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: 1
My invention is & novel method for mechani-
cally working unicrystalline corundum rods, as

15 Claims. (C). 125—12)

by cutting and grinding, so as to improve the -

yield of usable products obtained. Primarily, my
method is concerned with increasing the yield of
usable products obtained when cutting thin
slices from such corundum rods. In addition, my
invention pertains to the marking of unicrystal-
line corundum rods in a novel manner so that a
rod can be positioned properly for cutting.

It has been customary to cut jewel bearing
blanks from unicrystalline synthetic corundum
boules of large diameter, such as about three-
fourths inch, which may be white sapphire, blue
sapphire, or ruby, depending on the presence or
absence of coloring matter with the alumina of
the boule. Such a boule is first split longitudi-
nally along a central plane either by nicking the
crown or by pinching the “foot” at the bottom

of the boule, and the half-boules are then sliced

transversely by a saw to form relatively large
slices which are cut again and ground to produce
bearing blanks of the desired size. In another
procedure, thin rods are first cut from -the half-
boules and then sliced transversely. Both of

these procedures are expensive, laborious, and.

wasteful of the large quantity of raw material
which is removed by the saw in making the many
necessary cuts.

Recently, there has been developed a method
for growing unicrystalline synthetic corundum
bodies in the form of elongated cylindrical rods
of small diameter which can be controlled to ap-
proximate the desired diameters of different

types of jewel bearing blanks. The rods as grown .

are clear, homogeneous, somewhat translucent in
appearance due to the existence of minute crystal
projections on their surfaces, and are quite stable
when their diameters do not exceed three-six-
teenths inch. Rods of greater diameter are usu-
ally unstable and tend to crack and split. In
conventional boules the splitting plane contains
the axis of growth so that rods machined from
a half-boule obviously do not have the growth
axis within their boundaries. In rods as grown
by the recently developed method the growth
axis is arranged substantially centrally within
the rod. When stable synthetic corundum rods
were first made, their suitability for jewel bear-

ings was immediately recognized, but upon at- :

2

lower than had been expected. From some rods,

.which were selected at random from a group of

apparently identical rods,: excellent yields were

_ obtained, whereas from other rods, very poor

)
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tempting to fabricate them into jewel bearing .

“blanks by slicing them transversely of their lon-
gitudina] axes with a saw, or upon attempting to

grind them in a centerless grinder, it was found

that the average yield of usable product was much

yields were obtained

After extensive research. into the subJect of
cutting and grinding synthetic unicrystalline
corundum rods -I found, surprisingly, that the
yield varied greatly with variations in the optic
orientation, and that the reason behind the un-
predictable results obtained from apparently
identical rods was the existence of different optic
orientations in the crystals. - Good to excellent
yields were obtained -upon cutting or grinding
rods optically oriented within a cértain range,
whereas very poor results were obtained upon
rods oriented outside of this range, as discussed
in detail hereinafter. This feature of my inven-
tion originally was disclosed and claimed in my
application Serial No. 503,240, filed September
21, 1943, of which the present application is a
continuation-in-part.

Further research has shown that good cutting
results depend not only upon the optic orienta-
tion of the rod being cut, but also upon the po-
sition of the optic axis with respect both to the
saw and to the direction of saw motion.

Among the objects of my invention, therefore,
are to provide a novel method for improving the
yield of usable products obtained by mechani-
cally working unicrystalline corundum rods, as
by cutting and grinding, which involves selecting
rods having preferred optic orientations; which
involves so arranging such a rod with respect to
a cutting or grinding tool that the optic axis
of the rod assumes a predetermined vreferred po-
sition relative to the tool: and which involves so
arranging such a rod with respect to a cutting
or grinding tool, that the forces applied to such
rod by the tool are such as tn give a good yield of
usable product.

The above and other objects of the invention,
and the best manner for attaining them, will be-
come apparent from the following detailed de-

5 scription having reference to the annexed draw-

ing, wherein: )

Fig. 1 is an enlarged vertical midsectional view
of a unicrystalline corundum rod illustrating the
meaning of optic orientation; )

Fig. 2 is a, graph showing the relation between
the optic orientation of corundum rods and the
percentage yield of usable jewel bearing blanks
cut from such rods;

Fig. 3 is an enlarged perspective view of a uni-
crystalline corundum rod marked in accordance
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3 )
with my invention, and illustrating the meaning
of various terms used in describing my method.

