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AutomationDirect carries a full line of AC and DC motors from trusted
brands like Toshiba®, U.S. Motors®, WEG®, Leeson®, IronHorse® and
Marathon®, at some of the best prices in the industry. In-stock motors
are shipped quickly with free shipping on orders over $49*.

Research, price, buy at:

www.automationdirect.com/motors

Also AvailableAlso Available

DC DrivesDC Motors
Soft Starters

and AC Drives

•  230/460 VAC 3-phase
from 1/2 - 100 hp

• 1200, 1800, 3600 rpm
• Inverter duty
• Oversized 300-series bearings
• Heavy-duty cast iron construction

• TEFC enclosure with IP55 protection
• Class I, Division 2, Groups A, B, C, D
• NEMA premium effi  ciency
• UL, UR, CSA
• 3-year warranty

Toshiba EQP SD (Severe Duty Motors)
Starting at  $376.00 

the #1 value in automation
Order Today, Ships Fast!

* See our Web site for details and restrictions.  © Copyright 2022 AutomationDirect, Cumming, GA  USA.  All rights reserved. 1-800-633-0405

Stuck on a Job-site Waiting for a Motor?
We stock hundreds of motors so you can keep your project moving

WEG S-Series Rolled Steel
Motors and Brake Motors
Starting at    $194.00 

•  230/460 VAC 3-phase
from 1/4 - 10 hp 

• 1800 rpm
•  Constant torque operation; zero

to base speed on vector drives
• 5000:1 speed range
•  Constant horsepower operation

to 2X base speed

•  Optimized for operation with
variable speed drives (VFDs)

•  Compatible with encoder
installation

•  NEMA premium effi  ciency
ratings on certain models

•  3-year warranty
(1hp and larger)

U.S. Motors
ACCU-Torq Motors
Starting at   $370.00 

AutomationDirect carries a full line of AC and DC motors from trusted
brands like Toshiba®, U.S. Motors®, WEG®, Leeson®, IronHorse® and
Marathon®, at some of the best prices in the industry. In-stock motors
are shipped quickly with free shipping on orders over $49*.

Toshiba EQP SD (Severe Duty Motors)
Starting at  $376.00 

•  Three-phase 208- 230/460 VAC
and single-phase 120/240 VAC
from 1/4 to 3 hp

• 1200, 3600 and 1800 RPM 
• TEFC enclosure with IP55 rating
• Class F insulation 
•  Premium and Standard

Effi  ciency available

•  Certifi ed Class I, Div 2,
Groups A,B,C,D

•  Brake motors include spring
set, solenoid actuated AC
brake with manual release
lever

•  UL, CSA
• 18 month warranty

•  Three-phase 208-230/460 VAC
from 1/3 to 20 hp 

• 1200, 3600 and 1800 RPM
• TEFC or TENV enclosure
• IP69K protection
•  Premium Effi  ciency

(EISA Compliant)
• BISSC Certifi ed

•  304 stainless steel frame,
end bracket, junction box
and hardware

•  Class I, Div 2 hazardous
locations

•  In accordance with NEMA,
CSA, UL, and CE

• 2 year warranty

IronHorse MTS
Stainless Steel
Washdown-Duty
Starting at   $401.00  

IronHorse MTRJ Series
Jet Pump Motors
Starting at    $167.00 

• TEFC enclosure 
• Class F winding insulation
•  Single-phase 120/230 VAC

from 1/3 to 2 hp 
•  Three-phase 208- 230/460

VAC from 1/3 to 3 hp 

• 3600rpm
•  Built-in thermal protection

on single-phase models 
•  56J frame with threaded

shaft for connection to a
jet pump

• 2 year warranty
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 ServoClass® Couplings
•  Zero-Backlash & High Torsional Stiffness

•  Engineered Performance for Reliable 24/7 Operation

•  Servo-Rated for Reversing, Positioning, Precision 

•  Low Inertia / Low Misalignment Reaction Loads

• Perfect for High Accuracy Actuator Systems

• Engineering Assistance /  Fast Delivery

www.zero-max.com  800.533.1731

PRECISE. ROBUST. AVAILABLE.
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AI Set to Supercharge Robotic Automation
2023 was an exciting year for 
innovation. The emergence 
of artificial intelligence 
(AI) technologies, such as 
generative AI, captured 
global attention and 
dominated headlines. 
However, the adoption of 
generative AI for businesses 
is still very much in its early 
stages and questions around 
how best to harness this 
technology remain at the 
forefront of many minds.

powertransmission.com/blogs/1-revolutions/
post/9589-ai-set-to-supercharge-robotic-

automation

MDSM 2024 Preview (Motor and Drive 
Technical Track)

Motor & Drive Systems is focused on the latest technical 
advancements impacting the design, integration, and efficiency of 
motor, drive systems, and motion control for automation, robotics, 
manufacturing, and industrial, as well as utilities and automotive 
applications. Join leading engineers, manufacturers, system 
integrators, product developers, consultants, and executives and 
discover how new technologies are improving performance and 
providing cost savings in a variety of applications.

powertransmission.com/blogs/1-revolutions/
post/9595-mdsm-2024-preview-motor-and-drive-

technical-track

Rotor Hub and Main Shaft Service and 
Overhaul
The Faroe Islands’ harsh weather and high salt content posed 
potential challenges to the hub’s durability. To ensure its optimal 
performance, Houghton International utilized reverse engineering 
capabilities to strip down and comprehensively examine the hub.

powertransmission.com/media/videos/play/251
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Power Transmission Engineering is somewhat unusual as 
far as trade magazines go. Rather than focus on a spe-
cific industry like, say, aerospace or mining, we focus on 
all of them—or at least all of them that depend on gears, 
bearings, electric motors, gear drives and other mechani-
cal power transmission components. 

So in any given issue we might have articles that talk 
about medical devices and mill drives, automobile trans-
missions and aerospace actuators, or packaging machin-
ery and pumps—a wide range of applications with vastly 
different requirements. Yet they all depend on mechan-
ical motion. And somebody has to specify the compo-
nents that make that motion happen. Or somebody has 
to maintain the equipment to keep a production line run-
ning. Either of those tasks requires an in-depth knowl-
edge of the capabilities and options of those components.

That’s where we fit in, with our blend of technical arti-
cles, technology news, application articles and industry 
insights.

But sometimes, getting our content in front of those 
who need it can be a challenge. 

So I was hoping that maybe you 
could help.

Undoubtedly, if you’re reading this magazine, you’re 
involved in one or more of these industries. But I’ll bet 
you know some others who could also benefit from this 
information. Maybe they’re part of your everyday team. 
Maybe they work for your company in a different depart-
ment. Maybe they work for your customers or suppli-
ers. When I mention things like bearings or couplings or 
motion control, who comes to mind?

The way you can help is by introducing us. At the bottom 
of this page is a handy QR-code. Take a picture and text it 
to a friend. Forward this article to someone you know. If 
you’re reading this online, share it on social media. It’s a 
great way to make sure your friends, colleagues, custom-
ers and suppliers are as well informed as you are.

The QR-code leads to our subscription page, which gives 
you the option to choose what information you want to 
receive (including this magazine, in either print or digital 
format, our weekly newsletters, and targeted information 
like white papers from key suppliers of power transmis-
sion components).

And if it’s been a while since you’ve filled out the form 
yourself, I’d appreciate it if you took a few minutes to 
update your information and preferences. Keeping our 
subscriber base up to date is the only way we’re able to 
continue to bring you this information for free.

powertransmission.com/subscribe
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SIEMENS 
DIGITAL 
INDUSTRIES
Releases Latest 
Simulation Software Tools

Siemens Digital Industries Software 
recently released HEEDS AI Simula-
tion Predictor software and Simcen-
ter Reduced Order Modeling software. 
These tools empower engineers to 
tackle the most complex challenges 
manufacturers face, delivering pre-
dictive performance with speed, pre-
cision, and efficiency.

Siemens’ HEEDS AI Simulation 
Predictor unlocks new possibili-
ties for manufacturers by empow-
ering engineering teams to harness 
the potential of advanced AI-driven 
predictive modeling.  As a new addi-
tion to the Siemens Xcelerator port-
folio, it can revolutionize design 
space exploration.

One of the most significant chal-
lenges in AI-powered simulation 
is AI drift, where models extrapo-
late inaccurately when faced with 
uncharted design spaces. To address 
this challenge, HEEDS AI Simulation 
Predictor introduces accuracy-aware 
AI. This new technology actively 
self-verifies predictions, aiding engi-
neers to conduct simulations that 
are not only accurate but also reli-
able in the context of real-world 
industrial engineering applications.

“With HEEDS AI Simulation 
Predictor, we have significantly 
improved various components of 
the gas turbine, leading to highly 
optimized designs and acceler-
ated design cycles,” said Behnam 

Nouri, team lead, engineering and 
platform design, Siemens Energy. 
“Our thermo-mechanical fatigue 
predictions have been effectively 
upgraded to process ~20,000 design 
members in only 24 hours, yielding 
a 20 percent improvement in com-
ponent lifetime. This has allowed 
us to fully characterize the limits of 
our existing design space which is 
required for high-efficiency turbine 
engines. The HEEDS AI Simulation 
Predictor technology has enabled us 
to save over 15,000 hours of compu-
tational time.”

Siemens also introduced Simcenter 
Reduced Order Modeling, new soft-
ware that harnesses high-fidelity 
simulation and test data to train and 
validate AI/ML models. These mod-
els then enable engineers to perform 
predictions in a fraction of a second, 
transforming the way engineering 
professionals approach simulation.

“Simcenter Reduced Order Modeling 
lets us accelerate our simulation 
models to the point where a detailed 
fuel cell plant model runs faster than 
real time, with the same accuracy as 
a full system model,” said Jurgen 
Dedeurwaerder, simulation engi-
neer, Plastic Omnium. “This enables 
activities such as model-in-the-loop 
controller development and test-
ing to be done faster, shortening the 
overall development cycle by around 
25 percent. At the same time, it gives 
us a reliable, IP protected, and cost-
effective way to distribute models to 
other teams, both internally and to 
our customers to augment their own 
products and processes, resulting in 
better quality products delivered to 
end users.”

“HEEDS AI Simulation Predictor and 
Simcenter Reduced Order Modeling 
represent a true breakthrough in sim-
ulation technology. They enable our 
customers to take advantage of ben-
efits of artificial intelligence-driven 
simulation to speed their explora-
tion of a design space and to do so 
accurately and robustly,” says Jean 
Claude Ercolanelli, senior vice presi-
dent, simulation and test solutions at 
Siemens Digital Industries Software. 

sw.siemens.com

RULAND
MANUFACTURING
Offers Mountable Shaft 
Collars with Face Holes

Ruland has released mountable shaft 
collars with face holes for applica-
tions where the shaft collar needs to 
be directly mounted to a component 
such as a pulley, sprocket, or metallic 
plate. The shaft collars are available 
with drilled face holes that give the 
user flexibility in mounting hard-
ware, or tapped holes that match the 
standard screw threading of the col-
lar for ease of installation.

Ruland designs and manufactures 
face mount shaft collars to have supe-
rior fit, finish, and holding power. They 
have precise face to bore perpendicu-
larity (TIR ≤ 0.002 in. or 0.05 mm), 
which is critical for mounting appli-
cations these shaft collars are typi-
cally used in. The groove in the face 
of the collar identifies the work sur-
face for easy installation. Ruland face 
mount shaft collars have a burr-free 
finish, making them an ideal solu-
tion for applications in industries 
such as medical, food, and semicon-
ductor, where contamination is unac-
ceptable. Face mount shaft collars 
undergo proprietary manufacturing 
processes to maintain their round 
bore geometry for tight tolerances, 
proper installation fit, and improved 
clamping capabilities.

Ruland offers mountable shaft col-
lars with face holes with drilled or 
tapped holes. Drilled holes allow for a 
wider variety of inch or metric mount-
ing hardware to be used. Tapped holes 
provide a direct interface between the 
collar, screw, and mated component 
for the most reliable fit. Either con-
figuration can accommodate socket 
head, set, or button head screws. The 
face holes are aligned 180 degrees 
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from each other, allowing the user to 
install the collar in any orientation.

Ruland manufactures mountable 
shaft collars with face holes from 1215 
lead-free steel for high strength, 2024 
aluminum with an anodized finish for 
lightweight, and 303 stainless steel for 
corrosion resistance. They are available 
in one-piece clamp style in bore sizes 
from 3/8  to 3 inches. and 10  to 80 mm.

ruland.com

PORTESCAP
Expands Flat Motor 
Portfolio

Portescap introduces the 60ECF 
brushless DC slotted flat motor, the 
newest frame size to join its flat motor 
portfolio and a significant expansion 
of its brushless flat technology capa-
bilities. This 60 mm BLDC motor 
features a 38.2 mm body length and 
an outer rotor slotted configuration 
with an open body design, allowing 
it to deliver improved heat manage-
ment in a compact package.

The 60ECF provides up to 298 mNm 
torque and can be combined with 
Portescap’s R22HT, R26HT, R32, 
R32HT, and R40 gearheads to deliver 
extremely high output torque and 
speed reduction. It is available in both 
sensored and sensorless options, with 
the former utilizing hall sensors for 
easy position control.

This slotted flat motor is a per-
fect fit for applications requir-
ing high power density and smooth 
output torque, including those in 
Aaerospace and defense, robotics, 
industrial automation, and surgical 
robotics. Specific examples include 
electric grippers and exoskeletons, 
eVtols, and surgical robots. 

portescap.com

ORIENTAL 
MOTOR
Supplies Automation 
Products for SCARA 
Robot
Oriental Motor supports the inter-
nal designing of application-spe-
cific robots with the AZ Series. The 
AZ Series is a family of motors, actua-
tors, and network drives that feature an 

absolute sensor, closed-loop control, 
and easily works with the multi-axis 
MRC0l controller. This combination of 
products allows for internally designed 
and built in-house automation that 
are designed according to the circum-
stances and decrease the hurdles in 
locations where automation wasn’t 
possible; for example, where commer-
cial robots had space restrictions or 
lack of space inside the equipment, cost 
limitations, and other barriers.

Power Transmission Engineering FEBRUARY 2024 9
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Automated Sensor Line 
Assembly Robot

The two actions of transportation 
between neighboring process equip-
ment and additional positioning 
have been combined in one horizon-
tal SCARA robot, reducing the pro-
cesses in order to deal with the issue 
of restricted equipment width and 
height as production lines are mod-
ularized O.

This robot is arranged beside the 
production robot. By having the 
transportation work performed by 
the production robot and the parts 
settling work performed by the inter-
nal manufacturing robot carried out 
at the same time, the overall machine 
time is reduced f). The robot has a 
simple and compact design com-
prised of the following, with one unit 
costing around $8,000 (including the 
electrical components): an AZ series 
DC-input motor, a DGII series hol-
low rotary actuator, a DR series com-
pact linear actuator, an EH series 
electric gripper, and an MRC01 robot 
controller. Although there were ini-
tially some concerns about how to 
control and set a multi-axis robot, 
even inexperienced users were able 
to make the settings smoothly using  
MRC Studio 8.

orientalmotor.com

NSK
Develops High Speed 
and High Resistance Ball 
Screws

NSK has developed HTF-SRM ball 
screws, a high-speed, heat-resistant 
version of its high-load drive ball 
screws, ideal for high-cycle, thin-
wall molding in electric injection 
molding machines.

NSK is exhibiting this product at 
the IPF Japan 2024 International 
Plastics Fair and plans to begin 
accepting orders in April 2024, with a 
global rollout to follow. NSK aims to 

achieve annual sales of 500 million 
yen by fiscal 2026 for this product.

The newly developed SRM 
(Smooth Return Metal coupling) 
recirculation system and heat-resis-
tant components achieve the indus-
try’s highest level of operating speed 
and heat resistance. The permissi-
ble d-n value1 is 200,000, a 40 per-
cent improvement over NSK’s con-
ventional high-speed HTF-SRC ball 
screws. The maximum operating 
temperature is 90°C and momen-
tary maximum temperature is 100°C, 
both of which are 20°C higher than 
NSK’s conventional products.

The external dimensions of 
the screw and nut are the same 
as those of the HTF-SRC model, 
eliminating the need for design 
changes when upgrading.

nsk.com

STAFFORD
MANUFACTURING
Introduces Shaft Collars 
and Mounts

Shaft collars and mounts that can be 
adjusted without tools, plus handles 
and thumb screws to convert stan-
dard shaft collars to quick-adjust 
types, have been introduced by Staf-
ford Manufacturing Corp. of Wilm-
ington, MA. Stafford Quick-Adjust 
Products feature the Flip-Lok with 
a split hub and an integral adjust-
able clamp, Staff-Lok Lever-Actuated 
shaft collar, and the Python Flange 
Mounting Collar with a 6-hole bolt 
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pattern and keyway. Suitable for a 
wide range of linear and low RPM 
rotary applications, these quick-
adjust products can be easily reposi-
tioned by hand without tools.

Available in inch and metric bore 
sizes from 1/2" to 2-1/2", depending 
upon product, Stafford Quick-Adjust 
Products are made from aluminum 
anodized black and can be supplied 
as specials in colors or made from 
steel and stainless steel with modifi-
cations to OEM requirements.

For applications using rope, the 
SlipKnot is molded from ABS plas-
tic and allows for precise location 
as a grip, locator, or stop. Stafford 
Quick-Adjust Products, Grip and Go 
Handles, and Thumbscrew knobs are 
priced depending upon configura-
tion and quantity.

staffordmfg.com

SKF
Expands Wireless 
Solution for Condition 
Monitoring

SKF has expanded its portfolio of con-
dition monitoring solutions with the 
SKF Enlight Collect IMx-1-EX sensor 
solution. Wireless monitoring of assets 
helps predict machine failure before it 
can escalate into a serious problem, 
such as an unscheduled shutdown. 
This can deliver multiple benefits, 
including reduced costs and a more 
sustainable operation of equipment. 

