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T
here’s an entire section in the library devoted to the subject of leadership. 

Rows of shelves and categories in your favorite bookstore or e-tailer offer 

dozens of tomes offering dozens of views on the subject of leadership. 

The funny thing about leadership is that it is associated with success, and 

that’s simply not always the case.

Leadership in its most basic form is setting a direction and convincing people to 

join you in heading in that direction. The trouble is that leadership does not guarantee 

success; it’s simply the first step in the process toward a desired outcome. 

While leadership is linear, it’s not usually a straight line. In fact, the willingness to 

adapt to the reality of the moment may be the truest test of leadership—and the tru-

est warning about the potential for failure. Setting a course and taking a step are the 

first signs of leadership, but understanding that there always are new ideas, multiple 

choices and unexpected obstacles should also be part of the leadership process.

Our history books are filled with examples of leaders who started out with good 

intentions but who wound up coming short of their goal. They sometimes failed to 

plan, but more often, they failed to adapt. One of the big lessons of the past year—and 

perhaps its singular success—is that amid all the suffering in the pandemic, the over-

whelming majority of people around the world faced the crisis 

and changed their approach to work, school and life in general. 

We learned to adjust and adapt, and in that learning became 

our own best example of leadership.

As manufacturing continues through its fourth Industri-

al Revolution, new ideas continue to emerge everywhere. 

New strategies augment the lessons we’ve learned from 

past revolutions. While success remains an unreach-

able star, we continue to chase it with an explosion of 

new ideas and the enthusiasm of new discovery.

This Leaders Issue of Machine Design is about some 

of those innovative strategies and products. We offer 

it as a collection of some of the best ideas in our field. 

You’ll also note it’s completely different from our 

Leaders section a year ago. That’s the way true lead-

ership works. We pause for a moment to collect 

our thoughts and reposition our compass. 

Then we head off again, bound 

for success.  

SUCCESS
Leading Towards

BOB VAVRA | Senior Content Director 
bvavra@endeavorb2b.com
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FAST DELIVERY AND FREE APPLICATION SUPPORT
By having our own on-site warehouse here in the US and 

consistent availability of products, items that are shown as 

available according to the real-time inventory update on our 

webshop will be shipped the same working day. 

Need it tomorrow? No Problem! Expedited delivery services 

are also available. 

Automation24 is the premier online supplier for 

industrial automation components offering a 

well-rounded selection of products and solutions 

from sensor to control cabinet. We have been developing 

a comprehensive range of items from brand name 

manufacturers and offer them to our valued customers at the 

best prices. Order conveniently and quickly online and benefit 

from our cost-effective first-class products.   

Throughout 2020 a variety of new items were added to the 

continuously growing product portfolio: 

Steel and stainless-steel enclosures and control cabinets 

from Wiegmann for durable protection of your components

Transformers from Acme Electric to provide stable control 

voltage

Rectangular connectors from Ilme to provide reliable 

connections

And more! 

AUTOMATION24
3600 Horizon Dr., Suite 110
King of Prussia, PA 19406

 WEB  |  www.automation24.com 
 EMAIL  |  mail@automation24.com 
 TEL  |  800-250-6772 (Toll Free)
    610-981-2900 
 FAX  |  610-981-2929

To make your purchase with us as pleasant and easy as 

possible, we place great emphasis on a comprehensive 

online service. We offer an in-shop search capability, and a 

filter function which separates products based on technical 

characteristics to simplify selection. In addition, we have a 

product comparison function and provide comprehensive 

product information. You will find answers to frequently 

asked questions in our FAQ section, but should you have 

any further questions, our outstanding Technical Customer 

Service Engineers are at your disposal Monday through 

Friday between the hours of 8:00 a.m. to 6:00 p.m. EST 

via phone, live chat, email, or fax. They are available to 

assist with product selection and provide support for your 

application before, during and after your order.

AUTOMATION24 – YOUR ONLINE SUPPLIER 
FOR AUTOMATION TECHNOLOGY 

http://www.automation24.com
mailto:mail@automation24.com
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CUSTOM PRODUCT DESIGN & DEVELOPMENT
We offer a wide range of options to solve your motion and 

vibration challenges. Each product undergoes rigorous lab 

testing to ensure products are capable of meeting the most 

demanding conditions. Products are regularly evaluated for 

endurance, cycle life and material strength. 

ACE specializes in custom engineering services, including 

working together with product engineers to prototype and 

develop patented components exclusive to your needs.

23435 Industrial Park Drive
Farmington Hills, MI 48335

WEB  |  www.acecontrols.com
TEL  |  800-521-3320ACE

CONTROLS

ENGINEERING TOOLS & RESOURCES
ACE has simple solutions to make your job easy, including 

a host of online resources and one-on-one assistance. 

Connect with ACE’s application engineers who will work 

with you to calculate and select the right product for your 

needs. Or take advantage of our online tools:

• Size, Configure and Order Online

• CAD library

• YouTube

• Blog featuring case studies

• VibroChecker iPhone app

CONTROL MOTION AND VIBRATION WITH ACE

ACE Controls Inc., located in Farmington Hills, Michigan, is a leading innovator in deceleration, vibration and 

motion control technology. For over a half century, ACE has manufactured superior deceleration products, including 

industrial shock absorbers, gas springs and vibration controls to meet your most demanding application requirements. 

We are committed to delivering the highest quality and the latest technology to meet your challenges.

ACE components can be used in a variety of applications and industries such as aerospace, aviation, machine building, marine, 

medical, oil & gas, packaging and robotics. From up in the air to under the sea, ACE products:

• Slow down moving loads

• Increase efficiency and throughput

• Reduce vibration and noise

• Protect against wear and tear

• Reduce downtime

• Increase throughput

• Increase safety

With over 250 distributors across the globe, there’s always 

an ACE expert nearby. Visit our website to find your 

nearest supplier, www.acecontrols.com.

http://www.acecontrols.com
http://www.acecontrols.com


800-521-3320    |    www.acecontrols.com

23435 Industrial Park Drive, Farmington Hills, MI 43885

Buy a 
Solution Fast

with ACE Motion & 
Vibration Control 

Products

Industrial shock absorbers

Industrial gas springs

Vibration isolation

Resources

ƒ   ACE CAD database
ƒ   ACETips video tutorials
ƒ   Technical blog & case studies

Online Tools

ƒ   Calculations & product selection
ƒ   One-on-one application assistance

Standard products 
available to buy online

http://www.acecontrols.com


TOM AYARS | Software Engineering Manager, Branson Ultrasonics, Emerson

IIoT

D
igital technologies can 

help drive performance 

improvement through-

out your operations, but 

without the right cybersecurity safe-

guards and approaches in place, your 

plant and enterprise could face the 

increased risk of a crippling cyberat-

tack causing significant manufacturing 

downtime, a loss of consumer confi-

dence in your product, or the loss of cru-

cial quality or regulatory data.

Implementing a cybersecurity pro-

gram begins with recognizing risks and 

responding by integrating essential, 

practical security solutions to ensure 

system security, data security and data 

integrity. Effective cybersecurity requires 

staying up-to-date on the latest threats, 

performing real-time asset inventory, 

improving threat-detection capabilities, 

ensuring equipment and devices have 

the latest defense measures, patching 

and updating systems, and enhancing 

incident response capabilities. 

In addition, policies and procedures, 

workforce upskilling and periodic 

training are all key aspects of cyberse-

curity that should be deployed to pro-

tect critical systems by following a risk-

based approach. Putting the basics in 

place gives you the flexibility to deploy 

more sophisticated measures as the 

need arises.

One critical area is the protection of 

vital manufacturing data. Consumer 

trust in manufactured products is built 

on accumulated experience and data 

that validate product performance, as 

well as the capability of a manufacturer 

to maintain consistent and controlled 

manufacturing processes that ensure 

repeatable, high-quality production. 

For Emerson Assembly Technologies, 

these processes include the ultrasonic 

welding of plastics with traceability and 

digital controls, which are essential to 

the function of medical and drug deliv-

ery products and devices; food, beverage 

and snack products; computer products; 

automotive under-hood and interior 

components; and consumer electronics. 

All of these products are manufactured 

and used in the tens of millions every 

day, with each product reliant on the 

demonstrable quality, safety and con-

sistency of the manufacturing processes 

that produce them. 

With the ongoing digitalization of 

the manufacturing floor, manufactur-

ing data is now an essential part of the 

“proof ” that businesses, consumers and 

regulators demand to see when they 

consider the safety, value and perfor-

mance of a product. Any threat to the 

consistency of the manufacturing pro-

cess or the integrity of manufacturing 

data can represent a direct threat to 

product approval or market acceptance. 

This is why data integrity is so impor-

tant, yet equipment controls, industrial 

control systems and associated networks 

historically have not been designed with 

data integrity and security safeguards 

foremost in mind. 

HOW TO COLLECT HIGH-

INTEGRITY DATA

Virtually every product or service 

requires the support of high-integrity 

data, though the requirements and 

implications associated with that data 

vary. For example, because any incon-

sistency or error in producing approved 

medical products and drug delivery 

devices could threaten human health, 

the Food and Drug Administration 

(FDA) and other global regulators 

demand these products be uniquely 

traceable. 

Traceability requirements, embodied 

in the FDA’s Code of Federal Regula-

tions (CFR) Title 21 Part 11, extend to 

all forms of manufacturing data: data 

that provides a complete audit trail, data 

that can trace finished devices by lot 

or individually, data about component 

Used in medical, electronic, automotive and consumer 
products manufacturing, these systems should meet 
industry data integrity standards.

Emerson’s Branson GSX-E1 ultrasonic 

welder. (Courtesy of Emerson)

Rethinking Data Security 
in Ultrasonic Welding  
and Manufacturing 
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parts and data about the quality of indi-

vidual ultrasonic welds—right down to 

the day, time and operator in charge. 

To comply with this regulation, it 

is essential that the integrity of manu-

facturing data be safeguarded not only 

during its creation and storage, but also 

through features that limit access and 

assure complete, secure data transfer 

from the point of manufacture to remote 

global locations for use by corporate sys-

tems or global regulators. 

While it is true that the suppliers and 

makers of electronics and automobiles 

do not face precisely the same type of 

manufacturing regulation as approved 

medical products, the quality and suc-

cess of their operations demand essen-

tially similar, high-integrity manu-

facturing data to ensure production 

efficiency, validate the quality and con-

sistency of their products and ensure 

significant levels of product traceability 

to support everything from customer 

service to product warranties. 

To ensure operational quality and 

success as well as the availability of 

secure, high-integrity manufacturing 

data from one important piece of many 

manufacturing processes, Emerson’s 

software development team took a 

look at the security needs of automated 

ultrasonic welding systems. Ultrasonic 

welding systems play a major role in 

the manufacturing of a wide range of 

medical, electronic, automotive and 

consumer products and are vital to 

the production of personal protective 

equipment and a wide range of packag-

ing for foods, beverages, snacks and 

other products. 

To ensure that its newest ultrasonic 

welding platform, the BransonT GSX-

E1, would not only meet the stringent 

FDA data-integrity requirements but 

also deliver the high quality and volume 

of secure production data demanded 

by other manufacturers, Emerson 

determined that this welding platform 

would be upgraded to provide security 

features modeled on those of typical 

“front-line” IT equipment—computers 

and servers connected directly to the 

internet. 

Through these software upgrades, the 

welding platform is capable of support-

ing 21 CFR Part 11 standards for data 

integrity, which include validating users 

for system security, storing data for up 

to 200,000 individual product welds, 

creating audit trails capable of identify-

ing data manipulation and delivering 

data to meet FDA traceability require-

ments. The platform is also capable of 

meeting the most stringent demands of 

high-value, high-volume manufactur-

ing processes worldwide. 

A second and related upgrade to the 

ultrasonic welding platform gives it 

market-leading encryption technology 

that ensures the integrity and security 

of data transfers. After authenticating 

the identity of the data recipient, this 

technology assures secure data trans-

fers from welders on the manufacturing 

floor to local or remote enterprise qual-

ity management systems, to customer 

systems or to regulatory bodies. The 

authentication process ensures that the 

data is coming from a reliable source 

(the welder) and that the welder is not 

sending data to an unidentified fraudu-

lent attacker.

In short, improving the security and 

safeguarding the integrity of data gener-

ated and shared by vital manufactur-

ing assets are critical responsibilities for 

every producer of capital equipment.  

Data transfer is secured with encryption technology. (Courtesy of Emerson)

The user management system of the Branson GSX-E1.  (Courtesy of Emerson)
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NDT is an important part of quality control for the automotive, aerospace and 
electronics industries. Here is a breakdown of both investment options.

WHAT IS NON-DESTRUCTIVE TESTING?

When manufacturing products for aerospace, automo-

tive, electronics or a variety of other applications, testing or 

inspection in some form is critical to ensure that the products 

meet quality and regulatory standards as well as end-customer 

expectations. To certify that the structural and mechanical 

components will be able to function safely, reliably and cost-

effectively for the mission-critical applications in these indus-

tries, the use of non-destructive testing (NDT) is ideal. NDT 

does not require that a part be altered or destroyed during 

inspection, which saves both time and money in evaluation, 

troubleshooting and research. 

In addition to X-ray, other forms of non-destructive inspec-

tion include ultrasonic, visual and optical; magnetic-particle; 

penetrant; eddy-current; and low-coherence interferometry 

testing. In many cases digital radiography (DR) and computed 

tomography (CT) are the top choices for NDT because of their 

diverse range of applicability, ease-of-use and powerful visual-

ization capabilities. 

When choosing between DR and CT, it is important to 

understand the differences in capability between the tech-

niques. DR offers a quick and effective way to visualize inter-

nal features and defects and make simple measurements of a 

sample by digitally displaying real-time, 2D projection X-ray 

images. CT expands on the X-ray technology by synthesizing 

3D volumetric datasets to enable precise virtual cross-section-

ing of the part. The resultant data provides superior contrast, 

advanced volumetric measurement capability and quantitative 

density characterization.  

In order to produce an effective CT reconstruction, CT scan-

ners collect a series of 2D X-ray images at predetermined rota-

tional steps, usually through 360 deg. After the 2D projections 

are compiled, the system begins reconstruction and “tomo-

grams” are created for each row of pixels on a digital X-ray 

detector. Tomograms are virtual slices through a 3D object 

composed of voxels (volumetric pixels). The reconstruction 

process then assigns each voxel a gray value that corresponds 

to the actual density of the of the object at that location. The 

higher or brighter the gray value, the denser the material. 

The final CT dataset enables visualization of slices (virtual 

cross-sections) at any desired angle, allowing the operator to 

scroll through the part in any plane in real time. Additionally, 

volume renderings are constructed automatically in the CT 

analysis software by assigning a color and opacity to each voxel 

that scales according to their gray value. These renderings of 

external and internal geometries of an object provide sophis-

ticated and photorealistic visualization with adjustable shad-

ows, transparency, camera angles, video creation and more.

CT scanning is widely used for a wide range of applications, 

including material analysis, defect recognition, failure analysis, 

statistical process control, metrology, assembly verification, 

image-based finite element analysis, reverse engineering and 

counterfeit detection. Many manufacturers also use CT to help 

fine-tune production parameters for die casting and additive 

manufacturing since it shows internal problems such as poros-

ity, cracks, inclusions and foreign objects in blind cavities. 

SYSTEM INVESTMENT vs. SERVICE PARTNERS

X-ray and CT systems can be a significant and worthwhile 

investment when integrated into traditional production lines, 

research and development labs, and quality control. Addition-

ally, it is becoming more commonly used in-line or at-line in 

smart manufacturing facilities. However, if a facility does not 

need to inspect products regularly or volume of inspection is 

low, purchasing X-ray/CT systems may not be the right option. 

Alternatively, partnering with an inspection services provider 

may be a more efficient and cost-effective decision by leveraging 

the skills and expertise of knowledgeable NDT professionals.

Inspection service capabilities for common NDT applica-

tions in the automotive industry include visualization and 

quantification of porosity, shrinkage and inclusions, wall thick-

ness measurements and detection of foreign objects in castings. 
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NATHAN SERAFINO | Applications Engineer, Yxlon

Design Feature

Slice view of 

reconstructed 

carburetor CT scan.
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Additionally, identification of defects or missing wires in belt 

plies for tires and verification of air inclusions, shifts and dis-

tortions in the reinforcement plies are also common. 

For the aerospace industry, a vast range of components can 

be effectively inspected by X-ray and CT inspection service 

providers, including turbine blades, flight hardware/sensors, 

welded components and more. In the electronics industry, 

solder quality, BGA inspections, wire bond defect detection, 

trace connectivity and visualization, and through-hole solder 

fill are all common inspection projects for inspection service 

providers.

WHAT TO LOOK FOR IN AN INSPECTION SERVICES 

PROVIDER

Inspection services providers can often offer more than 

simply generating 2D and 3D images by scanning your prod-

uct or components. Service providers may also be able to offer: 

• Support in development of specific solutions and testing 

procedures

• Fact-based recommendations and techniques tailored to 

meet your inspection goals

• Personal expert level support in data preparation, visual-

ization and analysis

• Additional support during workload peaks or capacity 

bottlenecks

• Inspection of high-density and oversized items with high 

power linear accelerator X-ray systems

• Precise dimensional measurements for internal and 

external features and structures

• Workshops, seminars and training for your personnel

Inspection systems and inspection services vary greatly 

across manufacturers and service providers. However, a man-

ufacturer of industrial X-ray systems that also offers inspec-

tion services has unparalleled depth of experience and capa-

bility by leveraging the optimal use of its own technologies. 

Once the decision to use inspection services has been made, 

there are a variety of items to consider when selecting which 

service provider to use.

First is capability. It may seem like a basic concept, but only 

consider a partner that can provide the specific set of capa-

bilities that you need. Next is pricing. Compare prices from 

multiple service providers for the services that you need; do 

not hesitate to request quotes from multiple providers for the 

same project. Some companies even offer free quoting and 

feasibility tests.

Complete a trial project to evaluate the quality of image that 

each provider’s equipment offers. Having scans conducted on 

the same sample by multiple providers can help you make a fair 

comparison of image and data quality. Along with the equip-

ment they use, a service provider’s personnel are also important 

to the quality of your inspection so investigate the level of 

training of the team members who will perform the scan. Most 

providers work within international standards such as ISO 

or ASTM. Many systems—regardless of manufacturer—use 

the same software to provide results, therefore the skill of the 

operator can truly differentiate one provider from another.

Remember to factor in shipping time if not already included 

in the quoted turnaround times from the providers. Service 

providers with multiple locations may be capable of perform-

ing scans more quickly and provide better shipping times due 

to flexibility of location. For companies with a global need for 

inspection services, using a global service provider is also a 

good decision.

Also, investigate the service provider’s equipment. Some 

companies readily provide descriptions and details of their 

inspection systems to prospective customers. Generally, the 

newest systems will provide the highest resolution and pro-

duce the best images. Providers should update their equip-

ment and software regularly.

WHAT TO EXPECT FROM THE INSPECTION PROCESS

The inspection service process is typically straightforward; 

however, some complicated projects may require additional 

steps in the process. 

Before sending parts for a trial, the inspection service pro-

vider will need to know part dimensions, part materials and 

a brief description of the inspection needed and desired out-

comes. If there are any specific requirements, such as visualiz-

ing porosity of 0.5 mm or greater, this information is provided 

in this step. Next, the provider will send a quote. If there is a 

question about whether the provider can meet your inspection 

goals or if the project is not easy to quote, the provider should 

offer a feasibility test. 

Feasibility testing requires one representative test sample 

to be sent in order for the provider to demonstrate the level of 

data quality to expect for the entire project. Typically, they will 

provide images of a region of interest relevant to the inspec-

tion to give confidence in their capability.

Sample delivery, test execution and results delivery are the 

next steps, and this process varies from provider to provider. 

As an example of a typical process, when industrial X-ray 

inspection system manufacturer Yxlon’s inspection services 

team receives a part, it takes about one to two weeks to deliver 

results for smaller projects. Data delivery options include 

sending files via FTP or, for large data sets, external hard 

drives may be provided. Yxlon can provide a free viewer for 

CT visualization, image stacks of the slices in JPEG or TIFF 

files, or slice projection/volume rendering movies.

The provider will then work with you to ship back the parts 

or dispose of the samples depending on your need. Inspection 

services can provide valuable data and insights for a range of 

product applications, and choosing to invest in an inspection 

system or partnering with an outside inspection service pro-

vider is the first step. 
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Evaluating Angle Encoders’ Effects on Motors
Choosing the right encoder is critical for reliable, stable and accurate machining processes.

W
hy are there so 

many different 

angle encoders 

on the market? 

Why do they use different scanning and 

measuring methods? And which one 

should a designer choose? 

To answer those questions, engi-

neers at Heidenhain set up a torque 

motor commanded by a CNC controller 

hooked up to four different angle encod-

ers to see how they differ. The four abso-

lute angle encoders included a sealed 

optical encoder for rotary tables and 

swivel heads; a modular optical encoder 

with a steel scale drum for wide-axis 

rotary tables and swivel heads; a con-

tamination-tolerant modular magnetic 

encoder; and a compact inductive scale-

tape encoder.

 The controller simulated position-

ing tasks for each angle encoder while 

technicians analyzed how signal quality 

affects dynamic performance and how 

the measuring principle affects accura-

cy. They also examined how using data 

from the motor, encoder and sensor 

could improve process reliability.

SIGNAL QUALITY

In direct drive motors, the encoder’s 

signal quality plays a critical role in the 

amount of electrical current noise, which 

affects the motor’s dynamic performance 

and possible power dissipation. The 

noise is a retroactive effect of interpola-

tion errors and affects the dynamic per-

formance of an axis. Interpolation errors, 

in turn, are rapid changes in the position 

value that cause errors in calculating the 

speed calculation. These errors lead to 

more current noise. To avoid instability 

in the drive system, the increase in noise 

must be counteracted by reducing the 

loop gain, which will in turn lower the 

motor’s dynamic performance.

ECA

ECM

RCN

WMXa

This device was used to test and evaluate the different encoders using a TMB+ torque motor 

from ETEL. The cutaway shows the positions of the different absolute angle encoders: 

(a) a Heidenhain RCN 8311, a typical sealed encoder for rotary tables and swivel heads in 

high-accuracy machine tools; (b) a Heidenhain ECA 4410, a typical optical encoder with a 

steel scale drum for wide-axis rotary tables and swivel heads; (c) a Heidenhain ECM 2410 

magnetic encoder; and (d) AMOS’s WMxA 1010 inductive encoder, a scale-tape version that 

is compact and contamination-tolerant.

Noise also affects a motor’s  thermal 

behavior. Low noise levels translate 

into lower power dissipation and motor 

temperatures. High noise levels, on the 

other hand, increases the motor’s power 

dissipation and significantly raise its 

temperature.

Comparing the noise from differ-

ent encoders reveals their behavioral 

differences. Optical encoders cause 

low, steady noise, whereas magnetic 

and inductive encoders cause higher, 

much more heterogeneous noise, even 

with a low-pass filter. This makes opti-

cal encoders the best choice for getting 

the most out of a motor’s performance 

potential and getting the best-surface 

quality.
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ACTUAL VERSUS DESIRED 

POSITION

Whether or not the actual position 

of a rotary table coincides with the 

desired position can be evaluated based 

on statistical measurement of position-

ing accuracy in accordance with ISO 

230-2. This calls for five clockwise and 

five counterclockwise revolutions of the 

rotary table, with 12 measurements tak-

en at 30-deg. steps over each revolution.

Key metrics for evaluating encod-

ers are Parameter A (the bidirectional 

positional accuracy) and Parameter M 

(the range of the mean bidirectional 

positional deviation). Parameter A is 

comparable to the accuracy of an angle 

encoder and Parameter M to the gradu-

ation accuracy, each taking into account 

the error from the application.

To evaluate the contouring accuracy 

at a given maximum speed, the evalua-

tion went beyond ISO 230-2 criteria and 

added dynamic accuracy of positioning 

(designated by the letter D). As in ISO 

230-2, measurements are once again 

taken over five clockwise and five coun-

terclockwise revolutions of the rotary 

table. This time, however, the measure-

ments are taken at a scanning rate of 5 

kHz and a speed of 20 rpm.

