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TECHNICAL SPOTLIGHT

HARDNESS TESTING
RETROSPECTIVE:
A CENTURY OF WILSON

From its earliest beginnings to today, development of hardness testing has
evolved in a parallel manner to the engineering accomplishments of the times.

S

tanley P. Rockwell and Hugh M.
Rockwell (not related) invented
the internationally accepted
Rockwell indentation test, first patented in 1919. Stanley Rockwell later
collaborated with instrument manufacturer Charles H. Wilson of the
Wilson-Maeulen Company to commercialize and improve his invention over
the next few years. The true potential of
the device was first recognized in 1920
by Wilson, who further developed the
Rockwell test to become the indentation depth test that is still applied today
in material testing facilities around the
world. In 1939, Stanley Rockwell was
honored with ASM International’s fifth
Albert Sauveur Achievement Award,
which “recognizes pioneering materials
science and engineering achievements
that have stimulated organized work
along similar lines to such an extent
that a marked basic advance has been
made in the knowledge of materials science and engineering.”

Stanley P. Rockwell.

Among Charles Wilson’s most important modifications to the test were
the introduction of a diamond cone as a second indenter and increasing the
maximum test load from
100 to 150 kgf. Wilson also
facilitated production and
distribution of the tester,
which led to rapid adoption
of the Rockwell method.
His company became the
Wilson Mechanical Instrument Company. It changed
ownership over time and
was also known as the Wilson Instruments Company.
Today, the Wilson brand of
hardness testers is owned
by Buehler, an Illinois Tool
Works (ITW) company. The
Wilson line under Buehler
includes a wide range of
hardness testers including
Rockwell, Knoop/Vickers,
Universal, and Brinell as
well as the DiaMet software
H.M. and S.P. Rockwell hardness tester, patented on
that provides control, data
February 11, 1919.
management, and reporting options including fully automatic
centuries, from the Industrial Revoproduction systems. Several ISO, ASTM,
lution to the current information age
and JIS-certified hardness reference
and Industry 4.0. Over the past 200
test blocks, accessories, and fixtures are
years, hardness testing has significantalso manufactured by the company.
ly evolved from simple scratch testing
in 1822 to motorized testers to fully auINITIAL HARDNESS TESTS
tomated, computer-controlled systems.
Development of hardness testing has
Hardness testing methods have
been consistent with evolving technolbeen used to supply valuable mateogy trends, progressing in a parallel
rials information for more than two
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THE BIRTH OF BRINELL
The first transformation to a more
systematic testing format came with
the introduction of the indentation test.
The earliest form arrived in 1859 and
was based on the force required to produce a 3.5-mm indent in the test material. Depth was measured with a vernier
scale system and the total weight needed to reach 3.5 mm was indicated as the
hardness. The penetrator consisted of a
truncated cone that tapered from 5 mm
at the top to 1.25 mm at the point.
This method was mostly effective with
soft materials.
The first widely accepted and standardized indentation hardness test was
proposed by J.A. Brinell in 1900. His goal
was to find a consistent and fast means
of determining material hardness. The

Brinell hardness test, still in widespread
use, consists of indenting the metal
surface with a 1-10 mm diameter ball
at loads to 3000 kgf. The resultant circular impression was measured with a
low power, manual eye microscope at
the time. The diameter of the impression was then mathematically calculated to a hardness value. The Brinell test
essentially introduced the production
phase of indentation hardness testing
and paved the way for additional indentation tests that were more relevant to
different material types.
Today, the Brinell test is often used
for testing aluminum and copper alloys at lower forces, and steels and cast
irons at higher force ranges. The test
method is particularly useful for certain
material finishes as it is more tolerant
of surface conditions due to the indenter size and heavy applied force. Brinell
testers are often manufactured to accommodate large parts, such as engine
castings and large-diameter piping. In
addition to the still widely used manual
microscopes, automatic, digital camera
systems are capable of generating rapid
and extremely accurate results.
While the Brinell test proved to be
an effective means of material testing
and contributed to ushering in a newly standardized era in hardness testing,
it had its limitations. For one, the relatively large indenter along with high
test forces made it inadequate for small
precision type testing. The nature of the
test also requires a second operation
to measure the indent. In addition, the
heavy force required by the test leaves
an obvious and potentially damaging
impression, so finished goods testing
is not always practical. For these reasons, along with increasing demand for
more reliable and efficient testing techniques, the hardness testing aspect of
materials analysis was ripe for change.