Fig. 4 is an end elevational view showing a
-eircular saw in position for slicing bearing blanks
from a corundum rod by plunge cutting;

Fig, 5 is a diagrammatic view in perspective
showing a circular saw in the process of plunge
cutting a slice from a corundum rod, and indi-
cating the character of the forces applied to the
rod by the saw;

Fig. 6 is a diagram analyzing the forces exerted
by the saw on the rod, and their relation to the
optic axis during a cutting operation; and

Fig. 7 is an end view showing diagrammatically
a circular saw in position for cutting a slice from
a corundum rod in such a way that the relative
translational movement is effected along a non-
diametrical chord of the saw.

Extensive research and experimentation on

the mechanical working of synthetic unicrystal- :

line corundum.rods not exceeding a diameter of
- three-sixteenths inch, as by cutting or grinding
them, have shown that there exists an important
correlation between the crystallographic orien-

tatioh of such rods and the yield of usable prod- 2

ucts obtained. Experiments conducted to date
have shown that it is the optic orientation, or re-
lation between the optic or c-axis of a synthetic
corundum rod and its longitudinal axis, which
exerts the greatest influence on the results ob-
tained in cutting or grinding, but the orientation
of the a-axes also probably exerts an as yet un-
determined effect on the results.

As shown in Fig. 1, the optic orientation of a
synthetic unicrystalline corundum rod 1 is ex-
pressed in degrees as the angle O between the
longitudinal or growth axis g—g of the rod and
the optic or c¢-axis ¢c—c of the rod, the latter of
which lies in the direction in which light can be
passed through the crystal without being doubly
refracted. In a single crystal of synthetic corun-
dum, which crystallizes in the hexagonal sys-
tem, there is only one such direction, and no light
ray traveling through the crystal in a direction
parallel to c—c will be doubly refracted.

When fabricating synthetic unicrystalline
corundum rods, either clear or colored, by abrad-
ing material therefrom as in a sawing or grinding
operation wherein pressure is applied trans-
versely of the longitudinal axis of the rod, high
yields of usable products such as bearing blanks
are obtained from rods wherein the optic orien-
tation is between 30° and 80°, and preferably be-
tween 40° and 80°, whereas poor yields are ob-
tained outside of these ranges because the rods
often crack and split. When the optic orien-
tation is less than 30°, synthetic corundum rods
even may split spontaneously before any attempt
at fabrication has been made but, in any event,
splitting or cracking almost invariably occurs
when the rods are sawed or ground. Rods where-
in the orientation is above 80° have many
lateral notches, formed during rod growth, which
frequently cause lateral cracking during grind-
ing. Moreover notched rods require an excessive
amount of grinding to eliminate the notches.

Since the optic orientation of a synthetic
corundum rod changes gradually as the rod in-

"creases in length if the initial orientation is less
than 90° when grown by the process described in
my copending application Serial No. 503,240, it
has thus far been impossible to obtain a rod
which has absolutely uniform optic orientation
throughout its length unless the initial orienta-
tion is 90°. As a practical matter the optic orien-

" tation change in a rod of the short

length of 2 or
3 feet commonly grown, and of the preferred

- optic orientation of 30° to 80°, is practically
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negligible, so that if the orientation of the por- .
tion of a corundum rod to be fabricated is with~
in the defined ranges, a good yield of usable
products is obtained. '

When unicrystalline corundum rods. contain
small amounts of material other than alumina,
such as coloring oxides of chromium, titanium,
or iron, the yield of usable product usually varies
to some extent from the yield obtained with
white sapphire rods which are pure alumina.
That is to say, within the broad optic orientation
range of 30° to 80°, there may be a narrower pre-
ferred range within which the corundum rod of
modified composition gives the best results.

The critical nature of the effect of optic orien-
tation on the fabrication of unicrystalline corun-
dum rods is graphically illustrated in Fig. 2, in
which the percentage yield of usable jewel blanks
cut one at a time from synthetic white sapphire
rods is plotted against the optic orientation in
degrees. Of course, the actual results of cutting-
at some orientations were slightly above or be-
low the curve of Fig. 2, which represents a fair
average of the results obtained. As shown by the
curve, a good yield of usable product was obtained
with synthetic corundum rods optically oriented
between 30° and 80°, and a still better yield was
obtained in the preferred range of 40° to 80°.

