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Today, a digital stethoscope has the ability to record and store heart-
beat and respiratory sounds. Tomorrow, that same stethoscope could 
function as an ‘intelligent thing’ by collecting a massive amount of 
such data, relating the data to diagnostic and treatment information, 
and building an artificial intelligence (AI)-powered doctor assistance 
app to provide the physician with diagnostic support in real-time. 

AI and machine learning increasingly will be embedded into 
everyday things such as appliances, speakers and hospital equip-
ment, according to David Cearley, vice-president and Fellow at 
Gartner Research. This phenomenon is closely aligned with the 
emergence of conversational systems, the expansion of the IoT into 
a digital mesh and the trend toward digital twins.

A recent report from Gartner Research outlined three themes — 
intelligent, digital, and mesh — which will form the basis for the 
Top 10 strategic technology trends for 2017. These technologies are 
just beginning to break out of an emerging state and stand to have 
substantial disruptive potential across industries.

These emerging trends include:
1. AI & Advanced Machine Learning, involving deep learning, neu-
ral networks and natural-language processing.
2. Intelligent Apps include technologies like virtual personal assis-
tants (VPAs), have the potential to transform the workplace. 

3. Intelligent Things: robots, drones and autonomous vehicles that 
will evolve to impact a larger segment of the market and support a 
new phase of digital biz. 
4. Virtual & Augmented Reality transforms the way individuals 
interact with each other.  
5. Digital Twin: a dynamic software model of a physical thing or 
system. 
6. Blockchain: a type of distributed ledger in which value exchange 
transactions (i.e. bitcoin) are sequentially grouped into blocks.
7. Conversational Systems can range from simple informal, bidirec-
tional text or voice conversations such as an answer to “What time 
is it?” to more complex interactions.  
8. Mesh App and Service Architecture: multichannel solution archi-
tecture that leverages cloud and serverless computing, containers 
and microservices.
9. Digital Technology Platforms: building blocks for a digital busi-
ness and are necessary to break into digital.
10. Adaptive Security Architecture: the evolution of intelligent 
digital mesh and digital technology platforms and application archi-
tectures means that security has to become fluid and adaptive. 

Strategic technology trends are coming our way in 2017
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NEWSWATCHNEWSWATCH NEWSWATCH
Feds invests $54M in next-gen aircraft technologies
Canadian companies will develop the next generation of aircraft technologies, while 
creating the well-paying middle-class jobs of the future, as a result of an investment 
of up to $54-million by the Government of Canada. 

The funding, delivered under the Technology Demonstration Program, is being 
shared by a consortium of 15 companies and academic institutions from across the 
country. The consortium is led by Canadian aerospace giant Bombardier Inc.

The Government of Canada's Innovation Agenda aims to make this country a global 
centre for innovation-one that creates jobs, drives growth across all industries and 
improves the lives of all Canadians, according to Innovation Minister Navdeep Bains. 
The consortium will develop state-of-the-art electric systems and advanced aerody-
namic systems that will make aircraft of the future more energy efficient, reliable 
and quieter. 

“The innovations in aerospace design and engineering that result from this indus-
try-led collaboration will strengthen the skills and knowledge of Canadians working 
in the aerospace sector. It will also lead to new advanced-manufacturing platforms 
that position them for the jobs of tomorrow,” Bains says.

"Montréal has a tremendously strong cluster of manufacturers and suppliers, including 
in the aerospace industry,” says Stéphane Dion, Minister of Foreign Affairs and Member 
of Parliament for Saint-Laurent. “There are over 190 companies in Quebec responsible 
for more than half of the aerospace production and employment in Canada. The col-
laboration announced will keep our aerospace industry a world leader in innovation."

Canadian tech firms ‘scale-up’ with help from 
Lazaridis Institute
The Lazaridis Institute has selected 10 of Canada's most promising emerging tech-
nology companies to participate in its inaugural Canadian Scale-Up Program. The 
highly anticipated program will bring these high-potential firms together with an 
elite group of experts, all of whom have experience in scaling globally competitive 
enterprises.  

Canada is home to thousands of startups, but a recent survey from the Business 
Development Bank of Canada (BDC) found that only one in 1,000 Canadian small busi-
nesses grew beyond the 100-employee mark in 2013, a 40-per cent drop from 2001. 
Last year, only four Canadian technology companies went to IPO. These numbers do 
not bode well for the long term development of the tech ecosystem in Canada. 

The Lazaridis Institute Canadian Scale-Up Program is part of a broader effort to 
create conditions in Canada that will enable tech startups to thrive and grow without 
being bought, winding down prematurely or moving elsewhere. 

A panel of experts consisting of venture capitalists and leading Canadian and 
American technology executives considered over 100 applications and video submis-
sions to assess each firm's potential for growth. A short list of applicants was invited 
to take part in video interviews with the selection panel, from which the top 10 
companies were chosen. 

The 10 selected firms are each at a key turning point in their growth trajectory. 
Hailing from major centres across Canada, these start-ups have innovative, made-in-
Canada technologies that solve critical problems, from managing hospital operations 
and optimizing complex system development, to creating better customer experiences 
and cybersecurity – to name just a few. 

http://ept.hotims.com/61402-3

E-T-A’s new X3120-A power entry module combines 
a C14 IEC appliance inlet, line  lter, on/off  rocker 
switch and resettable overcurrent protection in a single 
component. This approach:

•  Reduces overall equipment cost
•  Streamlines component selection
•  Saves design space and wiring

Allowing engineers to design more compact and 
competitive products.

Learn more at www.e-t-a.ca/EPT_X3120/
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BlackBerry to outsource hardware development
By The Canadian Press

Smartphone pioneer BlackBerry Ltd. 
says it plans to end all internal hard-
ware development—signaling a strate-
gic shift for a company that built its 
reputation on innovative smartphone 
technology created at its base in 
Waterloo ON.

The hardware development work will 
be outsourced to BlackBerry’s partners.

“We are reaching an inflection point 
with our strategy,” BlackBerry chairman 
and CEO John Chen said in a statement.

“The company plans to end all 
internal hardware development and 
will outsource that function to part-
ners. This allows us to reduce capital 
requirements and enhance return on 
invested capital.”

The move is part of Chen’s efforts to 
turn around the company, once a highly 
profitable global leader in smartphone 
technology that has been displaced 
by products from Apple, Samsung and 
others.

New BlackBerry keyboard in works
by The Canadian Press

One of BlackBerry’s top sales executives says the 
company will release a new smartphone with its 
distinctive physical keyboard within five months.

The comment was made in a BBC video interview 
published shortly after the Canadian smartphone 
pioneer announced it would stop doing hardware 
development in-house.

Instead, it said it would rely on partners to pro-
duce BlackBerry devices. It’s been an open secret 
that BlackBerry has at least one more smartphone 
with a keyboard that hasn’t been released. The 
firm’s senior VP for global device sales, Alex Thurber, 
was less vague in his interview with BBC.

“There will still be a keyboard-based BlackBerry 
device, designed and distributed within the next six 
months,” he said.

Thurber said that the keyboards set BlackBerry 
apart from market-leading Apple and Samsung 
smartphones that feature touch screens.

“I think there’s a demand for keyboard phones. 
As we’ve been showing mockups of what we’ve been 
working on, to our carrier and distributor partners, 
they are very excited about this,” Thurber said.Diverse adds Panduit to its product lineup

Diverse Electronics has reached an agreement to become an authorized franchise dis-
tributor for Panduit, a recognized global provider of electrical infrastructure solutions 
that help organize, connect and protect electrical systems for the OEM sector. 

“We are thrilled to add Panduit to our list of franchise lines,” says Diverse president 
Rick Masciotra. “Panduit is a highly-respected brand name and their products are an ideal 
complement to the rest of our product line-up. It is our goal to provide our customers 
with the best brands and highest quality product offerings at reasonable prices. Panduit 
unequivocally meets this objective.”

Targeted specifically to wire harness, cable management and control panel applica-
tions, Panduit provides solutions with products such as cable ties, heatshrink tubing, wire 
connectors, wire duct and installation tooling.

AIM appoints Starbord as rep in Canada
AIM Solder, Montreal, a leading global manufacturer of solder assembly materials for 
the electronics industry, has appointed Starbord Technologies Inc., as its manufacturers’ 
representative for its complete line of solder assembly materials in Canada.

Based in Eastern Canada, Starbord Technologies has more than 60-years of manufac-
turing and sales experience in the printed circuit board assembly industry. 

Montreal-based ‘AI’ startup factory launched
An artificial intelligence (AI) startup factory, called Element AI, was launched in 
Montreal by serial entrepreneurs Jean-François Gagné and Nicolas Chapados, along with 
Yoshua Bengio, a co-father of Deep Learning technology. The company will enable world-
class entrepreneurs to tackle hard problems by building products that solve their artificial 
intelligence needs.  

Element AI brings together cutting edge researchers and industry leaders looking to 
assist in implementing an ‘AI-First’ strategy and introduces the possibility for any orga-
nization to develop their own artificial intelligence strategy. 

"There's a war for talent going on and most companies are being out-gunned by the 
tech giants leaving traditional organizations defenseless," says Element AI co-founder 
and CEO Jean-Francois Gagne. "Our mission is to bring entrepreneurs and academics 
together and help them incubate advanced AI-First solutions." 

Montreal is a major technology development hub with access to world-class talent 
and research facilities in Artificial Intelligence. The Element AI mission is to build upon 
the local resources available and foster the creation of hundreds of jobs over the next 
five years, which will contribute to preserving local talent and boosting the Canadian 
economy. 

"We strongly believe in the promise of Element AI because of the stellar founding 
team, the opportunity they've identified and their demonstrated ability to achieve 
ground-breaking innovation in a critical space that is shaping our future," adds Element 
AI co-founder and Real Ventures partner Jean-Sébastien Cournoyer.

"Element's "AI research lab as a service" model, combined with its product develop-
ment capabilities, have the potential to level the playing field in AI and provide Element 
partners with the ability to succeed in their respective markets,” Cournoyer says. 
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Hard Disk Drives (HDD’s) are one of the 
most impressive and important electro-
mechanical devices ever created. When I 
think about it, it is really amazing that 
these things actually work, let alone work 
so well! These disks must quickly and pre-
cisely position heads slightly above very 
narrow tracks on rapidly spinning platters. 
If there is an error in the angular posi-
tion of the head, it will not be positioned 
above the correct sector and therefore 
cannot correctly read or write data.

One thing that can interfere with this 
amazingly fine and fast positioning is 
vibration. Vibration can cause small varia-
tions in the position of the head with 
respect to the track, so it can be an 
enemy of the proper functioning of HDD’s. 
But the mechanics of HDD vibration is an 
obscure subject, and as a result, there is 
an aura of mystery surrounding vibration. 

As part of my job, I’ve spent a lot of 
time and effort to understand vibration 
and to engineer our systems to deal with 
it. I’m hoping to share some of that with 
you to help demystify the subject.

HDD structure and scale
The figure below shows the structure of 

a typical HDD, showing platters, tracks, 
heads, sectors, and cylinders (sets of 
corresponding tracks on platter surfaces).

To get a sense of how small all of this 
really is, let’s do some back of a napkin 
calculations.
• A WD Purple 8TB HDD has approximately 
248 million tracks cut up into just north 
of 15 billion sectors across all platters.
• Let’s assume there are 8 platters in 
there and all are double-sided. That 
means there are ~15.5 million tracks on 
each surface of a platter.
• Assuming 3.5” outer diameter and 1.75” 
inside diameter, the actual usable space 
of the platter has a radius of 0.875”.
• That leaves us with 17.7 Million tracks 
per inch.
• Considering the thickness of a piece 
of standard letter paper is 0.004” that 
means you could fit 70,800 tracks on the 
edge of a piece of paper.

That really is some tiny dimensions 
we’re working with here.

Once you see how tiny the positional 
tolerances are, it becomes obvious that 
even the slightest vibration could move 
the arm (with respect to the platter) 
while reading or writing, resulting in an 

IO miss. As a result of this miss, the HDD 
must let the disk spin one revolution 
and try again. This greatly increases the 
time to complete the read/write, under 
extreme vibration, the operation may be 
delayed for several disk revolutions. 

These read/write delays are the root 
of all vibration-induced performance deg-
radation.

Vibration sources
I’m going to ignore vibration from 

sources outside the computer since it’s 
more an issue for laptops and desktops, 
I work with servers that are mounted in 
racks and generally not subject to exter-
nal vibration.

