how it’s exchanged when it
touches something.

Conductive Fluid

LW

Elastomeric Skin

By placing all electronics inside a rigid core and covering them with

a compliant replaceable bladder, this sensor is able to function more

robustly while providing sensitive human-like measurements. Electron-

ics such as this could someday be a normal sight on robotic hands, offer-

ing a real human touch that allows a robot to identify material and grip

it appropriately. Tl
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Simplify machine building,
MDrive intelligent motors

Reliable. Efficient. Compact. Smart.

Simplify your machine design and reduce cabinet size by
replacing multiple components with a single compact motor
integrated with 1/0, controller, driver, encoder and more.

MDrive intelligent motors are in motion globally in a wide
range of industries and applications. Delivering reliable
and cost-effective closed-loop performance for EtherNet/IP,
Profinet, ModbusTCP, RS-422/485 and CANopen systems.

Saving you time, money and energy.

Get one FREE.

For qualified applications.
Scan for details or go to
motion.schneider-electric.com
enter key code: MDO1

Schneider Electric Motion USA + www.motion.schneider-electric.com

Intelligent motor solutions for machine automation.

For new and existing applications, choose from the
most complete family of integrated motors:

MDrivePlus MDrive @
Linear

Actuator

Lexium MDrive

Intelligent motion systems | Schneider

gEIectric
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NASA, BOEING, AND MIT
Team Up on “Modeling Complex

Systems” Course

ver-increasing complexity of systems in manu-

facturing and aerospace pushed MIT, Boeing, and
NASA to offer a four-part online course on how to mod-
el and analyze intricate systems. As the first manifesta-
tion of the Space Act Agreement signed by NASA and
Boeing last year, “Architecture and Systems Engineer-
ing: Models and Methods to Manage Complex Systems”
is a certificate-based course aimed toward generating a
workforce that is up-to-date on the latest standards and
capabilities in science, technology, engineering, and
mathematics.

The four-part course, available this summer, focuses on
modern complex systems from hybrid cars to aircraft, and
presents students with real-life case studies. Participants
should expect to finish the class with the skills to frame system
architecture as a series of decisions that can be actively sorted
and managed.

THE FOUR TOPICS

Students will first be introduced to architecture, system
thinking, and the modern challenges faced when creating
complex systems. Then they will move on to analyzing com-
plex systems to determine function, costs, and benefits.

The second track will look at different ways to model com-
plex systems, determining the parametrics, physics, and esti-
mations needed to model dynamic systems and calculate
optimization and final outputs.

The third part of the class introduces students to two stan-
dard languages used to generate model-based systems: Object
Process Methodology (OPM) and Systems Modeling Lan-
guage (SysML). The languages are useful for managing com-
plexity, enabling programmers to model structure, features,
specializations, functions, operands, lifecycle, assumptions,
curation, end of life, and instances.

14

In the last track, students will explore quantitative meth-
ods in systems engineering. They will build models based on
architectural decisions using tools for collaborative model

building. In the end, students will try to come up with their
own designs for systems in space exploration.

“To manage these complex, highly interdependent designs,
traditional systems, engineering methods need to evolve to
incorporate modern modeling and simulation capabilities.
Incorporating these capabilities into systems engineering
enables designs that would be nearly impossible to produce
affordably with current methods,” says Christi Gau Pagnanelli,
director of systems engineering at Boeing.

Dr. Bruce Cameron, director of the System Architecture Lab
at MIT, will direct the program. The cost for the class has not
yet been determined, but interested parties can visit http://bit.
ly/1TBodbV for more information and to register for email
updates. ®
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SCHAEFFLER

Schaeffler Engineering Solutions
7 for Medical Technology

How breakthroughs go from the drawing board
to the operating room

Got a great idea that will revolutionize a patient’s experience in the
operating room? Not sure how to turn it into reality?

Talk to us.

For over 100 years, Schaeffler has been in the business of devel-

oping and supplying bearing solutions that safely and efficiently

support moving machine parts. When it comes to products that

provide movement in medical technology applications, Schaeffler —

together with our world-renowned INA, FAG & Barden brands — has

decades of experience as both an engineering partner as well as a

dependable supplier. We offer:

e Comprehensive, application-driven engineering support and solutions
throughout all phases of the product life cycle

e State-of-the-art manufacturing technologies and cutting-edge materials
& surface coatings

e An expansive portfolio of nearly 40,000 products, ranging from standard

bearings and mechanical components to sophisticated, smooth-running
mechatronic systems

Schaeffler engineering: greater than the sum of our parts.

Need more details?
Contact a Schaeffler design engineer s . lit duct
at 803-396-3643 or info.us@schaeffler.com uperior-quality products.
3sc3l19aef3fl;3us @ Comprehensive reliable solutions. FAG

©2016
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News

RIPPLES IN TIME-SPACE Caused by Colliding Black Holes

FIFTEEN YEARS AGO, scientists set up
Laser Interferometer Gravitational
Wave Observatories (LIGO) in two
U.S. states (Washington and Loui-
siana) with the hopes of detect-
ing ripples in time-space caused
by two massive colliding black
holes 1.3 billion light years away.
In 2014, a major breakthrough
was made—sensors were devel-
oped that could pick up on very
minuscule changes in interference

The gravitational field and spinning motion of

ellites orbiting the earth were shifting over
time due to an alteration in time-space
caused by the earth’s spinning gravitation-
al field. At LIGO, they detected gravita-
tional waves that were generated by two
massive colliding bodies with enormous
gravitational fields, causing a big ripple
that propagated through the universe.
Detection of gravitational waves marks
a new era in identifying cosmic phenom-
ena across the universe. Light is no longer
the sole source of deep-space information

between two lasers. In turn, teams
at both observatories were finally
able to detect contractions in time-
space caused by the gravitational
waves.

the earth has a proven effect on the space- gathering. This advance in research may

time continuum, warping it so thattimeand ~ map out changes in time-space caused
space are defined differently than they are

here on earth. (Courtesy of NASA)

by interactions between bodies with their
own gravitational fields.

WHAT IS THE FABRIC OF TIME-SPACE?
As proposed by Einstein in his theory of special relativity,

The phenomenon is coherent with Einstein’s theory of gen-
eral relativity, where the gravitational field of massive bodies
causes warping in the fabric of time-space. For example, in  the relationship between time and space is actually deter-

2004, NASA scientists found that the axes of gyroscopes in sat- mined by the speed of a moving body. This was met with

Micromachining Shouldn’t be a Giant Task

Linear Stages B

*Models with travels from
50 mmto 1.5 m

Integrated Servo/
Scanner Systems
*Wide range of focal lengths

PRO and
SPeeds up to '2 m/f PRO-LM and apertures
+Side-seal design with Series +Industry best accuracy and

hard-cover thermal stability

«Laser firing based on real-
time scanner/servo position

+Low cost; high performance

+Ball-screw or linear-
motor-driven models

Nmark AGV-HP Nmark CLS

X, XY, and Z Piezo
Nanopositioners and
Piezo Controls

*Resolution to 0.15 nm

«Linearity to 0.007%

+Bidirectional repeatability to 1 nm
*Resonant frequencies to 1300 Hz

Cylindrical Laser
Machining Systems

«Integrated linear/
rotary motion platform

Vasculathe® DS

Q-Series

«Advanced control
architecture

+Single- or dual-spindle
configurations

*Travels to 600 um

_
L
i Get our FREE brochure Capabilities in Laser Processing and Micromachining at
www.aerotech.com/resources/brochures.aspx

i [EBTEDSN

Ph: 412-963-7470 < Email: sales@aerotech.com « www.aerotech.com

Dedicated to the
Science of Motion

AEROTECH"

WORLD HEADQUARTERS: USA
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LIGO scientists were able to detect ripples in time-space, or

gravitational waves, caused by colliding massive black holes.

skepticism, since time seems like a constant entity on Earth  are observed. For example, a traveling body that approaches
that just keeps moving forward. However, the speed of lightis  the speed of light will begin to observe time moving slower.
actually the upper limit that defines time and space, and both  And since light can travel far distances over a very short time,
variables can change, depending on the speed at which they  this indicates that space contracts for a light beam. m

WE'LL CATCH IT.

WITH OUR ERROR-
PROOFING PARTNER,
NOTHING GETS PAST US

3 |
——

Your continuous improvement partner.

BALLUFF -

sensors worldwide www.balluff.us/errorproofing &

GO TO MACHINEDESIGN.COM 17


http://www.balluff.us/errorproofing

Motion Control and Positioning with
Nanometer-Scale Precision

Compact, High Quality Piezo LEGS®Motors Deliver Reliable, High Precision
Performance For Challenging Applications

Unlike conventional electric motors, Piezo LEGS® motors operate directly, without
the need for gears or mechanical transmission, to create backlash-free linear
motion with single-digit nanometer or sub-nanometer resolution.

Ideal for applications in markets such as Optics, Lasers, Photonics,
Medical Devices, Semiconductor Equipment, & Factory Automation. 'l |

|n’ (il
!‘

« Predictable sub-micron, direct drive motion
+ Can be combined with any driver

- Non-magnetic versions available

- Vacuum versions available

PiezoMotor
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QMICROMO

(80Q) 807-9166 www.microma.com
Clearwater, FL USA

Buy online today MICROMO'S MOTION SYSTEM SELECTOR™
Delivery in three days or less is available for many products.

in precision aluminum
extrusions and great
service...for 50 years

From your first call to Minalex to
delivery of your extrusions, you will
| be working with a winning team, a
' team that pioneered precision
extrusions to +.001" in
extrusions to 3.5” inch circle
size. A team that produces paper
thin walls and minuscule holes on
long or short runs. Partner up with
a team that wins. That's Minalex.

Call 908-534-4044 FAX 908-534-6788
E-mail sales@minalex.com www. minalex.com

MINALEX CORPORATION
RO. Box 247, Whitehouse Statiun NJ 08889-0247

AS 8100
Extrusions
shown actual size.
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News

FREE TRAINING FOCUSES
on PLC/PC-Based Control
Automation, Programming

A THREE-DAY TRAINING program for
automation technology and IEC
61131 programming—available for
free from WAGO—will occur on
five separate dates in 2016: March
8-10, May 3-5, August 2-4, Septem-
ber 13-15, and October 25-27. The
sessions will be held at WAGO’s
headquarters in Wisconsin. They
are tailored to individuals who have
hands-on experience with program-
ming and installing PLC- or PC-
based industrial-control systems.
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The program combines lectures and
hands-on exercises with CODESYS-
based programming on live nodes. IEC
61131 programming topics include
application-specific functions, custom-
library and function-block develop-
ment using WAGO-I/O-PRO, and soft-
ware diagnostic tools like I/O Check.

Seminars are limited to 12 attendees
per session, so enrolling online early
is encouraged. Attendees should bring
their own laptops.

Contact Training.us@wago.com with
inquiries. B
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DOE REVEALS NEW STANDARDS
on Commercidal, Industrial Pumps

THE U.S. DEPARTMENT of Energy’s (DOE) Appliance Stan-
dards and Rulemaking Federal Advisory Committee
(ASRAQ) released a new Energy Conservation Stan-
dard and test procedure for commercial and industrial
pumps (CIPs), including circulator pumps. Develop-
ments and supportive data were presented to the DOE
by the Hydraulic Institute (HI).

The new standards on pumps are expected to save 0.29 qua-
drillion BTUs in 30 years after their implementation. These
standards will become mandatory in 2020, four years after the
date of publication in the federal register.

According to the DOE, the standards provided by HI are
technologically feasible, economically justified, and will sig-
nificantly conserve energy on a national scale. The extensive
report, released on Dec. 31, 2015, covers the final energy-
conservation rules for CIPS and defines the products affected
by these new rules. It reviews the benefits and costs to con-
sumers, impact on manufacturers, and national benefits of the
new standards.

Circulator-pump manufacturers and other interested par-
ties can contact Peter Gaydon, Technical Director, Hydraulic
Institute, at pgaydon@pumps.org with any questions, or if
they would like to become involved with the institute.

As part of the Energy Conservation Program, the Appli-
ance Standards and Rulemaking Federal Advisory Committee
(ASRAC) presents two new standards and test procedures
to the U.S. Department of Energy (DOE) that focus on con-
serving energy in commercial and industrial pumps (CIPs),
including circulator pumps. Developments and supportive
data are produced by the Hydraulic Institute (HI).

On Dec. 31,2015, the DOE released an extensive report cov-
ering the final energy-conservation rules for CIPS. According
to the DOE, the standards provided by HI are technologi-
cally feasible, economically justified, and will significantly
conserve energy on a national scale. The report includes the
benefits and costs to consumers, impact on manufacturers,
and national benefits of the new standards. It also defines the
products affected by these new rules.

Circulator-pump manufacturers and other interested par-
ties can contact Peter Gaydon, Technical Director, Hydraulic
Institute, at pgaydon@pumps.org with any questions, or if
they would like to become involved with the institute.
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Teflon’ coatings ..o

Improve part performance

with unique properties of Teflon®coatings! ResisTR"

Coatings can be applied to:
* metals ﬁ e <
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* composites / \ 4
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As a licensed industrial QECTRICy,
applicator, Donwell... -+
e provides custom coating services to
your specifications. g

 coats both small and large parts to
close tolerances in quantities from
1 to 1,000,000.

* has over 50I years of high-performance
coating application expertise. :(-' ]

] DONWELL
COMPANY
1-800-864-2702
www.donwell.com S
For FREE Coating Sample  iri e o conto
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Use of the Teflon® mark requires
a direct trademark license from
DuPont. Customers and
distributors of Donwell can only
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ROLLERS
AND
BUMPERS.

¢ Rugged and wear
resistant to protect,
guides and support

e Various styles and
mountings

e Standard items
ready to ship, custom
modifications available

Call us at 888.794.8687 or
visit us online for ordering,
specs and CAD files.

www.fixtureworks.net

Fixturing Accessories ® Machine Tool Elements ¢ Material Handling Components
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Interview

SCOTT STEFFAN | Deputy Director
Space Access, Moog

3D Printing for Space

Deputy Director for Space Access Scott
Steffan talks about Moog’s new metal
3D-printing facility.

Tell us about your background.
I earned a B.S. in Mechanical Engineering from Clarkson
University, and an M.S. in Mechanical Engineering from Rens-
selaer Polytechnic Institute (RPI). Starting as a senior struc-
tures engineer at United Technologies, then Pratt & Whitney,
I performed mechanical design and structural analysis for
numerous turbine components and other responsibilities.

Ijoined Moog in 2001 as a design engineer for their Aircraft
Division, and have held a few positions, but now as deputy
business unit director, I provide oversight to engineering and
program teams to ensure technical and cost objectives are
achieved.

What is Moog’s background in 3D printing?

Moog has been investing in 3D metal printing, primarily
in the form of additive manufactur-
ing since 2014. We created an Addi-
tive Manufacturing Center (AMC)
at our headquarters in East Aurora,
N.Y,, that now has two powder-bed
fusion machines and has plans to
continue to expand. These machines
have been established for specific
materials. We are working with tita-
nium, Inconel, aluminum, copper,
cobalt chrome, and stainless steel.
The most common materials we use
for space are aluminum, stainless,
and titanium. We are also growing
the AMC to be a turnkey center with
all necessary pre and post processing
capabilities needed to continue tech-
nology development.

