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To all whom it may concern: '

Be it known that I, WiLiam F. ZtMMER-
a citizen of the United States, resid-
ing at Newark, in.the county of Essex and
State of New Jersey, have invented a certain
new and useful Improvement in Gear-Cut-
ting Machines; and I do hereby declare the
following specification, taken in connection
with the drawings forming part of the same,
to be a full, clear, and exact description of
the principle of said invention and the best
mode in which T have contemplated apply-

" ing that principle, so as to distinguish it
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from other inventions.

The invention relates primarily to ma-
chines for cutting helical gear wheels with a
helical or hob cutter, especially to machines
as -shown and described in the pending ap-
plications filed Feb. 24th, 1907-and QOct. 24th,
1907, Serial Numbers 357,782 and 899,033
respectively, in which the feed of the helical
cutter has a spécific ratio to either the rota-
tions of the helical cutter or the gear blank
being cut.

The object of this invention is to provide,
in a machine: for cutting helical -gears, de-
vices whereby the original rotative relations
existing between the cutter and the gear
wheel being cut, and the feeding means for
said cutter, may at all times be reset for the
purpose of taking a recut without disturb-
ing said existing relations.

The invention comprises means to rel-
atively position the cufter to the helical gear
Dlank being cut, with means for adjusting
and positioning the rotative relations of said
cutter and blank, said positioning means
comprising a series of zero marks, adjust-
able and stationary, arranged upon suitable
parts of the machine.

The annexed drawings which illustrate the
invention in its preferred form and the fol-
lowing description set forth in detail, cer-
tain mechanism embodying means constitut-
ing, however, but one of the various me-
chanical forms in which the principle of the
invention may be used.

_Thenovelty of the invention is more par-
ticularly pointed out in the claims and will
be readily understood from the drawings
and description.

Referring to the. drawings, Figure 1 rep-
‘resents a side elevation of a helical gear cut-
ting' machine, employing a helical or hob
cutter, embodying the invention in its pre-
ferred form. Fig. 2 is a section at @, @, of
Fig. 1, showing the cutter and feed revers-
-ing mechanism. Fig. 3 is a rear end eleva-
tion, illustrating the change gear arrange-
ment, and Fig. 4 is a section at 2, 2, of Fig.
1, showing clearly the gear blank adjusting
device. B

Referring particularly to Fig. 1, upon the
base 1 and preferably in one piece therewith,
is a stanchion or upright 2, upon which is
mounted a cutter carriage 8, vertically ad-
justable -thereon. The swivel slide 4, is
mounted angularly adjustable upon the car-
riage 3 and secured thereto in its various
angular positions by the bolts 5. Upon the
swivel slide 4 is mounted a cutter support 6,
longitudinally adjustable thereon, and hav-
ing a cutter spindle 7 rotatably mounted
therein. The helical cutter can be secured
to and rotated by said spindle 7, to which is
also keyed a spindle gear 8 meshing with

bevel gear 10 is secured to said pinion and
shaft 9, and driven by the bevel gear 11, se-
cured to the central shaft 12, passing through
the slide 8, ubout which the swivel slide 4
revolves as a center. To the other end of
said shaft 12 is secured another bevel gear
13, driven by the sleeve bevel gear 14, slid-
ably keyed to the vertical catter driving
shaft 15, and carried by the slide 3. To the
lower end of the vertical shaft 15, is secured
a bevel gear 16 (see Fig. 2) which can be
alternately engaged with the reversing bevel
gears 17 and 18; slidably keyed to the main

The eccentric lever 72 is arranged to operate

gears 17 or 18 can be engaged with the bevel
gear 16. ' SRS

suitable source of power is secured to the
main driving shaft 19, and rotates same with
 the bevel gears 17 and 18 thereon, either of
which transmits motion to the vertical shaft

driving shaft 19, and carried by the yoke 20.

