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'13 Claims.
This invention relates to diamond abrasive
wheel construction and to a method achieving the

same. .
One of the objects of this invention is to pro-
vide a strong, efficient, and durable vitrified

bonded diamond grinding wheel that will be well

adapted to withstand the stresses and strains
attendant upon mounting it for rotation and
"that can be constructed in a manner that will
avoid material loss or waste of the costly diamond
abrasive material employed. Heretofore, in con-
structing certain types of vitrified bonded dia-
mond grinding wheels in which the abrasive an-

10

nulus is of small depth and in which it is desired -

to have a substantial-sized hub, waste or loss of
costly abrasive material has resulted. in the
course of shaving or shaping the wheel in the
green state or otherwise operating upon it to
leave the desired thickness of hub, and,.as a re-
sult, wheels made in that manner are excessively
costly One of the dominant aims of this in-
vention is to avoid this serious obstacle. An-
other object is to provide a diamond grinding
wheel of the desired larger-sized hub and to give
the wheel increased capacity to cope with the
strains and stresses attendant upon its use in
grinding operations, such as stresses imposed
by centrifugal forces, temperature changes and
the like. Another object is to provide a method
for constructing a diamond grinding wheel of
the above-mentioned type that may be eco-
nomically, speedily, and efficiently carried on in
practice, with the use of simple and inexpen-
" sive equipment, and capable of being carried on
on a quantity production basis. Other objects
are, in general, to provide an improved diamond
grinding wheel of the above-mentioned kind,
and other objects will be in part obvious or in
part pointed out hereinafter.

As conducive to a clearer understanding of
certain other features of my invention, it might
also be noted, particularly where precisiorfi grind-
ing operations have to be performed on hard
materials, that rigidity of diamond grinding
wheel structure and hardness and unyielding
characteristic of diamond abrasive surface por-
tions are material desiderata for achieving ac-
curacy and trueness of the parts being ground;
vitrified-bonded diamond grinding wheels have,
or can be made to have, hardness characteristics
superior to diamond grinding wheels employmg
other types of bonds, and because the vitrified
bonded diamond-containing portion thereof can
be given a high modulus of elasticity so as to
be relatively unylelding under concentrated
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grlnding pressures, particular difficulty is met
with in providing sych an abrasive annulus with
adequate support partlcularly in the case of rela-

tively. thin wheels, so as_to avold yielding dis-

tortion of the wheel under grinding pressures,
even though the diamond abrasive portion per
Se. has adequate hardness not to yield in or
throughout its grinding surface under the grind-
ing pressure, oreover the support for the
diamond a.brasive annulus should offer adequate
resistance to.yielding in various directions, the
reactions to the grinding pressure being not nec-
essarily uni-directional, but varying in direction
with the direction in which the grinding wheel
is thrust against the work-plece, or vice versa;
thus, the direction might be generally parallel
to the axis, or it might be radial, or at various
angles ta the radius.. Another obJect is to pro-
vide a vitrlﬁed-bonded diamond grinding wheel
and a method of making the same in which
adequate or unyielding support for the diamond
abrasive portion may be had and the precision
and accuracy of grinding operation thereby pre-
vented from ‘being materlally impaired.

The invention accordingly consists in the fea-
tures of construction, combinations of elements,
arrangements of parts, and in the several steps
and relation and order of each of the same fo
one or more of the others, all as will be illus-
tratively described herein, and the scope of the
application of which will be indicated in the
following claims.

In the accompanying drawings, in which are
shown, illustratively, several of the various pos-
sible embodiments of the mechanical features
of my invention,

Pig. 1 is & diametrical sectional view of parts
usable in making the grinding wheel;

Fig. 2 is a diametrical sectional view showing
the completed wheel and indicating, in broken
lines, certain devices that may be employed in
carrying out certain of the steps of my methed;
and

Fig. 3 is a diametrical sectional view showing
another possible form of completed wheel that
meay be made up in accordance with my inven-
tioxgt. .

Similar reference characters refer to similar
parts throughout the several views of the draw-
ing.