'The critical optic orientation range for cutting
corundum rods holds true for all cutting proce-
dures known to me, including those wherein the

5 rod.is rotated and wherein it is not rotated, as

well as for both single slicing technique and
gang sawing fechnique wherein many slices are
cut simultaneously. Furthermore, this range is
critical for the cutting of ecircular slices and
elliptical slices from rods.

To recapitulate, one phase of my novel method
for increasing the yield of usable product ob-
tained by mechanically working unicrystalline
corundum rods comprises selecting for fabrica-
tion those rods wherein the angle between the
c-axis c—c and the longitudinal axis g—g is be-
tween 30° and 80°, and preferably between 40°
and 80°, and mechanically working the selected
rods by applying thereto a tool such as a saw or
grinder. Since the novel method of growing syn-
thetic corundum rods of predetermined crystal-
lographic orientation described in my above men-
tioned copending application makes it possible to
confine within any desired range the optic orien-
tation of all rods grown, it is apparent that by
growing rods within the preferred ranges most
of the raw material appears in the final product,
and very little is wasted. . ’

I have also found that the yield of usable prod-
uct obtained by cutting slices from a synthetic
corundum rod with any suitable type of cutting
device, such as a rotating circular saw, can be
greatly increased by mounting the rod in such a
position with respect to the saw that, of the total
force applied by the saw to the rod, the force
component paraliel to the c-axis of the rod is
approximately the minimum possible at any posi-
tion of the rod with respect to the cutting device
(ideally zero). In general, it can be stated that
the force component parallel to the ¢-axis should
not exceed 40% of the total force applied by the
saw summed vectorially. Relative translational
movement between the rod and the cutting de-
vice toward one another is then effected in a di-
rection across the rod by moving the cutting de-

A
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direction of progression of cut and the

There are several types of rod cutting pro-
to which the present invention applies.

" Cutting with & band
saw which is a circular saw of infinite radius is
thus an example of piunge cutting. More spe-
cifically with respect to plunge cutting with a

circular saw a& shown in Pigs. 3 and 4, relative »;
translational movement is effected in such a way

- & large radius that it can'in effect be considered
a straight path. Single slices can be cut off by
plunge cutting, or a plurality of slices can be cut
simultaneously with a plurality of saw blades ar-
ranged side by side to form a gang saw.

Another type of cutting procedure, called oft-
center cutting, involves effecting relative trans-
lational movement between a circular saw 9 and

the rod il along a non-diametrical chord 3{ of

20
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g—gande—c Asahawninm 8, for ex-
ample, the elongated unierystalline corundum rod
11 has been marked with a longitudinal surface
mark. I8 extending parallel to the longitudinal
axis g—g of the rod and defining therewith the
plane {3 which also contains the optic axis c—c.
At extreme values of the orientation angle O
it is also necessary to consider the general direc~
tion of the c-axis, and even with rods of pre- -
ferred orientation, proper control of this addi-
tional variable improves cutting yields. The
general directioni of the ¢c-axis may be indicated
by any suitable symbol e. g.'by marking one end
of the rod t{ with a band {7 of coloring mateiial
as shown in Fig. 3. Such symbol, when read in
conjunction with the:position of the longitudinal

- surface mark 8 and - interpreted by -a. pre-

30

arranged code, then indicates to the observer that

" the optic axis c—c extends in a certain general

direction in the plane (3. For example, when
the observer looks at the rod 1l in Fig. 3 from
the side carrying the longitudinal-mark {8, and
has the end mark {7 at_his left, he knows from
the prearranged code that the optic axis c—c ex-
tends diagonally away trom him from left to
right. - .

s Propér control of the c-a.xis directlon with re-

spect to a saw is necessary because, even if
the position of the plane (3 is fixed ‘with re-
spect to the saw blade, there are still- two pos-
sible. c-axis directions for any optic. orientation

- except 0° and 90°, the two different directions

40

‘the saw in the manner shown in ¥ig. 7. A gang .

of saws-likewise can be used to cut simultaneous-
lyaplural!tyofsueesbythisoﬂ-eentercutting
procedure,

In both plhunge cutting and off-center cutting
circular slices can be produced by effecting the
relative movement in-a direction normal to the
rod. Elliptical slices can be produced by biasing
the saw with respect to the rod.

