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UNITED STATES

PaTENT OFFICE.

ULRICH EBERHARDT AND HENRY E. EBERHARDT, OF NEWARK, NEW JERSEY.

 AUTOMATIC MACHINE FOR CUTTING RACK-TEETH..

SPECIFICATION forming part of Letters Pa.teht No. 400,645, dated April 2, 1889.

Application fileq November 3, 1888, Sexial No, 289,887,

(No model,)

To all whom it may concern:

Be it known that we, ULRICH EBERHARDT
and HENRY E. EBERHARDT, citizens of the
United States, residing at Newark, HEssex

county, New Jersey, have invented certain

new and useful Improvementsin Automatic
Rack-Cufiters, fully described and represented
in the following specification and the accom-
panying drawings, forming a part of the same.

The object of this invention is to furnish
an automatic machine for cutting by means
of rotary cutters a series of teeth upon a me-
tallic rack, the machine being so constructed
as to cut two or more teeth at the same time,
and to automatically reverse the movement
of the cutter-head to take a fresh cut, and to
shift the rack longitudinally to expose a fresh
section of its smface to the ‘LCthl’l of the
cutters.

The mventlon alsoincludes means for feed-
ing the rack-carriage to cut _teeth of either
diametral or circumferential pitech and other
details of construction,including the arrange-
ment of the frame and the cutter-head in re-
lation to the rack-carriage. ,

In the drawings, Figurelisafrontelevation
of the machine. Fig. 2 is a side elevation
taken at the left-hand end of Fig.1. Fig. 31is
a section of the cross-head on line ¢« in Fig.
1. Fig. 4 is a plan of the machine; Fig. 5, an
elevation of the face of the rack-carriage;
Fig. 6, a view of the inner face of the cufter-
head, and Fig. 7 a view of the cutter-head
upon the opposite side from that shown in
Fig. 2. Fig. 8 is a section of the cross-head,
looking outward -on ‘Iine y y in Fig. 1. Fig.
9 is a.vertical section of the cross-head on
line zz'in Fig. 8. Fig. 10 is a longitudinal
section of the friction-wheel spindle detached
from its bearing. Fig. 11 is an elevation of
the machine upon the side opposite that
shown in Fig. 2, with the counter-shaft and
belts for driving the same; and Fig. 12, a rear
elevation of the parts shown in Fig. 11.

- In the design shown herein a longitudinal
bed, A, is provided with a transverse cross-
head, B, fixed adjustably at one end of ways
C, formed upon the top of the bed.

A stanchion, D, formed with vertical guides
E,is fixed upon the opposite end of the ways,
and a cutter-head; F, is fitted to slide verti-

cally in such guides, and is provided with a
horizontal spindle, a, carrying the cutters b.
A rack-carriage, G, is fitted to the cross-head
B to move parallel with the cutter-spindle a,
and is moved upon the cross-head by a screw,
¢, rotated at intervals by suitable gearing.
‘The end of the cross-head is provided with
a bracket, d, for carrying the gearing and
change-wheels required to vary the move-
ment of the serew ¢, and upon its underside,
at the same end, is secured a bracket, I, hav-
ing bearings for a pulley-shaft, »’, and fric-
tion-shaft [ to actuate such gearing. A pul-
ley, h, is shown fixed at the opposite end of

the pulley-shaft, and a bracket, H’, is shown .

secured to the under side of the cross-head
near its opposite end to support the same
shaft adjacent to the pulley. A screw, ¥/, is

projected from the lower side of the cutter--

head F and extended through a rotary nut,
I, which is turned in opposite directions by
gears I’ and pulleys I?, provided with straight
and crossed belts J J’.

A shipper-bar, 4, is provided to shift the
belts J J’, and is connected with the cutter-
head T by a bell-crank, 7, and a rod, k, which
rod is extended through a lug, %/, upon the
cutter-head and provided with adjustable col-
lars &2, to be actuated by the cutter-head at

the opposite ends of its stroke, and to thus

shift the belts upon the pulleys 1* and re-
verse the movement of the cu‘rtm—head after
cutting each tooth.