Referring, first, to Fig. 1, I first make up a wheel
part 0 comprising a cylindrical center {1 having
about its periphery an abrasive annulus or zone
12 containing the costly abrasive grain, such as
diamond grains, diamond dust, bort, or the like,
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using any suitable ceramic or vitrifiable bonding
material in each of the parts |1 and {2 suitable
or appropriate to firing under conditions or tem-
peratures that will not detrimentally affect the
diamond particles employed in the peripheral ab-
rasive part 12. 'The composite wheel part 10 may
be molded and pressed in any suitable way, for
example, by the use of molds or mold parts In
conjunction with any suitable pressure-applying
means, such as a hydraulic press. For example,
the mix of which the center (i is formed may
be first molded to the desired diameter, with a
hole 13 at its center, and, in the mold, subjected
to axial pressure to the desired extent, prefer-
ably a low pressure at this stage, whence the mold
parts are rearranged or replaced so that the
diamond-containing mix, of which the abrasive
part 12 is to be formed, may be distributed about
the periphery of the center part 11, and the whole
then subjected to high pressure to the desired
extent, usually several thousand pounds per
square inch, the amounts of materials employed
being so calculated that, for the final pressure
applied, the grinding wheel part (0 has the de-
sired thickness or axial dimension.

The wheel part 10 is in this manner molded
at the very outset to give the diamond abrasive
annulus 2 the desired final width or axial dimen-
sion which its peripheral grinding face {4 is uiti-
mately to have, and to give it the desired uniform
thickness or radial dimension so that, as the ab-
rasive part wears down in use, all of its diamond
content, down to the innermost layer, may be used
in the grinding operation.

Iustratively, the same ceramic or vitrifiable
bond material may be employed in making up the
mixes for the center part 11 and for the abrasive
part 12, and, by way of illustration, the bond may
be compounded according to the following:

Ezample I
(0] 7 . S 32.2 Ibs.
Boric acidemcccameae 25.4 1bs.
Prit {Siliea ——cmee 37.6 1bs.; 76 parts
Hydrate of alumina.__- 1.0 ibs
Whiting e 3.8 1bs
Bsall clay. 30 parts
or the following: .
Ezample IT
Parts
Eentucky ball clay 18
Ground flint. i 15.8
Borax : 19,8

Such g bond material, in powdered form, may
be made into an abrasive mix for the part (2 by
adding thereto, in suitable proportion, the dia-
mond abrasive grain in desired grit size; for ex-
ample, diamond grain of 100-mesh grit size, in

10

the same as that of the bond materlal to the did-
mond particles of the mix for the diamond an-
nulus (2, and that may, of course, vary from the
proportion above set forth. Protective agents
such as aluminum, silicon, or boron, or compounds
of silicon or compounds of boron, may be em-
ployed in both mixes and these materials may
also he employed as body materials, according to
the teachings of Patents Nos. 2,356,937 and
2,356,938. Likewise the use of mixed glasses in
the bond according to the teachings of Patent

- No. 2,343,218 is often advantageous, and is one

means of altering the coefficients of expansion of

~ the reacting parts.
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four parts by weight, may be added to one part 60

by weight of the bond material. Preferably &

suitable temporary binder material is also em-
ployed, such as glutoline, of which 4% by weight
of the whole may be added where the gilutoline is

8 4% solution; the glutoline plasticizes the mix 68

and also gives it the appropriate strength in the
“green” stage.

In similar manner a mix may be made up for
the center part ! of the grinding wheel part 186,
but instead of the diamond grit, a suitable body
material of suitable grit size is employed, and, il-
lustratively, I may employ vitreous silica (SiO2),
preferably of the same grit size of that of the
diamond particles. The proportion by volume of
bond material to the vitreous silica is preferably

70

(]

Next I mold, out of sultable mix comprising
ceramic or vitriﬁable bond material, a hub ele-
ment, such as the element 15, and where the ulti-
mate wheel structure is to have a hub that pro-
Jjects on each side of the wheel structure, I mold
another such hub part 16; these may be made of
the same mix that is employed in making the
center part {1 of the grinding wheel part 10 as
ahove described, and the same steps of molding
may be employed excepting that the hub parts,
once and for all, may be pressed axially in the
mold to the desired axial dimension, the amount
of mix employed being preferably so calculated in
relation to the final pressure applied that the
volume structure of the hub part or parts and of
the wheel center I{ is the same. However, ac-
cording to certain other features of my invention,
I prefer to give the hub part or parts character-
istics different from those of the center part {f,
so that it or they and the center part 1t will
achieve certain co-actions, all as is later de-
scribed.

