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i (57) Abstract

, A replaceable cutter swivel assembly (50) is adapted to be mounted on a planetary assembly (20) of an orbital shape ge-
nerating apparatus for orbiting the swivel assembly and its associated cutter (56) abouta workpiece. The cutter swivel assembly
. has a gear train providing a predetermined helix angle and gear ratios for particular shape generating requirements. Means is al-
' so provided for adjusting the distance between the cutter axis and the workpiece axis to facilitate adjusting or presetting of the
i cutter swivel assembly for a predetermined depth of cut.
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REPLACEABLE CUTTER SWIVEL

This apparatus relates to the generation of shapes
on a workpiece by various shape generation methods,
such as gear hobbing, shaping, and shaving. More
particularly, this invention relates to improvements
in orbital shape generating appdratus which substan-
+ially increases the productivity and efficiency
capabiliﬁies of the machine. '

An orbital shape generating apparatus, as disclosed
in the co-pending application of Fransson et al, Serial
No. 41,680 of common ownership with this application,
is typically a machine which can be utilized to manu-
facture only a limited range of parts since the gear
ratios and helix angle reguired for a particular shape
censrating applicazion are built into the apparatus and
are not readily changeable. Consequently, in an orbital
hobbing apparatus, for example, cutting different
numbers of teeth on different size workpieces requires
completely separate orbital hobbing machines dedicated
to the particular application and having the desired
gear ratios and helix angle built into the machine.

In addition, overall efficiency is limited because
set-up must be performed on the machine itself. Each
time a cutter requires sharpening or replacement the

machine must be stopped and the time consuming set-up
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operation must again be performed.

Accordingly, it is desirable to provide an orbital
shape generating apparatus which overcomes the fore~
going limitations and which c¢an be feadily adapted
for any of a variety of shape'generating requirements.

SUMMARY OF THE INVENTION

According to this invention, the productivity and
efficiency of an orbital shape generating machine is
enhanced by providing a replaceable cutter swivel
assembly which is adapted to be mounted upon a planetary
assembly of the machine so that the cutter swivel
assembly and its associated cutter are orbited about
the workpiece during the shape generating operation.

The cutter swivel assembly is provided with a
gear train for driving the rotating cutter such that
+the swivel assembly has the reguired gear ratios and
helix angle for the particular shape generating opex-
ation being performed. This design allows for :
gquickly changing the entire swivel assembly and its
dedicated gear train so as to facilitate rapid set-up
of the machine for operating on a particular workpiece.

The cutter swivel assembly is preferably £further
provided with means for adjusting the distance between
the workpiece axis and the cutter axis so as to
facilitate adjusting or presetting the pesition of
the swivel assembly on the planetary assembly for a
predetermined depth of cut. This allows for perform-
ing set-up operations on a presetting fixture while
the machine continues to operate with another cutter
swivel assembly in place.

By providing a replaceable cutter swivel assembly

‘as disclosed herein, machine versatility is improved

while at the same time permitting reduction in down
time which would normally be required for set-up and
cutter replacement. A more thorough understanding of
the invention, as well as other objects and advantages
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will be apparent from the following detailed descrip-
tion taken in conjunction with the drawing figures.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a side elevational view of a typical
orbital hobbing machine.

Fig. 2 is a side view, partially in section, of
the planetary assembly and helical hob swivel assembly
of an orbital hobbing machine according to the
invention.

Fig. 3 is an end view of the planetary assembly
and a straight hob swivel assembly mounted thereon in
an orbital hobbing machine according to the invention.

Fig. 4 is a side view of a presetting fixture

-

with a straight hob swivel assembly mounted thereon.
Fig. 5 is a front view of a presetting fixture
with a helical hob swivel assembly mounted thezreon.
Fig. 6 is a view taken along the line.6~6 in .
Fig. 4 showing thé poéition of the hob swivel assembly
on the swivel table of the presetting fixture.