The cutter-head is provided with gears K
and pulley K’ to rotate the cutter—spmdle
and a part of ourinvention consists in mount-
ing a series of identical cutters, b, side by
side upon the spindle to form a number of
teeth in the blank g, which is shown clamped
by serews G’ in the rack-carriage G.

The screws project downward from lugs !
along the upper edge of the carriage, and the
earriage is provided with a horizontal strip,
g’, at its lower edge opposite the cutter-head

to sustain the blank g flom which the ]ack

would be cut.

Packing-blocks ¢g*would be employed, as in
similar eonstruetions, to hold the blank in
the proper position under the pressure of the
screws G/, The construction of the cutter-
head with a vertical movement and the ar-
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rangement of the rack-carriage to present the
surface of the rack in which the teeth are to
be formed in a vertical position to the cut-
ters secures the immediate discharge of the
chips from the rack and from the cutters,and
greatly facilitates the operation of the cut-
ters and the lubrication of the same if oil or
water is required.

The means shown for rotating the feed-
screw ¢ is identical with that claimed in the
Patent No: 332,004, dated December 8, 1885,
and consists in a shaft driven by a belt and
connected with the screw by change-wheels
through the intervention of africtional driver
and a locking device which is released at in-
tervals by the movement of the cufter-head;
but a modification of sueh invention is shown
in our present construction for cutting rack-
teeth of either diametral or circumferential
pitch, for which purpose two trains of gear-
ing are provided between the locking mech-
anism and the screw c.

The locking mechanism is shown in detail
in Fig. 3, and consists in a disk, N, affixed
upon a shaft, [, having a friction-driver ap-
plied thereto and actuated by a pinion, m,
upon the end of the pulley-shaft ’. A gear-
wheel, n,is shown fixed rigidly upon the shaft
! (like the disk N) by key %k* for operating
the two trains of feed-gearing. A catch, 7,
is shown held to a notch in the disk by spring
w, and provided with a lever-arm, %, extend-
ing in the path of a cateh which is shifted or
oscillated by the cutter-head at the upper end
of its stroke. The catch consists in a tooth,
m’, held in a socket in the end of a vibrating
arm, I3, by a scérew, m? and pressed outward
to engage with the arm P by a spring, m?

A rod, m?, is attached to the vibrating arm
and provided with a collar, m?, which is raised
by a lug, m® upon the cutter-head when at
the top of its stroke. The movement of the
arm effected by such collar depresses the le-
ver-arm £, affixed to the catch ¢/, and releases
the disk, so that it can rotate under the in-
fluence of the friction-driver. This driver
consists in a smooth circular plate, p, with
teeth m7 upon its periphery to mesh with the
pinion m, and is shown fitted to a sleeve, 0%,
provided with a gear-wheel, 0, and arranged
to turn loosely upon the shaft ! between its
bearings in the brackets H and d. The fric-
tion-plate is clamped between a flange, p’,
fast on the sleeve 0%, and a loose flange, p?,
pressed toward the plate by a spring, p? and
clamp-nut pt.  The flange p? is caused to ro-
tate with the sleeve by a key, k% = The plate
p is rotated continuously when the machine
1s in operation, and the spring is so adjusted
that the plate may slip between the flanges
when the wheel o is.held from turning’but
may producesufficient friction when the wheel
is released torotate the screw ¢ in the desired
manner.
o produce no movementin the shaftl, butare
geared directly to the feed-screw ¢ by a wheel,
o', secured upon the latter; and two trainsof

The friction-driver and the wheel’

gearing are provided to éonnect the screw with
the shaft ! and its locking-disk, so that the
screw may be turned in the desired manner
to cut teeth of either diametral or circumfer-
ential pitch. A bearing, H? is affixed to the
bracket below the shaft [, and a shaft, », is
fitted therein and provided at its outer end
with a neck for change-wheels s and at its
inner end with a wheel, 0% having seventy-
seventeeth. A neckisprovided upon theend
of the serew ¢ to receive change-wheels /.
The serew is cut with a piteh of .5236 of an
inch, corresponding with the circumference
of a circle having a diameter one-sixth of an
inch, and a single rotation of the screw being
thus adapted to shift the carriage fora wheel-
pitch of six teeth to one inch of diameter.

