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Discover how AGMA gearbox classifications set
performance benchmarks for industrial power
transmission with expert insights on selecting

quality components.

By TODD WEBERG

GMA gearbox classifications represent the

cornerstone of quality and reliability in indus-

trial power transmission. These comprehensive

standards, developed by the American Gear
Manufacturers Association (AGMA), provide engineers
and manufacturers with precise specifications that
ensure optimal performance across diverse applica-
tions.

This guide examines the key AGMA standards that
govern gearbox design, rating, and performance valida-
tion. Whether you're selecting components for heavy
machinery, aerospace systems, or precision equipment,
these classifications will help you make informed deci-
sions that maximize operational reliability and mini-
mize downtime.

ANSI/AGMA 2001-D04:
FUNDAMENTAL RATING
STANDARDS

This classification establishes the foun-
dation for rating spur gears and helical
gears in power transmission systems.

The standard outlines specific calcu-
lations for bending strength parameters,
taking into account the form factor of
each tooth design. Surface durability
metrics prevent premature gear tooth
wear, while load capacity factors assess
performance under continuous loads,
cyclic loads, and extreme shock loads.
These calculations consider the tangen-
tial load, impact load, and other forces
that affect gear performance.

Engineers working with industrial
gearboxes rely on these guidelines when
designing solutions for manufacturing
equipment and heavy machinery. The
standard serves as the basis for gear rat-
ing in enclosed gear drives, providing
consistent evaluation methods across
various types of gears, including inter-
nal gearing and types of gearing found in complex gear
trains.

The primary emphasis of this standard addresses
cylindrical gears, which include both external gears
and internal components. For applications requiring
elevated temperatures or frequent starts, the gearbox
service factor must be adjusted accordingly, based on
the AGMA-recommended service factor for different

types of applications.

ANSI/AGMA 6013-B16: INDUSTRIAL
ENCLOSED GEAR DRIVES

This comprehensive standard covers the complete
spectrum of enclosed gear drive systems, with spe-
cific attention to the type of gearbox configurations
with parallel shafts. It consolidates requirements for
parallel, concentric, and non-intersecting shafts into
a unified framework.
According to the standard’s abstract, it includes
“design, rating, lubrication, testing, and selection
information for enclosed gear drives, including foot
mounted, shaft mounted, screw conveyor drives, and
gearmotors.” The scope encompasses various types of
gears including spur gears, helical gearing, herring-

The development of AGMA standards has followed a progressive path of refinement
and international harmonization. (Courtesy: Cotta)

bone, double helical, and spiral bevel gear teeth in
single or multistage arrangements.

The classification addresses design parameters for
various shaft angles, including specialized applications
for driving shaft systems. Proper industrial gear lubri-
cation recommendations are included to enhance the
performance of gears and prevent gear failures. The
standard incorporates service classes and numerical
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service factors that predict gear teeth life under varying load condi-
tions.

Gearbox sizing calculations play a critical role in determining
the appropriate torque rating. Engineers must consider the required
torque, hours per day of operation, and inertia of load driven to ensure
proper sizing. For applications with non-uniform loads, an increase
in service factor may be necessary to achieve the desired service life.

Forest City Gear and other gear makers have implemented these
standards to ensure their components deliver consistent perfor-
mance across various industrial applications. When calculating gear-
box output torque, engineers must consider not only typical operating
conditions but also other, non-typical working conditions that might
affect gear tooth wear.

AGMA 911-B21: AEROSPACE GEAR SYSTEMS

The aerospace industry demands exceptional performance from all
mechanical power transmission components. AGMA 911-B21 estab-
lishes comprehensive design guidelines for gear systems used in air
vehicles and spacecraft, with particular attention to applications
involving elevated temperatures and extreme ambient operating
conditions.

According to the standard’s documentation, it “covers current gear
design practices as they are applied to air vehicles and spacecraft” and

“presents the broad spectrum of factors which combine to produce a
working gear system.” While it addresses multiple gear types, the
standard focuses specifically on conventional spur gears, helical gears,
and straight bevel gears.

This classification details specific heat-treatment requirements
for gear materials to ensure durability in aerospace environments.
The helix angle specifications for helical bevel gears are carefully
defined to optimize power transmission efficiency in servo systems.
For applications with high prime mover variability, additional meth-
ods of gear tooth strengthening are specified.

Aerospace applications often involve unique combinations of gear-
box types and require precision-class components. The standard pro-
vides allowable torque specifications based on the specific application
requirements. An exact method for calculating the inertia match
between components ensures smooth operation in critical flight
systems.

As stated in the standard’s foreword, this information sheet rep-
resents practices that “have not seen enough usage to be considered
standard, but they do provide insight into design techniques used in
state-of-the-art aerospace equipment.”

ANSI/AGMA 1S0 1328-1: GEAR TOOTH FLANK
TOLERANCE CLASSIFICATION

Precision applications require exacting standards for gear-tooth
geometry. This classification, adopted from ISO standards with AGMA
participation, establishes a comprehensive system for gear accuracy
grades ranging from A2 to A11, with lower numbers indicating higher
precision.

According to industry documentation, this standard replaced ear-
lier AGMA quality standards such as ANSI/AGMA 2000-A88 and intro-
duced significant changes to measuring and classification methods.
The Gear Quality Index established by this standard is critical for
applications requiring medium accuracy gears or fine- and medium-
pitch custom gears where noise reduction is essential.