Why focus on space, and why now?

The focus on lower hardware cost

20

and more efficient product development is very strong in the
space access, space exploration, and spacecraft markets today.
With our investments in the capability over the last years,
Moog has already been involved in the development of a large
array of space products. 3D printing is beginning to become
an integral part of the commercial space industry. It's used to
increase the speed of product development, as well as overall
manufacturing lead time.

From a design perspective, it has also opened up new
opportunities to improve solutions. The benefits can come in
the form of lower recurring cost, lighter weight, and higher
performance—offering a higher overall value to customers
and partners. Improvements are realized through part-count
optimization, material and size optimization, and the ability
to manufacture more complex, highly integrated geometries.
3D printing reduces non-recurring costs significantly because
there are no special tools or fixtures needed to manufacture
the parts.

As for why now, it is tied to the need to create innovative

Moog recently acquired Linear Mold and Engineering (Linear AMS), bringing significant additive

manufacturing capability and capacity into the fold.
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BRILLIANT DESIGN.
WIDE SELECTION.

Choose from three
AUDIBLE ALARMS
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THREE MODELS

Choose your size: =
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ASSEMBLY

Build the tower light that fits
your application. No tools
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When it comes to tower lights, the reasons to choose
Banner keep stacking up. Our tower lights provide clear

. l status indication. Each colored LED light segment is

! highly visible, even in daylight conditions. Add an K
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and heard. Whether built—to—o_rder or ougtom b.uilt' by more sensors, more solutions
you, choose from our expanding selection of indicators
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The Power of Knowledge Engineering®

Eliminate
Rail Wear
and Lubrication
Permanently
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Interview

solutions that continue
to help accelerate space
access and in-space use
cases. This goes hand in
hand with both growing
the commercial space
sector and enabling
space exploration. We
want to be part of the
organizations leading
this research and devel-
opment and providing
valuable innovative
solutions to the indus-
try. Looking at both

NASA’s pursuits and 3D printing metal has been able to demonstrate very good mate-

commercial interests, it rial properties. The isolation valve shown above was additively

would likely be tough manufactured and development tested well beyond the antici-

to find companies or pated capabilities. This titanium body survived pressure testing

engineers that wouldn’t to levels up to 20,000 psig.

want to be a part of

these innovations.

Where does 3D printing come into
play when talking about commercial
space applications?

These advantages come at a time
where the space market is transform-
ing. Commercial and new-space mar-
kets are growing, with many new launch
vehicle and space companies emerging.
These companies are very focused on a
fail fast, learn quickly, spiral develop-
ment model that can benefit from the
lead time savings that additive manu-
facturing brings. For example, we used
rapid prototyping to optimize for mass
and a 3D-printed enclosure was rap-
idly prototyped for performance and
environmental testing. Later this part
transitioned to a vacuum sand cast-alu-
minum for production, but the quick
testing allowed us to test the part and
make any changes so we were able to get
to a production part faster.

What are the benefits 3D printing
brings to designing for space?

In addition to the previous benefits is
the ability for 3D printing to mitigate the
risk of obsolescence issues. 3D printing
provides the ability to reconstruct virtu-
ally any component geometry through
the use of simplified reverse engineer-

ing. Existing component geometries can
be obtained quickly using scanning and
x-ray techniques and efficiently inte-
grated into the additive manufactur-
ing process. This provides the ability
to recreate a part without the costs and
lead times associated with conventional
reverse engineering and remanufactur-
ing techniques.

The real-time nature of 3D printing
allows companies to capitalize on ideas
while they are still warm, facilitating
the ability to do “what-if” type develop-
ments quickly and at less cost than in
the past.

What does a company need to enter
this space?

Some of the things that have helped us
evolved from years of design, develop-
ment, and production heritage across
a wide range of industries include in-
house material expertise for assistance
in analysis, and to perform material cer-
tifications. The process to design, build,
and test space hardware needs to be well
understood as tolerances and finishes
are imperative. Access to non-destruc-
tive inspection capability and associ-
ated procedures, as well as the ability for
x-ray type scanning capabilities has also
been very helpful. il
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MARK RUSSELL | Global Market Manager for Medical Electronics

Bal Seal Engineering Inc., Foothill Ranch, Calif., www.balseal.com

The Next Generation of

Electrical Contacts
for Medical Implants

Canted coil-spring-based electrical
contacts ensure reliability and
redundancy of the electrical connections
in neuro devices, pacemakers, and other
implants.

edical devices that alter brain, spine, or

nerve activity for therapeutic benefit are

a fast-growing segment of the healthcare

industry, notes a 2015 report from Life
Science Alley, a Minnesota-based medical device trade asso-
ciation. Sector Landscapes: Neuromodulation projects that the
strong global market for neuromodulation devices will double
by 2018, reaching $6 billion to $7 billion. This article examines
the electrical contact technologies that are driving this market
toward the next generation of device development.

The global neurostimulation/neuromodulation market is
surging as an aging population faces diseases such as Alzheim-
er’s, epilepsy, spinal-cord injury, and Parkinson’s disease. The
therapies for these diseases are dominated by implantable
neurostimulation devices, which make up the largest part of
this market with a 96% share of the total. According to the Life
Science Alley report, neuromodulation devices are registered
in more than 1,000 ongoing FDA-regulated clinical trials
worldwide, in which more than 1,300 indications, including
metabolic disorders, inflammation, migraine, and psychiatric
disorders, are being investigated.

The report also notes that one of the key developments with-
in this growing market is the emergence of closed-loop systems
that are “capable of sensing ongoing brain or nerve activity and
incorporating it into stimulation parameters for optimized

24

Here is a cutaway view of a canted coil-spring assembly that serves

as an electrical contact. The male connector (shown) goes through
the middle and makes contact with many of the spring’s coils.

therapeutic efficacy in real-time”” This closed-loop functional-
ity in active implantables requires optimal power efficiency and
signal isolation, and much of this depends upon the perfor-
mance of electrical contacts and contact systems used to con-
nect leads to batteries and electronics in these devices.

Highly conductive and space-efficient components, such
as the Bal Conn electrical contact and the Sygnus implantable
contact system, are designed to support the signal-isolation
requirements of closed-loop, high-connector-count arrays.
With the use of closed-loop devices becoming more wide-
spread, the ability to support smaller footprint connections
for active implantables in a proven and reliable design will be
increasingly critical.

UNPACKING THE TECHNOLOGY

For over two decades, the Bal Conn electrical contact has
been helping manufacturers improve implantable medical-
device performance and push the technology envelope. OEMs
developing each generation of active implantables have relied on
electrical connections that use canted coil springs as contacts.
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It's estimated that canted coil spring-based
contacts have been used in more than a

Sizing a Canted Coil Spring
Coil width

million pacemakers, defibrillators, neuro-
stimulators, and other active implantables
that deliver life-improving therapies to
patients worldwide. These electrical con-

tacts have also dramatically simplified the

process used by surgeons to connect leads
to implantables across the therapy spec-
trum, including cardiac healthcare, pain
management, and sensing therapies, ulti-
mately shortening procedure times.

Developed in cooperation with a med-
ical electronics manufacturer seeking to
reduce package size while increasing reli-
ability, the Bal Conn electrical contact
is an electrically conductive component Wy
consisting of a precision-engineered
canted coil spring retained in a metal
housing. The contact, which is molded
into a device header, facilitates a uniform,
consistent electrical connection between
the lead and the battery in active implant-
able devices.

The Bal Conn’s individual spring coils ~Engineering Inc.
provide multipoint conductivity, adjust-
ing individually to maintain maximum contact with elec-
trodes on the lead that is inserted into the device header. The
contact’s compact size allows for greater connector density
where space is limited, and its unique design eliminates the
need for tools during the connection process.

Due to its redundant contact points, the Bal Conn offers
low contact resistance, and its canted coils provide excellent
resistance to fatigue. With its ability to offer low insertion
force and exceptional electrical conductivity, it is ideal for

"ty
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Coils can be made in a variety of
sizes, such as these from Bal Seal
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use in devices that have high connection counts,
such as neurostimulators.

In a typical neuromodulation device, the lead
diameter ranges from 0.9 to 1.4 mm. The Bal
Conn is sized so that its spring coils exert a mea-
sured, consistent force, also called the break-
out force, on the lead when it is first inserted.
The force needed to slide the lead further in,
the running force, is as predictable and reliable
as the breakout force, and engineers can adjust
these forces through design. These forces are low
enough to make it easy for surgeons to insert and
remove the lead.

Applications requiring light forces have a theo-
retical breakout force as low as 0.5 N and a run-
ning force as low as 0.2 N, depending on design parameters.
For those applications requiring heavy forces for latching, the
theoretical breakout forces are as high as 15 N and the running
forces are as high as 4 N with a single spring.

The spring material utilized for neuromodulation appli-
cations is typically platinum/iridium. Platinum/iridium is
selected for its biocompatibility, durability, electrical con-
ductivity, and radiopacity. The housing for neuro applica-
tions can be created using a variety of materials, including

TECH SPECS FOR COILED SPRING CONNECTORS

MP35N Platinum/iridium 70+20
Medium 1.2 0.0091t00.4
316L Platinum/iridium 600+200
Neuro . - : -~
(bi-directional) 1.35 Medical-grade titanium |  Platinum/iridium 350+150
Light 0.70 0.07-0.3 MP35N Platinum/iridium 80+30
Platinum/iridium Platinum/iridium 40+15
e 2.67 Medium 3.1 0.25100.75 316L MP35N 10060
(bi-directional)
1S-4/DF-4 3.2 Heavy 27 0.5101.0 MP35N MP35N 80250
(uni-directional)
IS-4/DF-4 . MP35N platinum/ . -
(bi-directional) 3.2 Medium 2.7 0.25100.75 iridium Platinum/iridium 40+20
VAD 3.2 Medium 2.7 0.25100.75 Platinum/iridium Platinum/iridium 30+20

Neuro applications are usually neurostimulators; the IS-1 and 1S-4 connectors are for cardiac pacemakers. IS-4 | is replacing IS-1 as the stan-

dard. VAD stands for ventricular assist device, a pump inserted into the heart to keep cardiac patents alive until a donor heart becomes avail-

able, though it is often left in patients long-term.
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Medical

This cutaway view of a Sygnus connector shows a lead segmented

into three sections inserted to mate with three canted coil-spring
contacts.

MP35N, 316L stainless steel, medical-grade titanium, or
platinum/iridium.

Within the contact, both the coils of the spring and the
spring itself have precise diameters, but there is no “standard”
size for neuromodulation devices. Each Bal Conn is custom-
designed to fit the particular unit’s lead interface, and the lead
is held in place via frictional fit. A set screw or locking detent,
located at either end of the channel into which the lead slides,
anchors the lead in place. Once the electrodes are aligned with
each Bal Conn, the device becomes operational. The spring
electrically connects the implantable pulse generator to the
lead through all of its individual coils.

Using the spring as an electrical contact provides redundant
paths for power and information signals, and the redundant
contact points provide for low contact resistance. Their canted
coil design helps ensure that they resist compression set and
fatigue, providing consistent performance over a long opera-
tional life, one that typically exceeds the implantable device
itself. The springs compensate for imperfections on the surface
of leads, accommodating a certain amount of misalignment.

Engineers at Bal Seal Engineering work with medical OEMs
to ensure that they have the right design for the application.
With its long history of designing for active implantables, the
company has developed both uni-directional and bi-direction-
al contacts, which enables OEM integrators to choose which
design works best for their particular requirements. With
uni-directional versions, the lead must be inserted from one
specific side of the contacts. With bi-directional contacts, the
lead can be inserted from either side. For neuro devices, the
contacts are always bi-directional. Both types are available for
other active implantables; however, once integrated into the
IPG header, the distinction is no longer significant and has no
impact on the surgeon or device functionality.
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SIMPLIFYING DESIGN FOR OEMs

The Sygnus implantable contact system, which combines
electrical contacts and isolation seals in a standardized,
platform-ready stack configuration, is designed to improve
time to market and eliminate the need for procurement and
testing of individual components. It lets OEMs concentrate on
the design and function of the implantable rather than worry-
ing about the intricacies and technology behind the connec-
tors. It also creates greater connector density with pitches, or
distances between contacts.

Implantable-grade silicone isolation seals keep the contacts
electrically separated, as well as separating the different seg-
ments of the lead. The seals help prevent signal leakage that
can disrupt the active implantable’s function. The result is a
densely packed connector stack that accommodates leads with
diameters down to 0.7 mm. A 0.64-mm version is currently
under development. Sygnus can be modified to suit device-
manufacturer requirements for size and number of connec-
tions, as long as they are within design limits.

The seal design and dielectric materials were tested in accor-
dance to industry standards by submerging them in saline, a
good substitute for the conditions inside the human body. The
goal of the testing is to measure impedance between connec-
tors in a simulated body condition. The seals are cleaned to
10K cleanroom standards and packaged in antistatic bags to
prevent contamination.

Evergreen Medical Technologies has used Sygnus technol-
ogy in its device development, including in its Encompass
Lead-Interconnect System. In the Encompass, the Sygnus
system is combined with a pre-molded 16-channel header. By
combining the header, connector, sealing components, and
lead into a single, reliable system, it lets companies developing
neurostimulators shorten the time needed to design, develop,
source, and test the final device. Although it was originally
designed for implanted neurostimulator devices, the system

could find use in other implantables as well.

The Encompass implantable multi-contact connector accepts two
leads, each with eight separate contacts or signal paths. The bottom
one is rendered so that you can see the inner workings.
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Medical

PREPARING FOR THE NEXT GENERATION

Future developments are being driven by the need for higher
connection counts, more compact footprints, closed-loop con-
figurations, and high levels of manufacturability. One reason
for such improvements, especially the move toward smaller
lead interfaces, is to give OEMs the platform on which to build
cutting-edge treatments for hearing and vision loss. One of the
engineering challenges they must overcome is that as the con-

nectors get smaller, tolerances become more crucial and manu-
facturability becomes more complex.

With the use of closed-loop devices becoming more wide-
spread, the ability to support smaller-footprint connections
for active implantables in a proven and reliable design will
become increasingly critical. To address this, Bal Seal Engineer-
ing has developed a new sub-assembly concept to help engi-
neers dramatically improve device functionality while reducing
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overall package size. The concept, which
can incorporate a “cap” or cover design,
uses vertically positioned pins or rods of
varying diameters to double or triple the
amount of connections available to the
device lead. It can be engineered to mini-
mize insertion-force issues that present
challenges in serial arrays with small
leads, and it offers designers new oppor-
tunities for improved contact density.

Essentially a “build up, not out”
approach that challenges the established
linear contact/header layout, the high-
density vertical array was conceived to
help OEMs pack more functionality into
active implantables and shrink the size
of the electrical connectors in medi-
cal devices. The array combines one
or more canted coil-spring contacts, a
non-conductive polymer interface, and
implant-grade silicone. Some of the uses
envisioned for the vertical array are in
implantables where small size is criti-
cal, such as cochlear implants and deep-
brain simulators.

