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This invention relates to thin grinding wheels. 
One of the objects of this invention is to pro 

vide a construction for a grinding wheel of the 
relatively thin-disc peripherally operative type 
that will be stiff and rigid but not brittle, and 
well adapted for and capable of withstanding side 
Of lateral thrusts, preSSures, blows and the like 
to which it may be subjected in practice, particu 
larly when used as part of a motor-driven hand 
tool or grinder where the Operator utilizes the 
Weight Of the motor-unit and manually applied 
force to press the Wheel against the Work often 
times With the plane of the wheel at Only a Small 
angle to the surface of the workpiece. A typical 
use in this manner is in the grinding away of 
tough and hard and irregular projections or pro 
tuberances that result from welding metal parts, 
Such as Steel parts, heavy sheet, steel (as in auto 
mobile fabrication, including bodies of Weided. 
together steel plate, and the like. Or, by way of 
further illustration, such a hand-grinder may be 
used as a Cutting-off wheel, for example, to cut 
off gates and risers in castings; in such use it 
is frequently subjected to severe and sudden 
twisting Strains and stresses. 
Another object is to provide a grinding wheel 

construction of the above-mentioned character 
that effectively interrelates structural elements 
and abrasive grain for high Surface Speed and for 
efficient cutting action and for great strength and 
ruggedness to resist breakage under the varying 
exigencies of practical use, use which is often 
times inherently abusive because of the nature 
Of the Workpiece as well as sometimes inadvert 
ently or necessarily Severe in its mechanical 
reactions on the relatively thin wheel. 
Another object is to provide a grinding wheel 

of the above nature and a method of making it 
in which many continuous glass fibers may be 
utilized and a desirable avoidance of structural 
striations of abrasive grain and internal struc 
tural elements may be achieved in a practical, 
efficient and economical manner, and by which 
improved cutting efficiency, better strength and 
ruggedness and safe operation at effectively high 
Surface Speeds may be achieved. 
Another object is to provide a grinding wheel 

of the above nature and a method of making it 
in which, by unique interrelationships of abrasive 
grain, bond, and glass filaments or fiber of great 
or continuous lengths, manufacturing, structural 
and functional advantages may be achieved that 
are markedly superior to known practices and 
grinding wheel structures. 
Another object is to provide a grinding wheel 

of the above nature and a method of making it 
in which glass filaments or fibers of substantial 
or great lengths and abrasive grain and bond 
are physically interrelated, With the long lengths 
of glass elements distributed Substantially uni 
formly in continuous overlapping whorls of rela 
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tively large diameter, to provide for facility of 
manufacture and to provide, in the grinding 
Wheel, a distribution of grain and bond and con 
voluted glass filaments that makes for great and 
uniform strength and rigidity with facility for 
strain without fracture under the conditions of 
practical use and that provides uniform and sub 
stantially free cutting throughout its peripheral 
relatively narrow face (which may be beveled). 
Moreover, it is an object of this invention to carry 
out this last-mentioned object in a manner 
which, for manufacturing and ultimate struc 
tural advantages, permits building up of the 
Wheel in What, in the process of making it, may 
be called layers or plies, whereby to facilitate and 
econonize in the manufacture of wheels of dif 
ferent ultimate thicknesses, but which layers or 
plies do not appear in the finished grinding wheel 
which, in its cross-section and at its peripheral 
grinding face, is Substantially devoid of striation, 
anninae, Strata, or the like and is thus capable 
of Superior and faster cutting action. 
Other objects are to provide an improved thin 

disc peripherally-operative grinding wheel and 
an improved method of making it; other objects 
Will be in part obvious or in part pointed out 
hereinafter. 
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 to 
One Or in Ore Of the others thereof, all as will be 
illustratively described herein, and the scope of 
the application of which will be indicated in the 
following claims. 
In the accompanying drawings, in which is 

shown illustratively a preferred embodiment of 
the mechanical features of my invention and in 
which Similar reference characters refer to sim 
ilar parts throughout the several views, 

Figure 1 is a fragmentary plan or elevational 
View of a Whorled-glass-strand mat, indicating 
geometric conformations and relative disposi 
tions of the Swirled glass fibers thereof Without 
intending or attempting to show all of them; 

Figure 2 is a similar view of a disc-like element 
died out of the mat of Figure 1; 

Figure 3 is a large-scale fragmentary cross 
Sectional view, which may be considered as taken 
anywhere through the died-out disc element of 
Figure 2, showing and indicating certain rela 
tionships of the parts after one step of treatment 
of the died-out disc of Figure 2: 

