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Great Products...
AutomationDirect of ers tens of thousands

of high-value industrial automation products, 

both name brand and private-labeled, that

are chosen for their best-in-class features,

price and quality. Our name-brand products 

come from companies such as Fuji Electric,

Cutler-Hammer, and Hubbell/Wiegmann. We 

work with these multi-billion dollar companies 

in order to provide you with world-class quality 

products at low prices. We also co-engineer 

many of our private-labeled products with

the manufacturer to ensure our customers

are getting the features they ask for at prices 

they can af ord. 

Great Prices...
Saving you money on industrial control

products is what we do, and since 1994 our 

prices have been typically  50% less than

traditional suppliers. But you may be

wondering, “How can AutomationDirect of er 

great products at such a low price?“ Well, you 

can be sure we don’t sacrif ce quality; in fact 

there are two main reasons for our low prices:

 •   We get great prices from our suppliers because of our volume 
purchases, so that means we can off er very attractive prices on 
everything from programmable controllers to terminal blocks.

 •   With our direct business model and focus on effi  ciency,
we have the lowest overhead in the industry.  Keeping
our internal costs down allows us to pass even more savings  
and customer satisfaction on to you. 

work with these multi-billion dollar companies 

in order to provide you with world-class quality 

Programmable 
Controllers

Universal Field I/O Software Operator Interface

Motors and
Motor Controls

Power Transmission PneumaticsMotion Control

Terminal Blocks 

Wire
Relays and Timers Sensors Pushbuttons, 

Switches and Lights

PLC CPU and I/O
Comparison

AutomationDirect
Productivity2000

Allen-Bradley
CompactLogix

All prices are U.S. published prices. AutomationDirect prices as of 6/5/2015. 

Allen-Bradley retail prices taken from www.plccenter.com 5/12/2015. 

Power Supply

Base (if required)

CPU

8 Relay Outputs

ASCII Comm Module

Modbus RTU

Comm Module

Total System Price with 

USB, Ethernet and Serial

8 Analog Input

Channels (mA)

16 24VDC Inputs

16 AC Inputs

$69.00
P2-04B

$69.00
P2-01AC 

$255.00
P2-550

$105.00
P2-16NA

$69.00
P2-16NE3

$51.00
P2-08TRS

$0.00
Built in to CPU

$0.00

$817.00

$199.00
P2-08AD-1

N/A
N/A

$414.50
1769-PA4

$3,160.00
1769-L33ER

$286.00
1769-IA16

$244.00
1769-IQ16

$301.50
1769-OW8I

$737.00
1769-ASCII

$701.00
1769-SM2

$6557.50

$713.50
1769-IF8

All prices are U.S. published prices. AutomationDirect prices as of 6/5/2015. 

Allen-Bradley retail prices taken from 

USB, Ethernet and Serial

$0.00
Built in to CPU

$0.00

$199.00
P2-08AD-1

$713.50

$737.00
1769-ASCII

$701.00

$713.50
1769-IF8

PneumaticsPneumaticsPneumatics
Built in to CPU

PneumaticsPneumatics
Built in to CPU

AutomationDirectAutomationDirectAutomationDirectAutomationDirectAutomationDirect
$737.00

AutomationDirectAutomationDirect
$737.00NITRA$737.00NITRANITRA$737.00
1769-ASCII
NITRANITRA

1769-ASCII

All prices are U.S. published prices.  Many other part numbers are available from all vendors.  
Grainger prices are from 

All prices are U.S. published prices.  Many other part numbers are available from all vendors.  
Grainger prices are from Grainger prices are from 

All prices are U.S. published prices.  Many other part numbers are available from all vendors.  
www.grainger.com 5/27/2015

All prices are U.S. published prices.  Many other part numbers are available from all vendors.  
5/27/20155/27/2015

All prices are U.S. published prices.  Many other part numbers are available from all vendors.  

$0.00
Built in to CPU

$817.00

All prices are U.S. published prices. AutomationDirect prices as of 6/5/2015. 

Allen-Bradley retail prices taken from www.plccenter.comwww.plccenter.com

All prices are U.S. published prices. AutomationDirect prices as of 6/5/2015. 

Allen-Bradley retail prices taken from 

$701.00

All prices are U.S. published prices. AutomationDirect prices as of 6/5/2015. 

www.plccenter.comwww.plccenter.com

$701.00
1769-SM2

$6557.50

All prices are U.S. published prices. AutomationDirect prices as of 6/5/2015. 

www.plccenter.comwww.plccenter.com 5/12/2015. 

$6557.50$6557.50

All prices are U.S. published prices. AutomationDirect prices as of 6/5/2015. 

www.plccenter.comwww.plccenter.com

All prices are U.S. published prices. AutomationDirect prices as of 6/5/2015. 

Allen-Bradley retail prices taken from 

$0.00 $701.00

Filter/Regulator Comb.
All prices are U.S. published prices. AutomationDirect prices as of 6/5/2015. 

Filter/Regulator Comb.Filter/Regulator Comb.
All prices are U.S. published prices. AutomationDirect prices as of 6/5/2015. 

Filter/Regulator Comb.Filter/Regulator Comb.

1/4” NPT, gauge, bracketAll prices are U.S. published prices. AutomationDirect prices as of 6/5/2015. 1/4” NPT, gauge, bracket1/4” NPT, gauge, bracketAll prices are U.S. published prices. AutomationDirect prices as of 6/5/2015. 

Allen-Bradley retail prices taken from 
1/4” NPT, gauge, bracket1/4” NPT, gauge, bracket

Allen-Bradley retail prices taken from www.plccenter.com
1/4” NPT, gauge, bracket1/4” NPT, gauge, bracket

www.plccenter.com

Nylon tubing

1/4” OD, black, 100 ft.

Solenoid ValveSolenoid Valve

5-port, 2-pos, 1/4” NPT
$817.00

5-port, 2-pos, 1/4” NPT5-port, 2-pos, 1/4” NPT
$817.00

Air cylinder, nose mountAir cylinder, nose mount

3/4” bore, 1” stroke

$29.50$29.50$29.50$29.50$29.50
1769-SM2

$29.50$29.50
1769-SM2

$6557.50
$29.50$29.50

$6557.50AVS-5312-24D                 AVS-5312-24D                 AVS-5312-24D                 AVS-5312-24D                 $6557.50AVS-5312-24D                 AVS-5312-24D                 $6557.50$6557.50$6557.50$6557.50$6557.50$6557.50$6557.50$6557.50$6557.50$6557.50$6557.50$6557.50$6557.50$6557.50$6557.50

$31.50All prices are U.S. published prices. AutomationDirect prices as of 6/5/2015. $31.50$31.50All prices are U.S. published prices. AutomationDirect prices as of 6/5/2015. $31.50$31.50$31.50
AFR-3233

All prices are U.S. published prices. AutomationDirect prices as of 6/5/2015. 
AFR-3233AFR-3233

All prices are U.S. published prices. AutomationDirect prices as of 6/5/2015. 

www.plccenter.com
AFR-3233AFR-3233

www.plccenter.com 5/12/2015. 
AFR-3233AFR-3233

 5/12/2015. 

$13.00 
A12010SN

$17.50
N14BLK100        

1)  Sold by foot, price shown for 100 feet1)  Sold by foot, price shown for 100 feet

Power Supplies 
and Modules

AutomationDirect
RHINO

Price/Part Number

Allen-Bradley

Price/Part Number

*All prices are U.S. published prices.  AutomationDirect prices as of January 2016. Allen-Bradley retail prices taken from www.plccenter.com 

180W 1-Phase AC/DC 

Power Supply, 24VDC

60W 1-Phase AC/DC 

Power Supply, 24VDC

240W 3-Phase AC/DC 

Power Supply, 24VDC

Buffer Module 

(20A output)

Redundancy Module 

(20A output)

$42.00
PSB24-060S 

$152.00
PSM24-180S

$127.00
PSB24-240S-3

$35.00

$149.00

$274.50
1606-XL60D 

$398.00
1606-XL180B 

$439.00
1606-XL240E-3 

$154.50

$417.00
Enclosures

AutomationDirect
Hubbell/Wiegmann

Price/Part Number

Hoffman

Price/Part Number

*All prices are U.S. published prices.  AutomationDirect prices as of March 2016. Hoffman prices are taken from  www.newark.com  5/22/2015. 
Prices may vary by dealer.  Many other part numbers are available from all vendors. 

NEMA 12 wall mount

20 x 16  x 08”

NEMA 1 wall mount

24  x 24  x 08”

NEMA 12 free-standing 

mount 60 x 60 x12”

NEMA 4/12 wall mount

36 x 24 x 08”

NEMA 4X wall mount

20 x 20 x 06”

NEMA 4 wall mount

20 x 20 x 06”

$177.00
N1C242408LP 

$240.00
N12201608 

$1,550.00
N12606012 

$310.00
N4202006 

$731.00
SSN4202006 

$307.00
N412362408C

$348.10
A-24N24BLP 

$460.79
A-201608LP 

$2,457.79
A-606012LP 

$583.81
A-20H20ALP 

$1,345.32
A-20H2006SSLP 

$584.68
C-SD36248 

Software Operator Interface

Power Transmission Pneumatics

Terminal Blocks and

Wire

Pushbuttons, 
Switches and Lights

Allen-Bradley
CompactLogix

$3,160.00

All prices are U.S. published prices.  Many other part numbers are available from all vendors.  AutomationDirect prices as of 6/5/15.  McMaster-Carr prices are from 
5/27/2015

All prices are U.S. published prices.  Many other part numbers are available from all vendors.  
5/27/20155/27/2015

All prices are U.S. published prices.  Many other part numbers are available from all vendors.  
. MSC prices are from 

All prices are U.S. published prices.  Many other part numbers are available from all vendors.  
. MSC prices are from . MSC prices are from 

All prices are U.S. published prices.  Many other part numbers are available from all vendors.  AutomationDirect prices as of 6/5/15.
. MSC prices are from . MSC prices are from 

AutomationDirect prices as of 6/5/15.
www.mscdirect.com

AutomationDirect prices as of 6/5/15.
www.mscdirect.comwww.mscdirect.com

AutomationDirect prices as of 6/5/15.
5/14/2015  Prices subject to change without notice.

  McMaster-Carr prices are from 
  Prices subject to change without notice.  Prices subject to change without notice.

  McMaster-Carr prices are from 

$6557.50 3JCN6

$141.35
4ZK92

---

$17.78  
6498K141

---

$68.00
5097T411

---

But most importantly...

What makes AutomationDirect the 
#1 value in automation?

the #1 value in automation

Order Today, Ships Today!
* See our Web site for details and restrictions.  © Copyright 2014 AutomationDirect, Cumming, GA  USA.  All rights reserved. 1-800-633-0405

604madIFCA.indd   1 3/25/2016   2:15:37 PM

http://automationdirect.com


1-800-633-0405  www.AutomationDirect.com

This “.com” is powered by 
“.awesomepeople”

For over twenty years our sole focus has been customer 
service. That takes many forms: great prices, fast delivery, 
and quality products. But regardless of our product
selection and other tangibles like pricing, the intangible 
value of customer service is something that cannot be 
faked, automated or glossed over.

Our team members here at AutomationDirect.com

approach every day with this one goal in mind - serve the 
customer. It’s a simple philosophy that many companies
forget or make too complex and fail at. If the answer to
any decision is “Yes, this is good for our customers”, then
we do it. 

It’s that simple.

“Should we have real upfront pricing online and realtime stock 
availability? 
Yes, this is good for our customers.”

“Should we have FREE tech support before, during, and after any 
sale instead of charging yearly fees for tech support? 
Yes, this is good for our customers.”

“Should we off er FREE software on many products instead of 

charging licensing fees? 
Yes, this is good for our customers.”

“Should we have all our documentation online for FREE so people 
can access anytime, even before they choose to purchase? 
Yes, this is good for our customers.”

“Should we off er more selection by consistently introducing new 

quality products with great prices monthly, sometimes weekly? 
Yes, this is good for our customers.”

“Should we off er FREE shipping for orders over $49? 

Yes, this is good for our customers.”

All these internal discussions have had certain aspects of  
“Can we do that?”, “That will be hard to accomplish”, and “No 
one else is doing that, how can we?”. But if you bring it back 
to the simple answer, “Yes, this is good for our customers”, 
then the perceived obstacles really don’t matter.

Our company has evolved dramatically since 1994 and
it’s this type of decision-making by all our team members 
over the years that keeps our customers coming back
and new customers checking us out daily.  So visit
www.automationdirect.com to see what we have to of er 
and we hope you give us an opportunity to serve you. 

See what our current customers think:

www.automationdirect.com/reviews

GREAT PEOPLE!
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SCREWS

Pan

Binding

Fillister

Flat

COMPANIES ARE BRINGING 

MANUFACTURING BACK 

TO THE U.S.A.

http://machinedesign.com/blog/4-reasons-companies-are-
bringing-manufacturing-back-us

After a decade of signif cant offshoring, the cost savings Amer-
ican f rms had chased began to erode. Labor and transportation 
costs increased, eating into much of the savings manufacturers 

had previously enjoyed. 
And many companies 
uncovered the hidden 
costs a few consultants 
warned about. Those 
costs often outweighed 
any benef ts of manu-
facturing overseas. Sud-
denly there is a surge in 
industry returning to the 
United States.

HARDWARE FOR 

ELECTRONICS AND PCBS
http://machinedesign.com/fasteners/hardware-
electronics-and-pcbs

Many prototypes and even f nal products suffer failures due 
to poor selection of common items such as screws, standoffs, 
bushings, and nuts. Here’s an illustrated look at some of that 
hardware and some tips for getting the most out of it.

join us online
twitter.com/machinedesign        facebook.com/MachineDesignMagazine

MOTORS AND 
DRIVES BRING 
ROBOTS ALIVE
http://machinedesign.com/motorsdrives/motors-
and-drives-leading-way-robots

If you missed our March issue, go online for this in-depth 
roundup of the latest motors and drives and the push for more 
innovation in that sector to meet the challenges of a rapidly 
growing robot business.

“APPLE VS. FBI” AND THE 

INTERNET OF THINGS
http://machinedesign.com/blog/apple-vs-
fbi-and-internet-things

The highly publicized case comes down to one critical issue: 
How is the future of security in our technology compromised 
as we become more and more dependent on it? The implica-
tion of compromising security also threatens the future of the 
Internet of Things (IoT).

on

4 APRIL 2016 MACHINE DESIGN

http://machinedesign.com/motorsdrives/motors-and-drives-leading-way-robots
http://machinedesign.com/blog/4-reasons-companies-are-bringing-manufacturing-back-us
http://machinedesign.com/fasteners/hardware-electronics-and-pcbs
http://machinedesign.com/blog/apple-vs-fbi-and-internet-things
http://machinedesign.com
http://twitter.com/machinedesign
http://facebook.com/machinedesignmagazine
http://facebook.com/machinedesignmagazine
http://twitter.com/machinedesign


These new generation CD® Couplings feature zero 

backlash precision and high torsional stiffness. They 

answer today’s demanding needs in servo motor 

applications with high reverse loads and positioning 

requirements. New clamp style hubs handle 

increased torque on shafts without using keyways. 

Manufactured of RoHS compliant materials.

Now size, select and see the right CD® Coupling 

solution for your coupling application with  

Zero-Max 3D CAD fles.

Check our FAST deliveries. 

www.zero-max.com  800.533.1731

PRECISE. ROBUST. AVAILABLE

http://www.zero-max.com


THIN  ENOUGH?

