Gear Design

Jack McGuinn, Senior Editor

How difficult is it to design a
gear? It depends upon whom
you ask.

How difficult is it to choose the cor-
rect method for making that gear?
Extremely difficult. Choosing the cor-
rect process is paramount in shepherd-
ing a job from blank page to the finished
part print. Thus the gear engineer must
ensure that what goes on the blank page
is something that can actually be manu-
factured.

“Preparing the manufacture of (for
example) a cylindrical gear is in most
cases more complicated than the gear
design,” says Hermann Stadtfeld, vice
president-bevel gear technology-R&D,
Gleason Corp. “Picking the right manu-
facturing methods and calculating opti-
mal machine settings regarding geom-
etry, as well as productivity, is key and
has significant influence on the physical
properties of a gear”

Thus while stipulating that the role
of the gear engineer (designer) in and
of itself is not the most daunting job
in gearing, it is certainly among those
requiring the widest breadth of knowl-
edge. The design process begins with
four deceptively brief questions, the
answers to which will help in determin-
ing the correct manufacturing process:

1. What kind of gears should you use?
2. What should they be made of?

3. How should they be made?

4. How should they be checked?

Adequately addressing each of the
above questions requires expert knowl-
edge over a range of gear making-relat-
ed disciplines, including heat treat-
ing; materials; workholding, inspec-
tion; standards (both ISO and ANSI/
AGMA); reverse engineering; gearbox
and machine upgrades; custom gearbox
design; specification development; proj-
ect management; chamfering or deburr-
ing; and vendor qualification.

It is the responsibility for sorting out
all of the above in the manufacture of
a custom gear that makes designing a
gear correctly the first time such a criti-
cal process.
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Deconstructed

In-House or Outsource?
You might be thinking —how many
design (new part) projects are addressed
on a daily basis? Do operations exist
where it is all new gears, all the time? Or
are they typically freelance consultants?
“Whenever gear design or manufac-
turing is a core skill for a company (e.g.,™
gearbox manufacturers), they will try
to get onsite employees for their gear

design,” says Thomas Tobie, head of the | (]

load carrying capacity of cylindrical |

gears department at the Gear Research |\
Center (FZG) at TUM. “Due to the fact '

that gear design is often very applica*
tion-specific, only an onsite employee
is capable of dealing with every applica-
tion-specific difficulty. Companies wh
are not focused on gear design or man
facturing as a core competence usuély
hire consultants for single projects”

Adds Alex Kapelevich, AK Gears
— “Gear designers are typically onsite
employees. There are not sovmany con-
tracted gear consultants”

On the other hand, Charles Schultz,
chief engineer, Beyta Gear\Service;
Gear Technology blogger, explains that
“Traditionally, gear companies had, in-
house design-and-build capabilities.
For a variety of reasons —aging work-
force, changing business models, lack
of trained engineers & designers —few
still offer this one-stop shopping: Lots
of custom equipment is still built, but
machine builders frequently use off-the-
shelf gears and gearboxes.” ¢

Stadtfeld states that “Companies that
manufacture gears for a living on a daily
basis usually have their own gear design-
ers; (but) there are consultants that offer
such a service. Also Gleason, KISSsoft,
Romax, SMT, etc. develop gear design
software which they sell, but also offer
gear design services”
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It's All About the Manufacturing
Given the breadth of knowledge
required for designing —and manufac-
turing — a gear, an ability to work seam-
lessly within other disciplines in making
that happen is crucial.

“The gear design is done by apply-
ing some software tools, says Stadtfeld;
“given the fact that a cylindrical gear can
be defined with 5 values —number of
teeth, module, helix angle, profile shift
factor and edge radius — the design is
not as complicated as preparing the right
manufacturing scenario”

Time is money. With our
new high speed, high accuracy
continuous generating grinding
capability using multi-thread
wheels, we’re grinding gears as
large as 1200 mm in diameter
and module 12 much faster
and more efficiently than form
grinding.

We’re more flexible too, with
the same new platform offering
rough and finish profile grinding
and on-board dressing and
inspection.

We also excel at grinding gears
as small as 2.00" in diameter.
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The choice how to set up a hob has
consequences for surface and productivity.

(Courtesy Gleason Corp.)

Schultz believes that “Good design-
ers understand the process capabilities
of each manufacturing step and incor-
porate them into the design. It is always
great to get “buy-in” from the rest of the
team that confirms your understanding
of their work?”

