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Tetsushi Kaburagi

Product development process in manufacturing is as follows, first, design and
manufacture to satisfy customer requirement, secondly, measurement and evaluation
the characteristics of the manufactured products, finally, conformity assessment for
required specifications and review of design. Generally, in production sites product
development technology and manufacturing techniques are improved by repeating
this process. The limit of the ability to measure the characteristics of a product is the
limit of product quality. Therefore, improvement of measurement technology is
indispensable for developing new products.

Useful non-destructive hardness measurements in industry should not be evaluated
from impression formed forcibly by indenter. The hardness tester that does not
evaluate from impression formed forcibly is Herbert hardness tester. This hardness
tester was proposed by Herbert in England. Herbert hardness tester is a pendulum
tester with a diamond indenter. The hardness is evaluated from the oscillation
behavior of pendulum tester on the specimen.

There are no examples of industrial use of Herbert hardness tester. However, in
order to evaluate the hardness from physical load without impression formed forcibly,
it is the most effective way to utilize this tester. The purpose of this study is practical
use of Herbert hardness tester in industry. To be more convenient and higher
accuracy of evaluation, we propose a more rational and practical index of hardness
than the conventional Herbert hardness.

This paper consists of the following 6 chapters.

Chapter 1, positioning of hardness test in material test, and testing method and
characteristics of conventional hardness test used for industrial use commonly now
are described.

Chapter 2, the definition of Herbert hardness and the evolution of improvement
from the original hardness tester to the current tester are explained. The
measurement principle of this tester is shown with a simple model. The reasons why
hardness can be evaluated from the attenuation of the pendulum tester is described.

Chapter 3, improvements of the tester to solve the problems of the conventional
Herbert hardness tester are described. Several different Brinell hardness standard
blocks which are the standard of hardness of metals are measured by using improved
Herbert hardness tester. The effect of indenter radius, the oscillation period and the
surface roughness of specimen on measurement result is investigated by experiments.
As the indenter radius increases, the damping hardness increases because the rolling
distance of the indenter becomes longer. As the oscillation cycle becomes longer, the



damping hardness increases because the frictional resistance increases due to the
decrease in the rolling speed of the indenter. As the surface roughness increases, the
friction resistance increases due to an increase in the real contact area between the
indenter and the sample, so the damping hardness increases. Experimental results
explained the correlative relationship between Brinell hardness and damping
hardness and conventional Brinell hardness can be estimated from Herbert hardness.

Chapter 4, in order to demonstrate the practicality of Herbert hardness tester in
industry Herbert hardness and tensile properties, which are the mechanical
properties of the material, were compared. Eight kinds of materials of aluminum
alloy A1050, A2024, A5052, magnesium alloy AZ31, brass, pure copper, pure titanium
and SUS440 were examined. The damping hardness showed a good correlation with
0.2% proof stress, ultimate tensile strength and work hardening exponent excluding
AZ 31 showing different mechanical properties in tension and compression.

Chapter 5, in order to evaluate formability assessment of CFRTP without
impression formed forcibly Herbert hardness test was applied. Since damping
hardness is a negative correlation with Vickers hardness, its reciprocal number was
proposed as a new damping hardness HDH. The relationship between the flexural
strength and HDH was investigated in the CFRTP laminated sheets molded at some
different temperatures. HDH showed a good correlation with the flexural strength
and the modulus of elasticity in flexure. Difference of HDH measured at some
different position of a same specimen shows a variation in adhesive strength of fiber
bundles. Therefore the homogeneity and the mechanical properties of CFRTP can be
estimated in a non-destructive testing by HDH measured at a number of positions.

Chapter 6, results of this paper is summarized.