That leaves us with two main two main 
sources of internal vibrations: fans, and 
the HDD’s themselves.
Fan Vibration - Fans are a source of 
vibration but good quality balanced fans 
have less vibration and a large heavy 
solidly built server, such as our 45 Drives’ 
Storinator, will reduce fan vibration. If 
the manufacturer pays attention, fan 
vibration can be well under the threshold 
that HDD’s can handle. 

Now, let’s talk about vibration caused 
by the HDD’s themselves. It comes two 
sources: platter wobble, and reaction to 
head seek acceleration.
Platter wobble - Caused by a slight 
imbalance in the rotating platters. It is 
a readily identifiable sinusoidal vibration 
at a frequency that exactly corresponds to 
the rotational speed of the platter (90 Hz 
for 5400RPM, 120Hz for 7200RPM, etc.). 
The dominant imbalance is in-plane so 
vibration is in the X-Y plane (see diagram 
below).

Reaction to head seeks acceleration 
HDD heads are mounted on arms, which 
rotate to seek to new tracks. These seeks 
can happen very rapidly, upwards of 100 
seeks/second, so the arm must accelerate 
quickly. According to the laws of physics, 
a rapid acceleration requires a large force, 
and each action has an equal and opposite 
reaction. Thus a rotational force is applied 
to the HDD body. Although the HDD body is 
massive relative to the head and arm, the 
reaction force is sufficient to slightly move 
the HDD, causing vibration in the X-Y plane.

A direct look at HDD vibration 
The theoretical explanations are just 

fine, but it is much more interesting to 
actually see it. So we bought an acceler-
ometer chip, wired its three axis outputs 

through op-amps. These were fed into a 
storage scope so we could record wave-
forms. Then I attached the acceleration 
to a Western Digital Ae 6TB HDD, which 
I picked because I happened to have it 
on hand, and happens to have typical 
vibration characteristics.  I then recorded 
HDD vibration under two conditions: free 
floating (actually suspended on elas-
tics); and attached to a massive block 
of granite. These show the maximum and 
minimum magnitudes of internal 
HDD vibration (free-floating shows 
worst case, HDD mounted to gran-
ite shows the best case, whereas 
HDD’s mounted in a real server are 
an intermediate case).
Free floating HDD - The next 
two graphs were captured while 
the HDD was free floating. This 
represented the worse case drive 
mounting scenario. The Y Axis is 
the acceleration in G’s (1G =9.8m/
s^2), and the x-axis is time.

In the first graph, the vibrations 
are measured along the X-Axis. The 
Blue trace is when the disk is pow-
ered on but sitting idle. You can 
see that there is a consistent sine 
wave with a frequency of 90Hz, This is 
platter wobble. Converting that to RPMs 
and you get 5400 RPM, exactly what the 
disk is rated to spin at. The green trace 
was taken while the disk is under a ran-
dom write test. You can clearly see peak 
accelerations that result from the head 
seeking the next sector. 
Soft Limit - The yellow lines are a soft 
limit around ~0.22 Grms where perfor-
mance degradation will start to become 
annoying (exceeding 10%). The vibration 

level causes position error that is great 
enough to cause an IO miss, but not 
big enough to cause a full-on timeout 
between the disk and the disk controller.
Hard Limit - The red lines are a hard limit 
at ~0.67Grms, where the HDD will experi-
ence non-recoverable errors and the HDD 
will not operate in a useful fashion at all.

The next graph is the same setup, but 
displaying Y-Axis data (recorded at a 
separate time). The blue trace is under 
idle conditions and the green trace is dur-
ing a random write. Again, yellow is the 
soft limit, red the hard limit.

I haven’t shown the Z-axis because 
vibration is minimal.

HDD’s rigidly mounted  
to granite 

The next graph was captured while the 
HDD was mounted to a large granite slab, 
this represented a best case drive mount-
ing scenario. The blue trace is the vibra-
tion in the X-Axis and the Green is the 
vibration in the Y-Axis. Yellow is the soft 
limit. (I did not bother to include traces 
during seek as the pattern is exactly the 

same as in the free floating scenario.) 
Note that scale is different. The dramatic 
reduction in vibration is obvious.

Observations and conclusions
Note that in the free floating case, 

vibration is mostly under the soft limit, 
but on head seek the Y-axis vibration peak 
is just at the soft limit. The limit is an RMS 
number, so therefore we can conclude that 

Everything you need to know
about hard drive vibration

By Brett Kelly, R&D Engineer at 45Drives

continued on page 9
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Researchers at North Carolina State University have developed a 
new design for harvesting body heat and converting it into elec-
tricity for use in wearable electronics. The experimental prototypes 
are lightweight, conform to the shape of the body, and can gener-
ate far more electricity than previous lightweight heat harvesting 
technologies.

“Wearable thermoelectric generators (TEGs) generate electric-
ity by making use of the temperature differential between your 
body and the ambient air,” says Daryoosh Vashaee, an associate 
professor of electrical and computer engineering at NC State and 
corresponding author of a paper on the work. “Previous approaches 
either made use of heat sinks – which are heavy, stiff and bulky – 
or were able to generate only one microwatt or less of power per 
centimeter squared (µW/cm2). Our technology generates up to 20 
µW/cm2 and doesn‘t use a heat sink, making it lighter and much 
more comfortable.”

Design begins with thermally conductive material 
The new design begins with a layer of thermally conductive mate-

rial that rests on the skin and spreads out the heat. The conductive 
material is topped with a polymer layer that prevents the heat from 
dissipating through to the outside air. This forces the body heat to 
pass through a centrally-located TEG that is one cm2. Heat that is 
not converted into electricity passes through the TEG into an outer 
layer of thermally conductive material, which rapidly dissipates the 
heat. The entire system is thin – only 2 millimeters – and flexible.

“In this prototype, the TEG is only one centimeter squared, 
but we can easily make it larger, depending on a device‘s power 
needs,” says Vashaee, who worked on the project as part of the 
National Science Foundation‘s Nanosystems Engineering Research 

Center for Advanced Self-Powered Systems of 
Integrated Sensors and Technologies (ASSIST) 
at NC State.

Upper arm was optimal location for 
heat harvesting

The researchers also found that the upper arm 
was the optimal location for heat harvesting. 
While the skin temperature is higher around the 
wrist, the irregular contour of the wrist limited 
the surface area of contact between the TEG 
band and the skin. Meanwhile, wearing the band 
on the chest limited air flow – limiting heat dis-
sipation – since the chest is normally covered 
by a shirt.

In addition, the researchers incorporated the 
TEG into T-shirts. The researchers found that the T-shirt 
TEGs were still capable of generating 6 µW/cm2 – or as 
much as 16 µW/cm2 if a person is running.

“T-shirt TEGs are certainly viable for powering 
wearable technologies, but they‘re just not as effi-
cient as the upper arm bands,” Vashaee says.

“The goal of ASSIST is to make wearable tech-
nologies that can be used for long-term health 
monitoring, such as devices that track heart health 
or monitor physical and environmental variables to 
predict and prevent asthma attacks,” he says.

“To do that, we want to make devices that don‘t 
rely on batteries. And we think this design and proto-
type moves us much closer to making that a reality.”

The paper, “Wearable thermoelectric generators 
for human body heat harvesting,” is published in the 
journal Applied Energy. Lead authors of the paper 
are Melissa Hyland, a graduate student at NC State, 
and Haywood Hunter, an undergraduate at NC State. 
They worked on the project while undergraduates, 
with support from an NSF Research Experiences for 
Undergraduates grant. Co-authors include Jie Liu, a 
postdoctoral researcher at NC State; and Elena Veety, 
education director of ASSIST at NC State. The work 
was funded by the NSF under grants EEC-1160483, 
ECCS-1351533 and CMMI-1363485; and by the Air 
Force Office of Scientific Research under grant 
FA9550-12-1-0225.

Wearable tech efficiently converts body heat to electricity
By Daryoosh Vashaee and Matt Shipman, North Carolina State University

The researchers identified the optimal site on the body for 
heat harvesting: TEG-embedded T-shirt (left) and  

TEG armband (right).

Wall mount sealed enclosures are versatile
HJ-H Series family of compact wall mounted sealed general 
purpose enclosures, suitable for use as instrument enclosures, 
electric, hydraulic or pneumatic control housings, electrical 
junction boxes or terminal wiring enclosures. Product series 
carries UL 508/CSA Type 4 and IEC 60529 IP66 approvals and 
incorporates multiple features to ensure easy installation and 
long service life. Available in sizes from 4 x 4 x 3 inches to 
16 x 14 x 10 inches, unit body is formed from 16 or 14 gauge 
steel, depending on the size, the door from 14 gauge steel, 
both phosphatised and finished in recoatable smooth ANSI 61 
gray powder coating. 

Smooth, continuously welded seams without knockouts, 
cut-outs or holes ensure sealing integrity; the door, secured 
with two external stainless steel clamps and stainless steel 
piano hinge for easy access, closes against a seamless poured-in place gasket. Pre-installed top and bot-
tom welded brackets are provided for wall mounting. Internal threaded weld studs are provided for mounting 
optional inner panels and a bonding stud is provided on the door and a grounding stud in the enclosure body.
HAMMOND MANUFACTURING

http://ept.hotims.com/61402-40

Handheld thermal imaging camera is 
highly durable
RevealPRO handheld ther-
mal imaging camera com-
bines a high-performance 
320 x 240 thermal sensor, 
intuitive software and a 
powerful 300-lumen LED 
light into one highly dura-
ble, handheld and easy 
to use point-and-shoot 
device. Unit contains 
thermal sensor array for 
maximum image clarity, 
delivering 76,800 pixels of vivid thermal resolution. Product‘s 
ruggedized 2.4” color display featuring Corning Gorilla Glass pro-
tection. Unit is portable in size with easily accessible buttons to 
access interface.
SEEK THERMAL

http://ept.hotims.com/61402-39

EMI noise absorbing materials 
control interference
Hot Melt and Wave-X absorb-
ers control noise and interfer-
ence for the RF/microwave 
industry, as well as testing 
capabilities. Products are sup-
plied in 6” hot melt sticks, 
with a 7/16” diameter that 
fits standard hot melt and hot 
glue guns. Flexible sheets can 
be used to reduce EMI and 
crosstalk in near-field appli-
cations and suppress noise 
circuits in RFID and other 
wireless applications. EMI noise absorbing materials 
coat flexible coaxial cables to reduce noise without 
reducing cable flexibility. Wave-X WT materials blend 
thermoplastics with conductive fillers to form noise-
reducing sheets or custom shapes. Shapes can be 
formed according to a customer‘s requirements to fit 
over a noise component for effective EMI suppression.
 ARC TECHNOLOGIES

http://ept.hotims.com/61402-41

Two-part silicone is electrically, 
thermally conductive
MasterSil 973S-LO adhesive, sealant and coating 
passes NASA low outgassing tests. Well suited for use 
in vacuum environ-
ments, the electri-
cally conductive, two 
component silicone 
can be used in the 
aerospace, electron-
ic, opto-electronic 
and specialty OEM 
industries. Silver 
filled compound has 
a thermal conductiv-
ity of 9-11 BTU•in/ft2•hr•°F [1.30-1.59 W/(m•K)] 
and provides a low volume resistivity of 0.004 
ohm-cm. Product bonds well to a wide variety of 
substrates, including metals, composites, glass, 
ceramics, rubbers as well as many types of plastics. 
MASTER BOND

http://ept.hotims.com/61402-42

Buck-boost regulator reduces thermal,  
brownout issues in mobile devices 
FAN49103 digitally programmable buck-boost regulator for the power supplies used in 
smartphones, tablets and other battery-powered mobile devices, combines high power 
density, small solution size, tight transient regulation and best-in-class ripple perfor-
mance. Device can reduce thermal issues by providing a system power rail at the lowest 
possible voltage. Device can also reduce or eliminate the need for heat sinks.
FAIRCHILD

http://ept.hotims.com/61402-43http://ept.hotims.com/61402-6
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BSP kits eliminate development, testing time
Board Shield Prototype (BSP) 
Kit provides a faster, easier and 
less expensive way to create 
a custom prototype of a high-
performance circuit board shield. 
The do-it-yourself kit contains 
all of the components needed 
to quickly create a one or two 
piece, production-quality circuit 
board shield without requir-
ing special tools or experience. 
Streamline the development and 
EMI test stages of your next 
project by using firm‘s CBS fenc-
es, tech clips and SMS covers, as well as customizable cover materials.  
LEADER TECH

http://ept.hotims.com/61402-45
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PROTOCASE

Fastest and easiest way to design, price, and build custom electronic enclosures

FREE Downloadable 3D Enclosure 
Design Software

PROTOCASE

Protocase allows you to buy custom electronic enclosures 
with a whole new level of speed and convenience.

