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This inventicn relates to a grinding machine
particularly adapted for grinding the relieved or
backing-off surfaces of rotary tools having helical
cutting edges, such as drills, milling cutters, or
the like, as well as grinding the helical cutting
edees of such tools, although capable alsc of other
uses,

In many modern types of rotary cutting, mill-
ing, or drilling tools, there are helical, or approxi-
mately helical, cutting edges, and the material of
the tool behind each such cutting edge should he
relleved or hacked-off, that is, should be so formed
as to provide a clearance, behind the cutting edge,
petween the tool and the side or wall of the ma-
terial being milled, drilled, or cut. Heretofore,
the usual peactice has been to grind the helical
cutting edge on one machine and then to trans-
fer the tool to a second machine, such as a back-
ing-off lathe, to form and finish the desired re-
lieved surface behing the helical cutting edze.

An object of the present invention s to provide,
in a single machine, efficlent means for grinding
both the helical cutting edege and the relieved
surface behind the helical cutting edge.

Another object is to provide such a machine so
designed and constructed that the tool may have
both types of grinding operations successively
performed upon It while the tool remains clamped
in the machine, without the necessify for remov-
Ing the tool and replacing it in a different position.

Still another object is the provision of a ma-

chine capable of rapid and efficient grinding of
helically extending bands or surfaces which are to
be relieved or tapered in g circumferential direc-
ton. .
A further object is the provision of a machine
for grinding helically extending bands or strips
which are to be relieved or tapered in a circum-
ferential directlon, so deslgned and constructed
that the grinding may proceed, at will, either by
a serles of operatlons each extending circumfer-
entially with respect to the part being ground, or
by & sertes of operatlons each extending helically
with respect to the part being ground.

To these and other ends the Invention resides
in certaln improvements and combinations of
parts, all as will be hereinafter more fully de-
scribed.

In the drawings:

Fig. 1 Is a slde view of a typical form of fool
which may be ground by a machine of the pres-
ent invention;

Fig. 2 18 a plan of a machine constructed in ac-
cordance with one embodiment of the present in-
vention, and
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 mounted on the machine frame 9.

Fig. 3 13 a vertical sectlon through a portion of
the machine shown in Fig. 2.

The same reference numerals throughout the
several views Indicate the same parts.

Referring first to Fig. 1 of the drawings, there
is shown, as a typical example of the work which
may be ground by the machine of the present in-
vention, a twist drill 10 of the step type, the drill
being provided with helical grooves [{ having
helical cutting edges (5, behind which the sir-
faces |3 are relieved or tapered or backed-off in a
clrcumferential direction; that is, the radius of
each surface |3 decreases in a circumferential di-
rection from the cutting edge t5 hackwardly to-
ward the next succeeding groove 1.

The machine of the present invention is de-
signed to grind both the helical cutting edges 1§
and the relleved surfaces 13, upon a single clamp-
ing of the tool in the machine, without the need
for unclamping the tool until the job {5 finished.
Furthermore, the machine of the present inven-
tion is designed to grind the surfaces 13 either by
traversing the grinding wheel over the tool 10 in
a hellcal direction (approximately parallel to the
edges 15) or in a circumferential direction, as may
be desired.