Figures 4 and 5 are views like that of Figure 3, 
indicating structural relationships, with the ad 
dition of abrasive grains, resulting from certain 
Succeeding steps; 

Figure 6 is a front elevation of a mold and of 
a number of prefabricated grinding wheel com 
ponents therein, ready to be subjected to heat 
and pressure, with certain of the mold parts 
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broken away along a transverse diametrical plane 
or section; 

Figure 7 is a fragmentary elevational view of 
the final grinding wheel, and 

Figure 8 is a large-scale transverse section of 
the wheel of Figure 7 and which may be con 
sidered as taken anywhere transversely through 
the grinding wheel, indicating certain structural 
relationships of the grinding wheel elements 
Without, however, intending or attempting math 
ematical accuracy in numbers of grains and glass 
fibers shown. 
In practicing my invention, I first provide a 

Whorled-glass-strand mat 9 (Figure 1) about 
to be described and which can be obtained in 
large sheets or rolls, and from it I die out a suit 
able number of discs f (Figure 2) of the de 
sired diameter, for example, 9 inches for a 9' 
diameter grinding wheel and at the same time 
die out a center hole 2 of the desired diameter 
illustratively 78' in diameter. Mat O is made 
of many very long single and also Stranded glass 
fibers which are not interwoven or otherwise 
interlocked in a regular pattern, as are woven 
or textile cloth, or felts, or the like, but in the 
main each is in the form of many continuous or 
connected whorls Or convolutions or complete 
turns of substantial radius, for example, a radius 
on the order of 34 of an inch with the centers 
of the continuous connected turns displaced 
along various shapes of paths throughout the 
area of the mat and with the turns lying sub 
stantially all in a substantially flat plane; thus, 
successive turns or whorls of any one glass fiber 
or thread overlap each other and they, in turn, 
are overlapped by and may be interleaved with 
similarly displaced turns of other long glass fibers 
or threads, some being single and others being 
stranded, that is, the latter comprise two Ol' 
more glass filaments twisted together. In Fig 
ures 1 and 2, this structure, which is somewhat 
difficult to illustrate in drawings, is indicated, 
the heavier Whorls 3 being stranded glass fibers 
and the lighter Whorls or turns 4 being those 
of single glass filaments. The whorls which are 
of relatively large radius or diameter (illustra 
tively a diameter of around 1/2 inches) though 
the radii of the whorls of all of the glass fila 
ments need not be the same and may differ Wari 
ously and which overlap each other and are in 
effect interleaved with each other, are made of 
such numbers of individual fibers that are con 
tinuous or of great length as to leave many in 
terstices or openings throughout the mat which 
are irregularly polygonal in shape with the sides 
formed by arcuate or curved portions of three or 
more glass fibers, single or stranded, Such por 
tions being parts of intersecting or crossing Con 
plete whorls or turns above described. The sizes 
of the openings are not necessarily uniform, for 
it will now be apparent that they can vary Wide 
ly, depending upon the closeness of overlap of 
whorls or turns, relative radii of the latter, and 

- the number of whorled fibers that are laid one 
upon the other with or without their turns or 
whorls interleaved. The fibers are of great 
length, each providing many lapped whorls. A 
mat which has overlying lapped whorls Or Con 
volutions, of radii on the order of % of an inch, 
made of a sufficient number of glass fibers, both 
single and stranded to give an average thickneSS 
of about , of an inch and with Scattered and 
numerous openings of which the largest has a 
diagonal dimension on the Order of 4 of an inch 
or so, gives good results. 
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4. 
The lapped individually convoluted or whorled 