Our friendly and knowledable sales representatives will be 
happy to assist you in placing your order. 

Protocasedesigner.com/EPT
info@protocasedesigner.com

 1.866.849.3911

Download Today!
New Features

       Protocase Designer 4.5 includes:

               New bracket templates
        ATX motherboard 
               Two Mini ITX motherboards 

      Added Copper material option

       New fonts added & better support for special 

       characters

       Improved design checks

    

Design Custom Electronics Enclosures in Minutes
Start with templates that match your speci�cations.

Save Valuable Design Time
Design only what can be manufactured.

Quote and Order Instantly
Price your design as you go.

Built in 2-3 Days Professional Grade No Minimum Orders

Order online from Protocase, and have your custom 

enclosure manufactured in 2-3 days

Thermally conductive gap filler achieves 1.5W/m.K
TC-4515 thermally conductive gap filler provides a lower thermal conduc-
tive solution for thermal conductivity of 1.5W/m.K. Product meets growing 
demand for easier processability and improved thermal performance in auto-
motive electronics applica-
tions. Product improves 

dispensability, reduces abrasiveness and 
stable performance for more reliable elec-
tronics in harsh automotive under the 
hood environments. Product is a soft, 
vibration dampening, two-part silicone 
with improved thixotropic properties that 
enable it to dispense easily, avoid slump-
ing on vertical surfaces during assembly 
and maintains its vertical stability after 
cure and even after long use. 
DOW CORNING

http://ept.hotims.com/61402-46

Thermoelectric air conditioner 
comes with universal input
AHP-2259 Series of thermoelectric air conditioners for enclo-
sures automatically accepts 90 to 264VRMS input. There are no 
adjustments to be made by the end-user, as devices have a uni-
versal input power supply, improving versatility of use. Devices 
can meet a wide range of input voltages making them suitable 

for worldwide operation. Cooling capacity is 1300-1800 BTU/hr depending on configuration.  
TECA

http://ept.hotims.com/61402-49

Thermal management systems optimize liquid 
chromatography equipment capabilities
Firm has simplified the product selection and thermal design process 
by providing standard and custom thermal management solutions that 
offer precise temperature control to optimize the performance of liq-
uid chromatography equipment. Depending on the heat load capacity 
requirements of HPLC equipment, these thermal systems are comprised 
of firm’s SR-54 Series temperature controller in combination with either 
the Tunnel Series or PowerCool Series thermoelectric assemblies (TEAs).  
LAIRD TECHNOLOGIES

http://ept.hotims.com/61402-50

3U VPX backplane 
supports integration of 
mixed payload modules 
High speed 3U VPX backplane sup-
ports integration of mixed payload 
modules, including COTS single board 
computers, switches and RF payloads 
for computer architectures used by the 
DOD’s Hardware/Software Convergence 
Initiative. Product supports high speed 
signals on all the data paths, as well as 
leading edge VITA 67.3 connectors com-
patible with legacy VITA 67.1 and VITA 
66.4 RF and optical I/O connectors. 3U, 
12-slot backplane includes 7 slots that 
receive radial clock signals (Aux Clk and 
Ref Clk) driven independently from a 
radial clock timing card. The remain-
ing 5 slots receive standard VPX bussed 
Aux_Clk and Ref_Clk signals. 
ELMA ELECTRONIC

http://ept.hotims.com/61402-47

if all hard drives had to worry about was 
their own excitation, vibration-induced 
degradation is not a problem.

If we rigidly couple the HDD to any-
thing massive, vibration is dramatically 
reduced. Therefore a single HDD mounted 
to a chassis with no other sources of 
vibration will perform well, without any 
vibration problems.

Unfortunately, in the real world, a 
server typically has multiple disks, a 
large PSU with fans, and multiple cases 
and CPU fans. These all create a vibration 
which superimposes. Thus one must care-
fully design the chassis such that HDD’s 
are coupled to it with sufficient rigidity; 
and that the chassis itself has sufficient 
mass and rigidity in order to suppress 
vibration. All this must be measured care-
fully. I’ll be writing another blog entry 
showing what this all looks like.

For more information on hard disk drive 
(HDD) vibration from 45drives.com,  
go to http://ept.hotims.com/61402-48

Hard drive vibration
continued from page 6

http://ept.hotims.com/61402-7
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• High mating cycles
• Compact design
• For connecting the coil to the MRI system
• Coax- and LWL-contacts fl exibly combined

• 12 Push-In connector blocks in a minimal space
• Highest precision requirements due to extremely compact design
• Vast array of coding possibilities

• Ergonomic design
• Watertight
• Hot-plug-capable safety handle

• Small size
• 90 ton load cells
• Hermetically sealed: vacuum tight 

and encapsulation – 20 years lifetime
• Extreme conditions due to harsh environments
• Resistant against possible external damage (e.g. rodents, lightning)

Hot-plug-capable safety handle

• Break-Away function
• Up to 5,000 mating cycles
• Robust mechanical and color coding
• Compact design
• Watertight: IP68, up to 20M submersible
• The smallest and lightest multi-com control unit in the world

• High vibration resistance
• High performance and very robust
• Fulfi ll all requirements in compliance with LV 215 

such as, watertight IP69
• 3-pin power connector

High vibration resistance
High performance and very robust
Fulfi ll all requirements in compliance with LV 215 

PRECISION

MEASUREMENT AND TESTING

DYNAMIC

SUSTAINABILITY

EMOBILITY

ENERGY

ADVANCED CONNECTOR SOLUTIONS
FOR WIDE RANGE OF NEXT GENERATION APPLICATIONS

Hermetically sealed: vacuum tight 

PRECISIONRELIABILITY

EFFICIENCY
12 Push-In connector blocks in a minimal space
Highest precision requirements due to extremely compact design

• Ergonomic design
• Watertight

SUSTAINABILITY

SAFETY

Up to 5,000 mating cycles
Robust mechanical and color coding

MEDICAL

INDUSTRIAL

MILITARY AND SECURITY

For connecting the coil to the MRI system

Find out more at: odu-usa.com
http://ept.hotims.com/61402-8

http://ept.hotims.com/61402-8


ODU is one of the world’s leading connector systems 

suppliers and employs about 1,650 people around 

the world. ODU combines all relevant areas of 

competence and key technologies relating to design 

and development, machine tool and special machine 

construction, injection, stamping, turning, surface 

technology, assembly and cable assembly. Aside from 

the company headquarters at Mühldorf am Inn, the 

ODU Group has also an international production and 

distribution network in Europe, North America and Asia. 

The ODU group sells its products around the world 

and has an international distribution network that 

includes eight sales companies in Denmark, England, 

France, Italy, Sweden, the USA, China and Japan, along 

with numerous worldwide sales partners. The ODU 

connectors ensure reliable transmission of power, 

signal, data and media in numerous demanding 

applications: medical, military and security, energy, 

industrial electronics, measurement and testing and 

emobility.

ADVANCED CONNECTOR SOLUTIONS
ODU connector solutions ensure reliable transfer of power, signal, data and media for a wide range 

of next generation applications.    Our advanced customer benefi ts include:

 COMPLETELY INTEGRATED SYSTEM SOLUTIONS

 COMPETITIVE LEAD TIME

 RAPID PROTOTYPING & PRODUCT DEVELOPMENT

 LOCAL ONE-TO-ONE ENGINEERING SUPPORT

 CABLE ASSEMBLY INTEGRATED SOLUTIONS

 CUSTOM CONNECTOR CAPABILITIES

 FACTORY DIRECT
ODU-USA Inc.
4010 Adolfo Road
Camarillo, CA 93012 USA
Phone: +1 805 484 0540
Fax: +1 805 484 7458
sales@odu-usa.com
www.odu-usa.com

http://ept.hotims.com/61402-9

mailto:sales@odu-usa.com
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Vibra-Fit THM Holder Auto-In/EZ-Out SMT Holder Auto-In SMT Holder

Vibra-Fit/EZ-Out THM Holder Vibra-Fit SMT Holder Auto-In/Ultra-Low SMT Holder

™

2025/2032 coin cell holders

It’s what’s on the InsIde that counts
®

e l e c T r o n i c s  c o r P.

 EMX Enterprises Ltd  Vancouver • Toronto • Montreal   
Tel: (905) 764-0040 • 1-800-268-6822 • Web: www.emx.ca • e-mail: sales@emx.ca
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Introduction
When specifying a power supply for a 
new, commercial (non-military) project, 
engineers face a daunting number of 
models and manufacturers to choose 
from. On-line distributors have responded 
with a range of search tools, allowing a 
potential customer to select a number of 
products based on the standard parame-
ters of input and output voltage, current, 
power and size. The majority of these 
comparisons though, do not include any 
indication of warranty or lifetime.

Using a well-known on-line distribu-
tor’s search tool, one can reduce the 
number of industrial power supply choices 
for a 100W, 24V, enclosed-type power 
supply with stock in place down to a mere 
18 models. This is somewhat manageable 
and an engineer could potentially make a 
choice based on those.

A call or email to a manufacturer’s 
technical support team should result in 
the question being asked “what is your 
application?” Some manufacturers offer 
multiple grades of product ranging from 

low-cost power supplies to others that 
are designed to operate for a long period 
in the field. For a piece of test equipment 
used occasionally on a manufacturing 
shop floor, a low cost product choice 
would be acceptable. For high-end capi-
tal equipment used in a remote location 
operating 24-hours a day, seven days a 
week, the product choice should not be 
made lightly. The cost to replace it and 
potential loss of service and revenue, 
even in a display board for a drive-
through restaurant, could greatly exceed 
the power supply initial purchase price.

MTBF for reliability prediction
Some Engineers will look at the calcu-

lated MTBF (Mean Time Between Failures) 
numbers to make a decision, assuming 
that will give a prediction of field reli-
ability. Since MTBF is actually the mean 
time between successive failures, it really 
applies to a part that will be repaired and 
returned to service. Most 100W enclosed 
power supplies costing less than $100 
will be replaced and not repaired if a 
failure happens under warranty. Often a 
user will not even return a product for 
replacement, as the administration time 
and shipping costs are just not justified.

The MTBF number is often mistakenly 
thought of as the minimum, almost guar-
anteed, time before a first failure. For a 
power supply with a stated MTBF number 
of 500,000-hours operating 24-hours a 
day, 365 days a year this would calculate 
as 57 years. Even the most optimistic 
person would not expect a power supply 
to be operating flawlessly long after they 
retired.

Reliability ‘R’ is based on the probabil-
ity that a piece of equipment, in our case 
a power supply, will operate satisfactorily 
for a given time period ‘t’ (based on spec-
ified conditions– for example ambient 
temperature and output load). For purely 
random failures, the probability that a 
power supply will survive to its calculated 
MTBF number is just 37%, no matter what 

the MTBF number is: 
R(t) = e–t / MTBF = e-1 = 0.368 (when t = 
the MTBF number)

Even if we persevere with a calculated 
MTBF number comparison, the global 
electronics industry does not make it 
easy, as there are a number of standards 
that are used. For commercial power sup-
plies, usually the figures are calculated at 
25C, ground benign or fixed.

Below are the figures for one of TDK-
Lambda’s latest power supply series– the 
RWS150-B. Recently the Telcordia figures 
were added to the power supply data-
sheets and reliability files, because of the 
10-fold difference between Telcordia and 
the Japanese RCR-9102B method.

RCR-9102 444,089 hours
RCR-9102B 218,172 hours
Telcordia 2,235,743 hours Ta=25°C

Other methods to determine 
product field life

MTTF (Mean Time to Failure) would be 
a better number to examine, but this is 
not widely stated. This usually requires a 
large sample of products to be tested over 
a relatively long period of time, and the 
results analyzed. TDK-Lambda (and many 
of their customers) believes that the 
main wear-out component, the electrolyt-
ic capacitors, should be an essential part 
of comparing product lifetime. Although 
the manufacturers of electrolytic capaci-
tors have dramatically increased capaci-
tor life from offering 2,000-hour at 85C 
products to 10,000-hour or more at 105C, 
they should remain a major concern to 
Design Engineers.