Referring now to Flg. 2 of the drawings, there
is shown somewhat diagrammatically a machine
In accordance with a preferred embodiment of
the present invention, varlous detalls being
omitted from the drawing for the sake of sim-
plicity and clarity. The machine comprises any
sultable grinding tool siuch as the grinding wheel
IT driven or rotated in any sultable manner and
The tool 10
which is to be ground on the machine i5 fastened
in any sultable chuck, holder, or clamping device
on the end of a hollow shaft 21 rotatably jour-
naled in a housing 23 and provided with a knob
23 by which the shaft 21 and the work 10 may be
turned by hand. The housing 23 forms part of
a slide or carriage 2T movable in a horlzontal di-
rection along the guldeway 28 formed on the mem-
ber 30. This member 30, in turn, Is a vertical
slide supported on and vertically adjustable with
respect to a slide 31 movable along a horlzontal
guideway 32 which is approximately at right
angles to the direction of the guldeway 29, and
which Is elther formed directly on the machine
frame 18 (in which case the guldeway 32 is par-
allel to the axis of rotation of the grinding wheel
IT) or which, preferahly, is formed on a turntable
adjustable with respect to the machine frame 19
about a vertical axis, so that the direction of the
guldeway 37 may be placed either parallel to the
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rotary axis of the grinding wheel 17, or may be
shifted to varlous angles with respect to a vertical
prlane passing through such axis. If a turntable
ts used, it may be constructed, for example, like
the turntable 26 In my United States Patent
2,213,758, granted Sept. 3, 1940, and the vertlcal
adiustment of the part 30 with respect to the part
31 of the present application may be llke the ver-
tical adjustment of the part 68 with respect to the
parts 41 and i of said patent.

Mounted on the member 30 is & yoke 33 ad-
justable or displaceable in a horizontal direction
perpendicular to the direction of the guldeway 29.
Mounted on this yoke 33 1s a flexible band 34 held
taut or under tenslon and wrapped around a
smooth band-engaging periphery of a wheel 35
removably mounted on the upper end of the shaft
37 connected to a bevelled sun gear 39 (Fig. 8)
meshing with g pair of planetary gears 40 which
mesh also with & second sun gear 4 on the upper
end of a shaft 43 journaled in the housing 23 and
carrying at its lower end a bevelled gear 45 mesh-
ing with a bevelled gear 47 on the hollow shaft 21.
A suitable releasable clutch (not shown) of any
known form mey he placed between the gear 47
and the shaft 21, or at any intermediate point in
the shaft between the chuck or too] holder and
the gear 41, 'The gears 30, 4D, and 41 together
constitute a differential or planetary transmis-
slon, the gears 40 being on stub shafts mounted on
a8 housing 4% which Is rotatable on the housing 23.

A cam 81 (Figs. 2 and 3) is removably secured
to the top of the housing 49 to rotate therewith.
For example, the cam 51 may be held to the hous-
ing 49 by screws, as shown in Fig. 3, and when
the disk or wheel 38 is removed from the top of
the shaft 37, the screws may be removed to per-
mit removel of the cam 51 so that it may be re-
placed by ancther cam of different shape.

Extending circumferentially around the periph-
ery of the housing 49 are worm gearing teeth 53
so that the housing itself constitutes & worm gear.
A worm B85 is swinglngly mounted on the top of
the housing 23 and may be swung agalnst and
into mesh with the worm gear teeth 58, or may be
swung laterally away from and out of mesh with
such teeth. A kmob BT is connected with worm
55, so that the latter may be turned by hand.

Two small rollers B9 and 81 are mounted on a
common stub shaft or axle on an arm 65 swing-
ably mounted onh the top of the housing 23 for
oscillation in a horizontal plane. The roller 59
rolls against the periphery of the cam B, while
the roller 61 rolls on a track 63 adjustably
mounted on the machine frame 19, the support-
Ing arm of the track being slidable In a guideway
67 extending parallel to the axis of rotation of the
grinding wheel 17, and being clamped in any de-
sired position along such guldeway by means of
a clamping device 09,

The lateral advancement of the tool 10 toward
the grinding wheel (T (n a direction along the
guideway 32) may be controlled by the cam 51,
rollers 59 and 6f, and track 63, Since the track
68 is unylelding and since the rollers 59 and 01
are unylelding with respect to each other (except
for their ability to rotate) it follows that hand
pressure or other suitable pressure nay be ap-
plied to tend to move the parts 81, 30, 27, and 23
in a direction along the guideway 32, to the right
when viewed as In Figs. 2 and 3, and the extent of
motion In this direction will be limited by en-
gagement of the cam surface 51 with the roller
59 while the companion roller 61 engages the
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track 63. If a relatively high point of the cam
81 be brought opposite the roller 59, this will keep
the axis of the tool 10 farther away from the face
of the grinding wheel 11, while if & lower point
of the cam B! be brought opposite the roller 59,
the axis of the tool 10 may move closer to the
grinding wheel 1.