The new sensor is part of the well-
established SKF Enlight Collect IMx-1 
wireless eco-system and certified 
according to ATEX and IECEx standards 
for use in Zone 1 and Zone 2 classified 
hazardous areas. The sensor works in 

tandem with the SKF Enlight Collect 
IMx-1-EX gateway, which is certified 
for use in Zone 2. 

“The IMx-1 wireless solution, 
in combination with our analyti-
cal software, provides state-of-the-
art information and insight into 
the health of rotating assets, now 
also in hazardous areas, and fur-
ther expands SKF’s plantwide con-
dition monitoring eco-system,” says 
Fredrik Larsson, condition monitor-
ing technologies manager at SKF.

The new solution has the same form, 
fit and function as the safe-area rated 
SKF Enlight Collect IMx-1. All devices 
have full compatibility, allowing cus-
tomers to build a network of moni-
tored assets across hazardous and 
safe areas. 

The sensor uses innovative mea-
surement capabilities to provide 
advanced insights into asset health, 
including early detection of bear-
ing damage. Like other IMx-1 sen-
sors, they create a ‘mesh network’, 
enabling them to relay data between 
one another. This allows data to be 
routed around obstacles such as 
pipework—which can block signals 
for conventional line-of-sight sys-
tems. This facility means that data 
can be sent over greater distances 
than would otherwise be possible. 

skf.com

IGUS
Develops Finger Gripper 
for Cobot

Igus has developed a finger grip-
per for the ReBeL cobot. The ReBeL 
can now perform a variety of simple 
humanoid tasks with the new low-
cost robotic hand.
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Robots have become an integral 
part of industry and are increas-
ingly finding their way into small 
and medium-sized companies in the 
form of cobots, such as the ReBeL. 
They sort, pick, and move with the 
help of cameras, suction devices, and 
gripper systems. The newly launched 
finger gripper for the ReBeL cobot 
can perform humanoid tasks. It is 
made entirely of self-lubricating 
plastics and is, therefore, cost-effec-
tive, and easy to integrate.

With the ReBeL, Igus has brought 
a compact and lightweight cobot 
onto the market, which allows for a 
cost-effective way to start working 
with robotics. It is ideal for assem-
bly tasks, quality inspections, and 
jobs in the service sector. For the 
robot to perform tasks, it requires 
grippers and suction devices. For 
this purpose, Igus offers a wide 
selection of suitable end effectors 
from various manufacturers on the 
RBTX.com marketplace.

“As the ReBeL is very light and 
inexpensive with a weight of around 
8 kg and a price starting at $6,899, 
it is often used in humanoid appli-
cations. For this reason, we have 
received several customer requests 
for a robot hand that can be easily 
connected to the ReBeL via plug and 
play,” explains Alexander Mühlens, 
head of the low cost automation 
business unit at Igus GmbH.

This is why Igus has now developed 
a particularly cost-effective ReBeL 
finger gripper, which is available for 
as little as $2,760. The humanoid 
hand is compatible with all ReBeL 
models. It is controlled via DIO at 
the tool center point, making it easy 
to integrate and suitable for various 
applications. A unique feature of the 
finger gripper is that it can imitate a 
person’s hand movements.

“The ReBeL can take on a wide 
range of simple humanoid tasks and 
applications with the new low-cost 
hand. We are thinking of such fields 
as research and development at uni-
versities as well as tasks in the cater-
ing or entertainment industries,” 
says Mühlens.

All components, including the 
flange, cables, and control unit, are 
provided directly from Igus. This 
gives the customer a solution that 
is 100 percent compatible. Self-
lubricating high-performance plas-
tics keep the price low. The plain 
bearings in the joints made of iglide 
polymers are not only cost-effective 
and self-lubricating, but also ensure 
smooth and precise movements of 
the individual fingers. Extensive tests 
in the company’s own 3,800-square-
metre laboratory guarantee the lon-
gevity of the humanoid hand. They 
are incredibly flexible and can be 
controlled via various interfaces, 
including USB, TTL (5V) serial, and 
internal scripting.

In addition to the finger gripper, 
Igus offers other products for the 
ReBeL environment. These include, 
for example, fire-resistant smoke 
hoods, a 7th axis, gripper sets, 
adapter plate sets, energy supply 
systems, a finished workstation, and 
connection cables.

igus.com
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Turbocharger Nozzle Ring 
Assembly—The nozzle ring 
assembly components require good 
strength, oxidation, and corrosion 
resistance while operating in a high 
temperature environment of 900 to 
1,000 °C.

Drive and Driven-Sprockets—
Used in a pickup truck with a hybrid 
drivetrain. The sprockets are used 
when the transfer case is engaged 
using a chain drive. PM sprockets 
work well in high-density 
applications where part strength 
and resistance to wear is critical. 



Go decentralized.

Modular, decentralized drives and inverters  -  
the choice for material handling systems worldwide
Save time and costs by using SEW-EURODRIVE’s full suite of decentralized drive components and controls. 
You can eliminate costly power and communication cable runs and save valuable floor space by reducing or 
eliminating bulky control cabinets. Plus, you can simplify control functions with motor- and near-motor mount 
inverters. To truly future-proof your application, a decentralized system provides the most flexibility for process 
and configuration changes. Save even more installation time and money with our MOVILINK® DDI digital motor 
interface for power and communications in a single hybrid cable. 

Contact your SEW representative today to find your solution.   seweurodrive.com

 Visit us in BOOTH B6632



Solid Edge 2024 
Focuses on 
Performance and 
User Experience
A Q&A on the latest software update
Siemens Digital Industries Software

Solid Edge is a portfolio of affordable, easy-to-use software tools that address 
all aspects of the product development process. Solid Edge combines the speed 
and simplicity of direct modeling with the flexibility and control of paramet-
ric design—made possible with synchronous technology. The following Q&A 
discusses Solid Edge 2024 with Dan Staples, vice president, mainstream engi-
neering, Siemens Digital Industries Software.

What does digital transformation mean for small and medium 
sized business?
Digital transformation is the unleashing of the power of intelligent product 
design, and that’s at the core of it. It’s the integration of digital technologies 
into all aspects of your engineering business, but what that looks like can vary 
based on the size of the company.

Siemens sponsored a study with industry analyst IDC, which focused on 
small and medium-sized business (SMB) manufacturing and digital transfor-
mation. We surveyed key decision makers at hundreds of SMBs around the 
world asking them about digital transformation, their strategies, plans and 
recent progress.

Since the study was first conducted in 2017, and then again at the end of 
2021, we can see the trends over the past few years. Here are a couple of high-
lights. In 2021, 72 percent of the advanced SMBs surveyed believed that digital 
transformation helps level the playing field for small businesses versus their 
larger competitors—the last time the survey was taken, it was 63 percent.
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Plastic Fischer is working to reduce plastic waste in rivers, so it does not pollute our oceans and has adopted the Siemens Xcelerator portfolio 
to help scale its operations and bring the benefits of digital transformation to its product development and lifecycle management. (Plastic 
Fischer GmbH)

Leverage the power of Artificial Intelligence (AI) to save time when replacing parts in an assembly. With the improved “Replace Part” command, 
Solid Edge can now intelligently suggest assembly relationships and predict valid alternative solutions.



IDC also asked about their investments during the 
global pandemic and related disruptions, and 80 percent 
of SMBs maintained or increased their digital transfor-
mation budgets—a great measure of how important these 
investments are.

Second, the survey asked about technology priorities. 
Among these, cloud computing and software as a service, 
or SaaS, stood out. Nearly a third of SMB manufacturers 
surveyed said that they were prioritizing cloud computing 
SaaS solutions, and nearly half said that these categories 
would be a technology priority in the next 12 months. IDC 
notes that the cloud is the great enabler for collaboration 
and analytics.

Are the same benefits true for startups?
Even smaller companies like startups are leveling the 
playing field through digital technologies that help 
them collaborate more effectively. A great example is 
an amazing startup called Plastic Fischer. They’re help-
ing the planet by keeping the oceans clean—by captur-
ing plastic waste in rivers before it reaches the ocean. 
See story here:

powertransmission.com/articles/9520-sie-
mens-digital-provides-software-solutions-

for-plastic-fischer

We’re also investing in the next generation of engineers 
through a new program called “Hour of Engineering.” 

This program demystifies engineering and promotes it 
as a desirable career path by providing real-world engi-
neering challenges connected to global goals. It helps 
students build engineering habits of mind, like creativity, 
systems thinking and collaboration.

How does Solid Edge fit into the Siemens 
Xcelerator portfolio?
Siemens Xcelerator is an integrated portfolio of indus-
trial software and services, and it really blurs the bound-
aries between traditionally standalone domains like 
electronics, mechanical and software. It ties all those 
disciplines together into a single seamless whole. And, 
frankly, Siemens Xcelerator really starts with Solid Edge—
it’s a key part of the Siemens Xcelerator portfolio and is 
squarely focused on the requirements of small and mid-
size manufacturers.

Solid Edge enables manufacturers to create a compre-
hensive digital twin of their products and includes solu-
tions for mechanical design, electrical design, simula-
tion, manufacturing, and technical publications. It also 
includes solutions for data management for all the tech-
nical data that’s created and consumed when supporting 
the comprehensive digital twin.

Ultimately, Solid Edge facilitates collaboration both 
within manufacturing companies and with external 
resources, including suppliers and customers—that makes 
it the on-ramp to digital transformation and enables us 

Solid Edge enables manufacturers to create a comprehensive digital twin of their products and includes solutions for mechanical design, electrical 
design, simulation, manufacturing, and technical publications.
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to help customers accelerate their digital transformation 
with Solid Edge 2024.

What are the highlights of the Solid Edge 
2024 update?
With this year’s release we continue to push the bound-
aries of product development technology by empowering 
users to design more intelligently across every aspect of 
product development. With a continued focus on the user 
experience and large assembly performance, Solid Edge 
2024 introduces functionalities and enhancements to 
automate and speed design as well as collaboration. A few 
highlights I’m proud of—the nine times faster graphical 
performance, artificial intelligence (AI) driven assembly 
relationships, great advancements in intelligent dimen-
sioning, and so much more.

What have the beta testers said about  
this update?
As with every year, our beta customers have already had 
the opportunity to experience Solid Edge 2024. Sum-
ming up the general feedback nicely is the comment from 
Carsten Oestmann, the leader of the CAD team at indus-
trial machinery specialist, Focke & Co:

“Each year Solid Edge gets better and better. This year, 
everything is faster. With faster reaction times in large 
assemblies, everything feels more fluid. I can’t wait to 
share it with my team. Large assemblies now load and 

rotate at least 50-percent faster. That’s the type of per-
formance that can improve every one of our workflows.”

Artificial intelligence is a hot topic across the 
technology world—how is Siemens using it in 
the 3D design and engineering world?
One of the key highlights for this update is our contin-
ued work applying AI technologies in the design pro-
cess to speed things up—removing repetitive work and 
taking advantage of machine learning to help our users 
be more productive. A great example is the new AI-
enhanced ‘Replace Part’ command that uses AI to predict 
solutions for replacing a component occurrence within 
an assembly. The AI looks at the geometry of the part a 
user is replacing alongside the new part and presents via-
ble solutions—they then click the correct solution and 
they’re done. It saves effort, can speed up product itera-
tions and redesigns by not having to create those rela-
tionships manually, and works equally well with stan-
dard, imported parts, as it does with native data.

What do your customers think about using AI 
as part of their day-to-day activities?
AI, when implemented in tools like Solid Edge, can 
remove repetitive tasks and free up resources in an 
engineering team. The reality is that CAD users are 
often carrying out tedious, repetitive tasks—so why 
not let the computer do that? The best answer is to 

Insert and manipulate preconfigured models quickly and easily at no cost with Solid Edge Design Configurator. As intelligent datasets with 
predefined rules, a vast array of preconfigured models can be inserted and automatically adjusted to match the assembly to help simplify 
workflows and improve productivity.
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quote another beta tester, David Iverson of separable 
reciprocating gas compressor manufacturer, Ariel Cor-
poration, who loves that it allows his team to focus on 
the real challenges. 

“Solid Edge 2024 helps us work smarter and be more 
productive. Incorporating AI into our design processes 
will cut down time spent on tedious tasks, letting us do 
more of the fun stuff,” Iverson said.

AI is also useful in an industrial context when used 
alongside other advanced technologies—look at the work 
we have been doing for the past few years on generative 
design, where we use simulation technology to auto-
mate concept design, based on loads and constraints in 
a product. AI can change how we design, but it needs to 
sit alongside our existing technologies—and with capa-
bilities such as synchronous technology, we believe that 
Siemens has the optimal portfolio of software that can 
help users overcome real-world barriers to innovation by 
taking advantage of AI assisted design.

Alongside the headline-grabbing AI  
updates—how else are you improving  
users’ productivity?
Whether it’s improving our large assembly performance 
by nine times for this release or rethinking how we can 
accelerate frame and tube design, enabling users to go 

faster and with more intelligence built into their product 
models is fundamental.

A notable example of how Solid Edge 2024 supports 
improved productivity is the new ‘Trim Tubes’ command. 
Frame design is something that happens in many of our 
customer sites, whether that’s industrial machinery, fac-
tory cell design or motorsport. This new tool allows users 
to identify overlaps very quickly in a framework and trim 
those tubes, readying them for manufacture and fab-
rication with a few simple clicks. It might not be flashy 
or headline grabbing, but for those involved with frame 
design daily this update is a game changer.

Speeding up the design process is great, 
but how is Siemens helping the wider 
manufacturing enterprise?
The challenges facing today’s manufacturers are many, 
ranging from supply-chain complexity to the drive for 
innovation, to customers looking for greater choice and 
customizability. The last challenge is something that 
our customers are telling us is a key pressure point—
where the increase in product variants is presenting a 
challenge not only from an engineering point of view, 
but across the enterprise in terms of sales support. To 
help our customers overcome this challenge, we have 
worked on Solid Edge Design Configurator, our rules-

Faster programming and more efficient machining cycles are now possible due to the introduction of 3D Adaptive Roughing operations. High-
speed, bottom-up cutting strategy enables methodical removal of material between cut levels by re-cutting the stock at decreased levels by 
stepping upward.
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checked in or out and access always controlled, projects 
managed, and tasks assigned—all from within the Solid 
Edge interface without the need to use another applica-
tion. If a partner or team member needs access but does 
not have Solid Edge available, the same Teamcenter Share 
experience is also available via a web browser, on any 
device, opening collaboration for those that need it when 
they need it.

One of our customers, Hall Designs, uses Solid Edge to 
design vehicles for the off-road racing industry. They use 
Teamcenter Share to better communicate with their cli-
ents during the iterative design process. Their clients can 
easily view, measure, and mark up CAD models within the 
3D development space using a browser-based interface 
accessible from any device. In addition, collaborators can 
view and comment on files, view model sections and cut-
aways, take measurements, change units, and add text-
based annotations—all in real time for other team mem-
bers to see. This eliminates the need for back-and-forth 
emails with PDF attachments for those who can’t open 
CAD files. Hall Designs reports that Teamcenter Share 
enabled them to reduce the time it took to share designs 
by 75 to 80 percent and accelerate the product revision 
process by 20 to 25 percent.

solidedge.siemens.com/en/solutions/
products/complete-product-development-

portfolio/solid-edge-2024/

based design capability. Firstly, we are now able to 
include preconfigured models in Solid Edge Design Con-
figurator, so the engineering team can quickly and eas-
ily place intelligent datasets of common items such as 
ladders, conveyors and enclosures that adapt according 
to design rules—again, something that is repetitive, and 
ideal for automation.

Extending the use of rules-based design further, we’ve 
also introduced Solid Edge Design Configurator Connect. 
This is a user-friendly web-based configurator that man-
ages the most complex pricing and product configura-
tions, allowing users to configure online in any browser 
simply and easily. It then automatically generates sales 
documentation, including 3D models, which allows cus-
tomers to offload some of the work that would tradition-
ally be done in the engineering office and move it to the 
hands of the sales and marketing team.

youtu.be/Lj5Hi5-mO1s?si=hEl6_PHdHM3f_nNo

How does Teamcenter Share tie all  
this together?
Teamcenter Share builds on our previous cloud-based 
data sharing and collaboration capabilities, previously 
known as Xcelerator Share, a common service offered as 
part of any subscription to Siemens Xcelerator portfolio 
and allows the sharing of data and collaboration around 
that data wherever it is needed. Teamcenter Share is now 
embedded in Solid Edge 2024 and provides subscribers to 
Solid Edge SaaS with a streamlined collaboration platform 
to help them work with their entire team, including part-
ners and customers.

Through Teamcenter Share users can view, interact 
with, and collaborate around, a wide variety of data for-
mats (from both Siemens and third-party systems). It also 
offers built-in data management capabilities: files can be 

software
For Related Articles Search

at powertransmission.com

“Solid Edge enables manufacturers to create 
a comprehensive digital twin of their products 
and includes solutions for mechanical design, 
electrical design, simulation, manufacturing, 
and technical publications.”