BXR Brakes 

· Up to 480 in-lbs static 

· Up to a 1.125'' bore 

· 19 watts or less  

· Produced for over 10 years

Our Innovative design  

features a very thin profile,  

reducing weight and space.

For more information: 

Call: 800.533.1731 

www.mikipulley-us.com
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Tadiran Batteries

2001 Marcus Ave.

Suite 125E

Lake Success, 

NY 11042

1-800-537-1368

516-621-4980

www.tadiranbat.com

Tadiran batteries make 
your devices run for 

their lives…

And keep them running until 2056.

The battery of the future is here today. Tadiran bobbin-type lithium thionyl 

chloride (LiSOCL2) batteries feature an annual self-discharge rate of just 

0.7% per year: so energy effcient that they allow low power consuming 

wireless devices to operate for up to 40 years on 

a single battery. No one else even comes close. 

Tadiran lithium batteries also feature the highest 

capacity, highest energy density, and widest 

temperature range of any lithium cell, plus  

a glass-to-metal hermetic seal for  

added ruggedness and reliability 

in extreme environments. 

For a battery that lasts as long as 

your device, run with Tadiran.

PROVEN

40
YEAR
OPERATING

LIFE*

* Tadiran LiSOCL2 batteries feature the lowest annual self-discharge rate of any competitive battery, less than 1% per year, enabling these 
batteries to operate over 40 years depending on device operating usage. However, this is not an expressed or implied warranty, as each 
application di�ers in terms of annual energy consumption and/or operating environment.

http://www.tadiranbat.com


Editorial

Carlos M. Gonzalez | Technology Editor

carlos.gonzalez@penton.com

I 
had the privilege last week to attend the 113th International North America 

Toy Fair in New York City. For me, the show is a personal thrill to attend. As I 

have mentioned in a previous blog, “Did My Engineering Major Prevent Me 

From Getting a Job?,” I partially owe my pursuits in engineering to the toys 

I owned growing up. I was amazed to see the amount of STEM and STEAM toys at 

the fair this year. I had attended the show last year, but in just one year I would say 

that the amount of STEM-focused educational toys doubled. But what is even more 

surprising is how many engineering concepts I saw in today’s toys.

Right before attending the Toy Fair, I was in Anaheim for the Pacific Design Show. 

Many companies in attendance had on display their new lines of products and this 

year robotics was a dominant theme, along with 3D printing and assembly automa-

tion. At the Pacific Design Show, there were pick-and-place robotic arms like Baxter 

and Swayer from Rethink Robotics, programmable collaborative robots like the 

robotics arms from Universal Robots, and autonomous robots like the ones from 

Omron. So when I got back from Anaheim and headed to the Toy Fair in New York, 

what did I see but the same exact technology in kids’ toys?

There were toys that had the same program functions as a Universal Robot, allow-

ing for place and record movements via a tablet app. In today’s toy market, there are 

robotic arms, modular robotic assemblies, 3D printing toys, code-teaching robot 

games, and autonomous robot toys. In particular, the Jimu robot from UBTECH 

impressed me the most. This robot is completely collaborative. The child is placing 

the robot in specific positions and recording them via their tablet. The robot then 

interpolates the required transitions between positions to reach the end of its pro-

gramming. This style of toy is teaching kids how to program modern robotics like 

Universal Robots’ robotic arms, which is programmed using the same exact method.

The reason I’m so impressed is that these are fundamental engineering principles 

being taught at a younger-than-ever age. I always played with LEGOs, K’NEXs, Erec-

tor Sets, etc., and each included engineering fundamentals naturally built into them. 

But none of them explained gear ratios or how to define torque like the Motorblox 

Vehicle Lab from Smart Labs or how to build my own electric gadgets like littleBits 

does. The new generation of toys not only entertains, but is focused on showing kids 

the governing engineering formulas and principles that make those toys tick. 

And ultimately the goal is to have kids be familiar with engineering principles at 

a younger age so that when they encounter more complex STEM ideas, they are not 

afraid. One of the reasons many students leave engineering majors in college is due 

to the overwhelming nature of the material. Yet if they are exposed to STEM and 

engineering concepts earlier on in life, they will be more likely to stay and help create 

a new wave of young engineers. 

A Thin Line 
between 
Engineering 
and Toys
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Your Global Automation Partner

Not suitable for repairing 

cheap controls 

(or your reputation).

WARNING

Rugged, reliable industrial 

automation products from 

Turck are built to perform in 

the toughest conditions, and 

our engineered solutions are 

customized to meet your 

application challenges. Cheap 

knock-ofs can’t compare. 

Turck works!

Call 1-800-544-7769  

or visit info.turck.us/networks

FEN20-

4DIP-4DXP 

Multiprotocol 

Ethernet I/O Module 

Compact version of plug-and-play FEN20 

devices with integrated web server, designed 

to make standard switching signals quickly 

and efectively bus-capable.

What’s Inside

Sensor Leverages 
Thermodynamics to 
Measure Gas Flows

The MFC2000 series 

gas-flow sensor 

from MEMSIC Inc. 

(www.memsic.com), 

Andover, Mass., can 

measure up to 70 

liters per minute of 

gas flow (in either 

direction) while 

creating less than an 

18-mbar pressure drop.

The actual sensor consists of a 

small cavity integrated into CMOS 

circuitry equipped with a 15-mW 

heat source and two thermopiles, 

one upstream and one downstream 

from the heater. When gas flows 

through the sensor’s flow 

path, which is parallel to 

the rest of the flow, the 

incoming and upstream 

thermopile measures the 

temperature of the gas. The 

downstream thermopile detects 

more heat since the gas has traveled over the heater. An algorithm then calculates the 

flow rate using the temperature readings and timing data to determine the flow rate of 

the gas. Accuracy is to within 3%; repeatability is ±0.8%.

The heater’s output is a function of flow—the higher the flow, the more heat is gener-

ated. This minimizes power to the heater when flow is low or nearly zero. Other heat-flow 

paths, such as through the substrate or electrical leads, have been minimized by design-

ers so that they don’t upset the thermal-mass readings. The meter works on some flam-

mable gases and has been tested with natural gas.

The lack of moving parts makes the device durable and long-lasting. It is also eco-

nomical in terms of power, operating on less than 5 mA. When in sleep mode (no flow), 

it needs only 100 µA. It requires 2.5 to 5.5 V of external power, but typically runs on 3.3 

V. The output is digital, but other types are available.

FLOW SENSOR

Upstream thermal sensor Heater Downstream thermal sensor

The flow sensor  

is housed in a  

polycarbonate housing that 

measures 117 mm long, 35 mm wide,  

and 33 mm tall.
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Your Global Automation Partner

Rugged, reliable industrial 

automation products from 

Turck are built to perform in 

the toughest conditions, and 

our engineered solutions are 

customized to meet your 

application challenges. Cheap 

knock-ofs can’t compare. 

Turck works!

M8 Ethernet  

Connectivity

Turck’s smallest Industrial  

Ethernet connectivity solution to date, 

with uncompromised functionality 

and the ability to transfer up to 

100Mbps of data.

Call 1-800-544-7769  
or visit info.turck.us/connectivity

Not suitable for repairing 

fimsy connectors  

(or your reputation).

WARNING
THE CSL-RD MINI pneumatic actuator from Aventics Corp. (www.aventics.com/

us), Lexington, Ky., was designed with hygiene in mind. For example, its tube/cover 

was made using roll-in geometry, which reduced the width of gaps between housing 

components and eliminated sharp edges and grooves. There’s also a new scraper 

without an undercut. All of these features prevent accumulation of dirt. 

The stainless-steel housing, plastic slide bearing, and other components are 

built with materials that resist corrosion and harsh chemicals, an advantage for parts 

exposed to frequent washdowns. The cylinders also meet ISO 6432 standards. These 

characteristics make the cylinder well-suited for the food and drink companies, as well 

as the chemical industry.

The cylinders also come with sensor holders that are easy to assemble and 

attach. Designed to fit ST4 and ST6 series sensors, they are made of light, high-

strength plastic that resists all common industrial cleaners. The cylinder also features 

pneumatic cushioning that can be adjusted using a hex-headed screw designed to 

minimize dirt accumulation.

The cylinder can withstand temperatures from –20°C to 80°C with PUR seals or 

–10°C to 150°C with FKM seals. The cylinder’s pressure range is 1.5 to 10 bar. Bore 

sizes are 16, 20, and 25 mm, and strokes can be up to 1,200 mm. 

Pneumatic Cylinder 
Designed to Stay 
Clean

Electropolishing 
leaves AISI 304 
stainless-steel 

surface smooth 
(Ra < 0.6 µm).

Works with 
silicone-free 

grease approved 
for food-handling 

applications.

Roll-in geometry 
eliminates sharp 
edges and wide 

grooves.

Cushioning screw 
adjusts cushioning 
energy up to 2.7 

J at 2 m/sec.

Plastic bearing 
bushing promotes 

long service life and 
smooth running with 

little friction.Scraper with an 
undercut eliminates 

places for dirt to 
accumulate.

GO TO MACHINEDESIGN.COM

bushing promotes 
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A Trip to Mars: 
Playing Pretend Could Get Kids Interested in STEM

I
n a commentary published at the end of 

last year, Machine Design Senior Editor 

Stephen Mraz proposed that outer space 

become an integral part of STEM educa-

tion. His belief was that presenting kids with 

opportunities to explore space technologies 

(such as those needed for colonizing Mars or 

the moon) would boost kids’ interest in gen-

eral engineering, math, and science. 

Though it would require extensive funding 

to send students on a real field trip to the moon 

(think of the children’s show “The Magic School 

Bus”), a new STEM academy at Westminster Col-

lege creates an imaginary scenario where kids 

are preparing to take a trip to Mars. Based off 

concepts in the book and movie The Martian, it 

explores a range of technologies and applications 

that would be necessary to inhabit the red planet. 

The STEM academy will take place from 8:30 

a.m. to 5 p.m., June 27-30, when Mars is in its 

prime position for viewing. Led by Westminster 

scientists and professors, students will perform 

hands-on experiments during the day and look 

out at their hypothetical destination at night. The 

class will also give students an opportunity to 

learn in a college setting with advanced resources. 

The first segment in the four-day session will teach how to 

analyze the microbiology of soil. They will discuss the impor-

tance of microbes in vegetation and their pivotal role in the 

nitrogen cycle.

Next, the mechanisms of photovoltaics will be explored. 

Professors will show the students how to apply testing condi-

tions that maximize energy production. Finally, they will cre-

ate their own working dye-sensitized solar cell.

At night, the kids will learn stargazing skills in the Planetar-

ium Theater and Observatory. They will examine the motion 

of planets and stars, and the professors will offer a discourse 

on the challenges of surviving on Mars. In addition, they will 

investigate the thermodynamics and kinetics of heat flow 

associated with temperature regulation. 

The class is open to the first 30 students who register, and 

is aimed at students entering grades 9 and 10. The class costs 

$250 for the week. Students who qualify for financial aid 

should contact Dr. Peter Smith, event coordinator and profes-

sor and chair of chemistry, at (724) 946-7299 or smithpm@

westminster.edu. Registration is available at www.westminster.

edu/stemacademy. 
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 M I C R O H Y D R A U L I C S. 

MACRO 
 CAPABILITIES.  

Designing hydraulic systems to perform fl awlessly under less-than-ideal 

conditions is hard enough. But factor in the need to keep components 

as small and light as possible, and you’ve got a real challenge. 

Fortunately, you’ve got a real solution. The Lee Company.

For more than 65 years, we’ve been engineering state-

of-the-art microhydraulic components with diameters 

as small as 0.10 in. and weighing as little as 0.1g, but 

able to withstand pressures up to 8,000 psi.

And because everyone of our designs originates 

out of an application need, and is scrutinized with 

100% testing and inspection, we’re found in 

just about every mission-critical fl uid control 

challenge you could imagine – from 

miles above the earth in satellite 

positioning systems, to miles below 

in downhole drilling. Plus many 

applications in between.

If you require precise fl uid control, and

absolute reliability, go with the experts.

Contact The Lee Company.

REDUCING THE SIZE AND WEIGHT 

OF FLUID CONTROL.

W E S T B R O O K • L O N D O N • P A R I S • F R A N K F U R T • M I L A N • S T O C K H O L M

2 Pettipaug Rd, Westbrook CT 06498-0424

860-399-6281  |  Fax: 860-399-2270  |  1-800-LEE PLUG  |  www.TheLeeCo.com

The Lee Company

Innovation in Miniature

See us at OTC, Booth #3409 and AUVSI’s XPONENTIAL, Booth #836

http://www.TheLeeCo.com
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News

AnAlysis of Microbe Metabolism  

Could Reveal Clues about Atmosphere 

What can We learn from the various microbial populations that span our oceans? 

Protozoa, archaea, and bacteria are very sensitive to their surroundings, changing 

various aspects of their metabolism to survive with the nutrients available to them. The 

organic materials used in these metabolic cycles, along with their byproducts, directly 

affect the levels of organic materials (e.g., nitrogen, hydrogen, oxygen, and carbon) in 

the water, sediment, and atmosphere. Furthermore, changes in microbial metabolism 

may offer a different perspective on the health of our oceans and the effects of 

temperature, current, and water composition. 

To this end, the 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. The scientists plan to collect various population samples of microbes to 

analyze a large database of anaerobic mechanisms throughout Atlantic Deadzones. 

They hope to gain insight on current cycles of organic materials in dead zones and their 

effects on the Earth’s atmosphere. 

During its 22-day “ProteOMZ” exhibition, WHOI scientists traveled through 

dead-zone regions between Hawaii and Tahiti aboard the Schmidt Ocean Institute’s 

R/V Falkor research vessel. They used a rosette to collect thousands of microbial-

population samples by pumping seawater through collecting filters as they traveled 

the ocean. The method allowed them to accumulate microbial samples at various 

depths up to 1000 meters, and subsequently examine the effects of water pressure, 

underwater currents, and temperature on oxygen levels and microbial metabolism. 

The next step is to use a range of new techniques at WHOI’s Saito laboratory to 

map out the enzymes and functions in different anabolic and catabolic mechanisms. 

Using an established targeted metaproteomics (a type of protein analysis) approach, 

the team will analyze the structure and functions of several enzymes that catalyze 

metabolic reactions. With such a wide sample size, thousands of mechanisms will 

be investigated above and beyond those we already know, such as Krebs and Calvin 

cycles. Since high-temperature waters tend to have low levels of dissolved oxygen, the 

study also expects to uncover the effects of global warming on our atmosphere and 

maritime biomes. 

Finally, the study should also provide clues about hurricane effects on ocean waters, 

since the expedition occurred during a strong El Niño year. 
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YOUR  
APPLICATION  

HERE

SCALD 
PROTECTION

COMMERCIAL 
PLUMBING

FREEZE 
PROTECTION

EQUIPMENT 
PROTECTION

INDUSTRIAL 
CLEANING

THERMAL 
RELIEF

The best temperature 
control valves  

you’ve never heard of

  THE WORLD LEADER IN SELF-ACTUATED TEMPERATURE CONTROL SOLUTIONS

Self-actuating fuid temperature control  

technology has its benefts

(877) 379-8258 

• Uniform fuid temperature in industrial or commercial applications

• Protects personnel and valuable equipment from exposure

to thermal extremes

• Replaces externally powered valves and actuators

• Simplifes and reduces system components

• Reduces maintenance and operating costs

It’s simple. As the world leader in self-actuated temperature control 

solutions, we pride ourselves on the high-quality manufacturing process, 

problem-solving approach and innovative engineering techniques  

used to produce self-actuated valves and custom products where no 

efective solution currently exists. Visit our website for an interactive 

timeline of ThermOmegaTech’s 30+ years of fuid temperature  

control innovation at www.ThermOmegaTech.com/solved.