glass fibers, single or stranded or both, of the 
mat may, in course of manufacture of the mat, 
be thinly coated with a Suitable material Such 
as urea-formaldehyde latex binder, to provide a 
bond or adhering together between the fibers 
where they cross each other; other usable binder 
materials may be phenol formaldehyde resin, 
polystyrene and the like. The number of cross 
ing of each whorl by others is, of course, large, 
aid these bonds at the croSSings not only help to 
keep the lapped convolutions in lapped relation 
and against relative shifting but also aid to more 
or less anchor or Secure each complete whorl or 
turn, at many points, to other whorls, and thus 
all are held against material distortion out of 
their respective generally circular shapes. As a 
result, the mat, while very flimsy in appearance 
and extremely pervious (one can literally see 
through it and in that sense it is transparent) 
has sufficient “body' or intactness So that it can 
be handled without material disturbance of its 
lapped convoluted structure and it can be easily 
cut or died out, as above described, without 
detrimental fraying along its cut edge, even 
though, at the cut, the free ends of the cut fibers 
are directed in many directions as a result of 
cutting across a great many lapped whorls of 
the fibers. Because of these lapped Whorls, and 
the many interstices, the respective sides or faces 
of the mat are not Surfaces in the geometric 
sense, nor are they smooth or unbroken though 
they are in effect flat. Where stranded fibers are 
employed, the twist of the glass filaments there 
of is relatively slight and of very large pitch, 
the stranded fiber appearing somewhat like a 
narrow ribbon with the glass filaments thereof 
more or less side by side and held together by 
the above-mentioned binder; these stranded 
fibers may, therefore, have a cross-section that 
is somewhat flattened out or elongated, and in 
the drawings about to be described this elon 
gated or flattened cross-section of the Stranded 
fibers is suggested, not necessarily to Scale, to 
indicate that stranded glass fibers may be em 
bodied in the mat along with single-filament 
strands or fibers which are shown in smaller 
cross-section, more or less uniform in CrOSS-Sec 
tion and illustratively circular. The mat above 
described is a product of Owens-Corning Fiber 
glas Corporation and is known as “Fiberglas 
Swirled-Strand Mat, No. 504.’ 
Having died out a sufficient number of discs 
, I apply to the lapped convoluted fibers of the 

discs a suitable organic bond, illustratively and 
preferably a liquid water-miscible phenol form 
aldehyde resin such as Bakelite resin QBR 
11857, which as available on the market is 56% 
of Solids with the rest water, though it is pre 
ferred to thin it by the addition of water So that 
it is about 48% of Solids. 
These proportions are not critical in that varia 

tions may be effected according to the method 
used for coating the peculiar filament structure 
of the lapped-whorled glass fiber disc; the 48% 
of solids proportion is found Suitable where a 
roller-type of coating machine is used, in which 
the disc is run through between two opposed roll 
ers which apply the liquid resin thereto. This 
coating operation is easily carried on, the ma 
chine comprising essentially two opposed Steel 
rolls, of known type. In the coating proceSS it 
is the individual convoluted glass fibers that are 
thoroughly coated because of the open-work 
character of the fiber mat Structure, but also 
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the disc as a whole is in effect coated in that 
all or at least most of the apertures or interstices 
Or variably-shaped polygonal openings there 
through are in effect closed or bridged over by 
a Sort of film of resin, and such as are not so 
closed completely become closed in a repetitive 
COating step later described. 
In Figure 3 is indicated in somewhat exag 

gerated and diagrammatic form a fragmentary 
CrOSS-Section of the resultant structure; it is not 
to Scale, and it is not intended to show all the 
fibers in a cross-section of the coated disc. It 
is, however, intended to show in Figure 3 the 
general relationships of the structural elements 
involved. For example, it shows cross-sections 
of the fibers, Some of larger cross-section tha; 
others; the former are the stranded glass fibers 
3, and the latter are the single-filament glass 

fibers A. Some of these fiber cross-sections are 
circular, while others are in varying degrees 
Oval, indicating the many different angles at 
which the whorled fibers are intersected by the 
plane at which the cross-section is taken. The 
resin coating is indicated at 6; it envelops indi 
vidual glass fibers and fills in and bridges over 
the many gaps or interstices between fibers; the 
larger the gap or aperture through the whorled 
fiber structure, the thinner is the resin that 
stretches across it to bridge it or close it. Be 
cause there may be more fibers at one point of 
the cross-section than at another, or becauS2 
SOne of the apertures of the open-work disc are 
smaller than others and vary widely in size and 
shape, the resin 6 appears and is of varying 
thickness, as is suggested or intended to be indi 
cated in Figure 3, and the same is true, of course, 
of the coated disc structure. 
On one side of the thus coated and undried 

disc. I now apply, as by Sprinkling, reasonably 
uniformly, abrasive grains which become ad 
hered to the resin, and the individual grains are 
thus held in position, substantially uniformly 
distributed throughout the area of that Side of 
the disc; the quantity of grain used is prefera 
bly materially less than is needed to make up 
a single layer of grains so that grains are Spaced 
from each other. The abrasive grains appea' aS 
that; many uncrowded projections from the Sur 
face of the resin, though some or all may to 
some extent extend into the resin itself. Many 
of the grains are located and held over or in line 
with gaps or interstices in the fiber open-work. 
In Figure 4 is shown a replica, of Figure 3, but 
showing the abrasive grain distributed 
throughout in exaggerated spaced relation and 
adhered to the upper side of the coated fiber 
disc. 