the yoke 20, whereby either of the bevel
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and driven by the pinion and shaft 9. A
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The function of the structure, as above‘ex-*"

plained, is to rotate the cutter, and operates

as follows: The cone 21, connected with any ~ *
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~ said shaft 15 and drives the center shaft 12,

2

15, through the gear 16, secured to said shaft
15, The sliding bevel gear 14, rotates with

" through the gear 13, which in turn trans-
‘5 mits motion to the pinion 9, through the

bevel gears 10 and 11. The pinion 9 en-
gages with the spindle gear 8, and rotates
the spindle 7 and the helical cutter. Keyed
‘to the other end of the main driving shaft

10.- 19, is a worm 22, driving a worm wheel 23,

15

20

25

30

35

40

45

_ of the parts.

50

keyed to the index driving shaft 24 and ro-
tating therewith. A change gear 25 is keyed
to the end of the index driving shaft 24, and
engages the compound gear 26, rotating in
‘unison with the gear 27; both gears 26 and
27 are loosely mounted upon the compound
stud 28 carried by the swinging shoe 29.
The compound gear 27, engages with, and
rotates the change gear 30, keyed to the end
of the index shaft 31. : °
The index shaft 31 extends along the side
of the machine and has a bearing in the ad-
justable work carriage 32 mounted upon the
horizontal ways of the frame 1. - Rotatably
mounted within the work carriage 32 is the
index worm wheel 33, preferably in one
piece with the face plate 34 and carries the
- work spindle 35 upon which the wheel to be
cut is secured. -

. The index worm wheel 33 is driven bs' the.

worm 36, journaled in -suitable bearings on
the work carriage 32. Keyed to one end of
said worm 36 (see Fig. 4) is a worm wheel
37, connected to the gear 39 by the worm
-88, The gear 39 is loosely mounted upon
the hub o§ the worm wheel 37 and has_the
worm 38 journaled therein, thereby form-
ing a positive connection between the worm
36 and the gear 39.

Slidably keyed to the index shaft 31 is a |

sleeve dgear 40 carried by the work carriage
32, and engaging with the gear 39, whereby
motion is transmitted to the index wheel 33.
The worm 38 and wheel 37 are employed to
alter the relation between the index wheel
33, and index shaft 31 when desired, without
aﬁzecting the relation between the remainder

_ The mechanism between the main driving
shaft 19 and the index wheel 33, is such as
to give the proper number of rotations to

<-the gear blank being cut in relation to the
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_rotations of the cutter, also in relation to the
advance or feed of the cutter, parallel to
the axis of the gear blank. _

The feeding mechanism for the cutter is
driven from the index shaft 81, thus estab-
lishing a relation between the rotations of
the gear blank to be cut and the advance of
the cutter. Tt consists of a spur gear 41, se-
‘cured to, and rotatable with said index shaft
31, and a tumbler lever 44, loosely mounted

“concentric with said index shaft 31, carry-

. The zero marks 66 an

973,399

ing two tumbler gears 42 and 43. The gear
41 engages with the tumbler gear 42, which
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in turn meshes with the other tumbler gear

43, These gears are used to alter'the direc-
tion of the feed to the cutter, by alternately

engaging the spur gear 45.. The tumbler -

lever 44 is secured in either of the engaged
positions by the bolt 71. The spur gear 45
1s secured to a short shaft 46, the other end
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of which is arranged to receive the change .

wheel 47, meshing with the change wheel
48, keyed to the feed worm shaft 49. The
feed worm 50 is preferably in one piece with
the shaft 49, and engages with the feed
worm wheel 51, loosely mounted upon the
feed screw 52, which engages a nut portion
in the slide 3. The face of said worm wheel
51 is provided with clutch teeth, which are
engaged by the clutch 53, slidably keyed to
the feed screw 52, rotating therewith and
deriving its motion from the feed worm
wheel 51. The feed clutch 53 is operated
manually by the clutch lever 54 to engage
or disengage said worm wheel 51.