To secure a single rotation of the screw for
a single rotation of the frictional driver, it
would only be necessary to connect the lock-
ing-disk N with the screw by using a wheel,
7/, of the same size as the wheel n, and con-
necting them together by a suitable interme-
diate gear,n® (ShowninFigs.l1and2.) The
intermediate gear, n? is shown mounted upon
a stud, v, fitted in a slot, »’, in a so-called
“frog” or “movable plate,” w. A bolt, v/, is
inserted through a slot, «? in the plate and
tapped into the bracket d to secure the plate
in the desired position. The intermediate
gear could thus be applied to change-wheels
n and n’ of any desired size. The friction-
driver would therefore operate when the catch
I’ was retracted to rotate the serew (through
the gears o and ¢”) until the catech again en-
gaged the notch in the disk. The spring w
would operate the cateh I’ to always arrest
the disk at the close of one revolution and
the screw would be rotated through any de-
sired arc in a complete rotation of the disk
by employing change-wheels n and n’ of any
desired dimensions, as in screw-cutting lathes.

In the drawings, Figs. 1 and 2, the wheel n
is shown with eighteen teeth and the wheel
n’ with twelve and adapted to turn the screw
one and a half revolution for each turn of the
disk for cutting teeth of four to one inch dia-
metral pitch.

It will be noticed thatthe proportions of the
wheels 0 and o’ are immaterial, as they operate
simply to connect the screw with the friction-
driver, and the friction-driver might be lo-
cated at any other point in the apparatus
than upon the shaft {, carrying the disk N, to
which it is applied merely for compactness of
construction. To cut in the rack-blank teeth
at a circumferential pitch or spaced in inches,
and even fractions of an inch, a train of gear-
ing is provided, which rotates the wheel s
2342 of a revolution, such gearing being
shown upon the inner side of the bracket in
Fig.1and in the enlarged view in Figs. 8 and 9.
A stud, ¢, is fixed upon the inner side of the
bracket d and carries two pinions, ¢ and 2,
connected rigidly together, the former hayving
twenty-five teeth and meshing into the wheel
o® with seventy-seven teeth, and the pinion
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having Seventeen teeth meshing into ‘the

wheel o; which is formed with fifty teeth.
The wheels with fifty and twenty-five teeth
are the drivers in the train,and those with
seventy-seven- #nd severnteen teeth are the
driven wheels.. The product of the drivers
(1,250) bears the same ratio to the produet of
the driven wheels (1,309) as the pitch of a half-
inch serew bears to the diametral pitch, (:5236.)
The wheels 0 and o® when operating together
in the train of gearing -just described would
be connected with the' disk N by change-
wheels n and s'and a .suitable intermediate,
a8 hereinafter described. The wheels o, 0/,
and o® are indicated merely by dotted circles
in Fig. 8, and one-half of each of the pinions
¢’ and #*is shown upon the studsi, toindicate
their relation to the wheels o and 0%

In Fig. 9 thethreelarge wheels are omitted;
but the necks are shown upon the. shafts r
and ! and the screw ¢, to which such gears
would - be applied, as well as the necks for
By such pro-
portions of teeth the rotations of the wheels o
and o® vary in the desired ratio, .5000 to .5236,
and as the wheel 0° is connected with the
wheel o’ by the intermediate wheels, ¢’ and #,
it is obvious that the rotations of the screw
and of the wheel ¢® vary also in the desired
ratio, 0 and o’ being equal. To rotate the
screw, therefore, in cutting circumferential
pitches the disk Nis connected with the wheel
s instead of with the wheel n/, the frog v be-
ing in such - case -shifted: to brmfr the inter-
mediate gear, n? in contact W1th the wheels
n and s. -To hold the plate « in such a posi-
tion, a hole, w# is formed in the bracket to
receive the bolt-w’, and the position of the
intermediate géar with -such arrangement of
parts is shown by the dotted cnele WP in
Fig. 2.

In Figs. 1 and 2 the wheels n and s are
shown of the same size, with eighteen teeth,
and the wheel' s -would thus rotate once for
each turn of the disk; but the screw, being
connected with the wheel sthrough the wheels
o o*and pinions # #, would rotate but 58000f a
revolution for each complete turn of the dlsk,
and would feed the carriage exactly .5 of an
ineh, (one-half inch.) - Chan(re—wheels substi-
tuted for the wheels 7 and s could then be
used in cutting pitches of inches and even

fractions of an 1nch as desired.