My experiments have shown, and theoretical

and mathematical analyses have confirmed, that
the present invention is applicable to all of the
foregoing procedures, which are equivalent for
practical cutting purposes. The most important
criterion has been found to be that the force
exerted on the rod parallel to its optic axis and
directed toward the slice being removed shau
be a minimum.

Actual cutting tests have shown that by far
the best yield of usable products can be obtained

60

by not only positioning the rod so that the com-

ponent of force parallel {o the c-axis is a mini-
mum, but also by selecting rods wherein the angle

between the c-axis and the growth axis is between -

60° and 80°. Of course, when the rod is rotated
during cutting, the former control has no sig-
nificance and the only control of the process lies
in the optic orientation of the rod being cut.

- In order that corundum rods can be properly
positioned by a cutting machine operator, in
accordance with previously prepared instructions
for cutting non-rotating rods, it is necessary to
know, for each length of rod, the location of
the plane (3 deflned by the intersecting axes
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being interchangeable by rotation of the rod on
its longitudinal axis through 180°.- As & result,
for a given set of forces exerted by a saw, the
force component parallel to the c-axis will be
greater when the c-axis extends in one direction
with respect to the saw than when the rod is
rotated 180° so that the c-axis extends in a dif-
ferent direction: with respect to' the saw. This
is apparent from Fig. 6 showing the relative di-
rection of the optic axis ¢-—c with reepect to an
independent set of Cartesian coordinates defined

by the forces exerted on the rod by a'saw blade .

rotating clockwise. It is evidenf that thé com-
ponent of force parallel to.the optic axis fs much
less when a rod is positioned: with the optic axis -
c—c extending from the near right quadrant fo
the far left quadrant, as shown, than if the rod
were rotated 180° on its longitudinal axis so that
the optic axis c—c extended from the near left
quadrant to the far right quadrant. = - :

The location of the plane 13.s0 that the mark
18 can be applied to the rod, and the general
direction of the c-axis so that the ‘mark- (7 can
be applied to the end of the rod can be deter- -
mined in any suitable conventional way, as by
a polariscope or by X-ray methods Crayon. .
ink, graphite, paint, or any other. suitable means-
can be used for making the marks 18 and 17T.
When the rods are marked in this way, a cut-
ting machine operator can position them quite
accurately with a maximum error of 15° from the
correct position.

The invention will be described more in detau_ -

hereinafter in connection with Pigs. 4, 5, and 6
as applied to plunge cutting a single slice from
a unicrystalline corundum rod Il with a rotat-
ing circular saw 9. The rod f1-is first mounted

. firmly on a horizontal block of wood 28 by cement

28, after which the rapidly rotating saw blade
19 is pressed downward through-the rod. One
suitable type of saw blade 187is-a thin copper
disc about 0.01 to 0.015 inch thlck charged with
diamond dust.
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The rod Il and saw 19 of Fig. 4 are shown in
perspective in Fig. 5 to illustrate the relative
magnitude and direction of the forces applied by
the saw to the rod in plunge cutting. There are
three mutually perpendicular forces acting upon
the rod as it is being cut, these being a down-
ward force D due to the downward movement of
the saw, a longitudinal force L due to the wobble
of the saw, and a transverse force T due to the
frictional drag of the saw against the rod. Al-
though the saw 19 exerts longitudinal forces in
two opposite directions on the two pieces of the
rod {1 on opposite sides of the cut, it is necessary
only to consider the force toward the end from
which the thin slice is being cut, because the
force in the opposite direction is exerted on the
well supported main body of the rod and is not
effective to break or crack the thin slice being
removed. The downward force D is roughly three
times as great as the transverse force T although
the mesh of diamond powder used may affect this
ratio. The longitudinal force L. does not bear
a direct relation to D and T, but depends on the
planeness of the saw, the tightness of the bear-
ings, and similar factors affecting wobble, )

In plunge cutting with gang saws the longi-
tudinal force L is less significant because there
are always two saw blades on opposite sides of
each slice supporting the slice against breakage.
This tends to meet the principal criterion of
this invention by keeping at a minimum the force
parallel to the c-axis and directed toward the
slice being removed.

