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Hardness Testing Gears — Know Your
Options for Best Results
James M. Clinton, Special Order and Technical Support Manager —The L.S. Starrett Company

Gears must be manufactured to
withstand extreme forces and
challenging conditions, so hardness testing to determine material integrity is key. Understanding
the different hardness testing types and
systems can be useful to determine an
optimal solution. Hardness testing functionality has evolved and now users can
dial into world-class caliber instrumentation which more closely aligns with
their applications at hand.

Hardness Testing Defined

One of the most common indentation
hardness tests used today is the Rockwell
hardness test, and although less widespread, the Brinell and Vickers hardness tests are also utilized. The majority of indentation hardness tests measure the deformation that occurs when
the material being tested is penetrated
with an indenter. Two levels of force
are applied to the indenter at specified
rates and dwell times when performing
a Rockwell hardness test. This is different than the Brinell and Vickers tests,
where the size of the indentation is measured after the indentation process. The
Rockwell hardness of the material is
based on the difference in the depth of
the indenter at two specific times during
the testing cycle. The value of hardness
is calculated using a formula that was
derived to yield a number falling within
an arbitrarily defined range of numbers
known as a Rockwell hardness scale.
Regardless of the Rockwell scale
or indenter being used, the overall
Rockwell test procedure is the same. The
majority of today’s newer machines automatically perform the entire test. Also,
when leaving a mark or indentation is
not an option, nondestructive ultrasonic
technology can be used.

Rockwell Hardness

When testing the hardness of carbon
steel, alloy steel, cast iron, nonferrous
metals and engineering plastics, digital Rockwell benchtop hardness testers
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Starrett digital Rockwell/ Superficial Rockwell Benchtop Hardness Testers with a dolphin
nose can test the ID of gears, and also gear teeth.

can be used to directly measure in the
most popular regular Rockwell hardness
scales and can quickly convert that hardness value into HB, HV, HK and many
other scales. Desirable hardness tester
features include the ability to obtain
ultra-precise results, a wide measuring range, and scale/selectable test force
capabilities. Also, automatic main test
force loading/unloading, a high-resolution digital display and USB data storage
are all very advantageous.
A user-friendly touchscreen interface
can speed operations and the ability to
use USB output to a flash drive is excellent for data mobility. There are options
to apply the weight load such as on digital systems that use weights to apply the
load or use a closed loop load cell to apply

the weight load. The latter affords greater
precision and repeatability. With a weight
loaded system, the level of the machine is
of great importance, so that the weights
drop correctly. This is a less critical matter when using a load cell system.
Conforming to ASTM E-18 Superficial
Rockwell hardness standards, hardness
testers in this category offer excellent
repeatability in all Superficial Rockwell
hardness scales. Superficial Rockwell
hardness testing is designed for very thin
and soft workpieces. The systems are ideally suited for a wide range of environments including inspection labs, heat
treat facilities, tool rooms, workshops and
laboratories. For more versatility, twin
hardness testers are capable of testing in
all of the regular Rockwell and Superficial
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Rockwell hardness scales.
Dolphin nose systems allow for the
hardness testing of inner, as well as exterior, diameters. This allows for easier
access to test gears, gear teeth and other
hard to access areas. The systems are
generally larger in size than other Bench
Rockwell systems, offering greater testing heights and depths. Dolphin nose
models offer a manual handle that activates the preload system, or an advanced
Auto z-axis preload system. Using the
Auto z-axis preload system, after placing the workpiece in testing position,
the operator only needs to press the start
button for the machine to complete the
testing process.

Vickers/Knoop Hardness

Vickers/Knoop hardness testing is done
on extremely thin/small workpieces, and
often used for checking the hardness of
layers, or platings and coatings on small
parts in a laboratory environment. A

high level of preparation is needed for
such testing, including but not limited
to, a high degree of polishing.
There are three types of turret control including a basic manual turret for
changing from optics to indentation and

Brinell Hardness

Brinell hardness testing is commonly
used for very large, porous testing of less
hard metals, such as castings. Benchtop
systems available today can handle the
most popular Brinell hardness applications, and incorporate the latest innovative closedloop technology. A test
load is applied via a closed-loop control unit with a load cell to apply weight
loads up to 3,000 kg, a DC motor and
an electronic measurement and control unit. The result is highly accurate
Brinell hardness measurements at all test
loads up to 0.5 percent. A common load
overshoot or undershoot, also known as
traditional dead weight or open-loop,
system is eliminated. The absence of
mechanical weights not only eliminates
friction problems but also makes the
equipment less sensitive to misalignments caused by vibrations. The systems
are ideal for laboratories, workshops,
tool rooms and inspection labs.
Software driven digital optical systems
offer advantages over manual microscopes that are supplied with several
hardness testing machines. Connected to
a PC, laptop or tablet, the operator can
push a single button to take automatic
and instant measurements. All graphics
can be saved, along with test results, in
either word or excel formats.
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“Ultrasonic portable hardness testers probably
offer the best of most worlds for gear
inspection/ testing. Testing can be done from
any angle, while getting into very tight spaces
often found in gears. Because testing can be
done nondestructively, whether you are checking
material or platings, tests can be accomplished
without leaving a mark on most metals.”

back to optics for measuring. A second type incorporates an automatic turret, giving operators greater
freedom to change the turret position by a button
on the tester keypad. The most popular Vickers/
Knoop hardness testers have a turret control option
using software to control the entire test with a oneclick process using calibrated auto edge detection.
Precision video and measurement software also
allows for clicking of the indent edges in software, then deriving
a hardness reading on screen.
Designed for the accurate hardness testing of small precision parts, thin materials, case-hardened layers and all sorts of
steel components, Micro Vickers hardness testers utilize weight
loads of under 1 kg, while Macro Vickers hardness testers utilize larger weight loads of up to 50 kg. This type of test bridges
the gap between the superficial Rockwell and Micro Vickers
machines. These systems have a manual turret.
Vickers hardness testers are generally operated in a lab type
environment and will do tests nondestructively. A high level
of surface finish preparation is required, and the test process is
slow, though it can be automated. This scenario is ideal for gear
inspection/testing in a post-production line process.