Dan Staples, Siemens Digital Industries Software
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Vesconite Bearings Invests 
in Energy Efficiency in 
South Africa
Factory reduces reliance on power grid to enhance 
24/7 operation
Matthew Jaster, Senior Editor

South Africa has an abundance of sunshine with more than 2,500 hours of sunshine a year and solar-radiation levels between 4.5 and 6.5 kWh/m2 
per day.
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Vesconite Bearings, a global supplier 
of bearing and wear materials located 
in Johannesburg, South Africa, is 
taking strides towards sustainabil-
ity and environmental responsibility 
by implementing a comprehensive 
solar energy solution. The initia-
tive, spearheaded by Factory Man-
ager Robin Crabb and CEO Dr Jean-
Patrick Leger, involves a significant 
investment in solar infrastructure 
to reduce the factory’s reliance on 
the power grid and make substantial 
progress in becoming more environ-
mentally friendly.

South Africa’s power utility has 
been struggling to supply consis-
tent power to residential and indus-
trial consumers for about a decade, 
according to Crabb. This situation 
has worsened of late, with most con-
sumers in December 2023 facing two 
to six hours a day without electricity. 

“Some industrial consumers 
have responded to the energy cri-
sis by investing in energy solu-
tions that can ensure that they can 
supply customers with manufac-
tured goods that require energy 
to produce. Industrial consumers 
have invested in short-term solu-
tions to provide power, including 

expensive-to-operate diesel gener-
ators, but are increasingly realizing 
that they need to spend a significant 
amount of Capex to invest in longer-
term solutions to a power crisis that 
shows no likelihood of ending any 
time soon,” Crabb said.

For Vesconite Bearings, which 
already had a 65 kW test solar solution 
as well as a diesel-generating solu-
tion, the continued sustainability of 
the company required the investment 
in an expanded solar power solution 
to supply a greater proportion of its 
daylight energy requirements.

South Africa has an abundance 
of sunshine with more than 2,500 
hours of sunshine a year and solar-
radiation levels  between 4.5 and 6.5 
kWh/m2 per day. In the Free State, 
the province in which Vesconite 
Bearings factory is located, com-
pressed natural gas must be trucked 
in, making it similar in price to diesel. 

Crabb said solar energy, by far, is 
the most logical alternative energy 
choice for the area.

“The region is flat and dry, so 
hydro is not a possibility. There are 
no prevailing winds for most of the 
year, making wind energy a non-
starter. Thus, none of these options 

are practical or cost effective. As 
such, the sun is the preferred and 
most reliable source of energy that 
can be implemented by individual 
companies with ease,” he added.

As of mid-November 2023, Phase I 
of the project was 80 percent complete, 
with the installation of steelwork on 
concrete slabs to support 325 kVA of 
solar panels. Simultaneously, Phase 
II is underway, encompassing the 
installation of an additional sub-sta-
tion, the installation and commis-
sioning of two generators, invert-
ers with a capacity of 700 kVA, and a 
500 kVA uninterrupted power supply 
(UPS) system.

According to Crabb, “Making the 
sub-station live is a significant step 
forward, with approximately 25 per-
cent of Phase II already completed.”

The completion of Phases I and 
II was targeted for the end of 2023, 
contingent on timely equipment 
deliveries from suppliers. Phase III 
aims to double the solar capacity by 
an additional 325 kVA. Challenges in 
steel supply may influence the time-
line, but Vesconite Bearings remains 
committed to its sustainability goals.

Additionally, consideration is 
being given to purchasing a 1 MW 

On-site at Vesconite Bearings, where the company is installing a comprehensive solar energy solution.

Power Transmission Engineering FEBRUARY 2024 21



Solar Power Outlook Here in the States
The U.S. Energy Information Admninistration (EIA) forecasts that the United States 
will generate 14 percent more electricity from solar energy than from hydroelectric 
facilities in 2024, according to its Short-Term Energy Outlook (STEO). This forecast is 
driven by continued growth in new utility-scale and small-scale solar facilities. For the 
first time in September 2022, the United States had more solar-generated electricity 
than hydroelectric generation on a monthly basis, according to Electric Power Monthly. 
That month, U.S. solar power plants and rooftop solar generated about 19 billion 
kilowatthours, (kWh) compared with 17 billion kWh from U.S. hydropower plants. Solar 
power outpaced hydropower again in summer 2023 due to exponential growth in 
installed solar capacity. From 2009 to 2022, installed solar capacity increased at an 
average rate of 44 percent per year, and installed hydroelectric capacity increased by 
less than 1 percent each year. EIA expects annual solar generation to surpass annual 
hydropower generation in 2024 for the first time. In 2019, annual wind generation 
surpassed annual hydropower generation. The growth of U.S. solar and U.S. wind 
generation are following a similar pattern, both largely following growth in installed 
capacity. (eia.gov)

solar energy
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at powertransmission.com
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some customers continue to make 
purchases based on price alone, 
Vesconite is aware that its ability to 
become a supplier of choice in the 
future will depend on whether its 
environmental priorities are aligned 
with those of its customers.

For Vesconite Bearings, the moral 
imperative of doing less harm to 
the planet, and becoming aligned 
with its customers’ environmental 
commitments, is reinforced by the 
fact that investing in its solar solu-
tions will reduce its overall expen-
diture on energy. This will also 
mean that it does not have to pass 
on a portion of rising energy costs 
to its customers.

“Customers who were affected by 
supply vulnerabilities during COVID 
are also increasingly looking at their 
supply chains and trying to ensure 
that their suppliers can continue to 
produce goods even in the worst con-
ditions. The company remains dedi-
cated to achieving its environmental 
and operational objectives through 
innovation and responsible business 
practices,” Crabb added.

vesconite.com

Vesconite is aware that its ability to become a supplier of choice in the future will depend on whether its environmental priorities are aligned 
with those of its customers.

battery system, enabling the storage 
of solar energy for peak consump-
tion times during the night. This 
investment aligns with Vesconite 
Bearings’ vision for its ‘lights-out’ 
facility, intended to operate 24/7 
for large-volume order production, 
circumventing challenges posed by 
load-shedding from South African 
electricity provider Eskom.

To enhance security, the company 
is also installing a 1.8 m electric 
fence around the solar system. 

Leger expressed optimism about 
the project’s potential impact, stat-
ing, “We aim to reduce dependence 
on traditional energy sources, cut 
costs, and significantly decrease our 
carbon footprint.”

Vesconite Bearings is confident 
that these solar investments will for-
tify the company’s resilience against 
energy challenges and contribute to 
a greener, more sustainable future 
for South Africa and beyond. 

When the system is complete, a 
third to a half of Vesconite’s daily 
energy requirements should be 
catered for, supplemented by die-
sel generators in times of inclement 
weather. At this time battery storage 

solutions remain so capital-inten-
sive that nighttime energy require-
ments (approximately two-thirds of 
daytime requirements) will remain a 
major challenge. 

South African companies face 
energy challenges that require 
energy independence. Other global 
companies are facing energy chal-
lenges in the form of rising costs, 
due to the war in Ukraine, and the 
lack of energy availability in some 
cases. More important, though, are 
the commitments that many com-
panies have made to have zero car-
bon emissions by 2030 to mitigate 
and prevent the devastating effects 
of climate change. 

“Vesconite Bearings is similarly 
concerned with the impact of cli-
mate change and believes that each 
individual and corporation needs to 
do as much as possible to reduce the 
harm that their production and con-
sumption have on the environment,” 
Crabb said. 

Vesconite Bearings is aware 
that its customers are increas-
ingly requiring supplier informa-
tion on a raft of issues, including 
environmental sustainability. While 
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With an “all-hands on deck” approach to maintenance 
today, engineers require the latest tools and technologies 
in the form of new software/apps  to make MRO tasks eas-
ier. Turns out, technology is allowing your smartphones, 
tablets and computers to track bearing reliability and 
performance with an emphasis on sustainability, longev-
ity and analysis. 

SKF Bearing Assist App Offers 
Improvements

Every year, there are millions of bearing failures caused 
by incorrect mounting. Overcoming this can deliver mul-
tiple benefits to owners (operators) of rotating machin-
ery, including reduced costs related to maintenance, 
fewer breakdowns, as well as a more sustainable opera-
tion of the machinery.

The SKF Bearing Assist app, on a smartphone or tablet, 
supplies step-by-step guidance, replacement instructions 
and an improved way to document and trace each replace-
ment bearing. A detailed checklist ensures that each nec-
essary step, such as planning and preparing the job and 
measuring associated components, has been completed.

Geri Palinkas, product manager, Bearing Assist, SKF 
caught up with PTE to discuss updates to the company’s 
bearing app. Palinkas said there have been three major 
updates in the latest version: 
1. The definition of bearing position has been added 

which helps the technician to keep products 
separated. This also provides more structure and 
clarity in the documentation. 

2. The checklist has been refined to reflect the workflow 
in a more correct way and is placed as the centerpiece 
of the replacement activity. In the previous version 
the checklist was a sub task for a bearing.

3. SKF has also added a PDF preview so that the user 
can look at the result without sending it with email. 

Building a 
Better Bearing
An innovative look at analysis, 
condition monitoring, 
mounting and maintenance. 
Matthew Jaster, Senior Editor
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Regarding mounting performance, the app provides guid-
ance for the user which creates confidence and speed. “The 
checklist also helps to prevent the user from forgetting 
important steps in the workflow. The documentation helps 
when investigating any future problems and can act as a ref-
erence in future replacements or in training,” Palinkas said.

The SKF Bearing Assist App is centered around the workflow 
for the entire replacement process and not only the physical 
dismount and mount. In a replacement job the workflow is 
represented with a very clear checklist that guides the user 
and prevents important steps from being forgotten. 

“There is also a digital measurement protocol that auto-
matically makes the user aware of tolerance breaches. It’s 
no longer mandatory (but still possible) to reference the 
job to a machine and finally it’s easy to document the 
replacement with images and notes. The documentation 
can then be opened and shared as a nicely formatted PDF 
report,” Palinkas said. 

How is Bearing Assist changing MRO in general? 
Through the app SKF offers any industrial company a 
digitalized process and method to improve the planning, 
execution, and documentation of bearing replacements.

In the future, Palinkas said the app will offer more 
guidance in the different steps of the workflow as well as 
smoother and faster documentation of the job. SKF will also 
drive towards more self-service and self-education by help-
ing with identifying bearings suited for remanufacturing,  

finding correct tools and suitable training, and suggesting 
help for alignment and condition monitoring.

The following is a list of additional apps that are note-
worthy for rotating equipment: 

• Bearing Select, is a tool for bearing selections and 
calculations is redesigned for a better user experience 
(skfbearingselect.com/#/bearing-selection-start)

• Axios is a simple, wireless and scalable end-to-
end predictive maintenance solution from SKF 
and AmazonWebServices (skf.com/group/products/
condition-monitoring-systems/surveillance-systems/
wireless/axios)

• IMx-1 can now also be used in hazardous areas (skf.
com/group/news-and-events/news/2023/2023-11-
21-new-wireless-sensor-solution-from-skf-enables-
automated-machine-monitoring-in-hazardous-areas)

• The newly released SKF Microlog Analyzer dBX is 
the most advanced large-screen vibration analyzer 
offered by SKF today (skf.com/group/products/
condition-monitoring-systems/portable-systems/
microlog-analyzer-dbx)

“We are also working on new functionality in Bearing 
Assist bundled as an enterprise offer helping mid-size and 
large enterprises with structure, traceability and insights 
when it comes to bearing replacements,” Palinkas said.

skf.com/us/support/engineering-tools/
bearing-assist
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Romax Software Updates Bearing 
Capabilities

Hexagon recently released Romax DT 2023.1, as part of 
the full Romax software suite. Bearing specialists require 
independent tools supplying innovative rolling element 
bearing analysis. These tools will provide the insight 
needed to design and select bearings for optimum perfor-
mance and durability, as part of a whole system model.  
Whether selecting the appropriate bearings for a concept 
design, designing a custom bearing for a specific applica-
tion, or performing root cause analysis of a bearing fail-
ure, engineers need reliable prediction of bearing perfor-
mance to make key decisions. In addition, bearing 
suppliers and OEMs must be able to collaborate and share 
data with each other, while being independent and pre-
serving valuable IP.

Romax Spin, for example, features detailed modeling of 
rolling bearings, fast and intuitive modeling of full drive 
systems, and advanced contact algorithms that accu-
rately capture the non-linear behavior of bearings. Users 
can calculate load and stress distributions, film thickness, 
standard ratings such as ISO 281 and ISO/TS 16281 and 
run dynamic simulations to study phenomena such as 
skidding and cage dynamics.

Dr. Michael Platten, Senior Product Manager—Romax, 
explains some of the highlights from the 2023.1 release 
of the Romax software suite which includes updates to 
Romax Spin.

Modeling and Usability: The 2D Worksheet now 
shows which bearings have 1D raceway connections. This 
allows users to quickly check all the bearings in a model 
to see which are configured to have 1D raceway flexibility 
and which do not. (Note, a similar visual check if bearings 
have 3D (FE) raceway flexibility is enabled.)

Journal Bearings: The operating temperature of the 
journal bearing lubricant film can now be directly speci-
fied. In previous versions, the journal bearing operating 
temperature was determined as the mean temperature 
of its shaft and housing. This can now be overridden 
with a custom value, for example, obtained outside of 
Romax software, and this temperature will affect the 
lubricant viscosity used in the journal bearing compo-
nent calculations.

Rolling Element Bearings: Multi-lobe ovalization 
and custom bearing ring distortion. Rolling bearings may 
be radially deformed by design from a circular shape to 
a bi-lobe, tri-lobe, or other geometry to limit skidding. 
Previously it was possible to define ovalization (i.e. bi-
lobe shape) in Romax software. Now, this has been 
extended to allow multiple lobes and custom shapes, pri-
marily to enable the modeling of tri-lobe raceways, but 
more lobes or an entirely custom shape are also enabled. 
This allows parametric investigation of the applied race-
way distortion and its impact on load and stress distribu-
tion and ring deformation.

Previous bearing dynamics capability in Romax Spin has 
a simplified representation of cages. The cages are con-
sidered rigid and they were only allowed to rotate about 
their own axis. This development addresses one of these 
limitations by adding lateral and tilt degrees of freedom 
to the cages, in addition to the rotation about their own 
axis. This would allow engineers to analyze the lateral 
motion of a cage and its stability by looking at the whirl 
orbits under various operating conditions.

A new bearing catalog from NTN has been added to 
Romax software. It is available alongside existing bear-
ing catalogs and offers matching functionality. The cata-
log data is based on the General Rolling Bearing Catalog 
issued separately by NTN. As with other bearing supplier 
catalogs, limited data has been provided by NTN and the 
rest of the bearing internal and advanced data has been 
estimated by Romax.

The EP Additives setting is now reported alongside the 
lubricant name and level of contamination in the reports 
ISO 281 and ISO/TS 16281 Results to give the user more 
context when reviewing bearing life results. This feature 
minimizes the effort required to check the status of EP 
additives on individual bearings.

The EP Additives setting is now reported alongside 
the lubricant name and level of contamination in the 
reports ISO 281 and ISO/TS 16281 Results and Bearing 
Certification Report (ISO 281 and ISO/TS 16281) to give 
the user more context when reviewing bearing life results. 
This feature minimizes the effort required to check the 
status of EP additives on individual bearings.

Learn more here:
simcompanion.hexagon.com/customers/s/article/Whats-
New-Romax-DT-2022-1

Schaeffler’s OPTIME Ecosystem Balances 
Plant Assets

OPTIME is an easily scalable condition monitoring sys-
tem that consists of wireless, battery-powered vibra-
tion sensors, a cellular gateway and an app to visualize 
the resulting data. This information, which is captured 
by the sensors, is analyzed using proprietary algorithms 
that draw on Schaeffler’s technical expertise, its exten-
sive library of physical models developed and refined over 
many decades, and the experience in condition monitor-
ing that Schaeffler has built up during its bearing servic-
ing operations.
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OPTIME is designed to provide advance warning of 
potential damage to machines such as electric motors, 
fans and pumps. It also offers early notification of 
imbalance, misalignment, and loose-fitting compo-
nents. The OPTIME mobile app displays trends in graph 
format and visualizes the severity of incidents using 
traffic light colors, alarm states and other information. 
Assets can be grouped according to the user’s require-
ments, and their condition can be presented in a range 
of user group-specific views. With OPTIME, in-house 
maintenance personnel and external service contractors 
receive specific recommendations regarding the steps 
required to remedy any issues, enabling them to easily 
plan their maintenance activities, manpower require-
ments and spare parts procurement in a timely and cost-
effective manner.

Frank Mignano, Schaeffler condition monitoring sales 
manager for North America, recently discussed some of 
the new updates and future considerations for OPTIME:

How the OPTIME Ecosystem works
The Ecosystem consists of many elements including 
user interfaces, cloud and analytics, existing customer 
ecosystems, other Schaeffler measuring devices, con-
dition monitoring, mesh network, smart lubrication 
and more. 

The latest updates include vibration/temperature sen-
sors for all “balance of plant” assets; a Smart Lubricator 
which reports status of single-point lubricators—full, 
empty, days left, clogged, excessive temperature; a cellu-
lar gateway for unimpeded connectivity to the Schaeffler 
Cloud; a Cloud application for implementing Schaeffler-
proprietary diagnostic algorithms on the mountains of 
collected data—thereby converting data into actionable 
information; a web dashboard and smart phone applica-
tion to help manage the asset health and maintenance 
planning activities.

In addition, the ProLink multi-channel monitoring 
solution, designed for more critical assets, can also be 
sent to the same Cloud so the end user can manage all 
their asset health information in one place.