“A good gear designer is a mechani-
cal engineer whose background is all
of this,” says Stadtfeld, adding, “A gear
designer is always considering the kind
of manufacturing and heat treatment
which is available for a certain new gear
design and factors those practical manu-
facturing aspects into a new design.”

Standards and the Bigger Picture
For FZG’s Tobie, the process is about
much more than geometry: “For gear
designers, it is very essential to have
deeper knowledge, or at least experts,
alongside who have knowledge about
machining, lubrication, material prop-
erties or heat treatment processes, as
the requirements on a good gear design
are very versatile. In recent years the
general trends towards increased power
density, high reliability, good efficiency
and adequate noise behavior require the
design of optimized gears. This opti-
mization has to be done at a very high
technical level and requires consider-
ation of many — sometimes even con-
trary — effects”

And then of course there are stan-
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dards—ISO and ANSI/AGMA to sort out.

“Good design is compliance with speci-
fications and robust service life,” Schultz
says. “While there are differences in stan-

815.623.3414 / www.excelgear.com

.geartechnology.
28 GEARTECHNOLOGY | May 2017 twww.geartechnology.com]



dards, a ‘good’ design will ‘rate’ in any of
them. In the future expect to see more
‘convergence’ between the standards”

It is Tobie’s belief that “For many fields
of application, it is common practice
that the verification of the load carry-
ing capacity is made according to rel-
evant standards (ISO, AGMA), as it is
often specified and required by the cus-
tomer. Therefore, a fundamental knowl-
edge about current standards is often
required. For other fields of application,
different in-house specifications may be
given (e.g., car industry). In such cases
standardized methods often are not so
important for the gear design”

Training & Education

This is as good a spot as any to won-
der what kind of training gear engineers
typically receive. Given how many things
there are to deal with, one wonders
where to begin.

“In (those) companies focused on
special products (e.g., automotive gear-
boxes), it is common to develop a new
product based on former products using
the gained experience,” Tobie points
out. “Thus, the gear designer is gain-
ing knowledge on the job. This is a great
benefit — especially for young engineers.
Besides that, seminars and trainings
focused on gear design can be helpful
for more experienced employees to get
a new perspective on well-known pro-
cesses”

“There are few “typical” designers,”
Schultz declares. “Some have an academ-
ic background, others are engineers by
training. Others come up ‘through the
ranks’ of machinists, drafters, or other
positions. The job requires a variety
of skills along with an interest for see-
ing how gears work. Leonardo da Vinci
did not have an engineering degree and
still managed to do some amazing gear
designs”

Is there a “most difficult” gear to
design and manufacture?

Stadtfeld — “Cross axis helical, bevel
gears and most complicated are hyp-
oid gears.” Schultz — “Probably worm
gears, as there is no recognized ‘sys-
tem’ and lots of variables to deal with”
Tobie — “In general, there is a great
diversity of gears (spur vs. bevel gears,
module <1 mm gears vs. module >20

mm gears), of which every gear has its
own specialties which have to be consid-
ered in the design process. Nevertheless,
it is always a great challenge to design
a gear, if different requirements, which
are often contradictory, have to be taken
into account. Consequently, the ‘most
difficult’ gear has a very good power-to-
weight ratio, low noise excitation, and is
very cost-effective (as) it can be manu-
factured in single-part production”

Software

As software continues to evolve in vari-
ous capacities as an essential tool for
gearing, one wonders how it affects gear
engineers (designers).

“A little knowledge is a dangerous
thing,” Schultz cautions. “Some of the
more advanced software packages allow
novices to ‘design’ gears and make beau-
tiful 3-D renderings that are not the best
solution to the problem. Software is a
tool, and like any tool, the more experi-
enced and skilled the operator, the better
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the results”

As for Tobie — “For today’s gear
designers it is absolutely indispensable
to have a basic knowledge of how to use
common calculation tools for designing
gears. As the requirements — which have
to be considered carefully —are steadily
increasing, a computer-aided design is
necessary. Besides using modern calcu-
lation tools, every gear designer should
still be capable of understanding the
basic principles of calculating the gear
geometry and the load carrying capacity
of gears without help of calculation tools,
respectively”

The Latest Technologies

How are gear engineers affected by the
latest technologies, things like 3-D print-
ing and the Industrial Internet of Things
(IToT)?

