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ABSTRALT

The use of a quantitative image analyzer
to determine microhardness vailues was invests-
gated. Microhardness traverses were made
across chemucally potished, partially oxidized
T-111 alloy specimens using both Yickers and
Knoop indenters. Microhardness values were
obtained from both area and diagonal readings
using a Classimat image analyzer (Classimat is
a repstered trademark of E. Leitz, Inc.,
Rockliegh, N. L), These values ware then
compared with those obtained by conventional
optical measurements. The data obtained by
the various methods are compared and the
advantages and disadvantages such as accuracy,
time requirements, versatility, and limitations
of particular methods are discussed.

Objective

The purpose of thes study is to determine
il an image analyzer is as reliable for determina-
tion of microhardness values as conventional
methods, and, if so, what method of micro-
hardness determination is bast.

In order to accomplish this, three speci-
mens of partially oxidized T-111 alloy were
selected which had been chemically polished
to reveal the microstruciure of the specimen.
These specimens were sglected becauss they
offered most of the vanables one might
encounter in attemptng microhardness

*Mound Laboratory is aoperated by Monsanto Re-
search Corporation for the U 5 Atemic Energy
Commission under Contract No, AT-33-1.GEN-53.

measurements with an image analyzer in other
specimens, The specimens had a range of
microhardness values starting relatively high
at the edge and tapering to the base hardness
of the material toward the middle of the
specimen. There were arcas of etched grain
boundsries and inclugions in the oxygen-
affected arez of the specimen and smooth,
mclusion-free areas in the wnoxidized portion
of the specimen comparable to the as-polished
condition of a specimen.

Microhardness traverses were made on the
sgpecimens using both a Leitz Miniload and a
Tukon microhardness tester. A SC-gram load
wag used. The traverses consisted of 25 in-
dentations each beginning 2 mils from the
adge of the specimen and proceading at 2 mil
intervals to the middle. Both Knoop and
Diamond Pyramid Hardness indentations were
made. Yalues were obtained on each traverse
from each of the instruments. Comparisons of
these values showed that cach instrument made
equivalent indentations but the values obtained
from the Tukon instrument were consistently
5% lower than the Miniload values. Tesis on a
standard test block verified these compatisons.
The difference was real and not connected
with the factors invelved m converting from
filar units to mictons. Since the Miniload gave
readings directly in pm and required no cor-
rection factor, the values obtained from the
Miniload were chosen as the standard for com-
parisott with the guantitative image analyzer.

A Leitz Classimat image analyzer was used
for the study, The Classimat consists of a
Plumbicon television camera conhected to an
optical microscope. The microscope is equipped
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with an automatic scanning stage and a prism
that can be uwsed to automatically rotafe the
image 90°. The camera displays the image
under the microscope om a teievision monitor
and feeds the signal into a video signal
processing vnit which can be usced to obtain
from the image on the momnitor (1) the mask
area, (2) the area of particles, (3) the number
of chords, and (4) the number of particles.
The desired watues are requested from the
video signal procaessing unit by means of a pet
board. Data are fed into a computer and cal-
culations are made according to programmed
instructions,

For microhardness determination the area
of the particle (obtained by the number of
picture points in the indentation) and the
mumber of chords (obtained by the number of
TV lines intersected by the vertical diagonat of
the indentation on the screen) were used to
obtain the values.

The Classimat is calibrated so that up to
ten gray levels ranging from white to black
can be discriminated and measured. Since the
mictohardness indeniation is below and at an
angle to the surface of the specimen, less Light
is reflected by the indentation than by the
surface of the specimen. The indentation
therefore shows up darker than the suriace of
the specimen, allowing its pray level to be
discriminated and measured.

The Classimat was programmed to obtain
values on the microhardness indentations by
both area and diagonal measurement in order
to determine the advantages and disadvantages
of each methed. The method used {or obtain-
ing microhardness values by diagonal measure-
ment on the diamond pyramid indentations
is given as an example of the setup required
90 use the image analyzer for microhardness
MesUrEment.

The standard tormula for computing
Vickers Hardness is shown in Equation (1)

_ 18545 p
HV = _T {])
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where HY = Vickers Hardness in kgfsq mm
p = applied Joad in kg

d = the mean value of the diaponals
in pin.