The tool 10 is capaeble of three different move-
ments with respect to the grinding wheel 7.
Pirst, there is the movement just described, a
lateral movement of the axis of the tool 10, in
the direction of the guideway 32. Second, the
tool 10 may be moved axially or longitudinally
by moving the housing 28 and slide 27 bodily
along the guldeway 29. Third, the tool (0 may
be rotated about 1ts own longitudinal axis, by
turning the shaft 21. In any given single step
of a grinding operation, either one of the first
twop mentioned movements is eliminated for the
time being, and the other one of sald first two
mentioned movements 18 correlated or synchro-
nized with the third or rotary movement, by the
mechanism of the present Invention.

Prom the known properties of a planetary gear
tranamission such as above described, it follows
that If the wheel 85 and gear 30 are held sta-
tionary, and if the housing 49 is allowed to ro-
tate, rotation imparted to the gear 41 will cause
the planetary gears 40 to roll on the gear 38 and
will turn the housing #0 in which the shafts of
the planetary gears 40 are mounted, On the
other hand, if the housing 49 be held against
rotation and if the wheel 35 be permitted to re-
volve, then rotary motion imparted to the gear
39 will cause rotation of the planetary gears 40
about axes which are fixed for the tlme being, so
that the gear #1 will be turned through an
amount equal to the turning of the gear 38, but
in the opposlte direction.

The operation of the machine in grinding the
cutting edge 1B Is as follows: The tool 10 is
clamped In the chuck or holder on the end of
the shaft 21, By sultable adjustment of the
slides 27, 30, and 3! along their respective guide-
ways, the proper portion of the grinding wheel 11
1s brought against the face of the spiral gropve
{1 adjacent one end of the cutting edge 15 which
1s to be ground. Fine adjustment In a rotary
direction may be obtalned by turning the knob
57 of the worm 85 while this worm Is engaged
with the teeth 53. ) )

The housing 28 and slide 21 are now moved
bodily along the guldewsy 29, preferably by hand
pressure. This causes the tool 10 to be moved
longitudinally or axlally past the grinding wheel
IT. At the same time, the wheel 85 is moved
along the stationary track band 34 to rol} there-
along and is caused to turn thereby, The worm
55 prevents the housing 49 from turning, so that
the rotation of the wheel 835 and the gear 89.
causes the gear 41 to turm through an equal.
amount, and this motion is transmitted through
the gears 45 and 471 to the shaft 21, causing this
shaft to turn in synchronism with its axial ad-
vance, thus producing a helical motlon of the
tool 19 relatively to the grinding wheel (7, which
enables the accurate grinding of the hellcal edge
i6. 'To grind a helical edge with a different pitch
or helical angle, the wheel 35 may be removed
and replaced by a wheel of different diameter.
The track bracket 33 may be adjusted in the di-
rection of the slot shown in Fig. 2, 80 that the
track band 84 will Ye tangent to a wheel 8§ of
any desired diameter,
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The operation of the machine in grinding the
syrfaee I3 by the helical method is as follows:
The tool 10 {8 elamped on the shaft 21, or If the
tool has previously beer mounted in the ma-
chine for the pwpesg of grinding the edge i85,
it remains clamped {n the same position on the
shaft 21. The tool is moved with respeet to the
grinding wheel 1T, by suitable operation of the
slides 27, 30, and 81, so that a suitable part of
the grinding wheel 17 ig in contact with the sur-
face 13 just behind one end of the cutting edge
i5. The track 63 is now adjusted so s to bear
firmly againgt the roller §1 while the cempanion
roller 58 beara against the cam 51 near & high
portion thereof. Leaving the worm §5 In en-
gagement with hte gear teeth §3, the carriage
27 is mow advanced along its guldewany 29 by
hand pressure in an ypward direction when
viewed as in Pig, 2, at the same time pressing to
the right to keep the cam 51 against the roller
5% and the roller 61 against the track 63, which
determines the distance between the axis of ¢the
tool {0 and the face of the grinding wheel. This
motion carries the surface 1B past the grinding
wheel 11, In the same manner as when grinding
the eutting edge 15, the wheel 38 turns by roll-
ing on the track band 34, which causes rotation
of the shaft 21 in synchronism with the longi-
tudinal movements thereof, so that the grinding
wheel [T grinds a helical band or strip of the
surface 13 just hehind the cutting edge 15, and
approximately paralle] therewith,