 A widely used rule of thumb is that 
for every 10C reduction of temperature, 
the capacitor life is doubled. A power 
supply designer can take steps to ensure 
that the capacitor remains as cool as 
possible. This can be achieved by reduc-

Selecting a power supply

Prediction Standard  Applications  Disadvantages 
MIL‐HDBK‐217F  Provides failure rate data and 

stress models for parts count 
and parts stress predictions. It 
also provides models for many 
environments ranging from 
ground benign to projectile 
launch 

Hasn’t been updated since 
1995, gives higher failure rates 
of commercial parts than is 
seen in actual product life 

Telcordia SR332  Gives three prediction methods 
based on parts count, lab 
testing and field life 

Narrow ambient temperature 
range 

RCR‐9102  Issued in 1994, based on MIL‐
HDBK‐217F 

RCR‐9102A  Issued in 2000, based on MIL‐
HDBK‐217F (Notice 2) 
Includes SMT parts & pcb’s 

RCR‐9102B 

Produced by JEITA ‐ Japan 
Electronics and Information 
Technology Industries 
Association.  
In each update component 
failure rates (FIT) have been 
changed, particularly fans 

Issued in 2006 

 

based on field lifetimes and reliability
By Tom Tillman, director of marketing, TDK-Lambda

continued on next page
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VERIFY 

The Interpower International Power Source is an AC power source used to 
verify your product design and for product testing. The unit can be used on 
a bench top or is rack mountable. 

Interpower has four models available which have an input of 
100–240VAC/50–60Hz. The first two models are supplied with a NEMA 
5-20 plug and have an output of 2200VA maximum with a Low Range 
variable of 10–138VAC at 16A RMS maximum and High Range variable of 
10–276VAC at 8A RMS maximum, 47–450Hz. The second two models are 
supplied with a NEMA 5-15 plug and have an output of 1725VA maximum 
with a Low Range variable of 10–138VAC at 12.5A RMS maximum and 
High Range variable of 10–276VAC at 6.25A RMS maximum, 47–450Hz. 
For each output option we offer a model with a RS232 and USB port and a 
model with no communication ports.

The Interpower® International Power Source can also be ordered for  
international use with a country-specific input power plug. We offer a 
1-week U.S. manufacturing lead-time on non-stock Interpower products 
and same day shipping on in-stock products. From 1 to 1,000 pieces or 
more, we have no minimum order requirements.

• Remote control operation  
 ideal for automated test  
 applications using optional  
 IPS Interface Software  

• Software available for use  
 with models equipped with  
 RS232/USB interfaces which  
 are easily integrated into  
 ATE systems

• Made in the U.S.A.

• Interpower carries a variety  
 of North American and  
 international power cords  
 and cord sets

•  Rental units are also available

INTERPOWER  | P.O. Box 115 | 100 Interpower Ave | Oskaloosa, IA 52577 | Toll-Free Phone: (800) 662-2290 | Toll-Free Fax: (800) 645-5360 | info@interpower.com

ORDER A FREE CATALOG TODAY! E-mail catalog@interpower.com or call toll-free.
Order Online!  www.interpower.com

Business Hours: 7 a.m.–6 p.m. Central Time

®

®

With the Interpower® International Power Source
TEST EXPORT

http://ept.hotims.com/61402-11

ing the ripple current by either using two 
capacitors, or utilizing a larger capaci-
tor, but this adds cost and can increase 
product dimensions. A second method is 
to locate the capacitors away from heat 
dissipating components like semiconduc-
tors or magnetic components. Too often, 
manufacturers of ‘leading power density’ 
power suppliers are forced to place the 
capacitors in very hot locations, which 
can compromise product field life.

Several power supply manufacturers 
include capacitor life calculations on their 
websites. The small print should be read, 
as convection cooled products are often 
assumed to have some forced air cool-
ing available. Below are charts for TDK-
Lambda’s RWS150B power supply series, 
which was designed for long field life 
without the need for external cooling.

Warranty
Nearly nine years ago, TDK-Lambda 

announced a limited lifetime warranty 
for its premium grade HWS series power 
supplies– a world first for an industrial 
power supply company. This differentiator 
was used to provide a distinct advan-
tage during datasheet-only comparisons 
with competing products. The limited 
lifetime warranty does have some terms 
and conditions of course, to avoid those 
who have operated the product outside 
of their specifications or purchased them 
from third party sellers.

That decision was made based on prod-
uct return rates and the conservatively 
rated capacitor temperatures. Recently 
two other TDK-Lambda product series 
have had their warranty term extended to 
between seven and five years.

Conclusions
It is recommended that an industrial 

power supply should be chosen to suit 
the application, along with the expected 
service life of the end equipment and the 
expense of system repairs. This avoids 
product down-time greatly exceeding the 
cost of the initial power supply purchase. 
Avoid buying a power supply purely on 
price and datasheet comparisons!

MTBF numbers, although useful in pre-
dicting system reliability, should be used 
cautiously and must be calculated to the 
same standard.

Electrolytic capacitors are the pri-
mary wear-out components, and this 
life expectation information is often 
provided by the larger power supply 
companies. The manufacturer’s warranty 
period reflects a level of confidence in 
their product designs and those capacitor 
temperatures, and is a useful measure for 
expected field life.

For more information on power supplies 
from TDK-Lambda, go to  
http://ept.hotims.com/61402-51

Power supplies support mass spectrometry apps
MXR Series high voltage dc power supplies can be hot switched via 
a logic level signal and will settle to 3ppm in two seconds or less. 
Created especially for applications requiring fast output polarity 
reversing capability, devices are suitable for use in mass spectrometry 
and related applications. Products provide an output of 20kV @ 300uA or 30kV @ 300uA 
in a compact 2.05” H X 8.47” W X 9.13”D (52mm X 215mm X 230mm) modular package. 
Unit’s vacuum encapsulated high voltage output section isolates critical components 
from environmental variables insuring reliable, corona free operation.
SPELLMAN

http://ept.hotims.com/61402-52

Small power switching solution suits Mil-aero apps
KD400 series two-pole 400A contactors are designed for 28Vdc 
power systems. The power switching solution is designed for 28Vdc 
power systems in commercial and military aircraft, as well as ground 
vehicle applications. With two separate sets of main contacts, device 
provides the flexibility to be configured to control two separate cir-
cuits. With an external jumper, device can be configured as a single-
pole, double-throw (SPDT) main contact to switch power between two 

different loads or provide two alternate sources to one load.
TE CONNECTIVITY

http://ept.hotims.com/61402-53
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                           Regional high-tech  
                     electronics shows creating  
        face-to-face selling opportunities 

2017 Series:

EDMONTON
March 7 • 10am-4pm 
Doubletree by Hilton

CALGARY
March 9 • 10am-4pm  
Coast Plaza Hotel & 
Conference Centre

MONTREAL/ 
POINTE-CLAIRE

April 25 • 10am-4pm 
Holiday Inn & Suites  
Pointe-Claire 

MARKHAM
April 27 • 10am-4pm 
Le Parc

VANCOUVER/
COQUITLAM

June 1 • 10am-4pm  
Hard Rock Casino Vancouver

QUEBEC CITY
September 26 • 10am-4pm 
Hotel Plaza Quebec

OTTAWA
October 31 • 10am-4pm 
Brookstreet Hotel

MISSISSAUGA
November 2 • 10am-4pm 
Mississauga Convention 
Centre

Technical Seminars  
at all venues

• FREE registration online at: 
 www.ept.ca/eptech/register/
• e-mail inquiries to:   eptech@ept.ca

EPTECH Shows have thousands of  
leading-edge products & services  
on display:
• Wearable Technology • Wireless Designs • Automation/ 
Robotics • Internet of Things  • Printable Electronics • 3D Printing  
• Test Equipment • Connectors • Batteries • General Electronic 
Components and Passives • Hardware • Semiconductors   
• Production Equipment • Control products • EMS providers • RoHS 
Compliant Products  ... and many more 
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EP&T Editorial  
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EP&T Ad  
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EP&T 
ElectroSource 
Ad Closing

CES 
January 5-8, Las Vegas Convention Center (LVCC)  
• www.ces.tech/

JANUARY

DesignCon 2016 
January 31- Feb 2  
Santa Clara Convention Center • www.designcon.com
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EPTECH 
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EPTECH 
Markham  
www.ept.ca

NAB Show 
April 22-27  
Las Vegas, NV  
www.nabshow.com
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SemiCon West 
July 11-13  
Moscone Centre • http://www.semiconwest.org
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                           Regional high-tech  
                     electronics shows creating  
        face-to-face selling opportunities 

2017 Series:

EDMONTON
March 7 • 10am-4pm 
Doubletree by Hilton

CALGARY
March 9 • 10am-4pm  
Coast Plaza Hotel & 
Conference Centre

MONTREAL/ 
POINTE-CLAIRE

April 25 • 10am-4pm 
Holiday Inn & Suites  
Pointe-Claire 

MARKHAM
April 27 • 10am-4pm 
Le Parc

VANCOUVER/
COQUITLAM

June 1 • 10am-4pm  
Hard Rock Casino Vancouver

QUEBEC CITY
September 26 • 10am-4pm 
Hotel Plaza Quebec

OTTAWA
October 31 • 10am-4pm 
Brookstreet Hotel

MISSISSAUGA
November 2 • 10am-4pm 
Mississauga Convention 
Centre

Technical Seminars  
at all venues

• FREE registration online at: 
 www.ept.ca/eptech/register/
• e-mail inquiries to:   eptech@ept.ca

EPTECH Shows have thousands of  
leading-edge products & services  
on display:
• Wearable Technology • Wireless Designs • Automation/ 
Robotics • Internet of Things  • Printable Electronics • 3D Printing  
• Test Equipment • Connectors • Batteries • General Electronic 
Components and Passives • Hardware • Semiconductors   
• Production Equipment • Control products • EMS providers • RoHS 
Compliant Products  ... and many more 
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Powering 
healthcare 
innovation
40/65/120/250/400W 
power supplies

Features
 A Universal input 90-264Vac
 A Active power-factor correction
 A Up to 250W natural convection cooling
 A -20°C to +70°C operating temp.
 A Class B conducted EMC
 A UL 60950-1; 60601-1 MOOP & MOPP, 
CCC: MVAC400 & 250
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MVAC400 250W 400W 90-264
12V
24V
50V

93%

MVAC250 170W 250W 90-264
12V
24V
50V

93%

MVAB120 75W 120W 90-264

12V
24V
28V
48V

91%

MVAD065 65W 65W 90-264
12V
24V
48V

90%

MVAD040 40W 40W 90-264
12V
24V
48V

89%

80
PLUS®

GOLD

MVAC Series

250 or 400W

MVAD Series

40 or 65W

MVAB Series

75W

3"x5"

2"x4"

For more information visit
http://power.murata.com

Sager’s Power Systems positions as distributor,  
VAR for modular power supply makers 
Leading electronics distributor Sager Electronics and its specialized group, Sager Power 
Systems, have bolstered its solution offering as an authorized distributor and certified 
value-added reseller for top modular power supply manufacturers. 

“Sager’s modular power supply capabilities offer a wide range of platforms from 200-
4,900 watts and an endless combination of voltages and power, from 1.8 to 60 volts or 
higher, often for the price of a standard product,” says Chris Tvrdik, Sager’s vice-president 
of value added sales and service. “With no set-up fees and no minimum order quantities 
or design cycles, our quick-turn quotes and prototypes reduce design time, production 
lead times and overall time-to-market.  We typically ship up to 10 pieces in five days.” 

“Sager’s engineers and production teams are trained and qualified by our manufactur-
ers’ factories,” adds Rich Arieta, Sager’s director of sales engineering. “This training, 
along with our expansive inventory of power modules and chassis and years of applied 
experience and expertise, means we can quickly configure a solution that meets a cus-
tomer’s power requirements.” 

Sager’s assemblies are fully backed by factory warranty, and its state-of-the-art Power 
Solutions Center offers full test, integration and design capabilities. 

Sager Power Systems, a specialized group within Sager Electronics, is focused solely 
on power supplies and power systems sales and service, as well as engineering support. 
Sager Power Systems offers fully engineered custom power solutions, an optimized web-
site with full application tools for design engineers and standard product online ordering 
capability for prototype and preproduction needs with over 15,000 ac-dc and dc-dc power 
supply part numbers in stock. 

Fabrics that can generate electricity 
from physical movement have been in 
the works for a few years. Now research-
ers at Georgia Institute of Technology 
have taken the next step, developing a 
fabric that can simultaneously harvest 
energy from both sunshine and motion.

Combining two types of electricity gen-
eration into one textile paves the way for 
developing garments that could provide 
their own source of energy to power 
devices such as smart phones or global 
positioning systems.

“This hybrid power textile presents 
a novel solution to charging devices in 
the field from something as simple as 
the wind blowing on a sunny day,” says 
Zhong Lin Wang, a Regents professor 
in the Georgia Tech School of Materials 
Science and Engineering.

To make the fabric, Wang’s team used 
a commercial textile machine to weave 
together solar cells constructed from 
lightweight polymer fibers with fiber-
based triboelectric nanogenerators. 
Triboelectric nanogenerators use a com-
bination of the triboelectric effect and 
electrostatic induction to generate small 
amount of electrical power from mechan-
ical motion such as rotation, sliding or 
vibration. Wang envisions that the new 
fabric, which is 320 micrometers thick 
woven together with strands of wool, 
could be integrated into tents, curtains 
or wearable garments.