illustratively, the grain may comprise No. 
24 grit size of aluminum oxide abrasive grain, 
of which, for a 9' diameter resin-coated whorled 
glass fiber blank with a 7/s' hole at the center, 
about 20 grams is distributed throughout the 
one side face above mentioned. Resin-coated 
abrasive grains may be used, particularly where 
quicker or better adherence of the grains to the 
resin 6, during the process step of distributing 
the grain thereto, is desired, and any Suitable 
or known coated abrasive may be employed. AS 
an illustration, I may prepare Such coated grain, 
illustratively in the case of the above No. 24 grit 
size grain, by plasticizing or wetting the grain 
with a liquid phenol formaldehyde resin Such as 
Bakelite BR 9332 and mixing into the plasticized 
grain a powdered phenol formaldehyde resin 
such as Bakelite BR, 2417, which thus becomes 
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6 
distributed about and adhered to the surfaces of 
the grains; illustrative proportions to provide 
Such better adhering grains may be about 83% 
by Weight of No. 24 grit size grain, about 5% by 
Weight of BR 9332 and about 12% by weight of 
BR 2417. Of this dry granular mix, I spread or 
unifornly distribute onto the resin-impregnated 
gia SS fiber open-work (9' in diameter) about 20 
gaS. 

In either case a somewhat Sparse distribution 
of grains throughout the area, results. The 
grains, in this illustration, are not crowded and 
Spacings between them may be on the order of 
Several times the average maximum dimension 
of the grains themselves. The density of dis 
tribution of the grains may, of course, be widely 
varied for any particular grit size of grain en 
ployed, according to the particular grinding ac 
tion desired in the final wheel. 

Because of the many interstices bridged over 
by resin Webs or films, many, if not most, of the 
grains are held thereby in or over the many 
apertures, gaps or interstices formed by the 
apped glass fiber whorls. Principally because 
of a similar distribution of such grains to the 
other face or side, as is presently to be described, 
it, Inay be said, in this illustration utilizing No. 
24 grit size of grain, that for this order of mag 
nitude of grain size and larger the grains dis 
tributed to each side can be materially less in 
number than the apparent interstices in the 
Open-Work fibel structure. 
With grain applied to One side of the disc-like 

structure, the latter is now dried to set the ad 
herence of the applied grains; this may be done 
at a temperature of about 10° C. for about 10 
minutes. Thereupon it is again coated with 
liquid resin as above described, as by running the 
disc through the opposed rollers of the coating 
machine, and a similar quantity of abrasive grain 
is then applied and again relatively sparsely, in 
the case of No. 24 grit size grain, distributed 
unifornly onto the other side, and the disc-like 
Structure is dried to set the adherence of the 
applied grains; this step of drying may be done 
at a temperature of about 110° C. for about 25 
Iminutes. The resultant structure is indicated in 
Figure 5, designated as a, whole by the reference 
character P; Figure 5 is a replica, of Figure 4. 
except that it shows the added abrasive grains 

and a Somewhat increased thickness of the 
resin S, resulting from the just-described steps. 
Though the grains are held, like so many pro 
jections from the surface of the resin, on both 
sides of the structure, a great many of them are 
anchored in stretches or webs of resin that bridge 
or close over interstices as above described; the 
Open-Work provided by the apped whorled glass 
fiber Structure is per se so replete with scattered 
apertures of varying sizes and shapes as to pro 
vide, when the resin is applied thereto, a, large 
number of bridges of resin in and by which to 
hold and Secure grains in or over such gaps or 
apertures. With smaller grit size of grains, more 
grains may be So held and Secured, and vice versa. 
The structure P of Figure 5 may be produced 

in quantity, and a Sufficient number of thern is 
used in making a grinding wheel, depending 
lupon the required thickness of the latter. 

For example, to make a grinding wheel of a 
thickness on the order of 4 of an inch, say 
0.160'’ thick, four Such disc-like structures 
of Figure 5 will suffice; they are stacked one 
upon the other, coaxially, in a suitable mold for 
Subjecting them to heat and pressure. In Fig 

  