Measuring the dynamic positioning 

accuracy at the contouring accuracy 

uncovers high deviations for inductive 

angle encoders. (Contouring accuracy 

refers to the changes in accuracy mea-

sured at speed by comparing desired 

position to actual position.) The devia-

tion is a byproduct of inductive scanning 

that causes accuracy to vary with speed. 

In contrast, optical encoders demonstrate 

hardly any deviation between desired and 

actual positions. The magnetic encoder 

showed mid-level performance without 

extreme deviation.

MOTOR PROTECTION

Torque motors provide high perfor-

mance in a compact device. But over-

heating is a risk if current distribution in 

the windings becomes asymmetric dur-

ing certain machining operations, caus-

ing a surge in temperature of a single 

winding. Sending sensor data on ther-

mal behavior around the motor to the 

controller protects the motor, as well as 

increases the reliability and efficiency of 

machining processes.

The sensor box used in the evalu-

ation monitors all three motor wind-

ings, providing the temperature data for 

immediate use. The box is installed next 

to the motor and between the encoder 

and controller. If the motor’s thermal 

model is already known, as is the case 

with the torque motor,  the sensor box 

will rapidly detect sudden temperature 

rises, preventing damage to the motor 

windings and protecting the motor from 

overheating.

Choosing the right encoder and 

using the various data available from the 

machining process are important for reli-

ability, stability and accuracy of machin-

ing processes. Knowing the characteris-

tics of different encoders lets designers 

and developers choose the most suitable 

encoder for an application. After all, 

choosing the right encoder isn’t just about 

dynamic performance and accuracy; 

designers and developers must also take 

design-related factors such as the shaft 

diameter and mounting into account, not 

to mention cost-effectiveness.  

The thermal image on the left shows the lower motor temperature for an optical angle 

encoder used for position control compared to the higher temperatures created by a non-

optical encoder, as seen on the right.

This graph shows the noise levels generated by the four different encoders.
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Balluff ’s expertise in automation is truly comprehensive. 

Whether it is a customized small run or a supplier partner-

ship that has run reliably for 30 years, Balluff has developed 

and produced a successful solution to meet your needs.  

We offer products and systems for all areas of automation:

• Inductive, photoelectric, capacitive and magnetic  

field sensors

• Measurement, pressure and linear position sensors

• Industrial identification systems, RFID

• Industrial networking and connectivity

• Market-leading portfolio of 

IO-Link masters and devices

And we deliver innovative solutions for nearly every industry:

• Automotive

• Automotive tier suppliers

• Packaging, food and beverage

• Steel and aluminum production

• Energy

• Plastics, rubber and tires

• Semiconductor

• Life sciences and lab automation

• Hydraulics and valves

• Factory automation

• Metal fabrication, stamping, welding

BALLUFF stands for innovative 

technology, quality and cross-

industry experience in industrial 

automation. As a leading sensor and 

automation specialist, Balluff offers 

a comprehensive portfolio of sensor, 

identification and network solutions as 

well as software for integrated system 

solutions. We strive to improve the 

competitive position of our customers by 

sharing our passion for automation.

 

Every day, Balluff products are 

improving manufacturing processes 

around the world through increased 

production throughput and improved product quality.  

We offer rugged and reliable products and support, along 

with unique capabilities that impact our customers’ 

production line as well as their bottom line.

8125 Holton Drive
Florence, KY 41042

 WEB  |  www.balluff.com 
 EMAIL  |  balluff@balluff.com 
 TEL  |  800-543-8390 

BALLUFF INC. 

Founded in Neuhausen auf den Fildern in 1921, Balluff 

now employees 4,000 workers in distribution, production 

and development sites around the globe. This guarantees 

excellent worldwide product availability, as well as high-

quality consulting and on-site service. 

IMPROVING YOUR 
COMPETITIVE EDGE  
WITH OUR PASSION  
FOR AUTOMATION

http://www.balluff.com
mailto:balluff@balluff.com
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The EtherCAT-enabled eXtended Transport System (XTS) 

offers paradigm-shifting capabilities for motion control and 

mechatronics by combining the advantages of proven rotary 

and linear motion principles into a new modular platform. 

With its compact and flexible design, the advanced mechatronic 

system can reduce machine footprint up to 50%. The XTS 

revolutionizes drive technology and promotes innovative, 

globally competitive machine concepts. XTS contains 

all functions necessary to support efficient integration for 

motion control applications in many industries. With attached 

mechanical guide rails, XTS motor modules feature directly 

integrated power electronics, EtherCAT communication and 

position measurement. An unlimited number of wireless XTS 

movers can be controlled with high dynamics at up to 4 m/s on 

extremely customizable paths. 

Beckhoff expanded the XTS portfolio recently with 

new hardware and software enhancements. XTS Hygienic, 

a stainless steel, IP69K version, is ideal for wash-down 

production environments in packaging, pharma, food and 

beverage. In addition, new Track Management functionality 

allows individual movers to transfer between multiple XTS 

systems, enabling further customization, quality inspection, 

automatic defect ejection and more. These features, along with 

the system’s high speeds, dynamics, small footprint, instant 

recipe changeovers and real-time integration with robotics, 

further revolutionize possibilities in machine design.

Another breakthrough in mechatronics technology, the 

XPlanar flying motion solution delivers unrivaled flexibility 

and throughput in part, product and package handling. The 

system uses planar motor tiles as a base to levitate passive 

movers that can fly at speeds of 4 m/s and acceleration up 

to 20 m/s². Path planning and collision avoidance software 

produce extremely efficient and maintenance-free motion 

control for complex assembly, packaging, inspection and 

material handling applications. Anti-sloshing functionality 

in TwinCAT 3 software optimizes XPlanar’s transport 

capabilities in applications involving liquids, such as filling of 

beverages, cosmetics and other goods. XPlanar offers wear-

free movement and the ability to cover planar motor tiles with 

stainless steel, glass or other hygienic surfaces.

NEXT-STEP AUTOMATION TECHNOLOGY FROM BECKHOFF OFFERS UNRIVALED 
FLEXIBILITY AND THROUGHPUT

Beckhoff Automation is a global provider of open automation systems based on advanced PC Control technology.  

The “New Automation Technology” philosophy at Beckhoff represents universal and open automation solutions used 

in a wide spectrum of high-tech applications around the world. These applications range from control of machines and 

robots, to Internet of Things (IoT) systems, to category-defining mechatronics solutions and much more. The world headquarters 

of Beckhoff Automation is in Verl, Germany while the U.S. headquarters office is in Savage, Minn. (Minneapolis area).

BECKHOFF 
AUTOMATION 

         WEB  |  www.beckhoff.com 
     EMAIL  |  beckhoff.usa@beckhoff.com 
           TEL  |  952-890-0000 
 TWITTER  |  @BeckhoffUSA

http://www.beckhoff.com
mailto:beckhoff.usa@beckhoff.com
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A revolution in 
 linear transport systems: 
XTS
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The XTS advantage

circulatory movement 
flexible modular system 
individually movable movers

User benefits

reduced machine footprint
software-based changeovers
improved machine flexibility
increased throughput
shorter time to market

NEXTSTEP

www.beckhoff.us/xts
Manufacturers around the world need to offer increasingly customized products – with machines that 
deliver reduced footprint and improved productivity. Available now in the U.S., the eXtended Transport 
System (XTS) from Beckhoff answers these machine design challenges and more. In combination with 
PC- and EtherCAT-based control technology, the XTS features a high level of design freedom for machine 
builders to develop game-changing concepts for product transport, handling and assembly. A stainless 
steel hygienic XTS version is ideal for use in the pharmaceutical and food industries.
Take your next step in machine design with XTS:

total freedom of installation position
compact design integrates directly into machinery
freely selectable track geometries
few mechanical parts and system components

http://www.beckhoff.us/xts
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WHAT ELSE SETS US APART? 
Customers regularly score us not just better, but much better than other 

companies in technical and engineering support, product and solution 

reliability, service and parts support, responsiveness of customer service, 

and that we appreciate our customers’ business. This commitment to 

customers through our Signature Experience™ process helps us maintain 

some of the longest-lasting partnerships in the industry.

BISHOP-WISECARVER makes designing and delivering complex linear and rotary assemblies easy while reducing 

labor, costs and inventory requirements. Through the integration of mechanical, electrical, software, control and 

systems design engineering expertise, we continue to provide a single point of service that results in: custom designs, 

increased efficiencies and accelerated time to market.

2104 Martin Way
Pittsburg, CA 94565

WEB  |  www.bwc.com
TEL  |  925-439-8272

Bishop-Wisecarver develops innovative motion solutions that are 

expertly designed and delivered to perform from a company you 

can trust. Leveraging nearly 70 years of experience, we’ve earned 

the reputation of providing unmatched quality, reliability, service 

and engineering support for every stage of a customer’s design 

cycle. No matter your application, volume shipment requirements 

or extreme environmental conditions, Bishop-Wisecarver listens 

to your specific needs. Then we design innovative solutions 

enabling you to finalize projects from concept to completion 

quickly, easily, and cost  effectively. Our customers consider us a 

valued partner that helps solve even their toughest problems with 

unmatched commitment. 

Founded as a custom machine builder, Bishop-Wisecarver as a 

second generation family owned company, has never been more 

relevant to innovative customers requiring highly specialized 

automation solutions. 

Our Signature Experience™ process promises our customers:

1. That our technology and designs will be the right fit for your 

application.

2. That you will receive a documented needs assessment to 

guarantee alignment with your definition of success for your 

project.

3. We will customize a solution for you - even for one unit.

4. Proactively communicate with you through all stages of your 

order from beginning to after installation.

5. Guarantee we have met or exceeded your definition of 

success on your project through post installation follow 

meeting. We have you rate us.

EXPERTLY DESIGNED, DELIVERED TO PERFORM

http://www.bwc.com


RELY ON US TO 
CARRY THE LOAD

Get up and running with less hassle than ever 
before. Build gantries faster, design heavy-duty 
robot transfer units with ease, and maximize 
reliability in your automated motion systems with 
complete solutions from Bishop-Wisecarver.

With 70 years of engineering expertise, 
we understand our customers’ design and 
application requirements which enables us to 
develop unique robotic solutions.

LEARN MORE AT BWC.COM/ROBOTICS

EXPERTLY DESIGNED, DELIVERED TO PERFORM    925.439.8272  | BWC.COM

http://bwc.com/robotics
http://bwc.com
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750 Hastings Lane
Buffalo Grove, IL 60089

 WEB  |  www.GavazziOnline.com
 EMAIL  |  Sales@CarloGavazzi.com
 TEL  |  847-465-6100
 FAX  |  800-222-2659

CARLO GAVAZZI
A GLOBAL FORCE IN 
ELECTRONIC AUTOMATION

OUR COMPREHENSIVE RANGE OF PRODUCTS:

SENSORS: Capacitive and Inductive Proximity Sensors,

Photoelectric Sensors, IO-Link Sensors, Configurator and

Masters, Ultrasonic Sensors, Level Sensors, Magnetic 

Switches, Motion/Presence Sensors, Limit Switches, 

and Safety Interlocks 

SWITCHES: Solid State Relays, Solid State Contactors, 

Electromechanical Contactors, Definite Purpose Contactors, 

Overloads, Manual Motor Starters, Mini Circuit Breakers, 

Soft Starters, and Electromechanical Relays

CONTROLS: Current/Voltage/3-Phase Monitoring Relays, 

Energy Meters/Software, Current Transformers, Switching 

Power Supplies, Timers, Digital Panel Meters, DuplineSafe 

Mining/Monitoring System, and Fieldbuses

Founded in 1931, CARLO GAVAZZI is a multi-national 

electronics group active in the design, manufacture, 

and marketing of electronic and electrical components 

for industrial automation and building automation.  

With several ISO9001- and ISO14001-certified manu-

facturing and R&D facilities throughout Europe and Asia, 

and dozens of sales offices spanning the globe, you are 

assured that product support, service, and inventory are only 

a phone call, email or mouse click away.  CARLO GAVAZZI 

products are developed and manufactured in full compliance 

with the most important standard regulations, such as UL 

and CSA.   

Typical customers are original equipment manufacturers 

(OEMs) of packaging machines, injection molding (plastics) 

machines, agriculture machines, food and beverage 

production, conveying and materials handling equipment, 

door and entrance control systems, parking guidance systems, 

elevators and escalators, as well as heating, ventilation, and 

air-conditioning devices. System integrators and distributors 

are typically the channels we utilize to reach the market.

http://www.GavazziOnline.com
mailto:Sales@CarloGavazzi.com


Contact us today if you’re interested in a free evaluation sample (qualified OEMs only).  

GavazziOnline.com • 847.465.6100 • Info@CarloGavazzi.com

Carlo Gavazzi is one of the fastest growing solid state relay and contactor manufacturers worldwide.
One of the key reasons is our comprehensive range of products, which provide unparalleled solutions.
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A
dvanced machining 

can solve many of the 

challenges of today’s 

increasingly difficult-

to-produce parts such as miniaturiza-

tion, part complexity, strict toleranc-

es, thin walls, material hardness and 

smoothing rough surfaces. Here are five 

examples of typical manufacturing hur-

dles engineers face and how advanced 

machining can overcome them. 

STRICT TOLERANCES

On a part with a tight hole entrance 

tolerance, the tool length, tool angle and 

thermal fluctuations during manufactur-

ing can make it difficult to maintain that 

tolerance. Advanced microfabrication 

and high-speed rotary forming can create 

a miniature part to exact specifications, 

and the right tools and jigs will hold parts 

in place for a smooth surface finish.

Advanced machining tools, such as 

end mills with minimum diameters 

down to 0.01 mm, can efficiently and 

consistently perform milling, hole drill-

ing and S0.5 (0.5-mm diameter) thread 

cutting—even for hole entrance toler-

ances of ±5 μm or less. These tools can 

also meet a thickness tolerance of 0.15 ± 

0.01 millimeters and maintain a surface 

roughness profile of Ra 0.1 μm. These 

specifications are often too difficult for 

many manufacturers.

 THIN WALLS

A conventional press may seem a 

good way to make miniature steel parts 

with thin walls, but it can generate heat 

and create residual material stresses. 

These make it difficult to make precise 

wall thicknesses without distorting the 

material and adding time and expense 

to the job. Despite these drawbacks you 

can still use a conventional press, but 

machining them offers precision and 

cost advantages.

Consider a round, cylindrical part 

like a stainless-steel motor housing. 

Such parts often call for wall thicknesses 

as small as 0.2 ± 0.05 mm. This specifi-

cation is well within the capabilities of 

advanced machining, which can make 

walls as thin as 0.035 mm while main-

taining precise geometric tolerances for 

roundness and concentricity.

COMPLEX SHAPES AND SURFACE 

ROUGHNESS

Demanding applications often call for 

stainless steel parts with both complex 

shapes and surface roughness challenges. 

Part with contoured surfaces in multiple 

axes need the latest machining technol-

ogy. Stainless steel valves for fuel cell 

vehicles, for instance, must have scratch- 

and burr-free internal passages. This is 

When it comes to creating parts with small features, tight tolerances, complex geome-
tries, and challenging materials or finishes, advanced machining could be the answer.

Advance Manufacturing
TSUYUSHI AOMI | Chairman and CEO, Aomi Precision

Advanced machining can tun out small preci-

sion screws and other fasteners.

Machining can create thin walls and meet 

challenging surface finish requirements.
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an ideal task for advanced machining’s 

precision and quality finishes.

For example, advanced machining 

can create intricate parts with outside 

diameters smaller than Ø160 to strict 

geometric tolerances. It can also provide 

concentric groove machining and four-

axis grinding, plus a range of surface 

finishes such as seal-surface and mirror-

surface finishes.

TITANIUM AND SUPERALLOYS

For many part makers, machining 

titanium and superalloys such as Has-

telloy poses problems. They are among 

the most difficult-to-cut materials, 

but are often used in critical applica-

tions where equipment manufactur-

ers demand uncompromising accuracy 

and quality.

To process titanium or other hard-to-

cut materials, companies should partner 

with a specialist that uses high-perfor-

mance machine tools and understands 

machine tool technology and metal-

lurgy. They will be aware of the latest 

chucking and cooling technologies, 

cutting speeds and cutting tools, and 

can assemble several parts and process 

them to get the  specified surface rough-

ness. Some, like Aomi Precision, have 

built databases of various processing 

requirements and conditions for hard-

to-cut materials. This lets them quickly 

offer and then deliver the most suitable 

machining methods for parts.

If  faced with a demanding part 

design, it can be easy to reflexively fall 

back on tried-and-true production 

methods. Satisfaction with conventional 

methods in the past can leave design-

ers on the fence about whether to move 

onto advanced machining. And design-

ers who only need a small batch of parts 

or just a prototype or two might think 

advanced machining is beyond the bud-

get. But for many small, more-intricate 

and difficult-to-manufacture parts and 

prototypes, this could be a prime time 

for exploring and taking advantage of 

the capabilities and quick turnarounds 

of advanced machining.

Advanced machining can be a more 

attractive option than conventional pro-

duction methods given that specialized 

machining companies have the tech-

nology, experience, and metallurgical 

knowledge to tackle many hard-to-

make parts to exacting specifications. 

They also keep costs in check by making 

special tools in-house and eliminating 

costly third parties, so parts go from 

prototype to production and delivery 

faster. 

Advanced machining can accurately produce turned parts with thin, small features.

Complex parts can be machined out of titanium and other difficult-to-machine materials.

Complex parts such as these 

can be produced in a single 

up-to-date machining process.
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C
onveyor belts date back to 

the end of the 18th Cen-

tury, when they were hand-

operated and made from 

leather belts and wooden beds. Over 

the years, technological advances have 

introduced new power sources such as 

steam and electricity, and new materi-

als to belt design. Belt materials have 

included rubber, PVC, nylon, cotton, 

polyester and metal, among others. 

Here’s a look at metal belts, their fea-

tures and benefits, advantages and dis-

advantages, and whether or not they’re 

right for your engineering or design 

application.

METAL BELTS 101

Here are some of the notable features 

of metal belts:

High strength-to-weight ratios. 

Stainless steel has a tensile strength rang-

ing from of 180 to 300 KPSI, depending 

on the alloy and temper chosen. Rela-

tively thin and light-weight belts can be 

designed to handle the stresses of almost 

any application. Accordingly, metal belts 

are strong contenders in countless appli-

cations where strength, light weight or 

both are needed during production. The 

high strength and low weight let more 

of the conveyor’s input horsepower be 

devoted to moving the product and not 

the belt, which boosts efficiency and 

reduces operating expenses.

Customizable.  Metal  belts  can 

be customized with perforation pat-

terns, attachments and surface coating 

options.

One common customization option 

are perforations. They can be created 

on metal belts by mechanical and laser 

cutting, die-and-cut presses and rotary-

pinned perforation rollers.

Vacuum perforations, for example, let 

air be pulled through holes in the con-

veyor by a vacuum plenum beneath it. 

This creates a suction force that firmly 

holds items and materials on the belt 

and in position and removes dust from 

the belt.

Metal belts are durable, easy to clean and can be customized for most applications.

Are Metal Conveyor Belts 
Right for Your Application? 

DENIS GAGNON | CEO, Belt Technologies Inc.

ALAN WOSKY | President, Belt Technologies Inc.

Mechanical

Metal belts on conveyors are used in a wide range of high-end manufacturing applications 

such as robotics, food processing and solar panel production.

The high strength and low weight of stainless-steel belts let more of the conveyor’s input 

horsepower be devoted to moving the product and not the belt. This boosts efficiency and 

reduces operating costs.
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Custom perforations vary by manu-

facturer. Endless metal belt maker Belt 

Technologies, Inc., for example, can per-

forate belts as thin as 0.002 in., as narrow 

as 0.040 in. and as wide as 36 in.

Vacuum perforated belts are used in 

clean rooms, solar panel production, 

electronics manufacturing, printing 

presses, packaging and pharmaceutical 

processing.

Metal belts can also be customized 

with coatings and surface treatments. 

Teflon, neoprene and silicon are the 

most common coatings. They can add 

nonstick qualities, improve lubricity, 

increase friction and change the belt 

surface’s hardness (durometer).

The nonstick qualities of Teflon 

coating, for example, benefits food 

processors. And silicone helps ensure 

small  components remain on the 

moving belt during manufacturing. 

Depending on the application meth-

od, surface coatings can be as thin as 

0.0005 in.

Custom attachments can also be add-

ed to metal belts, often to secure product 

transport or control specific manufac-

turing stages, including sorting, sepa-

rating and feeding. Applications of belt 

attachments include lead frame drives, 

timed parts nesting and high-speed 

packaging.

Materials. Designers have a range of 

metals to choose from, depending on 

the manufacturer. For example, belts 

can be made from an array of stainless 

steel alloys, as well as Inconel (a nickel-

chromium-based superalloy), Invar (a 

nickel-iron alloy) and titanium alloys. 

Engineers can choose metals that give 

belts greater corrosion or temperature 

resistance or have higher tensile and 

yield strength.

Pitch accuracy. Metal belts can be fab-

ricated with a pitch accuracy of +0.0005 

in. (the gap between perforations, tim-

ing pins or other such features). This 

improves accuracy and repeatability, 

which is useful when designing indexing, 

positioning and processing equipment.

Lubrication. Unlike chain-link belts, 

metal belts are a single element, and 

don’t generate any friction that calls for 

lubrication. This reduces maintenance 

while improving cleanliness and reli-

ability. 

Non-stretchable. Compared to belts 

made with other materials, metal belts 

made with spring steels have a high 

modulus of elasticity. This makes them 

virtually non-stretchable and ideal in 

applications where high performance 

depends upon precision positioning.

Smooth operation.  When non-

metal belts transition from being flat 

to wrapped around a sprocket, it can 

cause pulsing motion in the drive chain, 

along with localized lowering and rising 

of the chain at the sprocket. Metal belts 

are free from this pulsation, so motion 

is smooth and matches the control sys-

tem’s motion profile.

Thermal conductivity. Metal belts 

are better at absorbing and transmitting 

energy in the form of heat, cold and 

electricity, which is often used in the 

manufacturing process. Many materi-

als must be kept at specific tempera-

tures as they move down the conveyor 

to improve finished product’s quality 

and consistency. Stainless-steel belts 

with high thermal conductivity are 

well-suited for transporting food items 

that cook food as they move through 

production.

No static build-up. Because metal 

belts discharge static electricity, they’re 

ideal for use in making electronic com-

ponents such as integrated circuits and 

surface-mount devices.

Cleanliness. Unlike belts with teeth 

or grooves, or flat neoprene belts, metal 

belts don’t generate dust or particulates 

that could spoil or corrupt food or phar-

THE FIRST STEEL CONVEYOR SYSTEMS were invented and 

produced in 1901 and became widely used in food production. 

A little later in that century, Henry Ford popularized conveyors, 

incorporating them into his auto assembly lines. Rubber shortages 

during WWII led to the invention of synthetic conveyor belts.

Decades later, rapid growth in America’s post-war economy 

led to the increased use of steel belts in manufacturing. 

Early applications included productions for NASA and the 

tobacco industry.

Since that time, advancements led to the endless metal belt, 

a completely smooth surfaced belt with a single welded seam. 

Metal belt applications have also expanded into electronics, 

semiconductors, medical goods, food, packaging, robotics and 

printing.

A SHORT HISTORY OF METAL BELTS

U
nlike chain-
link belts, 

metal belts are a 
single element, and 
don’t generate any 
friction that calls 
for lubrication. This 
reduces maintenance 
while improving 
cleanliness and 
reliability. 
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Metal Belts

maceutical products. This also makes 

them well suited for clean rooms. Addi-

tionally, metal belts will survive being 

sterilized in an autoclave. 

Unlike materials that call for the belts 

to be removed from the conveyor for 

regular cleaning, which interrupts pro-

duction, metal belts can be cleaned in 

place.

Durability. Metal belts are inert and 

non-absorbent, so they resist humidity, 

corrosion and harsh chemicals. Stainless 

steel’s nonporous surface resists damage, 

a benefit for applications where food 

bacteria or other germs could proliferate 

in grooves, marks or scratches. 

Due to their resistance to extreme 

heat, metal belts won’t melt or break 

during high-temperature processes, but 

they could see minimal warping. They 

also withstand temperature changes, 

making them good for bakery products, 

packaging and other high-temperature 

applications.

The alloy used in the belt determine 

the range of high temperatures it can 

withstand. One heat-treated stainless-

steel alloy, for example, survives up to 

800°F, while a type of Inconel handles 

up to 1,000°F. 