Starrett digital Rockwell/Superficial Rockwell Benchtop Hardness
Testers feature fully automated load/ unload procedures, and are
capable of providing highly accurate readings.
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Shore Testers (Durometers)

Shore Portable hardness testers are targeted for testing materials such as rubber, soft plastics and leather, and versions are also
available for the testing of hard plastics such as bowling balls
and hard hats. Electronic durometers for measuring Shore A
and Shore D values are designed to fit comfortably and firmly
in a user’s hand. A large LED display and simple 3 button control make this device easy to use.

Portable Hardness Testers

There are two popular digital methods of portable hardness
testing. The first is “dynamic impact,” based on the Leeb principle of hardness, developed by DietMar Leeb in the 1970s. A
spring loaded impact body is thrust to the test surface, affecting rebound. Initial thrust and rebound speed is measured in
a noncontact mode, and is calculated as a Leeb hardness value
and then automatically converted to Rockwell C, B, Brinell,
Vickers and Shore Values. Also, the portable benefit means the
tester can be brought to the workpiece, which is especially useful when testing large and/ or cumbersome parts. This method
has resulted in efficient, fast and accurate portable hardness
testing results.
However, when a mark or indentation on the workpiece must
be avoided, ultrasonic testing is a great solution. Advanced nondestructive portable hardness testers utilize ultrasonics with
Ultrasonic Contact Impedance (UCI) technology, enabling a
portable hardness tester to test special surfaces on small and thin
workpieces without marking the surface. These units can test
metals as thin as 2 mm throughout all scales, hard or soft. UCI
technology is available on both manual and motorized systems.
The motorized probe systems are used for very thin testing of
coatings and platings, or surfaces with a very high polish finish.
Ultrasonic portable hardness testers probably offer the best
of most worlds for gear inspection/ testing. Testing can be done
from any angle, while getting into very tight spaces often found
in gears. Because testing can be done nondestructively, whether
you are checking material or platings, tests can be accomplished
without leaving a mark on most metals. The speed of the UCI
tests is approximately 2 seconds. In addition, workload can
be automated using fixturing and a stand to hold the probe in
place, allowing for rapid, continuous testing.
UCI is based on a 136-degree diamond at the end of a vibrating rod being depressed into the test surface at a fixed load. The
difference in Ultrasonic vibration frequency is then calculated
into a hardness value. The UCI test procedure is slower than
the Dynamic Impact style, however the UCI method has the
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advantages of being nondestructive and able to test thin and
small work parts.
Previously, destructive indentations made on such sample
pieces meant the garbage heap for those tested. Using ultrasonics, this is no longer the outcome. These systems have an open
architecture and can be calibrated to read any metal, in any
hardness scale, with reference samples to perform initial calibration. Ultrasonic portable hardness testing is ideal for applications such as gears, bearings, pistons and valves, among many
others. Key industries for this type of testing include aerospace,
automotive and medical parts as well as knife blade manufacturing, to name just a few.
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Starrett 3821 Ultrasonic Portable Hardness Tester will test gear teeth
nondestructively and can read in just about any scale at about two
seconds.

All
Are Right Here
All The
the Gear Cutting Tools You Will Ever Need are
DTR is one of the world’s largest producers.

DTR. Your best choice for high quality gear cutting tools.
DTR is a world class supplier of the finest high performance long-life gear
manufacturing tools, for small and large gear cutting applications.
Established in 1976, we are one of the world’s largest producers of cutting
tools, shipping to over 20 countries.
DTR offers a full line of gear cutting tools including:
• Hobs
• Chamfering and Deburring Tools
• Carbide Hobs
• Broaches
• Shaper Cutters • Master Gears
• Milling Cutters
We can produce virtually any tool you need for auto, aerospace, wind,
mining, construction and other industrial gears.
Every tool is precision-made utilizing high speed steel, premium powder
metal or carbide and the latest in coatings, to achieve superior cutting and
long life. DTR uses top of the line equipment including Reischauer CNC
grinders and Klingelnberg CNC sharpeners and inspection equipment.
Learn more about our outstanding quality tools at www.dtrtool.com.
Call us at 847-375-8892 for your local sales representative or
m for a quotation.
Email alex@dttrttool.com

DTR has sales territories available. Call for more information.
(formerly Dragon Precision Tools)

WWW.DTRTOOL.COM

U.S. Office Location (Chicago) Email
inquiries to: alex@dtrtool.com.
1261 Wiley Road, Unit K, Schaumburg, IL 60173

PHONE: 847-375-8892 Fax: 224-220-1311

Headquarters
85, Namdong-daero 370beon-gil, Namdong-gu, Incheon, Korea, 21635

PHONE: +82.32.814.1540
FAX:
+82.32.814.5381
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