The structure thus far disclosed adds
nothing material to the existing state of the
art, since the applications previously filed
embody the novel features thus disclosed.

The mechanism now to be explained em-
bodies the essence of this invention, and con-
sists of devices to facilitate the resetting of
the machine when taking a recut through
helical gears, and is fully shown in Figs. 1
and 4. Fastened to the slide 3 is a strap 55
having projections 56 thereon, to which is
secured a guide rail 57. A sliding piece 58
is adjustably mounted upon the guide rail
57, being secured thereto by a screw 61, and
carrying a zero mark thereon; to match with
a similar but stationary zero mark 59, se-
cured in the main frame 1. These zero
marks are to enable the operator to return
the cutter slide 8 to'its original position
after each cut through the teeth.

The slide 8 is returned manually by means
of the hand wheel 60, secured to the feed
screw 52. Other zero marks are provided to
bring the cutting teeth of the helical cutter
in the same relation to the teeth of the heli-
cal gear that they occupied at the beginning
of the cutting and are arranged upon the
index driving shaft 24. One zero mark is
arranged upon a collar 62 which i§ loosely
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mounted upon the index driving shaft 24,

but can be secured thereto in position by a
screw 63, the other zero mark 64 is station-
ary upon the index driving shaft bearing 65.
67 are arranged
upon the face plate 34 and work carriage 32
respectively. The zero mark 67 is a sta-
tionary mark, while the mark 66 revolves

.with the face plate, 34. - The two zero marks
_can at any time be brought to correspond by
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means of the micrometer adjusting device,
comprising the worm 38 and wheel 37, see
Fig. 4. ' v

The machine is arranged for cutting heli-
cal gears in a similar manner as described
in the pending applieations. The feed of
the helical cutter in a path substantially at
right angles to the axis, is controlled by the
rotations of the wheel blank being cut, as in
the application filed Oct. 24th, 1907, Serial
Number 399,033. The devices for resetting
the machine are shown in their preferred
form when the feed is eontrolled by the ro-
tations of the wheel blank being cut, but can
readily be arranged in a machine where the
feed is controlled by the rotatioms of the
helical cutfer as in the application filed Feb.
18th, 1907, Serial Number 357,782

The operation of the machine when, cut-
ting helical gears is as follows: The helical
cutter is set at the proper angle, depending
apon the angle of the helices with their axis,
by revolving the shide 4 about its axis to the
correct angle and is secured in pesition by
the bolts 5. The change gears 25, 26 and 27
and 30 are then placed in position according
to the formula '

: CO'Pre
C'NP2EV sin, X

fully deduced and explained in application,
Series Number 399,083, The work shde 32
is adjusted to the proper depth of tooth by
meauns of the hand wheel 68 and screw 69.
Fhe feed is engaged by operating the handle
54, whereby the clutch 53 is engaged with
the worm wheel 51. After taking up all the
backlash in the gearing by rotating the cone
91 a few times; the zero marks are adjusted.

The face plate 34 is rotated by means of
the cone 21 until the zero mark 66 thereon,
corresponds with the mark 67 on the work
slide 82, The zero mark on the dial 62 is
then adjusted to correspond with the mark
84. - The dial 62 is secured to the shaft 24
by means of the clamp screw 63. The slid-
ing piece 58 carrying a zero mark is adjust-
ed upon, and clamped to the guide rail 57 to
correspond with the stationary -mark 59.
The machine can now be placed in opera-
tion ; it merely being necessary to return all
the zero marks to their respective positions,
when a recut through the helices is to be
made, without :ffecting the lead in any way.
To veturn the parts to their original posi-
tions, the following method is employed.
The machine is stopped; the blank is disen-
gaged from the cutter by the hand wheel 68,
and the shaft 24 is rotated by means of the
cone 21 or the hand wheel 70, preferably the
latter, until the zero mark on the dial 62

corresponds with the mark 64 the feed is

then disconnected by the handle 54, and the

8

cutter slide is raised by means of the hand
wheel 60 until the zero mark on the slide
58 corresponds with the mark 59. It will
then be found that the zero marks 66 and