Magnetic 

Levitation to Elevate 

Independent-Cart 

Performance

After Acquiring MAgneMotion 

Inc., a manufacturer of intelligent 

conveying systems, Rockwell 

Automation expects to advance 

automated conveyors and processing 

technologies into the next generation. 

Specifically, the company plans to 

incorporate the unique magnetic-

levitation capabilities of MagneMotion 

conveyors into its iTRAK independent 

cart solutions.

Previously purchased in 2013 from 

Jacob Automation, iTRAK motion 

solutions apply magnetic propulsion 

techniques in automotive and 

general assembly, packaging, and 

material handling. By incorporating 

complementary MagnetMotion 

technologies into its product, 

Rockwell anticipates capabilities such 

as independent transfer of products 

between machines.

“MagneMotion expands our 

existing capabilities in independent 

cart technology,” says Marco Wishart, 

vice president and general manager 

of Rockwell Automation’s motion 

control business. “This acquisition 

continues our strategy to build a 

portfolio of smart manufacturing 

technologies that brings next-

generation performance to our 

customers today.”

“As the market continues to 

realize the benefits of applying 

independent cart technology, 

Rockwell Automation’s global 

organization will be a tremendous 

asset,” adds Todd Weber, president 

and CEO of MagneMotion.

MagneMotion’s integration into 

the Architecture & Software segment 

of Rockwell Automation’s motion 

business will likely be completed by 

the end of this quarter. 
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Deceleration & Vibration 

Technology:

Expect more 

than Automation 

Control!

Motion Control

Custom control 

of hand forces

Safety 

Products

Protection 

for all 

machine 

designs under

any condition

Vibration Control

Isolate unwanted 

vibrations

Automation 

Control

Optimum 

tuning for 

any design

More Info? 

Tel. 800-521-3320

Email: shocks@acecontrols.com

Download a CAD file or our product  

sizing software at: www.acecontrols.com

by ACE

News

1-V CdTe Solar CellS Rival Silicon  

as Industry Standard

A new method for manufacturing high-efficiency cadmium-telluride (CdTe) solar 

cells was revealed as part of the SunShot Initiative by the U.S. Energy Department’s 

National Renewable Energy Laboratory (NREL), which teamed with researchers from 

Washington State University (WSU) and the University of Tennessee. The project shows 

advances in an industry-wide, six-decade effort to improve the efficiency of CdTe solar 

cells. It has potential to push CdTe solar cells to the forefront of the photovoltaic-cell 

(PVC) market, ahead of silicon PVCs. 

Known for their low manufacturing cost, quick energy-payback time, and 

robustness in hot or humid conditions, CdTe PVCs rank as the second-most-used 

solar cells behind their silicon counterparts. But their low open-circuit voltage, which 

had never surpassed 900 mV, limited the devices’ applicability. However, in a Nature 

Energy journal article published this February, the authors claim that the final product 

surpasses the 1-V mark.

“It’s a significant milestone. It’s been below 900 mV for decades,” said Kelvin Lynn, 

Regents professor in WSU’s School of Mechanical and Materials Engineering and 

Department of Physics, who led WSU’s effort.

According to the report, the method eliminates the use of cadmium chloride. 

Instead, small amounts of phosphorous at tellurium lattice sites create ideal interfaces 

between materials with different atomic spacing to complete the solar cell. The method 

led to better conductivity and carrier lifetime by orders of magnitude, and opens new 

research paths for efficient solar cells. 

While the NREL treated the crystals, in addition to building and characterizing 

the solar cells, WSU researchers developed the crystal material used in the cell. In a 

technique called melt-growth, the researchers mixed, prepared, and vacuum-sealed the 

materials in a clean room to achieve maximum purity. The crystals were then synthesized 

in a furnace above 1,100°C and cooled from the bottom up at a rate of 1 mm per hour. 

Subsequently, the crystals were cut into polished wafers to make solar cells. 

“Others have tried dopants, but they didn’t have the control and purity that we have. 

And, the purity matters,’’ said Lynn. “WSU is known for growing really high-quality and 

-purity crystals. You have to control every step.”

Lynn also expects that by using WSU’s established techniques, CdTe-cell efficiency 

could improve up to an additional 30%. 
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Optimize field performance with SKF EnCompass 
Choosing the right bearing requires the right knowledge. The SKF EnCompass Field Performance 

Programme combines our knowledge of bearings, seals and lubrication in rotating machinery to 

help you select the right bearing solution for optimized field performance. By encompassing more 

of the factors that impact bearing behaviour under actual field conditions, SKF EnCompass 

enables you to select the best bearing solution for your application and environment.

For more information about SKF EnCompass, visit skf.com/EnCompass or scan the QR code.

Our knowledge, your edge

THE POWER OF KNOWLEDGE ENGINEERING

® SKF is a registered trademark of the SKF Group.  |  © SKF Group 

™ SKF EnCompass is a trademark of the SKF Group

http:skf.com/EnCompass


Setting the Record  
Straight on Industry 4.0

I
t seems every trade magazine I pick up nowadays has 

an article on Industry 4.0 or big data or the Internet 

of Things or the digital factory. These terms are being 

pitched around like a rugby ball and almost always with 

a decided lack of clear definitions.

So, as the saying goes, let’s set the record straight.

German Chancellor Angela Merkel, along with her minis-

ters of industry and education, ordered a study about the man-

ufacturing environment. In response, the National Academy 

of Science and Engineering, which represents the interests of 

German scientific and technological communities at home 

and abroad, drafted its vision of Industry 4.0, which was to 

be a coordinated initiative between the IT world, universities, 

and various manufacturing associations to reshape industry. 

It would seek to combine the physical, virtual, and IT worlds 

with cybersystems, thereby creating a new working environ-

ment between workers and machines. 

The 4.0 part of the name, incidentally, derives from it being 

the fourth industrial revolution. The predecessors were the 

mechanization of industry through steam and water power, 

applying electricity to mass production, and the invention of 

the computer, which has led us to the modern concepts of IT 

and automation.

Industry 4.0 has been adopted worldwide as a functional 

goal in industry, especially the manufacturing world and, spe-

cifically to our purposes, the machine-tool market. The met-

rics of performance and goals will differ by industry and end 

product. And the information-management jobs it will create 

will be unlike anything seen so far in industry. 

Industry 4.0 represents a high point, where every 

company—whether a large OEM, major tier supplier, or 

smaller job shop—can implement and benefit from the tech-

nologies and communications platforms available today. One 

factor holding back Industry 4.0 is the mindset of manage-

ment. That needs to change—they must be more proactive in 

supporting the changes among market leaders.

Without question, this vision is less a look into the future 

and more a vibrant collaboration between IT, machine-tool 

builders, industrial automation integrators, and especially 

motion-control suppliers. They will all benefit when machine 

control can take information needed to make the final prod-

ucts from the design, CAM, and PLM sides, and then send 

data on production, metrics, and machine-to-machine com-

parisons to evaluate the performance of machines, different 

shifts of technicians, and even entire plants—all at speeds 

measured in nanoseconds. 

To work effectively, this concept requires standardization 

of both the communications and language used. For example, 

the MT Connect effort, which focuses on machine tools, has 

been a good start here in the United States. It strives to stan-

dardize the data, so that all types of machines with a host of 

different control brands on board can seamlessly transmit data 

up the line for evaluation and adjustment in real time. 

The goal is to make the first part or batch faster and better, 

then improve that performance by using actual production 

data and feedback control to make the needed adjustments 

and compensations. This also applies to handling raw materi-

als and components, and the logistics of moving incoming and 

finished products into and out of the plant.

Although this big-data idea overwhelms most managers, 

technicians, and operators, the key is to manipulate that data 

in a hierarchy of need, to borrow a term from the psychology 

world. Mobile devices, tablets, cell phones, and now CNC 

screens themselves can be useful tools for transmitting the 

most important data from the shop floor to the top floor, or 

just down the hall to the front office.

Small-shop owners would be well advised to heed this trend 

and respond appropriately. For example, they could use an inte-

grator to tie all of their machine functions and outputs together 

for the day when demanded by their OEM or upper-tier cus-

tomer. In many industrial sectors, that day has already arrived. 

Lastly, the cybersecurity issue cannot be understated, as 

data storage in a factory or shop network will shift from the 

open cloud to the closed cloud. Protecting your intellectual 

property remains paramount, on a global scale. To overlook 

that reality is to compromise the stability and security of 

your company. 

Welcome to the future, folks. 

Commentary
BERNARD HEUCHMER | Vice President of Motion Control

Siemens Industry, www.usa.siemens.com/motioncontrol
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Jeff Kerns | Technology Editor

jeff.kerns@penton.com

What’s The Difference Between 

Aluminum and Copper 
in Electrical Applications? 
Are myths and 

misinformation 

leading designers 

to use the wrong 

material?

T
here are obviously 

material property 

differences such 

as  c ap a c i t anc e , 

weight, and cost between alu-

minum (Al) and copper (Cu) to 

consider for an electrical appli-

cation. Al was more prevalent 

in the past for products such 

as bus bars, fuses, and break-

ers. Over time, some design-

ers have changed components 

from Al to Cu. Today, due to 

cost stability and coating, some 

designers are switching back. 

Materials

Misconceptions about the properties between Al and Cu 

can arise due to different grades of metals used in different 

electrical applications. The Cu used in wire and electrical 

equipment is nominally pure. Pure Al, however, is often not 

strong enough for electrical applications. Also, keep in mind 

that different alloys have changed over time and on account of 

evolving applications. 

Different Al alloy properties will also change, depending 

on processing. For example, Al 6101 is stronger than Al 1350. 

Yet heat-treating Al 6101 hardens it and improves its strength. 

Different grades of metals, such as Al 6101 and Al 1350, will 

vary in comparisons with Cu. During the design process, it 

is therefore essential to have the material properties for the 

specific material used. 

ProPerties

Weight, electrical capacity, and cost are major consider-

ations when selecting Al or Cu for an electrical application. 

Yet others can loom just as large. For example, resistance in 

electrical connectors can increase if a material’s strength and 

expansion are not considered. As a connection undergoes 

thermal cycles, the expansion can increase the clamping force 

that can deform contact points and promote creep in materi-

als. This will be a larger concern with Al because its coefficient 

of thermal expansion, depending on the alloy, is about 42% 

What’s the Difference?

Aluminum cables with fine-wire stranding help flexibility to enhance installation and their use in applica-

tions where a small bend radius is required. 
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What’s the Difference?

greater than Cu, but Al may be able to 

dissipate the heat faster. 

Taking advantage of the lower 

modulus of elasticity since the 1990s, 

extruded Al bus bars have increased 

the surface area, helping to keep tem-

peratures low. It is important when 

designing in either material that con-

nections are robust to prevent poor 

connectivity over time, owing to 

deformation from thermal expansion, 

as well as creep.

A common misconception is that 

Al is soft and must use compression 

connectors. However, with some 

design and plating changes, mechani-

cal pressure connectors and com-

pression connectors are no longer 

required. In some cases, alloys or pro-

cessing are used to make aluminum 

almost on par with Cu. In addition, coating and plating will 

often include tin or silver. These materials reduce corro-

sion in both Al and Cu, as they are prone to oxidation when 

exposed to the atmosphere. 

Corrosion is also a problem when there are two dissimilar 

metals in one system. Al will electrochemically react with 

the Cu if moisture is introduced (moisture that would act as 

an electrolyte). Al to Cu cable lugs are connectors that have 

been friction welded and capsulated to prevent corrosion from 

Relays, sensors, switches, and small motors can use 

control cables for on/off control applications for signal 

and control equipment.
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Your Servos Are Fast, So Are We

damaging an Al-to-Cu connection. Proper con-

nections are important, as corrosive wear is also 

a concern. Al and Cu are compatible metals, so 

contact can create bonding that could promote wear. While 

corrosive wear is more of a problem for parts that move, it’s 

possible a technician may need to take more time in the field if 

wires are stuck to the bus bar.  

Weight anD electrical capacity

Arguably, the main material property in deciding between 

using Al or Cu in an electrical application is its capacity. Cu 

offers a better electrical capacity per volume. However, Al 

has better capacity per weight. According to Uwe Schenk, 

global segment manager at Helukabel, “As a raw material, Al 

is approximately 70% lighter than Cu. For wires, Al can be up 

ApplicAtions

al applications 

Transmission and distribution lines: The lighter  

Al wire means fewer support towers, leading to most  

of the world using Al for high-voltage overhead 

transmission lines.

Lighting applications: Many light bulbs and other 

connectors in the past used brass connectors. Today, 

many lighting connectors use Al. 

cu applications

Telecommunication wires: Cu’s higher ductility 

works well to provide flexibility and less breaking to the 

telecommunications industry.  

Motors: Size and capacity are important factors in 

designing motors and as a result, many manufacturers 

use Cu for their designs. 

Both cu anD al applications 

Large building wiring: Al is in many of the wires 

for large buildings. It offers price stability over the long 

time it takes to build them. In addition, if space is not a 

problem Al can reduce the price for large buildings that 

can contain miles of wires. However, Cu’s ductility and 

smaller size work well for conduit inside the buildings. 

Hence, both offer advantages in large buildings. 

Other applications in which both Cu and Al are used 

include bus bars, transformers, and low- and medium-

voltage underground cables.

http://www.ringfeder.com
http://www.ringfedernews.com/fast-servo-couplings
mailto:sales.usa@ringfeder.com


to 60% lighter than comparable cur-

rent carrying copper wires.” 

The weight is not a direct relation 

as more Al is necessary to 

match the capacitance 

of Cu. Al carries about 

half the capacitance of 

Cu (56% in Al 6101). 

The dif ference in the 

weight to electrical capacity ratio 

means generally, one pound of Al 

has the electrical conductivity equal 

to 1.85 lb. of Cu. For example, a Cu 

bus bar could weight around 550 lb., 

whereas the same bus bar in Al would 

be about 300 lb. Reducing weight may 

help shipping or even labor cost. 

Other COnsideratiOns

Although labor is not a material property, it does affect cost. 

Some projects may be more cost-effective if weight is able to be 

reduced—whether this translates into shipping, installation, or 

other costs. However, lighter may not be better in all applica-

tions. Consider the added diameter in an Al wire to match the 

capacitance of Cu. The National Electric Code (NEC) gives 

rules for how much a cable can fill a piece of conduit. 

There are more rules than this, but, generally speaking, 

when dealing with three or more cables, pipe fill has to be 

40% or less. However, NEC Article 501 says if the conduit 

is in hazardous locations, only 25% fill, or less, is accepted. 

This means the increased size of Al might increase the cost 

What’s the difference?

AC induction motors can use Al or Cu squirrel-cage rotors.  

This is the part that spins during operation of a electric motor. 
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• Radial holes in base plates  
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VarimountTM Assembly Using  

Self-Clinching Technology

of labor for the extra or larger conduit that now needs to  

be run to satisfy the NEC. 