The hub part or parts and the wheel part 10 are
now coaxially aligned and brought into face-to-
face relation as indicated in Fig. 2, and, con-
veniently, the coaxial relationship may be
achieved by the use of a short arbor, indicated in
broken lines at {8 in Fig. 2, So assembled, the
parts may be fired, the bond material of each
fusing together at the face-to-face contact to
form an integral union between the wheel part
and the hub part or parts. Preferably, however,
and particularly where the bonding materials em-
ployed do not lend themselves appropriately to
fusing together as just described, I apply to one
or both of the faces that are brought together
a relatively thin layer of bond material, prefer-
ably of the same bond composition that is em-
ployed in the center part {1 of the wheel part
10. Thus I may apply such a layer, indicated at
21 in Fig. 1, to the upper face of the hub part 16
and a layer, indicated at 22, to the upper face of
the wheel part 10 and throughout an area of the
latter that matches the area of the underface
of the hub part 15. This bond material may be
painted or sprayed into position, or, if in dry
form, it may be dusted into position.

In firing, the assembly is placed upon the fat
face of a suitable support 23 of refractory ma-
terial, usually called a “batt,” and preferably the
uppermost element of the assembly is weighted
down, as by weights W placed upon it, all as is
indicated in broken lines in Fig. 2. Each hub
part becomes integrally united to the center part
{1 along a junction indicated at 24 in Fig. 2. If
two hub parts are employed, and they need not
be of the same thickness, the resultant wheel has
a mounting hub projecting axially from either

8ide of the wheel; if only one hub element is

used, and it may be of any suitable thickness,
the wheel structure has a hub that projects
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axially only on one side of the wheel, for mount-
ing purposes. In either case, it is not necessary
to resort to shaving, shaping, or other removal
of material such as would cause material waste
" or loss -of the costly diamond-bearing part; the
peripheral and side faces of the diamond abrasive
annulus 12 from the very start are properly di-

mensioned, and at the most, or only if needed,

only s truing operation need be given the abra-
sive annulus and that, because of the facility to
give the annulus proper dimension in molding,
effects but an inconsequential removal of msa-
terial.
sive material is avoided as is also the costly
breakage incurred when it is endeavored to shape
the wheel by shaving or the like, as in the earlier
above-mentioned prior practices.

Moreover, the hard and relatively non-yield-
ing abrasive portion 12 is given strong and rigid
mechanical support to resist yielding or distor-
tion thereof under varying directions of grind-
ing pressure. For example, the pressure with
which the grinding wheel, when operating by
way of its peripheral or outer grinding surface
14, is pressed against the work-piece, may be
principally radial, accompanied frequently by
tendencies toward material side or axial thrust
tending, particularly where the parts i{—1{2 are
relatively thin, to distort the center part {{ out
of its plane and in effect to “dish” it, thus greatly
impairing the precision of the grinding opera-
tion and running the risk of spoiling the work-
piece being ground; however, the built-up hub
structure, whether it is built up only on one side
face of the center part {1 or on both side faces,
resists or acts in opposition to these forces and
tendencies and, particularly where one or more
layers of glassy bond are employed (as at 20 or
29 in Fig. 1, matured or vitrified into a strong
stiffening layer or layers as at 24 in Pig. 2) in

the built-up hub structure, the glassy layer not .