Life Science Alley’s report points
out that the complex nature of neuro-
degenerative disorders has set the stage
for “numerous potential physiological
targets, low competition in treatment-
resistant diseases, and significant drive
for innovative treatments and novel tech-
nology.” As active implantables in neu-
rotechnology continue to advance and
prove to be the gold standard for therapy,
there will be increased adoption of these
life-changing devices. And, as advances
such as closed-loop configurations lead
to the need for higher connection counts
and more compact footprints, design
engineers will be faced with the challenge
of making the required number of con-
nections in less space with proven under-
lying technologies. il
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Smart Materials
JEFF KERNS | Technology Editor

ieff.kerns@penton.com

w Materials

Push
Tech

the Em

bedded

Envelope

Research in materials science and embedde

d sensors have led to advances such as

rubber-bound metal nano blobs to increase conductivity and machines that can “feel.”

esearchers have been finding new ways to

embed sensors and other value-added devices

into what some refer to as “smart materials.”

While the definition can be debated, material
properties and sensors are working hand-in-hand, opening
doors to new applications that could change how engineers
test and design parts.

“Engineers have been embedding sensors into materials for
over 40 years,” notes Richard Claus, founder of NanoSonic. “I
worked on some of this research in the 1970s with NASA, and
the field has grown more popular and interesting ever since.
It allows for creativity and out-of-the-box thinking, but it also

means new challenges”

Syntouch
developed a
small fingertip-like sensor
that uses fingerprints,
nails, and bladders
to increase
sensitivity and
simulate
human
touch for

machines.

For example, stress concentrations are a concern when
embedding sensors into materials. Any inclusion can limit a
products lifecycle or inhibit testing. Designing with new com-
posite material was one way to solve this challenge. Engineers
layered composites strategically around inclusions to redirect
stresses around any electronics. Many of the electronics used
are for testing in order to see stresses on materials during
operation. This data can help calculate failure initiation loads.

“However, sensors can only collect data from the point at
which contact is made,” says Michael Heflin, CEO for Sen-
suron. “This is limiting and makes it possible for engineers
to design beyond their ability to test” Using Von Mises crite-
rion and, more recently, computer-aided drafting with finite-

element-analysis (FEA) software, engineers can predict
stresses and strains between sensor contact points.
Although FEA offers accurate calculations on a wide
array of materials properties with simulations, some
applications require more data. Aerospace engineers, for
example, rigorously test designs and materials. In one
case, Boeing tested the wing box for the 787 using over
1,700 strain gages, which are still connected and wired
manually (the wing box connects the wing to the fuselage
and supports other subsystems, such as the landing gear).
Testing for the wing box required hooking up over 3,400
wires, which increased time spent, weight, and cost.
However, engineers have found new materials that
could offer data from any point along a wing. It requires
one wire that’s about the diameter of a human hair. By
using a laser in the process of drawing out a fiber-optic
cable, it makes a Bragg grating in the fiber that’s able to
reflect light. These gratings can be put anywhere along
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Smart Materials

the length of the fiber-
optic cable.

“Fiber Bragg grating is
able to acquire so much
data at high speeds you
would need a whole new
testing platform in order
to be able to process it all,”
says Heflin. “Allen Parker
is a systems engineer, and
he developed algorithms
that made this possible.
This platform is changing
how we think about test-
ing and design?”

Thin films are used with conductive materials and inks to pro-

vide thin, easy-to-integrate, highly sensitive pressure sensors.

Some companies offer custom geometries and ranges by

FIBER BRAGG
GRATING

NASA was researching fiber Bragg
gratings (FBGs) decades ago. “Tradi-
tional testing gages were not providing
enough data. There are only so many
strain gages you can affix to a part,” says
Heflin. “After a lot of research into bet-
ter testing practices, scientists could
use Bragg technology to measure stress
at 1,400 points along the distance of a
single fiber. It not only saved weight and
time, but provided higher fidelity”

Limiting factors affect the operating
temperature and strain range of fiber-
optic sensors. “It is the fiber that typical-
ly limits these ranges,” says Alex Tongue,
applications engineer for Sensuron. “For
example, different types of coatings can
be used on a fiber-optic sensor to moni-
tor different temperature ranges. Fiber
sensors can have operational ranges of
-422° to 1292°F, depending on the coat-
ing and type of fiber. Individual applica-
tions typically do not require this range,
so most sensors fall somewhere in the
middle. Sensuron usually uses fibers
that operate from -422° to 599°F”

A common coating that covers a
wide temperature range is Ormocer, an
organic modified ceramic hybrid poly-
mer. It’s possible to reach higher temper-
atures by coating the fiber-optic sensors
with different types of metals.

FBG can detect strain from -18,000
to 18,000 pe (micro-strain). The range

simply altering the inks and shape of the film.

depends on the laser used and type of
fiber. Some sensors set the strain range
using software. With the use of software,
it’s possible to alter the strain range.
Companies that make FBG equip-
ment are working with universities to
teach students how to use this technol-
ogy, which has many potential appli-
cations. For example, aerospace engi-
neers could use it to determine wing
loading while also providing accurate
fuel readings. Automotive designers can
determine maintenance and operational
lives of vehicles. Civil engineers could
monitor infrastructure “health” with the
sensors. Overall, by embedding these
fibers into products, it can save the time,
money, and, weight associated with tra-
ditional strain gages and other sensors.

MATERIALS BECOME SENSORS

As sensors shrink and consume less
power, they become easier to inte-
grate with materials. Two forces driv-
ing the demand for smart materials
are the need for more information and
simplicity. Engineers can make more
informed design decisions with more
data obtained from testing. Collecting
data during operation allows for better
maintenance and offers real-world data
for design.

Researchers are also working on com-
plexity. Using materials science to gen-
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erate multifunctional structures helps simplify products. For
example, in 2002, the Naval Research Laboratory was develop-
ing multifunctional aircraft structures. One idea was to use a
lithium polymer to serve as a battery while having the shape
and function of a plane’s wing, reducing complexity and weight.

“We made a conductive rubber that measures strain, load,
deformation, and extension,” says Claus. “In its fabric form,
it can be incorporated into other fabrics and materials like

coatings or materials like human skin. Seeing a machine tan or
bruise could indicate something is wrong.”

A factory worker might be able to see a problem and prevent
unscheduled maintenance, reducing downtime. A big focus
for some things in the Internet of Things (IoT) is a reduction
in complexity to decrease power, thus allowing remote sens-
ing. Access to remote data has proven to diminish the need for
working on location.

an embedded sensor. It works well with
stiffer matrixes, so when it is deformed,
the lower modulus stretchable sensor
goes along for the ride without affecting
the material’s dynamics.”

Ionomers and nanotechnology also
allow new flexible materials to be con-
ductive. “Manufacturing them is much
more interesting than some of the tra-
ditional processes,” says Claus. “Our
approach is not taking an ingot and
machining it down into a part. Instead,
we use self-assembly. Chemists design
the molecules, so they essentially grow
the way you want them to”

Simply explained, NanoSonic creates
a solid matrix out of metal nano blobs
in rubber that lets electrons move more
freely than in the original material. Elec-
trons “hop” between these blobs. The
electrical resistance changes by altering
the distance between blobs. It takes little
metal to make some of these materials
conductive. In fact, just 0.007% in vol-
ume can lead to good conductivities.

However, challenges still lay ahead.
Engineers are looking for better ways
to communicate with smart materials
and the devices inside them. Conduc-
tive materials connected by wires would
mean stiff or brittle solder joints on what
could be a moving, flexible part. In addi-
tion, stretching a wire or material that
is transporting data or power can alter
electrical resistance and interrupt the
electric field, which could hinder the
electronics performance.

“Designers are looking at the factory
workers and field engineers needed to
keep equipment functioning. If new
materials can generate information to
communicate better with these workers,
it can save companies time and money;’
says Claus. “Imagine if we could have
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A human-skin-inspired multifunctional
e-skin uses a micro ferroelectric material
that can discriminate static and dynamic
pressure and temperature. Professor
Zhenan Bao and her team of researchers at
Stanford are focusing on integrating solar
cells, self-healing mechanisms, and lights.
Last year, they were able to synthesize
materials with pigments that change color.

(Courtesy of advances.sciencemag.org)

AFEEL FOR APPLICATIONS

Being able to mimic human skin
would have more value than just bruis-
es. The ability to feel provides valuable
information about the environment in
which we interact. Researchers believe
that if machines were able to feel, it
could prove valuable for many markets.
For example, automation lines need to
be dynamic, handle multiple products,
and change easily. Engineers have devel-
oped scanners and grippers to accom-
modate these demands. But researchers
are still trying to mimic human touch
that can provide data on how to identify,
pick up, and handle myriad objects.

For more than a decade, many tech-
niques have processed data that make it
possible for a machine to feel. By using
sophisticated torque sensors, the U.S.
Defense Advanced Research Projects
Agency (DARPA) was able to sense
the resistance in picking up or making
contact with objects. Stanford Univer-
sity was able to collect pressure readings
with what are essentially rubber micro-
pyramids with conductive nano-carbon
tubes. As the material is compressed, the
nano-tubes become closer, increasing
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the conductivity. The amount of elec-
tricity flowing to the processor would
then indicate pressure. These techniques
could tell how hard or soft a machine or
robot was gripping objects.

Scientists used chemistry to increase
the amount of sensing elements on these
new materials. Georgia Tech’s Zhong
Lin Wang grew thousands of small, hair-
like, zinc-oxide piezoelectric nanow-
ire transistors. This technique led to a
15-fold increase in sensor density and
spatial resolution when compared to the
previous technology.

Beyond growing better sensors, mate-
rials science has presented new flexible
composites and polymers. These materi-
als are able to connect devices or provide
data. A new polymer called polydimeth-
ylsiloxane, or PDMS, is a flexible trans-
parent silicone with embedded nanorib-
bons. The electricity generated when the
material is deformed can be processed
to present tactical feedback. PDMS
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can detect temperature and humidity
while offering a flexible and stretchable
matrix, allowing for more complex elec-
tronics work in or on the material.

PDMS is used in the bulk of research
for some of the most advanced materi-
als. In general, organic field effect tran-
sistors like PDMS are merging materials
and sensors.

“Human touch is more complex than
just collecting data. Our skin inter-

»
>

acts with objects,” says Matt Borzage,
the head of business development for
SynTouch. “Our sense of touch has
three main components. Skin feels an
increased surface area as it wraps around
an object. A fingerprint and nail can
provide micro vibrations, and even the
temperature of the skin interacts with
the material being touched. Giving a
robot features like a fingerprint or nails
is not for aesthetics, but can increase
sensitivity by a factor of 30. All of these
features offer better data that can work
with software to interpret hardness, sur-
face roughness, temperature, thermal
conductivity, and more. A person uses
this information to determine how hard
to grip, or what an object is. This is the
same data we want a robot to offer to a
production line or medical prosthetic.

“A challenge is when you find a blend
of materials and sensors to mimic touch,
and then realize the component isn’'t
robust enough for real-world applica-
tions,” continues Borzage. “By placing all
electronics inside a rigid core and cover-
ing them with a compliant replaceable
bladder, we came up with a sensor that
is able to be more robust while providing
sensitive human-like measurements”

While this might sound like a conve-
nience rather than a necessity, compa-
nies face having to justify the resources
on an embedded device with the value
added by simplifying systems, obtaining
more data, or gaining better operation.
The ability to “feel” an object to iden-
tify, handle, and process multiple objects
dynamically has many manufacturers
interested to see what will emerge from
materials science. El
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Piezoelectrics can add value to manufacturing if

Vlakin

they are designed and applied correctly. Learn
about this phenomenon, how it is used, and how it
might change the future of the IoT.

Plezoeletronics
Work for You

Ithough electronics are getting
smaller and using less power,
other mechanisms and hardware
might not be able to follow suit.
Undeterred by this prospect, designers are using the
piezoelectric effect to continue shrinking products.

BENDING ACTUATORS

The converse piezoelectric effect uses an electric
field to generate deformation. It is used for actuators
and transducers. Bending actuators are normally
laminated materials—often a ceramic or quartz
layered with a passive, conductive substrate formed
into rectangles that bend when electricity is applied.
One application is in piezoelectric valves for precise
medical and laboratory devices.

Using bending actuators to open and close valves offers
several benefits. For one, the operating power is reduced com-
pared to solenoid valves. Solenoids are held closed by com-
pression springs. Once the valve opens, it takes continuous
power to resist the energy of this spring. A piezoelectric valve
uses just enough energy (often called the switch-on energy)
to charge and deform the actuator material. After power is
removed, the valve stays open until actively discharged. The
switch-on energy is relatively simple to calculate:

E=CU?/2
where:
E = energy;
C = capacitance of the transducer;
U = the control voltage.
The capacitance is generally about 30 nanofarads, and the
control voltage can be up to 300 V; that means the switch-

36

Piezoeletric tiles convert pressure and vibration from people walking on

them into electricity to light walkways and fields. (Credit: Pavegen Systems)

on energy normally lies between 0.5 to 5 milli-Watt seconds
(switch on energy is always presented in mWs).

Instead of closing the valve by grounding out the charge
in the material, the energy can discharge into a capacitor or
energy recovery device. This technique recovers up to 50% of
the energy needed to open the valve. By recovering the energy
some applications save up to 95% in power.

“Piezovalves work great for portability,” says Sam Stoney,
Festo’s medical device specialist. “In one application, sole-
noids were used with AA batteries for portable supplemental
oxygen. But the batteries only lasted about a month. When we
redesigned it with our piezovalves, the life of the batteries was
extended by over two years”

Solenoids still make up the majority of the valve market.
That’s because piezoelectronics offer control only up to about
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44 psi and flows to about 6.6 gal/min. While direct-acting
solenoids achieve pressures of over 400 psi, that control flows
of hundreds of gallons per minute. “But the sweet spot is get-
ting broader as more piezoelectric valves are released to mar-
ket says Stoney. “For example, some piezoelectric valves can
now reach 150 psi”

Piezoelectric valves can often simplify equipment while
reducing cost, energy, and size. “But piezoelectric valves likely
won't ever replace solenoid valves,” Stoney notes. “Solenoid
valves have staying power because they’re relatively inex-
pensive, reliable, and simple to

THE PIEZOELECTRIC EFFECT

CRYSTALLINE STRUCTURES GOT a lot more interesting around
1880, when Pierre and Jacques Curie discovered the piezoelectric
effect. They found out that after polarizing crystalline structures
like quartz, tourmaline, and even salt—and subjecting them to
mechanical stress—they generated a small electric current. The
phenomenon was named piezoelectricity (from the Greek word
piezien or pizo, meaning to push or press).

understand. Its design is proven and
effective”
Piezoelectronics valves might be

1
used instead of solenoids when heat
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energy used in activating piezo-
valves and actuators, any thermal
concentrations are usually nomi-
nal. In addition, applications with
multiple solenoids generate heat
concentrations that could reach

Conductive Layer (Substrate)

The high charge used to polarize a material allows it to effectively develop the piezoelectric
properties. If the material is subject to a strong electric field after it has been polarized it further
permanent changes may be elicited. (Credit: Festo)

temperatures that might degrade
materials around it.