DESCRIPTION OF THE INVENTION

While it will be readily apparent to those skilled
in the art that the principle of employing a rsplace-
able cutter swivel assembly can be used in various
types of orbital shape generating machines, the present
invention will be descrised, by way o sxample, with
respect to its applicability to an orbital hobbing
machine. The construction and operation of orbital
shape generating machines, including an orbital hobbing
machine, is described in detail in the co-pending
application Serial No. 41,680 of Fransson et al, oZf

common ownership herewith, and this co-pending applica-

“tion is incorporated herein to the extent necessary for

a complete understanding of the operation of orbital
shape generating machines which are the subject matter

of this invention.
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Referring to Fig. 1, a typical orbital hobbing
machine, generally indicated at 10, comprises a
casing 11 mounted on base 12 and being capable of
lateral movement in the direction of the arrows. A
hob head 13 is drivingly connected to a planetary gear
assembly within casing 11 which is driven by means of
drive shaft 14 so that hob head 13 and its associated
hob 15 may be orbited about a workpiece 16 during a
hobbing operation. Hob head 13 is also provided with
a gear train for rotating the hob 15 in timed relation
with the orbital rotation of the hob head and the
lateral movement of casing 11 which is accomplished
by means of actuator 17. The machine shown in Fig. 1 _
is exemplary of the type of orbital shape generating
apparatus described in co-pending Serial No. 41,680.
The present invention is described with reference to
the same elements shown in Fig. 1 with the exception
of hob head 13. '

According to the preferred embodiment of the present
invention, an orbitél hobbing machine is provided with
a planetary assembly 20, as shown in Figs. 2 and 3,
which is located within casing 11 and is further pro-
vided with an associated hcb swivel assembly 50 (50' in
Fig. 3) which can be detached from planetary assembly .

‘20. For purposes .-of illustrating two types of hob

swivel assemblies, Fig. 2 is shown with a helical hob
swivel assembly 50 and Fig. 3 is shown with a straight
hob swivel assembly 50'. Hob swivel assembly compon—'
ents in Fig. 3 which cofrespond to components in Fig. 2
are identified with the same number plus a prime sign
('). Similar designations are used in Figs. 4 and 5.
Planetary assembly 20 comprises a back housing 21, and
a front housing 22 which are secured together by means
of screws 19. A planetary support member 23 is
mounted for rotation within back housing 21 by means
of bearings 24, 25. Drive shaft 14 is in turn mounted

within support member 23 for relative rotation there-




WO 82/00263 PCT/US81/00594

10

15

20

25

30

35

-5- -

with by means of bearings 26, 27. & backplate 28
carrying an oil seal 29 is fixed to back housing 21

by means of screws 30 so as to seal the rear end of
planetary assembly 20. A face plate 31 is provided
which pilots into front housing 22 and is secured to
planetary support member 23 by means of screws 32 and
is supported in front housing 22 by means of bearing
33. A jack shaft 34 is supported for rotation in
planetary support member 23 by means of bearing 35

and in faceplate 31 by means of bearing 36. A drive
gear 37 is fixed on the end of shaft 14 between
bearing 27 and retaining nut 39 which is threaded on
the end of shaft 14. Drive gear 37 mates with a driven
gear 38 which is mounted on jack shaft 34 as shown. A
retaining nut 40 is threaded onto shaft 14 against
bearing 26 so as to cooperate with nut 39 to maintain
shaft 14 in proper axial position. Jack shaft 34 is

further provided with an integral planet gear 41. In

order to provide planetary operation of the assembly

an internal ring gear 42 is provided which mates with
planet gear 41.— Ring gear 42 may be fixedly supported
in convenient fashion within back housing 21 and front
housing 22. However, as shown ring gear 42 is mounted
for relative rotation with respect to housings 21, 22
by means of bearings 43, 44 and is further provided
with exﬁernal teeth 45 for mating with a rack 46 o
permit cutting of helical gears as more fully described
in co-pending application Serial No. 41,680.

