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Optimized Components Expand Humanoid
Robot Motion Possibilities

Advanced motion components tailored for precision, control and reliability help humanoid robots
excel at their work.
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Humanoid robots are expected to transform a broad spectrum of activities thanks to advanced neural networks that
command joints, appendages and end effectors to provide virtually human skills. Some of the growing markets include
healthcare, retail and hospitality, manufacturing, material handling and logistics, to name a few. In fact, the market
potential is projected to reach up to $38 billion in sales by 2035, according to Goldman Sachs research. However, the
growing adoption of humanoids would not be possible without advanced motion components designed to fit their tasks
and environments. This article will present some of the design elements you need to sort through to specify the right
component and optimize it for a robot's intended tasks and environments.
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Humanoid Tasks Require Precise,
Controlled Motion

Although mechanical systems in humanoids will likely need
optimized components to perform tasks in their planned
environment, it's important to find out what standard
products can do for your motion system before committing
to a custom component. From there, you can take your
special requirements to a motion component specialist with
proven experience modifying standard products to address
application challenges. Here are some common humanoid
motion elements along with some standard components that
are well-suited for the task, using IKO products as examples:

« Hip, joint, elbow or wrist motion. There’s no more
important component in humanoids than crossed roller
bearings (CRBs). With rollers alternately crossed at
right angles to each other between their inner and outer
rings, crossed roller bearings can handle radial, thrust
and moment loads at the same time. This arrangement
allows the rollers to make greater contact with the
raceway so robotic actuators in elbows, hips and other
joints can manipulate heavy loads with greater stability
and rotational accuracy — all in a compact size. Not
surprisingly, a typical humanoid has between 14 and 20
crossed roller bearings to perform various functions.

IKO’s CRBT and CRBTF crossed roller bearings measure just 5.5 millimeters
high and 5 millimeters wide

« Controlled linear motion. Linear motion rolling guides
come in a wide range of sizes, making them ideal for
different parts of a humanoid body. For example, grippers
and end effectors that mimic fingers are often used to
grasp objects and, therefore, must open and close with
precision. Linear motion rolling guides are critical in
picking and placing tasks by giving robot fingers just

the right clamping force to manipulate the object while
also allowing them to be sufficiently nimble to avoid
damaging the object.

One such guide, IKO's ML Series, comes in some of the
industry's smallest sizes, while the LWL is available with

a width of just 1 millimeter. Many of our bearings boast a
recirculating ball-type design to provide precise, controlled
motion. IKO guides are also available in standard and
highly rigid long versions that can be designed into a
robot’s torso, arms or legs to extend its reach to, for
example, access high shelving. These guides can even be
used in a robot’s neck to allow the head to peer above or
around obstacles to better “see” its surroundings.

ML Series linear motion rolling guides come in some of the industry’s
smallest sizes.

Stabilization. Spherical plain bearings — also known as
bushings — stabilize humanoid limbs as they pivot and
simulate human actions. For example, many humanoids
have a rod on the rear of the foot that connects to the
baseplate. With spherical plain bearings in this type of
design, feet and ankles can turn, rotate or lean forward
or backward.

Gripping and turning objects. Cam followers are
desirable in many internal designs that need a part to ride
onto a cam and can be mounted above a circular arc to
provide more degrees of freedom.

At IKO, we offer some of the smallest cam followers in the
market, including units with stud diameters as small as 1.4
millimeters. They also have an internal design that handles
thrust loads without significant degradation to the product.
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Linear guides can help a humanoid robot extend its reach.

Performance Improvements Involve Motion
Trade-Offs

Since humanoid robots are designed to occupy the same
environments as people and manipulate uniformly sized
objects like warehouse totes, it can be easy to think that
standard motion components are requisite. But once you
have decided on the type of component you need, the only
limit to improving your system'’s performance is your ability to
optimize your motion goals.

When it comes to performance enhancements, it's important
to remember that humanoid designs come with trade-offs
that typically pose difficult questions. Have a trusted motion
component supplier assess your needs, advise you of your
options and help provide answers. Therefore, it pays to work
closely with your component manufacturer, especially when
your humanoid design objectives include:

« Motion control. Any joint that needs to pivot, turn, rotate
or oscillate will require motion components. But to mimic
human movements, various joints and actuators will
need to work in concert with effective motion control.
For example, here’s how your motion component
manufacturer can help you work through the issues
involved in achieving high precision and smooth rotation
in a traditional robotic joint:

Although two thin section bearings can do the job, they
will consume a large amount of space and come with

a high cost. IKO crossed roller bearings (CRBs) can
eliminate the two bearing system. They integrate two
bearings into one platform via rollers arranged in an X
pattern, allowing them to handle large axial, radial and
moment loads simultaneously to perform complex tasks
while saving space. Customizations may include additional
flanges or different bolt patterns to simplify installation.

