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Th1s 1nvent10n relates to worm gear drives_for hot
: ]ournal applications 'and  more particularly to such. a
drive, in which ‘the operatmg members will properly co-
act with one another throughout .a wide range of operat-
ing temperatures More especially the invention is con-

cerned with a. worm gear drive ‘particularly  useful for - :

driving the drying rolls of drums of a paper machine
dryer section.

Consrderable dlﬂiculty has heretofore been encounter-
ed.in the mambenance of the driving mechanisms for
paper machine dryer sections. Many  of the conven-
tional, dr1v1ng mechanisms. have taken the form of gear
.trams drrectly inferconnecting the driving shafts of all
or. a large number of the drying tolls..of the dryer sec-
tions,” Because. of the .substantial welght of  the, driven
parts and. the speeds at which they are driven, .gear wear,
both . from. startmg the dryer scction. in operation and
. brmgmg it-up to, speed and from slowing it down and
ﬁnally stopping; it, is. substantial, Backlash, -which has
a eumulatwe ‘effect-on such wear; can-and will ‘result.

A further ‘important dlsadvautage and limitation of di-
rect gear train drives is encountered when, in an effort
to obtain a greater exposure- of the web being dried so
that thé moxsture therem will have a_greater opportunity
to leave, the drying rolls are spread, farther apart. This
s, of course, because -when the-rolls are spread farther
apart larger gears must be .employed and as a result the

. of operating temperatures
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a worm ‘gear drive which will be satlsfactorxly operable
and- substant1ally free from backlash over a wide range
It is a further object of the
invention to provrde such a drive which permrts operation
at increased speeds and at greater roll spacings than here-
tofore poss1ble The _invention therefore contemplates
the provision of an individual dr1ve for: each drying roll
of a drying. section.for a paper ‘machine whereby. any
backlash .occurring in one drive is ‘substantially confined
thereto. and has no effect: whatever on any other. drive
and whereby the gears may ‘be maintained small enough
so that at the higher speeds of operation the linear ve-
locities of the gear teeth are well below the :safe maxi-
mums. .

Hence my 1uvent10rr advantageously contemplates the
provision, in a'worm gear, drive for hot journal applica-
tlons, ‘of 'a worm, a worm gear mounted thereabove
upon the shaft of an object to be driven, and a beanng
supporting the ‘shaft, the axis of the worm and the axis
of the bearing (ax1s of outer. race) : being spaced apart
a greater distance than the sum of the pitch radii of the
worm and the worm-gear for reasons that will heremafter
be fully explamed Also contemplated by my invention
is'the provision of a bearing support of such. construc-
tiow as to permit removal of the worm gear'from the
shaft without removal of the bearing ‘and the provision
of a'worm support accommodating ready removal of the
worm ‘and - its supporting shaft for purpose hereinafter
noted. In addition, my invention. contemplates. the em-
ployment of an anti-friction bearing, advantageously .a
spherical roller bearing, and includes a worm, gear the
teeth, of which are so hobbed as to permit satlsfactory

- meshing with the worm despite shift of the worm gear

40

lmear velocity of the open gear teeth is.increased and

may. approach or even exceed the safe maximum. In
such cases, gear life is quite naturally radically reduced.

-Various different drive mechanisms have . therefore
‘been proposed and employed, in the past in an effort to
minimize the effect of backlash to permit greater drying
roll separation and to accommodate out-of-balance etc.,
.Some _involving the interposition and use of .smaller
gears: between the main gears supported on the dryer roll
shafts and:others invelving the employment of a direct
gear train.connection for only ‘a. portion of  the dryer
rolls,.. the remainder being individually directly . driven
from individual ;gears of the gear ‘train, . Some have
additionally invelved the use of chain or belt drives but
.chain stretch and: the normal hmltanons of belt drives
.have _prevented their being entirely satisfactory. - Still
others have ;employed. worm: gear drives whereby each
Toll is 1nd1v1dually driven  through a worm gear or a
series of spur-gears from-a. single worm. shaft for the
rolls’ of “one ‘tier of the dryer section. The  last-men-
tioned approach was hindered, however, by difficulties
encountered by reason of the fact that the drive mecha-
~nisms, for. paper machine drying sections must be operable
over a“wide variation of temperature conditions. = This
results from the fact that high temperature steam for
heating the drying rolls may have to be supplied thereto
:through 'their supporting shafts upon. which are also.sup-
ported the driving gears.  Hence the driving mechanisms
and Joumals for supporting and driving the rolls may ' be
sub]ected to substantlal heat.
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It is the prlmary object. of thlS 1nvent10u to provrde )

axially as a result of a shlftmg of the inner race of the
bearing in response to the riding. of the spherical rollers
up the outer race in either direction because of a change
in thrust imposed axially under changmg loading condi-
tions siich as will be experienced in acceleration and de-
celeration in the speed of rotation of the driven object.
Furthermore, the drive of my  invention contemplates
adjustment means for adjusting the position of the worm
gear axially with respect to the worm to obtain the
optlmlun relative positioning” thereof under ‘a particular
runnmg condition. = Also my invention contemplates pro-
vision for ready removal of the support bearing.