Metal belts are inherently flame-

resistant, a notable benefit for some food 

processors. In the 2000s, several such 

processors had their plastic conveyor 

belts catching fire. It caused millions of 

dollars in damages and, in some cases, 

closed the facilities.

Sustainability. Metal belts make less 

of an impact on the environment than 

plastic belts. Though all conveyor belts 

have a carbon footprint, plastic, made 

from petroleum, is tougher on the planet.

Cost-effectiveness. Due to their  

longer life and lower cleaning and main-

tenance requirements, metal belts can 

be the more cost-effective option over 

its lifespan.

METAL TIMING BELTS AND DRIVE 

TAPES

Metal timing belts and drive tapes 

are like conveyor belts and can be made 

from the same high-quality stainless 

steel. But they’re designed to work with 

specialized timing pulleys to ensure 

precise, cyclical movement of parts and 

products.

Metal timing belts and drive tapes 

resist extreme temperatures and vacu-

ums, letting them reliably perform tasks 

that require rapid acceleration, precise 

positioning and repetition. Their sani-

tary and easily cleaned surfaces make 

them ideal for use in clean room envi-

ronments, as well.

Metal timing belts. Perforated tim-

ing belts for timing applications engage 

timing teeth on a pulley. They can also 

have tooth-like attachments that engage 

sockets in the pulley’s outer circumfer-

ence. In both cases, the timing elements 

ensure the pulley and belt are synchro-

nized. The belt moves by frictional forc-

es created between the belt and turning 

pulley.

The ability to add timing attachments 

lets steel metal belts can be used for tim-

ing, positioning and indexing. The steel 

lets the timing belt resist impacts, corro-

sion, extreme temperatures and vacuum 

environments. 

Because metal belts don’t stretch, they 

can typically ensure a repeatability toler-

ance between 0.002 in. (0.051 mm) and 

0.005 in. (0.127 mm). (Repeatability is 

the ability of a single pitch to return to 

its home position after several revolu-

tions of the belt.) In a standard friction 

drive, the pulley moves slightly faster 

than the belt. Unchecked, this can lead 

to pitch accumulation or belt creep, 

which degrades accuracy. 

Timing belts and timing pulleys con-

trol the effects of belt creep, making 

stainless steel an ideal way to maintain-

ing accuracy when precision is a must.

Metal drive tapes. Although metal 

drive tapes ae made from the same 

stainless steel as metal belts, they’re 

open-ended and anchored at each end. 

They are used when reliable and accu-

rate motion profiles are needed, such as 

in XY plotting assemblies for 3D print-

ers and robotic equipment. 

Metal drive tapes are ideal for use 

in robots. Their low mass and high 

strength offer durability, along with 

quick acceleration and stopping. With 

Metal belts are a sound choice for the food 

processing industry. Stainless steel belts 

and conveyors have hygienic surfaces that 

are sanitary, easy to clean, and resist bac-

teria, rust, and corrosion. Most importantly, 

the stainless-steel designs meet and exceed 

FDA regulations and guidelines for food 

manufacturers. 

Metal timing belts and drive tapes are like 

conveyor belts, but they work with special-

ized timing pulleys to ensure precise, cycli-

cal movement of parts and products.

Perforated timing belts are best used for 

timing applications; they engage timing 

teeth on a pulley.
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other timing devices, motion loss and 

backlash of gears and timing belts can 

lead to inaccurate positioning and robot 

motion. Metal drive tapes can perform 

with near-zero backlash in various 

applications, including:

• LCDs

• Optical drives

• Carriage positioning

• Robotic arms

• Clean rooms

Metal drive tapes can be customized 

with a nearly unlimited selection of end 

attachments and/or perforation pat-

terns. They can be found in robotic arm 

actuators, semiconductor and electron-

ics packaging, industrial automation, 

medical and surgical applications, and 

animatronics and robotics for the enter-

tainment industry.

Metal drive tapes can also be deployed 

with several belts with tight tolerances 

to increase a robot’s operational lifespan 

and allows for repeatability when mak-

ing mass batches of products.

DRAWBACKS OF METAL BELTS 

Every conveyor belt system has its 

disadvantages. Fabric belts are prone to 

belt creep. Plastic mesh belts contain 

small parts that can break off and fall 

into and contaminate the production 

lines. Metal belts do well in these areas, 

but have their own drawbacks.

Though their durability, sanitary and 

ease-of-cleaning features means that 

metal belts will have a lower cost over 

the course of their lifetime, the initial 

cost of metal belts is often higher than 

other systems, which can be a challenge 

for some budgets.

Metal belts can also be deformed 

beyond repair if they suffer unexpected 

major impacts or are used improperly. 

Protecting metal belts from these sce-

narios lead to longer lifespans and high-

er production rates.

Certain perforations on metal belts 

can weaken the metal’s structural integ-

rity, which shortens the belt’s lifespan 

and results in additional replacement 

cost and downtime.  

Metal belts can be customized with coatings 

and surface treatments including Teflon, 

neoprene and silicon. These coatings can 

add non-stick qualities, improve lubricity, 

increase friction or even change the belt 

surface’s hardness.

Metal drive tapes are made from the same 

stainless steel as metal belts but are open-

ended and anchored at each end. 

THE FOOD PROCESSING industry is 

vulnerable to product recalls, often due to 

bacterial contaminants that spread through 

poorly inspected products or because 

of contamination due to dirty processing 

equipment. A recall due to contamination 

can prove devastating, both financially and 

to a company’s reputation.

Plastic and rubber belts are susceptible 

to fraying and generating particulates that 

can fall into the food. They are also prone 

to physical damage, including pits and 

cracks where chemicals, allergens or con-

tagions can build up and fester. And plastic 

and rubber belts outgas (emit fumes), 

which can affect the food’s flavor. 

In comparison, solid stainless-steel belts 

and conveyors have hygienic surfaces 

that are more sanitary and do not affect 

food quality. Stainless steel resists rust 

and corrosion and can be cleaned easily 

and thoroughly with inexpensive chlorine, 

high-pressure steam or most other wash-

ing methods. Because metal belts contain 

fewer moving parts than mesh and other 

belts, there’s a much lower chance that 

parts or particulates will break off the belt 

and contaminate the food supply.

Unlike plastic and rubber, steel does not 

absorb odors and its surface resists bac-

teria like salmonella and listeria that can 

cause cross-contamination. 

Most importantly, the stainless-steel 

designs meet and exceed FDA regulations 

and guidelines for food manufacturers. 

From meats to frozen pizzas and ice 

cream, stainless steel metal belts are ideal 

for the cooking, freezing and handling 

of edible products. They have proven to 

be versatile, durable, and easy to design 

and manufacture for any food processing 

system requiring exceptional results.

METAL BELTS AND FOOD PROCESSING

T
iming belts 
and timing 

pulleys control the 
effects of belt creep, 
making stainless 
steel an ideal way to 
maintaining accuracy 
when precision is a 
must.
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WORKING PARAMETERS
With over 100 years of experience Boker’s can confidently manufacture your most 

complex stamping in sizes up to 12” X 12” with material thicknesses from .005” to .190” 

(varies by material) and draws up to 3” deep and 8” in diameter.

Boker’s has over 32,000 non-standard flat round washer tools in stock and can 

manufacture to your exact specifications without tooling charges. All available in over 

2,000 stock commonly specified and hard to find metallic and non-metallic materials.

WASHERS, SPACERS AND SHIMS
Efficient, accurate assembly and fastening processes are critical in manufacturing applications, 

as they ensure the right parts or components are utilized to build, sort or package products 

in a variety of applications. While every assembly and fastening process requires a variety of 

components for successful operation, washers are a vital component. 

Washers are critical to the operation of virtually every machine or device with moving parts. 

They perform a variety of functions beyond securing bolts, nuts, screw and rivets, including 

insulating, sealing, locking, spacing, improve appearance, provide spring take-up, align and 

distribute loads.

STAMPED COMPONENTS
Boker’s, utilizes the latest stamping technologies to continually provide engineers with 

stampings of the highest quality. Precision metal stampings are produced by converting flat metal 

sheet or coil into engineered component parts for manufacturers. Parts can be flat and simple or 

complex profiles. 

Stampings are produced using a variety of punch presses. In their most basic operation, punch 

presses use a corresponding die and punch tool for flat blanking—a flat metal cutout of the 

exact periphery shape and size of the part. Additional metal forming stages are often employed to 

produce complex parts and profiles including piercing, and metal forming operations such as 

bending, drawing, flanging, embossing, rolling, and others. 

In addition to traditional, compound dies (single-stage tools), more advanced stamping providers offer progressive tooling 

capabilities that accomplish multiple automated operations at once (in progression). Progressive tooling and automation 

further decreases secondary operations and lead times and increases the capacity and economy for longer production runs. 

RELY ON THE SPECIALISTS 

Stampings and washers are needed in virtually everything we use or depend on every day. Chances are, you come into 

contact with a Boker’s manufactured component daily, from watercrafts and renewable energy, to medical devices, 

satellites, airplanes, off-road vehicles and more. That’s why engineers can rely on Boker’s, Inc., The Stamping and 

Washer Specialists Since 1919.

3104 Snelling Ave.
Minneapolis, MN 55406

 WEB  |  www.bokers.com 
 EMAIL  |  sales@bokers.com 
 TEL  |  612-729-9365 BOKER’S,  

INC.

http://www.bokers.com
mailto:sales@bokers.com
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As a contract manufacturer, OEMs around the world rely on 
us for innovative solutions. Providing engineering support 
from beginning to end, our engineers offer valuable insights 
during the early design stage of a project. Drawing from 70 
years of problem solving capabilities and manufacturing 
experience, customers benefit from our expertise, resulting 
in design improvements and optimum manufacturability. 

SDP/SI develops and manufactures miniature to small 
mechanical components as well as subassemblies for inte-
gration into larger systems fully supporting our custom-
ers from prototype to high-volume production. Our small 
power transmission and motion control components can be 
found in thousands of applications in a wide assortment of 
industries including aviation, aerospace, medical, defense, 
robotics, recreational, oil and gas.

Partnering with medical device manufacturers we deliver 
the high-quality components required for precision medical 
applications including surgical robotics, blood analyzers, 
drug delivery systems, and COVID testing equipment.

As a manufacturer in the aerospace gearbox industry, our 
custom gearbox assemblies provide the means to position 
wings, open doors, fuel control, instrumentation, loading 
and steering mechanisms. A wide variety of SDP/SI preci-
sion gears and custom gear assemblies can be found on 
commercial and military aircraft, missiles and satellites 
around the world. 

SDP/SI creates precision gears, superior mechanical components, and custom engineered solutions for the most 
highly-regarded names in the aerospace, precision medical, defense, and robotics industries. Our combined 
design, state-of-the-art manufacturing, and assembly capabilities allow us to meet the critical tolerances and 

functionality needs our customers require.

250 Duffy Avenue | Hicksville, New York 11801

 WEB  |  www.sdp-si.com 
 EMAIL  |  sdp-sisupport@sdp-si.com 
 TEL  |  516-328-3300 
      800-819-8900 
 FAX  |  516-326-8827

CERTIFICATIONS

• ISO 9001:2015 + 
AS9100D Certified

• ITAR Compliant – 
DDTC Registered

• RoHS & REACH 
Compliant

• DFARS compliant

Standard components are a cost-effective option and 
with 87,000 machined and molded parts offered, we 
are a preferred source. Product specifications, 3D CAD 
models and the ability to shop 24/7 are all offered at our 
E-Store. If needed, we can also help with modifications 
and secondary operations! 

WE ARE HERE TO HELP! 
Get engineering assistance for product development, 
built to print, and part selection.

Download product catalogs, white papers, design calcu-
lations and certifications.

• Timing Belts and Pulleys
• Precision Gears
• Precision Gearboxes
• Speed Reducers / 

Increasers

• Bearings
• Couplings
• Clutches and Brakes
• Hardware

http://www.sdp-si.com
mailto:sdp-sisupport@sdp-si.com


We deliver precision gears, 
high-quality machined parts, 
and molded components 
for thousands of applications.

Prototype
High-Volume Production

Custom Design
Engineering Support
Precision Manufacturing
Assembly 

ISO 9001:2015 | AS9100D
ITAR Compliant - DDTC Registered

DFARS Compliant

NIST SP 800-171 Compliant

As an online engineering resource, SDP/SI provides:
Engineered Mechanical Solutions

Design Tools and Calculations 
Product Specifi cations

 3D CAD Models 

Shop with us 24 / 7 
87,000 Component Choices

Gears, Timing Belts, Pulleys, Couplings, and More

We look forward to working with you!       250 Duffy Avenue, Hicksville NY
Send an RFQ – we can quote from a 3D model or drawing www.sdp-si.com  •  (516) 328-3300

CNC Swiss Turning  l  CNC Milling & Turning  l  Gear Cutting  |  Bevel Gear Cutting
Rapid Tooth Cutting Only Capability

ROBOTICS MEDICAL AEROSPACE

http://www.sdp-si.com
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180 Covington Drive
Bloomingdale, IL 60108

 WEB  |  www.diequa.com 
 TEL  |  630-980-1133 

FOOD GRADE APPLICATIONS
Most coupling selections are made using the basic available 

data, including the amount of torque to be transmitted, the 

type and amount of misalignment to compensate for, and the 

maximum overload torque that cannot be exceeded, and so 

on. Food grade applications have additional requirements, like 

anti-corrosion and wash-down surfaces.

They must withstand wash-down with caustic solutions and 

high-pressure water spray, extreme temperature fluctuations, 

etc. Often in these applications where a torque limiter is 

required, our standard design is simply not enough.

For this scenario in particular, the exterior components need to 

be protected from corrosion using materials like stainless steel 

or nickel plate. The body of the coupling needs to be sealed. 

This is to ensure that any high-pressure spray or cleaning agent 

does not enter the internal workings of the coupling, or that 

anything internal to the coupling can get into the environment 

where food is processed. 

STANDARD OR SPECIAL DESIGN?
Design engineers seek the most efficient and reliable solutions to their applications. While often times, standard products are 

ideal, there are instances when an application challenge requires something other than a standard solution.

For these situations, DieQua offers custom designs that range from slight modifications to existing products, all the way to 

complete special designs - including Couplings.

DieQua’s special design solutions are not limited to any industry, but are in fact necessary for certain specific industries like 

food, medical, or clean room environments. Special designs are available for all types of Couplings we offer - including Bellow 

Couplings, Elastomer Insert Couplings, Torque Limiters or Line Shafts. 

SPECIAL REQUIREMENTS CALL FOR CUSTOM COUPLING SOLUTIONS

DIEQUA 
CORPORATION

Figure 1 - The full range of food-processing relevant coupling models are available in stainless steel.

Figure 2 - One specific example of food industry that 

utilizes couplings is filling machines that are for handling 

juice or milk.

http://www.diequa.com


EXTREME ENVIRONMENTS 
Often we are confronted with very extreme conditions and 

environmental requirements. For an aviation application, our 

customer wanted a coupling that needed to operate within 

a part of the aircraft that is subject to all the environmental 

and operational conditions which the aircraft is exposed to 

during flight.

The coupling needed to function in any weather condition, 

and would be subject to a very wide temperature range - from 

hot desert conditions to the extreme cold from flying at high 

altitude. This application presented a series of challenges. The 

coupling needed to be 100% reliable for the life of the aircraft.

Not only was the temperature range quite wide, the rate of 

change was also very rapid. Being an aircraft application, 

traceability of all components is a must, requiring a form of 

marking that was permanent and with many digits. Finally, 

the coupling needed to be mounted onto very small spline shafts. The resulting design, shown in figure 3 below, was a coupling 

made entirely of stainless steel. The bellow had an extended length and was laser-welded to the coupling hubs.

The required information identifying the coupling and all the traceability data was laser marked onto each hub, and a custom 

spline was broached into the coupling hubs. The screws used to fasten the coupling also had a special coating on the threads to 

ensure that, after they were tightened to the specified torque, they would never loosen from the normal use, or the rapid change 

in temperature during flight.

ENHANCING STANDARD PRODUCTS 
Often times the solution is a modified or enhanced 

standard product. When a concept works reliably for 

an application, it can often times be slightly modified to 

meet specific needs that may not be common use for most 

customers. An example of this is a standard Elastomer 

Insert coupling used in an electronic assembly application.

Often in these types of machines, everything needs to be 

grounded to avoid an electrostatic charge from building 

and possibly damaging the product being assembled.  

The elastomer insert typically used in our couplings is 

non-conductive. In other words, they will insulate or block 

the path of the built up electrostatic energy from reaching 

ground. The solution here was to make a conductive 

elastomer insert.

CHALLENGING REQUIREMENTS
These few examples show how the ever-growing needs of customers are the catalyst for an endless innovative approach to 

creating solutions with customized couplings. DieQua is able to work with design engineers to provide specific solutions to any 

type of application across many industries.

If you have a challenging or specific need where a 

standard off-the-shelf design is not enough, contact 

DieQua Corporation today and let’s work together 

to create the design that will work for your specific 

application.

Figure 3 - Special design miniature coupling used for 

extreme temperatures due to high altitudes.

Figure 4 - Clockwise: Top Left: Metal Bellows Couplings, 

Elastomer Couplings, Torque Limiters and Line Shafts.
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2300 S. Calhoun Rd.
New Berlin, WI 53151

WEB  |  dynatect.com
EMAIL  |  sales@dynatect.com

TEL  |  262-786-1500DYNATECT MFG., INC.

Dynatect designs and manufactures components used in virtually all types of equipment and machinery. Consider the 

products featured here as merely a starting point. Dynatect will customize your design whether you need just one 

piece or thousands.

MACHINE & EQUIPMENT PROTECTION
Largest selection of protective covers for mass transit, 

medical, military/defense, oil and gas, and other industrial 

applications:

• Bellows

• Roll-Up Covers

• Way Covers

• Way Wipers 

SAFETY & ENVIRONMENTAL
• Automated Machine Safety Roll-Up Doors

• Safe Machine Door Actuators

• Walk-On Pit Covers

• Roll-Up Tank Covers

• Machine Roof Bellows

• Scissors Lift Bellows

PRECISION GROUND BALL SCREWS
• Specializing in assemblies with lead accuracy of 

          +/- 0.0005”/ft cumulative

      • Custom designs, reverse engineering, rebuild and  

          repair service

• Full design flexibility – based on your application,  

          not a catalog

• Diameters 16mm to 150mm or 5/8” to 6”

• Internal ball return designs provide smoother 

         operation and best balance of 

         life, load, and speed

FRICTION SLIP CLUTCHES
• Mechanical and pneumatic clutches

• Long life, over 20 million revolutions

• Torque capacities 0.5 to over 1000 lb-in

• Mechanical Overload, 

          Torque Control, indexing

• Adjustable or fixed torque

CABLE CARRIERS
• Largest North American supplier of metal, plastic 

          and hybrid cable carrier

• Download 3D models and get instant access to a 

          dynamic CAD and part number builder to 

          simplify specification 24/7

• Brands: Gortrac®, Gortube®, 

          Nylatrac®, Nylatube®

mailto:sales@dynatect.com
http://dynatect.com


mailto:sales@dynatect.com
http://dynatect.com/find-rep
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METAL PIPE AND TUBING are 
everywhere in automotive, aerospace, 
industrial, architectural, research, and 
medical applications. Aluminum and 
stainless steel are common pipe and 
tube materials, and each has attributes 
that make it the right choice for a given 
industry.

Choosing the Right Metal 
When you’re choosing a tubing 

material, the choices might seem 
overwhelming; both aluminum and 
stainless steel come in a variety of 
alloys and tempers, each with its own 
physical and mechanical properties. 
Each metal has general properties that 
are true for all its alloys.

One factor to take into consideration 
is the mechanical properties that 
are required for your application. 
In situations where strength is more 
important, you may choose stainless 
steel for its good strength-to-weight 
ratio and ability to gain significant 
strength from cold working. If you 
are focused on keeping components 
lightweight, aluminum may better suit 
your application. An aluminum part 
weighs one-third less than a stainless-
steel part of the same dimensions.

Another factor to consider is the 
corrosion resistance or heat resistance 
of metal tubing. In general, both 
stainless steel and aluminum offer 
corrosion protection, and the amount 
will vary depending upon the alloy 
chosen. The passivating oxide films 
that form on the surfaces of both 
metals help keep the metals from 
corroding.

One downside of passivation is that 
the oxide layer can inhibit electrical 
conduction. Consequently, stainless 
s tee ls  a re  not  known for  good 
electrical conductivity. Aluminum’s 
high conductivity, along with thermal 

conductivity three times greater than 
that of steel, has led to its use in power 
transmission lines. If moving electricity 
or heat is important in your application, 
aluminum may be the better option.

Regardless of whether your tube 
is intentional ly conducting heat, 
you’ll want to ensure it can handle 
the temperature of i ts operat ing 
environment. Stainless steels with high 
concentrations of chromium and nickel 
retain strength at high temperatures. 
On the opposite end of the spectrum, 
aluminum’s tensile strength increases 
as temperature drops, and aluminum 
stays tougher at cold temperatures 
than many steels.

In summary, the main factors to 
consider when choosing what metal 
and alloy are best for your application 
are  the mechan ica l  proper t ies , 
cor ros ion res is tance,  and heat 
resistance. Once you’ve chosen a 
category of metal that bests fits your 
application, you’re ready to choose the 
exact alloy and temper you need.

Stainless Steel 101
F o r  a p p l i c a t i o n s  t h a t  l e n d 

themselves to stainless steel, you’re 
sure to find a grade that works from the 
wide range of iron-carbon-chromium 
alloys covered by that term. The 
most common tube and pipe grades 
are T304 and T316, part of the 300 
series of stainless steel alloys in which 
austenitic iron alloys with nickel in 
addition to the chromium and carbon.

T304 is considered the classic 
stainless-steel alloy. Also known as 
18/8, it contains 18% chromium and 

THE DIFFERENCE BETWEEN:

Aluminum and 
Stainless Steel Pipe 
and Tubing

A wide range of aluminum tubing sizes is 

available. Aluminum tubes are often chosen 

for their light weight, electrical and thermal 

conductivity, and corrosion resistance.

  the
difference 
   between
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8% nickel. T316 is another familiar alloy, especially in food 
service and medical applications; it contains molybdenum 
for additional corrosion protection.

The properties of a given alloy depend greatly on its heat 
treatment and cold working history. To obtain a specific 
property or physical attribute for your tubing, check with 
a metallurgist or tubing specialist who can guide you to 
the right combination of alloy and processing for your 
application.

Tubing specialists can also advise you on tubing size 
and fabrication processes. Stainless-steel tubing comes 
in fractional and metric outer diameters (ODs) ranging from 
1/16 to 8 in. for tubing and to as small as 0.008 in. for 
hypodermic applications. Fabrication can include bending, 
coiling, end forming, welding, and cutting.

Once you have the right stainless-steel tubing installed 
in your application, you might start to think about what to 
do with it at the end of its useful life. Although the alloying 
elements that go into stainless steel make it difficult to 
recycle, rest assured that about 50% of all new stainless 
steel is fabricated from melted down steel scrap.

Aluminum ABCs
The most common aluminum alloys used for tubing and 

pipe are 2024, 3003, 5052, 6061, and 7075. Their principal 
alloying elements of copper, manganese, magnesium, 
silicon, and zinc lend each alloy slightly different physical 
and mechanical attributes.

For instance, engineers specify alloys 2024, 6061, and 
7075 for aircraft structures because of their high strength-
to-weight ratios and good fatigue resistance. Untreated 
2024 and 7075 are prone to corrosion, while 6061 is innately 
corrosion-resistant and easier to weld. 7075 provides higher 
strength with less weight, but costs more.

Alloy 3003 is good for applications that need corrosion 
resistance and high strength with less of an emphasis on 
ductility. And for applications that rely on many joints, you 

might choose highly weldable 5052.
As with steel, alloy composition alone doesn’t tell the 

whole story. The exact properties of a given aluminum 
alloy also depend on its temper or heat-treatment history. 
Temper O indicates the alloy is used as annealed, at its 
highest ductility and lowest strength. Tempers beginning 
with “T,” like T3, T4, and T6 involve heat treatments. Cold 
working or aging steps often follow to strengthen the metal 
by toughening it on the grain or molecular level.