It is important to understand how piezoelectronics work
when designing devices such as valves. For example, it is pos-
sible to vary the electric field to control actuators. “Piezoelec-
tronics make great proportional valves,” says Stoney. “The
wider you need to open a piezovalve, the more power you
need. Using piezovalves as a low power alternative for mobile
uses, or to add control in a process by using it as a proportional
valve, are a couple ways piezovalves have excelled”

DISK AND STACK ACTUATORS

Disk actuators are similar to bending actuators, except
arranged in a disk. With the piezo-materials in the middle
and a passive, conductive substrate along the outside, an
electric charge causes the ceramic to expand in the direction

38

Crystalline materials can be polarized by a high voltage, often
several kV/mm that causes molecules to align, changing the
material’s shape. For example, a square might become a thinner
and taller rectangle when electricity is applied. When the voltage
is switched off, the material retains its new shape. If the charge is
actively removed by grounding it or passing the charge to an ener-
gy recovery device, the shape mostly returns to its original size.
Some molecules remain aligned while others return to their original
position, thanks to internal mechanical stresses.

The piezoelectric effect can work in two ways. In the direct
piezoelectric effect, stress applied to a material creates an electric
field. In the converse piezoelectric effect, which was discovered in
1881 by Gabiriel Lippmann, an electric field causes the material
to deform.
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Understanding the displacement and force associated with various
transducer types will help reveal what piezoelectric technology is
capable of. (Credit: Festo)

of the electric field. This normally makes the disk thicker
and the diameter smaller. Overall, a spherical bend occurs
which makes the disk actuator work well in high-frequency
speakers, ultrasounds generators, and automotive distance
Sensors.

Stacked actuators, also called piezo-stacks, use the mate-
rial’s expansion rather than its bending reaction. This creates
actuating forces up to10 kN and 0.2% (maximum) change in
overall height. The minimal displacement limits its applica-
tions. However, Maurizio Porfiri, a professor at New York
University’s Tandon School of Engineering, notes that,
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Passive,
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—

This piezoelectric valve can be used for precise control,

reduced power consumption, and size. It also works well

as a proportional valve. (Credit: Festo)
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“Researchers have experimented with integrating piezo-
stacks into mechanical structures, such as trusses, to create
active joints that reduce structural vibrations.”

DESIGN CONSIDERATIONS
Safety is always a concern. Emergency stops (E-stop) nor-
mally shut off power to machinery, causing components to

stop working or valves to close. With the piezoelectric effect,
material acts like a capacitor and hold its charge—keeping its
shape and for piezoelectric valves this means staying open. It
is important to determine whether leaving a valve open could
lead to a safety concern. To ensure valves close, a resistor in
parallel with the valve could discharge it slowly, or a single-
pole, double-throw relay could ground the circuit, depending
on application. However, these devices
might make the system more complicat-

SMOOTH FLOW

ed and hinder the benefit of the piezo-
electric’s efficiency.

Many electrical systems operate off 12
to 24 V. Piezoelectric can use up to 300
V, which sounds like a safety concern.
However, few amps (often in the milli-
amps range) are needed, so piezoelec-
tronics are intrinsically safe.

Piezoelectronics also last a long
time: Up to a billion cycles are possible
if designed properly. Designers know
many sensors, actuators, and valves are
made of brittle materials. If they are
switched too quickly to fully open, they
can slam into the end stop, lowering the
material’s operational life. It’s preferable
for applications to have transducers or
actuators that slow before hitting end
stops, or else never hit them. Designers
can change switching speeds by chang-
ing the resistance. Unfortunately, they
can’t get all of the benefits of piezoelec-
tronics in one product. Motion can be
fast or smooth, but not both.

The main idea to keep in mind when

Compact KNF Boxer-type diaphragm liquid pumps feature two pump
heads driven by one motor. The alternating pump head operation results
in smooth, even flow — important for systems sensitive to pulsation. In
individual mode, two different liquids can be transferred simultaneously,
eliminating the need for a second pump. Both modes offer cost-savings
potential. The KNF Boxer line of pumps deliver volumes from 5 mL/min
to 1.3 L/min per head.
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Long, maintenance-free lifetime

Compact design
Adjustable flow rate

Watch your next project flow with KNF.
Learn more at
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designing with piezoelectronics is to

Pressure

Air
Cost Quality

Flow Size

Rate

Switching

Temperature Time

This graph shows the relationship of piezo-
ceramic materials. Different piezoelectric
materials will change how the properties are
related, but in general you cannot have all the
benefits in one product. (Credit: Festo)
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exploit their low power, low temperature, and proportional
response. Don't design piezoelectric-devices as you would
solenoids. “It’s like when engineers started using robotics to
replace humans,” says Stoney. “They designed the robot to act
like a human; the result was inefficient. Once engineers started
designing robots like robots, their efficiency greatly increased.

“When designing with piezoelectrics, ask yourself if you
want to turn something on and off, or

something else. If you want something
else, you might want to look into piezo-
electronics”

TRENDS IN PIEZOELECTRONICS

New efficient electronics and a desire
for obtaining operating information
remotely are opening the door to use
piezoelectronics for energy harvesting.
This technology will not be running
power plants. Just as the piezo-actuators
use only milliamaps, some harvesting
electronics are only registering nano-
amps. However, for some applications
that’s sufficient. As IoT and remote sens-
ing become more popular and electron-
ics need less energy to operate, the direct
piezoelectric effect is being research as
a viable power source for future device
that do not have an easily accessible
power source.

Porfiri has showed how piezoelectric
technology can generate electricity from
vibrations caused by oscillating flows,
impacting vortices, or underwater oscil-
lations. “Power-harvesting piezoelectrics
could provide a sustainable power source
to operate sensors,” he says. “Engineers
and scientists are aggressively research-
ing materials science to engineer effi-
cient and performing devices, such as
micro-fiber composites called MFCs.
They could lead to flexible fabrics that
control a material’s deformation, or let
the deformation generate electricity”

This technology can allow for aquatic
animals to be tagged with a sensor that
has a sustainable power source, as long
as the animal or water is moving. Not
only could this revolutionize underwater
electronics, but with the growth of the
mobility and IoT markets, piezoelectric
technology could have some interesting
future applications.
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For remote and longer-term sensing and data applications a
battery can lose power and eventually need to be replaced. A
piezoelectric generator, on the other hand, could be without
a charge for an extended period of time, and as soon as an
outside force acts on it the generator is able to start producing
power again. If the electronics are still functioning, you will
start collecting data again—even if years have passed. il
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What's the Difference Between

Friction and Regenerative

CAR BRAKES?

Let’s take a closer look at conventional
friction car brakes and how electric
vehicles regain energy with

regenerative brakes.

onventional car brakes serve only
one purpose—stopping the car.
They are such an essential part
of the car, yet hold a greater
potential in energy efficiency, particularly
in terms of regenerative braking.
Regenerative braking is not a new inven-
tion, as hybrid and electric cars currently
use it to help recapture lost energy.
The idea is simple: Recollect some
of the energy lost in braking and con-
vert it into electric energy for the large
high-capacity battery. The creation of
energy when braking is where regenerative
brakes differ from conventional brakes.

CONVENTIONAL BRAKES: BRAKING

AND THE HYDRAULIC SYSTEM
Before we dive into the difference between car brakes, let’s

describe the hydraulics behind braking. The hydraulic brake circuit con-

sists of a fluid-filled master cylinder, which connects to a separate slave cylin- The image above is an example
der. The brake pedal connects to the master cylinder and when pushed, depresses of a typical disc brake that has a
the piston in the master cylinder, forcing fluid along connected pipes. The fluid reaches the caliper applying pressure to the
slave cylinders at each wheel, which in turn forces the piston to apply the brakes. friction or brake pads. This friction

The surface area of the combined slave pistons, where the brake-pedal force is applied, force slows down the wheel and
is greater than that of the master-cylinder piston. Hence, the master piston has to travel a allows the car to stop.

greater distance to move the slave pistons compared to the fraction of distance required
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What’s the Difference?

by the slave pistons to apply the brakes. This setup allows for
the exertion of a large force by the brakes, comparable to how
along-handled lever can lift a heavy object a short distance.

In most modern cars, two master cylinders use twin hydrau-
lic circuits in tandem for redundancy purposes. The circuits
can be arranged to control different pairings of brakes: one
circuit for the front pair and the other for the back pair; or one
circuit for one in front and one in back, and the other circuit
for the other side.

By design, rear brakes are less powerful to prevent the rear
wheels from locking and skidding. A load-sensitive pressure-
limiting valve prevents locking in most cars by controlling
high rises in hydraulic pressure. Limiting valves help prevent
brake locking situations, along with anti-lock brake systems
that monitor wheel locking. Modern cars also apply power-
assisted brakes.

A servo unit, using the pressure difference between the par-
tial vacuum in the inlet manifold and the outside air, provides
braking assistance via a pipe connection to the inlet manifold.
The servo is fitted between the master cylinder and the brake
pedal. When a driver pushes on the brake pedal, it in turn
pushes on the master-cylinder piston and a set of air valves.

A large rubber diaphragm connects to a master-cylinder pis-
ton. Prior to applying the brakes, both sides of the diaphragm
are exposed to the vacuum from the manifold. Applying the
brakes closes the valves that link the rear side of the diaphragm
to the manifold and opens a valve to let in outside air. The high

Brake fluid reservoir  Fluid inlet port

Return Compensating
MASTER spring |~ port
CYLINDER P .
ASSEMBLY — 1
A N
AV AN |
\ \ Pushrod
to brake
Brak Master
carl?p:r ) N cylinder pedal/lever
pistons Hydraulic piston

lines

ASSEMBLY

I- CALIPER

[

Rotor (brake disc)

q The hydraulic system used during brak-
ing delivers hydraulic fluid from the res-
ervoir to the brake caliper pistons to

W, slow down and stop the brake disc.
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Inside the drum brake are two curved brake shoes. When hydraulic
pressure is applied, the brake shoes are forced outward, causing the
linings to apply a friction force against the drum. The drum is con-
nected to the wheel and slows down as a result.

pressure of the outside air pushes the diaphragm forward on
the master-cylinder piston to assist the braking effort. If the
brake pedal is kept in place, the air valve stops drawing on the
outside air, keeping the brake pressure constant.

DISC AND DRUM BRAKES

Disc brakes are typically located on the front two wheels. A
caliper straddles a disc and the disc turns with the wheel. Small
hydraulic pistons in the caliper operate via pressure from the
master cylinder. Friction pads clamp against the disc once the
small hydraulic pistons apply the pressure, which slows down
the disc and the wheel.

The pistons only move a small distance to apply the brakes,
and when released, the friction pads barely clear the disc since
they have no return springs. The small gap is maintained by
allowing the pistons to slip forward gradually as the pads
become worn down. Rubber sealing rings around the pistons
make this possible, preventing constant brake adjustment.
Modern cars implement wear sensors to indicate when pads
need replacement.

The rear wheels typically use drum brakes, which use a hol-
low drum that turns with the wheel. A stationary back plate
covers the open back of the drum. The back plate has two
curved brake shoes carrying friction linings. Hydraulic pres-
sure provided by pistons in the brake wheel force the shoes
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Regenerative brakes

Acceleration Braking

Electric motor Electric motor

When the electric motor reverses direction, it becomes a generator
that stores the energy in the vehicle’s battery.

outward, causing the linings to press against the inside drum
and in turn making the wheel slow down or stop completely.
As opposed to disc brakes, return springs are used to pull the
brake shoes back when the brake is released. Drum brakes
have a tendency to fade if applied repeatedly in a short time—
they heat up and lose their efficiency until the heat dissipates.

REGENERATIVE BRAKING: CREATING ENERGY

As mentioned earlier, a conventional braking system’s disc
and drum brakes use friction to slow and stop modern cars.
However, most hybrid and electric vehicles use regenerative
brakes due to the added benefit of recharging electric batteries.

Vehicles with regenerative brakes achieve braking by driv-
ing the motor in reverse. As the driver steps on the brake
pedal, the vehicle’s electric motor is placed in reverse mode,
causing it to run backwards. This operation not only slows
the car’s wheels, but also acts as an electric generator for the
car. The reverse motion produces electricity that feeds into
the car’s battery. Hybrid and electric vehicles also have friction
brakes that act as a backup system when the regenerative brak-
ing is not supplying enough power to stop the vehicle.

Reverse motor motion can be achieved by using the vehi-
cle’s own momentum. The electronic circuitry and the car’s
onboard computer determine when to use the convention-
al frictional brake system or whether to put the motor into
reverse. A slight reduction in the car’s momentum, deter-
mined by the driver’s force on the pedal, causes the vehicle’s
electronics to activate the regenerative brakes and place the
motor in reverse. In contrast, if the vehicle needs to come to a
quick stop, to avoid a collision for example, the conventional
brakes will be engaged.

A brake controller controls regenerative braking. Brake
controllers are electronic devices that determine when, via
remote control, braking begins and ends, as well as the speed
of application. Similar to an ABS controller that monitors the
rotational speed of the wheels in relation to one another, the
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TYPES OF DRIVING

Combined

City
Energy losses

Highway

Types of losses

Energy lost in charging 16% 16% 16%

battery
Electric-drive-system 16% 18% 14%

losses
Parasitic losses 3% 4% 2%

Power to wheels, dissipated as:

Wind resistance 36% 29% 45%
Rolling resistance 23% 25% 22%
Braking 23% 40% 7%

Types of gains

Energy gains

Regenerative braking -17% -32% -6%

The table shows how energy is lost in a vehicle and the percentage
of energy regained from regenerative brakes. (Source: Argonne National

Laboratory data, SAE 2013-01-1462, and presentation)

brake controller can calculate how much torque is available to
generate electricity as well as monitor wheel speed.

The brake controller directs the electricity produced into the
batteries or capacitors during braking. This ensures delivery of
optimal amounts of electricity, and prevents overloading of the
batteries or capacitors. Ultimately, the brake controller decides
which brake system to use. If the required braking force is too
great for the regenerative brakes, the brake controller activates
the friction brake to avoid possible accidents.

IS IT EFFICIENT?

Regenerative brakes work best at specific speeds, particu-
larly in stop-and-go driving situations. The energy lost due
to heat through friction is around 80%. Regenerative braking
can recapture half that energy lost and reduce fuel consump-
tion by 10% to 25%.

The future of efficient braking lies in hydraulic hybrids and
hydraulic-power-assist (HPA) braking. Hydraulic hybrids
replace electric motors and batteries with motor-pumps and
accumulators. HPA slows down a vehicle by using its kinetic
energy to power a reversible pump, which sends hydraulic
fluid from a low-pressure accumulator to a high-pressure
type. The pressure is achieved by compressing nitrogen gas in
the accumulator as the fluid is pumped into the empty space
formerly occupied the nitrogen. The decrease in hydraulic
pressure in the motor-pump helps slow down the vehicle.
Hydraulic hybrids could potentially reduce fuel consumption
by 25% to 45%. Il
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What's the Difference?
JEFF KERNS | Technology Editor

jeff.kerns@penton.com

What's the Difference Between
IC., Rotary, and Electric

CAR MOTORS?Y

Will the electric motor be the end of the internal combustion engine?

utomotive engineers are

concerned with weight-

to-power ratios when

designing vehicles. While
light-weighting is a strong focus within
the industry, researchers are also looking
at more efficient engine design. The inter-
nal-combustion (IC) engine is currently
the engine of choice for vehicles, but the
growing concern regarding climate change
has given electric vehicles increased atten-
tion over the years. Understanding the
difference between these engines and how
they affect resources—not to mention, the
weight-to-power ratio—reveals key proper-
ties that might indicate when or if the IC
engine could be in decline.