When the full length of this helical band or
strip has been ground, the carriage 27 is returned
to Its initial position. Now the knob 57T is turned
to rotate the worm &5 so that, by its engagement
with the gear teeth 53, the housing 4% and cam
§1 will be slightly rotated. ‘The wheel 35 is held
against rotaticn at this time by reason of lts en-
gagement with the band 34, and consequently
the rotation of the housing 49 causes a rotation
of the shaft 21, turning the tool! 10 (without any
longitudinal advance thereof) to bring the grind-
ing wheel 1T into engagement with a portion of
the surface 13 a little farther away from the edge
15 than the strip or band which has just been
ground. At the same time, the cam 5! turns
with the housing 48 and presents a somewhat
lower portion of the cam opposite the roller 89,
50 that the housing 23 and the slides 27, 30, and
31 are permitted to move along the guideway 32
in a direction a Ilittle closer to the grinding
wheel 1T,

In the second step of the grinding operation,
the sllde 27 is shoved by hand along the gulideway
29, in an upward directlon when viewed is in Fig.
2, at the same time applying pressure toward the
right when viewed as in Fig. 2, as before. As
the movement continues, the wheel 35 rolls on
the track 34 as bhefore, thus turning the tool 10
about Its axls as before, with the result that a
second helical band or strip of the surface 13 Is
presented to the grinding wheel 17. But this
second helical band or strip has a somewhat less
radius than the first helical band or strip, be-
cause the slight rotation of the cam %I between
the grinding of the first hand and the grinding
of the second band presents a lower point on the
cam to the roller 58 and allows the housing 23
to move slightly closer to the track 63, thus per~
mitting the axis of the tool 10 to move some-
what closer to the grinding wheel 17, so that the
second band or strip of the surface 13 1s ground
to a slightly smaller radius than the first band.

To set the mechanism for the third grinding
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step, the knob §7 and the worm 55 are simiisrly
tumed after the completion of the grinding of
the second band, to turn the cam 51 still farther
and to permit the axis of the tool 18 to move still
clpger to the grinding wheel 17, The grinding of
helical bands or strips of the surface 13 con-
tinues in this menner until the whole surface
has been ground to the desired extent. Each
succerding band farther from the cutting edge 15
¥s of successively smaller radius, with the resuit
thai the surface 13 is relieved or radially backed
off in the desired manner, The rate at which
the radius pof the surface {3 decreases in & cir-
cumferential direction away from the edge 15 18
determlned by the steepness or shape of the cam
61, which may be removed and replaced by g dii-
ferent cam having a steeper or a less steep edge,
when different characterlstics of the surface 13
are desired, or a single cam $1 may have different
portions of its periphery formed with a different
rise or steepness, any selected portion being used
as desired, in 2 manner analogous to the use of
a sglected portion of the periphery of the cam
shown In my United States Patent 2,217,001,
granted Oct. 8, 1940, for Peeding device for
machine tools.