Once you’ve chosen the right aluminum alloy and temper 
for your application, your next steps will be specifying its 
size and any additional fabrication operations. Aluminum 
tubing ODs typically range from 0.062 in. to 3.00 in. with 
wall thicknesses from 0.010 in. to 0.250 in. Aluminum tubing 
suppliers can cut, bend, flare, and fabricate tube to your 
requirements.

After your aluminum tubing enjoys a long service life, 
you can plan to recycle it since it is made from 99.8% pure 
aluminum alloy. �

ALUMINUM TOLERANCES

Outside Diameter, Inches Wall thickness

.062-3” .010-.250”

 Stainless-steel tubing, noted for its good strength-to-weight ratio 

and high temperature performance, comes in a wide variety of sizes 

including hypodermics as small as 0.008 in. OD.

STANDARD TUBING TOLERANCES 
FOR ASTM-A 269/A249/A213

(FRACTIONAL OR METRIC)

Outside Diameter, Inches O.D. Inches Wall

Less than 3/32 ±005 ±15%

3/32 ≤ 3/16 ±005 ±15%

2/32 ≤ 1/2 ±005 ±15%

1/2 ≤ 1-1/2 ±005 ±10%

1-1/2 ≤ 3-1/2 ±010 ±10%

3-1/2 ≤ 5-1/2 ±015 ±10%

5-1/2 ≤ 8 ±030 ±10%

Both stainless steel and aluminum tubing come in a variety of outer 

diameters and wall thicknesses.

REQUEST FOR MORE INFORMATION
https://eagletube.com/contact-us/
EAGLE STAINLESS TUBE & FABRICATION INC., Franklin, 

Massachusetts, delivers millions of feet of tubing per year 

to global customers in the medical, energy, aerospace and 

industrial industries. The company holds the following cer-

tifications:  ISO 9001, ISO 13485 and AS 9100. For guidance 

on choosing the right metal pipe and tubing for your appli-

cation, contact us.

 the
difference 
   between

https://eagletube.com/contact-us/
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975 Cottonwood Ave.
Hartland, WI 53029

 WEB  |  www.dornerconveyors.com 
 EMAIL  |  info@dorner.com 
 TEL  |  262-367-7600 

AT DORNER, OUR MISSION is to Transform Conveyor Automation by providing cutting 
edge solutions with best-in-class support. It’s that commitment and history of proven 
excellence that has made the Dorner Brand a recognized leader in product handling 

for over 55 years. With our complete line of customizable stainless steel and aluminum 
conveyor automation systems, Dorner can provide solutions for almost any 

conveyor need.

DORNER’S CONVEYORS are designed to move product to the exact location, at the exact time and in the exact 
position it needs to be for the next phase of the production line. With benefits such as industry best product 
transfers and in-house belting capabilities, Dorner is leading the market in precision conveyance. This extremely 
accurate product control allows Dorner conveyors to easily integrate with robots, workers and equipment.

DORNER’S ENGINEERED SOLUTIONS GROUP (ESG) is transforming product handling with innovative 
solutions that are custom designed to solve customers’ unique needs. This full service team can provide systems 
for applications such as accumulation, indexing, positioning, product flow and much more.

ADDITIONAL DORNER BENEFITS:
• After sales support through services such 

as installation, maintenance, replacement 
part audits, and preventative maintenance 
programs

• Industry best lead times with conveyors 
shipping in as few as three business days

• Online Configurator (D-Tools) allows users 
to design conveyors and download 3D CAD 
Assemblies for instant validation of fit

http://www.dornerconveyors.com
mailto:info@dorner.com


http://www.dornerconveyors.com/mdm
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EXAIR’S GEN4 STATIC ELIMINATOR PRODUCTS have undergone 

independent laboratory tests to certify they meet the rigorous safety, 

health and environmental standards of the USA, European Union 

and Canada that are required to attain the CE and UL marks. They 

are also RoHS compliant. A complete line of static eliminators 

includes Super Ion Air Knives, Ion Air Guns, Super Ion Air Wipes, 

Ion Air Cannons and Ionizing bars. This product line is available 

from stock and includes products requiring compressed air or not 

requiring air. When static is a problem on moving webs, sheet stock, 

parts or extrusions, EXAIR has the solution.

EXAIR products are made in Cincinnati, OH and can be modified 

to suit a specific application. All of the cataloged products have a 30 

Day Unconditional Guarantee, a 5 Year Built to Last Warranty, and 

ship factory direct from stock. Tech support is available by e-mail: 

techelp@exair.com, Phone: 1-800-903-9247 or (513) 671-3322, and 

Live Chat from our website http://www.exair.com 

EXAIR
 11510 Goldcoast Dr.
 Cincinnati, OH 45249

 WEB  |   www.exair.com
EMAIL | techhelp@exair.com
 TEL | 800-903-9247 or 513-671-3322

MANUFACTURING INTELLIGENT  
COMPRESSED AIR PRODUCTS SINCE 1983 

EXAIR CORPORATION manufactures 

Intelligent Compressed Air® products that 

improve manufacturing processes which 

involve blowoff, drying, cooling, vacuum, lifting and 

static elimination. Since 1983, EXAIR products have 

been engineered to reduce compressed air use, reduce 

compressed air noise exposure and increase safety for 

personnel. Their staff of industrial process experts 

are familiar with a wide variety of manufacturing 

segments and offer help to individuals trying to 

find the most efficient and effective solution to their 

problem.

 

EXAIR’S ENGINEERED AIR NOZZLES are the most 

efficient air nozzles available and can help optimize 

compressed air efficiency, especially when replacing 

homemade or commercial air nozzles. Return on 

investment for EXAIR’s engineered air nozzles is 

generally weeks, not months or years. An enormous 

range of nozzles are available from a tiny M4 x 0.5 

thread to a large 1-1/4 NPT produce a gentle puff or a 

massive blast or air. Materials include zinc-aluminum alloy, type 316 

stainless steel, brass, and PEEK thermoplastic are available to ship 

same day.

http://www.exair.com
mailto:techhelp@exair.com
mailto:techelp@exair.com
http://www.exair.com


 Air
 Nozzles
 Engineered to reduce air
 consumption and noise on
 cleaning, blow-off , cooling
 and drying applications.

. Conserve compressed air

. Lower noise

. Eliminate dead end 
 pressure
. Amplify air fl ow up to 
 25 times
. Force from 2 oz to 23 lbs

 Cabinet 
 Cooler®

 Systems
 Stop electronic downtime
 due to heat, dirt and 
 moisture! A cleaner, more 
 effi  cient way to cool.

. Low cost, compact and quiet

. No moving parts – 
 maintenance free
. Stabilize enclosure 

temperature and humidity
. Class I, Class II and Class III

Hazardous Location Models
 are also available

 Super
 Ion Air
 Knives
 Powerful static eliminators 
 that prevents jamming, 
 tearing, shocks and dust
 up to 20' away.

. Powerful static eliminator - 
 up to 20' away 
. Uniform airfl ow
. Surprisingly quiet
. Low air consumption
. 3" to 108" size lengths
 in stock

Contact today to keep your personnel safe, 
save money, and make your plant's compressed air efficient.

Manufacturing Intelligent Compressed Air® Products Since 1983
11510 Goldcoast Drive • Cincinnati, OH 45249-1621 • Phone (513) 671-3322 • FAX (513) 671-3363 • E-mail: 
techelp@exair.com • www.exair.com

HOME OF INTELLIGENT 
COMPRESSED AIR PRODUCTS
Broadest and deepest variety of engineered compressed air products to help you conserve energy & increase safety.

www.exair.com/45/ourproducts.htmwww.exair.com/45/ourproducts.htm

http://www.exair.com/45//ourrprroductts..httm
mailto:techelp@exair.com
http://www.exair.com
http://blog.exair.com
https://twitter.com/exair/
https://www.facebook.com/exair
https://www.instagram.com/exair_corporation/
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FasTest: Connection Experts in
Leak Testing

Since 1985, FasTest has manufactured industry-

leading Sealing Connection Tools for product testing, 

fluid transfer, and other processing applications. 

FasTest’s connection tools are used to create the leak-tight 

seal required to perform a reliable leak test. FasTest’s high 

performance connection tools are engineered to maximize 

the efficiency, productivity and safety of the customer’s 

testing processes. FasTest serves a wide range of industries 

and has a connection solution for virtually any type of fitting, 

tube or profile.

PAVING THE WAY TO INDUSTRY 4.0
FasTest is first and foremost an innovation company. 

For the past three years, FasTest has been innovating to help 

lead the Industry 4.0 movement in the leak testing space by 

incorporating ICON™ technologies into its connectors. Last 

year, FasTest integrated ICON™ into their industry-leading 

FN Series quick connectors, typically used in manual and 

semi-automated leak testing processes.

ICON™ technology provides operators with visual 

verification that a successful connection has been made and 

that they are safe to begin the filling or leak testing process. 

In doing so, ICON™ technology essentially removes the 

connection point as an area of concern for the leak test. In 

being able to verify a successful connection before starting 

a leak test, operators are able to attribute any failed tests to 

the manufactured product being tested. This eliminates a 

significant amount of rework and scrap waste associated with 

false failures in the leak testing process.  

Many manufacturers have also begun using FasTest’s 

ICON™ quick connectors as data acquisition points to help 

drive process improvements. “There has been a major shift 

towards Industry 4.0 practices in leak testing; manufacturers 

are beginning to gather data to drive improvements to the 

manufacturing process,” said Dustin Sirny, FasTest Director 

of Advanced Technologies. “Leak testing is a critical process 

that verifies that the manufactured product meets the 

required quality standards, so being able to collect data on 

that process is incredibly valuable. Our ICON™ technology 

drives lower warranty costs, eliminates waste in the testing 

process, and instantly alerts operators to test setup issues, 

allowing them to quickly make the necessary changes.”

For more information on FasTest’s 
quick connectors and ICON™ technology please visit:  

www.fastestinc.com

WEB  |  www.fastestinc.com
EMAIL  |  fastsales@fastestinc.com

TEL  |  651-645-6266
FAX  |  651-645-7390

1646 Terrace Drive | Roseville, MN. 55113-1317

http://www.fastestinc.com
mailto:fastsales@fastestinc.com
http://www.fastestinc.com
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AS THE EXCLUSIVE PROVIDER OF FAULHABER 

products for North America, and an official 

integrated part of FAULHABER Drive Systems, 

FAULHABER MICROMO creates value through advanced 

design and engineering services. Since 1961, FAULHABER 

MICROMO has provided compact, high-precision, rotary 

and linear micro motion system solutions to OEM engineers, 

used in the most demanding applications in the medical 

device, lab automation, aerospace & defense, optics & 

photonics, robotics, and semiconductor markets. 

FAULHABER is the motion solutions industry leader 

offering excellence in micro motor and encoder technology 

as well as design and advanced product customization. 

FAULHABER products are recognized around the world 

for their high efficiency, high performance, and incredible 

precision. FAULHABER Products include small brush 

coreless dc motors, brushless dc motors, flat dc motors, 

stepper motors, linear dc servo motors, planetary and 

spur gearheads, encoders, linear components (ballscrews, 

leadscrews), micro linear actuators, drive electronics (motion 

& speed controllers, integrated control options available).

FAULHABER 
MICROMO 14881 Evergreen Ave.

Clearwater, FL 33762

WEB  |  www.faulhaber.com
TEL  |  800-807-9166

http://www.faulhaber.com


http://faulhaber.com/evolved/en
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720 Dearborn Park Ln.
Columbus, OH 43085

 WEB  |  www.FloydBell.com 
 TEL  |  888-FLOYD-BELL 
 FAX  |  614-291-0823

FLOYD BELL INC. is an American manufacturer of high-quality audible products. Known best for the Audiolarm 

line of piezoelectric alarms, our products are made to withstand harsh industrial environments and provide audible 

alerts in loud ambient noise environments. In addition to piezo buzzers, Floyd Bell also manufactures panel-mount 

LED indicators (Turbo Light) and Combination light & alarm products (Twin Turbo). Most recently, we have developed 

the Announcer line of products, which are pre-programmed speakers capable of storing and playing high-quality audio and 

voice alerts. 

Floyd Bell Inc. has become the world’s leading piezo 

electric audible alarm company. Our alarms are 

omnipresent. For example, they can be found on every 

ocean, lake, and river around the world. Our agriculture 

and farm machinery alarms help plant and harvest the 

planet’s crops. Our recreational alarms can be heard on 

almost every golf course, amusement park, casino, and 

arcade. Our public utility alarms are found in most major 

power plants, as well as water and sewage treatment plants. 

Our public transportation alarms are found in most of 

the world’s airports, as well as in bus, rail and subway 

terminals, and the vehicles that serve them.

Our restaurant equipment and foodservice alarms 

are found in most major hotels and restaurants. Our 

construction equipment alarms are found at most 

building sites. Our automotive and truck alarms are 

found on practically every highway. Our electronic 

telephone ringers are found in communications 

equipment, including that aboard Air Force One. The 

United States Air force, Army, Navy and Marines also use 

our alarms. And finally, our products have helped NASA 

explore beyond our world.

Customer satisfaction is our most important 

asset and the primary reason for our success. 

Our staff is dedicated to extending our 

tradition of excellence to customer service, 

product design, and manufacturing.

FLOYD BELL INC.

http://www.FloydBell.com


http://www.floydbell.com
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TYPICAL APPLICATIONS:
Robotics: Industrial, Semiconductor & Flat Panel, Humanoid, 

Exoskeleton

Medical: Surgical Robots, Medical Imaging including CT Scan, 

Therapeutic, Prosthetics, Laboratory Automation

Defense: Unmanned Vehicles, Weapon Stations, Antenna 

Pointing

Aerospace: Solar Array Drives, Antenna Pointing, Valve 

Actuators, Lunar and Interplanetary Rovers

Machine Tool: Milling Head, Tool Changer, Rotary Table, 

Grinding, B & C Axis on a Variety of Machine Tools

Mission Statement: Harmonic Drive’s 

mission is to provide motion control 

solutions that give our customers a 

competitive advantage. To accomplish this, we 

continually invest in the growth of our employees and 

in our company’s capabilities. 

What we do: Harmonic Drive, LLC engineers and 

manufactures precision servo actuators, gearheads 

and gear component sets. We work closely with 

companies of all sizes to understand their application 

requirements and provide a standard or, in most cases, 

a custom-engineered solution to enable the success of 

their design project.

Our dedicated, full-service engineering 

department truly partners with our customers. We 

love challenges, and work to provide realistic, timely 

solutions. Experienced application engineers with 

expertise in motion control are available to assist you 

with your concept and detailed designs. Our design 

service is provided free of charge in most cases. We 

love what we do and are eager to share our knowledge 

and passion with our customers. 

Harmonic Drive products are customizable. In fact, 

most of our customers use gears or actuators that are 

designed and manufactured specifically for them.   

With over 50 years of experience, our expert 

engineering and production teams develop enabling 

technologies and products to meet the needs of an 

evolving motion-control market. Our high-precision, 

zero-backlash Harmonic Drive® actuators and gears 

have, and continue to, play critical roles in precision 

motion control.

Global Manufacturing and Engineering: The 

Harmonic Drive Group Companies are comprised 

of Harmonic Drive, LLC (United States), Harmonic 

Drive Systems, Inc. (Japan) and Harmonic Drive SE 

(Germany). We have shared core values, product 

designs and quality standards. State of the art 

manufacturing facilities in the US, Japan and Germany 

enable us to locally serve the needs of our customers 

providing high quality, precision, and reliability 

around the globe.

 WEB  |  www.harmonicdrive.net 
 EMAIL  |  marketing@harmonicdrive.net 
 TEL  |  978-532-1800

HARMONIC  
DRIVE LLC 

New U.S. Headquarters, Beverly, MA

http://www.harmonicdrive.net
mailto:marketing@harmonicdrive.net


 •  Actuator + Integrated Servo Drive utilizing 

CANopen communication

•  24VDC Nominal +7-28VDC Supply Voltage 

Range

•  Single Cable with only 4 conductors 

needed: CANH, CANL, +24VDC, 0VDC 

• Zero Backlash

• Dual Absolute Encoders 

•  Panel Mount Connectors with 4 exit options

•  Output Sensing Encoder 14bit (16384 cpr) 

resolution

•  Input Sensing Encoder 15bit (32768 cpr) 

resolution

•  Control Modes Including Torque, Velocity, 

and Position Control, CSP, CSV, CST

• Harmonic Drive HDL Software

The FHA-C Mini Series is a family of extremely compact actuators that deliver high torque with 

exceptional accuracy and repeatability. As part of the FHA-C Mini family, an integrated servo drive 

version utilizing CANopen
®
 communication is now available. This evolutionary product eliminates 

the need for an external drive and greatly improves wiring while retaining high-positional accuracy

and torsional stiffness in a compact housing.

The
Servo Drive 

is Inside!

FHA-C Mini Actuator with Integrated Servo Drive

Harmonic Drive is a registered trademark of Harmonic Drive LLC. CANopen is a registered trademark of CAN in Automation.

42 Dunham Ridge, Beverly, MA 01915  |  800.921.3332  |  www.HarmonicDrive.net

http://www.HarmonicDrive.net
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INTERPOWER

INTERPOWER® has delighted in over 40 years of success, enjoying rapid and continuous growth in their industry.  

They have a strong Midwest work ethic at their locations in Ames, Oskaloosa, and Lamoni, Iowa and they service the 

European market through their English subsidiary, Interpower Components, Ltd.

Interpower’s technology allows them to produce reliable, state-of-the-art products to fit customers’ individual needs. They have 

built their reputation on commitment to quality products and customer service.

100 Interpower Ave.  
Oskaloosa, IA 52577

 WEB  |  www.interpower.com 
 EMAIL  |  info@interpower.com 
 TEL  |  641-673-5000 
 FAX  |  641-673-5100

PRODUCTS INCLUDE:
NORTH AMERICAN AND INTERNATIONAL POWER CORDS AND CORD SETS: 
Within the electrical product design you are creating, you need a way to 

connect to the power source. Interpower® is the premier supplier of power 

system components worldwide and offers a wide selection of power cords 

and cord sets for global use.

ACCESSORY POWER: 
Interpower makes building equipment that can be sold worldwide easy 

by incorporating the Accessory Power Strip (APS) into the product 

design. The APS consists of a number of IEC 60320 outlets and one 

IEC 60320 inlet. The components are a common connector interface 

throughout the industrialized world which simplifies the task of 

specifying a connector to use on a cord set. IEC 60320 components are 

generally accepted for use globally.

For example, instead of making five different systems to export to five 

different countries, a company can design one system and then add a 

cord set with a country-specific plug. This allows the same system to be 

exported globally with cost-saving benefits.

MEDICAL PRODUCTS:
Interpower offers Hospital Grade power cords and cord sets for both 

the international and North American markets. All Interpower cords 

are offered with our no minimum order or dollar amount requirements, 

whether it is 1, 5, or 1,000. We also offer medical plugs, sockets, and 

power entry modules. 

INTERPOWER’S MISSION
Interpower’s mission is accomplished using 

teamwork, communication, and many value-added 

services including:

• 1-Week U.S. Manufacturing Lead-Time on 

Non-stock Cords

• No Minimum Order Requirements

• Same Day Shipments Available

• Most Items Available From STOCK

• Over 100,000 Cords in Stock

• FREE Evaluation Samples

• Assembly Services Available

ALSO AVAILABLE ARE: 
• International and North American  

Plugs, Sockets, and Connectors

• High Power Pin and Sleeve Devices

• Wire and Cable

• Terminal Blocks

• Power Entry Modules

• Socket Strips

• Testing & Safety Equipment

http://www.interpower.com
mailto:info@interpower.com


• 1-Week U.S. 
manufacturing Lead-Time  
on non-stock Interpower 
products

• Same Day shipments on 
in-stock products

• No minimum order or 
dollar requirements 

• Lock in your price with 
blanket or  
scheduled orders

• Value-added options 
available

Connect to the World  
with Interpower®

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 Online!  www.interpower.com
Business Hours: 7 a.m.–6 p.m. Central Time

®

®

Interpower Accessory Power Strips make it easier to connect globally. Product 
designers can design electrical equipment to be sold globally by simplifying power 
supply connections using an Accessory Power Strip with IEC 60320 components. 

At its core, this power strip incorporates an AC power inlet with multiple AC power 
outlets. Other features may include power on/off switches and circuit protection.

The Accessory Power Strip allows different components to work together in one 
system. For example, instead of making four different systems to export to four 
different countries, use this one system and add a cord set with a country-specific 
plug. This allows the same system to be exported globally with cost-saving benefits. 

To help prevent accidental power interruptions, some Interpower Accessory Power 
Strips include the new Interpower Connector Locks. This patent-pending design 
does not require tools for use.

Visit Interpower’s  
Virtual Trade Show by 
Scanning the QR Code.

Interpower Accessory Power Strips make it easier to connect globally. Product 
designers can design electrical equipment to be sold globally by simplifying power 
supply connections using an Accessory Power Strip with IEC 60320 components. 

At its core, this power strip incorporates an AC power inlet with multiple AC power 
outlets. Other features may include power on/off switches and circuit protection.

The Accessory Power Strip allows different components to work together in one 
system. For example, instead of making four different systems to export to four 
different countries, use this one system and add a cord set with a country-specific 
plug. This allows the same system to be exported globally with cost-saving benefits. 

To help prevent accidental power interruptions, some Interpower Accessory Power 
Strips include the new Interpower Connector Locks. This patent-pending design 
does not require tools for use.

http://www.interpower.com
mailto:info@interpower.com
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While our catalog products meet most standard 

requirements, modifications as well as custom fabrications 

can be manufactured to meet customer-specific needs. 

 WEB  |  www.keyelco.com 
 EMAIL  |  kec@keyelco.com 
 TEL  |  800-221-5510 
 FAX  |  516-328-1080

L 
eading-edge technology and precision manufacturing 

have defined Keystone’s performance as a world-class   

 manufacturer of precision electronic interconnect 

components and hardware since 1950.

We manufacture precision stampings, in metallic or non-

metallic materials for all industries, and are specialists in 

progressive dies, four slides, wire forming, in-die tapping, 

and high-speed blanking. Screw machine products are made 

with automatic machinery and support equipment to produce 

precision turnings from .020” to 1.00” diameters. Our assembly 

procedures include eyeleting, riveting, staking, swaging, 

inserting, crimping, and screw insertion, with automatic 

and semi-automatic operations assembling components into 

finished products.

Our Product Design Guide M70 features products that 

are engineered specifically for use by OEM Designers and 

Engineers who create and develop state-of-the-art electronic 

products, instruments, and systems.

QUALITY INTERCONNECT COMPONENTS AND ELECTRONIC HARDWARE

www.keyelco.com

D E S I G N E R S  &  M A N U F A C T U R E R S

Keystone’s design and engineering experts are fully 

integrated with our in-house precision tool and die shop. 

Utilizing the latest CAD/CAM and 3D modeling software, 

Keystone’s Custom Manufacturing Division provides close 

tolerance Stamping, Machining, and Assembly services as 

part of their quality control and responsive customer service.

Keystone’s Quality System is ISO 9001:2015 certified 

by DNV Certification, Inc. under the RAB and RvA 

accreditations. Our quality assurance program is in 

accordance with these requirements and applies to all 

standard and custom interconnect components and 

hardware. Keystone is also RoHS and REACH compliant. 

Keystone has USA headquarters with offices in Canada, 

Europe, Australia, and Asia.

For more details, contact Keystone Sales at 800-221-5510,  

Fax: 516-328-1080, Email: kec@keyelco.com. Visit  

www.keyelco.com for our Dynamic catalog of products or to 

request a copy of our Product Design Guide M70.