Key aspects include strict tolerances for cumulative pitch devia-
tion, contact tooth forms, and methods of gear inspection. For miter
gear and angular miter gears, specialized gear tooth tolerances
ensure proper mesh. When an imaginary gear is used in analysis,
the standard provides guidelines for translating theoretical calcula-
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AGMA gearhox classifications provide essential frameworks for designing,
manufacturing, and maintaining reliable power transmission systems. (Courtesy:
Cotta)

The development of AGMA standards has followed a progressive path of refinement
and international harmonization. (Courtesy: Cotta)

tions to practical manufacturing specifications.

The Tolerance Fine Pitch System outlined in the standard is par-
ticularly important for pinion systems in high-precision applica-
tions. The gear-ratio calculations must account for these tolerances
to achieve a reliable power rating in the final assembly. This attention
to gear tooth specifications has a direct impact on gear noise levels
during operation.

THE EVOLUTION OF AGMA STANDARDS AND ISO
HARMONIZATION

The development of AGMA standards has followed a progressive path
of refinement and international harmonization. In the 1990s, the
AGMA began collaborating with international standards bodies to
update and align gear quality standards.

This collaboration led to significant transitions from older stan-
dards to newer ISO-compatible versions. The application class designa-
tions evolved to better represent the diversity of industrial applica-
tions, from simple mechanisms to complex gear trains. The standards
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Meeting AGMA classifications requires hoth technical expertise and manufacturing
discipline. (Courtesy: Cotta)

now address involute gears, cycloid tooth shape designs, and other
arbitrary tooth form surfaces used in specialized applications.

In ancient times, gear manufacturing relied on trochoid tooth
shape designs, but modern industrial applications demand the pre-
cision of involute tooth shape geometry. The transition from ANSI/
AGMA 2000-A88 to newer standards reversed the numbering system
so lower numbers now indicate higher precision, aligning with inter-
national practices.

As the Secretary for ISO Technical Committee 60 since 1993, AGMA
has played a crucial role in developing international gearing stan-
dards. This involvement ensures American manufacturers remain
at the forefront of quality and innovation in the global marketplace.

The strength calculations outlined in these standards have evolved
to incorporate modern analysis processes. Image credit for many of
the technical illustrations goes to the dedicated engineers who have
contributed to these standards over decades of refinement.

ABOUT THE AUTH OR /o

ANSI/AGMA 2000-A88: FOUNDATIONAL GEAR
ACCURACY STANDARDS

This classification, while now supplemented by newer standards,
established the framework for gear accuracy measurement that con-
tinues to influence modern specifications. ANSI/AGMA 2000-A88,
entitled “Gear Nomenclature” and inspection handbook, defined 13
quality classes (Q3 to Q15) that serve as reference points for manu-
facturing precision.

According to industry documentation, this standard dominat-
ed the U.S. market for many years after its introduction in 1988.
Production time estimations were often based on achieving specific
quality grades with gear tooth specifications. For replacement gear
manufacturing, this standard remains relevant in many legacy appli-
cations.

The standard provides specifications for tolerances in gear tooth
failure analysis and synthetic gear oil compatibility. When a broken
gear needs replacement, these specifications help ensure proper
fit and function. For angular bevel gears operating in specialized
environments, the standard addresses lubrication on gear surfaces
to prevent mechanisms of gear tooth wear.

IMPLEMENTING AGMA STANDARDS IN
MANUFACTURING EXCELLENCE

Meeting AGMA classifications requires both technical expertise and
manufacturing discipline. The sampling method used for quality con-
trol must align with the production processes to ensure consistent
quality. For users of gears in critical applications, knowing the actual
gear specifications provides confidence in system reliability.

For example, Cotta’s approach to implementing these standards
includes comprehensive testing procedures aligned with ANSI/AGMA
6013-B16 requirements. Every component must meet or exceed indus-
try standards.

Gear materials selection follows AGMA guidelines for specific
application types. When ambient temperatures exceed normal
ranges, special considerations for industrial gear oils must be imple-
mented. The company works with lubricant manufacturers to ensure
the proper grade of mineral o0il or synthetic gear oil is appropriate
for each application.

For epicyclic gear systems design, specialized analysis of gearbox
manufacturers’ capabilities ensures proper component selection.
Gearracks and other specialized components receive the same atten-
tion to detail as standard gears.

CONCLUSION

AGMA gearbox classifications provide essential frameworks for
designing, manufacturing, and maintaining reliable power trans-
mission systems. From industrial drives to aerospace applications,
these standards ensure consistent performance and durability across
diverse operating environments.

The evolution from early standards such as ANSI/AGMA 2000-A88
to current international specifications demonstrates the industry’s
commitment to continuous improvement and global harmonization.
By understanding and applying these classifications, engineers can
select optimal components for their specific applications. ¥

Todd Weberg is regional sales manager with Cotta LLC. Cotta’s high-performance transmission gearboxes are engineered to meet and exceed
AGMA standards, ensuring superior performance in demanding environments. Cotta’s century-long heritage in transmission technology builds
upon these standards to deliver exceptional solutions for the most demanding applications. The company’s ISO 9001:2015 certified processes
guarantee each gearbox meets the highest industry specifications while delivering the precision our clients expect. For more information, go to

cotta.com.
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