The standard Vickers formula was modi-
fied slightly and is shown in Equation (2).
Equation {2) is essentially the same as Equa-
fion (1) except if waz broken down for step
by step opcration of the instruinent.

_1854.5p

(5

Hv = {2)

where HY = ¥Vickers Hardness in kegfsq mm

p = spplied load in ke
dI and l:l2 = ¢chord measurements of the
respective diagonals
F = conversion factor obtained [tom

the screen with a stage
micrometer {umfchord).

The insirament was programmed by
placing pins in 2 program board. The instru-
ment was requested to (1) measure the number
of chords intersected by the vertical dizgonal,
{(2) rotate the prism 90°, {3) measure the
number of chords intersected by the remain-
ing diagonal, (4) return the prism and end the
program. The computer was programmed to
make the calculations required by Equation
(2). The mesult was the Vickers Hardness
number of kgfsq mm and the time interval
from the moment the number was requested
until the number was printed — about
3 seconds.

Excepi for the average Vickers diagonal
meisurements, the programs were set up to
print ten valves and then averape the ten
values for sach mdentation. A plot was then



made fo determing if repeated measurgments
were necessary 10 obtain accurate results,

The resulis of a typical plot are shown in
Figure 1. The first value printed owt was
plotted against the average of the ten values
for each indentation. [t appears to make little
difference which value is used. The first value
is printed out approximately 1 second after
the number is requested and each following
value i 3 sacond intervals, raquiring ap-
proximately 30 seconds’ total time for the
average. A considerable savings in time could
b¢ realized by only taking one value; however,
some scatier ocourred occasionally and a plot
that does not match nearly as well condd be
abtained by plotting the extreme of the ten
numbers of each indentation. This indicates
that although ten values are unnecessary more
than one should be taken to preclude the pos-
sibality of this ocourring by chance.

The results obtained on all three speci-
mens were similar, therefore the results on
only one of the specimens are showa for
simplicity.

Values obtained on a traverse of Knooap
mdentations on the example spocimen are
shown int Figure 2. This fipure compases
values obtained on the Classimat by measuge-
ment of the longer diagonal to those obtained
on the Miniload. The Classimat values are 15
to 25% higher than those of the Miniload.
The higher values were expected and the
reason for this is shown in Figure 3. The
longer Knoop diagonal makes such a gradual
transition in gray level from the surface of the
specimen into the indentation that selection
of the chords to the extreme edees of the in-
dentation also resuited in selection of chords
outride of the indentation. When this occurs
and a reasonable attempt is made ¥o adjust
the mask ares to eliminate the interfetence,
the only other alternative is to reduce the
chord selection until only chords inside the
indentalion are measured. This sometimes
leaves some chords inside the indentation un-
selected. For this reason the length measure-
ment of the diagonal tended to be jow.
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An attempt was made to obtain more
accurate measurement of the diagonal by ad-
justment of the microscope light. The § siop
of the microscope was increased considerably in
an arttempt to abtain more contrast and im-
prove resolution. The diagonals were then
retneasured with the Classirmat. The results ob-
tained are shown in Figure 4. The valucs ob-
tained with the light stopped down showed a
considerable improvement over the original
values obtained. This method, howeyer, still
gave results that iended to be about 5% higher
than the Miniload valuss,

Valueg were then obtained on these same
Encop indentations by arca on the Classimat.
By considering the total area the cffccts of
poor discrimingtion of piclure points in the
extremities of the longer diagonal should be
minimized, Also, arsa can be measured with
the indentation in any orientation. With the
indentation being in the herizental direction
the longer diagonal lies along rather than across
the chords of the screen. Discrimination of
picturs points in the extrerities of the indenta-
tion is much easier in thiz direciion. Figure 5
shows the values obtamed with the indentation
in both the horizontal and vertical position.
The results indicate that regardiess of the
orientation of the indentaticn & good correla-
tion with the Miniload values can be cbtained.
Additional values were obtained on these same
indentations with the microscope light stopped
down as before. A plot of these valugs showed
na significant difference from those obtained
by noomal lighting.

Classimat values were also obigined on a
traverse of diasmond pyramid indentations.
These indentations were parallel with the Knoop
indentations previously analyzed. The values
were obtained by average diagonal length and
area measurcments. The results are shown in
Figure 6, alooe with values obtained on the
Miniload.