For a general example, if switching from 14 AWG Cu cable 

to Al, the increased cable size (12 AWG) will 

reduce the maximum amount of wires allowed 

in ¼-in. conduit by three (max fill: Cu = six 

wires, Al = three wires at 40% fill). If this appli-

cation needs four cables, you can reduce the 

fill by running two pieces 

of conduit or a larger size—which will 

use more energy to bend. Either of these 

solutions could increase labor.

There have been other problems with 

Al in electrical components. Historical-

ly, Al was prevalent in switchgears (fuses 

and circuit breakers). Unfortunately, in 

the past, welding was often necessary 

to fasten switchgears. Al welding in 

the field may have been what pushed 

designers to switch to Cu. Since this 

time, they have offered bus bars with 

holes or dovetail-like grooves that allow 

for easier installation and do not neces-

sarily have to be welded. 

Despite addressing these processes, 

manufacturers like GE reported that 

many customers started requesting 

Cu bus bars over Al. Manufacturers 

will produce based on what designers 

order, so Cu was produced in higher 

volume. Some of Al’s past problems, 

while corrected, gave Cu manufactur-

ing momentum.

Despite this trend, cost and planning 

remain key factors when estimating 

projects. Al is the third-most abundant 

material in the Earth’s crust, while Cu 

is the 26th. This has Cu prices fluctuat-

ing while the cost of Al is more stable. 

If a designer is planing a long-term or 

future project, Cu prices might be hard 

to predict. If Cu prices become higher 

than projected, it can hurt or even bank-

rupt a project. This is one of the reasons 

why large wind projects have been using 

Al. Often they plan over long periods of 

time, and need a stable price for accurate 

estimates. In addition, wind turbines 

can be up to 328 ft. high and use a heavy 

gauge wire to transmit electricity to the 

ground. Reducing the weight of a cable, 

such as this transmission wire, could 

help reduce supports and unnecessary stress on connectors, 

and make it easier to install.

Large projects requiring massive amounts of wiring might 

find Al to be cost-effective. Currently, the Nasdaq shows Cu 

at $2.14/lb. and Al at $0.73/lb. (3/16). As cost is such a driving 

factor—not negating the aforementioned—if an increased size 

isn’t a concern and you need a large amount of it, Al might be 

a better choice. 
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Electric Hybrid Planes

The 

Future of

Electric 
Hybrid 
Aviation
NASA and Airbus are leading the way 

in cleaner aviation by designing purely 

electric or hybrid aircraft. 

P
art of the push toward electric-hybrid air-

craft is to cut carbon emissions produced by 

aircraft. According to the Natural Resources 

Defense Council (NRDC), in 2012, 98% of 

all apparel items imported came from abroad and most-

ly through air transport. The NRDC reports that when a 

plane is used instead of a cargo ship, 4.5 times more par-

ticulate matter and 25 times more nitrous oxides are 

added to the environment. National Geographic report-

ed in April 2015 that airplanes contributed 700 mil-

lion metric tons of carbon dioxide to the air in 2013. The 

number, if changes do not occur, is set to triple by 2050. 

    The 1997 Kyoto Protocol climate pact delegated respon-

sibility to the United Nations’ International Civil Aviation 

Organization (ICAO) for controlling aviation emissions. In 

the United States, many environmental groups have sued the 

Environmental Protection Agency (EPA) to push for harder 

regulations under the Clean Air Act. Last year, The New York 

Times reported that according to the EPA, American aircraft 

in the United States’ transportation sector contributed 11% 

of greenhouse gas emissions and 29% of all aircraft emis-

sions worldwide. 

Finally, this past February, ICAO announced the first-ever 

international agreement to cut carbon emissions from com-

mercial airplanes. There are 23 countries onboard with the 

new agreement, including the United States. The agreement 

calls for a 4% reduction in fuel consumption from new com-

mercial aircraft built after 2028 and from aircraft in current 

production that will be delivered after 2023. The new stan-

dards plan to cut carbon emissions from airplanes by more 

than 650 million tons between 2020 and 2040. According to a 

White House statement about the agreement, this is equiva-

lent to emissions from 140 million cars. These regulations are 

driving the United States and other manufacturers to design 

more efficient aircraft.

26 APRIL 2016 MACHINE DESIGN

mailto:carlos.gonzalez@penton.com


Technology

The E-Thrust Concept includes six electric propulsion 

fans integrated into the plane’s design. 

The Sceptor demonstrator design is based on a Tecnam P2006T light aircraft. 
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Electric Hybrid Planes

NASA, EfficiENt AircrAft, ANd NEw X-PlANES

The advancements of hybrid or electric power to improve 

automobiles serve as the base technology being applied toward 

aircraft. Currently, the engineers and scientists at NASA’s 

Glenn Research Center are actively researching the next gen-

eration of efficient aircraft. One of their current objectives 

is to help shift the industry from solely using gas turbines to 

start implementing hybrid or turboelectric propulsion. The 

benefits of this are reduced energy consumption, emissions, 

and noise. Jim Heidmann, manager for NASA’s Advanced 

Air Transport Technology project, notes that “moving toward 

alternative systems requires creating new aircraft designs as 

well as propulsion systems that integrate battery technologies 

and electromagnetic machines like motors and generators 

with more efficient engines.” The researchers at Glenn are 

looking at alternate power systems that generate electric-

ity in place or in addition to thrust at the turbine engine, 
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and then the electricity is converted into thrust using fans at 

other aircraft locations. Along with this, they also are investing 

research into lightweight alternative materials, wire insulation, 

conductors, and the improvement of magnetic materials and 

semiconductors to make motors and electronics lighter. 
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LEAPTech is the ground-based testbed created  to work out the 

challenges of having multiple propellers on a single wing.

The graph above compares air emissions against different types of 

travel used for transporting commerce goods. 
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Sceptor, which stands for Scalable Convergent Electric 

Propulsion Technology Operations Research, is NASA’s dis-

tributed electric propulsion testbed.  It is part of the next 

generation of X-planes and is the first step in NASA’s plan for 

a megawatt-class electric propulsion commercial aircraft. The 

goal is to create an aircraft that can fit nine passengers with a 

500 kW power system (nearly 700 horsepower) by 2019. The 

plane weighs 3,000 pounds and is scheduled to fly in early 

2018. The aircraft will have multiple electrically powered 

propellers evenly distributed on its leading edge to increase 

lift by up to five times at low speed and enables the use of 

a smaller and more efficient wing, optimized for cruising 

speeds. Joby Aviation has been working with NASA on Scep-

tor with its Leading Edge Asynchronous Propellers Technol-

ogy (LEAPTech) program. 

The LEAPTech program mounts 18 electrically powered 

propellers on its leading edge, which is then mounted above-

truck. Initial tests have shown that distribution of power 

among the 18 motors has doubled the lift at lower speeds when 

compared to traditional systems (max speeds on the truck 

beds have been around 73 mph). With a wing aspect ratio of 

17, the wing used for the LEAPTech program is very slender 

and does not have much room available inside for motors, 

controllers, wiring, and instrumentation. The area of the test 

wing is about half of the original P2006T wing. The initial 

motor controller did not fit in the pod and was not fast enough, 

according to Starr Ginn, deputy aeronautics research direc-

tor at NASA Armstrong Flight Research Center. “EMI cre-

ated havoc on the communications bus. At high power, the 

whole prop system would turn off,” says Starr. Eventually, the 

motors and wing developed by Joby Aviation for LEAPTech 

Electric Hybrid Planes
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will be used as NASA’s Hybrid Electric Integrated Systems  

Testbed (HEIST) and eventually the Sceptor test aircraft in 2018. 

For the larger-scale aircraft, NASA is studying the Boe-

ing 737-size hybrid turbo-electric powered airliner. Turbo-

electric propulsion concepts create more efficient aircraft by 

combining turbine engines with generators that distribute 

power to electrically driven propulsors. Using the Boeing 737 

aircraft size as the test platform allows NASA to introduce the 

advantages of a turbo-electric system while retaining the con-

ventional tube-and-wing configuration. 

The Starc-ABL (single-aisle turbo-electric aircraft with an 

aft boundary layer propulsor) is the new test proposal that 

builds upon previous N3-X team hybrid designs and Boeing’s 

concepts for turbo-electric airliners—research done under the 

joint Boeing-NASA venture the Sugar Program. The turbofans 

provide 80% of thrust during takeoff and 55% at the top-of-

climb. The rest is done via the aft-fan propulsor located at the 

end of the aircraft below the tail. The aft-fan is designed to 

operate at a constant 3,500 horsepower at high throttle set-

tings. Even with the additional weight from the empennage 

and larger wing compared to a similar-sized hybrid wing bod-

ies, initial studies show a 15% improvement in thrust-specific 

fuel consumption at the start of the cruise. 

According to NASA Langley Aeronautic Systems Analysis 

branch engineer Jason Welstead, “this translates into 7% and 

12% block fuel-burn savings for the economic and design mis-

sions, respectively.” By ingesting the slower-moving air com-

ing off the fuselage body, the study proves the efficiency pos-

sible by the aft fuselage boundary layer ingestion fan, which 

achieves its benefit by ingesting up to 45% of the boundary 

layer. The electrically driven aft-fan provides the added ben-

The Starc-ABL 

aircraft includes a 

proposed electric 

turbofan toward the 

rear of the aircraft.
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efit of suffering no thrust loss or power 

lapses that typically affect air-breathing 

engines at increased altitudes. Due to 

the increased efficiency of the propul-

sor, the diameter of the turbofans can be 

reduced from 70 in. to 52 in., helping the 

aircraft achieve an overall lower weight. 

Airbus’ Hybrid AircrAft 

concepts

Airbus set a new world record in July 

2015 by being the first manufacturer 

to cross the English Channel using an 

entirely electrically operated aircraft. 

The E-Fan Electric Aircraft is a twin-

engine electric plane with a maximum 

speed of 220 km/h that can run for 45 

minutes to an hour on a single charge. 

E-Fan’s two electric motors deliver 60 

kW of combined power, which drives 

the two aft-mounted, ducted, variable 

pitch fans. The lithium-ion battery 

system that powers the motors is com-

prised of 2,982 cells with a capacity of 

2.8 amperes per hour each. The test air-

craft that crossed the English Channel 

was a one-manned piloted aircraft that 

weighed around 600 kilograms at an 

altitude of 1,000 meters. 

The E-Fan program is an expandable 

platform that leads to its Airbus larg-

er program, the Distributed Electrical 

Aerospace Propulsion Project (DEAP 

Project). The program is part of Airbus’ 

Small BatterieS Deliver Big Power to UavS 

By Sol JacobS, Tadiran Batteries

AdvAncements in UAv/drone technology have created a need for small lithium bat-

teries that can pack large amounts of power into very small spaces. Design engineers are 

continually seeking to make UAVs smaller and lighter to benefit aerodynamics and range of 

flight. Large UAVs typically utilize gasoline engines, with lithium batteries being deployed to 

reduce size and weight when powering specific sensor or instrumentation platforms or for 

emergency backup power requirements. 

MilitAry-GrAde litHiuM MetAl oxide bAtteries

Lithium metal oxide batteries deliver a nominal voltage of 4V, and a discharge capacity of 

135 mAh to 500 mAh, capable of handling 15A pulses. They are constructed with a carbon-

based anode, multi-metal oxide cathode, organic electrolyte, and shut-down separator for 

electric Hybrid planes
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E-Thrust Concept, which is being devel-

oped in conjunction with Rolls-Royce. 

The Airbus Group Innovations will take 

lead on the project, designing the elec-

trical system and optimizing the inte-

gration of the propulsion system while 

Rolls-Royce develops an electrical sys-

tem propulsion plant to build the new 

engines. The E-Thrust concept involves 

a distributed propulsion system that has 

six electrically powered fans distributed 

along the wing span. There will be one 

centered gas-powered unit providing 

hybrid electrical power for the six fans 

and for recharging purposes. To achieve 

optimal propulsive efficiency, the bypass 

ratio values need to be beyond 12, which 

is the current value of today’s most effi-

cient turbofans. Current estimations 

state that values of over 20 are achiev-

able that leads to significant reductions 

in fuel consumption and lower emis-

sions. The benefit of having a number of 

smaller e-powered fans as compared to 

larger electrical turbofans as seen in the 

Starc-ABL is reduced system noise. 

The three essential parts of the DEAP 

architecture according to Airbus are: a 

wake re-energizing fan; structural stator 

vanes that supply electrical power and 

cryogenic coolant; and a hub-mounted 

superconducting electrical machine. 

Just as the concept behind the Starc-

ABL, by ingesting the boundary layer 

enhanced safety, and should feature an extremely low self-discharge and a wide operating 

temperature range (-40°C to 85°C.). For example, a UAV utilized for unmanned air reconnais-

sance is deploying lithium metal oxide batteries to create smaller, lighter battery packs for the 

emergency recovery system, which enables the aircraft to glide to a safe landing in case of a 

catastrophic system failure. 

The batteries should comply with MIL-STD 810G specs for vibration, shock, temperature 

shock, salt fog, altitude, acceleration (50,000 gn), and spinning (30,000 rpm), and also con-

form to UN 1642 and IEC 60086 standards for crush, impact, nail penetration, heat, over-

charge, and short circuit, making them ideal for use in guided munitions. 

Unlike reserve/thermal batteries, lithium metal oxide cells permit instantaneous activation 

without the need for squibs or gas generators, allowing power to be drawn intermittently so 

the circuitry can be periodically tested for system readiness. These cells also avoid the high 

internal temperatures created by reserve/ thermal batteries, thus eliminating the need for 

bulky layers of thermal insulation, or the squibs, gas generators, and external heating ele-

ments required by silver zinc batteries.

Ruggedized Li-ion BatteRies 

Rechargeable lithium-polymer (LiPo) batteries, which are essentially the same as consum-

er-grade lithium-ion (Li-ion) rechargeable cells, have traditionally powered miniature UAVs 

flown by consumer hobbyists.

Consumer-grade Li-ion cells are generally not intended for long-term deployment in 

mission-critical applications involving extreme environmental conditions. Consumer grade 

Li-ion cells have a life expectancy of less than five years and 500 recharge cycles and oper-

ate within a moderate temperature range of 0°C to 40°C. However, if the miniaturized UAV 

is intended for use in remote, inaccessible locations or extreme temperatures, then design 

engineers should strongly consider the use of an industrial grade Li-ion battery, as these rug-

gedized cells can deliver up to 20 years of operating life with 5,000 full recharge cycles, an 

expanded temperature range of -40°C to 85°C, and the ability to deliver high pulses (5A for a 

AA-size cell). Industrial grade Li-ion cells are also constructed with a hermetic seal, which is 

superior to the crimped seals found on consumer-grade rechargeable batteries, which may 

leak. Industrial-grade rechargeable Li-ion batteries are being deployed in miniature UAVs that 

soldiers carry into the battlefield and deploy as needed to observe enemy positions.
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Electric Hybrid Planes

and accelerating it by the fans, can cause a 

reduction in the losses in momentum that 

form a wake, lower drag, and increase 

efficiency, the DEAP system, with its 

relaxed engine-out design and better 

weight distribution, allows for greater 

flexibility over aircraft design leading to 

a smaller vertical tail plane. The stator 

section of the electric fans provides stator 

vanes that are aerodynamic and recover 

thrust from the swirling air. 

The stator vanes also accommodate 

internal routing of superconducting cables 

to the hub-mounted superconducting 

electrical machine. Superconductivity is a 

quantum mechanical phenomenon where 

you have zero electrical resistance. This 

occurs in materials cooled below a criti-

cal temperature and allows electrical sys-

tem components to be smaller and lighter. 