only integrally unites the parts, but forms there-
with a composite mechanical structure having
greatly improved mechanical action to siresses
imposed upon it. The glassy layer 24, being of
different composition than the adjacent vitrified
paris, funciions as @ stiffening clement that
greatly improves the resistance of the siructure
to compressive stresses seting in the direction
of the plane of the layer (vadially in Fig. 2), and
as against stresses acting at an angle to iis piane,
as when the abrasive portion 12 operates to grind
at either of its side faces alone or simultaneousily
at one side face and the peripheral face (4, co-
acts with the adjacent vitrified part or parts as
though the glassy layer and one or more of the
adjacent parts were a built-up or laminated
beam resisting deflection under stress. Where
.two such glassy layers are present as at 24 in
Fig. 2, one of them can function as a tension
element and the other as & compression element
to oppose the action of stresses exerted through
the abrasive annulus {2 tending to dish the cen-
ter part {1 or tending to cause a portion of it to
yield out of its plane. By such coactions as these
the action of the grinding wheel under the
stresses of performing a grinding operation is
greatly improved, precision of grinding can be
more efficiently achieved, and the life of the ex-
pensive diamond-containing annulus extended.
Turning now to Fig. 3, I have there shown how
I am enabled to incorporate directly into the
center part i1 of the grinding wheel the struc-
tura]l features and certain unique actions of the
above-mentioned stiffening layers of glassy bond.

Costly waste or loss of the costly abra-.

: €

The center part {1, in Fig. 3, is made up of sev-
eral thicknesses or elements, illustratively three
in number and indicated at (is, 11b, and {le,
using for each a mix like that above described
in making up the center part 11 of PFigs. 1 and 2.
They may be individually molded, each with a
hole -at its center, if desired, and each with a
diamond abrasive annulus molded thereabout as
indicated at 2%, 12>, and 12¢ respectively, each
unit (2128, §1b—[2b, etc., being finally pressed
to the desired relatively high pressure, using sev-
eral thousand pounds per square inch, much in
the same manner in which the unit {{—I12 of
Fig. 1 is molded as above described. The de-
sired number of these relatively thin units is
now coaxially aligned, as by the use of a short
arbor, and as one is successively superimposed
upon the other, a layer of bond material is ap-
plied, as by painting, spraying, or molding it into
position to the desired thickness, whence the as-
semblage is fired to mature or vitrify the bond
material not only in the parts fis, 11b, etc.,, and
12z, §2b, etc., but also the interposed bond ma-
terial,” which in the fired wheel is indicated in
Fig. 3 by the layers 24* and 24b. If desired a
composite or laminated hub part may in similar
manner and at the same time be assembled to
the structure and simultaneously fired therewith,
and it may comprise several thicknesses or ele-
ments {62 and {6° joined together by a stiffen-
ing layer or glassy bond material 24c and joined
to the built-up wheel center i1 by a similar stiff-
ening layer of vitrified glassy bond, indicated at
24¢, to form the hub element (6.

The internal stiffening layers 24* and 24* of
Fig. 3 directly underlying edgewise the com-
posite abrasive portion {2, can thus directly inter-
pose their resistance of compression and coact
with the laminae ({8, {i¥, etc., to improve their
resisiance to compressive stresses, thus better
to hold the diamond abrasive annulus against
radial inward thrusts, and they can coact with
the laminae {2, {{b, ete., either as tension ele-
ments or compression elements according to the
48 side from which a grinding thrust or component

is exerted, to function somewhat like a laminated

beam to resist deflection out of its piane. If a

hub element is employed on one or both of the

faces of the wheel structure, the coactions above
50 described in connection with Fig. 2 also take place,
and these may be enhanced if the hub element

or elemenis are laminated as is the element {6

of Fig. 3, thus to provide two or more stiffening

and reinforcing glassy layers alternated with the

gg vitrified-bonded parts of the wheel center part
and hub part. Thus improved strength  and
rigidity of support for the hard diamond-contain-
ing abrasive portion may be dependably provided
and its unique abrasive qualities made to achieve

86 improved precision and accuracy of grinding with
improved life of the grinding wheel.

In carrying out my invention T may, however,
achieve additional advantages that contribute
materially to the functioning of the wheel in use.

68 In the ultimate wheel structure above described,
by the use of the same bonding and body in-
gredients in the cenfer part {1 (either as a whole

as in Figs. 1 and 2, or its laminae as at ({2, 1{b,

ete., in Pig. 3) and in the hub element or elements
70 (either as a whole as in Figs. 1 and 2, or laminae

thereof as at 168 and (6° in Fig. 3), both have
identical thermal coefficients of expansion; an
excellent wheel structure results, responding
evenly and uniformly to changes in temperature,
75 and a mounting hub element is provided that
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obviates the difficulties and disadvantages attend-
ant upon cementing the wheel part to a metal
hub or back. The wheel structure well withk-
stands the stresses and strains caused by cen-
trifugal forces when the wheel is rotating at its
operating speed, but sometimes it is desirable
or necessary that the hub element or elements
be materially increased in thickness for this pur- /
pose, in the endeavor to avoid strain to the break-
ing point under the tension to which the inner-:
most regions about the hole of the wheel structure
are subjected by the centrifugal forees.

