Feb. 24, 1948, - C. V. KENT
. : : HARDNESS PENETRATOR
Filed Feb, 26, 1945

-

FIG.5 [\l
2

FIG.2

"FIG. 3

7

| 2,436,435

\\\\\\\\‘ |

INVENTOR.

CARLETON V. KENT
BY '
)&4‘.,4, (-] C M—

. ATTORNEY




Patented Feb. 24, 1948

2,436,435

UNITED STATES PATENT OFFICE
i . - 2,436,435

Carleton. V. Xent, East Moline; I, -assiznor

ety

American Mackine and Metals;.-ln&.,;:NeémYcr)&,:
. 'N. X, a.corporation of Delaware.

Application February 26,

1-€laim,

This. invention: relates to: the testing: of :the
hardness of materialg and more particularly . to
penetrators or indeénters-used: in ‘the:machines by
which the hardnessof a. specimen is tested: - Gem-

erally a test load:of a given: magnitude is: usedito -

force sucha penetrator or-indentfer: against the
surface. of ‘the. specimen whose hardness is to-be
determined. A:dimension; of the resulting im-
pression. is:utilized asan. indication. of the hard-
hess of the.specimen; ' :

Sometimes the depth: of ‘the: impression: made
by the penetrator is measured, -but more: cong-
monly ‘- surface dimerision of* the. impression is
used-as the basis fop the computation of the ‘hard-
ness index of the specimen:,
known: systems for testing hardness are those us-
ing-a hardened steel ball referred to-as:a “Brinell”
ball; & 4-sideq diamond pyramid whose: sides:are
symmetrical with-each: other and-intersect:in: four

cutting-edges ‘having the. Same -angle: called: the: :

“Vickers™ pyramid: and a. 4-sided’ pyrami@ in
which: two: opposite cutting diagonal edges malke
% large angle with each other while: two: otker
cutting edges-in a plane berpendicular to that-of
the first two - make @ somewhat 'smaller angle with
each other, known-as the “Knoop” pyramid,
Both- types of byramitt “penetrators: ‘permit
greater accuracy in reading the size of the: im~
pression than the Brinel} ball. The: Knoop pyra=

mid: particularly ‘has certain. advantages:over“bhe_ :

other types of intpression; specifically: -

L. For the same ‘ares,. of impression the length
of the:lengér diagona] of the impression .created
by the Khoop: pyramid isigreater than the length

of the:diagonal'in the Vickers impression. There- -

fore there will Ke a relatively smaller observa-

tional error in: ‘reading the. Knoop: impression,.
2. With some ‘materials: the ‘material displaced

by-the indenter eguses g rounded-ridge around the

impression: which: makes: it harg ‘torsecure: a:con-

rect reading. ‘No-such ridge iy formed: adjacent
to the-apexes: of ‘the. angles forming-the ends of
the: longer diagomar of* the impression: )

3. I materials where the Impression contracts
-after-the removal of the penetrator, no: contracs
tion takes place on the long-difgonal of the ims.
Dression of s Knoop indenter, - :

It isvan: object-of the present invention to pro-
vide .& penetrator for testing machine: “which
retains the. aforementioned: advantages: -6f the
Knoop pyramig but is easier ang chieaperto pro-
‘duce ‘than. ‘the:pyramigal ‘penetrator: “To.make
thereadings-of: bpyramidal peretrators: confornmuto
-anexistingr sbanefa;nwitfisrnecessa;ry: that the four
‘planes. be. cut to: form

Among ‘the best :
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between each::pair.of planes ‘and alf the planes.
‘mmst: pass ‘through: o :single- point; ‘By contrast
there is only g single curved-cutting edge, easily
‘SENErated by-existing mechanica] equipment; in

« ‘the: penetrator ‘Which . forms ‘the subject of thig
“invention:.

in the: line -of “application of the test-load.

iod oneitornrofithe invention: the indenting sur-
face of the:penetrator eomprises portions of two
simiflar eoregl; surfaces forming: parts of two
similar -coaxiak ‘tones; the common - axis: of the
~two:rcunesa:ibeing perpendicular-to the direction of
theztoree‘:usedf%tmcpeat‘efther Impression in a speci-
“tested. ‘Sueh coaxisl ‘contical surfaces
y- be-grounds: by conventional ‘methods
on a tool grinder,