It is obvious that if the thread of the screw
were formed with.50f an inch pitch it might
be rotated 5444 of arevolution by connectmw
it with the wheels by asuitable train of gear-
ing, and the change-wheels n and s could
then be used to cut dmmetral pitch and the
wheels n »' in cutting circumferential pitch.

The means for reguluting the rotationsof a
feed-screw by connection with a notched

-diskis fully set forth in the Patent No. 832,064,

dated December 8,1885; and in pmctlce the
cutter-head F in ounr 1mproved rack-culter
would be reciprocated by the means shown

in the said patent instead of by the straight

‘ment of the pulley K’.
eutter-head up and down would be automati-
cally regulated by the shifting of the belts J-

and crossed belts shown herein. The pulleys
are shown instead of the clutch mechanism
claimed in the said patent, as they require
less illustration in the drawing. : The means
for reciprocating the cutter-head forms, how-
ever, no part of the present-invention.

The piteh of the screw referred to herein is
described as .5236 of an inch, and is.formed

- by eutting. such serew in a lathe having a

leading-screw cut with piteh of .5 of an inch,
and employing change-wheels similar to the
wheels 0 0° ¢/ #* intermediate to the lathe-
spindle and such leading-serew. Such piteh,
5236 of an inch; is not precisely the same as
the theoretical cirecumference upon a wheel
corresponding to one sixth of an inch in the
diameter of such wheel; but the variation be-
tween the theoretical pitch and that formed
upon the screw. would 111 cutting-racks pro-
duce an error of only 3¢5y of an inch in &
rack twenty feet long, and may therefore be
wholly disregarded. The theoretical pitch of
the screw should be .523598, instead of .5236.

It is obvious that the locking device would
operate the same in relation to the screw and
1o the two trains of gearing whether the disk
N and its shaft [ be rotated by a friction-
driver or turned by hand.

The cutter-head is shown prov1ded with an
ear, y, carrying a stud, ', upon which is ro-

'tated the pulley K’, receiving a belt from a

counter-shaft, P, and connected with the cut-
ter-spindle by gears K. To compensate. for
the movement of the cutter-head to and from

-the overhead counter-shaft, alever, 1", is piv-
-oted upon the counter shaft and prov1ded

with guide-pulleys T2 Guide-pulleys A and
T® are also provided in.a suitable position
upon the rack-cutter, and an endless belt, #*,

‘is carried from a pulley, %%, upon the counter-

shaft over the pulleys T® and under the pul-
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leys h and T* to the pulley K’, carried by the

cutter-head. An arm of the lever, T’, is pro-
jected from the counter-shaft upon the side

‘opposite to that sustaining the pulleys T? and

is connected ‘at a suitable distance from the

-counter-shaft with a tie-rod, R, which islinked
to the cutter-head by pivot R’, and isattached

to the lever TV by a spring-connection, R?,
which operates to exert a tension upon the
belt #.  The downward movement of the cut-
ter-head, which, with the constructionshown,
would otherwise slack the belt # operates to

j @ ie]

120

move one arm of the lever T’ downward and . -

to raise the pulleys T? in such degree as to
exactly compensate for the downward move-
The motion of ‘the

J’, or:by any other suitable means, as that
described in our patent -No. 332,064, dated
December 8, 1885; The feeding of the rack-

-carriage intermittently is also automatically-

effected by thefriction-driver upon the actua-
tion of the latch I’ by the contact of the lug
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mf upon the cutter-head with the collar »i5 . .
and the machine would thus operate continu.
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ously to cut a series of teeth in the blank un-
til the limit of the rack-carriage travel would
be reached.  To check the operation of the
machine at such point, and thus prevent: in-
jury to the feed-screw or its connecting mech-
anism, a shipper-bar, K% is mounted adjacent
to the counter-shaft and provided with guides
KUY to direct a belt, &% upon the fast or loose
ptlleys L I/, fixed upon the counter-shaft to
stop and start it. A spring, K2 is applied to
the shipper. to shift the belt normally upon
the loose pulley, and a spring-bolt, %, pressed
normally toward the shipper K¢, is provided
adjacent to a collar, & fastened upon the ship-
per and adapied, when engaged with the
lateh, to hold the belt-guides K¥ opposite the
fast pulley L. A cord, m# is secured at one
end to the shipper and provided at-the oppo-
site end with a handle, mf, within reach of the
operator, and is carried over a pulley, m? or
otherwise arranged so that when pulled by
the operator the spring will be compressed
and the shipper locked in its operative posi-
tion by the engagement of the collar & with
the spring-bolt.