• Battery Clips, Contacts 
and Holders

• Fuse Clips & Holders  

• PCB Terminals and Test 
Points

• Spacers and Standoffs

• Panel & Computer 
Hardware

• Pins, Plugs Jacks and 
Sockets

• PC Board Hardware

• Multi-Purpose Hardware

• Terminal Boards and 
Strips

• LED Lens Caps and 
Holders

KEYSTONE 
ELECTRONICS CORP.

http://www.keyelco.com
mailto:kec@keyelco.com
mailto:kec@keyelco.com
http://www.keyelco.com
http://www.keyelco.com


IT’S WHAT’S ON THE INSIDE THAT COUNTS
®

E L E C T R O N I C S  C O R P.

http://www.keyelco.com
http://www.facebook.com/pages/Keystone-Electronics-Corp/157334967640233
http://twitter.com/KeystoneElect
http://www.youtube.com/user/KeystoneElectronics
http://www.linkedin.com/company/keystone-electronics-corp
https://plus.google.com/u/0/101193407720453802507/posts
https://www.keyelco.com/blog.cfm
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KHK USA Inc. is a premier 

supplier of metric gearing, 

o f f e r i n g  o v e r  3 0 , 0 0 0 

standardized metric dimensioned 

spur gears, helical gears, internal ring 

gears, gear racks, straight, spiral & 

zerol miter gears, screw gears, hypoid, 

zerol, straight & spiral bevel gears, 

screw gears, worms & wormwheels, 

ratchets & pawls and right-angle 

gearboxes, all designed for use in 

industrial automation applications. 

KHK’s excellence in producing quality 

gearing for over 85 years has made 

them a world-renowned brand. All 

of the products produced by KHK 

USA’s parent in Japan, are available 

in the North American marketplace 

from stock, direct from the factory. 

With 24/7 online shopping and free 

3D CAD models, KHK USA offers the 

largest stock offering of metric gears in North America and 

is ready to support all metric gear requirements. 

The 30,000 configurations of metric gearing are produced 

in various materials. KHK USA offers stainless steel & nylon 

racks, and stainless steel & nylon pinions for washdown 

applications. KHK USA has hardened CrMo alloy steel racks 

and pinions available for long life and rugged durability. 

Additionally, KHK USA offers wormwheels in cast iron, cast 

bronze, aluminum bronze, acetal, & cast nylon and mating 

worms in alloy steel, carbon steel and stainless steel.

 

     KHK USA offers free 3D CAD model downloads for 

all products and details the technical specifications for all 

products at www.khkgears.us. The website also includes a 

shopping cart feature that permits current pricing and 

live inventory for 24/7/365 order placement. KHK USA’s 

Factory Direct Shipping program allows for products to ship 

directly from the manufacturing warehouse and arrive at the 

customer’s front door within 3 business days for a fee of only 

US$25 per order.  

OVER 30,000 STOCK METRIC GEARS 
AVAILABLE FROM KHK USA 

KHK USA INC.
259 Elm Place
Mineola, NY 11501

 WEB  |  www.khkgears.us  
 EMAIL  |  info@khkgears.us 
 TEL  |  516-248-3850   
 FAX  |  516-248 4385

http://www.khkgears.us
mailto:info@khkgears.us
http://www.khkgears.us


mailto:info@khkgears.us


Sensors
RANBIR (RON) GHOTRA | PMP, Eaton

SMART CONVEYOR 
CONTROL  
Using VFDs and Sensors
Simplifying cascaded conveyor control systems with digital VFDs can improve ROI 
and data collection.

F
rom transporting trays of 

food across your everyday 

cafeteria line to feeding coal 

into the world’s supercriti-

cal thermal power plants, nearly every 

industry relies on cascaded conveyors. 

In the most complex environments, 

these systems work harmoniously in 

multiple cascaded systems to deliver 

material from point A to point B in a 

coordinated manner. In these instanc-

es, however, if one conveyor belt in the 

cascaded conveyors stops, the feeding 

conveyors automatically stop in order to 

avoid material pileups.

In these cascaded systems, the safety 

mechanism to turn off the drive power-

ing the conveyors is similar to an emer-

gency stop. This feature is very impor-

tant when used in combination with 

preventative maintenance measures in 

the plant or process where these convey-

ors run continuously (24/7). The control 

and automation systems could range 

from a simple material handling system 

to a very complicated system designed 

to cater to multiple combinations of the 

conveyors. 

For large material handling systems 

like those in thermal power plants, 

where the human machine interface 

is required to either manually or auto-

matically select the paths, a distributed 
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control system or a programmable logic 

control (PLC) typically needs to be used.

However, in simple systems such as 

the conveyor system in a stone crusher 

quarry or a large cafeteria, only digital 

VFDs and sensors can be wired and pro-

gramed to conduct the cascaded opera-

tion, as opposed to using a PLC. This 

approach offers benefits including lower 

engineering, commissioning and trou-

bleshooting costs to implement a fully 

integrated cascaded conveyor system. 

WHAT A SIMPLE CASCADED 

CONVEYOR SYSTEM LOOKS LIKE 

A simple cascaded conveyor system 

will look like the one shown in Fig. 1. 

Certainly, along with the conveyors, 

there would be pull cords, zero speed 

switches, proximity sensors, photo sen-

sors and vibration sensors. Diverter 

gates or flaps are also part of the con-

veyor system to divert the material on 

the conveyor to deliver it at the correct 

delivery point. An AC induction motor 

that is being controlled by a VFD is run-

ning each conveyor A through E. 

In the non-digital age, all sensors 

were wired to a control contactor logic. 

Today’s digital VFDs allow direct wir-

ing of sensors to the VFDs, and in some 

more advanced systems these sensors 

can be wired directly to a PLC. 

HOW A TYPICAL CONVEYOR 

SYSTEM OPERATES 

The most important aspect of any 

process is safety. All conveyor sys-

tem safety sensors (such as pull cords 

or emergency stop buttons) should be 

verified for system readiness. Then, the 

diverter gates at the entry and exit of the 

conveyor are set in the direction to set 

the conveying path for the system. 

Depending on the number of installed 

sensors and the overall fidelity of the 

conveyor system, the start/stop com-

mand is given manually to each convey-

or. Otherwise, the system can be given 

a system level start/stop command and 

then the sensors will start and stop the 

individual conveyors in the system. 

After the cascaded conveyor system 

receives the “start” command, the con-

veyor that starts first will be the last to 

stop when the system stop command 

is issued. A visual of this logic can be 

portrayed using Fig. 1 and is outlined in 

the steps below: 

When the start command is issued, 

the conveyor system will follow the fol-

lowing start sequence:

1. The conveyor A is the first one to 

start; 

2. Then conveyor B will start run-

ning after conveyor A has started 

running;

3. Then conveyor C will start run-

ning after conveyor B has started 

running;

4. Then conveyor D will start run-

ning after conveyor C has started 

running;

5. Then conveyor E is the last one 

to start. 

When the stop command is issued, 

the conveyor system will follow the fol-

lowing stop sequence:

1. The first conveyor to stop is con-

veyor E; 

2. Then conveyor D will stop after 

conveyor E has stopped; 

3. Then conveyor C will stop after 

conveyor D has stopped; 

4. Then conveyor B will stop after 

conveyor C has stopped; 

5. Then conveyor A will be the last 

one to stop. 

This same logic applies when any of 

the conveyor sensors in the cascaded 

path communicates an issue such as 

a motor fault. Therefore, if conveyor 

C trips on a fault, conveyors D and E 

will have to be stopped so that material 

does not pile up on stopped conveyor 

C. In a more complex system, users 

can choose to divert the material to 

a different path rather than stopping 

conveyors D and E. 

As demonstrated in the model above, 

sensor integrity is critical for maintain-

ing the effectiveness of cascaded con-

veyor systems. The most typical type 

of sensor found on conveyor belts is a 

1. A typical cascaded conveyor system.

(Credit: Ranbir (Ron) Ghotra)

T
he most important aspect of any process 
is safety. All conveyor system safety 

sensors (such as pull cords or emergency stop 
buttons) should be verified for system readiness.
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Conveyor Control

zero-speed switch. This solution pro-

vides true feedback regarding the status 

of the conveyor belt motion. 

For example, these sensors should 

be effective in situations where an AC 

induction motor could be moving 

because the VFD is putting out volt-

age to the motor, but the conveyor belt/

chain could be stopped because it is bro-

ken. In Fig. 1, if the zero-speed switch 

on conveyor C triggers, the motors on 

conveyors C, D and E should be stopped 

to prevent material pileup.

The implementation goal of zero-

speed switch sensing controls is to 

ensure accurate sensing after the con-

veyor drive has started running at a cer-

tain frequency, but not until the con-

veyor drive has started moving. This is 

important, because if a sensor indicates 

zero-speed before the conveyor starts 

running, the conveyor would never 

start.

Before the digitalization of today’s 

VFDs, PLCs were a must for implement-

ing digital control for a simple cascaded 

conveyor system. Before PLCs, hard-

wired relay control was used. Following 

the advancement offered by VFD digital 

controls, most of the control functions 

required for a simple conveyor system 

(as shown in Fig. 1) can be achieved by 

integrating the sensors to the VFD and 

the interconnecting wiring between the 

VFDs.

This VFD-based approach can help 

improve return on investment, as it is 

able to achieve the same performance 

without the additional cost of integrat-

ing the VFDs and sensors and program-

ing PLCs. 

INTEGRATING A CONVEYOR 

SYSTEM USING DIGITAL VFDS

To demonstrate how to integrate a 

conveyor system using digital VFDs, 

let’s again take a look at the system in 

Fig. 1 on page 57.

Start command. Five VFDs, one for 

each conveyor motor in Fig. 1, is hard-

wired connected to each other on the 

control board of the VFD. Run feedback 

from conveyor A is wired to conveyor 

B, conveyor B is wired to conveyor C, 

Conveyor C is wired to conveyor D, and 

conveyor D is wired to conveyor E. The 

system start command is issued to con-

veyor A only and the run feedback sig-

nal wired between the conveyors start 

conveyor B; B starts C; C starts D; and 

D starts E. This is how the VFD controls 

start all five conveyors.

Conveying speed reference control. 

The main system speed reference input 

is only fed to conveyor A’s VFD. Convey-

ors A, B, C and D’s VFDs then feed the 

speed control signal upstream in cas-

caded conveyors—that is, A → B → C → 

D → E. Changing the speed reference to 

conveyor A subsequently changes the 

speed of the conveyors upstream feeding 

material into conveyor A.

Stop/fault command. Five VFDs, one 

for each conveyor motor in Fig. 1, are 

hardwired connected to each other on 

the control board of the VFD. The stop 

from conveyor E is wired to conveyor 

D, conveyor D is wired to conveyor C, 

conveyor C is wired to conveyor B, con-

veyor B is wired to conveyor A. The stop 

command is issued to conveyor E and 

the stop feedback to conveyor D stops 

conveyor D, D stops C, C stop feedback 

stops B, B stops A. This is how the VFD 

controls stops all five conveyors. Simi-

lar to a “stop” command, the fault on 

a conveyor follows the same stopping 

sequence, again achieved by VFD inter-

connection wiring. 

Sensor interface. As the fidelity of the 

system increases, users add more and 

more sensors to the conveyor system. 

Let us start with the zero-speed switch. 

The switch from each conveyor is wired 

to its specific drive external fault. That 

is, if the switch triggers, it will fault the 

VFD it is wired to and the subsequent 

VFDs in the chain will stop due to stop 

logic. The simple way to bypass the zero-

speed switch when the drive is not run-

ning is to use VFD relay to supervise the 

drive frequency to be above where the 

conveyor is already moving. 

Once the supervising relay opens 

above the preset speed frequency set-

point, it starts to monitor the zero-speed 

input on the same channel where the 

supervision relay was connected for 

initial bypass of the zero-speed sens-

ing. Again, simple control is achieved 

by using the VFD digital control without 

a PLC.

The pull cord of the conveyors can be 

wired in series to the STO of the drives. 

It’s the safest mode to put an E-stop to 

the VFDs running motors. All of this is 

being achieved by VFDs only.

INCORPORATING OTHER 

CONTROL INTERLOCKS

Other interlocks, such as proximity 

sensors, can be connected to the VFDs 

for a more intelligent start and stop of 

the conveyors by sensing the material on 

belt. Instead of running the conveyors 

continuously and consuming power, the 

(Credit: Ranbir (Ron) Ghotra)
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proximity sensor or the current sensor of 

the drive will sense the load travelling on 

the belt, and presence of a load sensed by 

the VFD will trigger a start command to 

the next VFD conveyor in the path. 

Take the example of the system in 

Fig. 1: The smart sensing would be the 

sensor or the VFD algorithm sensing 

the load on conveyor E. As soon as the 

load on conveyor E increases above 

a preset level, the start command to 

conveyor D is given by VFD E, and so 

forth, until the last conveyor in the path 

starts. Similar logic applies to stopping 

of the conveyors. If the load falls below 

the threshold, there is an indication 

that the load is not being transported, 

so the VFD in the cascade path can be 

stopped automatically to save power. 

Maintenance management. Sensors 

with vibration monitoring capabilities 

can be wired directly to the VFD to gen-

erate warning and fault the system to 

prevent damage. Sending the status of 

equipment health such as temperature, 

load or speed to the user using an IoT-

based phone app, without the need for 

a full-blown automation system, elimi-

nates the need of a high-fidelity HMI or 

SCADA.

As summarized previously, the single 

start/stop command to the sensor-based 

conveyor system helps implement an 

intelligent conveying system. All of the 

faults and the trips are interlocked in the 

cascaded conveyor system to prevent 

pileup of the material due to tripping of 

one conveyor in the path. At the same 

time, the VFDs are continuously moni-

toring the load current advising the user 

on whether to continuously run the 

conveyor, without wasting the power or 

shutting it down. As all VFDs are digital 

and enabled for the Internet of Things 

(IoT), all data is constantly being shared 

with the stakeholders who are managing 

the production and the commercial side 

of the business.

 To draw an analogy, the IoT system 

helps maintenance and commercial 

teams run analytics in the same way 

QuickBooks serves the finance teams. 

This IoT-driven data analytics feature 

can help users optimize their processes 

by feeding digital data directly from 

sensors directly into a portal that is 

remotely viewable nearly anywhere.  

In summary, the smart digital VFDs 

of today can very easily do the job of 

a small PLC while supporting IoT 

connection that allows users to moni-

tor conveying systems remotely. This 

capability not only improves return on 

equipment and labor investments, but 

can also enhance overall business intel-

ligence in terms of production, main-

tenance and safety management by 

providing the accurate, actionable data 

needed to improve processes. 

RANBIR (RON) GHOTRA, PMP, is a prod-
uct line application engineer at Eaton. He 
has 20 years of global experience in de-
signing, engineering, commissioning and 
managing control and automation projects. 
He also has effective problem-solving skills 
in a wide variety of industries, from residen-
tial to aerospace. Ron is certified as a Proj-
ect Management Professional (PMP); he 
has a Bachelor of Science degree in elec-
trical engineering from NIT Rourkela, India 
and a Master of Business Administration 
from Katz Business School at the University 
of Pittsburgh.

Eaton PowerXL 

DG1Series Drives.

T
he single start/stop command to the sensor-based conveyor 
system helps implement an intelligent conveying system. All of 

the faults and the trips are interlocked in the cascaded conveyor system to 
prevent pileup of the material due to tripping of one conveyor in the path. 
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Medical
BRANDON STEINBERG | Senior Manager of Business and Strategy for Surgical Moto Solutions, Portescap 

SUPPLIER COLLABORATION
is Key to Developing Medical Devices
Companies reap the most benefits by using suppliers early in the design process.

M
e d i c a l  d e v i c e 

companies  are 

under extreme 

pressure to deliv-

er new and improved products to the 

market ahead of the competition. While 

the overall process for a medical device 

takes years, most of that time is devoted 

to lead times for tooling and compo-

nents, market feedback, life testing and 

seeking regulatory approvals. Engineers 

must often wait to update a design until 

these tasks are completed, leaving a tight 

window to complete their next deliver-

ables before the deadline. 

Immediately after management 

greenlights a project, engineers are 

expected to rapidly build proof-of-

concept (POC) samples for internal 

review and market feedback, with speed 

prioritized over perfection. Weeks or 

months later, finance approves fund-

ing and marketing confirms the target 

specifications, at which point pressure 

is once again on the engineers to quickly 

turn out more durable and sophisticat-

ed prototypes for further testing. This 

“hurry-up-and-wait” cycle repeats itself 

through verification testing and regula-

tory approval.

Unfortunately, this time pressure 

often compromises the final product. To 

meet early stage deadlines, it is a com-

mon and accepted practice to design 

POC samples around readily available 

standard components with the intention 

of fine-tuning the design by using cus-

tomized parts in the next round of pro-

totyping. However, similar time pres-

sure during subsequent iterations can 

make lead times for custom components 

prohibitive. As a result, concessions 

made on even the most rudimentary 

prototypes frequently survive to pro-

duction, lowering product performance 

and increasing total costs.

Staying on track while delivering a 

high-quality design requires choosing 

supply partners that can help manage 

the evolution of a product as it goes from 

concept to launch. The suppliers must 

be able to quickly turn out standard pro-

totypes for developing the product con-

cept and also quickly customize parts for 

future iterations. The suppliers must be 

able to do all this at the right price and 

quality levels.

It is best to use one supplier through-

out the process because it will learn 

more from testing the concept if its own 

products are used, and it can execute 

each stage while keeping the big picture 

in mind. If a supplier not viable for pro-

duction must be chosen for the concept 

phase, it is critical to also work with a 

strategic supplier at the same time. An 

effective strategic supply partner can 

help engineering teams prepare to use 

the custom component by consulting 

on the concept and beginning work on 

customization at the same time.

The importance of supplier selection 

during early development stages is com-

pounded by the fact that most medical 

devices cannot qualify several sources 

for critical components. As deadlines 

approach and issues arise, designers 

are forced to eliminate as many moving 

parts as possible.

Trying to get competing suppliers to 

meet the same specification and time-
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line is an added challenge that can rarely 

be supported. As a result, medical prod-

ucts are typically submitted for regula-

tory approval with only one supplier per 

component. Qualifying secondary sup-

pliers after production has started rarely 

happens because it requires resubmis-

sion to regulators, a prospect  generally 

rejected by management because it is too 

expensive, eats up too many resources 

and is too risky. And of course, quali-

fying two suppliers means double the 

development cost, and purchasing fewer 

products from two suppliers reduces 

volume pricing.

Given the difficulty in qualifying two 

suppliers and in switching suppliers at 

any point during the process, it is criti-

cal to choose strategic supply partners 

at the concept phase based on whether 

they can:

• Manufacture standard products 

designed for the POC prototype 

and shipment within a matter of 

days.

• Demonstrate the industry expe-

rience to anticipate and resolve 

common traps while contributing 

design suggestions for improve-

ment.

• Supply design and manufacturing 

engineers and customer collabora-

tion at all stages.

• Support building medical devices 

with its prototyping and product 

development capabilities.

• Provide facilities with good valida-

tion and change-control processes 

that regularly pass quality audits of 

leading medical device companies.

• Outline a clear plan to meet the tar-

get production price.

• Use a wide array of technology 

options that does not restrict prod-

uct design.

To take full advantage of such a sup-

plier’s capabilities, the relationship must 

begin at the concept or even ideation 

stage. The right supply partner will 

be able to provide valuable insight to 

choose the best path from the outset. 

Just a few hours spent upfront with 

the supplier’s experts can significantly 

reduce future design hours, cut overall 

development time by months and ulti-

mately deliver a better, more valuable 

product to the market.

To illustrate the benefits of concept 

phase collaboration with a strategic 

supply partner, consider the following 

example of an engineering team select-

ing a supplier for the motor in a medical 

device. The team needs to have a proof 

of concept in three weeks, complete tests 

for regulatory submission in six months 

and be in high-volume production in 

two years. The POC clearly dictates 

an off-the-shelf motor, but the design 

team chooses a concept stage supplier 

it knows can also deliver the necessary 

custom version while meeting the price 

and quality level for production.

Within days or even hours of initial 

contact, the motor supplier calls to dis-

cuss the design’s long-term goals. It rec-

ommends a standard motor that can be 

delivered within a week and is already 

tailored to the application based on the 

supplier’s industry experience. Modify-

ing standard products to meet common 

customization requests leads to POC 

builds that are closer to the final design 

criteria. This can avoid an extra itera-

tion before finalizing the design freeze, 

potentially saving weeks or months of 

unnecessary engineering effort and 

thousands of dollars. Any remaining 

customizations needed—such as output 

shaft configurations, dialed-in wind-

ings and gear ratios—are planned dur-

ing this initial discussion so the design 

team can account for differences during 

POC testing.

Once POC testing is complete, a stra-

tegic motor supplier can then provide 

custom prototypes in as little as four 

weeks when there is a development 

strategy that preemptively initiates 

design work and long lead time compo-

nents or tooling. This leaves the device 

designer with ample time to complete 

design work, iterate on the motor design 

or resolve other issues before the six-

month regulatory filing deadline. After 

testing is completed on each iteration 

of prototypes, the motor supplier sends 

its engineers to the customer’s site for 

detailed design reviews of the motor and 

system.

When it comes time to move to pro-

duction, it is assured that the motor sup-

plier can execute the design. If engineer-

ing needs to switch suppliers at this time, 

it is unlikely a new supplier would meet 

the application’s requirements without a 

design change that would derail regula-

tory approval.

In the end, successfully using a cus-

tom motor maximizes power and effi-

ciency while eliminating extra compo-

nents, therefore reducing costs, size and 

complexity. The total development time 

is also shortened, thanks to the seamless 

transition between motor iterations and 

eliminating surprises that could have 

rippled through the design.  
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KNF NEUBERGER is a leader in precision liquid and gas diaphragm pumps. The company has solved thousands of 

design challenges for a variety of application tasks, including: waste handling; fluid supply, washing, replenishment, 

recirculation, and metering/dosing; needle washing and drying; aspiration; gas transfer; chamber evacuation; vacuum 

roughing/backing; pneumatics; and degassing/debubbling.

MORE THAN JUST A PUMP
What really sets KNF apart from other pump companies? KNF is 

a technology leader with over 300 patents and a solid reputation for 

providing innovative, high performance, reliable products. However, this 

is just the beginning: 

• Sales engineers. Many of the KNF OEM sales team are engineers, 

bringing technical expertise directly to customer interactions.

• Solutions, not just pumps. By understanding customers’ 

applications and specs, KNF strives to optimize not only our pump, 

but to also assist customers in optimizing their overall system. Our 

job is to fit the pump to your application – not the application to a 

pump. In fact, over 80% of our business involves custom-engineered 

pump solutions.

• Significant engineering and trouble-shooting support behind 

our field sales team. Customers often send in problematic systems 

for testing. Whether the issue is related to the pump or another 

system component, we’ll provide a full report with analysis and 

recommendations.

2 Black Forest Road 
Trenton, NJ 08691

 WEB  |  www.knf.com 
 EMAIL  |  knfusa@knf.com 
 TEL  |  609-890-8600 
 FAX  |  609-890-8323 

KNF  
NEUBERGER

• Right-sized projects.  While other companies 

turn away smaller opportunities, KNF 

provides application-specific support for large 

and small projects.

• Cost-effective balance. KNF assists customers 

in balancing required performance, product 

lifetime, and cost.

• Global support. We are where our customers 

are.

• Long-term support. KNF has many decades-

long customer relationships. We are a reliable 

partner with reliable products that we’ve 

innovated over time to continuously serve 

evolving needs.

• Strong technical knowledge that goes well 

beyond pumps. We have broad applications 

and systems experience across many diverse 

industries, including medical device and 

diagnostics, environmental/industrial hygiene, 

laboratory equipment, reprographics, security 

and defense, semiconductor, energy, various 

process industries, and more.  

Contact us today or visit  

knf.com/en/us/custom 

to experience why KNF is  
more than just a pump.

http://www.knf.com
mailto:knfusa@knf.com
http://knf.com/en/us/custom


LOW STRESS. CALM. 
SMALLER SMOOTH-FLOW PUMP.
BIGGER SMOOTH-FLOW FAMILY. 
Low-stress, Calm Flow Just Got Smaller with New FP 150 Diaphragm Pump. 

Introducing FP 150, the smallest addition to a growing family of KNF smooth-fl ow liquid diaphragm pumps. 

The full line now features a linearly-controllable fl ow rate range spanning from 0.2 – 12/4 L/min.

KNF smooth-fl ow, low-pulsation pumps combine the advantages of diaphragm liquid-pump technology with 

pulsation levels comparable to gear pumps. They are self-priming, have run-dry ability, and provide long, 

maintenance-free lifetimes under continuous-operation conditions.

These pumps are perfect for recirculation applications that benefi t from calm fl ow, including laboratory 

equipment, inkjet and 3D printing, medical devices, cleaning and disinfection, fuel cells, and semiconductors.

Learn more at knf.com/en/us/smooth-fl ow

http://knf.com/en/us/smooth-flow
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LEMO, YOUR CHOICE FOR HIGH-QUALITY  
PRECISION CONNECTOR AND CABLE 
SOLUTIONS! 