“The fabric is highly flexible, breath-
able, light weight and adaptable to a 
range of uses,” Wang said.

Fiber-based triboelectric 
nanogenerators capture energy

Fiber-based triboelectric nanogenera-
tors capture the energy created when 
certain materials become electrically 
charged after they come into moving 
contact with a different material. For the 
sunlight-harvesting part of the fabric, 
Wang’s team used photoanodes made 
in a wire-shaped fashion that could be 

woven together 
with other fibers.

“The backbone 
of the textile is 
made of com-
monly-used polymer materials that are 
inexpensive to make and environmentally 
friendly,” Wang adds. “The electrodes are 
also made through a low cost process, 
which makes it possible to use large-scale 
manufacturing.”

In one of their experiments, Wang’s 
team used a fabric only about the size of 
a sheet of office paper and attached it 
to rod like a small colorful flag. Rolling 
down the windows in a car and letting 
the flag blow in the wind, the research-
ers were able to generate significant 
power from a moving car on a cloudy day. 
The researchers also measured the out-
put by a 4 by 5 centimeter piece, which 
charged up a 2mF commercial capacitor 
to 2 volts in one minute under sunlight 
and movement.

“That indicates it has a decent capa-
bility of working even in a harsh envi-
ronment,” Wang says.

Fabric withstands repeated  
and rigorous use

While early tests indicate the fabric 
can withstand repeated and rigorous use, 
researches will be looking into its long-
term durability. Next steps also include 
further optimizing the fabric for indus-
trial uses, including developing proper 
encapsulation to protect the electrical 
components from rain and moisture.

This work was supported by the 
Hightower Chair foundation, KAUST and 
the “thousands talents” program for pio-
neer researcher and his innovation team, 
National Natural Science Foundation of 
China and the Fundamental Research 
Funds for the Central Universities. Any 
conclusions or recommendations are 
those of the authors and do not neces-
sarily represent the official views of the 
sponsoring organizations.

Precision power analyzer boosts 
performance and flexibility 
WT1800E precision power analyzer improves measure-
ment functions, boosting performance and flexibility, 
serving as an ideal measurement solution for testing 
product efficiency and the design of inverters, motor 
drives, lighting systems, uninterruptible power sup-
plies, aircraft power systems, renewable energy generation and other power conversion 
devices. Product can perform up to six power measurements simultaneously, which 
enables efficiency tests between the input and output of products such as inverters.   
YOKOGAWA

http://ept.hotims.com/61402-44

DIN rail power supplies boost performance
SolaHD SVL Series DIN rail power supplies enhance per-
formance in a compact size for controlled environment 
applications where essential features are the sole require-
ment. Building on firm’s 3-tier DIN rail ac-dc power supply 
family, units deliver power factor correction, overload, 
under-voltage and short circuit protection with visual 
verification. Available in a versatile range of 15 to 480 
Watts in 5, 12, 24 and 48 Volt combinations, units provide 
convection cooling to reduce the temperature of internal components without the need of 
a fan that may serve as a failure point for the device.
XTRONICS

http://ept.hotims.com/61402-54

Fanless ac-dc switching power supply delivers 400W
PUB200/250/300/400 Series of ac-dc switching power 
supplies are capable of delivering 200-400 Watts of con-
tinuous power at convection cooling. Products are housed 
in a small 7.93” x 4.13” x 1.59” perforated metal case for 
cooling and provide a terminal strip connection for simplic-
ity of installation. Features include universal input range 
of 90-264Vac with single output options, wide operating 

temperature of 0-70°C, line regulation ±0.5% maximum at full load, and operating effi-
ciencies up to 94%. 
PROTEK POWER NORTH AMERICA

http://ept.hotims.com/61402-55

High power 1500W transistor 
enables compact designs
1500W RF transistors enable the design of more compact 
systems with longer lifetimes and reduced service costs. 
Device provides extreme ruggedness with a VSWR of 65:1. 
Product delivers high breakdown voltage at 135V, with drain-
source avalanche energy absorption capability 35% higher 

than its predecessor. Device is available in air-cavity ceramic and over-molded plastic 
packaging, enabling low thermals and enhanced reliability.
NXP

http://ept.hotims.com/61402-56http://ept.hotims.com/61402-12

Wearable fabric uses sun, 
wind to power devices
By Josh Brown, Georgia Institute of Technology, Atlanta GA

Fabric woven with 
special strands of 
material harvests 

electricity from sun 
and motion.

http://power.murata.com
http://ept.hotims.com/61402-44
http://ept.hotims.com/61402-54
http://ept.hotims.com/61402-55
http://ept.hotims.com/61402-12
http://ept.hotims.com/61402-56
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modulated and CW signals. Unlike many 

average power sensors, products go beyond 
reporting numeric power measurements and 
provide a pulse profiling trace mode with 
175 kHz video bandwidth.  
BOONTON

http://ept.hotims.com/61402-58
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Power management IC pushes 
performance, enhances energy harvesting
AEM10940 power management IC utilizes firm’s proprietary energy 
management technology, maximizing the efficiency with which elec-
tronic hardware draws energy from the ambient environment. The 
highly integrated device comprises an ultra-low power boost converter 
(exhibiting industry-leading 94% efficiency levels), along with voltage reference, energy 
management and LDO regulator elements. Leveraging its cold-start circuitry, device can be 
brought into active operation even when there is minimal energy left - an input voltage of 
just 380mV and a mere 11µW of power proving to be more than sufficient.
E-PEAS

http://ept.hotims.com/61402-61

BoostLynx 65-watt dc-dc step-up convert-
ers (point-of-load modules) provide versatil-
ity to support a wide range of electronic 
products. Modules enable designers to step 
up their power from an input voltage of 8-16 
volts to an output voltage of 16-34 (model 
ABXS002A3X41-SRZ) or 32-54 volts (model 
ABXS001A4X41-SRZ). Devices are well suited for applications that currently use a 12-volt 
bus, but have components that require higher voltages (16-52-volts). 
GE ENERGY CONNECTIONS 

http://ept.hotims.com/61402-57

Real-time power sensors deliver 100,000 
measurements per second
RTP4000 series of real-time true average power sensors deliver a range from -60dBm to 
+20dBm, a frequency range down to 6kHz and a measurement rate of 100,000 measurements 
per second. Built with firm’s Real-Time Power Processing technology in a compact USB form 
factor, unit’s eliminate gaps in acquisition and provides zero measurement latency. The True 
Average capabilities of the devices enable accurate capture and measurement of pulsed, 

6W encapsulated dc-dc 
converter comes in tiny 
DIP-16 package 
MDWI06 series of 6W isolated / regu-
lated dc-dc converters come in small 16 
pin DIP package measuring 0.94 x 0.54 x 
0.31”. Product family 
consists of 14 mod-
els providing 9-36 / 
18-75Vdc input rang-
es with single and 
dual output models 
ranging 3.3 thru 24Vdc delivering 6 Watts 
of output power in an encapsulated pack-
age. All models feature I/O isolation of 
1500Vdc; high efficiency up to 86%; oper-
ating temperature range of -40°C to +90°C 
(derating above 75°C); Fully regulated 
outputs; no minimum load requirement; 
low no-load power consumption; shielded 
metal package; design-in EMI filter meets 
EN55022 Class A; under-voltage lockout; 
and overload / short-circuit protection. 
MINMAX

http://ept.hotims.com/61402-59

500W power supply 
achieves 80PLUS 
efficiency 
TIPC500P industrial 
grade 500W ATX PC 
power supply includes 
dual +12V rails, 0°C to 
50°C operating tem-
perature and up to 5,000 meters operating 
altitude. Unit also meets 80PLUS platinum 
efficiency level. Device is approved to UL/
IEC/EN 60950-1 2nd edition standards and 
complies with EMI/EMC standards, includ-
ing FCC & CISPR 22 Class B conducted, FCC 
& EN 55022 Class B radiated. Product has a 
MTBF > 150,000 hours @ full load and 25°C 
ambient, calculated per MIL-HDBK-217F. 
Earth leakage current is 350µA maximum 
@ 264Vac, 50Hz.
TRUMPOWER

http://ept.hotims.com/61402-60

Dc-dc step-up converters serve  
space-constrained designs

Dc-dc converter delivers wide 10:1 input range
AM5W-NZ, AM10W-NZ, AM10WM-NZ, AM15W-NZ, AM15WN-NZ and AM40W-NZ series of 5, 
10, 15 and 40 watt power supplies provide a super wide 10:1 input with a voltage range of 
100-1500Vdc across three separate ranges and 22 different products. Products provide a regu-
lated output signal with a high input to output isolation of 4000Vac, which is tested over a 
60-seconds cycle during manufacturing. Supporting different nominal input voltage levels of 
200, 600, 800 or 1500Vdc, products convert to single output voltages of 5, 12, 15 and 24Vdc. 
AIMTEC

http://ept.hotims.com/61402-62

http://ept.hotims.com/61402-13
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3D Printing

Will PTFE be the next 3D 
printable material?
By Rachel Gordon Technology Analyst, IDTechEx

The range of available materials is one of the key hurdles to adoption for industrial 3D 
printing. 3D printing is being rapidly adopted by product manufacturers all around the 
world, but it still can’t compete with many other manufacturing techniques with respect 
to material diversity.

A recent research report from IDTechEx shows a large number of the most commonly used 
industrial plastics still aren’t widely available for 3D printers, making 3D printing unsuitable 
for many applications.

Industrial polymer giant, 3M, has 
just widened the range. Through a 
new patent-pending technology the 
firm has successfully 3D printed fully-
fluorinated PTFE polymers. Polymer 
specialist 3M, including its subsid-
iaries Dyneon GmbH and Dyneon 
B.V., is one of the world’s leading 
manufacturers of PTFE and similar 
materials such as fluoroelastomers 
and fluorothermoplastics. It makes sense for them to be looking to expand into the 3D 
printed space.   

PTFE (polytetrafluoroethylene) is an extremely useful material, used in many everyday 
products. It is very hydrophobic, meaning that neither water nor water-containing sub-
stances make it wet, so it is used in outdoor clothing. It also has one of the lowest fric-
tion coefficients of any solid. It is the only surface a gecko cannot stick to. This property 
makes it perfect for non-stick coatings for bakeware. Bacteria and other microbes also 
have a very hard time adhering to the material, making it a very good option for various 
hospital applications, such as catheters.

Other fluoropolymers are also heavily used in the oil and gas, chemical, automotive 
and aerospace industries, and it is possible that the same 3D printing technology could 
be applied to them. This breakthrough makes it possible to 3D print a whole new class of 
materials, which will influence many industries.   Normally, parts made from PTFE and other 
fluoropolymers are manufactured using expensive traditional processing techniques, which 
typically create a lot of waste. It is also difficult to create very complex structures. 3D 
printing has the potential to offer more sustainable manufacturing and a wider variety of 
designs. The breakthrough is already paving the way for previously impossible applications.   

IDTechEx have been wondering how long it will take for more plastics to become available 
for 3D printing. The range is currently very limited, but new materials are becoming available 
all the time. Wacker, with their ACEO brand, recently launched a machine to 3D print silicone.

3M is looking to offer print-on-demand solutions for spare and custom parts. In particu-
lar, this fluoropolymer 3D printing service would be used for parts with particularly complex 
geometries. This ‘service bureau’ business model is becoming increasingly common as the 
technologies to print the materials become more complicated and the materials become 
more difficult to handle. Anyone can extrude PLA at home, so companies can sell thermo-
plastic extruders. Companies like Organovo offering 3D cell printing or Impossible Objects 
offering carbon fibre reinforced plastic 3D printing, have complicated equipment, which 
they keep in house, and sell parts they produce.
About the Author: Rachel Gordon has a BA in Natural Sciences and first-class MSci in 
Materials Science and Metallurgy from Cambridge University UK.
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Wire precision expert 

Cosmic 48R. The Cosmic 

48R is a wire stripping machine 

used to strip coaxial, triaxial, and multi-

layers cables from AWG 36 to AWG 6. With 

its two blade rotary head and centering units, cuts 

made into the insulation are clear and precise. Gain a 

lasting edge with the Cosmic 48R.