A trip-lever, %, is pivoted upon the cross-
head B and connected by a rod or chain, 74,
with the spring-bolt, and a dog, 75, is fixed
upon the rack-carriage and arranged to strike
an arm of thetrip-lever when the carriage has
reached the end of its travel to retract the
spring-bolt and permit the spring K* to:throw
the belt %° upon the loose pulley I.’. The
movement of the entire machine is then
stopped, and can be started again by pulling
the cord m® or otherwise moving the shipper
to its latched position, with the belt A* upon
the fast pulley of the counter-shaft.

From the above description it will be seen
that the entire construction constitutes an
apparatus automatic in all its operations and
adapted, when started, to feed the rack-car-
riage intermittently, and to propel the cutter
through the blank intermittently, and to stop
the machine when the limit of its movement
is reached.

Ourimprovementin the cutters b consists in
applying to the spindle a series of three or
more similar cutters so shaped and spaced
upon the shaft that the metal of the blank
which remains between them when they are
traversed across its face is adapted to form
two or more teeth of uniform size and pitch.

We have operated our invention by using
over twenty similar cutters at once, thus form-
ing twenty teeth of uniform size and pitch at
the same tinie, and thus converting the blank
strip of metal into a rack with very great ra-+
pidity. With such construction and arrange-
ment for the cutters it is obvious that the
feeding mechanism must be adapted to shift
the blank a distance corresponding to the
number of teeth cut at one reciprocation of
the cutter-head, and such mechanism is fur-
nished in the intermediate gears provided in
our construction, which, by means of the stud
v upon the frog u, may be compounded, as is

common - in turning-lathes and milling-ma-
chines, to rotate the screw through any de-
sired are.

It is immaterial what arrangement be made
for the studs and wheels of the intermediate
gearing, as suitable arrangements are already
well known in the art.

‘We are aware that it is common to clamp
more than one milling-cutter upon a spindle
to: operate simultaneously; but we are not
aware that a gang or series of similar cutters
spaced to form a series of teeth of uniform
pitch has ever been applied to the spindle of
a rack-cutter and combined with mechanism

" to shift the rack-blank a distance correspond-

ing to the total pitch of the teeth cut by the
gang of cutters.

In practiceno straiglhtand crossed belts like
those shown at J J’ would be used, but the
mechanism referred to herein as described in
our patent, No. 332,064, dated December 8,
1885. - We have, however, in Fig. 2 shown a
pulley, J?, upon a shaft, J3, for such purpose,
the shaft J® being rotated by a belt, J, from
the counter-shaft P. - The pulley % serves as
oneof the guide-pulleys upon the bed A for
the belt #, and: the feed-gearing is thus con-
tinuously rotated by the shaft 7’ while the
counter-shaft is in motion.

It is obvious that the feed-serew would feed
the rack-blank to cut rack-teeth of diametral
pitch-——that is, adapted to operate with spur-
teeth of diametral pitch—if the thread upon
the screw were made to correspond with any
diametral pitch or any multiple, or any pro-
portion thereof, as the train of gearing used
to regulate the rotations of the screw would
be adapted to rotate the screw in the desired
manner to shift the rack-blank for cutting
teeth of ‘any other diametral pitch than that
with which the screw corresponded.

Having thus set forth our invention, what
we claim herein is— ;

1. In a rack-cutter, the combination, with a
cutter-head movable vertically and having the
cutters mounted upon a horizontal spindle,
of a rack-carriage adjustable to and from the
cutter-spindle and movable parallel there-
with and adapted to hold the blank with its
face vertically before the cutters, as and for
the purpose set forth.