Cryogenic fluids like liquid hydrogen or 

liquid helium or a cryocooler—a technol-

ogy used in many space applications—are 

used to achieve the desired effect. 

The E-Fan from Airbus is the first fully electric plane to cross the English Channel. 
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The hub-mounted superconducting electrical machine 

drives the wake re-energizing fans. Rolls-Royce and Airbus 

Group Innovations, with Magnifye Ltd and Cambridge Uni-

versity, are currently designing the Programmable Alternat-

ing-Current Superconducting Machine (PSAM). PSAM is a 

superconducting stator that will generate an electromagnetic 

field that rotates around the circumference at a velocity that 

is directly related to the frequency of the electricity supply. 

The electromagnetic torque is created by aligning the rotor’s 

magnetic field with the field electromagnetic field gener-

ated within the stator. The superconducting magnets used to 

generate the field are aligned in a puck form and can be pro-

grammed to deliver different controllable field strengths. This 

machine will eventually replace conventional copper and iron 

stator structures. 

WHat tEcH ImProvEmEnts arE stIll rEquIrEd?

Lithium-ion batteries are the best choice for electrical 

hybrid systems. However, higher-capacity batteries will be 

needed to hold and distribute the large power requirements 

required for these systems. Within the next two decades, ener-

gy densities will exceed 1,000 Wh/kg, according to Airbus, 

which will double our best-performing batteries to date. The 

upcoming advancement in batteries is lithium-air batteries. 

They will have a higher energy density due to oxygen being a 

lighter cathode and a freely available resource. However, these 

batteries are still not yet commercially available. 

NASA’s Sceptor design to Airbus’ E-Thrust concept cover 

the road map of aviation for the next five to 25 years. The 

ICAO hopes to curtail emissions by 2040 and the European 

Commission’s “Flightpath 2050–Europe’s Vision for Aviation” 

outlines a plan to accomplish their goals by 2050. By then, 

they hope—when compared to standards from 2000—to 

reduce CO2 emissions by 75%, nitrous oxides by 90%, and 

noise levels by 65%. 

‘‘
Within the next two  

decades, energy densities 

will exceed 1,000 Wh/kg, 

according to Airbus, which  

will double our best-performing 

batteries to date. The upcoming 

advancement in batteries is 

lithium-air batteries.

’’
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New equipment might bring more 

benefits, but retrofitting could work 

better for IIoT applications.  

W
hile the Industrial Internet of Things 

(IIoT) grows, many question what 

value it brings to industry. Some IIoT 

systems work with current production 

lines and equipment. For example, smart sensors or cameras can 

mount on existing equipment to provide features and data that 

add value to the production line and company. Other technol-

ogy aims to replace equipment by offering already-integrated, 

value-added smart sensors and IIoT devices. Machine Design 

talks to the experts to see where the return on investment (ROI) 

is with replacing or retrofitting when considering IIoT.

The RighT AdopTion RATe

Economics can help assess the adoption rate and ROI of 

IIoT. If the technology isn’t stable enough to provide an accu-

rate ROI, it isn’t worth investing in it or you need to expand the 

scope of where the data could offer value. “Connected devices 

can augment data for managers to make more informed deci-

sions that will improve production,” says Beth Parkinson, 

market development director for The Connected Enterprise 

at Rockwell Automation. Collected data is able to improve 

production in multiple ways. In fact, data can keep a company 

competitive using two specific methods—focused and col-

laborative views. 

Focused data—for example, that which tells how much 

energy a specific motor uses or if a lens is dirty—can help 

reduce downtime and run processes more efficiently. In a 

collaborative view, aggregated data can show a root-cause 

problem or bottleneck issues across production lines, depart-

ments, and even companies. It’s more complicated to estimate 

an accurate ROI with a collaborative view due to the variables 

involved and interpretations of certainty.  

The hype surrounding IIoT seems to be traveling faster than 

its adoption rate. Often medium- to large-sized companies 

are reluctant to change due to the size of the company’s opera-

tions. The bigger the operation, the bigger the investment, and 

the more stable a new technology or equipment needs to be for 

larger companies to adopt. 

However, a study released in 2014 by Cisco revealed that 

52% of manufacturers were willing to migrate to hybrid clouds 

within two years. This may be due to the foundational ground-

work that’s been building for the cloud and IIoT over the years. 

Industrial Internet of Things

IIoT SeeSawS 
on the ROI Fulcrum

jeff kerns | Technology Editor

jeff.kerns@penton.com

Tablets act as a handheld, wireless human-to-machine interface that 

offers control and information, enabling technicians to stay connect-

ed and adjusts a process as necessary. (Courtesy of Bosch Rexroth)
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Industrial Internet of Things

“In the past, different equipment could have operated with 

different logic controls or languages,” says Parkinson. “Today, I 

could go to a food-processing plant or an automotive produc-

tion line and it is possible that they have the same, or similar, 

controls and languages. In addition, four to five years ago, 

companies installed smart sensors in production lines. Now, 

those smart sensors provide a foundation on which to build 

the IIoT. With the ability for a production line to transmit and 

communicate data, a whole architecture is ready to be orga-

nized to take advantage of IIoT.”

New technology often provides competitive advantages. 

Aeris Communications, a machine-to-machine service pro-

vider conducted a survey of executives from the United States 

and United Kingdom (published October 2015) in which 73% 

of respondents indicated that IoT gave them a competitive 

edge in manufacturing. In December 2013, a manufacturing 

outlook survey from the American Society for Quality (ASQ) 

stated that 82% of companies using smart manufacturing have 

experienced an increase in efficiency. 

EducaTIon and TraInIng

Small- to medium-sized companies may benefit from this 

technology as IIoT and smart equipment could be easier to 

adopt on a small scale. However, the resources and training 

Loram is a railroad maintenance company that was experiencing 

downtime with its automated rail grinders due to a lack of historical 

or real-time data. However, new software called FactoryTalk offered 

remote access and documentation that improved data collection. As 

a result, technicians were able to reduce grinder downtime. (Courtesy 

of Rockwell Automation)
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needed to implement new technology may be 

problematic for small companies. 

The IIoT is about information—the more 

you know, the smarter your decision-making. 

Continued education works in a similar way. 

Staying on top of new technology prevents 

uneducated decisions and becoming stagnant. 

Some companies suffer from a generation gap. 

This doesn’t necessarily relate to the age of 

employees, but rather the comfort level of the 

technology. If a particular process or software 

has worked in the past and everyone is com-

fortable with it, changing it can create resis-

tance. Continued education keeps employees 

up-to-date on available technologies and how 

to use them.

Training is important. Engineers graduat-

ing from school tend to want to push for new 

technology. They will be more comfortable 

with technology they know, which may differ 

from what was imbued by the last generation of engineers. If 

this is the case, IIoT may have a longer adoption rate, simply 

due to having to wait for a generation to understand and be 

comfortable with IIoT and smart devices. 

GoInG CusTom

IIoT is highly customizable. Installing custom equipment 

can provide data that enables better decision-making while 

maintaining flexibility. For example, in the past, automated 

equipment used to seal flexible bags around products for 

Software can help compare data across a company, or companies, to find bottlenecks, 

performing root-cause analyses, and other types of issues. (Courtesy of Rockwell Automation)
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shipping might have sealed one size bag 

despite the size of the product. With-

out any information, or the ability to be 

dynamic, packaging lines (i.e., the flex-

ible bag sealing lines) were less efficient 

and wasted packaging material. 

Today, with the amount of products 

available, and the speed of delivery 

demands with Internet ordering, pack-

aging lines must be dynamic and be able 

to handle many shapes and sizes to keep 

up. Smarter systems implemented in 

the flexible bag sealing lines, along with 

other processes, can scan a product and 

alter the size of packaging.

It’s important that customized smart 

systems adjust for future applications. 

If a production line doesn’t maintain 

flexibility, it can develop a type of man-

ufacturing momentum in one direc-

tion, and it might become difficult and 

expensive to update equipment and 

stay competitive. Take the automobile 

industry, where much of the equipment 

and stamping processes must use steel. 

If a manufacturer wanted an aluminum 

door, it might mean over $100,000 for 

new tool and die setups, and changing 

the molds generally turns into a long 

process. While the automotive industry 

may have the volume to justify a change, 

it can still take millions (or in Ford’s 

case, $1 billion) and long lead times to 

make this happen. Manufacturing lines 

must limit manufacturing momentum 

by using IIoT and smart devices to pro-

mote flexibility.  

Replace oR RetRofit

“In my exper ience,  equipment 

is being augmented by the IoT, not 

replaced,” says Jeremy King, product-

marketing manager for Bimba. “Early 

adopters are still leading the IIoT move-

ment, so they are still experimenting, 

looking for the best way to improve on 

their existing equipment and processes. 

Easy-to-install sensor networks inte-

grated with existing machines are most 

popular for retrofits. When retrofit-

ting a machine, the goal is to improve 

the equipment while minimizing the  

M.G. Bryan, a firm that provides heavy equipment in the fracking industry, needed a scalable 

way to manage vehicles in the field. Taking relevant data from each truck, Rockwell used 

Microsoft’s cloud to monitor vehicle and fleet performance. It lets M.G. Bryan offer after-

market services, such as preventative maintenance alerts. (Courtesy of Rockwell Automation)
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impact of the installation.” If the downtime to install IIoT 

or smart devices is long and tedious, it can diminish the 

upgrade’s ROI. 

“A lot of companies focus on increasing uptime because it 

is one of the easiest areas to show an ROI,” continues King. 

“For smart and IIoT products, it’s important for buyers to 

understand exactly how they will decrease downtime. If the 

device just provides data, it is not that useful. The value is if 

the device can tell you when equipment will fail and why, so 

you avoid downtime. Each piece of smart equipment adds its 

own value—new or retrofit. Currently, I have seen retrofitting 

provide better ROIs.” 

Retrofitting adds customization and flexibility while mini-

mizing downtime. “Due to the increased costs of replacing 

equipment, it may not happen for some time,” says Matteo 

Dariol, product support engineer for Bosch Rexroth. “The dif-

ference between replacing and retrofitting is often a matter of 

what type of company you are. If you are a small family-owned 

machine shop, smart devices and IIoT might not offer enough 

benefits to consider either option. But an OEM might invest 

in new equipment to stay competitive. Other companies may 

find extra benefit in replacing equipment with newer IIoT 

or smart devices that allow the users to connect to a broader 

range of modern communication protocols and to access more 

insightful information on the equipment.”  

Communicating across the entire company can complicate 

the economics. IIoT equipment may be specially customized 

and offer its own economical or ROI equation. Each equation 

could involve multiple interpretations of certainty, risks, and 

other unknowns that decrease its accuracy. The ASQ manu-

It’s not just Internet-capable devices that are saving money and pro-

viding valuable data. Pressure sensors with built-in diagnostics let 

technicians check whether they’re working properly from the field. 

Traditionally, when a pressure sensor would fail, a technician would 

replace all of the sensors. With field-service work costing as much 

as $120 per hour, it was standard practice to replace any suspect 

pressure transducers to get the machine back into service quickly. 

This led to machine manufacturers having to pay warranty claims on 

pressure sensors where 50% had no failures. (Courtesy of WIKA)  
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Industrial Internet of Things

facturing outlook survey said 49% of companies using smart 

manufacturing experienced fewer defects. However, your 

defects are low or not expensive, so adding expensive retrofit 

or new equipment will not provide much of an ROI.

Statistics often don’t provide the full picture or gravity of 

IIoT’s potential, which is why marketing and buzzwords may 

be circumnavigating a better ROI until more data is available. 

It may also suggest that IIoT is broad and contains so many 

different variables that an accurate ROI isn’t possible until 

you analyze a specific project. 

Retrofitting IIoT into older equipment can add years to 

their lifetimes. Retrofitting can incorporate features to make 

the older machines competitive with new equipment. This 

equipment also provides data for more efficient maintenance 

schedules. Preventative maintenance is not just about reduc-

ing downtime, but increasing the life of the equipment.    

“Eventually equipment might be 

replaced by IIoT devices, creating an 

influx for a secondary market, but it is 

not here yet,” says Bimba’s King. “Equip-

ment users are just now experiment-

ing with smart devices. They have not 

forced the requirements back to the 

machine builder. Machine builders are 

keeping an eye on smart technologies, 

but have not gone all in on it because 

of the increased costs. Once machine 

builders start offering smart machines 

and end users realize their value, those 

that can afford the investment will look 

toward replacement. That is still five 

to 10 years away.” So if any startups or 

small companies are waiting for a boost 

in the secondhand market from IIoT, 

they will have to wait. 

The race for IIoT has to focus on 

software, according to Bosch Rexroth’s 

Dariol. The ability to interpret data is the 

value behind IIoT. For example, dedicat-

ed shop-floor servers will monitor the 

status and the execution of orders and 

provide useful insights on processing 

throughput or other overall equipment 

effectiveness. Meanwhile, software pro-

grams will monitor sound sensors and 

reveal when a possible breakdown may 

occur. It’s how the software interprets 

the data, not just collecting data, which 

will improve a new machine’s ROI.

Make sure your IIoT plan focuses 

on economics and knowledge. “Do not 

invest in buzzwords—know what data 

you need and why it’s needed,” says 

Rockwell Automation’s Parkinson. “In 

addition, an IIoT device must not only 

perform the task assigned, but also gen-

erate useful information that leads to 

smarter decisions, and make sure you 

don’t fall back into using multiple con-

trols that don’t communicate.” 
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Ethernet Connectors
Evolve to Meet New Demands

Connector designs keep pace with 

new networking capabilities as more 

manufacturers begin using Ethernet.

T
he industrial connectivity landscape has changed 

dramatically over the last five years as industrial 

Ethernet has rapidly become the network of choice 

for demanding environments. And it wouldn’t 

have been possible without the right connectors.

Connectors form the critical link between cables carrying 

data and devices that record and communicate information. 

Here’s a quick exploration of the trends influencing connector 

design for the industrial Ethernet, from ever-smaller applica-

tions to ever-greater data-transmission speeds.

The Rise of indusTRial eTheRneT

Ethernet’s capabilities and benefits are convincing more 

and more companies to expand their utilization of it in indus-

trial environments. They are putting Ethernet in place along-

side of—or entirely replacing—industrial networks such as 

CANopen, DeviceNet, PROFIBUS, Foundation Fieldbus, and 

AS-interface. 

One reason is that industrial Ethernet networks handle sig-

nificantly larger amounts of data at faster speeds than other 

networks. Worldwide, the global industrial Ethernet market 

should grow at an average rate of about 9.5% through 2019, 

according to Technavio, a market-research firm.

Ethernet was first used in office environments. Over time, 

it was adapted for industrial settings, as companies wanted 

its faster data-transfer speeds where they could do the most 

good—on the factory floor. It was quickly adopted by a range 

of industries and companies based on their long familiarity 

with it and its network design.

Moving to Ethernet is considered an easy change because 

most companies already have experts in it on staff. Existing 

IT departments operate the enterprise network, which means 

their technicians know how to troubleshoot traditional Eth-

ernet. Understanding the ins and outs of traditional Ethernet 

is a good foundation but, in practice, the factory floor differs 

significantly from protected office environments. This com-

plicates the move to industrial Ethernet.