Helical hob swivel assembly 50 comprises means for
positioning and mounting swivel assembly 50 such as a
swivel base 51 adapted to be secured to faceplate 31
by means of screws 52 which extend through slotted holes
53 and are threaded into faceplate 31. Swivel base 51
is provided with a hob slide 54 which supports an end
portion 55a of spindle shaft 55 and its associated




WO 82/00263 PCT/US81/00594

10

15

20

25

30

35

-6- -

arbor 56 by means of bearings 57, 58. Hob 15 is

supported upon arbor 56 and is secured in position by
means of sleeve 59 which is supported within end
support portion 61 by means of bearings 60, sleeve 59
in turn supporting end portion 55b of spindle shaft
55. The axial position of spindle shaft 55 is main-
tained as shown by ring nut 62 which is threaded onto
shaft end 55a. The hob 15 is clamped in place on
arbor 56 by means of the tapered portion 63 of sleeve
59, clamping action being provided by means of axial
movement of sleeve 59 imparted by tightening ring nut
65. Ring nut 64 is threaded onto sleeve 59 as shown
to retain sleeve bearings 60 in position. In order to_
provide the proper helix angle and gear ratios for a
particular hobbing application, cutter swivel assembly
50 is provided with a gear train 66 comprising a drive
bevel gear 67 a mating driven bevel gear 68, a trans-
mission gear 69 and a spindle éear 70. Driven bevel
gear 68 is fixed as shown on an end 7la of shafit 71
which is in turn mounted for rotation by means oI
bearings 72, 73. Transmission gear 69, integral with
shaft 71 and displaced axially from bevel gear 68,

ct

drives spindle gear 70 which is fixed on spindle shaf

55 between bearings 57, 58. The shaft 74 of bevel

75

o
1

gear 67 is supported for rotation within housin

to]

-

means of bearings 76, the bearings and bpeval

[ST-0ay

1¢}

being retained in position by means of ring nut 77
threaded on the end of shaft 74. Housing 75 is secured
to swivel base 51 by means of screws 79.

In order to facilitate mounting the hob swivel
assembly 50 on planetary assembly 20, faceplate 31 is
provided with an opening 80 for receiving housing 75.
Bevel gear shaft 74 is provided with a splined hole 81
which in turn receives the splined end portion 82 of
shaft 34 to establish a rotational driving relationship
between shaft 34 and bevel gear 67.
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The gear. elements of gear train 66 as described

PCT/US81/0059%4

above establish the particular helix angle and gear
ratios required for cutting a specified gear during

a hobbing operation. Previously, an orbital hobbing

machine was dedicated to cutting a particular part

since the complete drive train from shaft 14 and drive

gear 37 through spindle 55 and its associated spindle
gear 70 comprised a single unit. By providing a hob

swivel assembly 50 which has built into it the variable

gear train elements required for a particular hobbing

operation, the orbital hobbing machine can be used
for different gear cutting applications by simply

replacing-one hob swivel assembly with another hob
swivel assembly having the desired gear ratics and

helix angle built into it.

-

In addition, the provision of a hob swivel assembly

according to the invention permits an orbital hobbing
machine to be used for cutting both helical and spur

gears by providing a hob swivel assembly having a pair

of bevel gears set at the desired helix angle as shown

in Fig. 2.

In another aspect of the invention, hob swivel

assembly 50 is provided with means for adjusting the
distance beiween the heb axis and the workpiece axis

o obtain the desired depth of cut. In the preferred

embodiment this adjusting means comprises an adjusting

scraw 33', best seen in Fig. 3, which is threaded

through a rib 84' on swivel base 51'. A set screw 86"

perpendicular to screw 83' is threaded imto rib 84' to

hold screw 83' in position after adjustment. When hob
swivel assembly 50 is mounted on planetary assembly 26,
the swivel assembly can be rotated about a swivel axis

corresponding to the axis of bevel gear 67 until the

threaded end of screw 83 abuts against an abutment

such as dowel pin 85 fixed in faceplate 31, slotted
screw holes 53 facilitating rotational movement of hob

swivel assembly 50. Rotation of adjusting screw 83

SUREAT
OMPI
W
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when in abutting relationship with pin 85 permits
adjustment of the distance between the axis of hob 15
and the axis of workpiece 16 so that the proper depth
of cut can be established for various workpiece and
hob sizes. As shown in Fig. 3, the centers of bevel
gear 67 and dowel pin 85 are located along a line
passing through the axis of the planetary assembly.
While this particular relationship is not necessarily
required the device is constructed in this fashion so
that the relationships can be easily duplicated in a
presetting fixture as will be more fully described
below.

