Gears: The Power
Behind Precision

Design, Manufacturing & Applications...
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Introduction
to Gears

e Gears transmit
torque and rotation
using meshing teeth

e Found in watches,
turbines, and
engines

e Role: Efficient
motion transfer with
minimal slip



Brief History of Gears

Key Developments Notable Contributions

Ancient Times (ca. Early gear concepts in Greece and Archimedes, Antikythera
300 B.C. — China Mechanism

100 A.D.) Antikythera Mechanism for astronomy

Medieval Era (500 Wooden gears in watermills and clocks Al-Jazari, Islamic engineers
—1500) Complex gear-driven automata

Renaissance — Transition to metal gears Leonardo da Vinci

18th c. (1500 — Engineering drawings, lifting devices

1800)

Industrial Standard gear cutting machines Intro of standardized
Revolution (1800 Involute tooth profile invented machining

—1900)

20th Century — CNC gear production AGMA, ISO, digital tools
Present Advanced materials

Use in robotics, aerospace, to mention
a few.



Why Gears?
(Advantages
Over Other
Transmission
Systems)

e High efficiency (up to 98%)

e Compact and durable(Not
Limited to Space constraints)

e Accurate power transmission

e |[deal for high/low torque
applications

e Superior to belts/chains for
precision



Classifications of
Gears

e Parallel shafts: Spur, Helical.

e Intersecting shafts or Perpendicular:
Bevel.

* Non-intersecting/non-parallel:
Worm, Hypoid.




Types of Gears

e Spur

e Helical

e Bevel

e \Worm

e Planetary

e Rack and Pinion

Gear Manufacturing Methods

e Machining: Hobbing, Shaping, Milling,
Grinding, Eroding.- Gleason Machines, Doosan.
e Casting

e Powder metallurgy(PM) & Metal injection
Molding(MIM)

e 3D printing

e Heat treatment & finishing.

eQuality Control: An important aspect used
during mass production and after. There are
guite a lot of Gleason machines which could

reliable quality control and correction
capabilities.




Gear Design
Considerations

e Material: Steel, bronze, nylon
e Gear ratio & size

e Load & torque

e Lubrication

e Tooth profile

e Noise & vibration control

N.B: The type of Cutter used has a significant impact on
precision of Gear produced. For highest precision bevel g
especially in aerospace or robotics, bevel Gear grinding is the
gold standard(quite expensive). For cost-effective and fle
production, CNC form milling and face hobbing are stron;
contenders. ]



Key Gear Design & Integration Considerations

*  Power and Torque to be Transmitted
Understand the required torque and how it will be
integrated into the system — e.g., via shafts,
clearances, locking mechanisms, etc.

 Tooth Geometry Complexity
(Straight vs spiral teeth) impacts the torque
transmission capability and manufacturing method.

* Material Selection
Hardness affects both wear resistance and post-
processing options. Should match the operational
environment.

e Batch Size
For large production runs, CNC milling becomes
more practical and cost-effective.

* Hardening Process
There must be a balance between the coating
thickness and whether post-processing (like
grinding) is required afterward.

*  Post-Processing
Operations like grinding after rough cutting
significantly improve accuracy, surface finish, and
gear performance.

* Sequence of other aspects of Production to avoid
detrimental impact on Gear Profile.




Gear Precision Grades —
Comparison Table

Precision
Level

Very High

High

Medium

Low

ISO 1328
Grade

1-3

4-5

6—38

DIN 3962
Grade

DIN1-3

DIN4-5

DIN6-8

DIN9-12

AGMA Q13 -
Q15

AGMA Q10 -
Q12

AGMA Q7 -
Q9

AGMA Q4 -
Qb6

Typical Applications

Aerospace, medical devices, high-
end robotics

Automotive gearboxes, CNC
machines

Industrial gearboxes, pumps,
packaging machines

Agriculture, conveyors, light-duty
gear drives



Common
Manufacturing
Faults

e Tooth profile errors

e Runout

e Surface roughness

e Heat treatment cracks
e Assembly misalignment




Transmission Faults
& Troubleshooting

Faults:

e Backlash

e Tooth breakage

e Excessive wear

e Noise & vibration

Troubleshooting:

e Visual inspection: Cracks, Profile
 Vibration analysis: GMF

e Lubrication

e Alignment correction




Applications of Gears
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Statistical Insights

e r

Gear market: €177B 5.2% annual growth 90% of automotive
by 2030 powertrains use
gears

Summary & Conclusion

Gears are a precise and reliable medium for torque and power transmission. They
are superior to belts and chains and are not constrained by space. However, they
require careful design and regular maintenance.

Their application is broad—they are found in nearly all types of machinery.
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Huge thanks to Lucas Seiler and the EGT Team at
ESA Eppinger for the hands-on knowledge in the
fundamentals of gear manufacturing — a solid
foundation I'll carry forward!
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