M12 Ethernet connectors, such as the blue ones shown at the top of 

this photo, are more robust than RJ45s for connecting the plant floor 

and communicating data in industrial environments.
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Ethernet Connectors

Another factor affecting the decision 

to adopt industrial Ethernet is its abil-

ity to move more data at faster speeds 

than fieldbus networks. This makes it a 

top choice for high-end and data-heavy 

applications where bandwidth and bot-

tlenecks can be issues, and holds true 

even for more compact applications.

These trends contribute to what could 

be the largest influence on Ethernet’s 

adoption—organizations wading into 

the Industrial Internet of Things (IIoT). 

Across manufacturing and process 

industries, companies are scrambling 

to add sensors, connecting them with 

a host of other plant equipment so 

that managers can gather all of the 

data they need to get a better real-

time view of what’s happening on the 

floor. Ethernet is an ideal way to tie 

devices together. And, because it’s 

also used in offices, it lets manag-

ers, engineers, floor personnel, and 

supervisors access and view data 

from inside the factory and offices.

AdApting ConnECtors  

for industry

The most widely known Ether-

net connectivity cordset is the RJ45 

(8P8C connector). These connectors 

represent the office gold standard 

because of their universal connectiv-

ity, ease of use, and quick connect/

disconnect performance.

The IEC 60603-7 standard defines 

RJ45’s design and construction. There 

are RJ45 8-pin connectors for all current 

Ethernet categories, and the connectors 

can handle 2- and 4-pair wiring. Typical 

commercial RJ45s carry an IP20 rating.

Although RJ45s are the most widely 

used Ethernet connector, manufacturers 

began demanding more robust alterna-

tives as they brought Ethernet onto the 

floor. Its plastic ends and overall design 

are not ideal for harsh factory and plant 

RJ45s in industRy 

Although M12 is the recommended 

and preferred connector for industrial 

Ethernet, RJ45 connectors are still widely 

used for certain industrial applications 

such as: 

• Inside panels and cabinets, one of the 

most common uses for RJ45 connectors 

in industry. These areas are protected 

from the environment, eliminating some 

concerns related to shock, vibration, and 

problems with water or oil. 

• Quick access points for data, when 

some engineers want the flexibility to plug 

a laptop directly into the network on the 

factory floor. Because RJ45 connections 

are the same as a computer’s Ethernet 

port, maintaining them on the floor lets 

engineers quickly get the data they need 

without special adaptor cables.

Ethernet connectors are 

growing more powerful and 

more compact, as seen 

with these M8 connectors.
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environments, where shock, vibration, 

changing temperatures, and exposure 

to water and oil can damage connectors. 

In response, engineers turned to M12 

connectors, which were commonly used 

with sensors, and adapted them for the 

Ethernet. M12 Ethernet connectors fea-

ture a rugged overmold that encapsu-

lates the connector’s components. The 

connectors carry a minimum of IP67-

rated protection against dust and water 

ingress, as well as against vibrations 

and accidental impacts. M12 connec-

tors are available as 4-pin D-Code, 8-pin 

A-Code or 8-pin X-Code. Data-transfer 

speeds can be as high as 10 gigabits per 

second (Gb/s), depending on the num-

ber of pairs and category of cable (much 

like RJ45 connectors).

In one case, a company that assembles 

conveyor segments and components 

into complete conveyor systems for cus-

tomers had long used RJ45 connectors 

but continually saw them damaged dur-

ing transit and assembly. Technicians 

had to re-terminate the RJ45s on site 

or, in extreme cases, replace the entire 

cable. Frustrated by the cost of time and 

resources lost to repair damaged RJ45s, 

the company explored their options 

before adopting M12 connectors. 

Switching to this rugged, overmolded 

design helped the company eliminate 

connector damage and cut its downtime 

for repairs and replacement.

ConnECtors KEEp paCE  

with EthErnEt spEEds

Another set of influences on connec-

tor design are the data-transfer speeds 

possible with Ethernet.

Generally, connector technology fol-

lows advances in cables. For speeds up 

to 100 megabits per second (Mb/s), or 

100BASE-T, an Ethernet cable needs 

only two pairs of wires. For speeds up 

to 1 Gb/s, or 1000BASE-T, four pairs are 

needed; it also takes four pairs to reach 

10 Gb/s or 10GBASE-T. So Ethernet can 

use both four- and eight-pin connec-

tors, but the faster connections need the 

higher pin counts.

Industrial Ethernet connectors have 

continued to be updated to accommo-

date these ever-faster data transmis-

sions. For example, what started as a 

4-pin M12 turned into an 8-pin design. 

The most recent evolution has been 

the 8-pin M12 X-Code design, which 

can handle 10-Gb/s Ethernet transmis-

sion speeds. To reach these speeds, the 

X-Code connector relies on advanced 

shielding and either CAT 6A or CAT 7 

copper cables. And inside the connector, 

each of the four twisted pairs is shield-

ed from one other. This prevents cross 

talk from hurting data quality, as well as 

unwanted signal coupling from one pair 

to another.

X-Code connector technology is 

experiencing an uptick in interest as 

more companies look for higher network 

speeds and more reliable, high-quality 

data transmissions. These demands will 

continue to drive advances in connector 

design, especially for data acquisition 

and vision systems and cameras.

Data bottlenecks slow operations, 

but inconsistent or corrupted data can 

halt them altogether. Beyond end-users, 

manufacturers are taking advantage of 

this technology. For example, industrial 

manufacturers using cameras or vision 

systems in their application have begun 

installing M12 X-Code receptacles in 

their systems to ensure they work at 

their designed speed with better perfor-

mance and efficiency.

Data-acquisition equipment manu-

facturers are another example. These 

organizations need to make sure their 

solutions reliably transmit data at the 

highest speeds possible without sacrific-

ing data quality.

One manufacturer was already using 

M12 connectors with CAT 5e cable for 

its portable industrial solutions. But a 

recent project needed greater data-han-

dling capabilities. The manufacturer 

chose to upgrade to the most recent 

design advance in industrial connec-

tivity—the M12 X-Code with CAT 6A 

cabling—to meet these demanding data-

handling requirements for its customer.
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Smaller DeviceS,  

Smaller connectorS

Trends inf luencing automation 

device design are also reaching the con-

nector level. One of these is the shrink-

ing size of devices to accommodate ever-

smaller application spaces. Advanced 

connectivity is required for success in 

these environments, which is creating 

demand for smaller devices that main-

tain advanced levels of communication. 

Automation component manufacturers 

EthErnEt OptiOns

As EthErnEt continuEs its rapid rise of adoption, manufacturers must decide 

which network protocol is the best for their plant and the communication needs of 

their applications. The first step is understanding Ethernet protocol options. Three of 

the most recognized are EtherNet/IP, Modbus TCP, and PROFINET.

EtherNet/IP: This communication protocol is supported by the Open DeviceNet 

Vendor Association (ODVA), and implements the Common Industrial Protocol (CIP) 

onto the foundation of Ethernet. It was designed for industrial-automation and pro-

cess-control applications, and includes tools to deploy standard Ethernet technology 

for industrial applications. For data exchange, the transmitting devices produce data 

and receiving devices consume that data. It uses a Transmission Control Protocol 

(TCP) layer in industrial settings. Typically, the TCP connects plant-wide communica-

tion to a company’s worldwide network through the Internet. It is also often used for 

data transfer, recording events and alarms, maintaining the program, supervisory 

control, and operator interface connectivity.

Modbus TCP: This variant of the Modbus family is intended for use with auto-

mation equipment. As a connection-based protocol, TCP opens and establishes a 

connection with a device to gather data. This data is received and combined with 

additional information before going to the IP layer, where it’s packaged and transmit-

ted. It is typically used for Ethernet attachment to PLCs, I/O modules, and gateways 

to other fieldbuses or networks. It is simple and requires minimal hardware and cost 

to develop and support. It is also attractive for its interoperability with devices from 

different vendors.

PROFINET: This communications protocol is PROFIBUS and PROFINET Inter-

national’s open industrial Ethernet standard for automation. It complements TCP/IP 

and IT standards with specific protocols, and works with existing fieldbus systems 

such as PROFIBUS, DeviceNet, and Interbus, without changing existing devices. 

PROFINET exchanges data via three communication channels. The TCP/IP channel 

works for configuration, parameterization, and acyclic read/write operations. The 

Real Time channel is ideal for cyclic data transfers and alarms. And the Isochronous 

Real Time channel handles high-speed motion-control applications. All communi-

cations take place over the same cable, eliminating the need to invest in custom 

cabling. PROFINET has real-time performance capabilities that are ideal for factory 

and process automation—specifically automotive, logistics, and food and packag-

ing applications. It is commonly used for synchronous I/O signal transmission and 

data-intensive parameter assignment, as well as controlling automation devices and 

high-speed operations.
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are downsizing those devices, as well as 

the connectors used with them.

One example is seen with I/O mod-

ules and their associated connectors. 

OEMs are continually looking for ways 

to adapt their processes to new cus-

tomer demands without needing to 

overhaul their operations, purchase 

new machines, or expand the size of 

their equipment in footprints. Break-

throughs in technology have let automa-

tion component manufacturers shrink 

the size of I/O modules so OEMs can 

add advanced on-machine communica-

tions without reconfiguring processes. 

The smaller inputs and outputs on these 

blocks call for smaller connectors. That’s 

why some companies making automa-

tion components are moving from M12 

connectors to the smaller M8 designs.

Before it was adapted for Ethernet, 

M8 connectors were favored for many 

industrial sensor applications and still 

remain popular today. The M8 design 

works well for industrial Ethernet 

because its pin spacing meets the per-

formance requirements needed for the 

network and protocol. Performance 

depends on the location of twisted pairs 

in the connector. If they’re too far apart 

or too unevenly spaced, the chances of 

signal errors and loss increase. Because 

the M8 meets optimal performance 

specifications, and carries ingress pro-

tection for industrial applications, it 

can transfer data at up to 100 Mb/s 

while fitting into smaller applications 

than the M12.

What’s Next?

As Ethernet continues its rapid 

expansion into industrial settings, man-

ufacturers will adapt existing connec-

tors for new applications and needs. In 

fact, automation component suppliers 

have already begun customizing con-

nectors for use with Ethernet.

One of the next influences on Eth-

ernet connector design will involve 

Category 8 cable, which is anticipated 

to reach data speeds of 40 Gb/s. With 

standards now being determined by 

the Telecommunications Infrastruc-

ture Association (TIA), it’s likely this 

new cable will first spread to enterprise/

office environments before demand 

grows for its increased speeds and data-

transfer capabilities in industry.

Another area of expansion will be in 

Ethernet for hazardous locations, where 

PROFIBUS, Foundation Fieldbus, and 

AS-I currently lead the pack. This trend 

is emerging as engineers and system inte-

grators look to gain the faster speeds and 

advanced connectivity already enjoyed 

by other industries.

When something goes wrong in a haz-

ardous location, it can be catastrophic. 

Ethernet’s ability to connect all devices 

and report back can help engineers more 

closely monitor what’s happening in real 

time. Then they can make adjustments 

or schedule maintenance as needed. 

Component manufacturers are start-

ing to reengineer existing connectors 

to meet the specific features required in 

these demanding environments. 

There are a range of 

Ethernet connectors 

available, including 

(from left) the M12 

X-Code, 4-pin M12 

(D-Code) for EtherNet/

IP, shrouded RJ45, 

8-pin (A-Code) M12, 

shielded RJ45, and 

4-pin (D-Code) M12 for 

PROFINET.
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Patent and  
Business  
Strategies for Inventors

F
irst, I’ve never been tempted to contact one of those 

firms that heavily markets how it can help novice 

inventors develop ideas and provide lots of support 

at every step of the way. I’ve generally assumed, 

perhaps unfairly, that they’re much more interested in the fees 

they’ll collect than in really helping me succeed.

Second, I’ve never sought out angel investors or venture capi-

talists as a way to fund the process. They provide much more 

mainstream approaches, but such investors will rightly expect 

that you will be totally focused on achieving certain agreed-

upon milestones on schedule. And they will be quick to walk 

away if they see the opportunity fading. It’s a high-risk, high-

reward, time-critical approach that makes sense if you’re already 

financially independent or young enough and without major 

family obligations that you can weather a spectacular failure and 

move on with your life. Or you really like to gamble.

My approach has always been to do my inventing on “nights 

and weekends” as a complement to a regular job that pays the 

bills, investing my own funds on a schedule I can afford and 

putting in a few hours a week slowly pushing the idea. Not 

every idea is a success, but with this strategy it’s possible to 

eventually succeed financially if only one in 10 ideas sees some 

level of commercial success.

Like many in the Machine Design audience, I have a small 

basement shop and some design tools that let me tinker and 

pursue ideas while avoiding the expense of real-estate rental, 

hiring employees, and bank loans or other debt. Thus, when 

some of my efforts proved to be “ahead of their time,” I’ve been 

able to weather the long haul until the market catches up.

During that time, I am able to keep the idea alive while 

maintaining full ownership of the IP, persisting in overcoming 

the obstacles that will intrude, learning more about the mar-

kets involved, and laying a solid foundation for success. That 

old adage that success is 1% inspiration and 99% perspiration 

is true, and you need to give yourself the opportunity to actu-

ally invest that 99% without worrying about investor demands 

or running out of money.

In the process of acquiring 10 patents and writing over a 

dozen additional provisional and non-provisional patents, I’ve 

gained a lot of insights that you may find useful:

• If you work for a company, especially one involved in 

design, manufacturing, or consulting, there is a strong pos-

sibility you were required to sign an agreement that assigns 

the rights to any invention you conceive to your employer. 

Sometimes this provision extends for patent filings that 

occur 90 days or more from the date you leave the company. 

So before you do anything, talk to your boss or someone in 

your HR department to find out if you can carve out some 

type of exception to that policy. Companies are often will-

ing to let you individually patent ideas that lie outside their 

competitive area of interest. If you can’t do that, and you’re 

unwilling to launch your own business, there is little reason 

to pursue this strategy.

• Your only protection as the inventor of a product is a patent. 

And the only circumstance under which most potential cus-

tomers/acquirers/licensees of your idea will even talk to you 

is if you have at least applied for a patent. They don’t want to 

be embroiled in any charges that they’ve stolen your idea. A 

patent application, with its definitive time stamp, sets clear 

boundaries on who owns what.

• Patent lawyers are really expensive. Until you’re sure you 

have something likely to provide a return on what could be a 

substantial investment, figure out how to use the many tools 

available on U.S. Patent Office’s website, www.USPTO.gov. It’s 

especially important that you learn how to use their advanced 

search tools for patents and published applications.

Have you ever had a great idea and wished you could figure out how to get it to market, 

but you weren’t really willing to “bet the farm” on it? As someone who has been in that 

position on several occasions, I can share a few insights.
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• Our patent system is based on the “first to file” principle. 

Fortunately, you can file a provisional patent application on 

your own, without needing any help other than reading the 

guidelines on the USPTO website, as soon as the idea crys-

tallizes in your mind. The cost for a first-time inventor filing 

under “micro entity” status is only $65. If you don’t qualify 

for that rate, the fee for a “small entity” is $130.

• Submitting a provisional patent requires that you be able to 

adequately document/describe your idea in both words and 

figures. If you’re not a good writer, get help from friends or 

family. And think carefully about all of the different ways 

your idea’s general functional characteristics might be real-

ized. Your provisional patent not only registers the priority 

date for your idea claims, it also limits what you can later 

claim (without losing your priority date) in a subsequent 

non-provisional patent application.