2,643,494 
7 

ure 6 is indicated a type of steel mold that may 
be used. It comprises a cylindrical mold band 
9, a bottom plate 20, a top plate 2 and an arbor 
22 which coacts with the several parts in ina.in 
taining coaxiality and which extends through the 
holes 2 in the disc structures P So as to properly 
and coaxially shape the center hole of the ulti 
mate grinding wheel. For simplicity of illus 
tration the parts P are shown in front elevation; 
the final grinding wheel, however, is honino 
geneous throughout and if parts P existed as 
layers, or strata, each with its own open-work 
of glass fiber, they disappear as such in the final 
Wheel. 
The Stacked disc structures P in the mold are 

now Subjected to pressure of about 4 of a ton 
per Square inch for 15 minutes at a temperature 
of about 160° C. The dried resin S (Figure 5), 
which carries the grains externally of the stacked 
Inenbers P, becomes mobile under heat and pies - 2 
Sure, and abrasive grains, Such as grains and 
8 (which are in effect only surface-carried by 
parts P) are in the main substantially moved 
and shifted inwardly of and in between the 
whorled fiber open-work; in general, they are dis 
placed in varying degrees, inwardly (that is, in 
upward and downward directions, as seen in 
Figure 6) of each of what was initially a part 
P, and most, if not all, of them are entered di 
rectly into the spaces or interstices between the 
manifold lapped whorled glass fibers, while the 
whorled fiber structures (Figure 2) of the parts 
P virtually bodily approach each other, which 
they can do because they are so open in structure 
that individual whorls or parts thereof can by 
paSS Or be bypassed by, more Or leSS, SOine of the 
grains as the latter in effect enter into the gaps 
or interstices. Moreover, this relative bypassing 
between whorls and grains results in minimun, 
if any material or consequential, shearing strains 
or action on the glass fiber whorls, and the latter 
are subjected to minimum, if any, mechanical 
Weakening. 
The step of heat treatment under pressure is 

not Simply a compacting in an axial direction; 
while the Over-all thickness of the Stacked parts 
P is in the process reduced to about 0.160', such 
shifts of elements, substantially as described 
above, have taken place as result in quite dif 
ferent relationships therebetween from what 
existed in the parts P individually and in the 
stacked parts P in the mold, Whatever number 
of parts P that is needed to give a grinding wheel 
of the desired thickness. Where the elements of 
the parts P as initially stacked in the mold are 
literally in layers or plies or strata, each being 
in effect per se striated, in the pressed and cured 
grinding wheel there is no material stratification 
and, instead, there is homogeneity; the lapped 
convoluted glass fiber structures (Figure 2) 
of the several parts P are virtually brought flat 
wise, as it were, together without any material 
or discernible line or plane of demarcation, and 
moved into interspersed and uniformly distrib 
uted relation throughout the many resultant 
whorls are the abrasive grains, all (both the 
continuous whorls and the grains) embedded in 
and bonded together by the cured resin bond. 
The grinding wheel is shown at G in Figure 7, 
and in Figure 8 is a fragmentary large-scale 
sectional view in which, in general and in per 
haps exaggerated form, the above described rela 
tionship of homogeneity is intended to be indi 
cated, without, however, attempting to indicate 
exact volume of resin. or exact numbers of grains. 
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8 
fibers or whorls of fibers, or exact relative pro 
portions therebetween. 
These latter factors are variable, as will now 

be understood; size and quantity of grains, 
amount of organic bond (variable by the “coat 
ing' process or according to the number of re 
peated coating steps), diameter or thickness of 
the glass filaments of mat 0, radius or relative 
radii of the whorls or convolutions, thickness of 
the initial mat 0 employed, and pressure and 
temperature in the mold applied to the stacked 
parts P, may be varied individually or any one 
Or more in relation to any one or more of the 
rest, according to the ultimate characteristics 
desired for the final grinding Wheel, all as will 
now, in view of the foregoing, be understood by 
those skilled in the art. 
The grinding wheel and method of making it 

achieve the objects above noted and many advan 
tages. The grinding wheel has Superior strength 
and resistance against detrimental or fracturing 
deformation. Out of its plane, as, for example, 
when the workman presses its periphery, which 
may be beveled, with great force against the work 
with the plane of the grinding wheel at a very 
Small angle to the plane or run of the work-piece, 
Such as welded sheet steel. Such stresses tend 
to dish or bow the grinding wheel, at least such 
Sector thereof as is peripherally operative upon 
the work, but the wheel, even though relatively 
thin, illustratively on the order of 4 of an inch 
thick or So, does not break; bearing in mind the 
above described homogeneity which, of course, 
includes a substantially uniform distribution of 
lapped whorls of glass fibers in each of many 
planes between, and parallel t0, the opposed side 
faces of the grinding wheel, all of the whorls 
being Solidly and continuously embedded and 
anchored in the organic bond, stresses that tend 
to dish the wheel or a portion thereof tend to put 
in tension those relatively connected and con 
tinuous whorls that are at or adjacent to the 
convexed Side face of the grinding wheel and tend 
to put in compression those whorls that are at 
or adjacent to the concaved side face of the 
grinding wheel. These whorls, however, are like 
hoops or rings, of relatively large diameter, and 
they resist change in their effective diameters 
Somewhat like a ring or hoop holds against in 
crease or decrease in its diameter. Accordingly, 
even though, under a particularly great stress or 
force, the cured resin or other organic bond 
Strains or tends to strain, such tendency to strain 
is effectively opposed by the great many con 
tinuous and connected loops or whorls of the 
glass fiber, the loops or whorls and the bond co 
acting to give Superior strength against fractur 
ing, cracking or breaking of the wheel. 
These and later described coactions may be 