It 5 anotlier. ghject of the invention to provide
& penetiator Kaving cutting surfaces of such
eurved-shape as to fornr alenticular impression
in.the: specimen-tobe tested when the Ppenetrator

g a,ppliédito-»sa)i&specimem

which can ‘be: ‘turned-about- its axis so that: sue-
cessively different ares. of this cutting edge may
‘be brought irto-play,

& StHE Turther- ‘object of  the invention is to
provitre-w—peneﬁraﬁor“ha“viﬁg & single curved cut-
tirg edge "which: is: removably, and breferably
‘turnably; mounted'in-or o g Holder:

Another-object of the invention is to provige
& penetrator of hardened material which is.mag-
netibal’ly’suppurmdrtn.a;hbl’d‘ex"-of‘ a.different.com-
‘position,.

Btill another ¢bject «of the invention is to pro-
vide a penetrator which. ig particularly well suit-
ed. ‘fcr-‘:gﬂtfbnmiqg.;hamnes‘s;tests, on. plastics..

Qiher db,iects-,‘.:fea;tures;‘;and.zadvantag_es of the
deseription proceeds,
Teference being hag to the accompanying draws
ingsinwhich. - .

Fig, L:shows: - front viewof the invention:

Fig..2 s & siflesview of the- penetrator-shown in
Pigo 1. :

Fig: Fisaplan viewrof the impression Teft-in
the specimen by the penetrator shown in ‘Figs,
Fand'2 “Themodified formrof penetrator shown
‘n Figs: 4 and 5 Teaves the. ‘same. impression:

Fig: 415 .a frons: view; partly in ‘section; of @
‘medified:penetrator: C




Fig. 5 is a side view of the modified form of
the penetrator shown in Pig. 4.

In Figs. 1 to 3 the numeral i denotes a speci-
imen whose hardness is to be determined. 2is a
bar having its lower end ground so as to form
two conical surfaces 3 and 13, each of these con-
ical surfaces being part of a cone whose axis 4—5
extends perpendicularly -to the axis 6—=71 "of the
penetrator. Since hardness impressions are nor-
mally made with the penetrator at right angles

10

to the surface of the specimen, the axis 4—5 will -

ordinarily be paraillel to
men {. The two conical surfaces 3, 13 meet in
an arc {5 which forms the singlescutting edge of
the penetrator. Cones 3, 13 may be formed with
any one of several angles 9, depending upon the
angle most suitable for indenting the particular
type of material. In Figure 1 this angle 9 is

the surface of the speci--

18 u
" selves an opening
- projects.

shown as approximately 45° but it may be se- -

lected to suit the hardness and characteristics
of particular types of specimens to be tested. In
general, the softer the specimens, the larger will
“be the angle chosen. A
As will be seen from the:drawing, the ‘pene-
trator has two planes of symmetry, one being
defined by the axes §—8 and §—T and the other
‘being perpendicular thereto and containing axis
.6—1. There is no cutting edge in the first-named
plane of symmetry, the only cutting edge 15 being
situated in said second plane perpendicular to
the axis 8—5, The shape-of the cutting edge 15
is that of an arc of a circle. Any section taken
through the active (conically ground) portion of
the penetrator parallel to said last-named plane
of symmetry is delimited by a eircular curve hav-
-ing its center on the: axis §—5. The section
taken through the other piane of symmetry, that
s, the plane containing axis 4—¥5 as well as axis
Asi—1 is of V-shape with the sides of the'V straight
lines. ped o
. If the penetrator shown in-Figs. 1 and 2 is foreed
against the specimen { so that the cutting edge
‘{5 penetrates the specimen as shown at 8, the
impression made will be of lenticular shape. The
lenticular figsure 2 shown. in Fig. -3 is bisected
by the longitudinal line 10 created by the cut-
ting edge 15 and the side walls 17 and {8 of this
impression are curved surfaces corresponding to
small portions of the conical surfaces $ and 13
of the penetrator. At each-of the two ends
and 16 of the lenticular ficure 12 the sides of
“the latter and the line {0 joinin a single poing
‘which can be readily observed, such. as by & -mi-
croscope. 'The distance hetween the points 14
and {6 will be used as index of. the hardness of
the particular specimen tested. - - . ... e
It has been found that the hardness readings
obtained by the use of the double-cone penetra-
tor described bear in.fixed relation to the read-
‘ings secured by other pengtra’cor,systems, in par-