• After you decide your idea is worth pursuing beyond the 

provisional patent level, legal protection starts to become 

more expensive. If there is a chance your idea will have 

broad appeal, especially on an international level, the invest-

ment in a patent attorney is certainly warranted. If, how-

ever, you determine there is a small market, but one worth 

pursuing for a small business−maybe something you could 

do almost at a hobby level for the enjoyment and small 

additional income it could afford−then you might think 

about prosecuting the non-provisional patent yourself. The 

USPTO lets individual inventors file pro se. I’ve done it once 

under just this set of financial considerations. The process is 

still underway, so I have limited experience to describe the 

pluses and minuses.

• One strategy I’ve used on several occasions is to solicit help 

in the patenting process from a larger firm interested in 

licensing the rights to the invention. Under these terms, 

they typically fund the out-of-pocket expenses for all legal 

fees. Inventors are generally expected to contribute their 

time to support development of the required patent speci-

fication and drawings with no compensation other than for 

direct expenses.

I find the whole process of invention, design, and marketing 

of ideas to be fun and a great sideline to my normal work life. 

As hobbies go, it’s one of the few with the potential to actually 

supplement your income rather than be a steady economic 

drain. Like every hobby, it gets easier as you develop skills and 

more experience. It’s also a great way to keep my mind active 

and something I hope to do well into what would otherwise be 

a quiet retirement. 

Douglas Hoon is founder and president of ComGraf LLC, an 

ongoing design and development firm focused on sporting goods 

and consumer products. For the full text of this edited article, go 

to http://machinedesign.com/contributing-technical-experts/

patent-and-business-strategies-inventors.
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A 
changing Chinese economy is making it easier to get 

products designed, developed, and built in China than 

ever before, creating new opportunities for designers, start-

ups, and companies looking to produce smaller-scale projects. 

This comes despite slowing growth in the region that has some 

companies feeling the effects of a less robust economy.

“I track most of the electronics manufacturing companies [in 

China] and, year-over-year, [business is] largely flat,” says Dan 

Panzica, a senior analyst with market research firm IHS Tech-

nology. “With [roughly] 70% of the ODM companies reporting, 

it looks like the electronics manufacturing, year-over-year, busi-

ness will be up [about] 2% on the average.” 

He notes that much of that is due to weakness in the mobile 

market and a general slowing of the overall growth of the Chi-

nese economy. China’s economy grew 6.9% in 2015, its slowest 

rate in 25 years and a slowdown from the 7.3% growth the gov-

ernment reported in 2014. 

Other changes are occurring as well, especially in the elec-

tronics supply chain. The growth of tier-two original design 

manufacturing (ODM) firms, many of which are able to take on 

smaller projects that their larger counterparts cannot accom-

modate, represents a major change in the region, Panzica adds.

“Much has to do with that there is so much business for the 

larger [ODMs] that these smaller guys are getting traction,” 

he says, pointing to their flexibility and eagerness to take on 

projects with smaller production runs, start-ups, or pieces of 

a design. “These smaller, hungrier, equally competent compa-

nies [are out there]. It’s a competent, growing industry. And it 

represents a major, major change in China’s capabilities.”

Panzica says this trend is gaining the most traction in “me-

too” technologies such as cell phones, certain wearable elec-

tronic devices, and other consumer items, giving designers 

and entrepreneurs a wider variety of manufacturing options 

in China. 

The worldwide Electronics Manufacturing Services and 

Original Design Manufacturing market grew 3% in 2015, 

according to a report last year by market research firm 

ReportsnReports. The group’s Global and China EMS/ODM 

Industry Report, 2014-2015 pointed to a 5% surge in the mar-

ket in 2014 and predicted a slowing of growth between 2015 

and 2019.

Another trend to watch is the growth of technology incu-

bator firms that are helping companies even earlier in the 

design process—from inception on through to design, pro-

duction, and fulfillment. Panzica points to PCH International 

as a case in point. The custom design manufacturing company 

launched a hardware incubator firm called Highway 1 in 2013, 

as one example. Designed to help early hardware startups get 

their ideas off the ground and develop into strong companies, 

Supply chain trends shaping the market 

in Asia include the growing strength 

of China’s second-tier ODMs and the 

emergence of a new class of technology 

incubators that are making it easier to 

bring new electronics ideas to market.

Distribution
Victoria Fraza KicKham | Distribution Editor

Despite Slowing Growth, New 

TreNds emerge iN ChiNa
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Reliable Detection 
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Distribution

the program works with innovators and entrepreneurs on 

everything from design and production on through to supply 

chain, inventory, and pitching their products. The program 

includes a two-week module taught in Shenzhen, China, that 

explores the region’s electronics supply chain and manufactur-

ing industry. Based in Ireland, PCH’s operational headquar-

ters is in Shenzhen, China.

Such organizations are creating environments so that “the 

kid out of Stanford can sit down and build his new (product), 

even though he many not know much about manufacturing or 

design,” Panzica explains.

“That is really the next wave,” he says, “Not just out of Chi-

na, but in the world too.”

Despite OppOrtunities, GrOwth slOws

China’s changing economic landscape is overshadowed by 

reports of the country’s slowing growth. 

Many suppy chain companies point to a 

slowdown in China’s industrial base as 

one concern. In its most recent quarterly 

earnings announcement, distributor 

Avnet, Inc. pointed to a softening in its 

business in both the Americas and Asia, 

noting a slowdown in its high-volume 

production business in Asia, in particu-

lar. Avnet EM’s fiscal second-quarter 

sales in Asia fell roughly 9%.

“[Over the] last 10 months, PMI has 

been negative in China, so there is a 

concern,” Gerry Fay, president of Avnet 

Electronics Marketing global said in a 

February interview following the release 

of the company’s fiscal second quarter 

earnings report, released January 28. 

“Even at [slower] growth, however, it is 

higher than pretty much anywhere else 

in the world. We’ve seen a slowing in 

the core industrial space … but alterna-

tive energy is taking off there. It’s a big 

growth opportunity.”

Avnet rival Arrow Electronics report-

ed better results in the region in its 

fourth-quarter earnings report, released 

February 4. The distributor reported 

6% growth in its electronic components 

business in Asia, though sales declined 

nearly 4% in the region as adjusted for 

the impact of changes in foreign curren-

cies and acquisitions.

Looking ahead, most economists 

expect growth to continue slowing 

in China, in particular. The country’s 

annual GPD growth began to slide in 

2010, and the country is expected to lose 

more economic momentum this year, as 

GDP growth is expected to slow from 

the 7.3% and 6.9% growth of the last two 

years, to 6.3% growth in 2016, according 

to reports. n
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May 3-5, 2016
Donald E. Stephens Convention Center

Rosemont, IL

mfgtechshow.com/md

Advanced Technology Workshop 

The Smart Factory is Now: Cutting through the clutter known as Industry 4.0

Key takeaways:

•  Understand the current state of IoT and Industry 4.0: What it is and 

     who are some of the important infuencers

•  Learn about the technologies involved and how Bosch and Bosch 

     Rexroth are using I4.0 to gather information about these technologies 

     and also to optimize their own production

•  Get to know tools that are currently available to begin implementing  

     I4.0 today, and meet some of the leading providers of those tools

•  Gain insights from a few of the other leading experts in the Industry 4.0 space

Manufacturing & Technology Conference & Expo

Where Technology Meets Manufacturing

Join Us For A Workshop Discussing  New Advances In The World Of The Internet Of Things

(IoT) – The Most Exciting Technological Advanced Era In U.S. Manufacturing

Register by April 30 and receive $200 off an individual conference pass. 

Visit mfgtechshow.com/md for more information.

Save $200 
Using 

Promo Code 
SAVE200

Scott C. Hibbard

Vice President of Technology, 

Industrial Applications

Bosch Rexroth Corporation

Expert Speakers
Hear powerful speakers 
from leading companies 
such as GE, Toyota, 
Goodyear, and Google as 
they discuss innovations 
and technologies that drive 
the new digital age for the 
manufacturing industry.

Plant Tours 
Benchmark world-class 
systems of Chicago’s best 
manufacturers.  Plant tours 
include a guided behind-the-
scenes look at each facility’s 
continuous improvement 
initiatives, use of technology, 
and workforce best practices.

Networking
Network and share best 
practices with peers, 
speakers, and solutions 
providers including an 
opening reception, and 
meal functions and breaks. 
Plus, join us at Hofbräuhaus 
Chicago for a chance to win 
an all-expense-paid trip to 
Germany for two!

Sessions
A special sessions track has 
been selected with advanced 
technology decision makers 
in mind.  Hear compelling 
speakers, covering topics 
like Smart Manufacturing, 
Manufacturing Technology, 
Workforce, Continuous 
Improvement, and 
Leadership & Innovation. 

http://mfgtechshow.com/md
http://mfgtechshow.com/md


10 Discovery Way • Franklin, MA 02038 
Phone (800) 528-8650 •  www.eagletube.com

Eagle Stainless Tube & Fabrication, Inc.

Eagle is the supplier of choice for close-tolerance, 
exotic metal parts in diameters from 0.032" to 2".  We 
have the skills and the technology required to deliver 
exactly what you want, when you want it.  Call us for 
a quote.  You won't get voice mail.  You'll get instant 
responses from real people !

CNC machining Laser machining

perfection  in 
stainless  steel
perfection  in 

stainless  steel

ISO 9001    ISO 13485    AS 9100

Products

Water-Circulation Pump Targets 

Heavy-Duty Machines

THe ROTRON SLP 2418 seal-less 

water-circulation pump features a 

brushless dc motor and quiet wet 

rotor that work together to circulate 

cooling water around a motor’s rotor. 

It is useful for thermal management 

and lubrication of bearing systems in 

heavy-duty equipment and vehicles 

including transit buses, construction 

and mining vehicles, and agricul-

tural equipment. The dc motor has 

a 40,000-hour life, and the seal-less 

design offers leak-proof protection 

and resistance to harsh environmen-

tal conditions, such as hot-water 

spray, salt, fog, shock, and vibration. 

Other features include CAN interface, 

protection from overheating and cur-

rent overload, locked rotor, reversed 

polarity, and transient voltage spikes. 

It weighs a mere 6.7 lb. and works 

with operating fuids from   −40 to 95ºC.

AMeTeK PMC, www.ametekdfs.com

Battery Retainers  

Are Firm and Secure

THe SMT and THM (surface-

mount and through-hole) series 

of low-profle, 20-mm retainers 

are designed for holding coin-

cell batteries in high-density 

PCB packaging. They frmly 

secure batteries, leveraging 

high-effciency spring tension 

for low contact resistance. They 

are constructed out of phos-

phor bronze and accept 2016, 

2020, 2025, and 2032 coin cells 

from all major manufacturers. 

They are nickel-plated for du-

rability and high-temperature 

soldering. All models are ISO-

9001:2008 certifed and RoHS, 

REACH compliant. 

KeySTONe INC.,  

www.keyelco.com
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Don’t let misalignment slow you down. Compact Rail self-aligns in three axes.

DESIGN FAST

•  QUICK DELIVERY TIMES

•  WEB-BASED DESIGN TOOLS

•  LIVE TECHNICAL SUPPORT

Rollon Corporation   |   101 Bilby Road. Suite B, Hackettstown, NJ, 07840 

(+1) 973 300 5492   |   info@rolloncorp.com

Linear Line

For data sheets, application  

guides and white papers,  

visit www.rollon.com

Learn Fast

Contact one of our applications engineers  

for help selecting an Actuatorline module. 

Call 1.877.976.5566

Design Fast

Motion Control Servos Suit a Range of Motor Apps

DigiFlex PeRFoRMAnCe digital motion-control servos include positioning-drive 

features 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. Network connections include CANopen, 

RS-232, RS-485, EtherCAT, EPL, Ethernet PowerLink, and SynqNet. They can also 

support DeviceNet, Ethernet TCP/IP, FireWire, Profbus, USB, and Sercos. 

ADVAnCeD Motion ContRolS, www.a-m-c.com 

DC-DC Converters  

target Range of Apps

the lPA30 series of compact, 30-W dc-dc 

converters target a wide range of applica-

tions, including wireless networks, telecom-

munications and data communications, 

industry control systems, distributed power 

architectures, and semiconductor equip-

ment. With up to 92% power-supply ef-

fciency, they come in a 1- × 1.0- × 0.39-in. 

package and meet UL60950-1, EN60950-1, 

and IEC60950-1 safety standards. They are 

available in 1,000-unit quantitties. Larger 

orders have a lead time of 4 to 6 weeks.

PolytRon DeViCeS,  

www.polytrondevices.com
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Precision Gears & Components

THRU-BORE GEARBOXES

Key, Spline, Acme Thread, Hex Bores, etc.

1-888-260-7466

sales@OndrivesUS.com

www.ondrivesUS.com

Ideal for Automation Applications
Medical  Robotics
Packaging Military

Motor Features Multi-Axis Drives

The SinAMicS S120M is a compact, 

ready-to-connect motor with inte-

grated multi-axis drives. Users have 

the option to move the motor inverter 

to the outside of the control cabinet 

or directly onto the motor to reduce 

both cabinet space and minimize 

heat. The distributed format adds fex-

ibility for new and existing machines, 

and enables innovative production-

line setups. Its decentralized axes are 

connected to the central compo-

nents in the cabinet via a hybrid 

cable and AM600 adapter module.   

It targets applications where space-

restricted machinery and production 

lines require multiple servo axes, in-

cluding packaging and printing, and 

processes with glass and textiles.

SieMenS, www.usa.siemens.com

Pressure Sensors  

Target Sensitive Apps

The SPM 401 series of media-isolated 

pressure sensors are especially suited 

to low-pressure applications including 

biomedical instruments, HVAC controls, 

calibration, and marine systems. The 

piezoresistive sensor chip is housed 

in a fuid-flled cylindrical cavity made 

of stainless steel for isolation from the 

Products
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PLC Integrates HMI 

Interface

THe UnISTreaM 7-in. panel is 

a low-cost programmable log-

ic controller that incorporates 

a powerful dual CPU, sleek HMI 

touch panels, a variety of I/O 

options, and UniLogic software, 

which enables users to code 

Ladder, design HMI screens and web 

pages, confgure 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 confgured with RS-485, 

CANopen, UniCAN, and serial and 

Ethernet MODBUS communications. 

It supports Ethernet/IP and can be 

adapted to other third-party proto-

cols. Its USB and serial ports support 

external devices such as modems, 

printers, and barcode readers.

UnITronICS, www.unitronics.com

measured media. The diaphragm is 

also constructed out of steel for com-

plete use in hostile environments. The 

sensors are rated with the sensitivity, 

linearity, and hysteresis of silicone sen-

sors. It is thermally compensated with 

a millivolt output of up to 180 mV at a 

1-mA supply. They are available for 1.5, 

3, 5, 15, 30, 50, and 100 psi.

aLL SenSorS InC., www.allsensors.com

optic Mirrors Prevent Broadening effects

FeMTooPTICS SILver-CoaTed mirrors are designed for use in femtosecond laser 

systems. They contain a coating with near-zero group-velocity dispersion (GVD) to keep 

the pulse-width narrow for fast-moving lasers. They work across the specifed range of 

wavelengths at 0° to 45° incident angles. They measure an inch in diameter and are 

optimized to ensure that ultrafast laser pulses maintain peak power and won’t suffer 

from the broadening effects associated with standard mirrors.

newPorT CorP., www.newport.com
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Industry-Leading Test Solutions

www.cincinnati-test.com

866.689.3787

Leak Testing Just Got Easier!