better understood by reference to Figure 7, in 
which I have indicated in broken lines and by 
way of example the lapped whorls or turns W of 
one glass fiber F, which may be single, like the 
Single-filament glass fibers f4, or stranded, like 
the glass fibers 3 above described in connection 
with Figures 1-5. They are like a flattened-out 
helix with the Successive turns or loops thereof 
lapped as above described, and though the single 
fiber F selected for illustration in Figure 7 is 
shown as having its lapped whorls extend along 
a course or path which is substantially along a 
radius, it will be understood that that is but 
illustrative because, in the mat 0 of Figure 1 and 
in the cutout disc i? of Figure 2, the courses or 
paths which the lapped whorls of the different 
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fibers take wary widely and they may criss-cross 
each other at various angles or may in and of 
themselves depart from a straight line and in 
fact, the courses of Some of then can be back 
and forth in one direction while the courses of 
others can be back and forth in transverse Or 
angular directions relative thereto. 
Whatever courses taken by the individual glass 

fibers that form these connected whorls, loops 
or convolutions W, the general planes of the lat 
ter, of whateve individual fiber they happen to 
form a part, are generally parallel to each other 
and at right angles to the axis of the grinding 
wheel, thus positioning the many relatively large 
diametered whorls or convolutions W for coac 
tions such as those above described when pres 
sures or blows tend to dish the wheel and for 
coactions later described. The broken-line indi. 
cation of the whorls W of one illustrative glass 
fiber F in Figure 7 helps to make clear how it 
is possible, by the illustrative method of con 
struction above described, to get a very great 
number of these whorls or turns W Substantially 
uniforny distributed throughout the circular 
area of the disc-like grinding wheel structure and 
also, by interactions of the elements of the parts 
P that take place in the mold (see Figure 6) as 
above described, to obtain substantially uniforn 
distribution of whorls or turns W in the direc 
tion from one side face of the grinding wheel of 
Figure 7 to the other side face thereof. 

Rotating at Substantial speed, the structure of 
the wheel is subjected to Substantial Centrifugal 
forces which, as is known, are greater according 
as the radius and velocity are greater. They 
place the wheel structure in tension throughout, 
particularly the bond which tends to Strain in 
directions generally outward and tending to in 
crease the peripheral circumference. However, 
uniformly distributed throughout the Structure 
are the above-described very many lapped glass 
fiber whorls or turns which lie in many planes 
between and generally parallel to the Side faces 
of the Wheel. The glass fibers of these hoop-like 
elements are of good tensile strength, and each 
loop or whorl, itself strongly bonded to and by 
the bond material throughout its length, is put in 
tension when the relatively rigid cured bond 
strains. As above described, the structure pro 
vides many thousands of these loops Or whorls; 
they are relatively displaced from each other 
both radially and axially. Also, each is located 
so that its center (or center of curvature) is ra 
dially displaced from the axis of rotation of the 
wheel and accordingly each loop or whorl moves 
bodily in a circular orbit as the wheel rotates 
(see Figure 7). Considering each whorl as an 
individual body, it is as such Subjected to Some 
centrifugal force but its glass fiber is On that 
account subjected to far less, if any, StreSS than 
would be the case were the same length of fiber 
stretched out along a radius, and as a result each 
loop or whorl or convolution is better adapted to 
make its tensile strength available to act in oppo 
sition to strains or straining of the bond nate 
rial which it encircles and which centrifugal 
forces cause to strain. 

For stich reasons as these, the grinding wheel 
has a superior factor of Safety. For example and 
bearing in mind that the cutting Speed of the 
grinding wheel is around 11,000 surface feet per 
minute, the wheel when subjected to a destruc 
tive centrifugal or speed test will not fracture or 
break until a speed of 33,000 S. F. P. Mi. Or Over 
is reached. For this type of grinding wheel, for 
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uses such as those mentioned in the objects 
above set forth, the highest recommended Speed 
is 14,000 S. F. P. M. 