Food and Beverage Boiler Fan 
Application

A machine critical to the food and beverage industry—boiler 
fan in the fryer area—can cease production on any failures. 
Prior to enabling the “learning mode” alarm set points, 
OPTIME uses the ISO velocity recommendation (based on 
machine size) which alerted the customer to a higher-than-
normal vibration on the machine. Utilizing the “Expert 
Viewer” application, the customer was able to identify the 
peaks in the demodulation vibration plot as lin-
ing up with the outer race frequency 
of the bearing. The peaks were prev-
alent in both the standard acceler-
ation and the demodulation signal 
processing technique, indicating 
an advanced defect. Maintenance 
plans were scheduled for the fan 
resulting in cost savings of 
at least 20,000 CDN. The 
pilot OPTIME project 
identified this issue 
within two weeks of 
initial install. 

Future Considerations
Mignano offered a few planned features for future updates 
including: a simple drop-in, 4-port smart lubricator—
connecting directly to the Ecosystem; lubrication on con-
dition from the 4-port lubricator; dynamic mode and 
high dynamic mode for intermittently operating machin-
ery (cranes, etc.) as well as significant, automated diag-
nostic enhancements (AI, machine learning) and electric 
motor-specific monitoring capabilities. 
medias.schaeffler.us/en/monitor/optime-

ecosystem
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Advancing Motion and 
Power: A Conversation 
with Roger Thomas from 
Flender Corporation
From the “Ask the Expert” stage at Motion + Power 
Technology Expo 2023
Aaron Fagan, Senior Editor

In an exclusive interview conducted at the Motion + Power Technology Expo 
2023 in Detroit, marketing director Roger Thomas of Flender Corporation 
sheds light on the Flender One helical gear unit. Our discussion delves into 
product development, its link between product design and digital services, and 
the overarching commitment of Flender toward sustainability. The Flender 
One’s unique features, such as AIQ integration for intelligent monitoring 
and Metaperform gearing philosophy, are explored in detail, offering insights 
into its applications, gear ratio ranges, and design considerations. Roger also 
addresses questions about the larger housing surface, its relationship to inte-
gral cooling, and the retrofitting capabilities of the AIQ system to previous 
generations of Flender gearboxes. As Flender looks to the future, Roger out-
lines the company’s vision of continued innovation, emphasizing a commit-
ment to energy efficiency, waste reduction, and achieving CO2 neutrality by 
2030. Join us in unraveling the complexities of motion and power transmis-
sion technology with a leader at the forefront of change, Flender Corporation.

Please walk us through the 
development of the Flender 
One and the link between 
product design and digital 
services.
It is encouraging to see that more and 
more of our customers and stake-
holders want to reduce energy and 
carbon footprint for a sustainable 
future. With the same goal, Flender 
saw an opportunity to develop a rev-
olutionary gear unit that meets cus-
tomer needs and incorporates the 
latest technologies.

The new Flender One helical 
gear unit offers the perfect balance 
between thermal capacity and effi-
ciency, ease of use and technologi-
cal sophistication, and torque and 
transmission range, allowing it to 
meet customer requirements pre-
cisely. Due to its extremely low 
power dissipation, the gear unit pays 
for itself through reduced energy 
costs alone—in most cases, within 
three years.

Incorporating AIQ, our new gear 
unit intelligence with integrated 
sensor technology minimizes down-
time as it monitors performance, 
records, and displays performance 
data for local analysis, decision-
making, and process control.

Roger Thomas, Marketing Director, Flender 
Corporation, roger.thomas@flender.com
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How would you profile the 
typical applications for 
Flender One gearbox?
Typical applications include paper 
productions, pumps, compressors, 
mixers, agitators, and water tur-
bines, to name a few.

How many gear ratio ranges 
are available?
103 transmission ratios from 1 to 7.1 
are available for each of the 11 gear-
box sizes. This provides the densest 
range of transmission stages avail-
able on the market and allows us 
to match the desired rotation speed 
for maximum efficiency and with a 
speed fit of nearly 99 percent. 

Could you please define 
Metaperform gearing for the 
uninitiated?
Metaperform is a design philoso-
phy we use at Flender to develop 
new products. It focuses on pri-
mary design objectives and helps 
us maintain focus throughout the 
development.  The primary design 
objective of Flender One was to 
save power and energy. The aim is 
achieved by designing a more uni-
form path of contact and improved 
roll-off characteristics of the gears, 
an innovative housing design for 
improved heat dissipation, a wide 
range of transmission ratios for 
speed fit, and digitalization for per-
formance monitoring.

The gearboxes have a 35 
percent larger housing 
surface than previous 
models. Is that related to 
integral cooling?
You are correct. The surface area and 
the thermal capacity of Flender One 
have increased significantly compared 
to the predecessor products. The rid 
design is integral to efficient cooling, 
resulting in better heat dissipation and 
unparalleled thermal capacity. This 
eliminates the need for over-dimen-
sioning to increase the gear unit’s 
cooling capacity while reducing the 
need for additional cooling measures. 

One might assume that would 
increase the weight or footprint of 
the units, but that isn’t so, correct?

Although the housing surface is 
larger, the footprint is the same, but 
the weight is less. 

Please tell us about AIQ.
AIQ is Flender’s intelligent sen-
sor incorporated in each Flender 
One when it ships from the factory.  
It provides insight into the opera-
tional performance of the gear unit 
as it monitors vibrations, temper-
ature, and speed measurements 
with the overall objective of avoid-
ing unplanned downtime and saving 
energy. It also calculates the remain-
ing oil life by providing full-time 
monitoring, alert generation, and 
recommended actions if a parameter 
exceeds alarm thresholds.

Can AIQ be retrofitted to 
the previous generation of 
Flender gearboxes?
AIQ can be retrofitted to previous 
generations of Flender gearboxes. 
We only need customer information 
about the application and the type 
of connectivity desired to determine 
the correct sensor. 

What is on the horizon for 
Flender?
We are proud of the reputation for 
superior quality that we have earned 
throughout our 120-year history. 
Flender One is an example of leverag-
ing our acquired product knowledge 
and industry expertise to develop 
innovative products to deliver opti-
mal value and customer experience.

We will continue to develop prod-
ucts that save energy, labor, and waste 
to achieve CO2 neutrality by 2030.

We want to be recognized as the part-
ner of choice for a sustainable future.

flender.com

gearboxes
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Flender One is a 2022 iF Award–winning platform. Available as single-stage and multistage solutions, these gear 
units are suitable for over 100 applications.
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Torque Limiters Promote Human 
Safety in Automatic Door Systems
Exploring friction and ball torque limiter designs in motorized turnstiles, 
sliding doors and other public-facing systems.

Alex Bronzini, President, Comintec North America

Without the right mechanical safety measures in place, automated door sys-
tems—such as turnstiles, revolving doors and sliding doors—can put human 
users at risk. These systems are commonly found in commercial and public 
buildings like airports, shopping centers, hospitals, transit hubs and sports 
arenas to manage the flow of people, enhance security and provide easy access 
for individuals with disabilities. As part of the mechanical countermeasures, 
these systems include torque limiters, which ensure the door always operates 
within safe limits, preventing accidents.

In addition to safeguarding people, the torque limiters used in automatic 
door systems protect the equipment itself. Too much torque can damage the 
motor, gears, and other components in the motorized system, requiring fre-
quent, costly repairs or part replacement. Torque limiters can therefore extend 
the life of these components by minimizing damage and wear and tear. Their 
ability to disengage and slip prevents obstructions or obstacles in the door, be 
it people or items, from continuously straining the motor. Allowing the motor 
to stop and reset can save both time and money by protecting the equipment 
and minimizing wear and tear-related downtime.

At ComInTec, we developed torque limiters for use in these mission-critical safety 
applications. Here’s a deep dive into units we made specifically for motorized 
door systems, including the ways they safeguard both people and equipment 
during operation.

What is a Torque Limiter?
A common power transmission 
component, torque limiters pro-
tect machinery and equipment from 
excessive torque or overload con-
ditions by limiting the amount of 
torque transmitted through a drive-
train or power transmission system. 
If the torque exceeds a predetermined 
threshold, the torque limiter will dis-
engage or “slip,” interrupting the 
power transmission temporarily. This 
function allows the system to reset, 
resolving the overload condition.

In addition to motorized door 
systems, torque limiters are found 
in many industries and equip-
ment, including conveyors, form-
ing machines, winches, agricultural 
equipment and automotive systems.

Due to their simple yet effective 
design, torque limiters offer a wide 
range of benefits:

Reliable operation: Because they rely 
on mechanical components to detect 
and limit torque, torque limiters are 
reliable and easy to maintain. There 
are no electronic components or com-
plex software systems that can fail.

Cost-effective: Compared to com-
plex electronics, torque limiters are 
more cost-effective and are typically 
less expensive to repair or replace.

Immediate response times: As soon 
as there is a change in torque, torque 
limiters will disengage the drivetrain 
almost instantaneously, providing 
fast protection against overloading, 
jamming or other hazards.

High load capacity: Torque limit-
ers can handle very high loads and 
are preferred in a range of indus-
trial applications, including heavy 
machinery and equipment. Our 
largest standard units can handle 

Automatic systems, which must operate around hundreds to thousands of people each day, 
can be a recipe for disaster without the proper safety measures in place.

torque limiters
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up to 120,000 Nm, while standard 
DF torque limiters can handle up 
to 23,000 Nm. In typical turnstile 
applications, the torque required to 
release the system is quite low to 
facilitate egress in case of emergency.

The Role of Torque Limiters 
in Automatic Door Systems
Automatic door systems are one 
important application for torque lim-
iters. These systems must be able 
to operate around high volumes of 
people, providing safety, reliability, 
robustness and, in many cases, an 
aesthetically pleasing design. Impor-
tant for both the protection of the 
system and the protection of its users, 
various kinds of doors benefit from 
torque limiters in different ways.

The torque limiter may slip and dis-
engage because of different causes, 
one of them being obstructions or 
detected obstacles. These applica-
tions may include motorized turn-
stiles for people waiting in long lines, 
public access hatches, walkways, 
revolving doors, and swing doors, res-
idential gates for private access, slid-
ing or folding doors in automotive 
and locomotive applications.

Other automated door systems 
require controlled opening and closing 
to properly manage foot traffic. These 
applications that can benefit from 
torque limiters include tripod turn-
stiles for checking tickets at events or 
managing passenger flow in subways, 
large turnstiles for controlling passen-
ger flow in places that require a high 
degree of security—such as airports 
and other transit hubs.

These dynamic systems, which 
must operate around hundreds to 
thousands of people each day, can 
be a recipe for disaster without the 
proper safety measures in place. 

Torque limiters fill this important 
role by limiting the amount of torque 
that can be transmitted through the 
door system. If the torque exceeds 
the set limit, the limiter will slip, 
preventing further torque transmis-
sion. Torque limiter slippage can pre-
vent automatic doors from becoming 
immobile and denying access to users 
or potentially trapping them.

ComInTec Torque Limiters
ComInTec developed two units—the 
DF friction torque limiter and EDF/F 
ball torque limiter—which feature a 
compact and easy-to-install design, 
high durability, and minimal main-
tenance even after a high number of 
cycles. These components can also 
be integrated into existing door sys-
tems without altering the design, 
keeping uptime high.

The DF series is a friction torque 
limiter, which relies on friction 
between two surfaces to limit the 
amount of torque that is transmit-
ted through the system. The basic 
design consists of two rings, which 
are mounted on either side of the 
drive shaft. If the transmitted torque 
exceeds the threshold, the mate-
rial between the plates will begin to 
slip, which stops the load from rotat-
ing and prevents damage to the drive 
unit. In motorized door applications, 
the DF series provides end-of-stroke 
slippage, quietly intervening with-
out disconnecting the movement.

Additional features include a sim-
ple, economic mechanical design, 
silent overload without vibration, 
protection in both rotation direc-
tions, asbestos-free friction discs, 
precise torque-setting via adjusting 
the locking ring, and up to 23 kilo-
newton-meters (KNm) of torque and 
140 mm bore diameters.

The EDF/F series is a ball torque 
limiter, which consists of two halves: 
a driving member and a driven mem-
ber that are separated by a set of steel 
balls housed in grooves on both mem-
bers. When the input shaft rotates and 
exceeds the torque limit, the balls are 
forced out of their grooves, causing 
the driving member to slip past the 
driven member, stopping the trans-
mission. In motorized door applica-
tions, the EDF/F series will switch off 
the control motor to the system in 
the event of an accidental impact. It 
will also allow the unlocking of the 
movement in emergency situations.

Additional features of this unit 
include reduced torsional backlash 
by the ball drive, maintenance-free 
for long-lasting operation, use in 
damp and oily environments, and 
up to 1,450 Nm of torque and 55 mm 
bore diameters.

Learn More About Torque 
Limiters

Torque limiters like the DF and 
EDF/F series provide reliable, cost-
effective protection against torque-
related hazards in a wide variety of 
machinery. At the same time, their 
mechanical simplicity, immediate 
response time and high load capac-
ity make them a popular choice for 
maintaining safety in motorized 
door applications.

comintecusa.com

The EDF/F 
series is a ball 
torque limiter, 
which consists 
of two halves: a 
driving member 
and a driven 
member that 
are separated 
by a set of steel 
balls housed in 
grooves on both 
members.

The DF series is 
a friction torque 
limiter, which relies 
on friction between 
two surfaces to 
limit the amount 
of torque that 
is transmitted 
through the 
system.

Torque limiters fill an important role by 
limiting the amount of torque that can be 
transmitted through the door system.
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Particle-Based CFD 
Study of Lubrication 
in Power Transmission 
Systems Using 
Local Refinement 
Techniques
Benjamin Legrady, Dive Solutions GmbH

In the field of mechanical engineering, addressing challenges related to energy 
efficiency, raw material consumption, and environmental impact has become 
increasingly critical. Industries are constantly pushed to develop innovative 
products and optimize existing ones to comply with strict regulations gov-
erning power consumption and emissions. The rise of electrified engines, 
hybrid solutions, and alternative fuel concepts, such as hydrogen or e-fuels, 
further underscores the need for advancements in drivetrain components. 
These components play a vital role in transmitting the power generated by 
an engine to the road surface. While current designs achieve conversion rates 
of up to 97–99.5 percent of mechanical input power to usable output power, 
there is still significant potential for further improving the efficiency of gear-
boxes (Ref. 1). Enhancing gearbox efficiency not only reduces heat dissipation 
for a given power output but also enables the design of more compact cool-
ing components. Optimizing lubrication flow in gearboxes can also minimize 
the amount of oil required to reduce friction between gears and dissipate heat 
from drivetrain components. With the advent of water-based lubricants, the 
innovation process also takes place on the material side. However, it is crucial 
to address emerging losses that become more pronounced at higher rotational 
speeds and lower loads, which are typical conditions for automotive transmis-
sions operating at their top gear ratio (Ref. 2).

By gaining a comprehensive understanding of and effectively controlling 
the lubrication flow within transmissions, significant advancements can be 
made toward achieving more efficient and environmentally friendly gear-
boxes. This paper aims to investigate the mechanisms and origins of hydraulic 
losses in bevel-geared gearboxes, with the ultimate goal of identifying oppor-
tunities for constructive measures to optimize losses and increase overall 
efficiency. Through the utilization of the Smoothed Particle Hydrodynamics 
(SPH) method, this study provides a reliable and efficient tool for accurately 
analyzing fluid patterns and deriving hydraulic power losses within an accept-
able industrial time frame of two days. The findings not only contribute to the 
understanding of loss sources and their physical origins but also highlight the 
potential of the SPH method for lubrication simulations and power loss opti-
mization. Ultimately, the insights gained from this research will pave the way 
for reduced product development cycles and foster the use of efficient lubrica-
tion strategies in gearboxes.
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Power losses within a gearbox are classified according 
to their component or origin, that is gears PLG, bearings 
PLB, seals, PLS, and other parts or auxiliary components, 
PLX, like clutches and electric pumps. Losses of the indi-
vidual components are further divided into load-depen-
dent, index L, and load-independent losses, sometimes 
referred to as spin or no-load losses, index 0. Following 
the notation of Niemann and Winter (Ref. 3), the power 
losses may be written as:

P P P P P P PL LG LG LB LB LS LX= + + + + + :0 0

(1)

Load-dependent losses are typically determined by 
standards or in-house or commercial gearing pre-design 
tools. On the contrary, accurate prediction of load-inde-
pendent losses requires an accurate prediction of the 
interaction between lubricant and fluid which is a pri-
ori unknown as all components interact with the lubri-
cant in a coupled manner. The load-independent losses 
are grouped by their physical origin. Churning, index C, 
arises due to the parts moving the inertia of the oil by 
pressure and viscous forces acting from the fluid towards 
the wheel. Squeezing, index S, covers losses that are gen-
erated by the rapid volume changes in the periodically 
opening and closing meshing zone. Windage, index W, 
covers losses due to air resistance. This yields the gen-
eral formulation of load-independent losses in a passive 
lubricated gearbox:

P P P PL C S W= + + :0

(2)

It has been commonly observed that losses due to 
air resistance are negligible for circumferential speeds 
below approximately 20 m/s (Refs. 4, 5). This paper only 
covers losses due to the fluid’s resistance to the gears 
and the bearing, ignoring the air’s presence. This loss 
share covers the previously described churning and 
squeezing effects and will be addressed as hydraulic 
losses in this paper.

Although experimental research on the topic of gear 
power losses has been conducted since mid of the 20th 
century (Ref. 6) and extensive studies have been made 
in the following decades (Refs. 7, 8), no general con-
cept has been developed to accurately determine power 
losses for all components in a transmission. The diffi-
culty stems from the fact that the fluid flow within gear-
boxes is inherently complex. This is caused by the com-
plexly shaped bodies churning through the lubricant-air 
mixture. The fluid phenomena for bevel gears are inher-
ently more dynamic than cylindrical gears due to their 
exposed three-dimensional shape and mounting posi-
tion. Only a little research on bevel gear churning losses 
has been conducted. Experimental studies on single 
rotating bevel gears made by Laruelle et al. (Ref. 4) pro-
pose a formulation for the churning torque over filling 
height, gear radius, and rotational speed for different 

fluid regimes. Quiban et al. (Ref. 9) updated these for-
mulations and highlighted the phenomena of decreas-
ing churning torques for dynamically varying filling 
heights. A broad range of tests for different hypoid gears, 
rotational speed, oils, attitudes, and single and meshing 
gears have been conducted by Jeon (Ref. 10). This study 
provides quantitative measurements for a specific gear-
box. Therefore, his findings cannot be applied to arbi-
trary bevel-geared transmissions. 