Maintenance-Free Components Keep Humanoids on
The Move

In humanoids, as with any device with motion systems, keeping
bearings and other components properly lubricated is a key concern.
Many humanoids are expected to repeat tasks many thousands of
times with no deterioration of moving parts. And, those parts are
typically integrated into tight spaces. IKO solves this problem with
C-Lube — a lubricating element built into many products including
linear guides and cam followers. In linear guides, C-Lube supplies
the lubricating oil to the surfaces of its rolling elements without
contacting the track rail. This built-in lubrication system can run
maintenance-free for five years or 12,500 miles and beyond. Taken

together, C-Lube components deliver long-lasting, maintenance-

free performance so your humanoid robots will stay on the move.

Fit the existing work environment. Advanced motion
control strategies are also sometimes necessary to get
a humanoid to perform in a distinct work environment.
Suppose a robot must handle an object at a shelf height
or depth that a person may not be able to reach. The
right motion component manufacturer can add linear
extending mechanisms to arms or legs, or modify a
torso to create a physical structure that can overcome

a human'’s physical limitations and adapt to a more
complex work environment.

Minimize maintenance requirements. Reducing and
predicting maintenance needs are important aspects
when designing motion systems that will be expected to
consistently perform tens of thousands of times without
degradation. While some components with integrated
sensors can, for example, alert operators to mechanical
damage, IKO strives to manufacture products that are
maintenance-free over the life of the application.
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Custom Components Give Humanoids Free
Range of Motion

Since humanoid robots are intended to move freely as they take
on their tasks and environments, custom motion components
are critical to facilitating movement as well as optimizing
productivity and reliability. When developing a custom solution
for your humanoid robot, keep some of these best practices
- using crossed roller bearings as an example - in mind. As
mentioned previously, humanoid robots can contain as many
as two dozen crossed roller bearings.

« Ensure motion accuracy. As is the case with stationary
robots, precise motion is essential. Crossed roller bearings
are constructed to provide high rigidity and positioning
accuracy. This accuracy can be optimized further and
backlash can be eliminated, for example, by adding a light
preload or minimizing clearance in robot joints, which also
allows smooth motion.

« Minimize power consumption. The less power the
humanoid needs to fulfill its mission, the longer the battery
life. Crossed roller bearings can be custom-designed to
distribute loads more effectively, exhibit lower rotational
torque, minimize friction via separators, eliminate backlash
or use lighter-weight materials which can all help reduce
power consumption.

« Consider installation and assembly. Crossed roller
bearings give robot joints their ability to pivot, and proper
mounting is key to ensuring accuracy and preventing
misalignment as well as the associated damage to the
bearings themselves. Custom options can include special
housings, plates, flanges and mounting holes.

» Specify components to stand up to harsh conditions. In
most applications, Alloy 52100 provides good strength and
anti-fatigue characteristics. However, some humanoids will
be deployed in harsh environments, requiring corrosion-
resistant stainless construction or special seals to repel
dust and dirt as well as prevent grease leakage. Black
chrome and thin dense chrome surface treatments also
provide effective protection in many harsh environments.

« Don't forget maintenance. For situations in which a
traditional lubricating grease is not possible, IKO can
recommend alternatives such as a dry film lubricant
to reduce friction or even a liquid crystal lubricant for
clean environments.

Collaborate Early With Your Motion
Component Supplier

As you specify custom motion components for humanoid
robot applications, it's important to get in touch with your
supplier early in the design process to avoid the extra
work that can arise over time. At IKO, we leverage our
extensive expertise on crossed roller bearings, linear motion
components, spherical bushings and cam followers to
propose custom solutions that encompass all the conditions
and scenarios you expect your humanoid to encounter. We'll
work with you every step of the way, including testing and
validating the custom part to ensure it performs as expected
when your humanoid goes to work. Whether the motion
component is intended for manufacturing, caregiving, home
maintenance or fulfilling orders, IKO stands ready to help you
create a custom motion product that will operate reliably and
provide a long, productive lifetime.

For more information, please visit our website at
www.ikont.com.

Karl Wickenheisser,
VP of Sales & Marketing, IKO

IKO INTERNATIONAL, INC.

91 Walsh Drive, Parsippany, NJ 07054 | 800.922.0337 | www.ikont.com


http://www.ikont.com.