In grinding action the wheel is efficient and 
free-cutting, and at its periphery, whether that 
is squared off or is beveled, it presents homo 
geneity throughout, there being uniform distri 
bution of bond, abrasive grains, and croSS-Sec 
tions of glass fiber, and this characteristic is 
continuous and persists as the grinding Wheel 
Wears down in use and itS radius becomes leSS 
and less. For example, a 9' disc grinding Wheel 
may be operated until its periphery closely 
reaches the peripheries of the clariaping Washers 
or discs by which the grinding wheel is mounted 
in the apparatus, such as the motor-driven hand 
tool above mentioned, and thus its diameter may 
be reduced to about 4'' or SO. The free-cutting 
action of the grinding Wheel likewise remains 
inherent as the wheel Wears down and its radius 
is reduced, the uniformly distributed whorls of 
the glass fiber always presenting a round or oval 
cross-section of glass fiber at the peripheral cut 
ting face, the fiber Wearing away as bond and 
abrasive grain Wear away or are lost as grinding 
proceeds. 
These latter features of construction and ac 

tion at the peripheral grinding face bear out 
the desirable absence or avoidance of striation 
or stratification mentioned above as contrasted 
with the detrimental grinding action of grind 
ing wheels utilizing Woven, felted, or other cloth 
of glass fiber where the glass cloth stratifies 
the wheel structure and presents, at the periph 
eral grinding face, complete and continuous pe 
ripheral rings, in definite planes spaced CrOSS 
wise of the grinding wheel face, of the fibers of 
the glass textile material, presenting a multiple 
frayed peripheral grinding Wheel face at Which 
the protruding glass fibers can materially inter 
fere with the cutting action of the abrasive and 
with the necessary Wearing away of the bond. 
In mentioning, in the above illustration, that 

the abrasive grains are of aluminum oxide, that 
is of course to be understood as illustrative, for 
other kinds or types of abrasive grain may be 
used, of which it Will suffice to mention, as ill 
lustration, Silicon carbide, emery, garnet, or even 
diamonds. So, also, with respect to the phenol 
formaldehyde resin Set forth in the above-de 
Scribed illustrated embodiment as an illustra 
tion of an organic bond, of which there are 
many others that may be used, such as various 
other resins or resinous or curable plastic com 
pounds, as well as natural rubber and synthetic 
rubbers or elastoners, as Will now, in view of 
all of the foregoing, be understood by those 
skilled in the art. 

It will thus be seen that there has been pro 
Wided in this invention a grinding Wheel and a 
method of making it, in which the various ob 
jects herein above set forth or indicated, together 
with many thoroughly practical advantages, are 
Successfully achieved. 
As many possible embodiments may be inade 

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 herein above set forth, 
or shown in the acconia panying drawings, is to 
be interpreted as illustrative and not in a limit 
ing sense. 

I claim: 
1. A grinding wheel comprising a relatively 
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thin disc-like structure presenting a peripheral 
grinding face which is homogeneous throughout 
and which continues to be honogeneous as the 
grinding wheel wears down toward its center, 
said structure comprising many long glass fibers 
each of which is conformed into many connected 
or continuous whorls in lapped relation to each 
other and to the lapped whorls of other fibers, 
With the planes of the whorls of the many 
Whorled fibers extending in many planes gen 
erally parallel to and between the opposed side 
faces of the disc-like structure, the radii of the 
whorls being materially less than the effective 
radius of the grinding wheel so that, along any 
radius of the grinding wheel, there extend many 
lapped glass fiber whorls with the glass 
fibers of the radially-outermost whorls cut off 
and terminated at said peripheral face, abra 
sive grains substantially uniformly distributed 
throughout and amongst the multitudinous 
spaces provided by and amongst the lapped 
whorls, and an organic bond in which Said many 
lapped whorls and said abrasive grains are en 
bedded, said peripheral grinding face present 
ing, as it wears down, substantially uniformly : 
distributed elements that comprise abrasive 
grains, cross-sections of glass fibers, and bond. 