3D printer filaments resist higher temperatures 
Acrylonitrile butadiene styrene (ABS) 3D printer fila-
ments are made of high purity Acrylonitrile butadiene 
styrene pellets with a tight diameter tolerance. Product 
resists higher temperatures and improves machinabil-
ity, flexibility and strength. ABS plastic can be vapor 
or dipped smoothed, dissolved and welded in our 434 
Acetone, making post processing easy. A heated bed 
printer is required to work with this type of material, as is 
petroleum based and emits a slight hazardous odour when 
heated. It is recommended that this product be printed in 
a well ventilated area.
MG CHEMICALS
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Latest trends in the conductive 
inks business
By Dr Khasha Ghaffarzadeh,  
research director, IDTechEx

IDTechEx Research analysis showed 
that the conductive ink business was 
on the cusp of rapid and compre-
hensive change. Changing business 
dynamics has forced many suppliers 
to change strategy, focusing on many 
emerging and nascent applications in 
the hope that some will grow in the 
future to compensate for the com-
moditization and/or decline in core 
markets. In this article, we bring you 
an update on some of the latest trends and developments. 

Narrow touch screen edge electronics The perennial trend to narrow the bezel has 
reduced the L/S (linewidth over spacing) of edge electrodes to 20 µm/20 µm or lower. 
This has meant that standard screen printing together with standard polymer thick films 
can no longer meet the performance requirements. In turn, this has ushered in new 
conductive ink technologies.   

First came the photosensitive types with spherical particles. Here, a wider conductive 
line is first printed before being narrowed down using photo-patterning. Next came laser-
cut inks with flake particles with average diameters around 1µm. Here too, a wide line 
is first printed before being narrowed down by laser cutting. The flake particles can give 
rise to higher conductivity provided good particle packing is achieved. Stable printing 
with constant line height is critical for precise laser cutting. The latter process is gain-
ing traction in China where the laser cutting machines are also made at moderate prices.  

The pressure to narrow the bezel will not cease. Indeed, companies have already dem-
onstrated 15/15 and even 10/10. This means that printing processes, and not just inks, 
will also need to change to enable narrower lines otherwise etching based process will 
increase their market share.

Research report shows  
a large number of the most commonly 

used industrial plastics  
still aren’t widely available  

for 3D printers

Next gen software 
processes 3D laser scan 
data
SCENE 6.1 next generation software effi-
ciently processes and manages 3D laser 
scan data. For modeling freeform shapes, 
product provides a fully integrated mesh-
ing tool, eliminating the need for cus-
tomers to utilize 3rd party software for 
such deliverables. Watertight 3D meshes 
can be calculated, viewed and exported 
in various standard formats, such as .STL, 
.OBJ, .PLY and .WRL (VRML). Besides a 
streamlined workflow and reduced soft-
ware costs, product designers, architects 
benefit by meshing scan data in a single 
software platform. Software is suitable for 
users who do not own a CAD system with 
native point cloud support and those with 
3D-Scan-to-Print applications. 
FARO 
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ics. The network of cables required to 
access the qubits inside the cryostat is a 
complex infrastructure and, until recently, 
has presented a barrier to scaling the 
quantum computing architecture.

“All wire components in the quantum 
socket are specifically designed to oper-
ate at very low temperatures and perform 
well in the microwave range required 

to manipulate the qubits,” said Matteo 
Mariantoni, a faculty member at IQC and 
the Department of Physics and Astronomy 
at Waterloo and senior author on the 
paper. “We have been able to use it to 
control superconducting devices, which is 
one of the many critical steps necessary 
for the development of extensible quan-
tum computing technologies.”

The paper, Three-Dimensional Wiring 
for Extensible Quantum Computing: The 
Quantum Socket, is a collaborative effort 
of researchers at INGUN Pr¸fmittelbau 
GmbH, Germany, INGUN USA, and Google 
in the United States, plus the following 
researchers from IQC and Waterloo: Jeremy 
Béjanin, Thomas McConkey, John Rinehart, 
Carolyn Earnest, Corey Rae McRae, 
Daryoush Shiri, James Bateman, Yousef 
Rohanizadegan and Matteo Mariantoni.
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Researchers from the Institute for 
Quantum Computing (IQC) at the 
University of Waterloo led the develop-
ment of a new extensible wiring technique 
capable of controlling superconducting 
quantum bits, representing a significant 
step towards to the realization of a scal-
able quantum computer.

“The quantum socket is a wiring meth-
od that uses three-dimensional wires 
based on spring-loaded pins to address 
individual qubits,” said Jeremy Béjanin, 
a PhD candidate with IQC and the 
Department of Physics and Astronomy at 
Waterloo. He and Thomas McConkey, PhD 
candidate from IQC and the Department 
of Electrical and Computer Engineering 
at Waterloo, are lead authors on the 
study that appears in the journal Physical 
Review Applied as an Editors’ Suggestion 
and is featured in Physics. “The tech-
nique connects classical electronics with 
quantum circuits, and is extendable far 
beyond current limits, from one to pos-
sibly a few thousand qubits.” 

Developing quantum socket
Researchers from the Institute for 

Quantum Computing at the University of 
Waterloo led the development of a quan-
tum socket, representing a significant 
step towards to the realization of a scal-
able quantum computer. 

One promising implementation of a 
scalable quantum computing architecture 
uses a superconducting qubit, which is 
similar to the electronic circuits cur-

rently found in a classical computer, and 
is characterized by two states, 0 and 1. 
Quantum mechanics makes it possible to 
prepare the qubit in superposition states, 
meaning that the qubit can be in states 
0 and 1 at the same time. To initialize 
the qubit in the 0 state, superconducting 
qubits are brought down to temperatures 
close to -273 degrees Celsius inside a 
cryostat, or dilution refrigerator.

Using microwave pulses
To control and measure superconduct-

ing qubits, the researchers use microwave 
pulses. The pulses are typically sent from 
dedicated sources and pulse generators 
through a network of cables connecting 
the qubits in the cryostat’s cold environ-
ment to the room-temperature electron-

3D wiring technique brings scalable quantum computers closer to reality

The quantum socket is a 
wiring method that uses  
three-dimensional wires  

based on spring-loaded pins  
to address individual qubits

Guide details 3D 
printing in production
The Production Manager’s Complete 
Guide to Implementing Leading 3D Printing 
Technologies is a printed guide detailing 
the integration of 3D printing (3DP) into 
established production workflows.

Rather than being yet another basic 
guide to 3DP, this report is an extensive 
assessment of the key factors that need 
to be considered when implementing 
3DP. The Guide is focused specifically on 
the requirements and practical aspects of 
implementing 3DP.    
SMARTECH PUBLISHING
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Solvay aligns advanced 
polymers amid trend 
toward additive mfg
Solvay, a global supplier of high perfor-
mance polymers, has taken a leadership 
role in aligning its world-class specialty 
polymers and engineering plastics with 
the fast-growing trend toward additive 
manufacturing (AM) technologies, better 
known as 3D printing.

Solvay’ s expanding 3D printing capa-
bilities are part of the group’ s global 
leadership in advanced light-weighting 
solutions to replace metals. Utilized 
mostly in transport at present, where 
they help reduce the weight of cars and 
planes and therefore CO2 emissions, they 
also allow for more design flexibility, 
thereby lowering waste.

As part of this commitment, Solvay has 
opened a new laboratory at its Research 
& Innovation Center in Alpharetta GA, to 
forward the development of its advanced 
materials for AM. In addition, Solvay has 
established a facility at its campus in 
Brussels, Belgium, dedicated to AM soft-
ware design and development powered by 
Digimat from e-Xstream, an MSC Software 
company. Solvay is also creating a power-
ful network of solution providers across 
the AM value chain from universities to 
equipment manufacturers.
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Let’s connect.
www.weidmuller.ca

Increase plant productivity 
u-link makes maintenance faster. 
Our remote maintenance solution with u-link is a  
simplified service solution to raise plant productivity.

Weidmuller offers a flexible remote maintenance solution  
which provides the ability to communicate with machines  
from anywhere in the world. This solution incorporates: 

• u-link, the web-based remote access service

•  Network components such as security routers  
and switches

• The u-remote I/O system with integrated web server

•  Additional communication-capable automation components

http://ept.hotims.com/61402-16
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Weidmuller is a leader in DIN-Rail 
Mounted Terminal Blocks. Our  
selection of screw-type SAK and W-Series 
terminal blocks is the industry’s most 
comprehensive lineup. This experience extends 
into the Z-Series tension clamp and new  
PUSH-IN style terminal blocks. All of which  
can be tagged and marked using our 
combination printers.

Our On-site  
Services include 
engineering, complete 
wireless solution  
enclosures, custom  
rail assembly, electronic 
development and 
interface board design.

Weidmuller. Let’s connect.
At Weidmuller, our name has been synonymous with power, competence and reliability in machine construction, the process 
industry, device manufacture, the energy sector and industrial engineering for more than 160 years. In more than 80 countries, 
we support both our customers and our partners by supplying innovative solutions and services, as well as being a partner  
that you can depend on.

As your partner in Industrial Connectivity, we support you in all connectivity requirements from the cabinet to the field. 
A coherent and complete portfolio – comprising everything from classic control cabinet wiring, functional electronics and 
communication electronics to control engineering, development environments and web-based services – means we can create 
solutions that are tailored precisely to your specific requirements and offer sustainable added value.

With networking and conditional monitoring becoming a critical part of the success factor for manufacturing companies, 
Weidmuller has introduced a wide portfolio of solutions that are all ready to take automation to the next level.

Our u-link combines the best of a user-
friendly cloud service and the security  
of a proven and hardened industrial router, 
allowing users with very little IT knowledge  
the ability to setup a remote accessible station 
anywhere in the world. 

The new line of Energy Meters allows 
for remote condition monitoring and 
customizable set points that aid in data 
analytics and preventative maintenance.

Weidmuller Wireless Solutions provide 
reliable, flexible and secure automation —
putting you in greater control while reducing 
total maintenance costs.

The PROmax line of Power Supplies is 
our most durable and robust power supply to 
date. Designed specifically for particularly 
demanding applications, they can continuously 
handle overloads of up to 20% or transient 
peak loads of 300%. When combined with 
Weidmuller’s UPS systems, this results in the 
greatest levels of process uptime and the entire 
solution, including batteries, is cULus!

Weidmuller’s award winning u-remote 
Remote I/O System still offers the most 
flexible system available on the market and 
we’ve only made it better. For safety, this 
means that even after triggering an emergency 
stop, it is still possible to call up the system’s 
current status – regardless of how big the 
safety application is.

With u-remote, a reliable machine  
shutdown is guaranteed while 
keeping the sensors active. 
u-remote’s new IP67 family 
combines all the field benefits 
offered by u-remote IP20 in a device 
with an increased degree of 
protection and is perfectly equipped 
for signal connection outside of the 
panel. Another impressive feature of 
IP67 is its multi-protocol capability. 
For you, this translates into less 
effort, fewer costs and maximum 
performance at the same time.

The RockStar® Series Heavy 
Duty Connectors provide 
IP65/66 rated field wiring for a range 
of applications. With IP68 rated 
products you receive increased 
corrosion and impact protection.  

We design our products to be much more than functional. At Weidmuller,  
our goal is to offer solutions that can help you save cabinet space, lower 
installation time, provide touch safe connections and eliminate down time.

www.weidmuller.ca
http://ept.hotims.com/61402-17
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Internet of Things (IoT)

Integration of connectors with filter saves space on 
the printed board and reduced EMI/RFI problems. 

CONEC offers a wide range of connectors with single 
and multi-level filter technology. Today CONEC connectors 
are a compact component of optimal screening concepts. 

• Filter D-SUB connectors 
• Filter Combination D-SUB connectors 
• Filtered 7W2/9W4 Connectors for µTCA Power Supply
• Filter Adapters 
• Filter Plates 
• Customer Specific Filter Applications 
• IP67 protected Filter Connectors 

intelligent EMI/RFI protection for your application

Filter 
Connectors

Technology in connectors™

CONEC • 125 Sun Pac Blvd. • Brampton Ontario • Canada L6S 5Z6
Tel.  +1 905 790 2200 • Fax  +1 905 790 2201 • info@conec.com • www.conec.comw
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The Internet of Things (IoT) has been 
hailed as the next industrial revolution, 
and many predict its growth will move 
beyond consumers to specialized IoT apps 
for industry vertical markets. Building IoT 
applications fast enough to competitively 
meet the needs of specialized markets 
requires fast prototyping, production and 
delivery. Yet to extract full value from the 
data collected, rich application ecosys-

tems need to develop around the original 
product. 