The operation of the machine In grinding the
surface I3 by the circumiferentlal method is as
follows: The slides 27, 30, and 3! are adjusted
as described at the beginning of the preceding
method, to bring a suitable face of the grinding
wheel |7 in contact with the surface 13 just be-
hind one end of the cutting edge 15. The slide
27 is now clamped in the guldeway 29 to prevent
longitudinal movement, and the track 63 is ad-
justed as before to bear against the roller 61 while
the roller §9 bears against the cam §1. Now the
shaft 21 Is turned, preferably by grasping and
turning the knob 25, first swinging the worm 55
out of mesh with the gear teeth 53 on the housing
48. At the same time that the shaft is turned,
hand pressure is applied on the parts 23, 27, 38,
and 31 to tend to move them in a directlon toward
the grinding wheel 7, along the guideway 82.
Since the wheel 35 is held against turning by the
statlonary track band 34, rotation of the shaft
21 Is accompanied by rotation of the housing 38
and cam Bl. As the shaft 21 turns to cause the
grinding wheel 1T to cooperate with successive
polnts bn the surface i3 spaced progressively
farther and farther from the cutting edge 15§ In
a circumferentlal direction, the cam &+ also turns
to bring progressively lower points thereof oppo-
site the roller 58, so that the pressure applied
rightwardly to the parts permits the axls of the
tool 10 to move progressively closer to the wheel
17, producing the desired progressive decrease In
radius or relieved effect in that part of the sur-
face 13 which is being ground.

After completing the grinding of one band or
strip extending circumferentlally from the cut-
ting edge 15 to the next helical groove {1, the
parts are returned to initial position and the
worm §% is swung into engagement with the
teeth 53 to lock the houslng 48 against turning,
Then the slide 27 is moved a slght distance
along its guideway 29, to bring thz next suc-
ceeding circumferential band or strlp opposite
the grinding wheel. Then the siide 21 Is clamped,
the worm 55 is swung away from the teeth 53,
and the grinding operation Is repeated by turn-
ing the knob 25 to grind the next circumferen-
tial band or strip. After each succeeding hand
or strip has heen ground, another slight move-
ment of the slide 27 takes place. During guch
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movement, the wheel 35 rolls on the track 34
to cause & slight turning of the tool (0 so that
the grinding operation performed on each band
or strip will be a little farther around the tool,
in & circumferential direction, than the preced-
ing band or strip, In accordance with the helical
characteristics of the tool.

The turning of the shaft 21 in carrying out
any one step of the circumferential grinding
method is preferably accomplished by directly
grasping and turning the knob 2B, as above
stated; but if desired, the worm BS may be swung
into engagement with the gear teeth 53 and the
knob 37T may be turned to cause the turning
of the shaft 21,

Although it Is possible, as above explained, fo
grind the relieved surface I3 In successive strips
or bands each extending In a circumferential
direction, yet It is preferred to grind this sur-
face by the method earilier described, where each
of the grinding steps produces a band or strip
extending helically. This method results in a
better cutting edge than the circumferential
grinding method, because each side of the cor-
ner between the surfaces 13 and Il 1z formed
by a single longitudinal grinding operation, in-
stead of one side of the corner being formed by
a serles of lateral grinding operations. Alsg it
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is faster because there are fewer steps regquired
In grinding the complete surface, resulting in
fewer settlngs or indexing operations between
steps, and faster for the further reason that
only one or two of the helical strips nearest the
cutting edge 19 need be ground with the greatest
accuracy, and the succeeding hellcal strips far-
ther from the cutting edge I5 can be ground
more rapldly and wlth less accuracy, since there
is a greater clearance between these and the
side wall of the hole or bore which the tool Is
Intended to drill

For the grinding of non-cylindrical work, the
straight track 63 may be replaced by a track
which is adjustable to varlous angles with re-
gpect fo the axis of the shaft 2, or which has
any desired profile to correspond with the profile
of the work fo be ground. Likewise, for grinding
certain types of work such as conical cutters or
drills, the housing 23 may be mounted on a pivot
on the slide 27, so that the axis of the shaft
21 may be swung to various angular positlons
with respect to the direction of the guideway
29, such an arrangement being shown, for exam-
Ple, in my United States patent application, Sertal
No. 223,269, filed August 5, 1938, for Work Turn-
ing Device for Machine Tools.

KURT ZWICK.