In addition to facilitéting adjustment of the
distance between the workpiece and cutter axis, the
provision of the adjusting means also permits pre-
settiﬁg the regquired hob swivel assembly set-up without
hob swivel assembly 50 being actually mounted on the
planetary assembly 20. In order to accomplish this
presetting operation, a piesetting fixture, shown in .
Figs. 4, 53 and 6 is provided. As shown, presetting
fixture 90 comprises a base 91 supporting a C-type
frame having a swivel table 93 for supporting a hob
swivel assembly 50. An indicator assermbly 94 is mounted
on a vertical spindle 95 which is mounted for rotation
by means of bearings 96 within sleeve 97 which is in
turn supported within sleeve supporting portion 98 ct
frame 92. Sleeve 97 is retained in position by means
of ring nut 99 threaded onto the threaded end portion.
100 of sleeve 97. The vertical position of sleeve 97,
spindle 95 and indicator assembly 94 can be adjusted
through rotation of ring nut 99. Ring nut 99 has an
associated retaining bar 101 adapted to prevent vertical
movement of ring nut 99. Indicator assembly 94 has a
mounting bar 102 which supports a micrometer 103, an

indicator 104, and a contact slide 105. Plunger 106

-
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of iindicator 104 biases contact slide 105 against
micrometer rod 107 such that axial movement of rod

107 resulting from rotation of micrometer 103 in turn
results in lateral movement of contact slide 105 with
indicator 104 pfoducing a reading indicative of slide-
position. Swivel table 93 is provided with a bore '
108 for receiving housing 75 of swivel assembly 50.
Swivel table 93 is further provided with a dowel pin

109 positioned such that adjusting screw 83 of swivel
assembly 50 can be brought into abutting relationship
with pin 109. For purposes of illustration, Fig. 4 is
shown with a stfaight hob swivel assembly 50' positioned
on swivel table 93 and Fig. 5 is shown with a helical -’
hob swivel assembly 50 positioned on swivel table 93.

As best seen in Fig. 6, bore 108 and pin 109 are
located along a line passing through the center of
swivel table 93 which éorresponds to the axis of the
planetary assemblyvzo showﬁ in Fig. 2. The positions
of bore 108 and pin 109 correspond precisely with
the positions of pilot opening 80 and dowel pin 83 on
the planetary assembly so that a position obtained on
swivel table 93 by means of adjusting screw 83" will
be duplicated exactly when the hob swivel assembly 50
is subsequently mounted on planetary assembly 20.

A method of presetting the hob swivel assembly
will now be described in more detail. Referring to
Fig. 4, hob swivel assembly 50' is first mounted on
swivel table 93 and positioned so that adjusting screw
83' is proximate to dowel pin 109. During the preset-
ting-operation, the ultimate result desired is that
the outer circumference of the hob teeth be brought

rough adjustment of screw 83' to a position tangent
to the root circle diametér of the workpiece to be cut
thereby establishing the desired depth of cut. Indica-
tor assembly 94 is preferably so constructed that the

URE4
OMPI
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axis of spindle 95 falls within the vertical plane of
contact surface 1l05a when micrometer 103 is set at
zero. In setting up the fixture, micrometer 103 is
adjusted to a reading equal to the desired root circle
radius for the workpiece 16 and the reading on indica-
tor 107 is noted. Indicator assembly 94 is then
lowered by means of ring nut 99 to a position in which
the vertical contact surface 105a of slide 105 is
adjacent to the outer circumference of the hob teeth
as shown in phantom in Fig. 4. Hob 15 is then brought
into contact with contact surface 105a through rotation
of hob swivel assembly 50' about  its swivel axis. In
order to insure that contact surface 105a is tangent -
to the outer circumference of hob lS,'the hob is then
rotated about its axis to the high point on a hob
tooth so as to obtain a maximum displacement reading
on indicator 104. Hob swivel assembly 50' is then
rotated about its swivel azis until the noted reading
of indicator 104 is reached, this position corresvond-
ing precisely with contact between contact surface
105a and the end of micrometer rod 107. Adjusting
scraw 83' is then rotated until it abuts against 2in
1039 while maintaining the noted reading on indicator
104, and set screw 86' is tightened against screw 837.
this pocint, adjusting screw 33! is properly set so
1 assambly is subseguantly
mounted on planetary assembly 20 with screw 83" in
abutting relationship with pin 85, the reguired
relationship between hob 15 and workpiece 16 will
have been obtained. -