With the advent of high-performance computing and 
the progress of computational fluid dynamic (CFD) 
methods, simulations of the motion of the fluid within 
a gearbox became feasible (Refs. 11, 12). Subsequently, 
it was demonstrated that CFD is capable of accurately 
reproducing the fluid dynamics observed in experi-
ments (Ref. 13). The investigations of the last decades 
are based on traditional CFD approaches that uti-
lize a grid-based Eulerian technique. These methods 
are established but have to cope with major difficul-
ties: With increasing complexity, that is more mov-
ing geometries, narrow gaps, and large geometry cur-
vature, generating a sophisticated computational grid 
becomes difficult (Refs. 14, 15). Tracking the complex 
phase interface between air and oil requires a suffi-
ciently fine mesh and the transient deformation of the 
domain with its moving parts requires adapting the 
grid over time. These demands raise the computational 
effort drastically. A variety of mesh and geometry han-
dling techniques are employed to cope with this mat-
ter. A summary is given in Concli and Gorla (Ref. 16) 
and Concli et al. (Ref. 15). However, these methods have 
been proven to reliably predict churning losses in gears 
(Refs. 12, 13, 15). A sophisticated overview of state-of-
the-art CFD research in numerical drivetrain lubrication 
applications is given in Maccioni and Concli (Ref. 17). It 
is carved out that individual methods exist to address 
hydraulic losses in bearings, gearsets, or pumps indi-
vidually with more than 80 percent agreement between 
simulation and experiment. However, most of those 
papers focus solely on one of those mechanical compo-
nents per simulation. Considering grid-based methods, 
e.g., Peng et al. (Ref. 18) presented qualitative results of 
an automotive rear axle gearbox with rotating bearings 
and validated their method with experimental values in 
a specialized test rig considering gears only. Oil, oper-
ating conditions, and filling heights are comparable to 
this paper. The simulation domain was separated into 
individual mesh zones, where motions were applied by 
user-defined functions. No detailed assessment of the 
bearing-induced churning losses is presented. 

Smoothed Particle Hydrodynamics (SPH) is a 
Lagrangian CFD technique that has lower demands on 
geometry quality, thus decreasing simulation preparation 
time drastically. Mathematically, this approach renders a 
moving and deforming grid method where the collocation 
points are commonly called particles. Since neighboring 
relationships are updated after advecting the particles no 
computational grid is required. Here, particles of distinct 
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fluid types represent individual phases and the unique 
particle type implicitly reconstructs the phase interface. 
Apart from the native handling of free surface flows, SPH 
has also proven to provide computational advantages for 
drivetrain simulations. Keller et al. (Ref. 19), as well as 
Maier et al. (Ref. 20), conducted SPH simulations 20–25 
times faster than a Eulerian simulation of the same prob-
lem. These aspects indicate the significant potential of the 
SPH method in the field of transmission CFD. Being mesh-
free, it simplifies the time-consuming geometry prepara-
tion and the simulation itself, by making typical procedures 
such as remeshing or gear-scaling obsolete. Although over-
all fluid flow was reproduced accurately (Refs. 21–24) this 
method has not yet been proven to replicate the measured 
churning losses for various cases with an accuracy of over 80 
percent (Refs. 17, 22). The main reason lies in under-resolv-
ing pressure gradients in the contacting areas and veloc-
ity gradients in churning regions. Multiple approaches with 
artificially increased fluid-wall friction are employed to cal-
ibrate results closer to the experimentally expected values. 
Contrary to the previous papers, the utilized SPH solver 
comes with the following differences:
• It imposes the boundary-particle interaction 

by considering the shape of the boundary, i.e., 
evaluating the boundary integral of the particle’s 
kernel with the solid wall to ensure consistency of 
the kernel integration scheme. This is not ensured by 
employing dummy boundary particles or polygonal 
wall-distance-force functions (Refs. 25, 26) are used 
to describe the interaction of the fluid with the wall, 
which will inevitably lead to substantial spatial 
resolution dependencies.

• Using multiple particle resolutions per simulation to 
improve resolving the pressure gradients and fluid 
boundary layers.

• No usage of artificially increased forces between 
fluid-wall and fluid-fluid interaction to calibrate 
results to experimental data.

Moving particle semi-implicit (MPS) characterizes 
another Lagrangian CFD method. Both MPS and SPH 
are very similar in their numerical approach as shown 
in Soute-Iglesias et al. (Ref. 27). Again, multiple stud-
ies report accurate prediction of visual oil distribution 
within gearboxes (Ref. 25, 28). The churning loss deter-
mined by applying the MPS method on a high-speed rail-
way system is qualitatively investigated in a similar study 
conducted by Deng et al. (Ref. 29) as well as in Shao et al. 
(Ref. 26). A similar qualitative study is presented in Singh 
et al. (Ref. 24). The results presented are derived from an 
implicit MPS solver that allows for theoretically larger 
time steps than the explicit SPH solver in this paper. 
However, implicit solvers have the disadvantage of solv-
ing the pressure Poisson equation by a computationally 
costly matrix inversion. Additionally, presented hydrau-
lic losses for bearings were reported to be negligible low, 
i.e. one to two orders of magnitude smaller than the gear-
induced hydraulic losses. 

This paper outlines a methodology for investigating 
churning losses of gears and bearings simultaneously in 
an industrial gearbox by bridging the fluid scale differ-
ences with particle-refinement techniques in SPH and 
subsystem investigations of the bearings. A special focus 
is set on the importance of replicating the roller bear-
ing’s motion correctly instead of a simple rigid rotation. 
The method is applied as a parameter study considering 
rotational speed, turning direction, and filling height to 
highlight the benefits of cloud-native high-performance 
computing for virtually replicating experimental test 
rigs to derive a reliable system response within a few 
days without building a prototype.

Numerical Approach

SPH Kernel Interpolation
Fundamental to the SPH method is the spatially dis-
crete representation of a continuum with so-called 
particles. These collocation points, which move along 
their trajectories, inherit the physical properties of 
the continuum.

A weighted interpolation, i.e., the kernel function w, 
at these points, is used to determine its properties based 
on its distance from adjacent particles and their physi-
cal quantities z. As the interpolation radius may extend 
beyond the presence of fluid, e.g., at walls, a renormaliza-
tion factor c is introduced to account for the missing con-
tent and ensure at least zeroth order consistency (Ref. 30). 
The described interpolation reads:

x
x

w x x x dV1
p

p
pz

c
z= -^ ^ ^ ]h h h g#

x w x x dVp pc = -^ ^h h#
(3)

Figure 1—3D visualization of the SPH interpolation within the fluid 
(right) and with domain boundary contribution (left).
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Navier Stokes Equations in a Weakly 
Compressible Formulatio
Liquids are considered incompressible if the density 
remains constant. This is true for fluid speeds signifi-
cantly below the material’s speed of sound or if pressures 
are not extreme. In the current work, a weakly compress-
ible modeling approach is utilized allowing for small den-
sity changes, i.e., less than one percent. An equation of 
state links the pressure directly to the density change.

The mathematical basis of fluid dynamics is derived 
using this preposition. Incompressibility is considered 
for the derivation of the momentum equation. Contrarily, 
the continuity equation is solved in its compressible form 
to account for the change in the density. Here, the equa-
tion of state proposed by Cole (Ref. 32, 33) is used. This 
yields the governing equations for weakly compressible 
SPH in the Lagrangian formulation:

dt
dx v=

dt
d

v:d
t

t=-

dt
dv p v v g1 1 T: 7 7d d d dt t n=- + + +^ ^ ] g hh

p
c

p1
0 0
2

0c
t

t
t= - +

c

0c m
(5)

with the position of the particles x, velocity v, time t, den-
sity t, pressure p, dynamic viscosity n, gravity g, back-
ground pressure p0, artificial speed of sound c0, reference 
density t0 and exponent c, which is chosen as 7.0 for liq-
uids like oil (Ref. 33) and 1.4 for gases like air (Refs. 34, 
35). It should be noted that the artificial speed of sound is 
a numerical trick to enlarge the time step, i.e., fast com-
putation times, while receiving physically sound results.

Equation 5 is discretized using the SPH formalism. 
The temporal derivates are discretized using a modified 
Runge-Kutta 4 (Ref. 37) scheme, separating the acous-
tic and advective time steps to allow for faster compu-
tation (Ref. 38). To improve numerical stability and the 
quality of the pressure field, an additional diffusive term 
is added to the continuity equation (Ref. 39). To ensure 

a regular particle distribution while avoiding unintended 
particle clumping, a particle shifting technique is applied 
(Ref. 40). This improves the interpolation quality of the 
scheme (Ref. 41) while maintaining the overall volume of 
simulated fluid. The utilized method is inspired by Ref. 42 
and 43. In this work, no turbulence model is utilized.

Wall Boundary Conditions
For the wall boundary conditions, there are two major 
approaches to representation:
• The boundaries are thickened with so-called dummy 

particles, that can be included in the regular particle 
interaction (Ref. 32).

• Integral boundary conditions use a segment-based 
mesh representation of shapes (Ref. 44).

In Sabrowski et al. (Ref. 35], the different boundary con-
dition approaches are discussed specifically for gearbox 
applications. This work uses a segment-based mesh rep-
resentation to treat boundary conditions. This approach 
was chosen as it allows for a very accurate and native rep-
resentation of computer-aided design (CAD) geometries 
in the SPH method and ensures to account for the bound-
ary contribution of the SPH interpolation.

Particle Refinement Techniques
One of the five grand challenges of SPH is adaptivity 
(Ref. 45), which is generally the usage of multiple parti-
cle sizes within one simulation. The ideal particle-based 
solver adapts the particle size so that the numerical res-
olution is fine enough in areas of interest to resolve 
desired flow phenomena while being computationally 
fast and without introducing numerical errors. Having 
particles of different sizes interact in a naïve manner 
with one-another does immediately violate the condi-
tions, such as:
• Larger particles would have larger kernel sizes, thus, 

considering smaller particles for the interpolation that do 
not see the larger particles. This would violate Newton’s 
third law, i.e., reaction would not equal action,

• Compensating for this caveat by enlarging the 
kernel radii for smaller particles would lead to a 
significantly increase in particle neighbor count, thus, 
computational performance would decrease.

Here, the Wendland kernel of the fifth order is used as a weighting function. Using the derivative of the kernel, the 
SPH formalism allows for an approximation of spatial derivatives, which is crucial for solving partial differential equa-
tions numerically. The concept is illustrated in Figure 1. Specific care has to be taken for the consideration of boundary 
handling. Consider the lower green particle at position xp then, with its kernel function w, the kernel interpolation of a 
derivative for arbitrary quantity z will have a volume integral contribution (∫ … dV)and a boundary integral contribu-
tion (∫… dB). The first comes from within the fluid, i.e., the contribution from the surrounding particles and the latter 
stems from the kernel overlapping with the wall. Here n is the inward-pointing surface normal. To ease readability, the 
renormalization term is ignored. Integration by parts yields (Ref. 31):

x w x x x dV w x x x n x dBp p pd dz z z= - - -^ ^ ] ^ ] ]h h g h g g# #
(4)
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Multiple ideas exist like an adaptive particle splitting 
technique into multiples of their previous size based 
on certain pre-defined flow conditions. Similarly, these 
particles are merged, or de-refined. If the algorithm 
avoids the issues mentioned above, one idea can be 
to merge particles of versatile sizes as pairs or small 
groups. As pointed out by Chiron et al. (Ref. 46), this 
process can become computationally costly and faces 
difficulties when the coalescence rate differs from 
the refinement rate since particles may be merged as 
pairs but created as eightfold, twenty-sevenfold etc. An 
additional challenge is introduced as the de-refining 
step has been shown to react sensitively to non-regular 
fields (Ref. 45).

Another idea consists of small layers that coexist on top 
of the coarse domain to avoid overlapping of the kernels 
(Ref. 35). Here, the large, further denoted as coarse, par-
ticles enter the region of interest and, in the buffer layer 
of the fine particles, are split into finer particles. Fluid 
properties are interpolated into this layer by SPH formal-
ism from active to passive particles ensuring information 
coupling of fine and coarse regions. Afterwards, the flow 
equations are solved on the fine particles and coarse par-
ticles are passively advected. Once the fine particles leave 
the buffer zone, the flow equations are solved by the re-
activated coarse particles and the fine ones are deleted. 
This ensures mass conservation for the coarse layer. The 
process is schematically shown in Figure 2 and will be 
used in this paper.

Hydraulic Loss Evaluation Method
The calculation of churning losses is executed using pres-
sure Fpi and viscous forces Fvi acting on the i-th rotating 
boundary triangle with area Ai and normal vector ni as:

F p A npi i i i=

F x
v A nvi

i
i i2

2
n= b l

(6)

The specific torque around the rotational axis of each 
component j can be calculated as:

T r F Fj ii pi vi#= +^ h/
(7)

Figure 2—Particle refinement method with the multi-layer approach 
in 2D. Coarse particles are split into four fine particles in a buffer 
zone. The fine particles are active in the refinement zone.

with the lever ri. However, a more general approach is 
exploited to calculate the local power Pi by its definition 
as force F acting on a segment scalar product with the 
segment velocity vi:

P v F F P Pi i pi vi pi vi:= + = +^ h
(8)

Integrating over the whole component leads to the cor-
responding overall power losses by means of viscous Pvi 

and pressure Ppi:

P P Pj pi vi

i

= +^ h/
(9)

which will be used to evaluate the power loss distribution 
for each component. Equation 8 circumvents the neces-
sity to individually account for the torque of one roller 
bearing rotating around its axis and the axis of the shaft. 
This formulation is universally applicable.

Tapered Roller Bearing Kinematics
The kinematics calculation of the gears is done by apply-
ing an ideal gearing ratio and requires no further expla-
nation. The bearing’s motion is assumed to be slip and 
deformation free, thus, modelled by ideal kinematic slip 
conditions at the contacting surfaces. The equations 
must be derived in the form of two motions:
• The rigid rotation of the cage and rollers around the 

axis of the inner ring—~cage

• The rotation of each roller around its axis which is 
moved by the cage’s motion—~roller

Since the motion of an axial, ball and cylindrical bear-
ing represents a special case for a bearing with a roller 
that moves with tilted roller axes, a general set of motions 
is derived based on Figure 3.

The bearing moves slip free around the inner and outer 
race, thus, any set of points for a representative roller 
diameter suffices to derive the kinematic relationship. 
Without loss of generality, consider the three marked 
points (  ,  , ). At the outer race ( ), the circumferential 
velocity of the outer race must equal the superposition of 
the roller velocity added to the cage velocity. At the inner 
race ( ), the circumferential velocity of the inner race must 

Figure 3—Schematic tapered roller bearing kinematic description.
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equal the superposition of the roller velocity subtracted 
from the cage velocity. Velocities are written in terms of 
rotational speed and effective diameter that yield:

 v d d d
2 2 2out out
out

cage
out

roller
roller~ ~ ~= = +

(10)

 v d d d
2 2 2in in

in
cage

in
roller

roller~ ~ ~= = -
(11)

Substituting din = dpitch-cos a droller and dout = dpitch+cos a 
droller with a being the angle between the inner race axis 
and roller axis eventually leads to:
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Experimental Setup
The torque test bench Kegelradprüfstand (KRPS) at Dresden 
University of Technology (TUD) is used for this study. It con-
sists of two slave and two test gearboxes of similar charac-
teristics shown in Figure 4. Test gearbox 2 is investigated in 
detail. The load torque is applied on the pinion side, torque 
is measured with an HBM torque transducer of type T40B on 
the shaft of the pinion and as well as the wheel.

The temperature was measured at the bottom of the oil 
reservoir. A temperature of 60 ± 2°C was ensured through-
out all torque experiments. For the experiments, the oil 
Mobilube HD 80W-90 was used. The oil properties at the 
respective investigation temperatures are given in Table 1.

Figure 4—Bevel gear torque test bench (KRPS) at Dresden University 
of Technology.

Table 1—Oil properties of Mobilube HD 80W-90 for the investigated 
operating conditions.

Temperature (°C) Density (kg/m3) Kin. Viscosity (cSt)

26 894 310

60 875 53

The test gearbox comprises a bevel gear stage with a 
gear ratio of 3.08. The pinion shaft is supported by two 
roller tapered bearings in the X-mounting position, the 
wheel is supported by two smaller tapered bearings in the 
O-mounting position and an additional cylindrical roller 
bearing. The digital model (Figure 5) does not include an 
active lubrication system in between the pinion bearings 
and the meshing zone as well as the pumping system and 
pipes at the bottom of the reservoir. This system cannot 
be removed nor switched off. Previous studies at the test 
rig have shown that the lubrication effect of the injection 
system is negligible. It is not clear if this holds for power 
losses as well. The uncertainty consequences are dis-
cussed at a later occasion.