PISTON IC ENGINE

The efficiency of the piston engine,
in general, is around 28% to 45%. It can
have hundreds of moving parts that can
be the source of more maintenance, noise,
and energy losses than in rotary or elec-
tric engines, which have fewer parts and
less complexity. Despite these issues, the
weight-to-power ratio is keeping IC piston
engines on top—for now.

The most common engine on the road
today is the four-stroke IC piston engine.
Each stroke performs a task in a combus-
tion cycle that rotates the crankshaft or
driving shaft. With each stroke, the piston
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Crank Cam Timing
(lobe) Chain

Valve
Spring

Valve

Piston

Connecting

Researchers have found by adjusting a piston engine’s valve timing, performance can
be greatly improved. Some companies, such as Ferrari, developed dynamic valves. One
example boasts a three-dimensional lobe with a sliding camshaft that alters engine tim-

ing as demands on the engine changes. (Credit: Drivingtestsuccess.com)
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What’s the Difference?

travels from top dead center (the top-most position the piston
can reach in the cylinder) to bottom dead center (the bottom-
most position).

WANKEL ROTARY ENGINE

Housing

Eccentric
Shaft

<

The Wankel rotary engine is modular—as long as there is a crankshaft long enough to
accommodate rotors. In 1991, Mazda used a four-rotor engine to become the only Japa-
nese car company to win the 24-hour Le Mans. That will be the only rotary motor ever to
win this title, as the race’s governing body outlawed rotary motors in 1992.

The first stroke, the intake or induction stroke, draws air
and fuel into the cylinder. In diesels, this stroke only draws
in air; the fuel is injected just before the power stroke. As the

piston returns to the top, it compresses the
mixture; a spark plug then ignites it. Diesel
engines have higher compression ratios
that generate higher temperatures, thus
causing combustion when fuel is injected
without a sparkplug. Diesel engines have
heating elements, called glow-plugs, where
the sparkplugs are located that help warm
up the combustion chamber for cold starts.
The fuel/air mixture is ignited during
the next stroke, the power stroke, and the
expanding gases from the small explo-
sion force the piston to bottom dead cen-
ter. Finally, the fourth stroke, the exhaust
stroke, returns the piston to top dead cen-
ter and pushes gases out of the cylinder.
The pistons’ linear moments are trans-
lated into rotary motion through con-
necting rods that turn the crankshaft. In
turn, the crankshaft drives the transmis-
sion. The crankshaft also connects to the

Our products wse

Automotive
8 Attachment Tapes
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7 4

k'ANII
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camshaft(s)—normally with a belt, though sometimes a roll-
ing chain is used. The camshaft rotates the cams to open and
close valves, controlling the timing of the intake and exhaust of
gases in the cylinders.

To get the most power out of each stroke, designers focus
mainly on the pistons, cams, and valve design. Performance
and efficiency improvements often rely on increasing the
speed or rpms and pressures on these components. This can
be challenging: Something as simple as increasing pressure
during compression strokes (e.g., the compression ratio) could
require a completely new cylinder head, pistons, and con-
necting rod made from materials that withstand the higher

stresses. Higher stresses also might demand higher octane fuel
for proper ignition. Ignoring any of these issues can lead to
excessive wear on the engine and inefficient operation.

embossed for threaded cores. Also available ANICERENLERE ROTARY IC ENGINE

' 47577577 A rotary engine—specifically, the Wankel rotary engine—
does not have pistons, but rather, a three-lobed triangular
More Than 75 Years - The Original rotor. The key differences from a piston engine are the reduc-

/ /
f’é?‘ﬂ?t tion of parts, reduced vibration, and the ability for the motor
Drocision—

to perform at high speeds (rpms). The engine comes in a rela-
Paper Tube Company

/ tively small package with a high power-to-weight ratio. Com-
1033 S. Noel Ave., Wheeling, IL 60090

pared to piston engines, the rotary engine’s simple concept
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and complex geometry has The rotor’s rotation

sparked some passionate 60 increases the volume of
debates as to why it isn’t Weight to Horse Power Over time the first chamber draw-
more popular. S0 : ing in air and fuel—

To envision the inside the intake stroke. As
of a rotary engine, it is first 4op1 the rotor continues to
necessary to know what an o 30l \%;)5 turn, the volume in the
epitrochiod is (also called S ) /\/ Hybrid chamber shrinks, com-
an epicycloid). Epitro- = 20l b 90s s 2016 H pressing the contents
chiods are geometric shapes Piston Rotary  lightweight of the chamber caus-
formed by tracing a point 100 n B Feonomy i ing the compression

. Ford

along a radius of a shape oLLModel T stroke. A problem at the
that is rolling out or inside next step is the geom-
another Shape. If you ever The weight-to-power ratio is important, and while EVs and hybrids are more etry between the hous-
used a Spirograph, you were efficient than internal combustion engines, this ratio needs to improve ing and rotor separates
playing with epitrochiods. | to compete in the transportation market. EVs are not presented, as num- the chamber into two
A rotary engine’s housing bers powered can vary greatly. However, in general, the economy models spaces. This elongated
is a simple epitrochiod of | weighed more than the hybrids. The numbers are used only to give a gen- and separated ignition
two circles. The rotor Spins eral idea of vehicle weight-to-power ratios over time. chamber can hinder
eccentrically inside the complete combustion,
housing, changing the vol- as some of the air/fuel
ume of three spaces (chambers) formed between the two. mixture is cut off from a spark plug. To help, there are either

Rotary engines share the same four-stroke sequence of  two spark plugs, or one spark plug with an exclusion or divot
piston engines: intake, compression, power, and exhaust.  in the rotor to let the mixture into both spaces of the chamber.
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Normally, two spark plugs are used, and Mazda has even used
three spark plugs in its racing cars. Expanding gases rotate the
rotor further into the expansion or power stroke. Eventually,
the expansion drives the rotor around to where there is an
exhaust port in the housing. The volume between the housing
and rotor shrinks again, pushing exhaust gases out of the
chamber—the exhaust stroke.

Rotary engines do not have to transfer linear to rotary
motion, eliminating violent changes in direction that have to
be made by pistons/ Therefore, rotary engines generate much
lower vibrations. The rotary design also lets the power stroke
operate over a longer rotation of the shaft, thus reducing
sporadic torque on the crankshaft (from ignition to exhaust
there is about 270 deg. of rotation, versus 180 deg. on piston
engines). Ultimately, a single rotor in a rotary engine is com-
parable to the three pistons in reciprocating engine. Rotary
engines often have two rotors for smooth operation and are
comparable to V6 engines.

As early as the 1960s, some auto executives and observers
thought rotary designs would become the design of choice
for cars and trucks. But Mazda, the first company to mass-
produce rotary engines, stopped production after 2012.
Mazda said unless the company could justify annual produc-
tion of 100,000 units, the Wankel engine would not be manu-
factured again. However, research to improve the engine is
still underway.

With so many benefits, what happened to the rotary engine?
A rotary engine can operate with as little as three moving
parts, making it simple and easy to maintain. Basic piston
engines have at least 40 moving parts. This led to some con-
spiracy theories questioning how a car with so few parts would
cause the loss of millions to car-part companies. But a better
argument for piston over rotary engines is made with the com-
plex seals, low-end torque, and thermal efficiency.

Although Mazda addressed some problems, there was still
some cross-chamber contamination and unintentional oil
consumption that led to emission and efficiency problems. As
regulation for emissions got tighter, the rotary vehicles suf-
fered. In addition, the crankshaft rotates three times per single

Coil Rotates ClockwiseA

Magnetic :(
Field
N ) S}
Brushes
Carry Commutator
Current to Reverses

Commutator Current

Electric
Current

The basic dc motor changes the flow of electricity to keep the coil
out of phase with the magnetic field so that it rotates continuously.

(Credit: explainthatstuff.com)

rotation of the rotor. This 3:1 ratio does not deliver competi-
tive low-end torque (compared to a piston engine). This is why
rotary engines are great for mid to high-end applications, such
as planes, marine, and race cars, but not for daily commuters.

Thermal efficiency of rotary designs is reduced due to the
larger surface area (compared to piston engines) in the com-
bustion chamber. This lets heat escape into the housing and
rotor. It should also be noted that about a third of a rotary
engine’s cooling is done with oil; hence, oil cooling is manda-
tory. Emissions are another problem with rotary engines. For
example, the last production RX-8 engine cannot meet current
emission standards, so current design wouldn’t be able to be
made today without emission improvements.

The benefits of the rotary engines—reduction of parts
and vibrations—may have been what led some companies to
research opposed-piston/opposed-cylinder (OPOC) engines.
These are piston engines with pistons along the same plane,
but in opposing cylinders. With four pistons operating in
two opposing cylinders and in direct opposition, vibrations
are lowered by balancing the reciprocating forces with the
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adjacent piston. This also increases the combustion stroke to
once every rotation of the crank shaft, rather than every other
rotation, as seen in traditional piston engines.

In 2010, Ecomotors said it could get four times the power
from an OPOC two-stroke engine as a four-stroke engine of
the same mass. One way this was accomplished was by reduc-
ing the number of parts. A 300-hp OPOC engine consists of
62 moving parts. A conventional engine with similar power
has around 385 moving parts. Also, the opposing forces mean
there is no (or nominal) forces on the main crankshaft bear-
ings. And with lower forces, designers could make the housing
out of lightweight magnesium.

ELECTRIC ENGINES

It can be hard to find accurate efficiency ratings for electric
vehicles (EVs). While the motor can be 85% to 95% efficient,
once the power goes through the inverter, battery, and charger,
EV efficiency is closer to 70%. However, electric engines and

HOW AN AC MOTOR WORKS

Lo

/
Electromagnetic coils < Rotor

Change in magnefic field  Leads
/.

/

There are two pairs of electromagnetic coils that are energized in
turn by an ac current. The pairs are set out of phase with each other
so that the rise and fall of the ac current will alter the magnetic field
between them. This change induces an electric current in the rotor
that produces its own magnetic field. The rotor will try to oppose the
magnetic field from the coils, but since the field is changing with the

ac current, the rotor will turn.
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‘ In general, the limited driving range, battery-charging time, and
higher prices keep EVs just out of the grasp of the average person.
From a technology standpoint, the main flaw in EVs is the battery.
Lithium-ion batteries are powerful, but they are also heavy, expensive,
and have the ability to overheat to the point of thermal runaway.

batteries can be relatively sensitive to

hilly terrain, and temperature changes
TH E B EST that could reduce the efficiency even
father. So with higher efficiencies than

J u ST G OT IC engine, essentially no moving parts
in the engine, zero emissions, and the

B ETT E R ability to use regenerative braking to
EEE increase efficiencies by 9% to 16% (as

published in the study), why are EV

P STA sales lower than some auto analysts
owe'# thought they would be?

In general, the limited driving range,

: battery-charging time, and higher
Runs Cooler & Longer Lasting than prices keep EVs just out of the grasp

Traditional Right Angle Gearmotors of the average person. From a technol-

ogy standpoint, the main flaw in EV's
is the battery. Lithium-ion batteries
are the most powerful mass-produced
battery. But they are heavy, expensive,
and have the ability to overheat to the
point of thermal runaway (catching on
fire). Most new battery technologies are
geared toward lower voltages common
in AA batteries. These innovations are
not scalable for vehicles applications.
There are two types of electric engines

- Check
us out on
bisongear.com

used in EVs: brushless dc motors and
three-phase induction ac motors.
DC motors operate off a coil or

loop suspended between the poles of a
AC and DC options available now magnet. A direct current of electricity
1/15 - 1/2 HP; 35-1780 in-lbs generates a temporary magnetic field,
e AC MOTOR OPTIONS: causing it to turn and align with the

115V 1PH, 115/230V 1PH

230V 3PH Inverter Duty

230/400-460 50/60HZ 3PH Inverter Duty
e DC MOTOR OPTIONS

polarity. An electrical switch (commu-
tator) then reverses the current, which
changes the polarity. This will keep the
coil rotating indefinitely.

720 frame size: 12V, 24V, 90V, 130V SIMPLY EXPLAINED

and 180V Some of the advantages of dc motors

725 frame size: 12V, 24V, 90V, 130V include immediate high torque and the

and 180V fact they are relatively cost-effective. On
BlSO" the downside, they should not be run

Gear & Engineering Corp.

We make your products go.™
©2014 Bison Gear and Engineering Corp.

without a load, as it could damage the
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motor. That is why running a dc motor to turn a belt could be
a poor design. If the belt brakes, there is no load and the motor
could spin into a catastrophic failure.

Such dc motors are also are not ideal for maintaining speed
over varying load conditions—e.g., an EV with this motor
might not perform well in hilly terrain. And while adjust-
ing the voltage can control dc motor speed, the motor has a
maximum rpm rating beyond which it cannot go, so speed is

state of batteries, smaller IC engines are pairing with electric-
drive technologies that are making even the emission stan-
dards of 2025 (54.5 mpg) sound easier to hit than some may
have initially thought. If hybrid innovations for the IC engine
design are not improving the performance and growth of the
piston engine, it is at least increasing the slope of its diminish-
ing return and extending the IC engines existence—at least,
for the time being. @l

inherently limited.

A ring of laminated metals is used in
ac motors to generate a magnetic field
when ac current is applied. The electro-
magnets encircle a rotor. The ac causes
the strength the electromagnets’ mag-
netic field to rise and fall, creating a shift-
ing magnetic field that generates torque.

Compared to dc, ac motors offer
higher torque and speeds. They are more
adaptable to variable speed and loads, so
it works better for hills. And they accept
energy from regenerative braking easier
than a dc motor. But the coil winding
can be heavy, and an inverter is neces-
sary when using batteries. In general,
an ac motor’s overall cost is higher than
that of a comparable dc motor.

Opverall, there are automotive and off-
road applications for ac and dc motors.
But to make electric motors and EVs
viable, it will take major advances in
battery technology. The current energy
storage necessary to power EVs adds
too much weight, making the weight-to-
power ratio too high. There are also the
problems of slow recharging and envi-
ronmentally clean disposal.

A cradle-to-grave analysis published
by the Union of Concerned Scientists
shows that an EV with an 84-mile range
creates about 15% more emissions to
manufacture than a conventional car.
This difference could be recouped in a
year of driving, and the car will emit half
as many pollutants over its lifetime—
including manufacturing. So as deals,
such as the Paris Accord, get passed and
move toward a carbon-neutral society
over the coming years, we might see
more EVs on the road.