10

8

start cracking the wheel radially cutwardly from
the hole, they must first overcome the radially
inward stresses of compression in the wheel part
18. Moreover, the parts can be so proporiioned
or compounded in relation one to the other to
give them such relative thermal coefficients of
expansion as will cause the centrifugal forces
to overcome the radial inward compressive
stresses in the wheel part {6 at any desired speed
of the grinding wheel. And in any case the fac-
tor of safety can be materially increased. When

" the grinding operation is Anished and the wheel

These disadvantages I am able to overcome by

creating a differential between the thermal ex-
pansivities of the center part (i of the wheel part
18 and the hub element or elements attached or
integrally joined thereto. Thus I s0 compound
the mixes for these two pearts that, affer firing,
the hub element, or elements, has a higher ther=
mal coeffcient of expansion then that of the
center pert (i. For example, I may use the
same bond material in both and employ different
body materials for each, the bedy materials hav-
ing physical characteristics such as will appro-
priately alter or differently fix the thermal ex-
pensivities of the two parts. THustraGively, I
may employ vitrecus silica as the body material
for the wheel center part {f, of a grit size on
the order of 200 to 300, in an amount of from 5
to 10% by volume, and for the body material
of the hub clement or elements I may use fused
alumina of similer grit size—say, from 200 to
300—and in an smount on fhe order of from
5 to 10% by volume. As a result the hub ele-
. ment, or elements, has a somewhat higher ther-
mal coeficient of expansion than that of the
wheel center part {i.
silica and fused alumina in admixture in each of
the two mixes, but with the fused alumina body
material present in greater amount in the mix
for the hub element or elements than is present
in the mix for the wheel center part t1.

Upon conclusion of firing and as the cooling
down to ultimate room temperature procezds,
solidification of the glassy or vitreous ceramic
bond takes place at some infermediate point in
the cooling-off curve. From that point on, due
to the difierent thermal coefficients of expansion,
the hub element, or elements, contracts faster
than does the part {1, so that, in turn, when room
temperature is reached and dimensional changes
cease, the center part il of the wheel part {6,
particularly in the region about the hole {3, is
placed under compression in radial inward direc-
tion, due to the action of the hub part or parts
in having contracted at a greater rate than the
center part {{. The hub part or parts 15, 16 are
thus in tension, and by their tension impose the
above-mentioned forces of compression upon the
wheel part 10.

When the wheel is put into use and due to the
heat of grinding warms up to reach its oper-
ating temperature throughout, frequently con-
trolled or modified with the aid of a coolant lig-
uid, the radially inward compressive forces in
the center part If and about the hole 13 are
still present inasmuch as the operating tem-
perature or the temperature of the parts about
the hole as viewed in Fig. 2 does not reach the
point or value in the cooling-off portion of the
firing at which the glassy or ceramic bond solid-
ifled. Centrifugal forces at the operating speed
of the grinding wheel therefore have less in-
tense effects for, before they can place the cen-
ter part 11 of the wheel part 10 in tension to
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cools off to room temperature, the earlier ghove-
described conditions of siress are restored. Fur-
thermore, when other strains are experienced in
use, and i is desired to reinforce the wheel at
other points, this differential thermal expansiv-
ity relation beiween hub and center portion can
be reedily altered in any desired megnitude and
direction by adjusting the mixture ezpansiiivies
so as to obtain the desired differential relation-
ship. :

Also, if desired, I may compound the hub ele-
ment or elements (5, end the wheel part §8
using body materials of the kind above de-
scribed, and, by applying sreater pressure dur-
ing molding to the hub part or parts, than io
the wheel part, give the former structure g
greater density and less porcsity than the lat-
ter. In that manner I can give the hub ele-
ments greater strength in tension to resist the
additive stresses of tension imposed upon them
by the centrifugal forces during the operation
of the wheel. Also I may for similar reasons
employ body materials in the hub element or
elements of smeller grit sizes than are employed
in making up the mix for the wheel part 2.