The Classimat diagonal measurement values
are agsin consistently high. However, the
problem encountered with the Knoop diagenal
was not encountered with the diamond pyramid
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diagonal. An atfempt was apain made (o im-
prove the data by stopping down the light on
the specitaen, but no significant improvement
was achigved in the data. With the exception,
especially, of the first two indentations, a very
goad correfation exists between the Miniload
values and those obtained on the Classimat

by area. The error in the Classimat values for
the first two indentations and slight scatter in
the values gbtained in the oxidized portion of
the specimen were expected and serve to
accent a problem encountered when measuring
hardness indentations with an image analvzer.
[f the indentation lies acruoss an etched grain
boundary or if thers are inclusions in the
specimen where the indsptation is made,
shading of the indentation without shading the
erain boundary or inclusions is very difficult,
and microhardness values obtained in that arca
iend to be high, Thiz disadvantage can be
avoided easily by evaluating the specimen in
the as-polished condition, as evidenced by the
datay obtained from the interior wnetched aiea
of the specimens.

kit is concluded from this study that the
image analyzer is a reliable instrument for
micrchardness value determination. The
method of evaluation on the Classitmalt by area
was far superior to any of the other methods
studied. The Classimat area values were as
acceurate as values obtained by comventional
measuremeni. 1o termy of versatility, ease of
operafion, and time requirements the method
is clearly superior.

Table I lists the various methods and gives
thi approximate times required for evaluation
of the traverses in this study. The conven-
tional methad is accurate but more time con-
suming than any other methad. After hours
of taking tedious measurements through the
calibrated eyvepiece the time required for
evaluation of the specimens increases and thie
valucs are more subject to variation due to
operator fzatigwe and eyvestrain. The times
given for the conventional method consider
ouly one value par indentation.,

The method of obtaining values on the
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Classimat by diagonal measurement was con-
sidered disadvantageous for several reasons.
Evaluations musi always be made with the
diagonal in a perfectly vertical position. If
mierference ig incurred from graitt boundaries
or inclsions it is not as easily masked out as
with area measurements which can be made
with the indentation in any ornentation.

When evalualing the diamond pyramid by
average diagonal length, each indentation must
be evaluated at only one particular spot on the
screen 0 that when the prism rotates the
indentation iz still under the mask for the
second measurement. This proved 1o be very
difficult when measuring a seties of indenta-
tions, and difficulty was even encounlered when
attempiing a series of evaluations of the same
indentation. With exira effort the accuracy

of the values oblained by diagonal measure-
ment could probably be improved and evalua-
tion would not be as difficult on an aspolished
specimen. However, the extra effort and time
required by the method 15 not pecessary when
the evaluation can be accomplished more
easily and quickly by area.

Area measurements with the Classimat can
be made with the indentstion in anv orienta-
tion without greatly affecting the results.
Yuarving the [ stop on the microscope made
very little difference in the accuracy of the
duta. 1n mosi instances several indentations
could be brought onto the monitor, focused,
and evaluated successively merely by moving
the mask arca from one to the other. When
interference {rom gmin boundaries and inclu-
stons was lncurred, the freedom to evaluate
the diamond pyramid indentation as a square
to match the mask was a considerable ad-
vantage, Evaluation of a 25-indentation
traverse on a flat, as-pobshed specimen could
casily be accomplished in 5 to 10 minutes
with reasonable accuracy by this method.



Instrument

Mimiload

Tukon

Classimat
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TIME REQUIRED FOR MICROHARDNESS EVALUATIONS

Method of Evaluation
DPH by Diagonal Measurement

KHN by Diagonal Measurement

——Same as for Miniload

DPH by Diagonal Measurement

KHN by Diagonal Measurement

DPH and KHN by Arca Measurement

Time

1-1/2 - 2 hrftraverss

1 - 1-1/2 hrftraverse

1.

. ~3 seconds For single

value from moment of
request

. 3545 minutesftraverse

.1 second for first value
. ™3 seconds for =ach

following value

. ~30 seconds for average

of ten values

. 30-35 minutes/traverse

Same as above for
indzvidual seeps

2. 2530 minutes/traverse
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Figure 3 Photomicragraph from the Classimat of & Knoop microhardness indentation
showing the difficulty encountered with chord discrimingtion in the
oetremifics of the longer diagonal, sipecially in areas with grafn bound-
aries and Inclusions.
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