ticular by.the systems using pyramidal penetra-
tors.. 'This permits the use of & conversion factor
‘that permits the comparison of readings obtained
under this system with ‘those obtained under
other systems. e T )
The body on which the conical surfaces 3, 13
are formed may consist of hardened ‘steel. In
some cases it may be advisable to tip the steel
pbar 2 with a particularly hard material, such as
“Carboloy,” and to grind-the conical surfaces 3,
{3 thereon. . SN : o
In the modification shown in Figs. 4 and 5 the
penetrator prober, generally indicated at 260, is
again of double conical shape,: bub instead of
being formed in one piece with the shaff
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studs 22, 24 are of

it permits the selection of

.ed. In particular it

-prising, in combination,
2 as in 75 -cutting edge.is
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and 2, it is in the form
of a roller which is mounted on a separate hold-
er 26. The roller 20 of double frusto-conical
shape presents again the two conical surfaces 3,
13 and the single circular cutting edge 15 In
which these two surfaces meet. While the roller
20 may be supported in the holder 26 in any de-
sired manner, it is preferably rotatably mounted
in or on said holder. In the example shown the
roller 20 carries two studs 22, 24 which extend

the example of Figs. 1

“'on both sides of the roller coaxially with the com-

mon axis of the two cones 3, (3. The holder 28
is fork-shaped having two downwardly extend-
ing prongs 30, 32 in which the studs 22, 24 find
their bearings and which leave between them-
' 28, into which the roller 28
With this arrangement the roller 28
may be rotated from time to time to bring into
play new indenting surfaces corresponding to a
new section of the cutting edge {5, whereby the
useful life of the penetrator may be greatly pro-
longed. M ’
It will be obvious that, if only a rotatable
mounting of the roller 20 relative to the holder
26 is desired, this may be achieved also in vari-

.ous manners different from the one shown in

Figs. 4 and 5, such as by proviidng the roller 20
with one or more axial bores and have this roller
supported by two studs or by a shaft formed
integral with, or secured to, the holder 26 so that
the wheel may turn on said studs or on said shaft.

The arrangement shown in Figs. 4 and 5, how~

ever, wherein the studs 22, 24 form part of the
roller 20 and the holder 26 has two slots 34 which
are open at their lower end so that the studs
may be slipped into these slots from below, is

-yvery convenient for the reason that it lends itself

readily to holding the penetrator in place solely
by magnetic means without the necessity of any

.mechanical retaining members, If the holder 26

of the penetrator at least the
magnetizable material, the lat-
ter will be attracted magnetically into the slots

is magnetized and

:34 and retained therein as scon as the studs 22,
24 of the roller-20 are

brought reasonably close
to and below the slots 34 in the holder 26.
A further advantage of- this arrangement is

‘that one penetrator can readily be exchanged for

another having a different angle and the substi-

tution of the one penetrator for the other in the

holder is only a matter of seconds. -

Roller 20 may be of hardened steel, ils sym-
metrical form lending itself readily to hardening.

One of the advantages of this system is that
the proper size of roller
and the proper cone angle that is best adapted
to the general type of specimen that is to be test-
has been found that a dou-
ble-cone penetrator of the proper size and angle
gives better results in the testing of plastics than

‘those systems of hardness testing that were pri-
‘marily developed for use on metals.

The chief
reason for the-superior performance of the dou-
ble-cone penetrator is believed to be the reduced
tendency to distortion and recovery of a lenticu-
1ar impression which has curved walls. Especial-
1y near the two end points {4 and 16 of the curved
line 10 in Fig. 3the distortion does not exist while

_ the material is. distorted by the flat sides and

numerous angles of the other indenters.
What I claim is: :
A penetrator for
adapted to make a

hardness testing machines
lenticular impression, com-
a hardened piece whose
formed by.the intersection of two
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conical surfaces, means for loading any part of

sald circular cutting edge, said means including

bearings on the axis of said cones and a shank Number
having bearing surfaces so spaced as to transmit 1,299,095
an axial load from the shaft axis to the speci~ § 2,254,162

men along a diameter of the circular cutting edge 2,335,235
which is normal to the specimen,
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REFERENCES CITED . 10 358,509

The following references are of record in the
file of this patent: .

6
UNITED STATES PATENTS

Name Date
Ames oo ____ Apr, 1, 1919
Wyman _.._________ Aug. 26, 1941
Clifton woo oo Nov. 30, 1943
FOREIGN PATENTS

Country Date
Germany o....._.__ Sept. 11, 1922