VICKERS AND KNOOP DEBUT
The race was on to develop ever
more effective methods. With that came
the first acceptable alternative to Brinell—the Vickers hardness test—which
partially solved the problem by providing a more consistent, lighter load hardness test. Developed in the U.K. in 1921,

Johan August Brinell.

the test used the same principle as Brinell, that of a regulated impression, but
employed a pyramid-shaped diamond
rather than the Brinell ball indenter. The
resultant impression is measured using
a high power microscope in combination with a filar micrometer eyepiece.
In 1939, an alternative to Vickers—
the Knoop hardness test—was introduced by the U.S. National Bureau of
Standards, now NIST. The Knoop test
used a shallower, more elongated format of the diamond pyramid and was
designed for use under lower forces
than the Vickers test, allowing for more
accurate testing of brittle or thin materials. These methods continue to be
widely used to analyze small test areas,
brittle materials, case hardened and
steel components, coatings, wire, and
precision parts, but often utilize more
advanced indentation and measuring
procedures than the earlier techniques.

EARLY WILSON YEARS,
CHANGING OWNERSHIP
Despite the progress, a desire and
drive toward even more efficient hardness testing methods remained. It was
this need that led to the success of the
Rockwell indentation test. The Rockwell
method, originally introduced in a basic
form in 1914, essentially revolutionized
hardness testing. It used displacement
measurement and thereby produced a
direct-reading result, eliminating the
need for time-consuming secondary
measuring operation. With full-cycle
test time requiring about 12 seconds,
and in some cases as little as three
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manner to the engineering accomplishments of each successive era.
Some of the first tests originated
on bars that varied in hardness from
end to end. The concentration at which
the material being tested could form a
scratch on the bar was a major factor
in determining the specimen’s hardness. These rudimentary methods gave
a relative and often comparative indication of material strength and were adequate for the time. More refined forms
of scratch testing were introduced
during the 1800s by a German mineralogist named Friedrich Mohs. In what
eventually became known as the Mohs
hardness test, the user would scratch
an unknown sample with a material of
known hardness. Later, this test was
improved to a more standardized format and involved scratching material
surfaces with a diamond and measuring the width of the resultant line. Mohs
chose diamond based on its property as the hardest known natural substance and the fact that a diamond can
produce a scratch on virtually all other
materials. This refined test uses a scale
from 1-10 where the higher the value,
the harder the material. For some processes, the Mohs method is still in use.
Various scratch tests continued to be introduced over the next hundred years
or so, but none gained a hold in materials testing the way the Mohs test did.
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seconds, the desired productivity, efficiency, and accuracy was finally realized. The method’s patent application
was approved in 1919 and in 1924 an
improved design patent was granted.
Simultaneously, commercial production of Rockwell testers was underway.
Today, the Rockwell method remains
the primary, preferred method for hardness testing worldwide.
During World War II, production
at automotive, military equipment,
and aerospace factories boomed. Wilson built Rockwell testers in the United
States and United Kingdom with export orders frequently placed by coded telegraph messages. For example,
an order of 40 bushels of potatoes may
have been used to indicate an order of
40 4JR testers. Approximately 600 Rockwell testers were shipped to Russia at
this time.
After the war, Wilson thought they
had saturated the market, so the business was sold to American Chain and
Cable Company (ACCO) in Bridgeport,
Connecticut. The manufacturing site
was immediately moved to ACCO while
the sales offices were moved in 1970.

From the 1920s on, several generations of hardness testers have been used across a wide
range of industries.

Modern hardness testers.

ACCO continued to manufacture and
sell Rockwell testers until Wilson Instruments was sold in 1988. It then became
part of Instron Corporation in Norwood,
Massachusetts, in 1993. That same year,
Instron also acquired Wolpert GmbH, a
German manufacturer of hardness testers, bringing both famous hardness
brands under one roof.

ITW GROWS TESTING DIVISION

An early version of the Wilson Rockwell
hardness tester.

In 2005, Instron, Wilson, and
Wolpert were acquired by ITW as the
foundation of the company’s test and
measurement division. By 2006, ITW
had also acquired Buehler to further
grow the new division. In 2009, another famous manufacturer of industrial hardness testers, Reicherter GmbH
(owned by Stiefelmayer), was acquired
by ITW as well. In 2012, the testing line
now known as Wilson Hardness officially became part of Buehler’s product
portfolio. ITW’s test and measurement
business now provides specialized
products to a diverse set of customers
operating in highly regulated, demanding environments. The division includes
Instron, North Star Imaging, Brooks Instrument, Magnaflux, Loma Systems,
and Avery Weigh-Tronix.

Since its acquisition by ITW, Buehler has improved on the original Wilson designs and further developed
hardness testing with fully configurable
software called DiaMet, the Wilson
VH3100 Vickers All-in-One hardness tester, and the heavy-duty Wilson UH4000,
an eight-turret, large stage universal
hardness tester. Buehler launched DiaMet to provide easy operation for automated hardness testing. The software
features specimen mapping, edge detection, scanning, stitching of overview
images, case depth calculations, and
statistical analysis tools as well as weld
testing and geometric measurement
functions and a barcode scanner interface. ~AM&P
For more information: Matthias Pascher, hardness product manager,
Buehler, an ITW Company, matthias.
pascher@buehler.com, www.buehler.
com.