LEMO has been designing precision connector solutions 

for 75 years. Offering more than 75,000 combinations of 

product that continue to grow through custom specific 

designs. LEMO and its affiliated sister companies REDEL, 

NORTHWIRE and COELVER currently serve more than 

100,000 customers in over 80 countries around the world. 

UNCOMPROMISING COMMITMENT TO  
EXCELLENCE AND INNOVATION

The LEMO Group is a partner that anticipates and 

responds to its customer needs by supplying superior 

professional interconnect solutions, which exceed the 

users’ highest expectations. LEMO is ISO 9001 certified for 

design, manufacture & distribution of self-latching push pull 

electrical & fiber optic connectors, systems & cable assembly 

and ISO 13485 certified for medical devices and related 

services. 

LEMO is the acknowledged leader in the design and 

manufacture of precision custom connection and cable 

solutions. LEMO’s high quality Push-Pull connectors 

are found in a variety of challenging application environments 

including medical, industrial controls, test & measurement, 

audio-video, aerospace, military and telecommunications.  

Not only limited to push-pull technology LEMO also 

manufactures screw and ratchet type connectors for high 

vibration applications such as aviation and motorsports.  To 

complete the solution, LEMO provides value add solutions 

such as: cable assembly services, overmolding and custom 

designs with the same uncompromising commitment to 

QUALITY. 

 WEB  |  www.LEMO.com 
 EMAIL  |  info-us@lemo.com 
 TEL  |  707-578-8811 LEMO USA, 

INC.

NOT ALL LEMO CONNECTORS ARE PUSH-PULL
LEMO’s M Series, a lightweight aluminum screw ratchet 

type connector solution for military, aerospace, security and 

other harsh environments, is considered one of the lightest 

and most compact connectors within the LEMO range. 

LEMO had a high-demand from design engineers to provide 

a connector that is smaller in size, weighs less, vibration 

resistant and still has the power to perform a highly reliable 

connection for life saving designs. 

http://www.LEMO.com
mailto:info-us@lemo.com
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At maxon, we develop and build high precision electric drive systems that are among the best in the world. We combine 

brushed and brushless DC motors, gearheads, sensors, and controllers into complete mechatronic drive systems. Since 1961, 

businesses from a wide range of industries including medical technology, robotics, industrial automation, mobility, and 

aerospace place their trust in reliable drive systems by maxon. Our drives are perfectly suited for wherever extreme precision 

and the highest quality standards are necessary and where compromises cannot be tolerated – on Earth, and on Mars.

We are driven by progress. We are certain that we can continuously improve - even what seems to be perfect – over and over 

again. We believe that outstanding engineers and technicians can make a positive impact on the world which is why we 

support their efforts to go off the beaten path and provide the right drives for their ideas. We do this because we share in their 

uncompromising drive to excel in technology.

Offering solutions that fit your customized needs
maxon focuses on comprehensive solutions optimized through a diversified product range and client consultation. 

• maxon motor manufactures small, high-quality brush and brushless DC motors ranging in size from 4 mm to 90 mm.

• Concept Development: Direct line to customer. Defining specific needs.

• Design Engineering Services: Electromechanical, molded, machined, system design

• Testing & Validating: Custom-built equipment to meet unique requirements.

• Rapid Prototyping: Concepts in the customer’s hands fast.

Customized Drive Solutions – Easily Configured Online
The maxon x program includes extremely powerful drives that are easily configured online. Customers can fit the drives with 

specific mechanical and electrical components specific to their application needs. It is possible to customize the shaft lengths, 

winding types, ball bearings and much more. When combined together with maxon encoders and planetary gearheads, you 

form a high-precision, robust drive system ideal for any application requiring a compact, powerful, quiet and strong drive 

system.  In addition, detailed product data may be viewed immediately online and 3D CAD data for the configuration is 

available for downloading. Visit xdrives.maxonmotorusa.com.

Visit us online and discover the digital maxon world.
On our website, you can find the latest information on our products and services as well as an integrated online catalog, the 

selection program and the maxon online configurator. Go to www.maxongroup.us   

maxon precision motors, inc.
125 Dever Drive
Taunton, MA 02780

WEB  |  www.maxongroup.us
EMAIL  |  info.us@maxongroup.com

TEL  |  508-677-0520  

http://www.maxongroup.us
mailto:info.us@maxongroup.com
http://www.maxongroup.us
http://xdrives.maxonmotorusa.com
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You deserve extraordinary solutions– 

we respond with an extensive 

range of measuring stroke options, 

simultaneous measurement of multiple 

magnets, smart electronic designs with built-

in diagnostics, innovative housing concepts 

and a wide variety of controller interfaces. 

Our Temposonics® design guarantees 

maximum reliability, high-precision position 

measurements and long term operation even 

in the harshest environments. Compatible 

with a wide range of controllers with 

advanced outputs such as Ethernet/IP™  

and SSI.

 MTS Sensors, a division of MTS Systems 

Corporation (NASDAQ: MTSC), is the 

pioneer of Temposonics® magnetostrictive 

technology and a worldwide manufacturer 

of non-contact linear position sensors and 

liquid level transmitters that enable reliable 

feedback control for automation and safety 

applications. In July 2016, MTS Systems 

Corporation (Eden Prairie, MN, USA) 

acquired PCB Piezotronics, Inc. (Depew, NY, 

USA), vastly expanding the range of products 

and solutions of MTS Sensors.

Visit MTS Sensors at www.mtssensors. com 

and PCB Piezotronics, Inc. at www. pcb.com. 

Additional information on MTS can be found 

at www.mts.com.

MTS 
SENSORS

3001 Sheldon Dr.  
Cary, NC 27513

 WEB  |  www.mtssensors.com 
 EMAIL  |  info.us@mtssensors.com 
 TEL  |  1-800-633-7609 
 FAX  |  1-800-498-4442

You deserve extraordinary solutions– we respond with an extensive 

range of measuring stroke options, simultaneous measurement of 

multiple magnets, smart electronic designs with built-in diagnostics, 

innovative housing concepts and a wide variety of controller interfaces. 

Our Temposonics® magnetostrictive technology is maximized with 

powerful electronics and double-shielded construction to assure 

immunity against interference.

YOUR CHALLENGE, OUR SOLUTION
We address your exact design and performance needs – with 

multiple mechanical and output options.

 

INTEGRATION
Temposonics® E Series provides IO-Link serial based bi-directional 

communication that enables consistent communication between 

sensors and the controller.

 MTS Sensors offers a full range of solutions for Mobile Hydraulics 

(off-highway) and Liquid Level applications.

ABSOLUTE, LINEAR POSITION SENSORS  

http://www.mtssensors.com
mailto:info.us@mtssensors.com
http://www.mtssensors.com
http://www.pcb.com
http://www.mts.com


RELIABLE 
MORE PERFORMANCE
BACKWARDS COMPATIBLE 

POSITION SENSORS FOR INDUSTRIAL APPLICATIONS

Learn more by calling an Applications 
Engineer today at 1-800-633-7609 or 
email sensorsinfo@mts.com. 

Temposonics®

www.mtssensors.com/RSERIESV 

mailto:sensorsinfo@mts.com
http://www.mtssensors.com/RSERIESV


S
electing the appropriate filtration system when 

designing a hydraulic circuit is critical for main-

taining fluid cleanliness and preventing prema-

ture wear, both of which contribute to optimal 

system operation and service life.  

Contamination of the hydraulic system can occur during 

assembly and during operation. Contamination can come in 

many forms, including water or other fluids, air, solid par-

ticles, or corrosive agents and heat.

Dirt is the greatest enemy of hydraulic systems, since it 

generates wear that results in shortened service life of compo-

nents. The cleaner the system, the higher its service life expec-

tancy. Therefore, it is imperative that only clean fluid enter 

the circuit. In addition, a filter capable of maintaining fluid 

cleanliness to ISO 4406 class 22/18/13 or better, under normal 

operating circumstances, is recommended. 

Between open- and closed-circuit filtration designs, there 

are additional factors to consider: 

CLOSED-CIRCUIT DESIGNS

A closed-circuit filtration design will typically follow into 

either suction line filtration or charge pressure filtration (both 

partial- and full-flow). 

In suction line filtration, a filter is placed in the circuit 

between the fluid reservoir and the inlet to the closed-cir-

cuit pump. Follow the manufacturer’s recommendations for 

bypass versus non-bypass filter in the suction line. A vacuum 

gauge can be used to show when the inlet pressure exceeds 

the manufacturer’s requirements. A contamination monitor 

will indicate when a filter change is needed, once a maximum 

vacuum level is reached. 

Examinations have revealed that a filter in the suction 

line with a β35 – β45 = 75 (β10 ≥2) at a differential pressure 

of 0.25bar achieves the required cleanliness of 18/13 under 

normal operating conditions. In some applications even better 

cleanliness levels are achieved.  

In charge pressure filtration, the filter is designed into the 

charge circuit of the closed-circuit pump. Placing the filter in 

the charge circuit can mitigate high inlet vacuum during cold 

start-up conditions. Fluid filtration is provided immediately 

ahead of a pump’s control and the hydraulic loop. 

Examinations here, too, have shown that filter elements 

with a β15 – β20 = 75 (β10 ≥ 10) at the differential pressure 

occurring in the application are recommended. A strainer 

with a mesh of 100 μm – 125 μm must be used to protect the 

charge pump against course contamination.  However, the 

actual filtering is done by the filter in the charge circuit.

Selecting the appropriate filtration system contributes to longer service life.

Open- Versus Closed-Circuit Filtration  
for Hydraulics Performance

JOHN FLEMING | Principal Engineer, Danfoss Power Solutions

Mechanical & Motion Systems

The suction filter is placed in the circuit between the reservoir and 

the inlet to the charge pump. (Credit: Danfoss)

Partial flow charge filtration. (Credit: Danfoss)
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PARTIAL VERSUS FULL FLOW CHARGE FILTRATION

The charge pressure filtration design can be further broken 

down into either partial flow or full flow. 

Partial flow filtration refers to the charge pressure relief valve 

located upstream of the filtration.  A portion of the charge pump 

oil flows through the filter while the rest flows over the charge 

pressure relief valve back to the reservoir. Only the fluid needed 

by the closed-loop system and the pump control is filtered.  

Carefully consider whether to use a non-bypass or bypass 

filter, as excessive pressure drops can occur that may lead to 

charge pump damage as well as contaminants being forced 

through the filter media. A “loop flushing” valve in the circuit 

increases the volume of “dirty” fluid being removed from the 

system and, consequently, increases the volume of fluid pass-

ing through the filter.

Full flow filtration has the charge pressure relief valve down-

stream of the filter element. All the charge pump flow is passed 

through the filter increasing the filter efficiency compared to 

suction filtration.  

With full flow filtration, a bypass 

valve can prevent filter damage and 

contaminants from being forced 

through the filter media by high pres-

sure differentials across the filter. 

Fluid will bypass the filter with a high 

pressure drop or cold start-up con-

dition. Operating the system with an 

open bypass should be avoided, and a 

means of contamination indication is 

recommended.

OPEN-CIRCUIT DESIGNS

In contrast to closed-circuit hydrau-

lic systems, suction filtration is not a 

recommended filtration method with 

open-circuit pumps. This is due to 

the potential for high inlet vacuum 

to occur. Instead, a screen is recom-

mended in the reservoir covering the 

pump inlet. A 125 μm (150 mesh) 

screen protects the pump from course 

particle ingression. 

Return line filtration, with the filter in the return line to 

the reservoir, is often the preferred method in open-circuit 

systems. All the fluid in the system passes through the filter as 

it returns to the reservoir.   

Factors to consider when specifying a return line filter 

system are:

• Cleanliness specification

• Contaminant ingression rates

• Flow capacity

• Desired maintenance interval

Typically, a filter with a β10 ≥ 10 is adequate.  

MAINTAINING A FILTRATION SYSTEM

As this article serves only as a guideline, it is imperative 

to work closely with the filter manufacturer when selecting 

a filter. Every open- and closed-circuit hydraulic system is 

unique, and the filtration requirements and performance must 

be determined by test. 

It is essential that monitoring of prototype systems and 

evaluation of components and performance throughout the 

test program be the final criteria for judging the adequacy of 

the filtration system. 

Integral charge pressure filtration, full flow. (Credit: Danfoss)

Return line filtration. (Credit: Danfoss)
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A
ccording to Automo-

tive News and a study 

by Boston Consult-

ing Group, electrified 

vehicle sales (mild hybrid, full hybrid, 

plug-in hybrid and full battery-electric 

vehicles) are expected to surpass inter-

nal-combustion-engine (ICE) vehicle 

sales by 2030, taking 51% of the mar-

ket, with battery-electric vehicle (BEV) 

and PHEV (plug-in hybrid electric 

vehicle) categories accounting for 25% 

of total vehicle sales. However, 82% of 

cars will still contain an ICE powertrain, 

with PHEVs, HEVs and mild hybrids 

all using internal combustion engines 

alongside their electric powertrain.

Automotive manufacturers are under 

pressure from many sides. On the con-

sumer side, there is a sharp drop in confi-

dence in diesel due to the introduction of 

clean air zones, some of which are already 

in force, and a ban on internal combus-

tion engine vehicles in the UK by 2035.

Meanwhile, governments around the 

world are tightening up on automotive 

emission legislation. In Europe, there 

are increasingly stringent CO2 emission 

regulations. In China, efficiency is para-

mount, and the country’s ever-stricter 

Corporate Average Fuel Consump-

tion (CAFC) and New-Energy Vehicle 

(NEV) regulations are demanding it.

There’s no doubt that significant 

advances have already been made in 

hybrid and BEV manufacturing. How-

ever, although these vehicles present a 

greener alternative when they are being 

driven, it is increasingly important that 

the engineering and manufacturing pro-

cesses behind them are also environ-

mentally sustainable. 

VACUUM IMPREGNATION IN THE 

AUTO INDUSTRY

Vehicle weight affects battery use, 

and the lighter the better. So companies 

building hybrids and BEVs are exploring 

ways to reduce overall vehicle weight. 

Using of structural die-cast components 

can help, especially if manufacturers 

substitute heavier materials, such as 

steel, with lighter ones like aluminum. 

By manufacturing drive and powertrain 

components, such as electric motors, 

from die-cast aluminum, car makers can 

further reduce vehicle weight. In turn, 

battery range can be extended for BEVs 

and HEVs while reducing vehicle emis-

sions for the latter as well.

However, porosity has long been an 

issue with die-cast components. Micro-

scopic holes form within a part’s body 

during the casting process, meaning the 

part may not be functionally sound and 

have leak paths.

In applications with requirements to 

be pressure- or fluid-tight—for example, 

in the complex cooling systems within 

hybrid and BEV drive system castings—

this can be an especially critical issue. 

The move toward using increasingly 

thinner-walled castings for powertrain 

components to reduce component 

weight also brings with it an increased 

risk of porosity. This makes the role of 

vacuum impregnation even more vital 

to avoid scrapping complex and high 

value components, whether for hybrid, 

ICE or BEV powertrains.

Vacuum impregnation provides an 

OEM-approved method for sealing leak 

paths and porosity in metal castings, 

sintered metal parts and electrical com-

ponents. Using specialist impregnation 

equipment, voids are filled with a liquid 

sealant under vacuum, which is then 

turned into a chemically and thermally 

resistant polymer by heating in a hot 

cure process. When it comes to hybrid 

and BEV manufacturing, vacuum 

impregnation can be used to effectively 

MARK CROSS | Commercial Sales Director, Ultraseal International 

Automotive 

Sealant impregnation 
eliminates porosity and 
makes parts fit for use in 
cars and trucks.

Eliminating Porosity in Die-Cast Parts 
Could Cut Weight in Electric Vehicles

Vacuum impregnation seals leak paths and porosity in metal castings, sintered metal parts 

and electrical components—crucial for complex cooling systems that need to be pressure 

and fluid tight in hybrid and BEV vehicles.
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seal die-cast and electronic parts against 

leakage or fluid ingress.

As well as improving the reliability of 

components, the process reduces scrap-

page and lowers defect rates, in turn 

reducing waste and costs from the man-

ufacturing process. 

VACUUM IMPREGNATION: 

OPERATIONAL CONSIDERATIONS

With modern supply chains under 

increased economic pressure, treat-

ing porosity has become even more 

important. Scrapping fully machined 

parts is expensive, especially given the 

work invested in them. However, if a 

machined part fails after it has been 

incorporated into a component such 

as an automotive compressor, the costs 

associated with scrapping it at that stage 

are significantly higher.

To meet this need, Ultraseal offers a 

range of equipment which can be incor-

porated into any production line, as well 

as both managed in-house and off-site 

impregnation services.

Modern front-loading impregnation 

systems give speed, control and sig-

nificant health and safety advantages to 

users, as well as a smaller footprint and 

the lowest cost of ownership. 

In situations where volume is a 

consideration, automated production 

equipment provides the benefit of sig-

nificantly reduced production and labor 

costs and lower operator involvement. 

These fully automated systems combine 

fast, consistent cycle times with best-in-

class sealing performance, ensuring a 

consistent output quality and health and 

safety improvements.

To maximize uptime and reduce the 

overall cost of ownership, Ultraseal’s 

expert team can remotely monitor the 

performance and operating history of 

the equipment, helping to optimize pro-

cesses and minimize unplanned down-

time. Finally, those who don’t have the 

need or space for a dedicated impreg-

nation process in-house can tap into 

the company’s global network of sites, 

which can manage the process from 

start to finish. Alternately, they can 

opt for a fully managed on-site service 

which provides a cost-effective, end-to-

end, impregnation process management 

solution without investment in capital 

equipment or personnel.

In a traditional impregnation process, 

components are placed into an auto-

clave, where the component is immersed 

in sealant and a vacuum is used to draw 

the sealant into micro-porosities and 

leak paths. A cold wash module then 

removes excess sealant and a hot cure 

cycle exposes components to heat which 

polymerizes the sealant, changing it 

from a liquid state to solid polymer. 

During the cold wash part of this pro-

cess, up to 98% of the sealant used goes 

down the drain as waste. To overcome 

this expensive wastage and meet increas-

ingly stringent environmental guide-

lines, Ultraseal offers a range of recy-

clable sealants. Instead of being washed 

down the drain, the sealant is collected 

from the wash tank and passed through a 

sealant recovery system for retrieval and 

reuse. In addition to significantly reduc-

ing sealant consumption, the process 

uses substantially less water and removes 

the need to change wash-water tanks, 

leading to a marked reduction in down-

time while improving process efficiency. 

Where customers have an incumbent 

supplier or have already invested in 

an impregnation solution, Ultraseal 

can convert existing systems to use 

Ultraseal’s recycling sealants. This helps 

to meet environmental regulations and 

reduce wastage without the need for 

capital expenditure on completely new 

systems. 

As the automotive manufactur-

ing market evolves, established vehicle 

manufacturers are investing significant-

ly in the electrification of their product 

ranges to future-proof their business 

and stay relevant in the marketplace. 

Incorporating vacuum impregnation 

into manufacturing processes can help 

the automotive industry to reduce scrap 

and material wastage, improve compo-

nent life cycles and improve environ-

mental performance.  

Porosity is a recognized issue with die-cast 

components. Microscopic holes created 

within a part during casting may leave the 

part nonfunctional due to leaks.

Impregna-

tion sealants 

can be sent 

through 

a sealant 

recovery 

system, 

such as this 

one from 

Ultraseal, to 

retrieve and 

reuse them.
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HELPING DEVELOP THE NEXT GENERATION 
OF HEALTHCARE PRODUCTS

Getting the right products and components at 

the right time has a direct impact on the health and 

wellbeing of patients. MW Life Sciences helps accelerate 

new product development, optimize performance, and 

increase speed to market.

The MW Life Sciences portfolio includes cases and 

trays, reusable and single-use surgical instruments, 

robotics, implantable components, drug delivery, 

orthopaedics, and other specialty medical devices. We 

provide expertise in the science of metal and plastic, 

design for manufacturability, prototyping, design 

transfer, and more to help ensure your product is both 

innovative and cost-effective.

FROM CONCEPT TO COMMERCIALIZATION
With decades of experience developing products and 

components for demanding healthcare applications, 

we know what it takes to get a new product to market. 

Our industry-leading engineering and production 

capabilities enable us to manufacture high-precision 

products to meet exacting standards while our concept-

to-supply business model is designed to increase your 

profitability, reduce risk, and accelerate time to market.

8 Matchett Drive
Pierceton, IN 46562

 WEB  |  www.mwlifesciences.com 
 TEL  |  574-594-2140 (USA) 
   41-21-320-37-85 (EUROPE)
   86-(0)-519-8989-0066 (ASIA)

MAJOR CAPABILITIES
• Additive/3D 

Manufacturing

• Adhesive Assembly

• Casting & Forging 
Processing

• Clean Room Assembly & 

Packaging

• Complex Implant & 
Instrument Assembly

• Design & Development

• EDM

• Global & Vertically 

Integrated Manufacturing

• Metal Fabrication & 
Polymer Thermoforming

• High Precision Plastic 
Machining

• Injection & Insert Molding

• Laser Ablation, Marking, & 

Welding

• Lights-out Automation

• Micro Molding

• Micro Machining

• Multi-Axis Milling & 

Grinding

• Precision Metal Stamping 
& Wire Forming

• Product Testing

• Program & Cost 
Management

• Prototyping

• Regulatory Assistance

• Verification & Validation

No matter where you are in your process, our expertise in 

everything from design and development to compliance and 

launch logistics gives you the flexibility to partner with us at any 

phase of your project. We’ll go the extra mile to help you achieve 

your objectives, bringing innovative new technology and solu-

tions to the healthcare industry.

BROADER CAPACITY. DEEPER EXPERTISE. BETTER SERVICE. 

MW LIFE SCIENCES, formerly NN Life Sciences, has combined with MW Medical Solutions to provide a single-

source solution for the medical device and pharmaceutical communities worldwide. MW Life Sciences’ combined 

capabilities provide advanced products, best-in-class manufacturing, and exceptional engineering support. With 

locations across North America, Europe, and Asia, MW Life Sciences has expertise in the design, validation, and advanced 

manufacturing of products for the Life Sciences market. Our end-to-end solutions can take you from the prototyping phase to 

the multi-million production of parts.

http://www.mwlifesciences.com
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Founded in 1898, New England Wire Technologies has 
been the premier supplier of custom wire and cable 
products for over 120 years.  We currently serve a full 

range of industries including medical device and electronics, 
aerospace, defense, robotics and automation, power generation, 
and alternative energy to name just a few.  Additionally, we have 
provided cabling and insulating services to the superconductor 
industry since the 1960’s where our products are integrated into 
most of the major accelerator projects, ore separator magnets, 
NMR magnets, and superconducting magnetic energy storage 
(SMES) magnets.

OUR FACILITIES CONSIST of 400,000 square feet of manufacturing, 
quality/testing, tooling/machine fabrication, and office space. 
Manufacturing processes include wire drawing, plating, stranding, 
braiding, cabling, insulating, and extrusion services. We are an 
ISO9001:2015 registered company with over 400 employees 
operating three shifts, five days a week. Our sales and engineering 
staff assist engineers, scientists, and technical professionals in the 
design, development, and manufacture of the most technologically 
advanced wire and cable products in the industry.  
 
NEW ENGLAND WIRE TECHNOLOGIES specializes in product 
development, concurrent engineering, design for manufacturability, 
and quick-turn prototyping. We work with customer supplied 
specifications or performance requirements to design a custom 
cable specific for each application. With our vertically integrated 
manufacturing capabilities and expertise in cable design, we are 
proud to offer some of the shortest lead times in the industry. Our 
products include custom Litz wire, miniature, micro-miniature, 
single and multiconductor cables, low-noise, high temperature, 
coaxial, and hybrid cables. 

OUR SUBSIDIARY, New England Tubing Technologies, occupies 
a 14,000 square foot state-of-the-art facility adjacent to New 
England Wire manufacturing. Working directly with clients in 
the medical electronics and device industries, as well as with 
other custom industrial and commercial projects, we design 
and manufacture custom braid or spiral reinforced tubing, lined 
catheter shafts, multi-durometer and multi-lumen tubing, hybrid 
tubing configurations, as well as medical braid. Calling on the 
decades of advanced extrusion and wire-processing expertise of 
New England Wire, New England Tubing excels in thin-wall, tight 
tolerance tubing, reinforcing, bonding layers of thermoplastic to 
fluoropolymers, and braiding all types of round and flat wire. 