2. A rack-cutter comprising a bed having
horizontal ways C, a eross-head movable hori-
zontally thereon, vertical guides formed upon
the bed, a cutter-head fitted to slide vertically
in such guides and provided with a horizon-
tal cutter-spindle, and a rack-carriage mova-
ble upon the cross-head parallel with the cut-
ter-spindle and adjustable to and from the
same, as and for the purpose set forth.

3. In a rack-cutter, the combination, with a
cutter-spindle, of a rack-carriage, a feed-screw
having a thread corresponding with the dia-
metral pitch of a spur-wheel, as .5236 of an
inch, a shaft, r,and a train of gears connected
with the said screw and adapted to rotate the

shaft £84¢
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the serew, and a locking device to hold the
said shaft when turned, as and for the pur—
pose set forth.

4. In a rack-cutter, the combination, with a
cutter-spindle,a ra,ek-earmage, and a seréw for
feeding the same carriage parallel with the
spindle, of thenotched disk N, a cateh for lock-

“ing the same, a shaft rotating with such disk

and provided with a gear-wheel, n, and two
interchangeable trains of gearing connecting
the screw with such gear-wheels, tlie wheels
in one train being proportioned to turn the
screw for cutting teeth of ‘diametral pitch,
and the wheels in the gther train being pro-
portioned to turn the screw for cutting teeth
of circumferential pitch, substantially as here-
in set forth,

5. In a rack-cutter, the combination, with a
cutter-spindle, of arack-carriage,a feed-screw
for shifting the same, a shaft provided with
a locking deVlce to hold the said shaft when
turned a- complete revolution,; ahd two inter-
changeable trains of gears adapted for con-
necting the said shaft and screw, the wheels
in one tram being proportioned to turn the
screw for cu’mno" teeth of diametral piteh,

-and the wheels in the other train being pro-

portioned to turn the screw for cutting teeth
of ecircumferential pitch, substantially as here-
in set forth. v

6. In-a rack-cutter, the combination, with a
rack-carriage and a feed-screw for-operating
the same, of a rotary spindle provided with a
gang of three or more cutters shaped and
spaced upon the spindle to form in the rack-
blank simultaneously a series of two ormore
teeth of uniform size and pitch, and feeding
mechanism adapted to shift the rack-carriage
intermittently in correspondence with the
total pit¢h of the teeth cut by the gang of
cutters, substantially as herein set forth

7. In a rack-cutter having the feedsscrew
actuated by a friction-driver, the combina-

tion, with the feed-screw, of a shaft connected.

thereto by a suitable gearing, a friction-plate
clamped between fast and loose flanges ro-
tated with such shaft, and a spring pressed
upon the movable ﬂande, as and for the pur-
pose set forth.

8. In a rack-cutter, the combination, with a

cutter-head moving vertically upon’a suit-
able bed and a mek—earua@e moving hori-
zontally upon the same, of a eounter—shaft ar-
ranged over. the 1ack—cutter a belt-compen-
satmov lever pivoted upon the counter-shaft
and carrying two guide-pulleys, two guide-
pulleysupontherack-cutter,an endlessbelt ap-
plied to the pulley upon the eountel shaft and
to a pulley upon the cutter-head and carried
over the several guide-pulleys, as set forth,
and a connection from the eutter-head to the
lever to move the lever with the cutter-head,
as and for the purpose set forth,

9. The combination, with a rack-cutter hav-
ing a homzonta,lly-movmcr rack-carriage and
a cut’cel spindle mounted in a’ cutter—head of
a counter-shaft arranged over the rack—eut-
ter, a belt connecting a pulley upon the coun-
ter-shaft with a pulley upon the cutter-head,
a driving-belt applied to fast and loose pul—
leys upon the counter-shaft to stop and start
the same; a shipper applied to such driving-
belt, a spring to throw the shipper to its in-
operatlve position, a latch to hold the shipper
in'its operative position,and a trip-lever con-
nected with the latch and actuated by the
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rack-carriage to withdraw the latch atthé end -

of the carriage travel, and to thereby stop the
machine automatlcally as and for the pur-
pose set forth.

In testimony whereof we have hereunto set
our hands in the presence of the two subserib-
ing witnesses.

ULRICH EBERHARDT.
HENRY E. EBERHARDT.

Witnesses: B
Twaos. S. CRANE,

F. L. EBERHARDT.
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