It will thus be seen that I am enabled to ef-
fect substantial. savings in the production of
wheels of the character first above mentioned;
loss of ‘wastage of costly abrasive grains such
as diamonds can be avoided, and a full, useful
life of the grinding wheel made possible inas-
much as the wheel construction is better adapt-
ed to withstand the stresses to which it is sube
jected in practical use. Moreover, it will be seen
that the various objects above mentioned, to-
gether with many thoroughly practical advan-
tages, are successfully achieved.

The invention has been above described and
ltustrated in the form of a grinding wheel in
which the manner of achieving the various
features of construction and coaction, and ad-
vantages of the invention is best Hlustrated;
however, it is to be understood that many fea-
tures of the invention are applicable and many
advantages thereof attainable in other forms of
abrasive articles, such as so-called segments,
blocks, sticks, hones and the like, and that there-
fore my invention is not to be interpreted as lim-
ited to grinding wheels - alone unless otherwise
indicated. :

As many possible embodiments may be made
of the mechanical features of the above inven-
tion and as the art herein described might be

“varied in various parts, all without departing

from the scope of the invention, it is to be un-
derstood that all matter hereinabove set forth
or shown in the accompanying drawings is to be
interpreted as fllustrative and not in a limiting
sense, .

I claim:

1. A diamond grinding wheel having a periph-
eral diamond abrasive annulus of lesser axial di- -
mension than the hub portion of the whieel, said
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wheel comprising . a vitrified-bonded disk-like
wheel center part having integrally united there-
with a peripheral vitrified-bonded diamond abra-
sive annulus, said disk-like wheel’ center part
having bonded thereto and flatwise against a

face thereof a vitrified-bonded annulus that is

coaxial therewith and of lesser diameter than
said abrasive annulus, said lesser-diametered
annulus having a higher coefficient of thermal
expansion than said wheel center part where-
by the latter is under compression and the
former is in tension and both forming parts of
said hub portion. :

2. A diamond grinding wheel having a periph-
‘eral diamond abrasive annulus of lesser axial di-
mensions than the supporting center of the
wheel, said wheel comprising a vitrified-bonded
disk-like wheel center part having integrally
united therewith a peripheral vitrified-bonded
diamond abrasive annulus, said disk-like wheel
center part having bonded thereto and flatwise
against a face thereof a vitrified-bonded annu-
lus that is coaxial therewith and of lesser di-
“ameter than said abrasive annulus, and a layer
of vitrified bond material interposed between
and integrally uniting them .and forming a
strong reinforcing lamination therebetween, said
disk-like center part and said second annulus
resisting dishing of the grinding wheel in that

one of them goes into tension and the other into.

compression under the reaction of grinding
forces tending to dish the wheel, said reinforc-
ing lamination therebetween coacting to prevent
tendency to relative movement therebetween
under the tension of the one and compression
of the other. '

3. A diamond grinding wheel having a periph-

eral diamond abrasive annulus of lesser axial
dimension than the hub portion of the wheel,
said wheel comprising a vitrified-bonded disk-
like wheel center part having integrally united
therewith a peripheral vitrified-bonded diamond
abrasive annulus, said disk-like wheel center
_part having parallel thereto a lesser-diametered
vitrified-bonded annulus that is coaxial there-
with and that is compounded and formed to
have greater structural density than that of said
wheel center part and presenting a substantial
area of surface toward a side face of said wheel
center part, and a layer of vitrified bond mate-
rial interposed between said surface and said
face and integrally uniting said lesser-diam-
stered vitrified-bonded annulus and said wheel
center part throughout said relatively large area.

4. A diamond grinding wheel comprising a
vitrified-bonded diamond abrasive annulus sup-
ported by a disk-like wheel center part compris-
ing a plurality of coaxial relatively thin disk-
like. vitrified-bonded elements integrally united
to give them greater resistance to bending out
of their respective planes than the sum of their
individual resistances, by vitrified-bond material
interposed . between adjacent faces thereof in

layer-like form of a thickness to form a stiffen--

ing laminus therebetween.