67 do not quite correspond, depending upon

the angularity of the helices being cut. The
zero mark 66 is then adjusted by rotating
the face plate 34, independent of the re-
mainder of the mechanism; this is accom-
plished by rotating the worm 38 of the mi-
crometer adjusting device with a suitable
key wrench, thereby rotating the worm
wheel 87, secured to, and rotating the index
worm 36, which in turn rotates the index
wheel 33, and the face plate 34 to which it
is cast.. After readjusting the work slide 32
to the proper depth, plus the additional
depth, the machine can again commence cut-
ting upon the helices. ‘

The resetting of the various parts takes
considerably less time than it takes to ex-
plain the modus operandi. The deviee is
found to be simple and effective, replacing
the quick return mechanisms with their high
speed shafts and other defects, in this par-
ticular style of machine.
shown, are very cheap to produce since they
are nearly all parts of the regular machine.

Having described my invention and its
mode of operation, I claim. as new, and de-
sire to secure by Letters Patent, the follow-
ing:

1. In a helical gear cutting machine, the
corhbination with a helical cutter, of means
to feed said cutter substantially parallel to
the. axis of the wheel blank being cut, a
blank- spindle, gearing to synchronize the
movements of said feeding means, cutter
and spindle, producing substantially a mo-
tion in a helical line, passing around the
axis of said blank, devices to indicate the
original velative positions of said spindle,
cutter and feeding means, comprising a co-

operating series of stationary and adjust-.
“able zero marks, arranged upon intermediate

mechanism between said spindle, cutter and
feeding means.

2. In a helical gear cutting machine, the
combination with a helical cutter, of means
to feed said cutter substantially parallel to
the axis of the wheel blank being cut, a
blank spindle, gearing to synchronize the

movements of said feeding means, cutter
and spindle, producing substantially a mo--

tion in a helical line passing around the
axis of said blank, devices to indicate the
original relative positions of said spindle,
cutter ‘and feeding means, comprising a co-
operating series of stationary and adjust-
able zero marks, arranged upon interme-
diate. mechanism between said spindle, cut-
ter and feeding means, with means to ad-
just said spindle, catter or feeding means

The devices as’
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relatively to each other, without destroying
the synchronism. _ -

‘3. In a helical gear cutting machine, the
combination with a helical cutter, of means
to feed said cutter substantially paralel to
the -axis of the wheel blank being cut; a
blank spindle, gearing to synchronize the
movements of said feeding means, cutter
and spindle, producing substantially a mo-
tion in a helical line, passing around the
axis of the wheel blank, devices to indicate
the original relative positions of said spin-
dle, cutter and feeding means, comprising a
cobperating series of stationary and adjust-
able zero marks, arranged upon interme-
diate mechanism between said spindle, cut-
ter and feeding means, with means to ad-

“just said spindle,. relatively to said cutter

and feeding means, without destroying the
synchronism, ‘ '

4. A helical gear cutting machine, com-
prising a helical cutter, with feeding means
therefor, a work spindle, devices to indicate
the original relative positions of said spin-
dle, cutter and feeding means, with means
to adjust said spindle, cutter and feeding

means, relatively to each other, without de--

stroying the synchronism.
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5. A helical gear cutting machine com-
prising a helical cutter, with feeding means
therefor, a work spindle, gearing to syn-
chronize the movements. of said spindle, cut-
ter and feeding means, devices to indicate
the original positions of said spindle, cutter
and feeding means comprising a.coGperat-
ing series of stationary and adjustable zero
marks, arranged upon intermediate mecha-
nism between said spindle, cutter and feed-
ing means, with means to’ adjust said spin-
dle, relatively to said cutter and feeding
means without destroying the synchronism,