Referring back to Figs. 3 and 4, the proper
positioning of the rod il with respect to the
saw {9 will be described. Actual experiments
on plunge cutting have shown that an excellent
yield of usable products in the form of thin
jewel bearing blanks is obtained when the trans-
lational movement of the saw 19 relative to the
rod t! is in a direction between 0° and 30° to the
normal to the plane (3. It is apparent that
this condition can also be expressed in these
words: that the plane {3 makes an angle b,
measured in a specific direction as indicated
in PFig. 3, of between 0° and 30° with the line
EW when the latter is normal to the direction
of relative movement,

The results of numerous plunge cutting tests
on unicrystalline corundum rods having various
orientations O, and positioned at different angles
b, are tabulated below. Yields of circular usable
jewel blanks are expressed as percentages of the
total number of slices cut in each instance. Ap-
proximately the same number of test cuts were
made at all the different combinations of optic
orientation O and angle of inclination b.

Results of cutting tests

60° 75° 90°

- Per

Cent
97
95
54
21

Per
Cent

Per
Cent
0

48
9
3

oo

At first glance it would seem that the above
test results do not harmonize completely with
the results plotted in Fig. 2. However, the two
different sets of tests were made at different
times with different cutters, and with a higher
standard of ‘“usable jewel blanks” for the tests
tabulated above. Notwithstanding the differencé
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in yields, it is apparent that both sets of test
results support the 60° to 80° range of optic
orientation within which the best results are

obtained. ) '
- In off-center cutting wherein the relative
movement between a rod If{ and a saw 19 is
along a non-diametrical chord 3{ of the saw,
as shown in Fig. 7, the direction of progression
33 of the cut into the rod constantly changes
as the depth of the cut increases and gradually
approaches the normal 35 to the plane 13. How-
ever, the principles discussed previously herein
apply, and experience has shown that the best
cutting results can again be obtained by so posi~
tioning the rod i1 that the normal to the plane
13 makes an angle a with the constantly chang-

. ing direction of progression 33 of the cut, which

angle ¢ remains within the 0° to 30° range as the
cut progresses.

I have described the principles of my inven-
tion above as applied to specific cutting and
grinding procedures by way of illustration only.
It is apparent that changes in procedure can
be made by those skilled in the art within the
scope of the invention as defined in the appended
claims. ‘

I claim:

1. A method for increasing the yield of usable
product obtained by mechanically working by
abrasion unicrystalline synthetic corundum rods
grown in rod form, which method comprises se-
lecting for fabrication those rods wherein the
angle between the c-axis and the longitudinal axis
is between 30 and 80 degrees, and mechanically
working the selected rods by abrading material
therefrom with a tool such as a saw or grinder.

2. A method for increasing the yield of usable
product obtained by mechanically working by
abrasion unicrystalline synthetic corundum rods
grown in rod form, which method comprises se-
lecting for fabrication those rods wherein the
angle between the c-axis and the longitudinal
axis is between 40 and 80 degrees, and mechani-
cally working the selected rods by abrading ma-
terial therefrom with a tool such as a saw or
grinder, .

3. A method for increasing the yield of usable
product obtained by mechanically working by

.abrasion unicrystalline synthetic corundum rods

grown in rod form and having a diameter not
exceeding three-sixteenths inch, said rods having
their growth axes substantially centrally therein,
said method comprising selecting for fabrication
those rods wherein the angle between the c-axis
and the longitudinal axis is between 30 and 80
degrees, and mechanically working the selected
rods by abrading material therefrom with a tool.
such as a saw or grinder.

4, A method for cutting a slice from a uni-
crystalline corundum rod comprising mounting
said rod in such a position with respect to a
saw that of the total force applied by the saw,
the force component parallel to the c-axis of the
rod and directed toward the slice being removed
is approximately the minimum possible for any
position of said rod with respect to said saw;

"and effecting relative movement between said rod

and said saw in a direction across said rod.

5. A method for cutting a slice from a unicrys-
talline corundum rod comprising mounting said
rod in such a position with respect to a saw that
of the total force applied by the saw, the force
component parallel to the ¢-axis of the rod and
directed toward the slice being removed does not
exceed 40%; and effecting relative movement be-
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tween said rod and said saw in a direction across
said rod.