NEW ENGLAND  
WIRE TECHNOLOGIES 130 North Main Street

Lisbon, NH 03585

 WEB  |   www.newenglandwire.com 
EMAIL | sales@newenglandwire.com 
 TEL | 603.838.6624

NEW ENGLAND WIRE
T E C H N O L O G I E S

http://www.newenglandwire.com
mailto:sales@newenglandwire.com
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OMS MOTION (aka Oregon Micro Systems 

and Pro-Dex OMS) has been successfully 

producing motion control products and 

services for more than 35 years.  Single axis integrated 

controls with drives as well as complete multi-axis 

controllers that can coordinate and synchronize up to 

10-axes on a single controller.

Founded in the early 80’s, OMS Motion evolved 

from patented technology that provides an advantage 

in the motion control industry.  In the mid 90’s, 

OMS was acquired by a publicly traded company 

which has a focus on the medical device markets. 

OMS continued the motion control business as a 

subsidiary, while supporting the medical device 

product development. In early 2017 OMS Motion 

separated from the public company, under the original 

leadership of the company’s beginnings, and has 

regained its focus on motion control business.

OMS Motion produces superior motion control 

products that are functionally capable and intuitive 

to use.  The controls accept simple ASCII character 

commands over communications on Ethernet, RS232, 

RS485, ModBus, VME, PCI bus and other.  OMS 

controllers support stepper and servo motor control 

and have utilized incremental encoders, counting all 

4-quadrants of the quadrature signal.  Additionally, 

support for absolute encoders for SSI and BiSS are 

available for exceptional control of the systems.  High 

resolution and speeds can be utilized to provide 

some extraordinary motion control.  OMS controls 

also incorporate general purpose I/O that can be 

tightly coupled to the motion for precise applications.  

New products are being developed that cover other 

communication protocols, new functional features, 

integrated drives and amps and other features.  Custom 

products based on the OMS architecture are also 

developed for specifically qualified applications.  

OMS 
MOTION INC. 15201 NW Greenbrier Parkway, Ste. B1

Beaverton, Oregon 97006

WEB  |  www.OMSmotion.com
TEL  |  503-629-8081

      800-707-8111
FAX  |  503-629-0688

Great effort has gone into the development of the 

controls and the functionality is ever continuously 

evolving as more and more unique applications utilize 

the controllers.  OMS products are used in numerous 

markets worldwide, including semiconductor equipment, 

lab automation, life sciences, factory automation, large- 

and small-scale research facilities/projects, and others. 

OMS controllers are very versatile and capable.

OMS Motion is proud to be a small and nimble 

organization that can respond to customers’ needs and 

focuses on the success of the customer.  OMS has earned 

a strong reputation for reliable and quality motion 

control products and is trusted throughout the world. 

OMS Motion is a trusted name for quality motion control 

products and service.

http://www.OMSmotion.com


http://www.omsmotion.com
mailto:sales@omsmotion.com
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PTC’s cloud-native Onshape platform speeds up prod-

uct development by eliminating the most common 

obstacles that slow companies down. Onshape is the 

only Software-as-a-Service (SaaS) product design platform 

that combines powerful CAD tools with built-in data man-

agement, real-time collaboration and business analytics.

Onshape gives distributed product design teams the 

freedom and flexibility to simultaneously work together from 

any location on any computer, tablet or phone. Whenever one 

engineer makes a design change, everyone else on the team 

can instantly see it.  

Onshape’s SaaS platform eliminates the need for IT overhead 

such as software installation, licenses and upgrades. When 

engineers spend less time on administrative tasks, they have 

more freedom to innovate and take creative risks. 

Hardware companies that are using Onshape to accelerate 

their time to market include: 

• Music Tribe (Professional Audio Equipment) – “We 

design over 400 concurrent products and maintain close 

to 10,000 library items. It’s important that we’re able 

to keep track of each product and component in the 

pipeline,” says Jason Blanco, Innovation Development 

Mechanics Leader. “Onshape has cut our design time in 

half with the help of automated version control and real-

time data management.” 

• OceanGate (Submersibles for Ocean Exploration) – 

“The greatest part about Onshape is that I can always 

see everything that my team is doing. And I don’t need 

to have a specific licensed computer, use a VPN, or have 

a separate PDM system. I can just quickly login online 

and see what they are working on,” says Dan Scoville, 

Director of Engineering and Operations. 

• Delta Development (Medical Rescue Equipment) – “It’s 

such a liberation to not ever have to worry about what’s 

on our server because it’s all on Onshape’s servers. Not 

having to worry about IT overhead has been a huge 

time-saver for us,” says chief engineer Bill Barg.

• Hirebotics (Robotics/Automation) – “Having our 

product design tools in the cloud allows us to keep our 

IT costs down because we’re not trying to run servers 

here. It keeps our hardware costs down because we don’t 

have to buy elaborate engineering workstations. We’re 

running everything on Macs,” says COO Matthew Bush. 

“Our company likes to do things differently and think 

differently. We love Onshape’s collaboration features and 

built-in PDM.”

In addition, Onshape’s flexibility to enable design teams 

to work remotely from anywhere can be leveraged as a 

recruiting advantage. Why limit your company’s hiring 

pool to a 100-mile radius when you can now attract talent 

worldwide?

A COLLABORATIVE CLOUD PRODUCT DEVELOPMENT PLATFORM THAT DRIVES 
INNOVATION AND ENABLES REMOTE WORK 

121 Seaport Boulevard
Boston, MA 02210

WEB  |  www.Onshape.com
EMAIL  |  sales@onshape.com

TEL  |  844-667-4273

Onshape is a PTC Business

To design its carbon fiber aerospace-grade submersible vehicles, 
Seattle-based OceanGate chose PTC’s cloud-native Onshape product 
development platform that enables remote teams to easily collaborate 
in real time.

Music Tribe relies on Onshape’s built-in version control to help its globally 
distributed mechanical engineering team better keep track of design 
iterations and speed up the product development process.

http://www.Onshape.com
mailto:sales@onshape.com


Speed Up
Your Product Design
Onshape is the only Software-as-a-Service (SaaS)

product development platform that combines

powerful CAD tools with real-time data management,

collaboration, and business analytics.

Find Out Why Engineering Teams Love Onshape

Try Onshape for free at

https://www.onshape.com/professional-trial

Onshape, a PTC SaaS Business

121 Seaport Boulevard Boston,  

MA 02210

+1-844-667-4273

https://www.onshape.com/professional-trial
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PBC LINEAR 6402 Rockton Rd., Roscoe, IL 61073

 WEB  |  www.pbclinear.com 
 TEL  |  800-962-8979 

PBC LINEAR IS A LEADER in the engineering, 

manufacturing, and assembly of a wide range 

of linear motion products, along with custom 

engineering services. Our core line of linear components 

includes bearings, shafting, rail assemblies, and cam roller 

sliders. Building on this strong foundation, we have created 

a sophisticated family of products that includes lead screws 

and motor lead screw assemblies, actuators, cartesian 

robotics, and mechatronics assemblies. In addition, we 

provide engineering services for companies interested in 

customizing their mechatronics assemblies.

The story of PBC Linear begins with an innovative and 

patented solution in bearing design, the Frelon®-lined plain 

bearing. That successful bearing design is now part of a larger 

family of products related to linear motion technologies, 

with many of them manufactured at our headquarters 

in Roscoe, Illinois USA. This central location in North 

America combined with over 200-thousand square feet of 

manufacturing space allows us to react quickly to dynamic 

market forces, helping to provide customers with a flexible 

and attentive partner. In addition, dedicated engineers 

at PBC Linear can work with industry professionals to 

produce prototypes, pilots, and small production runs, 

helping to bring customer ideas to market.

PBC Linear supplies components and linear motion 

systems to a variety of industry applications including 

packaging and distribution, medical devices and 

diagnostics, transportation and robotics, self-serve kiosks, 

and more. We match high-precision, low-maintenance 

products with the linear motion needs of our customers. 

For example, our patented Frelon-lined plain bearings are a 

perfect solution for many hazardous environments, including 

washdown applications. Where an appropriate amount of 

precision is needed, customers can look to a lead screw for 

tighter tolerances, or employ the practical precision of Redi-

Rail over the standard profile rail. Together, these solutions 

combine to improve our customers’ overall equipment 

effectiveness, a manufacturing metric commonly referred to 

OEE. 

PBC Linear continues to gain success by employing smart, 

creative, and enthusiastic minds to help drive U.S. manufacturing 

forward. Our company’s culture is a blend of midwestern work 

ethic paired with skilled technicians, knowledgeable service 

personnel, and a multi-disciplined group of trained engineers. 

Together, they form a full-service team that creates long-lasting 

and cost-efficient linear motion solutions. As our company 

grows, we continue to create opportunities for like-minded 

individuals that are committed to excellence and enthusiasm. 

Please contact PBC Linear to find out more about career 

possibilities at:

https://www.linkedin.com/company/pbc-linear-a-

pacific-bearing-company/ 

 https://www.pbclinear.com/About/Careers

http://www.pbclinear.com
https://www.linkedin.com/company/pbc-linear-a-pacific-bearing-company/
https://www.pbclinear.com/About/Careers
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16 Albert Street  
Auburn, MA 01501

 WEB  |  www.pi-usa.us  
 EMAIL  |  info@pi-usa.us 
 TEL  |  508-832-3456 
 FAX  |  508-832-0506

Celebrating 50 successful years of 

enabling innovation as a multi-

technology provider in 2020, 

PI manufactures world-class precision 

motion and automation systems includ-

ing air bearings, hexapods, and piezo 

drives at locations in North America, 

Europe, and Asia. The privately held 

company, headquartered in Germany, 

employs more than 1300 people world-

wide and provides global support to its 

customers who are leaders in high-tech 

industries and research fields.

PRODUCTS & MARKETS
PI’s in-house engineered systems and 

components have enabled customers 

around the world to increase their pro-

ductivity and technological advantage 

for 5 decades. With a large aggregate 

of standard precision motion products 

and proven methodologies, PI is in 

the position to quickly modify exist-

ing designs or provide a custom OEM 

solution to fit the exact requirements 

of your application from sensors and 

transducers to microscope auto-focus 

units, fast positioning stages to multi-

axis automation systems. 

Relying on our ever-evolving patent 

and technology portfolio, our products 

make the seemingly impossible 

possible and are trusted by experts for 

applications in:

Examples of our products include 

Motion Controllers, Air Bearings, 

Hexapod Robots, XYZ Gantry Systems, 

Automated Photonics Alignment 

Systems, Fiber Positioners, Microscope 

Stages, Piezo Nanopositioning Stages, 

Precision Linear Translation Stages 

for Automation, Rotary Stages and 

Goniometers, Piezo Controllers, 

Piezo Actuators and Motors, Piezo 

Transducers and Components.

• Photonics

• Aerospace

• Industrial 
Automation

• Bio-tech

• Nanotech

• Astronomy

• Life Sciences 

• Medical 
Engineering

• Optics

• Semiconductors

• Silicon Photonics

• Quantum 
Computing

• Beamline Systems

• Big Science

LEARN ABOUT NEW 
INNOVATIONS, APPLICATIONS
BLOG: New posts are added on a 

regular basis to our tech blog, which 

represents 50 years of insight detailed 

in over 160 different innovative 

applications of precision motion control, 

nanopositioning, and micropositioning 

in industry, science, and research.  
 

Tap into our resources as a starting 

point for innovation across disciplines 

and click here for automation/nano-

automation articles:  

www.pi.ws/blog-auto

WEBINARS / WEBCHATS: To fill the 

void of face-to-face interactions and 

technical talk on tradeshow floors,  

PI is running webinars and webchats 

to share our engineers’ vast application 

knowledge. Topics include: adaptive 

machines, differences and advantages 

between piezo mechanisms, and custom 

direct drive motors for industrial and 

research applications.  

To register for an upcoming webinar  

and watch past webinars, click here:  

www.pi.ws/webinars

http://www.pi-usa.us
mailto:info@pi-usa.us
http://www.pi.ws/blog-auto
http://www.pi.ws/webinars
http://www.pi.ws/blog-auto
http://www.pi.ws/webinars
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88

2021 LEADERS PROFILE

MACHINE DESIGN

110 Westtown Road
West Chester, PA 19382

 WEB  |  www.portescap.com 
 EMAIL  |  sales.america@portescap.com 
 TEL  |  610-235-5499 

At Portescap, we can help you choose the best motion 

technology for your application, including miniature dc 

motors (brush and brushless), miniature stepper motors, 

linear actuators, gearheads, and encoders. With motors 

ranging in diameter as small 8mm up to 85mm, as well as 

motors that can reach speeds up to 100,000 rpm, we can help 

you find the optimal solution.  With maximum performance 

in a smaller package, our motors let you design compact 

machines and devices that are efficient, reliable, and easier 

and more comfortable to use.

 Leveraging our miniature motor technologies and 

application know-how, we are able to serve a spectrum of 

motion control applications including :

• Medical devices & equipment

• Surgical hand tools

• Infusion systems

• Industrial power tools

• Clinical diagnostics equipment

• Robotics

• Aerospace & defense applications

• Automation equipment

 Our global manufacturing footprint and application 

centers worldwide allow us to respond quickly to customer 

needs and to provide local support and collaboration.  

Whether you require unique modifications or a complete 

motor customization and assembly, our motion solutions 

can be tailored to your needs, including shaft cannulation, 

ground-up electromagnet design, mounting features, custom 

gear rations and more, to reduce assembly costs while 

providing a power-matched component. 

 We pride ourselves on offering dedicated resources for 

collaborative innovation to help provide you with break-

through designs. Early collaboration is critical to developing 

a feasible solution that meets your needs, optimizes applica-

tion performance and minimizes risks as they relate to prod-

uct reliability, cost overruns and program schedule. Through 

a robust program-management and stage-gate process, we 

collaborate with you from the product design to commercial-

ization to achieve the overall objectives of the project.

 To learn more about what Portescap can do for  

your business, please visit our website at  

www.portescap.com  
or call your regional representative.

TURN YOUR IDEAS INTO REALITY.
 

PORTESCAP is a leading manufacturer of miniature motor technologies for performance-critical motion applications. 

Originated in Switzerland and driven by a passion for precision, customer-centric innovation, technical excellence 

and best-quality service, Portescap has become a recognized leading expert in miniature motors and precision motion 

control solutions.  Building upon a tradition of manufacturing excellence, we leverage over 70 years of experience in motion 

solutions to put precise power in the smallest places.  From medical devices to various industrial applications, our motors help 

save, improve and enhance lives.

http://www.portescap.com
mailto:sales.america@portescap.com
http://www.portescap.com


mailto:sales.america@portescap.com
http://www.portescap.com
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THE LEE  
COMPANY

ELECTRO-FLUIDIC SYSTEMS DIVISION
THE ELECTRO-FLUIDIC SYSTEMS (EFS) Division produces high 
quality miniature solenoid valves (conventional and chemically 
inert models), high speed micro-dispense valves, atomizing and 
dispense nozzles, fixed and variable volume pumps, integrated 
fluidic manifolds, inert tubing and fluid control components, and 
custom engineered designs. These products are typically used 
in medical and scientific instrumentation, analytical and clinical 
chemistry, in vitro diagnostics, drug discovery and ink jet printing 
applications.

THE LEADERS IN MINIATURE FLUIDICS

Since its beginning in 1948, The Lee Company has pioneered the design and development of miniature fluid control 

components for aerospace hydraulic and fuel systems, medical and scientific instrumentation, downhole oil tools, machine 

tools, automotive, and other industries worldwide. Under the premise of economically solving problems where existing 

hardware is either not immediately available, or is too cumbersome, The Lee Company continues to redefine miniature fluidics by 

integrating new and more advanced technology into smaller packages.
 
The Lee Company story of innovation never ends. Ongoing research, design, and development helps us advance the technology 

behind our products to transform the most demanding challenges into deliverable solutions. This commitment to technology 

allows Lee to foster creativity and offer the best products and technical support available. 
 
The Lee Company now employs over 1000 people and occupies over 1 million square feet of modern manufacturing space at three 

sites in Westbrook and Essex, CT.  Sales offices are located throughout the USA and the company is represented worldwide by 

wholly owned subsidiaries, distributors and agents.

PRECISION MICROHYDRAULICS DIVISION
THE PRECISION MICROHYDRAULICS DIVISION supplies 
expansion plugs, high pressure solenoid valves, single 
and multi-orifice restrictors, nozzles, safety screens, check 
valves, relief valves, flow controls and shuttle valves to a wide 
range of industries.  These include hydraulic and pneumatic 
applications on commercial and military aircraft, spacecraft, 
missiles, naval vessels, machine tools, downhole oil tools, 
power generation equipment, motorsports, etc.

Innovation in Miniature

The Lee Company

2 Pettipaug Rd., PO Box 424 

Westbrook, CT 06498-0424 

 WEB  |   www.theleeco.com

EMAIL | inquiry@theleeco.com  

 TEL | 860-399-6281

http://www.theleeco.com
mailto:inquiry@theleeco.com


M I C R O H Y D R A U L I C S.

MACRO
CAPABILITIES.  

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

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

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

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

For more than 70 years, we’ve been engineering state-

of-the-art microhydraulic components with diameters 

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

able to withstand pressures up to 8,000 psi.

And because every one of our designs originates 

out of an application need, and is scrutinized with 

100% testing and inspection, we’re found in 

just about every mission-critical fl uid control 

challenge you could imagine – from 

miles above the earth in satellite 

positioning systems, to miles below 

in downhole drilling. Plus many 

applications in between.

If you require precise fl uid control, and

absolute reliability, go with the experts.

Contact The Lee Company.

REDUCING THE SIZE AND WEIGHT

OF FLUID CONTROL.

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

2 Pettipaug Rd, Westbrook CT 06498-0424

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

The Lee Company

Innovation in Miniature

http://www.TheLeeCo.com


AN ISO 9001 
CERTIFIED COMPANY 

Pyramid Inc. is an ISO 9001  

certified company located in  

Newton, Iowa. Pyramid was 

founded in 1967 and began 

manufacturing polyurethane 

drive belts in both round 

and flat cross sections under 

our registered trade name 

PYRATHANE.  

At that time, polyurethane was  

a relatively new engineering  

plastic that had far superior  

wear characteristics to the 

widely used rubber.  

While many of our belts are 

used in the conveyor industry, 

many also go into paper- 

handling equipment, small 

tools and appliances, medical 

devices and a variety of other 

applications.  

A WORLD-WIDE PRESENCE
 

We have a world-wide  

customer base of over 1000  

accounts —  some who  

purchase daily, and some who 

buy just a few times a year.  

Because Pyramid’s reputation  

has been built on quality  

products, exceptional  

delivery and unmatched 

customer-care, our company 

continues to be the leader in 

the industry. 

As an ISO 9001 certified  

company, we are committed to 

continuous improvement —   

in processes,products and  

efficiency. Pyramid manufac-

tures drive belts of the finest 

polyurethane and pride  

ourselves on our exceptional  

customer service, competitive  

pricing and excellent lead 

times. Our staff of dedicated, 

trained employees truly care 

about product quality.  

QUALITY SERVICE 
AND PRODUCTS

Whether you require only a 

small quantity for a specific 

project or thousands for an 

OEM application, we are here 

to serve you, and can provide 

prototype samples at  

little or no cost. 

Pyramid’s reputation for  

quality is well-known —  in 

fact, we are so confident in the 

quality of our product, that our 

belts are covered by a lifetime 

warranty against manufactur-

ing defects. It is this dedication 

to quality that will keep our 

company moving forward, not 

only as a world-wide supplier, 

but as a world-class supplier.  

Visit www.pyramidbelts.com

for more information, and if 

you want to deal with the  

best, please give us a call!

Pyramid Inc. is committed to continuous improvement — 
in processes, products and efficiency.

www.pyramidbelts.com

�������������s�SALES PYRAMIDBELTS�COM

http://www.pyramidbelts.com
http://www.pyramidbelts.com
mailto:sales@pyramidbelts.com


CUSTOM MADE IN INCH, METRIC & O-RING SIZES

Round, Flat and Connectable Polyurethane Belts
s Very Clean Operation  s Eliminates Tensioning Devices 

s Exceptional Abrasion Resistance

AN ISO 9001 
CERTIFIED 
COMPANY

pyramidbelts.com

    641.792.2405 s sales@pyramidbelts.com

SAMPLES  
AVAILABLE

®

Try them on your conveyor. 

POWER TRANSMISSION-PART CONVEYING

PYRATHANE® BELTS
Lifetime Warranty Against Manufacturing Defects

mailto:sales@pyramidbelts.com
http://pyramidbelts.com
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Whether for micro motors or 10 megawatt drives,

couplings are customizable for most applications, while many 

standard models ship from stock. Configurable CAD models 

are available in a large number of file formats online.

With a philosophy of meeting customer requirements 

from concept to production, R+W has supplied many 

thousands of custom coupling designs, creating a 

wealth of knowledge about the technical requirements 

associated with a wide variety of industries and 

applications.  Constant new product development 

takes place in house, in addition to intensive 

collaboration with universities and engineering 

firms, keeping R+W at the forefront of technical 

development and product innovation in its 

field.  Over the past 30 years this has resulted 

in a position of market leadership for metal 

bellows couplings, and global availability 

for all of its precision couplings and torque 

limiters.

New for 2021 is the intelligent coupling 

series.  This product line will integrate 

measurement electronics into R+W’s existing 

coupling designs, offering users much better 

visibility and understanding of their drive 

system performance.  Information such as 

speed, torque, and axial compression are 

streamed live to a proprietary app to provide 

useful real-time data.  The integral battery 

allows for continuous usage of up to 5 days, 

with an inductive charging design still in 

the works for 2021.  This coupling can also 

be integrated into customer’s existing controls systems via a 

gateway converter, making installation and data management 

even easier.  The future of couplings has arrived and is ready for 

Industry 4.0.

ENGINEERING AND MANUFACTURING of precision flexible shaft couplings for motion control and power trans-

mission applications, with a wide variety of designs for torsional rigidity, vibration damping, and overload protection. 

254 Tubeway Drive 
Carol Stream, IL 60188

WEB  |  www.rw-america.com
EMAIL  |  info@rw-america.com

TEL  |  630-521-9911
FAX  |  630-521-0366R+W 

AMERICA

http://www.rw-america.com
mailto:info@rw-america.com


http://rw-american.com
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http://www.ruffycontrols.com


97GO TO MACHINEDESIGN.COM

http://machinedesign.com
http://ruffycontrols.com
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SCHMERSAL  - THE DNA OF SAFETY

Machine safety is a complex topic. Companies are 

increasingly calling on qualified specialists for 

support. For Schmersal, safety is in our genes – 

our company is now managed by the third generation of the 

Schmersal family. But that’s not the only reason machine 

safety is part of our DNA: 75 years of competence and 

expertise allows us to develop excellent safety solutions for 

individual plants, for machine builders, and operators.

Since 1945, Schmersal has been industry leader in 

the design and manufacture of machine safety products, 

industrial switches, position sensors, and control accessories 

for a wide variety of applications. As safety requirements 

have changed over the years, Schmersal products have 

evolved as well.  We’re constantly adding new innovations to 

our range of products, such as: 

• Electronic safety switches utilizing RFID technology

• Programmable Safety Controllers

• Installation architecture options with plug-in 

connections

• Bluetooth interface integrated into Safety Light 

Curtains

Schmersal is your one-stop shop for developing 

safety solutions - combining the building blocks of safety 

rated components with control systems and software for 

customized and comprehensive safety systems. 

Motivated by the vision of safe working environments 

and leveraging our vast experience in machine safety 

systems, Schmersal also offers machine builders and 

production facilities qualified services related to machine 

safety in support of our considerable range of safety 

products and system solutions. Through seminars and 

training, risk assessments, technical support, consultancy 

and integration program services we support safety 

engineers with first-hand specialist knowledge.

15 Skyline Drive  |  Hawthorne, NY 10532

 WEB  |  www.schmersalusa.com 
 EMAIL  |  salesusa@schmersal.com 
 TEL  |  888-496-5143 
 FAX  |  914-347-1567

SCHMERSAL, INC.

http://www.schmersalusa.com
mailto:salesusa@schmersal.com


www.schmersalusa.com | 888-496-5143 | salesusa@schmersal.com

Schmersal Safety Light Curtains with Bluetooth interface

Schmersal SLC440 safety light curtains are now available with an 

integrated Bluetooth interface for data sharing with smartphones & 

tablets.