The average torque loss was measured for rotational 
speeds from 1,200 to 1,800 rpm, filling heights of 10, 45, 
and 85 mm below the centerlines and both turning direc-
tions. The gearbox of dimension 700 x 500 x 500 mm con-
tains around 16 L oil at the highest filling level. The rota-
tional speed was increased stepwise; this increase was 
followed by a stepwise decreasing measurement resulting 
in two torque readings that cover 15 seconds of measure-
ment time each. The load-dependent, injection-induced 
and sealing losses were subtracted by employing one 
minimum lubricated test run for both turning direction. 
The introduced uncertainty is discussed at a later occa-
sion. The gears are engaged in driving mode for all oper-
ating conditions. For all tests, a constant load of 1 kNm 
had to be applied on the pinion side to avoid damage to 
the slave gearboxes due to gear hammering. The follow-
ing tests have been conducted for both turning direc-
tions, which is inwards (IN) if oil is immediately dragged 
into the meshing zone and outwards (OUT) otherwise. 
The gear characteristics are given in Table 2.

Figure 5—Geometry model of the test gearbox. Neither injection nor 
pumping system are included.
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Numerical Setup
For a visual comparison, the cold start situation (26°C 
and 600 rpm) was captured by removing the top lid of 
the housing. The amount of aeration has been visu-
ally verified to be small after the test run. Visual vali-
dation of the oil distribution has been conducted by 
Ref. 36. For the following section, bearing DIN 720-
32221 is addressed as the larger pinion bearing 1 (P1), 
bearing DIN 720-32020 is addressed as pinion bearing 
2 (P2), bearing DIN 5412 NU 2217 E as wheel bearing 
1 and both bearings DIN 720-31314 together as wheel 
bearing 2 and 3. Only the last two are provided with a 
cage geometry.

The simulations are executed as follows: Spatial parti-
cle refinement zones are located around the gears, bear-
ings and the pinion’s shaft between the supporting bear-
ings as visualized in Figure 6.

Figure 6—Initial discretization and geometry setup for nominal filling 
height of -10 mm below gear axes. Dark blue areas represent coarse 
particles (1.4 mm), light blue refined particles (0.7 mm). Transparent 
blue shapes indicate the refinement zones.

Both gears, shafts, and contacting roller bearings with 
cages linearly accelerate to full speed at 0.1 seconds and 
hold the terminal velocity for 0.4 seconds. The ramp-up 
is chosen to allow for faster quasi-stationary convergence. 
Starting with the terminal velocity introduces a shock sim-
ilar to a splashing event into the simulation system whose 
effects take longer to decay. The movements of the bear-
ings and cages follow the ideal kinematic contacting con-
ditions. The simulation finishes at 0.5 seconds. The churn-
ing loss results are averaged over the last rotation of the 
wheel. The simulated hydraulic loss signal over time for a 
full system rotation of 1,600 rpm for the outward turning 
direction is shown in Figure 7. All simulations were con-
ducted in parallel on the cloud-native simulation platform 
Dive Solutions on CPU AMD EPYC 7V73X within 29- and 
40-hour simulation time with the solver Dive SPH 3.4.1 
with varying particle counts of 7 to 8.5 million. 

The study Ref. 36 investigated the gear interaction space 
without bearings and found negligible loss differences for spa-
tial resolutions smaller than 1.5 mm. To allow for a numerical 
discretization through the pinion and wheel shrouding gaps, 
a minimum global particle size of 1.4 mm must be chosen, 
which fulfils the particle size requirements of the study men-
tioned above. However, the previous study did not investigate 
the resolution sensitivity of hydraulic losses for the bearings 
or the shafts. Compared to the data presented in the study 
(Ref. 36) and this study the following differences are present:
• Postprocessing routine:

 - The newly utilized postprocessor reconstructs the 
exact forces present on the walls to accelerate the fluid.

 - The old, utilized postprocessor extrapolated the 
fluid-induced forces of interest from the fluid data 
onto the walls.

• Solver modelling:
 - A new particle-shifting technique has been used in 

this study.
• Spatial discretization:

 - Full system simulations were done with a 1 mm 
particle size in the previous study.

The consequences of these changes are manifold and 
cannot be summarized with a clear trend.

Figure 7—Viscous Pv (yellow) and pressure Pp (blue) induced 
hydraulic losses for the full system’s OUT case without bearing 
subsystems at 1,600 rpm. Overall hydraulic losses are averaged over 
one full rotation of the wheel.

Table 2—Bevel gear pair characteristics.

Parameter Pinion Wheel

Outside diameter d0 (mm) 87.52 236.97

Mean pitch diameter dp  (mm) 66.96 206.46

Mean normal module mmn (mm) 4.57 4.57

Number of teeth Z 12 37

Tooth width b (mm) 30 30

Tooth height h (mm) 10.28 10.28

Mean pitch angle d (°) 17.97 72.03

Mean spiral angle bm (°) 108.53 108.53

Generated normal pressure angle 
on drive side anD (°)

19.79 19.79

Spiral hand Right Left
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The study Ref. 36 pointed out that the churning loss 
contribution from the tapered roller bearings in the pin-
ion becomes substantial and needs to be captured. To 
keep the simulation effort low, the following method 
was employed: Based on the fluid distribution at the last 
output, the flow field around each bearing’s proximity is 
extracted and further refined. This subsystem is investi-
gated in a separate simulation until the results reach a 
stable value. The process is elucidated in Figure 8, where 
the fluid distribution’s contour around the large roller 
bearing of the pinion is extracted and yields as a fluid fill-
ing for a subsystem simulation. To ensure mass conserva-
tion between the old and new system, the fluid contour 
is slightly thickened. The validity of this process is based 
on the assumption that a) the influence of the subsys-
tem’s axial boundaries is negligible and b) the loss signal 
becomes quasi-stationary before a significant amount of 
flow is moved axially through the bearing. Fixing the par-
ticle size globally at 0.25 mm for all bearing simulations 
lead to optimized runtimes of 0.5–4 hour per subsystem 
simulation for setups with 2 to 14 million particles allow-
ing to complete all simulations within two days. 

Starting the subsystems simulation from the derived 
fluid distribution at terminal speed induces a shock at the 
beginning of the simulation that quickly decays as shown 
in Figure 9 for the pinion’s bearing 1 in the OUT case at 
1,200 rpm. The pressure loss signal quickly starts to oscil-
late after the rollers covered one-sixth of the pinion shaft 
circumference at 12 milliseconds. 

A side note on the observed oscillation frequency: it is 
fixed at around 120 Hz for this subsystem simulation. It 
does not seem to be related to the roller rotational speed 
around their axes (65 Hz) the roller frequency around the 
pinion (8.5 Hz), or the pinion’s rotational speed (20 Hz). 
Similar effects were observed for the other bearing subsys-
tems at 1,200 rpm and 1,600 rpm but not for 1,800 rpm at 
the given output frequency. The amplitude of this oscilla-
tion is relatively lower for the wheel’s bearings compared 
to the pinion’s bearings and is only visible at higher 
speeds. Lowering the oil level increases the amplitudes 
at a given rpm. The analysis of their origin is left for fur-
ther research.

All consecutively shown data are combined results of 
the full system’s pinion and wheel hydraulic losses and 
bearing subsystem analyses if not stated otherwise.

Results

Bearing Investigation
Modelling the ideal kinematics of bearings becomes chal-
lenging for grid-based methods to avoid degeneration of 
mesh cells and, thus, time convergence challenges. Even par-
ticle-based methods have lower geometry quality demands, 
so they are simulated with a simplified motion i.e., as a solid 
body rotating with the average of the relative rotational 
speed difference between the input and output shaft. The 
difference in terms of wetting and loss distribution of both 
approaches are investigated on the example of the pinions’ 
bearings 1. To avoid the influence of surrounding geome-
tries, both simulations were executed as a subsystem simu-
lation from the fluid field of the 1,600 rpm-OUT case.

Time-averaged data is summarized in Table 3. Despite 
being less wetted, the ideal kinematics come with 67 per-
cent higher hydraulic losses than the case with simplified 
kinematics. The reason for this difference is found in the 
negligible share of viscous losses for rollers under these 
kinematic conditions.

Figure 8—Visualization of the subsystem derivation step from a full system simulation (left) to a detailed system simulation of pinion bearing 1 
(center) to all four subsystems (right).

Figure 9—Viscous Pv (yellow) and pressure Pp (blue) induced 
hydraulic losses for rollers in the subsystem of pinion bearing 1 in the 
OUT case at 1,200 rpm. Overall hydraulic losses are averaged over 60 
percent of the simulation length.
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Considering the surface wetting distribution, pressure, 
and viscous hydraulic losses, in Figure 10, the shaded 
contours in the left column indicate a more wetted at the 
contacting zone at the outer race than on the inner race 
for both cases due to the general pumping behavior of 
a tapered roller bearing. The exact roller motion trans-
ports oil from the outer to the inner race and reduces the 
oil distribution shift. In contrast, the shift is more prom-
inent for the simplified motion implying less oil on the 
inner race than on the outer race. Still, pressure-induced 
losses are of similar magnitude for the simplified motion 
despite having more oil at the outer race and a numeri-
cally higher velocity. For the ideal rolling motion a higher 
pressure is being built up by dragging the fluid on the 
surface into the contacting zone which counteracts the 
motion overall motion of all rollers. Since velocity equi-
librium is enforced on the inner race, the same effect 
happens there but the pressure force acts beneficially in 
the direction of the overall roller’s motion. In the sim-
plified case, less fluid reaches the contacting area at the 
inner race. Combining this fact with lower speed leads to 
lower simulated pressured-induced losses.

While pressure-induced forces stem from a normal 
force counteracting the motion of the body, viscous-
induced forces stem from forces acting tangentially 
against the direction of motion of the body. Keeping this 
in mind, fluid shear rates must be large in the contacting 
areas when the flow is dragged from the area of high vol-
ume into the area of low volume, thus, must escape else-
wise. However, power losses are only produced in areas of 
high velocity due to the definition of power times veloc-
ity. At the outer race, the low velocity magnitude renders 
viscous induced power loss small but makes them sub-
stantially larger at the inner race for the correct bear-
ing motion. For the simplified kinematics, the squeezing 
effect into the contacting zone is not captured, thus, vis-
cous losses are negligible in case. At the inner race, the 
small amount of oil that reaches the contacting zone cre-
ates large friction on the shaft as this has a larger circum-
ferential speed than the rollers.

An overview of viscous and pressured-induced loss 
changes from the full to the subsystem analysis is given in 
Figure 11 with the two largest bearing contributions, pinion 
bearing 1 (P1) and pinion bearing 2 (P2) and the loss change 
from the full system to the subsystem simulation. The 

change from 0.7 mm particle size resolution to 0.25 mm 
particle size becomes more prominent for larger rotational 
speeds indicating that larger speeds come with both higher 
velocity and pressure gradients. For an under-resolved sim-
ulation, i.e., velocity gradients are not captured at all, halv-
ing the particle size would lead to doubling the viscous loss 
share due to better resolution of the boundary layer. Here, 
the largest difference (1,800 rpm, OUT case, P1) is 2.5, which 
is lower than the particle size ratio of 2.8. Additionally, the 
wetting increased from 9 to 10 percent. Thus, boundary lay-
ers are partially resolved. The change in pressure can go 
both ways: for lower rpm, the pressure share on total losses 
reduces from coarse to fine resolution as particles are less as 
less geometrical squeezing appears. At higher rpm, resolv-
ing the physical squeezing in more detail reproduces the 
correct pressure gradients. Thus, ensuring convergence for 
both loss shares is paramount to determining convergence. 
More critically, under-resolving can lead to wrong trends as 
seen for the pinion bearing 2 trends from 1,600 to 1,800 rpm. 
The pressure share was not resolved at all. Thus 0.7 mm 
particle size is not sufficient to resolve pressure gradients 
in between the smaller rollers. Increasing the resolution 
did capture some pressure gradients and increased wetting 
by about five percent. A finer resolution is advised for 
future studies. 

Figure 11—Viscous Pv (yellow) and pressure Pp (blue) induced 
churning losses by pinion bearing 1 (P1) and pinion bearing 2 (P2) in 
coarse (0.7 mm, left) and refined (0.25 mm, right) resolution over rpm. 
OUT (left chart) and IN (right chart) case are shown.

Table 3—Instantaneous wetting and hydraulic power loss share 
comparison of pinion bearing 1 subsystem simulation at 1,600 rpm in 
the OUT case for ideal and simplified kinematics.

Component Ideal kinematics Simplified 
kinematics

Instantaneous wetting 
(%)

10 ± 0.2 14 ± 1

Pressure power losses (W) 41 ± 19 46 ± 2

Viscous power losses (W) 36 ± 2 0 ± 1

Total power losses (W) 77 ± 19 46 ± 3

Figure 10—Comparison of the exact bearing kinematics (top) and a 
rigid rotation with half the shaft’s velocity (bottom) in the subsystem 
simulation of pinion bearing 1 at 1,600 rpm, OUT, for velocity (left) 
with wetting- (shaded), pressure- (center) and viscous- (right) 
induced losses.
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The subsystem simulation reveals that pinion bearing 
2 is virtually unaffected by the turning direction. The 
measured amount of oil within the bearing is equal for 
all subsystems. Contrary, pinion bearing 1 churning 
losses are constantly more than 10 percent larger for the 
IN direction, more specifically, due to more than 15 per-
cent larger viscous losses. This correlates with a more 
wetted area for the inward direction for all speeds for 
the direction of the inward as listed in Table 4. It is 
noticeable that a relative increase in wetting leads to a 
lower relative increase in viscous churning losses. Since 
the high viscous power loss zone—contacting zone of 
the roller at the inner race—is already filled, the addi-
tional wetted area is in regions of lower velocity gradi-
ents. A detailed investigation of the loss mechanism is 
given in the next investigation.

Influence of Turning Direction
Turning direction is considered to have a substantial 
impact on hydraulic gearing losses. This effect is com-
monly known to be related to oil squeezing for high oil lev-
els, specifically if an oversupply of oil is dragged into the 
gear meshing zone as could be expected for the IN case. 

The simulations of both turning directions at 1,600 rpm 
input speed capture this trend as well—overall hydraulic 
losses are over 20 percent larger when oil is dragged into 
the meshing zone compared to out of the meshing zone. 
The same ratio was found in the experimental inves-
tigation. From Table 5, it is deducted that wheel bear-
ing 2 and 3 as well as pinion bearing 2 are located away 
from the gear interaction zone, thus, losses are virtually 
unaffected by a change in turning direction. Although 
located in the gear interaction region, the cylindrical 
roller bearing on the wheel does not show a change in 
churning losses. Thus, the dynamic oil level change in 
the proximity of this bearing is not affected by the turn-
ing direction in this speed range. All components men-
tioned above are rotationally symmetric. Only asym-
metrical flow towards the bearings due to asymmetrical 
geometrical changes close to these regions can cause 
noticeable differences in churning losses. Since pin-
ion bearing 1, pinion and wheel interact with the fluid 
nearby, all differences are found for those three com-
ponents. More specifically, all three components have 
larger losses in the IN case, with a 10 percent increase 
for the wheel, a 15 percent increase for the pinion bear-
ing 1 and a 43 percent increase for the pinion. 

Table 4—Instantaneous wetting of pinion bearing 1 over rpm and 
turning direction.

Instantaneous wetting %

Rotational speed 
pinion (rpm) OUT IN

1200 11 ± 0.3 15 ± 0.8

1600 10 ± 0.2 13 ± 0.8

1800 10 ± 0.2 13 ± 0.8

The surface churning loss distributions for the gears 
are displayed in Figure 12. The wheel’s loss contribution 
in the submerged section is more present for the OUT 
case than the IN case due to the beneficial teeth shape 
that guides oil with the wheel’s motion. This oil is quickly 
thrown off the wheel towards the housing and a smaller 
share of the airborne oil falls or impinges at the housing 
close to the engagement zone. For the pinion, the same 
mechanisms apply with even less oil being guided back to 
the engagement zone due to the box-shaped housing.

On the contrary, the IN-case oil is piled up in the 
engagement zone due to the wheel pushing a substan-
tial amount into this corner of the box (i, Figure 13). The 
difference in both clips represents over 75 percent more 
mass for the inward case in the region of interest. This 
excess oil is squeezed out of the engagement zone with 
the spin direction of the wheel into the pinion bearing 
1. This explains why more oil reaches pinion bearing 1 
in the IN direction than the OUT direction. Effectively, 
this effect also prevents oil from in between the pinion 

Figure 12—Churning loss distribution over the gears for 1,600 
rpm at the input shaft in the OUT case (left) and IN case (right). 
Instantaneous wetting is indicated as shaded area. Zoom on the 
meshing zone on top.

Table 5—Component-wise load-independent power losses for the IN 
and OUT case at 1600 rpm pinion rotational speed.

Component IN power 
losses (W)

OUT power 
losses (W)

Tapered bearings 
DIN 720-31314 (2x)

6 ± 0.2 6 ± 0.3

Cylindrical roller bearing 
D5412 NU 2217 E

6 ± 0.3 6 ± 0.3

Tapered bearing 
DIN 720-32020

32 ± 5 32 ± 5

Tapered bearing 
DIN 720-32221

89 ± 21 77 ± 19

Wheel 74 ± 12 67 ± 3 

Pinion 115 ± 20 80 ± 5

Pressure power losses 149 ± 30 135 ± 20

Viscous power losses 173 ± 10 132 ± 4

Total power losses 322 ± 32 267 ± 20
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bearings to be pumped out leading to larger viscous losses 
around the large pinion shoulder (right, Figure 12). This 
effect comes also with larger viscous losses at the inner 
race, being part of the pinion (zoom, right, Figure 12). 
The oil is pumped out of the bearing at larger rotational 
angles (ii, Figure 13). Lastly, most of the oil is picked up 
again by the wheel and pushed to the opposite side of the 
housing (iii, Figure 13). 