6. In a helical gear cutting machine, the
combination with a frame, of a cutter car-

. riage mounted, to. reciprocate thereon, a cut-
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ter rotatably mounted therein, feeding
means for said carriage, a work carriage,
adjustably upon said frame, a work spindle,
rotatably mounted therein and connected to
an index wheel, gearing to synchronize the
movements of said spindle, cutter and feed-

ing means, comprising a shaft rotating in-

accordance with said cutter, devices to indi-
cate the original positions of said spindle,
cutter and feeding means, comprising a zero
mark on said frame, a corresponding zero
mark adjustably mounted upon said cutter
carriage, to indicate the original position of
said feeding means, an adjustablé zero mark
arranged upon said shaft to correspond with
a stationary zero mark provided upon the
bearing therefor, to indicate the original ro-
tary position of said cutter, and correspond-
ing zero marks arranged upon said index

978,309

wheel and work carriage, to indicate the
original relative position of said work
spindle. o '
7. In a helical gear cutting machine, the
combination with a frame of a cutter car-
riage, mounted to reciprocate, thereon, a
cutter rotatably mounted therein, feeding
means for said carriage a work carriage,
adjustably mounted upon said frame, a
work spindle rotatably mounted thérein and
connected to an index wheel, gearing to
synchronize the movements of said spindle,
cutter and feeding means, comprising a shaft
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rotating in accordance with said cutter de-

vices to indicate the original positions of
said spindle, cutter and feeding means, com-
prising a zero mark on said frame, a cor-
responding zero mark adjustably mounted

‘upon said cutter carriage, to indicate the

original position of said feeding means, an
adjustable zero mark arranged upon said
shaft to correspond with a stationary' zero
mark provided upon the bearing therefor,
to indicate the original rotary position of
said cutter, and corresponding zero marks
arranged upon said index wheel and work
carriage, to indicate the original relative
position of said spindle, and means to adjust
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said ‘index wheel relatively to said cutter -

and feeding means without destroying -the
synchronism. S

8. A helical gear cutting machine, com-
prising a helical cutter with feeding means
therefor, a work spindle, connected to an
index wheel, a worm therefor, an index
shaft, devices to indicate the original rela-
tive positions of said spindle, cutter and
feeding means, with means to adjust said
spindle relatively to-said cutter and feeding

means without destroying‘the synchronism

comprising a gear secured to said index
sha»flt), an adjustable worm wheel secured to
said index worm, a gear loosely mounted
thereon, having a worm in one end at right
angles thereto and engaging therewith and
said gear arranged to mesh with said index
shaft gear. '

9. In a helical gear cutting machine, the
combination with a frame, of a cutte: car-

95

100

110

riage mounted, to reciprocate, thereon, fec1- .

ing means therefor, a_cutter rotatabiy
mounted therein, a work carriage adjustably
mounted upon said frame, a work spindle,
rotatably mounted therein and connected to
an index wheel, a worm therefor, and index
shaft gearing to synchronize the movements
of said spingle,'cutter and feeding means,
comprising a shaft rotating in accordance
with said cutter, devices to indicate the
original positions of said spindle, cutter
and feeding means, comprising a zero mark
adjustably mounted upon said cutter car-
riage to indicate the original position of
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" sald feeding means, an adjustable zero mark | cured to said index shaft, an adjustable
arranged upon said shaft to correspond with | worm wheel secured to said index worm, a
a stationary mark provided upon the bear- | gear loosely mounted thereon, having a
ing therefor, to indicate the original rotary | worm in one end at right angles thereto, 18
5 position of said cutter, corresponding zero | and engaging therewith, and said gear ar-
marks arranged upon said index wheel and | ranged to mesh with said index shait gear.
work carriage to indicate the original rela- WILLIAM F. ZIMMERMANN
tive position of said spindle, and means to y ’
‘adjust said index wheel relatively to said Witnesses:
10 cutter and feeding means without destroy- Epwin C. TaursToN,
ing the synchronism, comprising a gear se- Bensamin HirriNcer.