The SLC440 BLE uses the Bluetooth Low Energy system for secure 

data transmission, up to 5 meters. The data transmitted from the 

safety light curtains is accessible by the Schmersal SLC Assist App, 

available for Android and iOS smartphones and tablets.

7KH�6/&����R䈱HUV�PDQ\�LQWHJUDWHG�IXQFWLRQV�LQFOXGLQJ�¿[HG�EODQNLQJ��

ÀRDWLQJ� EODQNLQJ�� ¿[HG� EODQNLQJ� ZLWK� PRYDEOH� HGJH� UHJLRQ�� GRXEOH�

reset, contactor control (EDM), automatic mode, re-start mode, and 

beam coding. 

This unprecedented access to the operational data of the Safety Light 

Curtain has many advantages: 

 Ŷ The app serves as an installation alignment aid as it displays the 

signal strength of each beam. 

 Ŷ Real time monitoring of the active operation mode, the status of 

WKH�266'�RXWSXWV�DQG�WKH�VWDWXV�RI�WKH�SURWHFWLYH�¿HOG�SURYLGHV�

WKH�LQIRUPDWLRQ�QHFHVVDU\�WR�TXLFNO\�UHVROYH�IDXOWV��

 Ŷ The app can provide documentation on the light curtain, either 

emailed or saved to the smartphone or tablet. 

 Ŷ Additionally, you can see which functions have been enabled 

and their parameterized settings.

Contact us to learn more about this innovation in safety light curtains

http://www.schmersalusa.com
mailto:salesusa@schmersal.com
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WE MEASURE UP
SIKA’s produced over 15 million dial and dig-

ital thermometers including industrial ther-

mometers, thermo-sensors, and digital refer-

ence sensors.

We replicate customer applications in our labs, 

test for service life, and extreme stress from ther-

mal shocks and vibrations. It’s a prerequisite to 

our commitment to quality and workmanship.

SIKA pressure products include bourdon tube, 

differential, diaphragm, and capsule element 

pressure gauges and sensors. We offer a variety 

of configurations for most industrial class appli-

cations.

50 years of international experience in flow 

measurement technology has evolved to the 

SIKA VVX32 and VVX40 vortex flow sensors 

— industrial flow meters with no moving parts. 

Built for the rigors of commercial and indus-

trial applications while providing a reliable and 

accurate flow signal, not only for volume OEM 

manufactures but also for the system integrators.

Our calibration products include hydraulic and 

pneumatic pressure pumps and digital refer-

ence gauges. The integrated vacuum generation 

enables working in the vacuum range down to 

-950 mbar — available with different accuracies 

to meet the requirements of most applications.

The portable hydraulic and pneumatic pressure pumps from 

SIKA are a clever solution for testing, adjusting, and calibrat-

ing pressure gauges and sensors — commonly used in metrol-

ogy labs and in the field.

We also offer a full line of multi-function temperature cali-

brators for marine, industrial, and laboratory grade environ-

ments providing fast and reliable calibration by simply chang-

ing between micro-bath, dry-block, infrared, and surface 

functions. Our laboratory grade calibrators offer the worlds 

fastest response times with stabilities to 0.05 C (0.09 F).

OUR HERITAGE
SIKA Dr. Siebert & Kuhn GmbH is based in Kaufungen Ger-

many. Founded in 1901 by Dr. Carl Siebert and Albert Kuhn, 

is a fourth generation family owned and operated company.

MADE IN GERMANY — QUALITY BY TRADITION, THE HEART OF SIKA

13203 Globe Drive, Ste 107  |  Mt. Pleasant, WI 53177

WEB  |  www.sika-usa.com
EMAIL  |  info@sika-usa.com

TEL  |  262-886-2695
SIKA USA
INC.

Founded in 1901, we invented the industrial thermometer. Today, we develop and manufacture a wide range of products 

for temperature, pressure, and flow measuring instruments. We also manufacture a full line of pressure and tempera-

ture calibration products. Your success is our goal by meeting your needs with precision German engineering. As your 

preferred supplier, we want you to benefit from our experience and worldwide network of subsidiaries and channel partners.

http://www.sika-usa.com
mailto:info@sika-usa.com


Made in Germany…Quality by tradition

Our Vortex Flow Sensors
DUH�GHVLJQHG�IRU�KLJKHU�ı�RZ�
applications such as large heat 
pumps, boilers and chillers, 
cooling systems, energy 
FDOFXODWLRQV��ZDWHU�VWDWLRQV�
DQG�ZDWHU�WUHDWPHQW�SODQWV��

VVX32,40 FEATURES
•  No moving parts

•  Nominal diameters 
 1 ¼” and 1 ½”

•  Multiple output signals

•  Optional temperature sensor

Need Sensors for
High-Flow Applications?

262.886.2695   I   info@sika-usa.com   I   www.sika-usa.com/SIKAToday

2XU�QHZ�YRUWH[�ı�RZ�VHQVRUV��WKH�6,.$�99;���DQG�99;���

DUH�LQGXVWULDO�ı�RZ�PHWHUV�ZLWK�QR�PRYLQJ�SDUWV��%XLOW�IRU�

WKH�ULJRUV�RI�FRPPHUFLDO�DQG�LQGXVWULDO�DSSOLFDWLRQV�ZKLOH�

SURYLGLQJ�D�UHOLDEOH�DQG�DFFXUDWH�ı�RZ�VLJQDO��QRW�RQO\�IRU�YROXPH�

2(0�PDQXIDFWXUHV�EXW�DOVR�IRU�WKH�V\VWHP�LQWHJUDWRUV��0XOWLSOH�RXWSXW�

VLJQDOV�DYDLODEOH�DORQJ�ZLWK�D�YDULHW\�RI�RSWLRQDO�WHPSHUDWXUH�VHQVRUV�

Contact us today!

WE MEASURE…
CALIBRATIONTEMPERATUREPRESSURE

Bourdon tube, 

differential, 

diaphragm, and 

capsule element 

pressure gauges 

offer a wide range of 

pressure and accuracy 

options for most 

industrial applications.

Over 15 million 

dial and digital 

thermometers 

produced with a high 

level of accuracy, 

installation and 

material options,  

robust design for 

long service life.

Multi-function 

temperature 

calibrators provide 

fast and reliable 

calibration by simply 

changing between 

Micro Bath, Dry Block, 

Infrared and surface 

functions.

mailto:info@sika-usa.com
http://www.sika-usa.com/SIKAToday
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CREATING APPLICATION-SPECIFIC SOLUTIONS
From everyday consumer products such as the smartwatch on your wrist to 

life-saving medical devices such as robotic surgical instruments, Smalley has 

helped tens of thousands of engineers and professionals create application-specific solutions across every industry. 

Smalley has paved the way to become the world leader in rings and springs because of our personalized application-support, 

industry expertise, and customer-driven commitment.

RING AND SPRING ENGINEERING EXPERTS
As the inventor of the edgewound wave spring and with over 100 years of manufacturing excellence, Smalley is the Engineer’s 

Choice® in providing wave springs, retaining rings, and constant section rings for all of your application needs.

Smalley stocks over 10,000 standard parts across 30 configurations and 400 

sizes, ready for delivery. If a standard part doesn’t meet your requirements, 

you’ll work with our team of over 30 industry-specialized engineers to 

quickly create an economical custom part in the material of your choice, 

all without new tooling. Prototype or production volume, our No-Tooling-

Charges™ manufacturing process meets the design flexibility your 

application, budget, and timeline requires. 

While all of our manufacturing is produced in our U.S. based 300,000 ft2

facility, our global network of offices, engineers, and distribution partners 

allows you to quickly receive parts and support from anywhere in the 

world. As an ISO 9001 and ISO 14001 company, we deliver quality products 

certified to IATF 16949, AS9100, and ISO 13485. Smalley’s dedication to 

quality and manufacturing excellence has earned us multiple service and 

quality awards as well as the trust of OEMs worldwide. 

WEB  |  www.smalley.com
EMAIL  |  info@smalley.com

TEL  |  847-719-5900

555 Oakwood Road 
Lake Zurich, IL 60047

FOR ALL OF YOUR DESIGN CHALLENGES
Retaining Rings

Unique configuration providing a low radial profile, reliability, 

and convenience.

• No Ears to Interfere® with undesired components

• No lugs, ideal for tight radial applications

• No gap, providing 360° retaining surface for even load 

distribution

• Coiled, not stamped, economical material options due 

to reduced scrap costs

• Easy customization, design around your application 

with No-Tooling-Charges™

• Improved aesthetic appearance, smoothly blending 

into your application

• Safe and easy installation requiring no special tools

• Groove interchangeable with stamped rings

Wave Springs
Optimize space by providing the same spring force as an 

ordinary compression spring at a reduced operating height.

• Reduce spring height by up to 50% when used to 

replace an ordinary compression spring

• Compact design fits tight radial and axial spaces, 

reducing spring cavity size

• Light-weight assembly that saves production time and 

material costs

• Accurate and predictable load(s) toleranced at specific 

working height(s)

• Easy customization, design around your application 

with No-Tooling-Charges™

Standard or custom, we are dedicated to delivering the right 
part in the right material for all of your applications.

http://www.smalley.com
mailto:info@smalley.com


http://expert.smalley.com/md/springs




each assembly must be checked to ensure it has the right 
number of layers in each stack to maintain uniform motor 
performance.

Components made from SMCs, on the other hand, permit 
error-proof assembly and optimize part geometry. SMCs 
let designers take advantage of the material’s improved 
magnetic properties to save space. Some designers have 
used SMCs to take the winding step out of the assembly 
process by sliding pre-wound bobbins over the legs of the 
stator or other SMC object. 

How are motor components created 
from SMCs?
The process of manufacturing motor components from 
SMCs is similar to other powder metallurgy processes. 
These processes always begin with precise blending of 
a variety of powders to achieve the desired properties. 
In the case of SMCs, the refined, coated-particle powder 
arrives pre-blended from the powder supplier.

The SMC powder is loaded into part-specific tools that 
ensure it is compacted to the desired shape. Compaction 
pressures and temperatures vary depending on the 
powders, geometries, and end properties desired. For 
SMCs, compaction pressures and temperatures vary to 
achieve densities as high as 7.57 g/cm3.

After molding, the “green” part needs to be heat treated 
to bond the individual metal particles together. Heat 
treatment temperatures can range from 530°C to 650°C 
depending on the material system used. Different heat 
treatment atmospheres—including air, steam, and 
nitrogen—can yield different results.

How can I learn more about SMCs?
More and more motor designers are considering the 
performance, form factor, and cost benefits of SMCs for 
magnetic motor components. However, the range of 
available materials and design options can be daunting. 
Look for material specs on the websites of material 
suppliers like Höganäs AB

Also consult with companies like Symmco that are 
experienced in powder metal manufacturing in general 
and with SMCs for motor components in particular. They 
have information about the manufacturing process, part 
options, and material selection on their websites. They 
also have engineers available to answer your questions 
about designing with SMCs. 

 

Contact one of our 
Applications Engineers  for 
help with your design needs.

Illustration
courtesy of 
Höganäs AB, 
Sweden

Applications:
Electric Motors
Claw Pole and Linear Tubular Pole motors.
Benefits: 
• Potential size/weight reduction
• Fewer parts and ease of assembly 

through elimination of laminate stacks
• Higher Fill Factor 
• Yields increased power density

Fast Switching Actuators and 
Power Transformers
Benefits:
• Faster actuation (up to 50%)
• Cost-efficient production

Material Benefits:
� High resistivity
� High flux density
� Tight tolerances achievable
� Low core losses at high frequencies
� High permeability
� 3D flux paths
� Net shape capability

Somaloy® May Be The
Best Solution For 
Your Electric Motor
Applications
Somaloy® is a Soft Magnetic 
Composite (SMC) material
which utilizes pressed and 
thermally-treated powder metal 
to produce components with 3D magnetic 
properties. These encapsulated iron powder 
particles are compacted to form uniform isotropic
components with complex shapes in a single step.
The use of these materials makes innovative 
electrical machine designs technologically viable.

HIGH 
PERFORMANCE

COMPACT 
DESIGN

40 South Park Street
Sykesville, PA 15865
Phone: 814.894.2461
E-mail: sales@symmco.com
www.symmco.com

Sponsored by

mailto:sales@symmco.com
http://www.symmco.com
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VISUMATIC
856 Porter Place

Lexington, KY 40508

 WEB  |   www.visumatic.com

 TEL | 859-255-7907 

Visumatic Industrial Products designs and 

builds automatic feeding and driving assembly 

equipment to install screws, nuts, bolts, push 

pins, rivets, and specialty fasteners. From robot end-

of-arm tooling to vision-guided robots, engineered 

fastening is their only business and they’ve been at it for 

over 55 years. Their passion for fastening technology 

has allowed corporations with similar missions to 

become some of the most productive on the planet. 
 

Hand-held screw feeding and driving systems are used 

in assembly production when volume is not sufficient 

to fully automate. They are designed to automatically 

deliver screws, nuts, or pins to the tooling tip, keeping 

the operator from having to reach for screws and 

manually place them onto the bit. The operator 

physically locates the driving position and initiates the 

drive cycle. 
 

Machine-builder components are modular plug-

and-work screw installers for machine builders to 

quickly integrate into an automatic assembly process. 

Visumatic’s expertise in fastener automation provides 

machine integrators out of the box functionality to meet 

demanding build schedules. Systems are designed to interface 

with your equipment incorporating your bolt hole pattern. 

They include integral I/O contacts, cabling, and a suggested 

PLC code, all carefully planned and written for you. Single- or 

multi-spindle driver spindles for stationary or six-axis robot 

integration—their design seamlessly fits your process. 

 

 

 

 

 

 

 

 

Visumatic components are custom-engineered for your parts 

and your business. All designed, built, and extensively tested 

in-house. Each machine delivers longer life cycles, extreme 

durability, and pinpoint accuracy. Every system is backed by 

the strongest guarantee in the business and supported by a 

dedicated on-call customer service group working to ensure 

your line stays up and running.
 
Visumatic’s breadth of expertise means you can rely on them 

to handle every fastening challenge your company faces— 

today and forever.

VNR-800 Nut Driving SystemVIN-700 Pin Insertion System

VISUMATIC — THE EXPERTS IN AUTOMATED FASTENING & JOINING TECHNOLOGY

http://www.visumatic.com


The strongest link in any assembly line is a Visumatic automated feeding and driving system.

Our track record for reliability is legendary among machine builders, and because we understand

how competitive your business is, we keep our role in your success strictly between us.
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your trusted, silent partner in success.

Sssshhh!  Beast at Work.

FREE FLASH

DRIVE OFFER!

Visit Visumatic.com and
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newsletter, a source for
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                    Fastening Components

The Machine Builder’s Quiet, Capable Partner

Smarter Machines From Creative Engineers
For Smart Machine Builders

859.255.7907

VISUMATIC .COM

http://visumatic.com
http://visumatic.com
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We make it easy for all customers — from startups to 

Fortune 100 companies — to access manufacturing on 

demand by providing the most efficient way to source 

high-quality custom parts. We’re dedicated to providing an 

innovative way for customers to easily work with a broad 

network of manufacturing facilities.

 Xometry launched in 2014 and has grown rapidly, 

driven by the ease of our instant quoting platform, our 

manufacturing expertise, and our relentless devotion to 

helping customers with their project engineering needs. In 

2018, Xometry acquired MakeTime, another leader in the 

manufacturing-on-demand space to create the single largest 

manufacturing partner network in the industry. In 2019, 

Xometry acquired Shift, Europe’s largest CNC manufacturing 

network. Our partner network now spans the globe to 

support the needs of customers and to help drive the business 

of local machine shops and manufacturing facilities. Partners 

do not pay to sign up for our network. Our algorithm sends 

jobs to a list of carefully vetted facilities with matched 

capabilities. Xometry’s Project Engineering team is always 

responsible for making sure the parts are done correctly and 

on time.

 Our capabilities include CNC Machining, Sheet Metal 

Fabrication, Direct Metal Laser Sintering (DMLS), 

Selective Laser Sintering (SLS), Fused Deposition 

Modeling (FDM), HP Multi Jet Fusion, PolyJet 3D, Die 

Casting, Binder Jetting, Urethane Casting, Finishing 

Services, and Injection Molding. We can produce a wide 

range of quantities, from single-use prototypes to hundreds 

of thousands of molded parts. Some of our top customers 

include NASA, BMW, GE, Bosch, and Dell Technologies. 

We are ITAR registered and AS9100 and ISO 9001:2015 

certified and all of the work we do is covered by the Xometry 

Quality Guarantee. 

For more information about careers at Xometry, 

see our jobs page.

At Xometry, we created a proprietary software 

platform to enable product designers and engineers 

to instantly access the capacity of a network of 

manufacturing facilities. Our platform makes it possible for 

customers to receive instant pricing, expected lead times 

and manufacturability feedback in seconds. At the push of 

a button, the network is able to deliver high-quality parts at 

consistently fast lead times while offering very low prices. 

7940 Cessna Avenue
Gaithersburg, MD 20879

WEB  |  www.xometry.com
EMAIL  |  support@xometry.com

TEL  |  240-252-1138

http://www.xometry.com
mailto:support@xometry.com
https://www.xometry.com/capabilities/cnc-machining-service/
https://www.xometry.com/capabilities/sheet-metal-fabrication/
https://www.xometry.com/capabilities/sheet-metal-fabrication/
https://www.xometry.com/capabilities/direct-metal-laser-sintering/
https://www.xometry.com/capabilities/selective-laser-sintering/
https://www.xometry.com/capabilities/fused-deposition-modeling/
https://www.xometry.com/capabilities/fused-deposition-modeling/
https://www.xometry.com/capabilities/hp-multi-jet-fusion/
https://www.xometry.com/capabilities/polyjet-3d/
https://www.xometry.com/capabilities/die-casting-services/
https://www.xometry.com/capabilities/die-casting-services/
https://www.xometry.com/exone/
https://www.xometry.com/capabilities/injection-molding-service/
https://www.xometry.com/careers/
https://www.xometry.com/capabilities/urethane-casting/
https://www.xometry.com/xometry-finishing-network/
https://www.xometry.com/xometry-finishing-network/
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Experience is often the difference between solving a problem the right 

way and settling for “good enough.”  Yaskawa’s global expertise is unmatched 

and unquestioned, with 100+ Years of manufacturing excellence, 15,000+ 

worldwide associates, 30 countries with sales, service, and manufacturing 

locations, and $4.0 billion in global sales per year. Since 1915, Yaskawa has 

produced 17 million servo axes, 27 million variable frequency drives and 

405,000 robots.

We provide both standard products and tailor-made solutions, all backed 

by proven quality and reliability. We’re also continuously working to save 

you money, time, energy and headaches, because we believe your machine 

can always run faster, smoother and more productively. It’s about making the 

correct diagnoses, creating the right automation machinery, and implementing 

it in the best way possible.

AC Drives:  Yaskawa offers a variety of low and medium 

voltage AC drives that support every application in the 

industrial plant, offering size and performance options 

from fractional HP to 16,000 HP.  Our latest variable 

frequency drives provide simple motor setup with highly 

flexible network communications, embedded functional 

safety, no-power programming, and easy-to-use tools 

featuring mobile device connectivity with our DriveWizard 

mobile app.

Servos and Controllers:  Yaskawa AC Servo Systems 

come to a precise position with a speed and consistency 

that is unmatched in the automation industry.  Connect 

our rotary, linear, and direct drive motors (outputs from 

3W to 55kW) to an advanced Yaskawa machine controller to achieve 

SINGULAR CONTROL: the ability to manage robots, servos and drives with a 

single controller and familiar IEC 61131-3 programming.

Robotics:  Over 400,000 Yaskawa Robots are at work worldwide, with 150+ 

models to choose from and the strength of decades of application expertise. 

Our industrial robots increase efficiency, provide consistent quality, and boost 

productivity to deliver outstanding ROI. Our robotic portfolio ranges from 4 to 

15-axis industrial robots with load capacities of 2 to 800 kg to special machines, 

devices, and turnkey robotic systems.

2121 Norman Drive South
Waukegan, IL 60002

WEB  |  www.yaskawa.com
TEL  |  1-800-YASKAWA

       847-887-7000

Whether you are a machine builder or equipment user, you know the daily struggle with limited resources and tight 

deadlines. You can’t afford to settle for less than the right products and services to solve urgent problems, delivered 

with reassuring consistency and reliability you can trust. 

YASKAWA 
AMERICA, INC.

http://www.yaskawa.com


GA500 AC Microdrives for  
Industrial Applications 
Easy to install. Simplistic design. Minimal installation requirements. Highly 
reliable. The Yaskawa GA500 will give you confidence that it will stay up and 
running after you leave the job.

Our innovative LED status ring displays instant and automatic 
drive status at a glance, so you can be sure everything is 
performing as needed.

Looking for the highest quality and reliable variable 
frequency drive? Call Yaskawa at 1-800-927-5292, or 
go to https://www.yaskawa.com/ga500 to learn more.

Lighting Your Way

Yaskawa America, Inc. 
Drives & Motion Division     

1-800-YASKAWA 
yaskawa.com

For more info: 
https://www.yaskawa.com/ga500

https://www.yaskawa.com/ga500
https://www.yaskawa.com/ga500
http://yaskawa.com
https://twitter.com/yaskawa
https://www.linkedin.com/company/yaskawa-america-inc----drives-&-motion-division
https://www.youtube.com/user/YaskawaYEA
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Engineering excellence and customer responsiveness 

distinguish SEW-EURODRIVE, a leading manufac-

turer of integrated power transmission and motion 

control systems.

SEW-EURODRIVE sets the global standard for high 

performance and rugged reliability in the toughest operating 

conditions. With its global headquarters in Germany, the 

privately held company currently employs over 17,000 

employees with a presence in 52 countries. U.S. operations 

include a state-of-the-art manufacturing center, five assembly 

plants, more than 63 technical sales offices and hundreds of 

distributors.

As a world leader in drive technology and a pioneer in 

drive-based automation, SEW-EURODRIVE has established 

a reputation for quickly solving the most difficult power 

transmission and motion control challenges. 

SEW-EURODRIVE offers much more than just compo-

nents. We offer the expertise and electronics to drive them. 

Being a single source partner radically sets us apart from 
others. Our products are designed to work together. Fur-

thermore, we make it very easy for engineers to do their own 

automation using our exclusive solution modules. No experi-
ence or programming required – perfect for new engineers. 

We can provide a complete engineering package from start 

to finish, including project planning, software, components, 

commissioning, and worldwide support. Our team of auto-

mation experts understand the latest technology and can 

solve even the most complex motion control challenges.

INNOVATION
In addition to engineering excellence, SEW-EURODRIVE 

is also known for innovative new products. MOVIGEAR® 

is an all-in- one mechatronic drive solution for horizontal 

material handling. It combines the gear unit, motor, and 

electronics in one highly efficient and hygienically designed 

unit. In fact, it recently reduced energy consumption by 40% 

at a major expansion of the LAX airport. MOVIGEAR also 

eliminates excess inventory since it allows the use of a single 

ratio to replace several different ratios.

ONLINE QUOTATION
Our PT Pilot® online drive selection tool quickly selects the 

perfect drive for your specific needs. PT Pilot simplifies the 

choices and identifies a custom solution for each application.

This powerful and intuitive program includes all technical 

documentation and CAD files. Don’t know your HP? No 

problem! Our application calculator will figure it for you. 
Plus, you will get an immediate net price that we guarantee. 
Visit ptpilot.com

FLEXIBILITY
Our products are based on a unique system of modular com-

ponents that can be assembled in literally millions of different 
configurations. So, every drive solution is custom built to our 
customer’s exact specifications. Our five regional assembly 

centers in the U.S. stock millions of dollars of our modular 
inventory for quick delivery of drive solutions and spare parts.

SEW-EURODRIVE . . . Driving the world.

1295 Old Spartanburg Hwy  |  Lyman, South Carolina 29365 

WEB  |  www.seweurodrive.com
EMAIL  |  cslyman@seweurodrive.com

TEL  |  864-439-7537
FAX  |  864-439-7830
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