Designing with an application ecosys-
tem in mind requires bringing a service-
orientation to app development, enabling 
the application itself to become a plat-
form. A deeper understanding of both the 
application requirements and the overall 
business potential from new revenue mod-
els tied to the IoT development platform 

itself is needed.  
In this article, I’ll briefly cover IoT app 

development, challenges surrounding the 
time to market for a production-ready, 
enterprise-class IoT application and discuss 
the concept of enriched IoT service creation 
platforms made available to an ecosystem 
of third-party service providers. A use case 
from for the heavy industrial machinery 
industry will be discussed as well.

A brief history of IoT App 
development

 The early history of IoT saw developers 
building applications on top of private or 
public Infrastructure as a Service (IaaS) 
clouds. While public IaaS clouds provided 
on-demand access to scalable compute, 
storage and networking resources, devel-
opers were still responsible for designing, 
building and deploying their own IoT 
service enablement infrastructure, which 
included device discovery, registration, 
provisioning, configuration, data inges-
tion, modeling and security. As a result, 
time to market for a production-ready, 
enterprise-class IoT application was 
extremely long – often a year or more. 

Over the last two years, IoT Platform as 
a Service clouds (PaaS) service enablement 
clouds have emerged that supply machine-
scale data ingestion and storage, secure 
IoT message queues (Amazon Kinesis for 
streaming data on AWS, Microsoft Azure 
IoT message hub, IBM Watson IoT), device 
modeling, serverless computing and even 
visual service design. 

These IoT service enablement platforms 
are typically built on top of IaaS public 
clouds and provide scalable web services 
with APIs that can handle all of the IoT 
service enablement tasks, thereby reduc-
ing coding effort and allowing developers 
to focus on the business logic that dif-
ferentiates their applications.

Still, developers demanded more help. 
Orchestration of the service tends to be 
relatively straightforward when compared 
to extracting actionable insight from the 
data. In vertical markets, developers need 
access to algorithms that help them make 
sense of the data collected and PaaS pro-
viders stepped up to provide that help. 
Larger players partnered with domain 
experts in each industry to offer domain-
specific APIs. These ‘service-enriched’ 
IoT cloud platforms provided API-access 
to rich, modular analytic algorithms and 
business logic to further shrink applica-
tion development time. 

But these enriched APIs offered by the 
large PaaS platforms limit the developer’s 
ability to differentiate their application 
by choosing platform enablement part-
ners outside the ecosystem offered by 
the PaaS vendor. They also do not help 
a developer take the next critical step in 
creating their own IoT partner ecosystem 
– offering the application itself as a PaaS 
on which developers can build. 

Challenges for IoT verticals
Each IoT vertical has unique baseline 

analytics and business logic require-
ments. Home automation, telehealth, and 
smart transportation applications each 
require specialized analytic data process-
ing and business logic as the price of 
market entry. Consequently, developing 
this baseline still falls on the developer.

When choosing partners, IoT plat-
form vendors pick winners and losers, in 
an attempt to offer vertically-oriented, 
value-added APIs (business-logic-as-a-
service) to their customers. From the app 
developer’s perspective, this means to 
integrate a service provided by anoth-
er vendor not pre-selected by the IoT 
platform vendor, they must handle the 
complexity of integrating a third-party 

Developing IoT application ecosystems for verticals 
The birth of IoT service enrichment By Dean Hamilton, Accelerite

continued on page 24
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1.800.463.9275
Buy online at canada.newark.com or call

Access 500,000 in-stock electronics parts, custom services, tools and 
expertise — all in one place. Plus, count on customer service that goes 
above & beyond to deliver your needs. Complete engineering solutions 
start at Newark element14

Engineers Start Here
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Avnet to launch MakerSource.io directory
Team with IBM and Hackster.io to deliver free IoT workshops
Avnet Inc. has launched a new MakerSource.io online resource directory, providing indi-
viduals and startups with access to a comprehensive ecosystem of the strategic and tacti-
cal resources needed to turn a pioneering new product vision into a marketable reality. 

More than a static directory, MakerSource provides a vibrant community for idea 
exchange, networking and thought leadership. MakerSource provides innovators, service 
providers, technical experts and other stakeholders with a central place to seek as well 
as offer all the support required at each stage of the product lifecycle, including funding, 
engineering, traditional and additive manufacturing, marketing, supply chain manage-
ment and even website development.

“Every day, we at Avnet work with companies big and small to help design, build and 
ship new technology products all over the world. We see how challenging it can be for 
even the most established organizations to successfully bring new products to market. 
These obstacles can be daunting for makers or even accomplished entrepreneurs,”says 
Dayna Badhorn, vice-president, strategic global planning, Avnet Electronics Marketing. 
“With MakerSource, our goal is to leverage Avnet’s unique position in the middle of the 
technology supply chain and the wealth of experience and connections we have amassed 
to help guide these individuals who have amazing vision and creative drive, but may lack 
the resources or business experience necessary to bring those ideas to life.”

“Having been a part of several technology startups, I understand how exciting it 
is to build something out of nothing, but I also know how costly and frustrating the 
process can be,” says Adam Benzion, co-founder and CEO, Hackster.io. “A comprehensive 
resource like MakerSource.io can not only save makers and technology startups a great 
deal of time, but also mitigate many of the risks that can quickly derail a new product 
development effort.”

Sensor network enables IIoT wireless mesh connectivity
SmartMesh IP wireless mesh network technology products are wireless chips and pre-
certified pcb modules complete with ready-to-deploy wireless mesh networking software. 
Based on the 6LoWPAN standard and the global IEEE 802.15.4 standard, the platform 
allows customers to embed wire-free mesh communications into industrial IoT solutions. 
Product includes a pre-compiled networking stack that delivers >99.999% network reli-
ability at ultralow power. This is particularly important for industrial IoT applications, 
where wireless sensor networks may be deployed in harsh and remote environments. 
LINEAR TECHNOLOGY
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Shaping 
the future of 

wearable electronics

To learn how we can help you shape the future, visit 
murata.com

Wearable devices require reliable miniature components 
with low power consumption. At Murata we are rapidly utilizing 

our expertise and technology to help bring your wearable design from 
the potential market niche phase to today’s “must-have.”

Sensors
High-precision, low energy sensors that 
perceive and react to environmental and 
physiological information.

MEMS solutions
Murata’s pressure-sensing MEMS 
technology, with its built-in temperature 
dri�  system that measures changes.

Wireless
Wi-Fi™, Bluetooth®, NFC, miniaturized 
modules and RF components for reliable 
wireless connections.

Unique technologies
Ultra-compact capacitors, inductors, 
crystal units, and other high-performance 
products provide more functionality.

service into their IoT application 
themselves. In this model, devel-
opers are not free to choose from 
best-of-breed domain-focused web 
services to enrich their application.

Many companies also want to 
use their investment building IoT 
applications for their devices as 
leverage to create an application 
partner ecosystem around those 
applications, providing added value 
for both customers and partners. 
The simpler it is for partners to get 
started by building applications within 
a company’s ecosystem, the more that 
company’s products are likely to flourish.

Hence, many device and component 
vendors would like to do more than sim-
ply build an IoT application. They want 
to also build their own vertically-focused 
enriched-services IoT platforms. These 
services would enable the vendor to offer 
to their customers a development plat-
form uniquely optimized for their devices, 
with value added analytics and business 
logic chosen by the vendor to provide the 
maximum advantages for their developer 
ecosystem. With such a platform, device 
vendors could empower the creation of 
additional value throughout their entire 
supply chain.

However, building new vertically-
oriented IoT platforms is considerably 
harder than building new IoT applica-
tions. What’s required is an entirely new 
class of IoT service creation technology, 
a platform for building new platforms 
themselves: an IoT service enrichment 
platform.

Birth of IoT service creation and 
enrichment platforms

An IoT service creation and enrichment 
platform (SCEP) is designed for rapid 
creation of domain-specific, enriched ser-
vices that can be shared among partners 
and is the key to rapid IoT application 
ecosystem development. Built on top of 
popular IoT public service enablement 
clouds or added to private clouds, this 
new class of cloud-neutral IoT platform 
allows developers to create both and IoT 
application and an IoT PaaS offering at 
the same time. It also frees the devel-
oper from tyranny of the IoT PaaS vendor, 
allowing them to create their own appli-
cations and platform offerings containing 
a mix of best-of-breed vertically-oriented 
platform enablers that can be moved eas-
ily from one cloud provider to another.

In addition to all of traditional IoT 
service creation and enablement capabili-
ties offered by IoT cloud services today, 
an IoT SCEP provides features for partners 
throughout the eco-system:  application 
partner on-boarding and management, 
collaborative contract management, 
enterprise and user modeling, visual ser-
vice creation and analytics, mashup APIs 
design and exposure, API monetization, 
multi-party settlement and agile develop-
ment tools. 

Thus, a new IoT application created by 
a device manufacturer for smart homes 
can immediately become a platform for 
partners to build differentiated new smart 
home IoT apps (instead of simply white-
labeling the original app). Development 
time to create the new partner application 
can be as little as a few days, since the 
developer can leverage the capabilities of 
the underlying smart home platform and 
focus only on business logic needed to 
differentiate the new application. It also 
means infrastructure needed for creating, 
testing, deploying, scaling and monetiz-
ing the new application is already built 
into the device manufacturer’s platform. 

For device vendors, the rapid creation of 
additional value throughout their entire 
supply chain comes already included with 
their original investment creating their 
first IoT application.

Use case: IoT apps for heavy 
industrial machinery

With an IoT service creation and 
enrichment platform, new vertical IoT 
platforms can be stood up quickly and 
scaled – platform-building along the lines 
of application-building. And, the new 
application can immediately be designed 
to become a platform itself, creating a 
hierarchy of enriched platforms that offer 
increasing value at each level.

In the following use case, the underly-
ing IoT app is enriched and value is gen-
erated that can be monetized and shared 
among the partners. 
• A vendor of OEM control boards and 
sensors for heavy industrial machinery 
offers an IoT vehicle telematics plat-
form, allowing equipment manufacturers 
who integrate those devices into their 
machinery to have simplified, program-
matic access to critical vehicle data. 
• An equipment manufacturer who 
integrates the vendor’s control boards 
and sensors decides to build their own 
IoT telematics application. The equip-
ment manufacturer then partner with a 
predictive maintenance analytics service 
and build an end-user maintenance and 
monitoring application designed for their 
machinery. This application has value-
added control logic that protects the 
machinery from further damage based on 
the equipment manufacturer’s own ana-
lytic algorithms. This new application will 
minimize equipment failure and allow the 
manufacturer to offer a warranty based on 
actual wear and tear.
• The equipment manufacturer also 
offers a platform exposing the monitoring 
and maintenance functionality of their 
application via APIs to their network 
of maintenance and support dealers. A 
dealer uses those APIs to build their own 
dealer-branded application, which then 
ties into their maintenance and sup-
port portal for service scheduling. The 
dealer also ties the application into his 
back-office systems, allowing just-in-
time ordering of replacement parts.

Each complementary IoT application 
builds on the capabilities of the underly-
ing platform. Each new application can be 
monetized, and the value shared among 
the partners. Ultimately, the original 
vendor, the partners and the end user all 
benefit from the rapid creation of a rich 
ecosystem of powerful applications.

The birth of the enriched IoT service 
creation platform that can be made 
available to an ecosystem of third-party 
service providers and that brings in more 
partners, without significant develop-
ment effort, enriches the whole supply 
chain - a valuable addition to the IoT 
industrial revolution.

For more information on IoT application 
ecosystems from Accelerite, go to  
http://ept.hotims.com/61402-67

IoT application ecosystems 
continued from page 22
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Early 2017 Arrivals
HYAMP®  •  HypotULTRA® Ground Bond  •  HYPOT ®

Your Global Leader in Electrical Safety Compliance Testing

Visit Us Online http://bit.ly/2dyhz7J

© 2016 Universe Kogaku (America) Inc.

UniverseOptics.com
1-516-624-2444 
info@UniverseOptics.com 

SINCE 
1949

• High-Res Lenses, UV Quartz Lenses 
• Medical Imaging Lenses
• CCD/CMOS and CCTV Lenses
• Diode Laser & Image/Barcode Lenses
• Lens Mounts, Filters and Accessories
• Photographic Lenses, Microscope Objectives & Eyepieces
• Your Custom Lens, From Prototype to Production

High Resolution CCTV Lenses with Focus Lock

PRODUCT SPECS NOW AVAILABLE ONLINE
1000s of Lens Sizes in Stock. Most Lenses Ship Same Day.