5. A diamond grinding wheel comprising a vit-
rified-bonded disk-like wheel center bart hav-
ing integrally united therewith and throughout

. an outer surface portion thereof a vitrified-
bonded diamond abrasive annulus, said disk-like
wheel center part comprising a plurality of vit-
rified-bonded substantially disk-like elements of
which at least one has a higher coefficient of
thermal expansion than another and which are
integrally united to each other by interposed

io

15

20

25

10
layers of vitrified bond material forming strong
reinforcing laminations therebetween, the disk-
like element that is of higher coefficient of ther-
mal expansion being in tension and said other
disk-like element being in compression. .

6. A diamond grinding wheel comprising & vit-
rified bonded disk-like wheel center part having
integrally united therewith and throughout an
outer surface portion thereof a vitrifiea~-bonded
diamond abrasive annulus, said disk-like wheel
center part having coaxial therewith a disk-like
vitrified-bonded element integrally united there-
to throughout their adjacent faces, said element
having a higher coeflicient of thermal expansion
than said wheel center part whereby the latter
is under compression and said element is in ten-
sion,

=, A grinding wheel comprising a plurality of
disk-like laminae of vitrified-bonded granular
material of which at least one lamination has a
higher coefilcient of thermal expansion than an-
other lamination, and means integrally uniting
said laminations in substantially face to face
relation whereby the lamination of higher ther-
mal coeﬂ?cient is in tension and the other is in
compression.

8. A diamond grinding wheel having a vitri-

. fied-bonded abrasive annulus supported by and
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integrally united with a vitrified-bonded disk-
like wheel center part and a vitrified-bonded
hub part, sald center part and said hub part
comprising a plurality of laminae of vitrified-
bonded granular material integrally united in
substantially face to face relation, certain of said
jJaminae having a higher coefficient of thermal
expansion than others whereby the latter are
under compression and the former in tension.

8. A diamond grinding wheel having g vitri-
filed-bonded abrasive annulus supported by and
integrally united with g vitrified~bonded disk-
like wheel center part and o vitrified-bonded hub
part, said center part and said hub part com-
prising a plurality of laminae of vitrified-bond-
ed granular material integrally united in sub-
stantially face to face relation by interposed
matured layers of glassy material forming stif-
fening layers thercbetween, certain of said
laminae having 5 higher coefficient of thermal
expansion than others whereby the latter are
under compression and the former in tension.

10. A diamond grinding wheel having a vitri-
fied-bonded abrasive annulus supported by and
integrally united with a vitrified-bonded disk-
lize wheel center part and a vitrified-bonded
hub part, said center part and said hub part
comprising a plurality of laminae of vitrified-
bonded -granular material integrally united in
substantially face to face relation, certain of
said laminae being compounded and formed to
have greater structural density and hence
greater tensile strength than others and having
a higher coefficient of thermal expansion than
others whereby the latter are under compression
and the former in tension.

11. A diamond grinding wheel having a vitri-
fled-bonded abrasive annulus supported by and
integrally united with a vitrified-bonded disk-
like wheel center part and a vitrified-bonded
hub part, said center part and said hub part
comprising a plurality of laminae of vitrified-
bonded granular material integrally united in
substantially face to face relation, certain of
said laminae being compounded with granular
material of smaller grit size than the granular
material of others and thereby to have greater
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tensile strength and having a higher coefficient
of thermal expansion thar others whereby the

latter are under compression and the former in
tension.

12. A diamond sabrasive article comprising s
plurality of rigid vitrified-bonded parts”of which
at least one carries a hard vitrified-bonded di-
amond-grain-containing layer to provide it with
an external abrasive face, said vitrifled-bonded
parts being stifiened and integrally united; at
their adjacent faces by vitrified bond material
in layer-like form, at least one of sald parts be-
ing in tension and at least one other of said
paris being in compression and having different
thermal coefiicients of expansion.

13. A diamond abrasive article comprising e
relatively hard vitrified-bonded diamond-grain-
containing abrasive layer integrally united with
and supported by & support that comprises a
plurality of vitrified-bonded disk-like parts in-
tegrally united in face to face relation, at least
one of said disk-like parts Uelng in ¢ension end
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at least one other being in compression and hav-
ing a different thermal coefficient of expansion.
DAVID REID, Ju.
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