6. A method for cutting slices from unicrystal-
line corundum rods comprising selecting such a
rod having an angle hetween its c-axis and its
longitudinal axis of between 30° and 80°; mount-
ing said rod in such a position with respect to a
saw that of the total force applied by the saw,
the force component parallel to such c-axis and
directed toward the slice being removed is ap-
proximately the minimum possible at any position
of sald rod with respect to said saw; and effect-
ing relative movement between said rod and said
saw in a direction across said rod.

7. A method for increasing the yield of usable
product obtained by cutting a unicrystalline co-
rundum rod with a saw, which method comprises
effecting relative translational movement between
said saw and said rod while holding said rod in
such a position that the normal to the plane
defined by the c-axis and the longitudinal axis
of said rod makes an angle between 0° and 30°
with the direction of progression of the cut
through said rod.

8. A method for increasing the yleld of usable
product obtained by cutting with a saw a unierys-
talline thin synthetic corundum rod grown as a
rod having a diameter not exceeding three-six-
teenths inch and having its growth axis substan-
tially centrally therein, which method comprises
effecting relative translational movement between
sald saw and said rod while holding said rod in
such a position that the normal to the plane
defined by the optic axis and the longitudinal
.axis of said rod makes an angle between 0° and
30° with the direction of progression of the cut
through said rod.

9. A method for increasing the yield of usable
product obtained by cutting a unicrystalline co-
rundum rod with a saw, which method comprises
selecting such a rod having an angle between its

10

tion substantially normal to the plane defined by
the c¢-axis and the longitudinal axis of said rod.

12. A method for increasing the yield of usable
product obtained by plunge cutting a unicrystal-
line corundum rod with a saw, which method
comprises selecting such a rod having an angle
between its c-axis and its longitudinal axis of be-
tween 30° and 80°, and effecting relative transla-
tional movement between said saw and said rod
in a directon such that the normal to the plane
defined by the c-axis and the longitudinal axis
of said rod makes an angle between 0° and 30°

- with such direction of movement.

20
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40

c-axis and its longitudinal axis of between 30° -

and 80° and effecting relative translational move-
ment between said saw and said rod while holding
said rod in such a position that the normal to the
Plane defined by the c-axis and the longitudinal
axis of sald rod makes an angle between 0° and
30° with the direction of progression of the cut
through said rod.

10. A method for increasing the yield of usable
product obtained by plunge cutting a unicrystal-
line corundum rod with a saw, which method
comprises effecting relative translational move-
ment between said saw and said rod in a direc-
tion between 0° and 30° to the normal to the
plane defined by the c-axis and- the longitudinal
axis of said rod.

11. A method for increasing the yield of usable
product obtained by plunge cutting a unicrystal-
line corundum rod with a saw, which method
comprises effecting relative translational move-
ment between said saw and said rod in a direc-

40

13. A method for increasing the yield of usable
product obtained by plunge cutting a unicrystal-
line corundum rod with a saw, which method
comprises selecting such a rod having an angle
between its c-axis and its longitudinal axis of be-
tween 30° and 80°, and effecting relative transla-
tional movement between said saw and said rod
in a direction substantially normal to the plane
defined by the c-axis and the longitudmal axis of
said rod.

14. A method for increasing the yield of usable

5. product obtained by cutting with a saw a uni-

crystalline corundum rod, which method com-
prises effecting relative movement between said
rod and said saw in a direction along a non-dia-
metrical chord of said saw while holding sald rod
in such a position that the normal to the plane
defilned by the optic axis and the longitudinal
axis of said rod makes at all times an angle be-.

‘tween 0° and 30° with the constantly changing

direction of progression of the cut through said
rod.

15. A method for 1ncreasing the yield of usable
product obtained by cutting a unicrystalline co-
rundum rod with a saw, which method comprises
determining the position of the c-axis of said rod,
placing on the side surface of said rod a mark ex-
tending longitudinally along said surface and ly-
ing in the plane defined by said c-axis and the
longitudinal axis of said rod, and effecting rela-
tive translational movement between said saw

‘and said rod while holding said rod in such a po-

sition, as indicated by the position of said mark,
that the normal to the plane defined by said
mark and the longitudinal axis of said rod makes
an angle between 0° and 30° with the direction of
progression of the cut through said rod. :
MALCOLM H. BARNES,
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