For the OUT case, oil that spun off the wheel, partially 
dripped back from the housing on the wheel and dragged 
into the engagement zone (1, Figure 13). There, it is axi-
ally squeezed towards the wheel shaft (3, Figure 13) lead-
ing to lower hydraulic losses due to the squeezing in this 
turning direction. As there is no large-scale flow created 
by the gears into the pinion bearing 1, less oil is pumped 
out of the bearing (2, Figure 13). 

The main source—more than 50 percent of the 
increase—for additional losses in the direction of the 
inward stems from the pinion that a) has additional pres-
sure contributions due to pushing more oil with the tooth 
flanks and b) larger viscous contributions due to more 
wetted area in between the pinion bearings and on the 
inner race of pinion 1.

The difference measurement for the experiment gave 
510 W for the OUT and 610 W for the IN case as hydraulic 
losses of the system. Thus, the relative increase of 20 per-
cent from outward to inward direction is replicated, how-
ever, the quantitative agreement is at 52 and 54 percent 
for the OUT and IN cases respectively. 

Influence of Filling Height
Lowering the filling height is undoubtedly a simple mea-
sure to lower the hydraulic losses since gears are less sub-
merged in oil. Table 6 summarizes the outcomes for an oil 
level immediately underneath the pinions’ teeth. Simu-
lated churning losses dropped by 27 percent, mainly due 
to a decrease in viscous loss contribution. Specifically, 
pinion churning losses plummet to 47 or 53 percent for 
the OUT and IN cases respectively. Considering the loss 
mechanism discovered in the previous section, those will 
be less present in cases where a) the pinion does not sub-
merge in oil and b) fewer wheel teeth are immersed in the 

Figure 13—Clip of the axial velocity distribution in the gear 
engagement zone for 1,600 rpm at the input shaft in the OUT case 
(left) and IN case (right) with highlighted hydraulic loss mechanisms 
and viscous-loss distribution of pinion bearing 1.

oil so less oil is dragged out from the reservoir. The splash 
pattern is still similar to the nominal filling height except 
for a lower oil column next to the engagement zone for 
the IN case at a lower oil level (Figure 15).

The simulation detects no change in hydraulic losses for 
the pinion bearing 2 in the subsystem simulation. Indeed, 
although the simulated masses for the pinion bearing 2 
subsystems are 27 percent lower for the lowered level, the 
losses of the rollers show no change. The origin of this 
outcome is not clear as the rollers are indeed better wet-
ted for the nominal filling height than for the lowered fill-
ing height, which is mainly found to be true for the front 
and back faces. As the main loss mechanism in the rollers 
was found to stem from the contacting region, the expla-
nation might be that the pickup volume between the roll-
ers is limited for a defined operating condition and not 
noticeably affected by filling height. Further research is 
required to understand this behavior. 

Again, simulated losses are lower than the experimen-
tally determined ones. With 270 W for the OUT and 370 W 
for the IN case difference measurements, experimental 
losses are met by 72 and 63 percent in the simulations of 
the OUT and IN case respectively.

Influence of Rotational Speed
An overview of simulated losses over pinion rpm is given 
in Figure 14. Simulated losses increase with rotational 
speed. If 1,200 and 1,600 rpm results are considered, the 
simulated losses for 1,800 rpm exceed the linear extrapola-
tion between both points indicating an over-proportional 
growth of churning losses with rpm with a maximum 

Table 6—Component-wise hydraulic power losses for the IN and OUT 
case at 1,600 rpm for the lowered oil level in comparison with the 
nominal filling height.

IN power losses 
(W)

OUT power losses 
(W)

Component -10 mm - 45 mm - 10 mm - 45 mm

Tapered bearings 
DIN 720-31314 (2x)

6 ± 0.2 5 ± 0.2   6 ± 0.3 5 ± 0.2  

Cylindrical roller 
bearing D5412 NU 
2217 E

6 ± 0.3 5 ± 0.3 6 ± 0.3 5 ± 0.4

Tapered bearing 
DIN 720-32020

32 ± 5 33 ± 4 32 ± 5 32 ± 4

Tapered bearing 
DIN 720-32221

89 ± 21 78 ± 17 77 ± 19 70 ± 17

Wheel 74 ± 12 54 ± 4 67 ± 3 47 ± 1

Pinion 115 ± 20 61 ± 6 80 ± 5 37 ± 2

Pressure power 
losses 

149 ± 30 122 ± 19 135 ± 20 123 ± 17

Viscous power 
losses

173 ± 10 112 ± 3 132 ± 4 73 ± 3

Total power 
losses

322 ± 32 234 ± 19 267 ± 20 195 ± 17
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deviation of 7.5 percent. Still, for the simulated range, 
a linear trend is an acceptable simplification. If this 
trend is assumed, the linear least square regression 
yields a slope of (0.404 ± 0.006) W/rpm for the IN and 
(0.310 ± 0.032) W/rpm for the OUT direction. This 
observation is also valid for an artificial regression 
point of 0 W at 0 rpm. Therefore, simulated IN losses 
are not only larger than those in the OUT case but also 
grow 30 percent faster with rpm. 

Part of this faster growth is likely to be seen in the wet-
ting distribution and indicated surface flow direction 
Figure 15. While the wheel-induced splash pattern at the 
housing side opposing the pinion becomes more promi-
nent for the OUT direction (-10 mm, left), this effect does 
not drive more oil towards the engagement zone of the 
gears (-10 mm, right). For the IN case, more is dragged 
upwards and against the housing in proximity to the 
gear meshing zone, which is a leading factor of churning 
losses (-10 mm, right).

The individual loss contributions show a different 
growth trend. Both contributions grow in absolute value 
with rpm, but pressure losses grow faster than viscous 
losses. As described in Ref. 36, pressure losses come with 
a higher order dependency on rotational speed, which is 
observed in this case as well. 

The experimental trend is deducted from trends and 
not by measurements, thus, results with light grey crosses 
must be considered as estimates. For 1,600 rpm in both 
turning directions, load-dependent and load-independent 
losses were measured and losses with the same load but 
without any oil were deducted. The remaining difference 
accounts for hydraulic losses. As total losses followed a 
clear linear trend between 1,200 and 1,800 rpm for both 
directions, the measured delta has been scaled with rpm 
and deducted for all other operating conditions. This 
approach must yield a linear trend in hydraulic losses. 
Therefore, there is no additional value in comparing 
results for 1,200 and 1,800 rpm between simulation and 
measurement since results must be similar to the ones at 
1,600 rpm.

Figure 14—Viscous Pv (yellow) and pressure Pp (blue) simulated 
churning losses compared to experimental data (×) over rpm. OUT 
(left chart) and IN (right chart) case are shown. Bright marker 
indicate linearly extrapolated losses.

Experimental and Numerical Uncertainty 
Discussion
The difference in power losses from the filled and drained 
gearbox is considered to give hydraulic power losses. The 
results at the KRPS resulted in 610 W for the IN direction 
and 510 W for the outwards turning direction at 1,600 
rpm pinion speed filling height 10 mm below the gear 
axes. The differences between the experiment to the sim-
ulation can be clustered as follows:
• Bearing representation:

 - Pinion bearings and the cylindrical roller bearing 
on the wheel come with cages which were not 
present in the CAD data.

• Measurement techniques:
 - Tapered roller bearings must be applied with pre-

load, which results in loss contribution for both, 
load-dependent as well as load-independent 
classification.

 - The drained IN direction was investigated after the 
drained OUT direction was measured

 - Gear-load for 1 kNm to avoid gear hammering 
required a torque measurement device with high 
uncertainty for the differentially determined 
hydraulic loss range

• Active lubrication:
 - The test rig contains an active lubrication system 

injecting from above into the meshing zone and in 
between the pinion bearings. Neither is geometry 
present nor is the volume flow known.

 - This system cannot be shut down even with drained 
reservoirs.

• Oil properties:
 - Oil data was taken from the data sheet and not 

measured.
 - Oil reservoir temperature was considered as the 

overall oil temperature
For the simulation, the largest uncertainty is found to 

be the loss results in terms of particle size.
Starting with the bearings, including the cage is likely 

to increase viscous losses due to more area shearing the 
oil and squeezing in between the cage and rollers. It can 
be assumed that the cage can create an additional flow 
resistance leaving more oil in the zone between both 

Figure 15—Average wetting on housing surface for OUT (left) and 
IN (right) case over pinion rotational speed and filling height. Flow 
paths are indicated with surface glyphs.
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pinion bearings. The effect is further increased by consid-
ering the active lubrication between the pinion bearings. 

The assumption of oil properties could lead to changes 
in both directions. It can be assumed that this effect is 
of lower order both, oil properties of different charges 
and age as well as local temperature variation should not 
affect viscosity and density by significant factors.

Similarly, changes in pre-load with rotational speed 
or dynamic motion of the bearing may not account for 
a significant delta in the results. The large measure-
ment device uncertainty may be ignored due to long 
measurement times and the assumption of result repro-
ducibility. The order of drained measurement, on the 
other hand, can create substantial differences. After the 
drained test rig run for a few seconds at 1,600 rpm in 
the OUT case, the remaining lubrication film might have 
heated up or was even removed from the contacting sur-
faces. Higher temperatures would lead to lower viscos-
ities, thus, lower friction coefficients. However, insuf-
ficient lubrication film thickness creates the opposite 
effect of mixed friction, thus, increasing losses. Since 
the measurement was done only once, this effect cannot 
be quantified and remains uncertain.

To summarize, the expected difference between the 
experiment and simulation setup would lead to lower 
simulated losses.

On the simulation side, it was carved out that resolv-
ing the boundary layer is paramount to replicating vis-
cous-induced losses. As fluid shearing is a dominant loss 
source for this case, which mainly comes from bearings, 
inner races and the large churning shoulder of the pinion, 
these effects must be captured to achieve quantitative 
result parity with the experiments. The proposed simula-
tion method with a) particle refinement in the global sys-
tem and b) subsystem simulations in the bearings, helped 
to get closer to matching experimental values. What was 
not included in the results of this paper is the contribu-
tion of the pinion’s shaft in the subsystem. Looking at the 
subsystem contribution from the inner race of pinion bear-
ing 1 and 2, the inner races alone account in total for 63 and 
89 W for the OUT and IN subsystem cases at 1,600 rpm case. 
These results did not consider the large churning shoul-
der. For the results presented in this paper, loss results 
for the pinion were extracted from the full system only, 
thus, noticeable higher values are expected for including 
the complete pinion’s shaft including the inner races at 
higher resolution into the loss evaluation. 

Conclusion and Outlook
In conclusion, the study focused on understanding the 
hydraulic loss mechanism and origins in a bevel-geared 
gearbox, to identify areas for constructive measures to 
optimize losses and enhance overall efficiency. The SPH 
method in a cloud-native environment proved to be a valu-
able tool for industrial use, offering fast turnaround times 
and reliable results in investigating fluid patterns, deriv-
ing hydraulic power loss trends and identifying options for 
optimization for a large set of operating conditions. 

The findings revealed that churning power losses fol-
lowed expected trends and ratios based on factors such 
as filling height, rotational speed, and turning direction. 
However, due to the dominant influence of viscous power 
losses in bearings and the churning shafts, the absolute 
values were underestimated as these phenomena are not 
yet fully resolved. However, the method of particle refine-
ment in combination with bearing subsystem modelling 
proved to improve simulated results paving the way for 
further simulation advancements with more advanced 
spatial and temporal refinement techniques.

The results demonstrated the effectiveness of the SPH 
method in setting up lubrication simulations efficiently 
and generating accurate insights into loss sources and 
their physical origins. Given the complexity and inter-
dependence of flow dynamics in bevel gear pairings 
with multiple bearings, empirical formulas proved to be 
case-dependent, further highlighting the robustness and 
advantages of the SPH method. Additionally, exploiting 
the robustness of the SPH method for setting up the exact 
kinematics of the bearings’ motion makes it possible to 
avoid underestimating the effect of bearing churning 
losses with simplified motions. This study pointed out 
that not capturing the bearing motion properly can cre-
ate severe result deviations.

The study emphasized that the SPH method offers 
significant benefits for reducing product development 
cycles, with its fast pre-processing, easy setup, accurate 
assessment of oil distribution and acceptable assess-
ment of churning losses. Moreover, the method’s ability 
to account for crucial parameters like rotational speed, 
turning direction, and filling instils confidence in secure 
A-B testing qualitatively and, with some limitations, 
quantitatively. Furthermore, the versatility of the SPH 
method extends beyond lubrication simulations, encom-
passing power loss optimization as well. Leveraging the 
cloud-based environment enhances the potential of SPH, 
allowing for simultaneous investigation of various oper-
ating points without limitations imposed by local hard-
ware resources, effectively making it possible to conduct 
a study of 8 operating conditions with 32 subsystems in 
just two days. Experimental investigation would require 
similar time durations to measure, change and evaluate 
the results, not to mention the time to build and mount a 
functional prototype on the test bench.

Finally, the authors suggest applying a multi-layer and/
or wall-bounded particle refinement around bearings and 
the pinion’s shaft to get quantitative agreement and even 
higher accuracy in determining hydraulic losses of vis-
cous origin. Future work should also cover the inclusion 
of heat sources and sinks such as load-induced losses 
from bearings and gears to determine the thermal limit 
of the gearbox.
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ABB
Supplies 1,300+ Robots 
for Volvo’s Electric 
Vehicles

ABB is strengthening its long-stand-
ing partnership with Volvo Cars to 
supply more than 1,300 robots and 
functional packages to build the next 
generation of electric vehicles. This 
will support the Swedish car manu-
facturer to achieve its ambitious sus-
tainability targets.

“The automotive industry’s historic 
transformation, driven by increasing 
consumer demand for electric vehi-
cles and a desire to operate more sus-
tainably, is creating new opportuni-
ties as well as challenges for global 
manufacturers,” said Marc Segura, 
ABB Robotics president. “This lat-
est commitment from our part-
ner Volvo Cars demonstrates our 
shared focus of delivering more sus-
tainable manufacturing. Through our 
new, energy efficient large robot fam-
ily and OmniCore controllers we will 
help to deliver energy savings of up to 
20 percent at sites around the world.”

This agreement includes func-
tional packages covering various 
production tasks, from spot-weld-
ing, riveting, and dispensing to flow 
drilling and ultrasonic weld inspec-
tion. Each package is a ready-to-use, 
customer-proven combination of 
hardware, software and services and 
will be implemented at Volvo Cars’ 
facilities in Torslanda, Sweden and 
Daqing, China. Alongside the hard-
ware and functional packages, ABB’s 
latest range of OmniCore robot con-
trollers will help to deliver energy 
savings of up to 20 percent at sites 
due to their highly efficient power 
electronics and use of regenerative 
braking within the robot.

During the deployment, ABB will 
ensure production remains uninter-
rupted using its RobotStudio plan-
ning and programing software plat-
form to visualize and optimize the 
deployment before the robots are 
installed. By developing and validat-
ing the required automation systems 
in a virtual space, Volvo Cars and 
ABB will create solutions that can be 
engineered once but deployed mul-
tiple times.

abb.com

FLENDER
Receives Supplier Award 
from Caterpillar

Drive specialist Flender has received 
the Supplier Excellence Recognition 
Award 2023 from U.S. machinery 
manufacturer Caterpillar. Flender 
received the award for maintaining 
95 percent delivery reliability and 
zero defects. This achievement is 
awarded only to the top suppliers of 
Caterpillar. It positions Flender as a 
top supplier for its global Aftermar-
ket (Reman) Division business.

Flender supplies new gearboxes, 
remanufactured gearboxes, spare 
parts, and couplings to Caterpillar for 
their 7495 Rope Shovel. Caterpillar 
created the certification program to 
recognize those suppliers who dem-
onstrate their commitment to excel-
lence and drive a zero-defect culture 
within their organizations. Suppliers 
are certified by meeting or exceed-
ing stringent performance stan-
dards, including product quality 
and on-time delivery. Caterpillar’s 
top-performing suppliers meet or 
exceed rigorous requirements and 
achieve world-class certification 
levels under Caterpillar’s Supplier 
Excellence programming from May 
2022 through June 2023.

“Caterpillar’s reputation for 
world-class products and services 
stands on the shoulders of our 
global and diverse team—and that 
team includes our international and 
diverse supply network. By working 
together, we can deliver on our pur-
pose to help our customers build 
a better, more sustainable world,” 
said Pam Heminger, Caterpillar 
senior vice president for the strate-
gic procurement and planning divi-
sion. “We are very honored to receive 
the Supplier Excellence Award from 
Caterpillar for 2023 and to be recog-
nized as one of their top suppliers. 
It reflects our long and outstand-
ing partnership with Caterpillar. We 
look forward to continuing to deliver 
proven quality products for many 
years to come,” said Kerry Klein, 
president, Flender Corporation.

flender.com

SPACE 
MACHINES 
COMPANY 
Uses Siemens Software 
to Develop Orbital 
Servicing Vehicle

Siemens Digital Industries Software 
has announced that Space Machines 
Company (SMC), an Australian 
space on-orbit services and logistics 
startup, has used the Siemens Xcel-
erator portfolio of industry software 
to design and build the Optimus 
Orbital Servicing Vehicle. One of the 
largest commercial spacecrafts being 
designed, manufactured, and assem-
bled in Australia, is in development 
at the University of Technology Syd-
ney’s Tech Lab.

The 270 kg Optimus will be 
launched by a SpaceX rocket from 
the United States to help taxi 
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commercial satellites into their 
orbital paths around Earth and 
beyond—providing roadside assis-
tance to satellites orbiting in space. 
Optimus’ main purpose will be to 
service, maintain, repair and extend 
the life of other satellites in orbit.