“In general, new technologies will
lead to new developments also for gear
specifiers and designers,” says Tobie. “In
large companies these advanced tech-
nologies certainly already have an influ-

Despite the many considerations that must be addressed, it all
begins with the application (Graphic courtesy FZG).
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ence on the daily work of gear designers.
Nevertheless, many gear manufacturers
are companies of small to medium size,
and for these companies at the moment
the effect is still small because many of
the named technology advances are still
subjected to ongoing research projects.
Regarding IToT, an online monitoring
of the gear condition and the remaining
lifetime will be possible in near feature.
Furthermore, 3-D printing will allow
fast and cost-efficient manufacturing of
individual gears made of different types
of materials.

“Nonetheless, gears are elementary
mechanical components, and the basic
requirements will remain unchanged in
the next few decades. It is therefore very
essential for gear specifiers and designers
to keep in mind the fundamental basic
knowledge about gears, in addition to
the knowledge about new technologies.”

Says Kapelevich, “A designer should
be aware about new technologies and
understand their requirements (mecha-
tronics), capabilities (3-D printing),
and potential efficiency (IToT). Certain
gear designs which had been impossible
to manufacture have become possible
due to 3-D printing, for example. Gear
designers welcome the new opportuni-
ties and take advantage of them?”

Schultz adds, “3-D printing has great
potential for pattern and tool design, as
well as ‘proof of concept’ on new prod-

ucts” (@}
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When the Gearing Gets Tough

Sometimes semantics can get in the way of com-
prehension. We learned in the accompanying arti-
cle that “gear design” is not necessarily at the top of
the list of hair-on-fire, fire-in-the-hole scenarios.
“Necessarily” is the keyword in this instance, as the
following from Alex Kapelevich and Thomas Tobie
provides scenarios of when gear design is indeed
something that might keep a designer up at night.

Alex Kapelevich

Because gear design requires not only general
knowledge of gearing, but also clear understand-
ing of gear drive application, operating conditions
(load, RPM, life, temperature range, etc.), dimen-
sional and envelope constrains, specifics of select-
ed gear fabrication technology (accuracy, produc-
tion volume, productivity, cost, etc.), materials,
lubrication, and many other aspects. Besides the
gear design, there are other critical stages in gear
drive development, e.g. — manufacture, inspection,
assembly, and testing that must be done appro-
priately. But gear design is a major contributor to
required gear drive performance.

Thomas Tobie

I think that designing a “standard”
gear is no more difficult than design-
ing some other machine elements; but
for many applications a standard gear
design is not sufficient.

In recent years the general trends
towards increased power density,
high reliability, good efficiency and
adequate noise behavior require the
design of optimized gears. This opti-
mization has to be done at a very high
technical level and requires consider-
ation of many — sometimes even con-
trary — effects.

Some examples why such optimized
gears are maybe quite unique:

Combination of high load, sliding
motion, friction and temperature load
that results in a complex stress condi-
tion and high stress levels leading to
high requirements on material, lubri-
cant and manufacturing quality

Elastic deformations under load which require
modifications of a few microns during manufac-
turing to reach a good load distribution and noise
behavior

Lubricant film with a film thickness significant-
ly smaller than a human hair has to separate the
loaded surfaces under the above described oper-

ating conditions (high pressure, sliding, tempera-
ture)

I think it is the combination of all these effects
and requirements that makes the difference and
makes it difficult to design an optimized gear for
highest demands and reasonable costs at the same
time.

In fact, our main goal and approach is still to
improve gears as a whole and covering all the
aspects —load carrying capacity, noise behavior,
efficiency, costs, etc.

For this we try to understand the physical-
mechanical —and sometimes also chemical mech-
anism — to quantify the relevant influence param-
eters and to bring this into calculation methods.

So I believe that there are three main topics of
our continuous work: Developing improved cal-
culation/simulation tools, try to develop standard-
ized rating procedures and to establish standard-
ized test procedure for influence parameters which
cannot be covered by simulation only.

At the end, a good designed gear has to take into
account many requirements from material, heat

treatment, lubricant, manufacturing, gear geom-
etry, etc., and in many cases compromises are
needed to fulfil all requirements. The best selected
lubricant will not help if an inappropriate material
is used, and vice versa. Also, the best rating proce-
dure for micropitting will not help if the gears fail
by scuffing. (8
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