From the foregoing, it is readily apparent that
the provision of a replaceable hob swivel assembly
incorporating a gear train for a predetermined hobbing
condition, along with the described adjusting means,
greatly enhances the capability of an orbital hobbing
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machine. As previously noted, other types of orbital
shape generating machines can be similarly provided
with replaceable cutter swivel assemblies in accordance
with the invention. In addition it will be apparent

+to those skilled in the art that alternate embodiments
can be provided without departing from the scope and
épirit of the invention. The foregoing description

of the preferred embodiment is therefore to be
considered exemplary only and the invention is limited

solely by the claims.
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CLAIMS

We claim:

1. Apparatus for generating a shape on' the periphery
of a workpiece by orbiting a rotating cutter about said
workpiece, comprising: a planetary assembly comprising
a rotary portion and a drive train having a rotary
output drive; a replaceable cutter swivel assembly
mounted on said rotary portion, said cutter swivel
assembly comprising means for positioning and mounting
said cutter swivel assembly on said rotary portion,
means for supporting the cutter for rotation about
its axis and a gear train for rotating said cutter,
said gear train dedicated to particular shape generating
requirements and having an input for connection to
said drive train; and means for drivingly connecting
said gear train input to said rotary output drive;
said planetary assembly orbiting said cutter swivel
assembly and the associated cutter about the workpiece
thrqugh rotation of said rotary portion imparted by

said drive train.

2. A shape generating apparatus according to
claim 1 wherein said mounting ané positioning means
comprises a base and means for Zfastening said base

to said rotary portion in a selected position.
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3. A shape generating apparatus according to
claim 2 wherein said cutter swivel assembly is
selectively pivotable relative to said rotary pertion
about a swivel axis displaced from the axis of the

5 workpiece.

4. A shape generating apparatus according to
claim 3 wherein said swivel axis comprises the axis

of said rotary output drive.

5. A shape generating apparatus according to
claim 3 additionally comprising means for adjusting
the distance between the cutter axis and the workpiece
axis through pivotal cutter swivel assembly movement

to obtain a predetermined depth of cut.

6. A shape generating apparatus according to
claim 5 wherein said rotary portioﬁ’has a fixed abut-
ment thereon and said adjusting means comprises a
screw threaded through a portion of said cutter swivel
assembly and located to abut against said abutment.

BSUREA
OMPr_
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7. A replaceable cutter swivel assembly for use
in an apparatus for generating a shape on the periphery
of a workpiece by orbiting a rotatable cutter about
said workpiece, the shape generating apparatus having
a planetary assembly comprising a drive train having
a rotary output drive and a rotary portion for support-
ing and orbiting the cutter swivel assembly about the
workpiece, said replaceable cutter swivel assembly
comprising:

means for mounting said cutter swivel assembly
on said rotary portion of said planetary assembly;

means for supporting the cutter for rotation
about its axis;

a gear train for rotating said cutter, said
gear train dedicated to particular shape generating
reqguirements; and ,

means for drivingly connecting said gear train
‘to the rotary output.drive of the planetary assembly. .

8. A cutter swivel assembly according to claim 7
wherein said mounting means comprises a base having a
plurality of slotted holes therethrough adapted to
receive fasteners for fixing said base to said rotary
portion in predetermined relationship. |

9. A cutter swivel assembly according to claim 7
additionally comprising means for presetting the

distance between the cutter axis and the workpiece axis.

SUREAF
CMPI
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10. A cutter swivel assembly according to
claim 9 wherein said presetting means comprises a
screw threaded through a portion of said cutter
swivel assembly and positioned to abut agaiinst an
abutment on said rotary portion of said planetary

assembly.
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