2. A grinding wheel comprising a relatively 
thin disc-like structure presenting a peripheral 
grinding face, said disc-like structure comprising 
many closed large-radii loops of glass fiber with 
the loops arranged in lapped relation to each 
other and with the planes of the loops extending 
in many planes generally parallel to and between 
the opposed side faces of the disc-like Structure 
and thereby providing many interstices and 
spaces between and amongst the fibers of the 
loops, abrasive grains in interstices and Spaces 
amongst the glass fibers of the lapped loops and 
substantially uniformly distributed throughout 
the volume of said disc-like structure, and an 
organic bond enveloping all of said lapped loops 
and all of said abrasive grains to fix the positions 
thereof relative to one another whereby tendency 
of the bond to strain under centrifugal forces is 
opposed by response, in tension, of the glass fibers 
of the loops to resist enlargement of the loops, 
the glass fibers of radially-outermost loops that 
intersect said peripheral grinding face terminat 
ing cross-sectionally in the latter, Said peripheral 
grinding face presenting, as it Wears doWn, Sub 
stantially uniformly distributed elements that 
comprise abrasive grains, croSS-Sections of glass 
fibers, and bond. 

3. A grinding wheel comprising a relatively 
thin disc-like structure presenting a peripheral 
grinding face, the mass of Said disc-like Structure 
comprising an organic bond having embedded 
therein and bonded in position thereby many 
long glass fibers each of which is convoluted to 
provide many connected turns, the planes of the 
turns of said convoluted fibers extending in many 
planes generally parallel to and between the Op 
posed side faces of the disc-like structure and 
the centers of curvature of the turns of each con 
Voluted glass fiber being displaced from each 
other whereby there are provided a large number 
of variegated three-dimensional spaces amongst 
the turns of Said convoluted glass fiber which are 
occupied by the organic bond and by abrasive 
grains embedded in the latter. 

4. A relatively thin disc-like grinding wheel 
presenting a peripheral grinding face, said grind 
ing Wheel comprising an unstriated disc-like 
Structure of many long glass fibers conformed 
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into loop-like turns of relatively large radii, with 
the planes of the turns extending in many planes 
generally parallel to and between the opposed 
Side faces of the disc-like structure and with the 
centers of curvature of the turns that lie more 
or less in any one plane displaced from each 
other to Substantially uniformly distribute the 
turns, in overlying relation, throughout the cir 
cular area of the disc-like structure and an or 
ganic bond embedding all of the closed fiber turns 
and occupying the variegated Spaces therebe 
tWeen, Said bond holding and anchoring abra 
Sive grains Substantially uniformly interspersed 
amongst Said glass fiber turns. 

5. An intermediate product in the form of a 
grinding wheel component comprising a disc-like 
Open-Work Structure of many long glass fibers 
each of which is conformed into many connected 
Whorls in lapped relation to each other and to 
the lapped whorls of other fibers with the planes 
of the whorls at right-angles to the axis of the 
disc-like structure whereby there are provided 
many Substantially open Spaces of variegated 
Sizes and shapes, an uncured organic bond cover 
ing the glass fibers of all of said whorls and 
bridging and Substantially closing over said many 
Spaces of variegated sizes and shapes, and abra 
Sive grainS distributed throughout the face of 
Said disc-like Structure and held in position and 
Secured against paSSage through Said variegated 
Spaces between the glass fiber whorls, by said un 
cured organic bond. 

6. The StepS in a method of making a grinding 
Wheel that comprise applying an uncured organic 
bond in liquid form to a pervious disc-like struc 
ture that comprises long glass fibers each of 
Which is conformed into many connected whorls 
in lapped relation to each other and to the lapped 
whorls of other fibers with the planes of the 
Whorls of the many fibers extending at substan 
tially right-angles to the axis of the disc-like 
Structure, the uncured organic bond being em 
bodied in amount sufficient to substantially 
bridge over the many open spaces of variegated 
Shapes and sizes that exist because of said lapped 
glass fiber whorls, distributing abrasive grains 
onto the Surface of the uncured organic bond to 
Surface-hold the abrasive grains in distributed 
relation and against falling through said varie 
gated Spaces between the glass fiber whorls, heat 
treating the resultant structure to dry the un 
cured organic bond and thereby set its surface 
holding action on the distributed abrasive grains, 
thereby forming a grinding wheel intermediate 
Component, Stacking a plurality of such grinding 
Wheel intermediate components one upon the 
other and coaxially within a mold, and in the 
mold Subjecting the stack of components to heat 
and pressure to first mobilize the uncured bond 
of all of Said components and under continued 
pressure to move abrasive grains into spaces be 
tween glass fiber whorls and to bring the whorled 
Open-Work glass fiber disc-like structures of all 
of Said components into substantial engagement 
With each other and thereby substantially uni 
formly distribute the whorls thereof in many 
planes generally parallel to and between the op 
posed side faces of the resultant unified entity, 
and upon curing of the organic bond removing 
Enitary grinding wheel structure from the 
OC. 

JOHN R. ERICKSON. 
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