Communications

  More Control
  Simple ‘Plug-and-Play’ Integration
  ODVA Conformance Tested
     ... It works f rst time, every time!

Leak & Flow 
System  

Integation
Made Easy

Products

Bar-Graph Meter Features Advanced 

Programming Capabilities

The OMB 402UNI Series of bar-graph meters feature a 

30-segment tri-color LED bar graph and 6-digit numeric 

display. Input values can be preset with multi-function 

input capability. It can be easily programmed for dc volt-

age or current, RTD or thermocouple temperature sensors, 

and other applications. Mathematical functions include 

peak, tare, and linearization. It is backed by a fve-year 

warranty and has a 1/8 DIN-sized housing, with each be-

zel sealed to IP64 against water and dust. The meters are 

accurate to ±0.1% of range and up to four relay outputs 

are available. Its time-based data storage is capable of 

storing up to 266,000 input and output values. It accepts 

power supplies between 10 and 30 V ac/dc, as well as 80 

to 250 V ac/dc. 

BrisTOl insTruMenTs, www.bristolinstruments.com

Power supplies ensure  

safety in Medical Devices

MeDiCAlly CerTiFieD DTM65-C8 external power sup-

plies offer Class II input, which eliminates the need for 

an earth-ground connection and meets Level VI DoE 

standards for effciency. They are also certifed to IEC 

60601-1 and 60601-1-11 medical standards for use 

in diagnostic and monitoring equipment. Housed in 

a vent-free, IP21-rated enclosure, the power supplies 

measure a mere 106 × 60 × 31 mm and can be pow-

ered with alternating or direct current via a standard 

IEC60320-C8 cable and four-pin Power-DIN connec-

tor, respectively. They also offer overvoltage and over-

current protection, and accept inputs between 90 to 

264 V ac. Adapters with power ratings from 40 to 65 

W are available with 5-, 12-, 15-, 19-, 24-, 28-, and 48-V 

outputs. They can operate in ambient temperatures 

ranging from 0° to 60°C.

TDK lAMBDA COrP., www.tdk-lambda.com 
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LISTED 87ML

IND. CONT. EQ.

C US

Incredible Features and Super-Low Prices!

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

Proven Reliability, Super-Durability & Absolute Dependability!

Compare Pricing S.R.P. (List Price) Basis
#1 World Encoders Dynapar BEI EPC

Size 15-Shaft $220.00 TRDA-2E $355.00 E14 $385.00 L15 $229.00 15S-1024
Size 20-Shaft $265.00 TRDA-20N $396.00 H23 $335.00 H20 $376.00 702-1024R
Size 25-Shaft $295.00 TRDA-25N $509.00 HA625 $593.00 H25 $418.00 725N-1024R
Qube 2.25" $185.00 RS $270.00  21/22 $ N/A none $210.00 711
Size 15-Hollow

w
$190.00 TRDA-VA $230.00 F14/F18 $ N/A none $209.00 15H-2500

Size 20-Hollo $335.00  HS20 $505.00 HS20 $587.00 HS25 $403.00   25T-1024
Size 35-Hollow $485.00 HS31 $609.00 HS35R $680.00  HS35 $441.00   25T w/Plastic
NEMA4 IP66 w/Cover w/Metal Body w/Metal Body w/Metal Body  Body + 56C Cover

Wheeled & Qube

Small Wheeled

Handwheel & Pendants

Heavy-duty HS31 Hollow

Abs. 8,9 & 10 bits 
NEW! Flat Design MPG

SR12
Small Size 20 MPG

HS20

BGA Sockets, Adapters Feature  

High-Temp Polyimide Construction

THe GiGA-SnAP pair of BGA socket adapters includes 

the SFS-BGA200B-52 female BGA socket and its match-

ing male pin adapter. With unique BeCu pins, the 

SFS-BGA200B-52 BGA socket is RoHS-compliant and can 

be soldered to a PCB with little to no warping. The BGA 

sockets and adapters are made of high-temperature 

polyimide and require low insertion and extraction force 

to operate. Operating temperature ranges from −55° to 

160°C. Current rating is 3A per pin.

ironwood eleCTroniCS,  

www.ironwoodelectronics.com
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https://penton.sendmyad.com
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give you access to begin 
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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 fexible 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

CUSTOM RUBBER & PLASTIC EXTRUSIONS

go.protolabs.com/MA6SD

GET YOUR FREE BOOK!

SPIROL® is pleased to introduce 
the Model PMX Extra Heavy Duty 
Manual Pin Inserter.  This versatile 
tool is ideally suited for low to 
moderate levels of production for 
assemblies that require insertion 
force up to 26.6 kn (6,000 lbs). 
Benefits include smooth operation, 
repeatability and durability. 

SPIROL® Introduces 
Model PMX Extra Heavy 

Duty Manual Pin Inserter

Download the data sheet today! Visit
www.spirol.com/library/automation/auto-Model_PMX_us.pdf

2016 Washers Catalog
The complimentary 2016 Washer 
Catalog illustrates Boker’s 30,000 non-
standard fat washer sizes, wide range 
of outside diameters (from 0.080” to 
5.140), variety of inside diameters and 
thicknesses, as well as its over 2,000 
materials. With its extensive selection 
and custom capabilities, Boker’s 
provides endless washer possibilities 
and manufactures solutions to your 
exact specifcations. AS9100C and 
ISO 9001:2008 Certifed.

BOKER’S, INC

www.bokers.com/mdd

HIWIN KK Single-Axis Industrial Robot

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

TOOLING AND FIXTURING 
Carr Lane Mfg.’s catalog of 
720 pages provides clamps, 
pins, knobs, plungers, 
supports, locators and more. 
Featured items include 
corrosion-resistant hoist 
rings, modular Tiny Vise®

edge clamps, CL5® 5-axis 
tooling, and the Carr Lock®

system for fast fxturing.

Carr Lane Mfg. Co. 
www.carrlane.com

Electrical Insulating Bobbins
Fabricated or molded, hi-dielectric, hi-temp,
choice of 12 materials, extra strong, with or
without tie-offs,low cost, over 80 years of
experience. Made In USA! 
To receive literature & details fast:
www.pptube.com
Precision Paper Tube Company
Phone: 847-537-4250

Fax: 847-537-5777

sales@pptube.com
www.pptube.com
More Than 80 Years - The Original  

ROLLON® LINEAR LINEROLLON

Rollon’s Linear Line product 
range includes linear caged 
ball bearings and recirculating 
ball bearings rails, with 
different profiles and types 
of sliders. Rollon’s linear rails 
feature hardened raceways and 
are used in a wide range of 
industrial applications.

Rollon Corporation
www.rollon.com • 973-300-5492

101 Bilby Road, Hackettstown, NJ 07840

Super Air Nozzle™
Engineered Air Nozzles 
reduce noise levels and 

air cost without 
sacri�cing power.

Force from 2ozs to 23lbs.

For more info visit: www.exair.com/45/110.htm

Dynatect.com ¥ 800-298-2066

MANUFACTURER OF CUSTOM-ENGINEERED:

Protective Covers & Bellows
Cable & Hose Carriers
Slip Clutches & Ball Screws
Molded Rubber & UrethaneMolded Rubber & Urethane

HIGH PERFORMANCE SERVO

MOTOR COUPLINGS

High performance couplings 
designed for servomotor 
and precision motion control 
applications. Twenty four 
models in torque ranges 
from 5.3 to 2213 in. lbs., 
Double and Single disc models. 

Zero-Max, Inc., Plymouth, MN
Phone 1-800-533-1731 • Fax: 763-546-8260

http://www.zero-max.com

MOTOR COUPLINGS

High performance couplings 
designed for servomotor 
and precision motion control 
applications. Twenty four 
models in torque ranges 
from 5.3 to 2213 in. lbs., 
Double and Single disc models.

Zero-Max, Inc., Plymouth, MN

HIGH PERFORMANCE SERVO

MOTOR COUPLINGS

Aluminum Prototype Casting Tips 
For Design Engineers

The casting tips are accumulated 
wisdom and lessons learned from 
the school of hard knocks. All are 

presented to help the engineer tasked 
with designing a part that will 

eventually be die cast. The intent is to 
help you avoid career-limiting 

decisions and make your job a little 
less stressful. Consider Aluma Cast 

for your next prototype casting project.

Aluma Cast Foundry, Inc.
(920) 596-1988

Email: sales@alumacast.com
www.alumacast.com

Caplugs Full Product Catalog
For more than 65 years, 
Caplugs has been a leader 
in protective components, 
offering thousands of 
standard parts and custom 
solutions for wide range 
of industries. Contact us 
to request our full catalog. 

sales@caplugs.com | www.caplugs.com
1.888.CAPLUGS 

The Original Circular Connector

LEMO USA, Inc.

(800) 444-5366

info-us@lemo.com

www.LEMO.com

http://www.rollon.com
mailto:info@trimlok.com
http://www.trimlok.com
http://www.spirol.com/library/automation/auto-Model_PMX_us.pdf
http://www.pptube.com
mailto:sales@pptube.com
http://www.pptube.com
http://www.bokers.com/mdd
mailto:s.lawrence@hiwin.com
http://www.hiwin.com
http://www.carrlane.com
http://www.exair.com/45/110.htm
mailto:sales@caplugs.com
http://www.caplugs.com
http://www.zero-max.com
mailto:sales@alumacast.com
http://www.alumacast.com
mailto:info-us@lemo.com
http://www.LEMO.com
http://go.protolabs.com/MA6SD
http://www.absopulse.com
http://dynatect.com
http://alumacast.com
http://machinedesign.com


Triz is Now Practiced  

in 50 Countries

T
riz is an innovation technique that professionals 

systematically apply according to a defined set 

of principles. Originally developed in Russia by 

Genrich Altshuller in the 1940s, Triz took a num-

ber of years to cross the ocean and become available in Eng-

lish. By the early 1990s, Triz had gained a foothold in the U.S. 

and slowly began spreading globally from its Russia- and U.S.-

based “centers of excellence”. Triz is now practiced in at least  

50 countries.

History: The brilliance of Triz stems from the origins of 

its data set. Altshuller analyzed 40,000 registered patents to 

determine their common inventive principles, and to hope-

fully observe other systematic attributes of inventions. The 

short version of his findings were that there were 40 basic 

inventive principles, 39 common parameters that engineers 

look to optimize, and 76 standard approaches that engineers 

and inventors used in their designs. Nonsense, you say? Not 

so. Sample sizes of up to two million patents were examined 

by other companies over the years, and they merely tweaked 

Altshuller’s discoveries.

North American Industry Usage: GGI has researched mar-

kets and companies where Triz was involved in analytical 

software since the late 1980s. Our statistically valid primary 

research in 2008 showed it to be the third most used tool by 

professionals looking to innovate. Still, it had penetrated only 

21% of a cross-industry sample of North American compa-

nies: 10% used it limitedly, 10% used it occasionally, and only 

1% said it was fully embedded. Adoption of innovation tech-

niques is clearly not as mature as operational excellence tech-

niques such as Six Sigma, lean, and other value-engineering 

tools. For reference, our research showed that internal knowl-

edge wikis were number two at 38% and the free USPTO web-

site was first at 53%.

Global Industry Penetration: Last year, a GGI primary 

research project explored the global penetration of Triz. We 

got reasonably good data for the period 2007 to 2015, based on 

the number of Triz-certified professionals we could identify in 

each country.

In summary, there are 50 countries with Triz-certified pro-

fessionals. Between 1991 and 2007 when our data set began, 

1,400 people had achieved certification. We now count over 

18,000. Plus, there are about another 6,000 who chose not 

to publish their certification. There are now roughly 25,000 

people worldwide who are certified Triz practitioners, or are 

likely practicing at a certified level.

South Korea dominates the global footprint with 65% of 

all practitioners. Germany and China each have 7%. Russia is 

next at 5%, followed by the U.S. and Taiwan at 3%. India and 

the Netherlands each have 2%.

Potential Uses and Benefits: Triz has wide applicability 

across product creation through commercialization, as well as 

for developing intellectual property. Right now, less strategic 

companies use it in late stages of design through cost reduc-

tion and value engineering. More strategic companies use it 

in advanced development and intellectual-property devel-

opment long before detailed design and production. GGI’s 

research also identified a notable finding: Companies that 

seriously use Triz actively discourage employees from discuss-

ing it outside the company, and rarely present at conferences. 

Treating Triz as a confidential company subject indicates Triz 

creates a competitive advantage.

Future Growth of Triz: The year-over-year growth rates 

between 2007 and 2015 are impressive, ranging from 23 to 

47% annual growth. There has also likely been a constraint on 

growth because there is a shortage of qualified Triz instruc-

tors. “Triz Masters” are hard to come by. There are approxi-

mately 150 in the world, with 70% in Russia; South Korea and 

the U.S. equally share the rest. Not all five levels of Triz must 

be taught by Masters. But, as others have started teaching to 

service a growing demand, some unevenness of skill sets in the 

lower two levels of certification have resulted. 

When demand exceeds capacity, it is often a sign that a new 

industry is about to be born. 

Bradford L. GoLdense, NPDP, CMfgE, CPIM, CCP, president of Gold-

ense 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. GGI is a consulting, 

market research, and executive education firm founded in 1986.

Bradford L. GoLdense | Contributing Technical Expert

Goldense on R&D-Product Development
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Look for the green handle
And choose Carr Lane Manufacturing!

314-647-6200 

THE ONLY TOGGLE CLAMPS

EXCLUSIVELY MADE  IN THE USA!

See the online catalog at:
CarrLane.com

l 60 to 16,000 lbs.  

holding capacity

l Horizontal, 

vertical, 

push/pull, 

latch-action, 

air-powered 

Every stamped 
Carr Lane Manufacturing 

toggle clamp is proudly
made in the USA — in 

St. Louis, MO,  
by our skilled 

American workforce.

Photo from Flying S Inc.

http://carrlane.com
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PNEUMATIC  I  HYDRAULIC  I  ELECTRIC

FOR EVERY ELECTRIC MOTION APPLICATION, INCLUDING 

HEAVY DUTY, THERE’S A PROVEN BIMBA SOLUTION

 Get the power to take on your most challenging applications, and learn 

 more about the  extensive Electric Motion product portfolio at bimba.com

ROD STYLES 
 •  Lead and ball screws
 •  Guided for side loads
 •  High thrust options
 •  Handles loads up 
     to 40,000 lbs

COORDINATED
 MOTION 
•  Unique continuous belt provides
    coordinated motion for each axis 
•  Stationary motor reduces weight 
 of the carried axis 
•  Ideal for high speed 
 pick and place applications

 RODLESS 
 •  Belt – up to an astounding 85 ft
 •  Ball screw – high effi ciency 
 •  Lead screw – economical 

RACK & PINION 
 •  Vertical loads
 •  High thrust with linear guide rail

 LINEAR SERVO
•  High speed – up to 180 in./sec., 
    with accelerations reaching 5G
•  Extreme precision – up to 1 micron
•  Dual-rail comes 
    standard

 MOTORS & DRIVES 
•  Stepper – AC & DC
•  Servo – AC & DC
•  IntelliMotor® – control, encoder, 
    motor, I/O, communication
•  AC & DC controllers
•  DC drives

ELECTRIC
MOTION

GET CUSTOM-BUILT SOLUTIONS FROM IN-HOUSE EXPERTS

http://bimba.com