SMC is using NX software for 
design and modeling, Simcenter soft-
ware for thermo-mechanical ele-
ments simulation and analyses and 
Teamcenter X software as a ser-
vice (SaaS) for cloud-based Product 
Lifecycle Management (PLM), which 
has helped reduce costs and time, 
while delivering productivity gains 
for teams working on Optimus.

“On-orbit servicing and logis-
tics is the new frontier in space 
innovation. Many critical aspects 
of our daily lives, such as bank-
ing, weather forecasting and global 
communications are impacted by 
the ability of satellites to deliver 
these critical services. There are 
over 7,000 active satellites orbit-
ing Earth. These satellites, and new 
ones coming into orbit, need a sus-
tainable and safe operating envi-
ronment. We deliver responsive 
and affordable on-orbit servicing 
and security solutions to custom-
ers,” said Rajat Kulshrestha, CEO, 
Space Machines Company.

“To do what we do, we need the 
right software that is agile in a fast-
paced environment and can scale as 
we do. Siemens’ software has been 
critical in our ability to reduce design 
and development iterations with-
out compromising on mission objec-
tives. It’s helped us create one uni-
fied digital environment and allowed 
us to rapidly prototype on the dig-
ital twin, helping us understand 
how Optimus will behave in orbit in 
unknown conditions.”

Alongside the design and man-
ufacturing phase, SMC’s hardware 
and software undergo rigorous test-
ing phases which calls for a robust 
PLM system. Teamcenter X helps 
with everything from quick design 
changes, running simulations and 
validation, through to manufacturing 
and final assembly—using Siemens’ 
comprehensive digital twin.

“Space is one of the most innova-
tive industries in Australia right now. 
Siemens software in enabling orga-
nizations of all sizes to innovate and 
develop solutions that will ultimately 
play a critical role in our daily lives,” 
said Samantha Murray, vice presi-
dent and managing director, Siemens 
Digital Industries Software, Australia 
and New Zealand. “I’m proud to see 
how Space Machines have used our 
software to push the boundaries of 
space logistics and get to the fore-
front of Australia’s space industry. 
As the space industry scales up and 
becomes part of a powerful ecosys-
tem, software is the key enabler that 
helps level the playing field for all.” 

sw.siemens.com

ATLANTA 
GEAR WORKS 
Hires First HR Specialist
Atlanta Gear Works (AGW) is expand-
ing its support staff by hiring its first 
Human Resources Specialist, a new 
position created to meet its expand-
ing HR needs, previously managed by 
the company’s chief financial officer.

“We’re coming off one of our best 
years ever,” said Atlanta Gear Works 
President Jack Conway. “As a com-
pany that’s always invested in our 
people, we felt it was time to look at 
all of our employee benefits and pol-
icies, see what was still working and 
what needed changing. We knew we 
needed an experienced HR person 
dedicated to the role, and we were 
lucky to find Chelleigh.”

Chelleigh [pronounced Shelley] 
Cuddy comes to Atlanta Gear Works 
with more than 15 years of HR expe-
rience in a variety of industries from 
the tech space to real estate, cov-
ering the entire employee experi-
ence from employee healthcare and 
other benefits to onboarding and 
offboarding new hires and termina-
tions, establishing and streamlining 
internal processes for payroll and 
employee relations, and employee 
event planning. 

“All of those positions made me 
stretch beyond my comfort level,” 
she said, a trait she feels prepared 
her for the high-pressure world of 
gearbox repair, where an emergency 
repair can require an all-hands-on-
deck 24/7 response.

Atlanta Gear Works designs, engi-
neers, builds, rebuilds and repairs 
heavy industrial gearboxes for some 
of America’s leading manufactur-
ers with the goal of minimizing and 
preventing downtime. It also repairs 
other process-critical rotating equip-
ment and continues to grow its field 
service division to provide extensive 
field machining and repair.

Among Cuddy’s top priorities at 
Atlanta Gear Works are recruitment 
and an extensive employee policy 
and benefits review. 

“Since starting at Atlanta Gear, 
I’ve been doing a lot of recruiting, 
revamping policies and looking at 
policy gaps that need to be closed 
and where we can improve benefits,” 
said Cuddy.

In her first three months in her 
new position, she’s attended at least 
one networking event a month, “get-
ting our name out there, going to job 
fairs and career days.”

One event that impressed her 
was a career day at a local junior 
high school, where she and AGW 
President Jack Conway set up a small 
trade show booth. 

“We saw 300 kids, so many smart 
kids, kids that were interested and 
wanted to know about what we 
do,” she said, calling it a “promis-
ing sign” given the widespread U.S. 
labor shortage.  

atlantagear.com
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ZF
Celebrates Production of 
Three Million Electric 
Motors

ZF has produced more than three 
million electric motors, a technol-
ogy that is used worldwide in elec-
tric vehicles. ZF covers a broad spec-
trum of vehicle electrification: from 
purely electrically powered passen-
ger cars and plug-in hybrids to elec-
tric drives for commercial vehicles. 
The production anniversary stands 
for a continuous reduction in the 
dependency on pure combustion 
engines as well as for the successful 
transformation to electromobility.

The global demand for electric 
drives for passenger cars and com-
mercial vehicles is increasing rap-
idly—and so are ZF’s production fig-
ures: “Within just 18 months, ZF 
has doubled electric motor produc-
tion from just under one and a half 
million to three million,” explains 
Roland Hintringer, head of the elec-
tric motors product line at ZF, add-
ing: “Thanks to highly automated, 
volume-flexible and modular sys-
tems, we are able to serve our global 
customers as required.”

Further innovations for more 
efficiency and range

The production figures and fore-
casts make it clear that ZF is suc-
cessfully advancing the transforma-
tion towards electromobility. “Our 
role as an innovator is also an impor-
tant factor,” emphasizes Hintringer. 
ZF has already announced that it will 
develop the magnetic-free electric 
motor I²SM—a separately excited 
synchronous machine with induc-
tive energy transfer—for volume 
production which, in contrast to the 
magnetic-free concepts available on 
the market today, is uniquely com-

pact and has the highest power and 
torque density. ZF has recently dem-
onstrated the potential of ZF’s new 
developments for further efficiency 
and thus range gains in electromo-
bility with the EVSys800 electric 
drive: The prototype is 35 percent 
lighter than current electric drives 
and reduces CO2 emissions in pro-
duction and operation by 20 percent. 
Innovative stator winding technolo-
gies, a new cooling concept and the 
compact design make these major 
optimization leaps possible.

Worldwide production 
locations

ZF already produces electric motors 
at locations in Asia and Europe; pro-
duction facilities are currently being 
installed in North America. The com-
pany thus serves the major automo-
tive markets at the following loca-
tions: Hangzhou and Shenyang 
(China), Pancevo (Serbia), Schweinfurt 
(Germany), Trnava (Slovakia), Saltillo 
(Mexico), and Gray Court (USA). The 
capacities of the electric motor pro-
duction facilities at the existing pro-
duction locations are currently being 
expanded in order to best support the 
customers’ ambitious sustainability 
and climate protection targets.

zf.com

CATERPILLAR
Announces Hydrogen-
Hybrid Power Solution 
Program for Off-Highway 
Applications

Caterpillar has announced the 
launch of a three-year program to 

demonstrate an advanced hydrogen-
hybrid power solution built on its 
new Cat C13D engine platform.

Starting in the first quarter of 
2024, Caterpillar will develop a tran-
sient-capable system for off-high-
way applications. The project will 
demonstrate how state-of-the-art 
control systems and electric-hybrid 
components can help hydrogen-
fueled engines meet or exceed the 
power density and transient perfor-
mance of traditional diesel engines.

Caterpillar will serve as the prime 
contractor on the project, providing 
engine research and development 
as well as system integration. As 
the project progresses, other indus-
try and academic collaborators will 
be brought into the program to pro-
vide additional specialist expertise. 
The initiative will be delivered at 
Caterpillar facilities in Chillicothe, 
IL, and San Antonio, TX.

With research commencing in 2024, 
the project is supported and partially 
funded by the US Department of 
Energy’s (DOE) Vehicle Technologies 
Office (VTO) through the Office of 
Energy Efficiency and Renewable 
Energy (EERE). It is included among 
45 projects across 18 states and 
Washington, DC, receiving funding 
to advance research, development, 
demonstration, and deployment in 
several areas critical to reducing 
greenhouse gas (GHG) emissions in 
the transportation sector.

The hydrogen-hybrid power dem-
onstration project is the latest in a 
series of initiatives that builds upon 
Caterpillar’s 35 years of enterprise 
experience in hydrogen fuels.

“Every off-highway application 
has its own unique duty cycles, life-
cycle demands and performance 
expectations, and this complex-
ity is driving the development of 
a wide range of power solutions 
for the energy transition,” said 
Steve Ferguson, senior vice presi-
dent Caterpillar Industrial Power 
Systems. “One size does not fit all, 
which is why we’ve engineered flex-
ibility into the C13D engine to serve 
as our platform of the future.”

cat.com
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January 17–18
AGMA Involute 

Spline Design and 
Rating–Winter

This live online course will 
address both geometry and 
rating of involute splines 
of various types. The types 
of spline joints and their 
applications will be discussed. 
Spline configuration variations, 
including half depth, full 
depth, and special function 
designs, will be addressed. 
Both fixed and flexible 
spline configurations will be 
examined in terms of usage and 
design. Lubrication methods, 
including grease, oil bath, and 
flowing oil, as well as coatings 
appropriate for various spline 
applications, are examined. 
Shear and compressive stress 
rating methods are discussed 
with analyses methodology 
presented in both equation 
and graphical methodology 
via various rating charts.

powertransmission.
com/events/968-agma-

involute-spline-design-
and-rating-winter

February 6–8
WestPack 2024

WestPack, Anaheim, CA, pairs design and packaging challenges 
with smart solutions in a setting that fosters interaction 
and inspiration. Pushing the boundaries of sustainability, 
environmental protection, and product vitality, WestPack 
brings together the leading packaging manufacturers from 
multiple industries, including food & beverage, medical 
device, pharmaceuticals, cosmetic and personal care, 
and electronics. Theater stages will cover topics such as 
sustainable packaging, medical device packaging, thermal 
shipping systems, sustainable cannabis packaging, food 
and beverage packaging and more. The event is co-located 
with MD&M, ATX West, D&M West, and Plastec West.

powertransmission.com/events/967-westpack-2024

February 13–15
Industrial IoT Conference 2024

The Industrial IoT Conference (Ft. Lauderdale, FL) 
explores the potential of intelligent machines, prescriptive 
analytics, sensor driven analytics, and block chain solutions. 
Attendees learn about the industrial IoT technologies that 
are driving the transformation in manufacturing, supply 
chain and operations. Attendees include implementors, 
manufacturing companies, supply chain professionals, 
service providers, IoT manufacturers and more. Topics 
include implementation, warehouse logistics, robotics, 
sensors, cybersecurity, data analytics and more.

powertransmission.com/events/972-industrial-iot-
conference-2024

February 22–24
IPTEX 2024

IPTEX 2024 (Pune, India) 
is an important event for 
all relevant stakeholders 
in automobile, aerospace, 
or energy as well as 
manufacturers, buyers, 
partners, and consultants. 
Focus industries include 
mechanical power 
transmission, electrical 
power transmission, linear 
motion drives, fluid power 
and IoT/smart technology. 
IPTEX will provide a 
consistent channel of 
communication to the 
members of this industry to 
come together under one roof 
and participate in technical 
seminars, share knowledge 
and expertise with industry 
leaders and to be a part of 
discussion on policy codes, 
standards and challenges 
faced by the industry.

powertransmission.com/
events/964-iptex-2024

February 13–15
Motor, Drive 
Systems & 

Magnetics 2024
MDSM (Orlando, FL) 
features the latest 
technical advancements 
in motor, drive systems, 
motion control, magnetic 
applications, technology, 
and rare earth materials. 
This is an opportunity for 
professionals to hear content 
in design, efficiency, and 
application advancements 
in automation, robotics, 
manufacturing, utilities, 
automotive, medical, 
consumer, aerospace & 
defense industries. Motor 
& Drive Systems is focused 
on the latest technical 
advancements impacting 
the design, integration, and 
efficiency of motor, drive 
systems, and motion control. 

powertransmission.com/
events/966-mdsm-2024

February 27–29
Gearbox CSI 

This AGMA live online course 
examines individual failure 
modes and the failure scenarios 
that lead to actual system 
failure, an essential skill to 
designing gear/bearing systems 
that will operate properly for 
their full design life. In this 
course, AGMA will define and 
explain the nature of many gear 
and bearing failures and discuss 
and describe various actual 
failure scenarios. In addition, 
a detailed primer on bearing 
technology prefaces the failure 
scenario discussions. Attendees 
will gain a better understanding 
of various types of gears and 
bearings. Learn about the 
limitation and capabilities of 
rolling element bearings and 
the gears that they support.  
Grasp an understanding of how 
to properly apply the best gear-
bearing combination to any 
gearbox from simple to complex.

powertransmission.
com/events/969-agma-

gearbox-csi
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AD INDEX

CALL FOR PAPERS!
Are you sitting on an idea for a technical paper but wondering where to present it? Do you have one already 
written, sitting on your desk, gathering machine dust?
How about Power Transmission Engineering? We are always looking for gearing- and power transmission 
component-relevant technical papers for publication in the magazine and in its digital version. Having 
your work appear in Power Transmission Engineering guarantees you an audience of the most experienced 
and discriminating industry players. You say your work has not been peer-reviewed? Not a problem, as 
we are lucky — and thankful — to have on-hand some of the most experienced and brilliant minds in the 
industry — our technical editors. So if your work “passes muster” and is published, you’ll know you were 
reviewed by the best — and most demanding.
Chances are you’ll be creating the paper under the auspices of the company for whom you work or own, or 
for one of the various industry-relevant associations. That means they as well will bask in the reflected glory 
that accrues with publication in Power Transmission Engineering.
For publication guidelines and more information, please contact Randy Stott at stott@agma.org

PTE features blogs to keep 
readers updated on the lat-
est PT trends,   
technologies and  
industry solutions:
Bearings with Norm: After 
a several-years hiatus, we're 
pleased to welcome back 
our bearings blogger, Norm 
Parker.
Revolutions: Our editorial 
staff provides relevant and 
timely articles on a variety of 
PT industrial topics.

BROWSE BROWSE 
OUR OUR 

BLOGS!BLOGS!

VISIT
powertransmission.com/blog/
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Flight of the Valkyries
Robonauts step from research to reality
Aaron Fagan, Senior Editor

NASA is in the process of designing humanoid robots 
for deployment to space including Valkyrie, which is 
amid final testing at the Johnson Space Center in Hous-
ton. While NASA states 
Valkyrie is being devel-
oped for “damaged or 
degraded environments” 
such as natural disaster 
sites, the agency designed 
the robot with the ulti-
mate objective of serv-
ing off-planet missions. 
As these robots transition 
from research to reality, 
the societal and economic 
implications of integrating 
humanoid robots into the 
workforce are staggering.

The humanoid robot 
movement is in full swing, 
and the headline landscape 
is agog with companies such 
as 1X, Agility, Apptronik, 
Figure, Sanctuary, Tesla, 
and Unitree, all working 
towards commercially via-
ble humanoid robots in 2024. Despite the latest reports 
of significant funding—for example, OpenAI-backed 1X 
reached $100 million Series B in January—a lack of recent 
fundamental technological breakthroughs, especially in 
actuators and batteries, poses challenges to the develop-
ment of bipedal robots.

Series elastic actuators (SEAs), like those found in 
NASA’s Valkyrie, are becoming commonplace in torque-
controlled robots to achieve compliant interactions 
with environments and humans alike. The challenge 
is to make robots more efficient in how they move and 
respond to external forces, requiring a control system 
that optimizes their stability and performance. Striking a 
balance between two aspects of the control system allows 
the robot to perform various tasks effectively. 

The software behind humanoid robots is becom-
ing increasingly sophisticated. NASA’s engineers have 

indicated a design such as Valkyrie would eventually have 
the same dexterity and functionality as human operators, 
completing tasks such as solar-panel maintenance or 

equipment repair. 
Robonauts are taking 

on increasingly dexter-
ous and intricate tasks 
aboard spacecraft to offer 
astronauts freedom for 
exploration and discov-
ery. Shaun Azimi, NASA 
Dexterous Robotics Team 
Leader, has indicated the 
objective is to relieve 
astronauts of mundane, 
dangerous tasks, not to 
supplant them.

NASA is partnering with 
robotics companies like 
Austin-based Apptronik 
to learn how humanoid 
robots developed for ter-
restrial purposes could 
benefit future humanoid 
robots destined for space.

Apptronik is develop-
ing Apollo, a humanoid robot whose earthly tasks will 
include working in warehouses and manufacturing plants 
by moving packages, stacking pallets, and other supply 
chain-oriented tasks. The company plans to start provid-
ing humanoid robots to companies in early 2025.

“Robots like Apollo are designed with modular-
ity in mind to be able to adapt to many applications,” 
Azimi said. “And that’s where NASA’s trying to get that 
insight—to see what the key gaps are, where we would 
need to invest in the future to bring a terrestrial system 
into the space environment and certified for operating 
in space.”

Valkyrie was sent to Australia this past summer for 
preliminary tests of its dexterity and handling capabili-
ties on an offshore oil rig, where it was used as a “remote 
caretaker” for uncrewed, offshore energy facilities.

Valkyrie robot equipped with series elastic actuators (SEAs). Valkyrie 
specifically has five series-elastic rotary actuators and two linear 
actuators in the arms. Six finger and thumb actuators. Five series-
elastic rotary actuators in the upper leg and two in the ankles. Five 
series elastic rotary actuators in the torso.
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