However, like many technologies, a
multiple of them are needed to achieve
optimal efficiency. Due to the current
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—and the Motors and

Drives Leading the Way

Machine Design takes a look at
the world of modern and future
robotics and the components
being used to drive them.

obots are everywhere! In modern

automation, they are an essential tool

on most plant floors. In our homes,

they have become cleaning tools and
personal assistance/entertainment devices. This
current trend is not dying down as robot manu-
facturers find new ways to fine-tune their design,
creating nimbler and faster robots. In a recent
study from Tractica, 6.5 million robots were sold
in 2015. Per their predictions, 100 million robots
will be sold worldwide within the next five years.
Currently, the types of robots sold are split 50/50
between industrial and non-industrial. Robots such
as placement robotic arms and XY gantry robots are
prevalent in manufacturing and packaging, but the
future of robotic sales looks to be for personal assis-
tance robots. These robots will help us in everyday
tasks as well as assisting the elderly and helping
educate children.

MODERN ROBOTS

The current trend for robotic design is small and
lightweight. Modern engineering design stress-
es how important it is to focus on envelope size,
lightweight design, and energy efficiency. Parker
Hannifin has introduced a series of motors that help
cut down on weight and envelope size. Its frame-
less motor K-Series does away with the main hous-
ing and shaft to cut down on weight. It’s ideal for
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The Delta 3is a
result of the Pac-
Drive product line from

Schneider Electric. It has
a minimum of three degrees
of freedom and can be used in the
pharmaceutical or food industries.

The frameless
motor design from
Parker Hannifin
provides high
torque ranges and
space-savings
options by not
including a housing
or shaft.
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machine designs that require high perfor-
mance in small spaces. The motors allow
for direct integration with the mechanical
transmission device. This eliminates parts
that add size, allows for minimum motor
size per application, and gives designers
the advantage of reducing cost. The fra-
meless motors contain a motor stator and
rotor and come in different outer diam-
eter sizes: 32, 44, 64, 89, and 178 mm.
They benefit from peak torque values of
0.26 Nm up to a max of 81.74 Nm and
speeds of up to 5,000 revolutions per min-
ute (RPM), with a higher speed windings
of 30,000 rpm if needed. The K-motors
have a pre-installed integral commuta-
tion board; the motor and feedback are an
integrated unit. The use of rare earth mag-
nets provides high resistance to thermal
demagnetizing and high-flux in a small
volume. They are Class-H insulated for up
to 155°C temperature operation, meeting
UL requirements. Lastly, they use high-
density copper winding for low thermal
resistance and consistent performance.
Weight range on the series is a minimum
0.151b to a max of 13.98 Ib.

While the K-Series provides customiza-
tion for specific designs, Parker Hanni-
fin’s P-Series of motors and drives pro-
vide flexibility. For Gantry and Cartesian
robots, motors and drives need to have

TOTAL INDUSTRIAL AND NON-INDUSTRIAL ROBOTICS REVENUE,
WORLD MARKETS: 2015-2020

$140,000
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Source: Tractica
The graph above shows the predicted robot trends for the next five years based on research
from Tractica.

general-purpose utility and be flexible
so that one prevents the constant switch-
ing out of drives. The P-Series drives and
motors operate in a variety of machine-
controlled architectures. The drives have
EtherCAT connectivity for high-speed
motion bus, USB communications for
convenient setup, and 8 inputs/4 outputs
with EtherCAT models. The Safe Torque
Off feature for the EtherCAT models
immediately cuts power to the motor,
then dynamic braking quickly brings the
motor to a stop. The line of drives from

Parker Hannifin also has auto-tuning fea-
tures. In real time, the drives can apply
tuning via adaptive resonant filters and

The P-series drives and motors are
designed for flexibility to accommodate
several motors and prevent the con-

stant switching out of drives.

Hector has three EC 45 flat motors on

Hector can walk independently and

each of its legs, delivering 50 watts of respond to obstacles via complex sensors

power per motor to the robotic move- collecting data of the surrounding environ-
ments. (Image courtesy of Maxon Precision Motors) ment. (Image courtesy of Bielefeld University)
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detecting vibration peaks to dial in inertia and tuning gains.
The P-Series motors need to be flexible, which is why they
follow the BiSS-C standard for open-source absolute-encoder
design. Absolute encoders are becoming the norm for drives
due to their cost-saving benefits.

Schneider Electric offers all-in-one robotic solutions.
They are add-ons to the PacDrive product line geared toward
providing fast and easy-to-integrate robotic solutions. The

motors, drives, and robotic assembly designed by Schneider
Electric ease installation. Included in the PacDrive portfolio
are the Delta 2 and Delta 3 picker mechanisms, which are
available with installed motors of the Lexium SH3 or Lexium
62 ILM families. The PacDrive Delta 2 has a max load capac-
ity of 55 Ib and the Delta 3 is capable of 33.1 Ib. The PacDrive
Delta 3 has three or four degrees of freedom and is IP65 rat-
ed for pharmaceutical and food application. The SH3 servo

INTRODUCING

Maxoi
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motors are available in five flange sizes: 55, 70, 100, 140, and
205 mm. They have a nominal torque range of 0.5 to 50.7 Nm,
peak torque values of 1.5 Nm to a max of 330 Nm., and speed
of 1,500 RPM to a max of 8,000 RPM. The Lexium SH3 servo
motors are equipped with integrated encoders that have a
single-turn (131,072 points/turn) (2) or multi-turn (131,072
points/turn x 4,096 turns) integrated encoders. A stainless-
steel version of the SH3 motors, the SHS family, is also avail-

able in three flange sizes: 55, 70, and 100 mm.

The Lexium 62 ILM integrated drive and motor bundle is
compact and offers quick interconnects and hybrid cables for
signal and power level. When connected, they provide auto-
matic network configuration and has diagnostic capabilities.
The LXM62 ILM is considered plug-and-play technology due
to the ease of installation. It is capable of a nominal torque
range of 0.5 Nm to 12.5 Nm, a peak torque of 3.5 to 55 Nm,

The RE 40 motors used
in Romeo have iron-less
Maxon winding, which
ensures precise control
and current that is pro-
portional to torque. This
allows the controller to
use current measure-
ments to determine when
Romeo has encountered
an obstacle or has col-
lided. (Image courtesy of

Maxon Precision Motors)

Romeo comes from a fam-
ily of robots designed by
Aldebaran. The other two
are Pepper, which uses

ROLLON

LinearEvolution

Actuator Line

FAST

Actuator Line has all the precision you need — and won’t keep you waiting

QUICK DELIVERY TIMES
WEB-BASED DESIGN TOOLS
LIVE TECHNICAL SUPPORT

wheels to roll around, and

Learn Fast

Nao, the smallest. (Image

Jv ] Jv ]

| Design Fast

courtesy of Aldebaran Robotics)

GO TO MACHINEDESIGN.COM

For data sheets, application
guides and white papers,
visit www.rollon.com

Contact one of our applications engineers
for help selecting an Actuatorline moadule.
Call 1.877.976.5566

Rollon Corporation | 101 Bilby Road. Suite B, Hackettstown, NJ, 07840
(+1) 973 300 5492 | info@rolloncorp.com


mailto:info@rolloncorp.com
http://www.rollon.com

Motors/Drives

and speed of 1,500 RPM to a max of 6,000 RPM. They are
available in flange sizes of 70, 100, and 140 mm. The ILM
integrated drive and motors take up to 90% less cabinet space,
up to 90% less wiring time, and up to 70% less cabling. Due to
their fast installation time and cost-saving cable handling, the
ILM integrated drives are frequently used for rotary-capping
applications.

THE FUTURE OF ROBOTICS

As mentioned earlier, robots are leaning away from assem-
bly and automation, and shifting focus toward entertainment
and personal assistance. The robot in the image on p. 60 is
called “Hector” and was developed by the Biomechatronics
Research Group at Bielefeld University. The robot is about 3
feet tall and weighs 26.5 Ib. The exoskeleton consists of car-
bon fiber-reinforced plastic, which makes it extremely light-
weight. The purpose of the project is to achieve better control
of underlying coordination principles as well as to investigate
the fundamental concepts of how to elastically control actu-
ated driven robotic systems.

Each individual leg of the robot contains an EC 45 flat Max-
on motor, with a total of 18 motors. The EC 45 flat is a brush-
less motor delivering 50 watts of power at a diameter of 45
mm. The motors for this particularly design are custom built

by Maxon, as the elastomer couplings were integrated directly
into the drives.

The next phase of robotics will introduce personal assis-
tants. “Romeo,” designed by French robotics company Aldeba-
ran, aims to be the perfect assistant for the elderly. Romeo
is almost 5 feet tall and weighs 81.6 1b. The researchers at
Aldebaran are currently testing to see how far they can push
Romeo’s limits. The goal is to maximize its walking ability,
navigation, and human-robot interaction. Eventually Romeo
will be able to respond to human body and facial expressions.

Romeo uses 37 Maxon RE 40 motors. The RE 40 motor uses
graphite brushes at 150 watts of power. The RE 40 has a 40
mm diameter and has nominal torque ranges of 94.9 mNm to
190 mNm. The motors come with iron-less Maxon winding,
ensuring excellent control behavior.

The DRC-Hubo robot was one of the first-place
finalists of the DARPA Robotics Challenge in
2015. The DARPA Robotics challenge consists
of realistic scenarios such as driving a car,

cutting holes into walls, opening doors, and
negotiating difficult and uneven terrain. The
Korea Advanced Institute of Science and the
Rainbow Company built the robot in conjunction

using 33 Maxon motors, mainly the EC-4pole 30 brushless
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DRC-Hubo won the 2015 DARPA
Robotics Challenge and the KAIST
(Korea Advanced Institute of Sci-
ence and Technology) and the
Rainbow Co. were awarded $2 mil-
lion in prize money. (Image courtesy of
KAIST and Rainbow Co.)

GO TO MACHINEDESIGN.COM

The EC-4pole 30 brushless
motor from Maxon achieves
maximum power in Hubo by being
operated in overload conditions in conjunction

with cooling fans. (Image courtesy of Maxon Precision Motors)

motor. The robot operates on two legs, but benefits from being
able to utilize rollers built into the knees. This helped Hubo
complete the required competition tasks in the shortest time.
The robot has an aluminum casing instead of plastic, stands 6
feet tall and weighs 176.4 Ib.

The EC-4pole 30 brushless motors deliver significant power
at 200 watts per motor. The Hubo uses 25 of these motors,
which operate at overload conditions. The robot was equipped
with cooling fans so that the motors could operate safely even
in overload conditions. Hubo demonstrates the closest exam-
ple of how technology of today can be used to advanced and
push the capabilities of modern robotics. Bl
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AVNET, IBM

Partner to
Accelerate IoT
Development

Image courtesy of Thinkstock

Technology companies join forces to bring new Internet of Things solutions to OEMs
and other customers in the United States, Europe, and Canada.

lobal technology distributor Avnet announced a new

collaboration with IBM designed to accelerate the
development of Internet of Things applications in the United
States, Europe, and Canada.

The companies’ efforts will help customers develop IoT solu-
tions built on the IBM Watson IoT Platform. The collaboration
is designed to help Avnet’s wide-ranging customer base capital-
ize on the opportunities in the rapidly growing IoT market,
which is estimated to account for more than $921 billion in
technology spending in 2016, the companies said.

The partnership builds on Avnet’s growing IoT development
business, according to the distributor, pointing to its recent
work with SPICA Technologies to help create a smart cities IoT
solution to improve water safety. The solution reduces the risk
of contracting Legionnaires’ disease by using connected devices
attached to water pipes that provide real-time information and
analysis on water temperature and flow, improving accuracy,
and reducing monitoring costs by up to 60%. Avnet helped
build the solution by bringing together the sensor components,
IBM Core Middleware, IBM Enterprise analytics, and an IBM
Cloud deployment to manage the data.

“Developing an IoT solution is incredibly complex and
requires deep technical knowledge from a semiconductor level
to advanced data analytics running in a data center,” Patrick
Zammit, president, Avnet Technology Solutions, Global, said in
a statement announcing the IBM partnership. “Avnet and IBM
joined together to simplify the development cycle at every stage
and give our customers the power to unlock the potential of IoT”

Such comments echo those of Avnet’s Gerry Fay, president of
Avnet Electronics Marketing Global, the company’s electronic
components division. Fay emphasized Avnet’s focus on IoT
solutions following the release of the company’s quarterly earn-
ings statement in February.
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“We have been in IoT always,” said Fay, pointing to the com-
pany’s expertise in sensors, processing, communication proto-
col devices, and similar products and systems. Avnet took this
to the next level recently with the hiring of Eric Williams as vice
president of IoT. Such moves will help the distributor further
develop its IoT business.

“We believe that finding IoT customers early in the process
and asking them the right questions” will ensure success in the
competitive IoT space, added Fay. “And we believe that there is
more growth and margin opportunity than the market is pro-
viding us today”

Avnet and IBM said they will provide customers with a wide
range of resources to develop IoT solutions that “effectively
gather information, connect to the Internet, and securely man-
age and analyze data” Those solutions include:
® Availability of IBM applications critical to designing and

managing IoT solutions, including IBM Watson IoT Platform,
IBM Watson, and IBM Cloud;

¢ JoT development platforms and kits that accelerate the ability
to prototype IBM Bluemix-enabled IoT solutions;

e Create proof-of-concept solutions with Avnet’s highly expe-
rienced team, enabling Avnet’s 100,000 customers to deploy
connected devices;

® Avnet data-center and cloud solutions based on an IBM Wat-
son IoT Platform that provide analytics engines, asset man-
agement, data management tools, IoT Platform-as-a-Service
(PaaS) capabilities, and security;

® Access to the Avnet Cloud Marketplace, which features IBM
Cloud infrastructure; IBM Software-as-a Service (SaaS) solu-
tions related to cloud, analytics, mobile, social and security
applications; and the ability to create branded storefronts;

® Solutions design, integration, and assembly support services
at its solutions centers in the Americas and EMEA;
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® In-depth technical education and training through
Avnet Academy on IBM Bluemix and IBM Watson
IoT Platform.

Customers also will be able to leverage the Avnet
Visible Things evaluation and development reference
platform. This initiative, driven by Avnet in EMEA,
is a platform built on the IBM Watson IoT Platform,
designed for edge-to-enterprise IoT projects. It delivers
hardware and embedded software to connect smart
sensors to the Avnet Devicepoint service, which adds
context to sensor information and loads it to an enter-
prise-strength core system. It then presents a set of
business and integration services focused on analytics,
cloud, and mobile.

“IBM, alongside its vast network of clients and part-
ners, is ushering in a new era of computing, extending
the power of cognitive computing to the billions of
connected devices, sensors, and systems that comprise
the Internet of Things,” said Harriet Green, general
manager, Watson IoT, Education and Commerce, IBM.
“Working together, Avnet and IBM can help clients fur-
ther embrace the full promise of IoT using innovative
technologies to uncover hidden patterns in data and
act on them, to transform business and society alike”

DIGI-KEY, ARM UNIVERSITY
Extend Partnership

GLOBAL ELECTRONIC COMPONENTS distributor Digi-Key Electronics
announced the extension of its partnership with the ARM University
Program to distribute ARM Education Kit hardware components to
higher educational institutions.

