
Application Challenge
Timing Belts Evolve to Meet the Challenge of Robotics

Traditional timing belts work just fine in applications like cars, treadmills, and sewing machines, where 
they’ve proven their value in transmitting power with precision, all at greater distances and less cost than 
gears, with none of the lubrication requirements.

Today, a new generation of timing belts is being used in a variety of situations, including some 
high-tech applications like animatronics, semiconductors, automation, or pick-and-place robotics. 

These new applications require so much more, including timing belts that are:

• Small. The new belts need to fit into extremely tight spaces. With widths as small as 2.3 millimeters 
and lengths as short as 60 millimeters.

• Hard. They need to be resilient and tough to achieve and maintain precision and timing integrity. 
Specifically, in the range of 85 to 95 shore A hard.

• Strong. Most importantly, they need to be capable of transmitting much more torque while also capable of achieving that high precision 
with a minimum of backlash and duplicate that precise motion over millions of repetitions.

• Resistant to chemicals. Because these new belts may have carbon reinforcement to meet those incredible strength requirements, they 
also are resistant to many corrosive substances.

While electronics and advanced computer science get most of the attention in the world of high technology, the non-software, mechanical side of 
these applications can be equally daunting. It’s where the proverbial rubber meets the road!

“The precision movement that these belts enable will soon cut across almost every high-tech application you can imagine,” said Hans Raj, 
Fenner’s Director of Sales, Strategic Accounts. “And the materials science is every bit as advanced as the software.”

Origins

Not surprisingly, this new generation of timing belts didn’t arise out of thin air. Instead, it requires world-class materials science. And it was born 
out of a lengthy development process at Fenner Precision Polymers, working with its parent company, the Michelin Group.

It all began when a third-party design firm approached Fenner Precision Polymers about one of the challenges they were confronted with 
in developing a robotic character intended to perform and interact with audiences. The firm could not find a standard timing belt that could 
accommodate the most taxing movements of a robot – especially when the walking, talking interactive figure exhibited “angry emotions.” Those 
movements – presumably when the character was stomping around – required torque of 25 to 35 Newton-meters, with the main burden resting 
on its knees and hips.

Fenner’s applications engineering, operations and research and development groups collaborated with the firm to develop a high-torque, 
high-reliability belt, in a project spanning more than a year.

Initially, Fenner Precision Polymers tested several standard products and found none could handle more than 5 Nm in torque – one-sixth of 
the amount required. Then they tried several other known formulations that could meet the torque requirements, but there were issues with 
longevity and cracking.



Unique Collaboration Helps Robot to "Get Angry"

“The first iteration did not have sufficient torque strength for 
this particular application, but it did bring high tensile strength 
and high tear strength,” said Dr. Mary Kate Davies, Senior 
Development Chemist. “We were looking for high tensile 
strength so that the belt wouldn’t stretch in use. And tear 
strength was important because the belt needed to be resistant 
to any nick or sharp edge on a pulley. Often a material will have 
good tear strength either at 90 degrees or 180 degrees, but not 
both. We needed both.”

The company launched a major initiative to find just the right 
combination of tensile strength, hardness, elasticity, abrasion 
resistance and wear characteristics. Going through the 
different iterations was critical.

“We couldn’t get to this without a unique blend of stiffness, 
abrasion resistance and a multitude of other properties we were 
able to obtain,” Applications Engineer Eric McCormick said. 
“It’s about the right combination of things. Without the 
properties of these materials that we were able to get in there, 
it’s all a moot point.”

After evaluating several alternatives, including steel, the team settled on a carbon fiber reinforcement to help the belt to withstand the torque. 
The group felt the steel, with its sharp edges, would present too many safety concerns. To finalize the reinforcement options, the team drew 
on the experience of its colleagues at Michelin.

And, after developing more than 30 formulations for the outer material, they settled on a prepolymer with just the right combination of 
hardness and elasticity, dialing in the properties they wanted by adjusting chain length, curative, and additives. Next, the team combined the 
new material with formulations already in use and the carbon fiber reinforcement.

The project was a good illustration of the partnership the company forges in developing cutting-edge applications, both internally and 
externally. An entire group of chemists, applications engineers and production staff collaborated on the project. 

The company provided several iterations for testing, which became an involved process itself. Testing specialties included wear resistance, 
tensile strength, tooth sheer and dynamic testing. In one case, there was a differential in speed that was critical, causing a delay between the 
back of the belt and the inner, or tooth, side. Enough to be noticeable, at any rate, in a robot expressing “angry emotions.” 

“Mary Kate and I went back and forth a ton of times during this entire project, saying, ‘Here’s what they’re looking for. But we don’t have a test 
for that. Okay, maybe we can test it like this,” McCormick said. 

However, after the development effort, the work was still not complete. The R&D and applications teams worked with the company’s 
operations group to make sure they could manufacture the belts efficiently and repeatably.

Senior Development Chemist Dr. Davies discusses formulation with 
Applications Engineer McCormick.
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 “We had the engineering group and the lab team 
coordinating with our operations group and working 
together to make sure that we could produce this,” 
McCormick said. “I’d say, ‘If we get an order for this, 
are you guys comfortable making this?’ We had one 
time where Mary Kate ran four or five formulations and 
we had the ops group give us feedback, from best to 
worst, how well they processed. There’s an intimate 
relationship between all the different disciplines. Getting 
their feedback is critical.”

The successful belt was created with a specially 
formulated thermoset polyurethane and required no 
coatings and minimal additives. The final configuration 
was eight millimeters in width, with lengths varying 
from 211 to 360 mm. The belts not only met the 
requirements, but they also exceeded the performance 
targets, allowing a system redesign that takes greater 
advantage of the increased strength of the timing belts. 

The company is now extending this next generation of timing belts to new and existing customers, finding new methods to lower 
costs and create volume discounts for large-scale users.

“For us, this robot was the perfect opportunity to explore new materials, combine them in different ways and help a customer 
achieve an exciting new level of functionality,” said Raj. “It’s what we come to work every day to do.”

Senior Development Chemist Dr. Davies tests the tensile strength of the belt.