VX Series Machine Vision Lenses 
with locking focus, in focal lengths 
from 8mm to 75 mm. 
Available in 2/3 or 
larger format coverage 
and compatible with  
most modern CMOS 
sensors. In stock.
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Shock and Vibration Solutions
E-A-R Shock and Vibration 
Solutions, a 3M company, 
manufactures a wide selection 
of engineered solutions and 
materials that meet the stringent 
energy-control requirements of 
hand-held portables and other 
electronics. E-A-R offers proprietary 
materials that provide the optimum 
combination of physical and 

performance properties for virtually any application.  
3M
Call: 1-800-364-3577
Visit: earshockandvib.com

Filter Connectors 
CONEC uses the patented 
planar filter technology ensuring 
high-quality filtering in high 
frequency ranges. 
Connectors feature: 
•  Filtering directly at the interface  •  No PCB redesign required 
•  Filter adapter to upgrade existing systems 
•  Up to three-stage low-pass filters  •  Selective filtering 
•  Mixing capacities  •  Low magnetic versions
Can be used in medical, telecom, testing/diagnostic, power  
supplies, industrial interface and military applications.

www.conec.com
Tel: 905-790-2200 • info@conec.com

The specialists for filtered connectors

Limited Time Offer: Free PSpice
Don’t let budget concerns keep you from starting  
your next project out the right way, with the best  
simulation platform on the market. 
For a limited time only, you can purchase  
unlimited PSpice Designer Suite Perpetual  
Licenses for free while just paying the first  
year of maintenance. Offer includes  
OrCAD Capture perpetual use license,  
3 month access to PSpice Advanced  
Analysis, access to an introductory  
PSpice ELearning course, and more.

www.ema-eda.com

Two Part Epoxy EP48TC
featuring ultra low thermal resisitance

Two Part Epoxy EP48TC
featuring ultra low thermal resisitance

+1.201.343.8983 ∙ main@masterbond.com+1.201.343.8983 ∙ main@masterbond.com
www.masterbond.com

Thermal resistance, 75°F   |   5-7 x 10-6 K•m2/W

Thermal conductivity, 75°F   |   2.88-3.60 W/(m•K)

Welcome to the Future of Entry Level 
Cut & Strip

Schleuniger’s new EcoStrip 9380 
offers the most complete feature 
set at an economical price point. 
This flexible machine can be 
configured with rollers or belt 
feeding unit capable of short 
mode processing and is compatible with a wide range of pre 
and post processing accessories. Training and set-up times are 
minimized with Schleuniger’s standardized S.ON software.

SCHLEUNIGER
www.schleuniger-na.com
905.827.1166 | sales@schleuniger.com

Moxa EDS-305 
The EDS-305 is a 5-port rugged  
unmanaged Ethernet switch that provides 
an economical solution for your industrial 
Ethernet connections. The built-in relay 
warning function alerts network engineers 
when power failures or port breaks occur. 
As well, the switch is designed for harsh 

industrial environments such as in hazardous locations  
(Class 1 Div. 2 / ATEX Zone 2). New lower price  
and stock available for immediate delivery! 

J-SQUARED TECHNOLOGIES INC
www.jsquared.com
Tel: 855.365.2188 • inforequest@jsquared.com

Angled PCB terminal block 
for very flat modules 
The New angled SPTAF 1 PCB terminal 
block comes with a cable entry angled by 
45° for convenient conductor connection. 
Despite its flat design height of only eight 
millimeters, AWG 16 connectors can be 
connected reliably. Three different lever versions allow for conve-
nient and user-friendly handling. Available in 2-16 pos & pitch of 
3.5mm & 5mm, SPTAF allows currents/voltage up to 8A/300V. 
View at: https://youtu.be/pjTV9s-cEX4

PHOENIX CONTACT
www.phoenixcontact.ca
Tel: 800-890-2820 • cdinfo@phoenixcontact.ca 

Automotive Grade SMT Power Inductors 
TDK Corporation has extended 
its portfolio of EPCOS helically 
wound SMT power inductors. 
The new ERU19 series 
provides inductance values 
from 1.0 µH to 30 µH, compact 
dimensions of 19.9 mm x 20.5 
mm, extremely low DC resistance and are  
AEC-Q200 qualified. 
Select from our entire line of ERU power inductors, 
dimension range 13 – 25 mm.

www.epcos.com

GAP WIRELESS
www.gapwireless.com/keysight-fieldfox
Tel: 855.826.3781 • info@gapwireless.com

NEW! Now you can capture every 
interfering signal in real time with 
one integrated, lightweight unit. The 
FieldFox handheld analyzers with 
RTSA (real-time spectrum analysis) 
up to 50 GHz empowers you to 
detect, locate and fix with benchtop accuracy. Go out there, get the 
job done in real time, and carry the precision of  
one – available at Gap Wireless.

Keysight FieldFox with RTSA from  
Gap Wireless 

Omron’s OKAO Face Detection Software 
OKAO Vision IP – Having 
been licensed over 500 
million times globally, this 
best in class software IP, 
which comes in the form of 
an IP block, can be used 
in a wide variety of image sensing applications and 
will work with most RGB cameras available on the 
market.

OMRON ELECTRONIC COMPONENTS
components.omron.com
Tel: 847-882-2288 
components@omron.com 

Low Profile G2RL Power Relay with  
15.7mm Height, Ideal for Incorporation  
in Miniature Equipment 
A wide variety of single pole, double 
pole, high-capacity (16 A) type 
and high-sensitivity type (250 mW) 
relays are available. Satisfies  
ambient operating temperature requirement of 
85°C and 105°C (-CV Model). Conforms to VDE 
(EN61810-1), UL508 and CSA22.2. 

OMRON ELECTRONIC COMPONENTS
components.omron.com
Tel: 847-882-2288
components@omron.com

Bulgin to Launch M Series Interconnects 
The M Series interconnects have been  
designed to offer flexible connectivity solutions 
for a variety of rugged automation applications.  
The M Series includes a range of sizes and 
pin configurations – from 3 to 19 pins – and 
is designed for use in industries requiring 
exceptionally reliable and robust connections, 
from automotive production and machine  
building to food and beverage processing.

For more information about  
Bulgin products, contact: 
www.bulgin.com
Tel: 1.760.343.3650  
info@bulgin.com
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Sourced UT
Specialized Services from Specialized Companies

ServicesServices

http://ept.hotims.com/61402-36

ISO 9001:2008 Certified • Serving the Electronics Industry for over 20 Years

Conformal Coating & Encapsulation 
Services
Electronic Coating Technologies 
(ECT) brings its integrated approach 
to the customer. ECT provides 
protective materials and application 
services required by a broad range 
of electronic industries. 

To learn more about how we can serve you, visit  
www.electroniccoating.com  

or call 1-877-COAT-ECT (1-877-262-8328). 

CONFORMAL COATING

Firm manufactures its own line of customizable international 
Europlug 2.5A power cords and cord sets at its Iowa, U.S.A. 
facilities. Four standard assemblies have been added to the prod-
uct line, including two power cords and two cord sets utilizing a 
C7 connector. Firm also provides custom options, such as custom 
cord lengths, color options, custom labeling and packaging. 
INTERPOWER

http://ept.hotims.com/61402-72

USA made Europlug power cords, cord sets  
can be customized

TFT LCD module delivers 1024x600 pixel resolution 
Winstar WF70BSIAHLNN0 LVDS 7-inch TFT WF70B 
high brightness TFT LCD module provides resolution 
of 1024x600 pixels. Display comes with a LVDS inter-
face of 40-pin, including typical brightness 1100cd/
m2 and operating temperature ranges from -20C to 
+70C and storage from -30C to +80C. Device provides 
an outline dimension of 168.5mm x 102.0mm and AA 
size of 154.2114 x 85.92mm. Product’s power voltage 
(DVDD) is from 3.0V to 3.6V, typical 3.3V, making it 
suitable for outdoor applications.
DB LECTRO

http://ept.hotims.com/61402-68 Discharge tip enhances ESD evaluation
NoiseKen micro-gap discharge tip enables a more stringent evaluation for the real world 
ESD immunity. Connected to the standard TS-815 series ESD gun, this tip allows for a 
waveform with higher peak amplitude and a faster rise time. Product is helpful for more 
extensive testing against non-standardized field events. Product allows user to simulate: 
loose screws; poor insulation coating; and poor electrical connection between components.
TRADEPORT ELECTRONICS 

http://ept.hotims.com/61402-73

Spring-loaded pin delivers 3mm maximum stroke
0919-0-15-20-89-14-11-0 spring-loaded pin 
provides a maximum stroke of 3mm (.118”) 
with an initial height of .379” (9.63mm). 
Device is designed for SMT termination and 
can be used at a minimum spacing of .100” 
(2.54mm). Device has a recommended work-
ing travel range of .030” (0.762mm) to .100” 
(2.54mm) and a maximum mechanical travel 
of .118” (3mm).  There is a hard stop incorpo-
rated to prevent over compression and mini-
mize the risk of damage to the spring. Device 
permits greater range of movement between 

mating components and stable connectivity in assemblies subject to motion.
MILL-MAX MFG.

http://ept.hotims.com/61402-69

Hybrid connector serves wide range of next-gen 
applications 
ODU hybrid connector is designed for a wide range 
of medical, military, industrial and test & measure-
ment applications. The German-engineered device can 
accommodate multiple pin counts and contact combi-
nations for a reliable transfer of power, signal, data 

and media. Product also provides high data transfer rates, various waterproof ratings 
and termination types. Device is suitable for a wide variety of demanding applications 
and is available in a large selection of hybrid inserts. 
ODU-USA

http://ept.hotims.com/61402-74High-power LED boosts lumens-per-watt
XLamp XP-L2 angle high-power LED provides up to 7% more 
lumens and 15% higher lumens-per-watt (LPW) than its previ-
ous generation in the proven 3.45 mm x 3.45 mm XP package. 
The high-density discrete LEDs improve the performance of 
existing lighting designs with an easy drop-in upgrade, while 
reducing the size and cost of new designs and creates innova-
tive new solutions to address a wide range of applications. 
CREE

http://ept.hotims.com/61402-70

Single conditioning module boosts precision
TF6550GN active high precision signal conditioning module 
with 0-5V signal input and ±10V signal outputs requires 12V 
power supply input to operate. Adopted electromagnetism 
isolation technology, module has a higher accuracy and lower 
temperature drift than that of opto-coupler isolation. Device 
is input and output terminal isolated (power input /signal 
output and power output /signal input are mutually isolated).
MORNSUN

http://ept.hotims.com/61402-71

Surge protection 
provides safe energy 
control
PLUGTRAB SEC (Safe 
Energy Control) type 3 
surge protection solu-
tion replaces previous 
versions for PLUGTRAB 
PT 2/PE. Device can be 
used without separate 
backup fuse utilizing integrated overcur-
rent protection and can be used with end-
devices operated with both alternating 
current and direct current. The pluggable 
modules come with an integrated status 
LED and floating remote monitoring con-
tact, as well as a 5yr free replacement plug 
warranty. ‘RED’ LED status are available. 
PHOENIX CONTACT

http://ept.hotims.com/61402-75

Thermal imaging camera 
features 2.8” display 
R2050 Thermal Imaging 
Camera displays thermal and 
visual images on a vivid 2.8” 
LCD display. Photos are saved 
on the included Micro SD card. 
Product provides IR resolution 
of 80 x 80 (6,400 pixels) and 
delivers a thermal sensitivity 
of <0.1C. Unit operates in 
a -20 to 350°C temperature 
range. The 5.0mp digital camera pro-
vides 32X digital zoom and the ability 
to record video with audio. The 2-metre 
drop-tested unit includes Li-ion battery, 
earphones, wrist strap, USB/HDMI cable, 
micro SD card, software and carrying case.
 REED INSTRUMENTS

http://ept.hotims.com/61402-76

• Each insertion includes both print and digital ads
• Print – Your Out Sourced Services print ad reaches over 21,000+ 
influential readers of EP&T.  Total pass along readership is 48,000+
• Digital – Your digital message is sent to 22,000+ CASL compliant 
e-mails accumulated by EP&T.  Approximate open rate is 20% +/-

NEW advertising feature in every issue of EP&T !

Contact your EP&T account manager for further details:
Peter Loney  •  Tel:416.510.5207  •  pdloney@ept.ca
Joanna Malivoire  •  Tel: 1.866.868.7089  •  jmalivoire@ept.ca

Sourced UT Services
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www.hammondmfg.com

Hammond Manufacturing is a leading sup-
plier of  enclosures, transformers and datacommuni-
cations infrastructure with stocking distributors across 
the globe.  Plus with over 10,000 products in stock in 
our massive distribution center, we have what you need 
when you need it now. 

Call your favorite authorized Hammond distributor for 
fast service.

We’re Ready For You

Need It Now?

Hammond Manufacturing
394 Edinburgh Rd North
Guelph, Ontario, N1H 1E5
Canada

Phone: (519) 822-2960
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