Digi-Key will provide Education Kit hardware that supports design
courses covering embedded systems, system-on-chip (SoC) develop-
ment, and Internet of Things (loT) technologies. The full education kits
contain ARM-based hardware and software components, in addition
to teaching and training materials from the ARM University Program.

“The ARM University Program enables electronics and computer
engineering courses all around the world, and last year tens of thou-
sands of students took modules based on our technology,” says Khaled
Benkrid, director, education and research, ARM. “The collaboration
with Digi-Key will provide access to high quality ARM-based hardware,
software, and teaching tools to support an even greater number of aca-
demics, students, and engineers. Together, we will be equipping a new
wave of developers with the knowledge and skills that will underpin their
professional careers.”

The Program includes technologies provided by key Digi-Key suppli-
ers such as STMicroelectronics, NXP, Cypress, and Nordic Semicon-
ductor. ®
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Eagle is the supplier of choice for close-tolerance, : offer class Il input,
exotic metal parts in diameters from 0.032" to 2". We : which eliminates
have the skills and the technology required to deliver E iRl

. th- d
exactly what you want, when you want it. Call us for eanroroun
connection and

a quote. You won't get voice mail. You'll get instant © meets Level VI
responses from real people! © DoE standards for
3 efficiency.They are
also certified to
IEC 60601-1 and
60601-1-11 medi-
cal standards

for use in diagnostic and monitoring
equipment. Housed in a vent-free, IP21-
rated enclosure, the power supplies
measure 106 x 60 x 31 mm and can be
powered with alternating or direct cur-
rent via a standard [EC60320-C8 cable
E : . and four-pin Power-DIN connector,
Eag ] K . respectively. They also offer overvoltage
10 Discovery Way e Franklin, MA 02038 : and overcurrent profection and accept
Phone (800) 528-8650 ¢ www.eagletube.com ]
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Potentiometers Handle 3 Measuring Ranges between sections is factory calibrated to within £1% FS.
THE P2500-M Series of multiple-section potentiometers pro- ~ With a service life of 50-million movements, the devices
vide redundancy in applications to ensure fail-safe angle can endure high shock and vibratfions up to 50 and 20 g.

measurement.The devices are offered with three measur- The anodized aluminum housing and stainless-steel shaft
ing ranges with angles from 0 fo 120, 0 to 240, or 0 to 345 provide corrosion profection along with salt and spray
deg. with unrestricted confinuous rotation. Repeatability resistance.

is 0.01 deg. and maximum rotational speed is 2,000 RPM. NOVOTECHNIK INC., 155 Northboro Rd, Southborough,
Independent linearity is up to 0.3% FS and infer-linearity MA 01772 (508) 485-2244; www.novotechnik.com

inputs between 90 fo 264 V ac. Adapt-
ers with power ratings from 40 to 65 W
are available with 5-, 12-, 15-, 19-, 24-,
28- and 48-V outputs.They can oper-
ate in ambient temperatures ranging
from O fo 60°C.

TDK LAMBDA CORP,, 401 Mile of Cars
Way, Suite 325, National City, CA, (619)
575-4400; www.tdk-lambda.com

GO TO MACHINEDESIGN.COM

Servo-Gearheads

For all YOUR automation-, robotics-, precise motion- APP's
«...Wwe have the reliable gearbox solution

Call us

PA facility 412 835-4154
VA facility 757 340-5551

www.neugartusa.com
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YOUR SWITCH HAS WIRES??
OURS DOESN'T.

CHERRY &) ENERGY HARVESTING

NO WIRES! NO BATTERIES!

Finally, a snap switch and rocker switch that require NO
wires and NO batteries. Offered in both 868MHz and
915MHz, CHERRY Energy Harvesting products work
with our proprietary ZF Protocol with a transmission
range of approximately 30 metersindoors and 300 me-
tersinopenareas. Space carries apremiuminthe design
process; take advantage of CHERRY’s smallest, most
powerful energy harvesting generator on the market!

Contact us for a wireless switch to fit your application today!

WWW.CHERRYCORP.COM - (262) 942-6500
northamerica@cherryswitches.com ~[r=seror

2F in 2017.

In 2017, Cherry switch & sensor products will be sold under the ZF brand name

v/ 1000+ configurations
from 0.0 to 11.0 N-m

v’ Motion variety
Symmetric, One-way
and Differential

' Presale engineering
support

Reell creates
a perfect solution

Patented ReellTorq®

Technology oean
5 A

REELL

Innovative Torque Solutions

Our promise — A perfect fit and feel
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PLC Integrates HMI Interface
THE UNISTREAM 7-in. panel is a low-cost programmable
logic controller that incor-

porates a powerful dual
CPU, sleek HMI touch pan-
els, a variety of 1/O options,
and Unilogic software. As
a result, users can code
Ladder, design HMI screens
and Web pages, configure
hardware, and set up and
implement communica-

tions. Users can create

an all-in-one controller by snapping on a CPU and I/O
module to the HMI, giving OEMs and system integrators
the ability to customize their PLC with any HMI. It can be
configured with RS-485, CANopen, UniCAN, and serial and
Ethernet Modbus communications. It supports Ethernet/
IP and can be adapted to other third-party protocols. Its
USB and serial ports support external devices such as
modems, printers, and barcode readers.

UNITRONICS, PO.B. 300, Ben Gurion Airport, 70100, Israel,
(866) 666-6033; www.unitronics.com

. Joysticks Come in a Range of Configurations

THE JS1 PLATFORM for joysticks in the JS1-H family is well-

: suited for heavy-duty applications. Customers can choose

from a standard portfolio of joysticks that consists of three
base options—single-axis with spring return, friction hold,

MARCH 2016 MACHINE DESIGN
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CARTER

Bearings Are Our Business

Motion Controller Features Easy-to-Use Interface
THE XPS-RL motion controller is capable of working with Cam FOI IOWGrS and

up fo four axes. Based on the XPS platform, its graphi- Cam YOke RO”GrS

cal user inferface and single-click stage configuration

makes it easy fo operate. ESP plug-and-play compatibility MADEIN FOR OVER
. THE US. 50 YEARS .
racodnizes when an ESP-com- Hi-Roller™
patible stage Carter invites you to Idler Rollers
is connected inquire about our custom Available in
etching and selection of Vv-groove, plain and
— fo the controller. standard lubricants, both flanged styles.
58 All parameters available for no extra
MIM:"‘W M | P
Ny—\ 1 are determined charge and no added lead
. time. We stock a variety - T—
aufomatically to of lubricants including P0|y coated :
. . 3 i For noise reduction
avoid misconfigu- high/low temperature and 2
) 9 FDA approved food grade GISGHEESES (e e
rations and ensure options. and increased traction.
safe operation.
pre—conﬁgured For more information Sintered, bronze
and user-definable call or go to bushing with a lube

. , - o www.carterbearings.com reservoir.
motion profiles to help optimize performance and simplify

the use of advanced features, including line-arc frajecto-

ries, splines, confouring, and complex PVT trajectories. el i Chrome-plated
NEWPORT CORP, 1791 Deere Ave., Irvine, CA 92606, ; ﬁ-‘ * Increased
g e corrosion resistance.

It also includes (616) 842-8760  Neoyeriube™ ‘

(949) 863-3144; https: / /www.newport.com

and dual-axis with spring return—five grip types, and push- leak Testing .Iust Got Easier!

buttons, rollers and other controls that are able fo be
cusfom-positioned. :
DANFOSS POWER SOLUTIONS, 2800 East 13th Streef, Ames, | Ethen 'et/IP
IA, 50010, (515) 239-6000; www.danfoss.com : . .

(519) Communications

B EtherNet/IP provides more I/O for
Sentinel 128, C28 and Blackbelt instruments

B Simple‘plug-and-play’ integration to PLC

B No ‘Extra Cost’ selectable function

B (TS EtherNet/IP is ODVA Conformance Tested for
flawless operation and verified data exchange

— Ethen\'et/IP
-‘ ODVA
Leak & Flow = =
Sy stem “ EtherNet/IP
In tegation ] H o Network
Made Easy —

Industry-Leading Test Solutions

www.cincinnati-test.com

ENENAY 866.689.3787
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Belt Actuators Simplify

Motor Control

THE ROT1 rotary actuator, PSC/M6S
actuator, and HBOT1/TBOT1 belt system
are all included in a new actuator lineup
that is rated with precise motion, long life,

minimal maintfenance, and compactness.
The actuators are designed to be used in

© 2016 Metal Powder Industries Federation

Powder metallurgy
materials can be
heat treated with
great success?

You heard

Heat treating is necessary to develop the
. desired physical and mechanical properties
.~ needed for PM components and their
various applications. Although some of
these properties can be developed during

A the sintering process, common additional
processes include hardening, carburizing, tempering, and nitriding.
The way each PM component is heat treated is crucial for
controlling properties such as hardness, strength, and toughness.

For our white paper on heat treating of PM materials, go to

www.pickpm.com/Machine Design

J™

Dbyt .
e
[=]

A ized green
technology
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conjunction with the Smartmotor line
of motors.

The HBOT1/TBOT1 belt system
(shown above) implements a com-
bination of belt actuators for motion
along two axes. It does not require
expensive cable fracks or high-flex
cabling, because the motors remain
stationary during operation. Mean-
while, the SmartMotor directly inter-
prets Cartesian coordinates during
movement and performs transforms
on-the-fly to produce the required
motion and positioning.

MOOG INC. Animatics, 1421
McCarthy Blvd., Milpitas, CA 95035,
(408) 965-3320; www.moog.com

Semiconductor Carriers Prevent
Electrostatic Discharge
ISOPAK TEST and Burn-In Carriers
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Contactless Position Sensors
Work in High
Operating
Temperatures
THE LDI-127
Series of linear
variable induc-
five transducers
(LVITs) are contactless position
sensors featuring high accuracy
and low linearity error. Built with

a radial cable exit with swivel
rod-eye ends, they operate under
high temperatures, vibration,
shock, and humidity. They target
applications in factory automa-
fion, as well as industrial and com-
mercial applications like solar-cell
positioners, wind-turbine propel-
lers and brakes, chute or gate
positioning, agriculture vehicles,

. . POWDERMET2016
and packing equipment. JUNE 5-8 % MPIF/APMI
OMEGA INC., 1 Omega Dr., Stam- BU@NETT 0N
ford, CT 06907, (888) 826-6342;
wwwomega.com 2016 INTERNATIONAL
CONFERENCE ON
............................................................. : POWDER METALLURGY &
i PARTICULATE MATERIALS
feature a unique dual-material design ~: June 5-8. 2016
to provide protection from electrostatic  : Sheraton Boston * Boston, MA
discharge in semiconductor devices, 3
and eliminate false failures TECHNICAL PR_OGR'\‘\‘!

caused by conductive 200 worldw

carriers during testing. In
addition, the device leads
are electrically isolated to TRADE [\][]B[T[O\

particulate materials.

ensure carrier conductivity Over

. . ]mdn ¢

instead of leakage during  : ;

festing. Custom carriers ateri cessing equipment,
are available fo mate with powders, and products.

a range of sockets. Con- SPECIAL CONFERENCE EVENTS

structed out of standard [[1| ludin' »}‘(’L‘i.ﬂ QLI' 3

NoStat ESD-safe polymers,
the carriers also withstand
femperatures up to 180°C.
R.H. MURPHY COMPANY

INC., Held in conjunction with:
3 Howe Dr., Amherst, NH 3

03031, (603) 889-2255; www.
rhmurphy.com : e
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You've Got Us
Right Where You
Want Us. |

In collaboration with MIT and Lincoln Labs, Primatics’ precision
gimbal was integrated into the ground telescope terminal of NASA’s
Lunar Lasercom Communication System. The ground terminal once
communicated directly with LADEE, the Lunar Atmosphere and Dust
Environment Explorer in space.

At Primatics, we deliver the motion devices you need
to perform any motion task. Our dedication to bringing
you the best solutions in the industry, is evident in
our product performance and repeatability.

Our high precision motion products and solutions are
used for observation, exploration, testing, analysis,
inspection, imaging, and assembly for these and other
related industries:

Aerospace/Defense Lab Automation
Semiconductor Solar/Thin Films
Consumer Electronics  High End Optics
Automated Equipment  Complex Machines

rimatics

primatics.com ¢ 541-791-9678
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Motion-Control Servos Suit

Multiple Motor Apps
DIGIFLEX PERFORMANCE
digital motion-control servos
include positioning-drive feo-
tures for ac and dc brushless
servo motors.They also cater
to dc brush-type servo motors,

linear and rotary servo motors,

closed-loop vector motors, voice coils, inductive loads,
and actuators. Products are available with network con-
nections for CANopen, RS-232, RS-485, EtherCAT, EPL, Ether-
net Powerlink, and SyngNet.They also may be ordered to
support DeviceNet, Ethernet TCP/IR, FireWire, Profibus, USB,
Universal Serial Bus, and Sercos inferfaces.

ADVANCED MOTION CONTROLS, 3805 Calle Tecate, Ca-
marillo, CA 93012, (805) 389-1935; www.a-m-c.com

: DC-DC Converters Install Easily

THE RHINO PSE series of encapsulated dc-dc con-

: verters delivers reliable power sources for sensitive
loads.The converters support two ranges of input
voltages: 9.5 to 36 V dc and 18 to 75V dc, and sup-

g

Vin +Vin

ply output voltages ranging from 5.1 to 48 V dc.They

can be confrolled remotely and provide input-polari-
ty and overload protection. Installation is made easy
© with chassis or DIN-rail mounting. Plastic slim-line

case converters are also available in 25- and 60-W

models.

AUTOMATION DIRECT, (800) 633-0405;

www.automationdirect.com
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ALTECH POWER DISTRIBUTION BLOCKS

Altech has a full line of Power Distribution

Blocks in Aluminum or Brass. They are available

in one and three phase. Save up to 20% with the

new aluminum body.

Features:

o For use with copper and aluminum cable
(solid and stranded)

® Quick mounting and wiring

© [P20 Finger Safe

* 600V AC/DC

o Current Ratings available, 90A to 255A

© Qutputs available, 6 - 18

 DIN Rail or Panel Mount

© Blocks fit with other DIN Rail mountable
modular devices

© Accessories increase the number of outputs
with only one input (for specific models)

* No caps to open or remove

© Housing: Polyamide

© Metal Body: Aluminum (tin plated) or Brass

Visit www.AltechCorp.com or call 908-806-9400.

ALTECH SOLID STATE RELAYS

Solid State Relays (SSR) are fully electronic,
there is no moving parts inside SSR; they
have no audible noise, withstand significant
vibration without operating problems, have fast
response time, but most of all they have higher
life-time expectancy.

Used in appropriate operating conditions, SSRs
have nearly unlimited life versus 100K cycles
for Electro Mechanical Relays (EMR). SSRs
don’t require any maintenance and prevent
manufacturers from unforeseen machines/
production stop, which is a great advantage with
24h/24 industrial activity.

Product Offering:

e Single, Two and Three Phases

 Solid State Relays for Motor Control

© Phase Angle Controllers

* DC Solid State Relays

 Special Relays / Special Customer Products

© Heatsinks ® Accessories

Visit www.AltechCorp.com or call 908-806-9400.

ALTECH DC-UPS SOLUTIONS

Altech has a full line of DC-UPS solutions which
include the All-In-One DC-UPS for battery based
systems and Ultra Capacitor DC-UPS (no battery).

All-In-One DC-UPS:

© Power supply, battery charger, battery care
module and backup module in one device

eThree charging modes

 Available in 12VDC, 24VDC and 48VDC

* Adjustable charging current up to 35A

 Easy battery diagnosis and fault identification

Ultra Capacitor DC-UPS:

¢ Environmentally safe, no toxic chemicals

o Virtually maintenance free

© Operating temperature range -40°C to +65°C
o Available in 12V DC or 24V DC

 Customized systems up to 600A available

© Higher power vs. batteries

* Resists shock and vibration

Visit www.AltechCorp.com or call 908-806-9400.

DC-Urs
Solutions

ALTECH NON-CONTACT SAFETY SWITCHES

Non-Contact safety switches ensure that safety

doors and protective guards remain closed when

danger is present. The two technologies offered

are safety sensors on magnetic basis (MAK)

and safety sensors on RFID basis (CSMS). MAK

are dual channel; a safety evaluation unit must

be attached. The evaluation unit monitors the

correct switching of the two MAK channels

and a defined time window in which the two

channels must switch. The CSMS can be directly

connected to contactors or to an evaluation unit.

The Advantages:

* Wear-free actuating

o Easy to clean

 No actuator so no mechanical damage possible
and no hazards or restrictions caused by
protruding actuator

o Switching function not affected by contaminants

Visit www.AltechCorp.com or call 908-806-9400.

ADVANCED CERAMIC SOLUTIONS

Astro Met’s unique advanced ceramics provide cost effective solutions to material
performance problems in a wide range of demanding applications. “Amalox 68" a

; 99.8% alumina ceramic and “Amzirox 86" an yttria
stabilized zirconia provide superior wear resistance,
Bl Corrosion resistance, high temperature stability,
low thermal expansion, high stiffness to weight ra-
tio, biocompatibility and high dielectric strength.

CERAMICS

Astro Met, Inc.
Cincinnati, OH

(613) 772-1242

Fax: (613) 772-9080

Email: fgorman@astromet.com
Web: www.astromet.com

ELECTRIC CYLINDERS

RACO Electric Linear Cylinders with ballscrews or acme screws are an environmentally safe
and low maintenance replacement for hydraulic or pneumatic cylinders. Thrusts to 200,000
Ibs., speeds to 30"/second, and strokes to 20 ft. Mod-
ular system allows custom built units using the spe-
cial high torque RACO actuator motor or servo and
stepper motors. Cylinders are built for heavy duty indus-
trial applications. Other types of cylinders are available
for high speed, high positioning accuracy applications.

RACO International L.P.
Bethel Park, PA

(888) 289-7226, (412) 835-5744
Fax: (412) 835-0338

Email: raco@racointernational.com
Web: www.racointernational.com

ELECTRIC CYLINDERS
& ACTUATORS

www.racointernational.com

HERCULES
SEALING
PRODUCTS

2016 Seal Catalog

The 2016 Hercules Seal
Catalog is now available.
New products include:
Rod, Piston, Head and
Buffer Seals, along with
Wiper and Wear Rings.

2016
SEAL CATALOG

To order your free copy, visit
www.HerculesUS.com or call 888-525-0094.

3LE PROFILE TIMING BE
BRECOflex (0, LLE. i

(e el yurethane timing belt industn
; ented  fiming  belt systel
omer fo rapidly and easil
duct nests of any material
iles may be installed, replac
le the belt is installed.
nology opens up the pos

: s.
ATH® . COMVERTIELE TR, BELT SYSTEM

FREE samples and technical suppos
or call
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COUNTER

QuarTZ

ELECTRONICS LCD HOUR METER/COUNTER COMBO

HOURMETER COUNTER T39

ENM’s Series T39 LCD 6-DIGITS hour meter and
up counter instrument is ideal for any application
that requires recording both time measurement
and event count for maintenance schedule.

The two displays meter can operate
independently or in parallel. This compact

tamper-proof meter is protected from the
environment to provide years of service.

MADE IN THE USA

L
Counting Instruments

E-MAIL:
customerservice@enmco.com

THE ORIGINAL

shear-Loc: INSTANT

THUMBSCREW

WWW.SHEAR-LOC.COM

L= ] .
FREE SAMPLES

©

QL_:'AL ITY

4 STYLES
CALL S05 INCH

800-775-5668 METRIC

AVAILABLE: IN COLORS,KITS AND A
MULTITUDE OF THREAD OPTIONS

23191 PERALTA DR., LAGUNA HILLS, CA. 92653

Sensor Brackets

and so much more...

Please request your...

* 2D/ 3D CAD Files
* Catalogs
e Stock Components
* Customs

softnoze [eliy]

S0FT NI

Mount | Apply | Position | Protect”

WORLD LEADER IN SENSOR INTEGRATION COMPONENTS "
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3D Printing
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TEFLON®
_ PTFE, FEP &
™ UHMW-PE

* 6”- 20’ Diameters
.. * Up to 48 foot wide

sheet and film
+.060" standard
thickness

www.fluoron.com 1 eluonon nc.
410-392-0220 :

WESRLD
ENCODERS
Incredible Features and Super-Low Prices!
&. .
0 0,0 oY,
" g chry Jg
BB

NEW! Fat Design MPG
sR12

L Y .
ta &R &

HS20

Small Wheeled

www.worldencoders.com . Toll Free: 1-800-903-9093

Get your free mk North America
Product Overview today!

. o Discover why mk is a leading
h\%_“" "‘:W manufacturer of aluminum conveyors,

g workpiece pallet conveyors, stainless
steel conveyors and extruded
aluminum framing.

Unsurpassed variety, maximum flexibility,
superb quality and easy integration are
reasons mk has become the supplier of
choice for companies around the globe.
e Request your free overview by emailing

better products.
better solutions.

o, MK North America

° www.mknorthamerica.com

SPIROL® Introduces
Compression Limiter
Design Guide COMPRESSION

SPIROL® recently released their
new Compression Limiter Design LIMITERS
Guide that provides essential design
qguidelines for the ideal bolted joint
in plastic assemblies. Included are
the specifications for their standard
split seam, molded-in, and solid wall
designs, as well as for their two
brand new oval series.

Download your Design Guide today!
www.spirol.com/library/main_catalogs/cmpl_us.pdf

ROLLON® TELESCOPIC LINE

Rollon’s Telescopic Line contains
Rollon’s full and partial extraction
telescopic guides. The telescopic
linear guides come with hardened
raceways, and different profiles
of the rail and of the central
component in order to meet
diverse requirements in terms of
load capacity, rigidity and smooth
operation, even when fully extended.

Rollon Corporation

www.rollon.com ¢ 973-300-5492
101 Bilby Road, Hackettstown, NJ 07840

Bearings Are Our Business

Custom bearings 48 z

For more
information
call (616) 842-8760

or visit us at
www.CarterBearings.com

Injection Molding
Part Design

GET YOUR FREE BOOK!
go.protolabs.com/MA6SD

POWER SUPPLIES

Heavy-duty, Industrial & Railway

Cost-effective solutions
designed & manufactured
to meet your application
requirements.

nuﬁgop U LS E www.absopulse.com

ELECTRONICS LTD. 3-836-3511

CUSTOM RUBBER & PLASTIC EXTRUSIONS
el Trim-Lok offers custom co-

and tri-extrusion capabilities!
Using the highest quality
standards and utilizing the
best materials available,
including closed cellular
sponge EPDM, Silicone,
Nitrile PVC, Neoprene, rigid
and flexible PVC/ABS/TPE’s,
Trim-Lok is a well-recognized
leader in trims and seals with
over 40 years of experience.

For a FREE catalog and

FREE samples contact:

800-853-4489 (toll free)
info@trimlok.com

www.trimlok.com

2016 Washers Catalog

The complimentary 2016 Washer
WASH E Rs Catalog illustrates Boker’s 30,000 non-
% standard flat washer sizes, wide range

of outside diameters (from 0.080" to
W 5.140), variety of inside diameters and

P thicknesses, as well as its over 2,000
materials. With its extensive selection
and custom capabilities, Boker's
provides endless washer possibilities

-l and manufactures solutions to your
exact specifications. AS9100C and
1SO 9001:2008 Certified.

BOKER'’S, INC
www.bokers.com/mdd

www.fluoron.com
410-392-0220

Heat Shrinkable PTFE, FEP & UHMW-PE
wide sheet & film Diameters

HI WIN.

Mation Control and System Technology

The HIWIN KK Single-Axis Industrial Robot is
designed compact, light and in a variety of sizes to
easily incorporate into a system. This linear actuator
is well equipped to assist with any integration project.

HIWIN Corporation

(847) 827-2270 « s.lawrence @hiwin.com « www.hiwin.com

At EngineeringTV.com users can browse
video libraries using technology-based navigation to focus
on specific technology topics. They can also browse by
company brand, trade show, or by publication-specific
video “playlists.”

From tutorials to trade-show coverage, Englneerlng TVis
the video site for desig gi ing profi

cl Iyll iccl il Yy :i LV

New to
Penton Ad Portal?

https://penton.sendmyad.com

Your new account will
give you access to begin
sending ads to Penton

ROLLON® ACTUATOR LINE

E - | Rollon’s Actuator Line features
extruded aluminum profile and is
available in different types of belt
and ball screw driven models and
configurations. The high operational
performance, load capacity and
recision of the Actuator Line
inear units allow Rollon actuators
to be used in a wide range of
automation applications.

Rollon Corporation
www.rollon.com ¢ 973-300-5492
101 Bilby Road, Hackettstown, NJ 07840

ROLLON

GO TO MACHINEDESIGN.COM
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Goldense on R&D-Product Development
BRADFORD L. GOLDENSE | Contributing Technical Expert

Top
Science of Manag

Perspectives

welve trends affecting the science of managing

R&D and product development are described in

my January and February articles. In this “bonus”

installment, we look at what these trends mean to
the evolution of product creation and commercialization.

“Big data” is a macro trend influencing each trend. First
coined around 1970, “Moore’s Law” describes the doubling of
computing capability every two years. Forty-five years later,
that doubling is reaching epic proportions. While the cost of
data storage was once immense, today it’s among the smallest
of considerations. The challenge now lies in culling-out real
information from the myriad data.

We now have amazing computational and communication
tools we wear or carry around. Since 1980, the number of
bits per second sent through optical fibers has increased 10
million-fold. We no longer have to be in the same house or
office to provide or access needed information. From this per-
spective, companies do not differ much from individuals or
families. They are just entities with larger domains, albeit the
same basic needs and wants.

Sohow do we cull out the needed information from amongst
all the data? The solution to that question can be found in the
Internet of Things (IoT), where seemingly everything is head-
ed. Just about every past and future product will be designed
or redesigned to facilitate the IoT endgame. In the future,
products will be second-class unless they propagate informa-
tion into and pull information out of a networked information
repository few currently comprehend—a giant and universally
accessible data bank.

Quick access to information lets people manage strategy in
VUCA times (Trend 2). It is the reason for Web 3.0. Once in
place, it will facilitate improved Organic Innovation (Trend
4) and Open Innovation (Trend 11). In the case of Organic,
companies that master it will out-invent their competitors.
Companies that don’t will Openly Innovate from those that
do. Measurement and Correlation (Trend 10) will be achieved
because of the “infinite size” of the data set. These factors,
in turn, will continue to drive the refinement and under-
standing of the ownership of Intellectual Property (Trend

80
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12). And issues regarding the efficiencies of Physical Versus
Virtual Work (Trend 9), will disappear as geographic location
becomes increasingly less important.

Moore’s Law also describes a geometric shrinking of size.
Computing industry knowledge continues to spill into every
other industry from motors to health care. Everyone wants
more capabilities occupying less space, Micro-Nano Effects
(Trend 8). This trend, coupled with the long-held manufactur-
ing goal of producing low-cost lot sizes of one unit at a time, will
keep Engineering and Development Automation (Trend 7) on a
tear for years to come. Low-cost lot sizes of one are not possible
if humans touch the product. Rapid Prototyping (Trend 1) is
one solution. Eventually, it will evolve to deposit atoms versus
molecules and the Micro-Nano journey will come full circle.

The management of Core and Functional Competencies
(Trend 6) will become extremely sophisticated. Companies will
have to stay focused on inventing the things they do best, and
where they are protected by Intellectual Property. Functional
Competencies will be the most severely impacted as sensors,
software, data management and analysis, and communications
technologies become part of every product and add differentia-
ble value to the IoT. There will be a progressive “Death of Oper-
ations” as lot sizes of one are gradually achieved, and as material
sciences replace production and manufacturing sciences.

Where does that leave us? Amazingly, we are back to square
one. The most expensive product errors today will still be the
most expensive product errors in the future, developing prod-
ucts that don’t sell. Product Definition (Trend 2), the remaining
trend, will be done physiologically using the aforementioned
technologies, thereby eliminating large errors associated with
focus groups and surveys. This too, just like other transforma-
tional trends described in this article, will become an everyday
norm as we get closer and closer to the IoT. il

BRADFORD L. GOLDENSE, NPDP, CMfgE, CPIM, CCP, presi-
dent 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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Stepping Up Motion Control Performance

Whisper Torque Xtreme Torque Whisper Torque
G5709 E5618 Z417-11

Wit TECHNOLOGY Wi thEg,f’,f&%%‘Y’ Wit TECHNOLOGY
Reduce Noise More Torque Better Accuracy
Smooth Motion Up to 40% More Torque Repeatable Accuracy
Minimize Torque Loss Eliminate Skipped Steps Smooth Motion
Reduce Resonance Avoid Stalling Reduce Resonance

th ower
S m(:X'S’tep g/Step S m("\jg’!: h

16245 Vineyard Blvd., Morgan Hill, CA 95037
LIN ENG'“[[B'NG Tel. (408) 919-0200 - Fax: (408) 919-0201
The Step Motor Specialists Email: sales@linengineering.com

1 h Website: www.linengineering.com
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COORDINATED

MOTION

o Unique continuous belt provides
coordinated motion for each axis

o Stationary motor reduces weight
of the carried axis

o |deal for high speed
pick and place applications

LINEAR SERVO

o High speed — up to 180 in./sec.,
with accelerations reaching 5G
e Extreme precision — up to 1 micron
e Dual-rail comes
standard

FOR EVERY EL
HEAVY DUTY, T

Get the power to take on
more about the extensive Ele

PNEUMATIC | HYDRAULIC |

ROD STYLES

e Lead and ball screws

e Guided for side loads

¢ High thrust options

e Handles loads up P
1040,000lbs

i

RACK & PINION

e Vertical loads
¢ High thrust with linear guide rail

© Copyright 2016 Bimba Manufacturing Company. Al Rights Reserved.

RODLESS

o Belt — up to an astounding 85 ft
o Ball screw — high efficiency
e |ead screw — economical

MOTORS & DRIVES

o Stepper —AC & DC

e Servo-AC &DC

e |ntelliMotor® — control, encoder,
motor, I/0, communication

e AC & DC controllers

e DC drives



http://bimba.com

GET YOUR
COMPLIMENTARY
SUBSCRIPTION
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