For a more detailed understanding of  the’ 1nvent10n,
reference may be made to the following descnpnon of
one . embodiment thereof employed specifically .in" the
drive of the dryer rolls of a’ paper machine dryer sec-
tion. . This specific descrlptlon ‘will be given in connec-
tion ‘with ‘the accompanying drawings in' which:

Fig. 1 is' a side -elevation of a ,paper machine drymg
section prov1ded with my novel worm ‘gear “drive; "

Fig. 2 is-a sectional view in- elevatlon of one of the
worm: gear drives employed and - :

Figs."3 and 4 are sectional ‘views taken' respectwely
along lines 3—3 -and 4—4 of Fig.'2..

‘Referring first to Fig.-1 of the drawings, there is: 1llus-
trated .a:paper machine drying section made up generally
of -a supporting framework 10 for: supporting :a plurality
of drying rolls or drums 11 in two:tiers and a felt frame-
work 10’ Each of the driving:rolls 11:is supported at
one end.in a journal housing indicated-generally: by the
reference numeral 12. - Each housing’12-also-encloses. a
portion of a worm gear drive, the remainder. of which-is
enclosed within a. worm housing.13. The individual: worm
drives are interconnected by connecting shafts 14 carrying
at their opposite ends semi-flexible couplings 15 by which
they. are connected to the worm shafts 16.. Driving
power for. shafts 14 and the worm shafts 16 is-supplied
to the dryer section through a main drive. shaft 18 to which
is secured a bevel gear. 19 meshlug w1th a bevel gear



2,014,864

20 on one of the connecting shafts 14 of the lower flight.
This connecting shaft 14, which may be termed the intake
shaft, supports at its opposite ends fully flexible couplings
22 by which' it is secured to the worm shafts of the
two adjacent dryer rolls. ~This intake connecting shaft 14
also supports a second bevel gear 23 within housing 24
which meshes with a bevel gear 25 supported at the
lower end of a drive connecting shaft 26 to the upper
end of which is secured a further bevel gear 27 which
meshes with a like bevel gear 28 within worm housing
13 located above the intake connecting shaft 14. Bevel
gear 28 is secured to the worm shaft 16 extending through
said upper worm housing and hence provides the “intake”
for the drives of the upper tier of dryer rolls.
" ‘The dryer section illustrated in Fig. 1, it should be
understood, is not complete in detail in that numerous
doctor blades, guide rolls, etc., are not illustrated.

In Figs. 2 through 4, one of the individual drives for
a dryer roll 11 having a supporting shaft 30 is illustrated
in greater detail.  The journal housing 12 and worm
housing 13, as illustrated, are formed in part from a
two-part casting (Fig. 3) having an opening 31 through
the rear end thereof to receive shaft 30. This opening 31
in the housing is provided with a channel 32 surrounding
a groove 33 in the surface of the shaft 30 which cooperate
to trap any oil tending to escape from the housing through
opening 31 and return it thereto through bore 32". A
worm gear support member 35 surrounds a forward por-
tion of shaft 30 of reduced diameter and is tightly secured
thereto by a plurality of bolts 36 (Figs. 2 and 3). Two
drilled holes 36’ tapped at their ends adjacent the shoulder
on shaft 30 are provided to accommodate jacking of
supporting member 35. for removal thereof from the
shaft, Worm gear support 35 is also provided with a
flange 37 provided with a plurality of axially extending
bolt holes adapted to correspond in location and number
to those of a worm gear 38 which may be secured thereby
to support member 35 by a plurality of bolts 39.
Complementary keyways 30" and 35’ are forced in shaft
30 and worm gear support member 35 respectively, a
torque carrying key K being located therein for trans-
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mitting driving force from the latter to the former. -

While keyway 30’ is of limited length, as shown in Fig. 2,
and is adapted to have the key dropped into it and to
hold the key in place, keywdy 35’ extends throughout
the length of member 35 thereby permitting it to be slid
onto the shaft over the key. Worm gear 38 is adapted
to be drivingly engaged by a worm 40 mounted on worm
shaft 16 which traverses the lower portion of the com-
posite worm-worm gear housing.

As best illustrated in Fig. 3, the opposite ends of the
worm shaft 16 are keywayed for ready reception in a
coupling, such as shown at 15, in Fig. 1. Worm shaft 16
. is supported on ball bearings 50 at one end thereof located
within an opening in the worm housing and maintained
therein by a capping member or cover 51 secured by bolts
52 to the housing and surrounding the end of shaft 16.
Ball bearings 50 surround a reduced portion of shaft
16 and are shrunk fit thereon, one abutting the shoulder
so formed. The opposite end of worm shaft 16 is sup-
ported in a ball bearing 54 also shrunk fit thereon and
abutting a shoulder thereon through a spacer 55. A
spring 56 is interposed between the ball bearing 54 and
a packing 64 and urges the latter into sealing relation
with an inner face of a cap or cover 57 surrounding this
end of worm shaft 16 and again secured to the worm
housing by suitable bolts or tap screws 58. In this instance
ball bearing 54 is located within an inwardly extending
flange 60 of cap or cover member 57. A similar spring
62 surrounds the end of worm shaft 16 within cap member
51 and is compressed between a pair of collars 63
threadedly mounted on this end of shaft 16 and a packing
64 to urge the latter into sealing relation with the inner
face of cap member §1. Packings 64 prevent the escape
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4
of lubricant through the openmgs in cap members 51
and 57.

Removal of the worm and its supporting shaft may,
as will be clear from the above, therefore be simply
accomplished merely by removal of the cap members
and turning of worm and shaft to thread the former past
worm gear 38, openings 65 (Fig. 3) in the worm housing
being large enough to pass- the worm. This feature is
of considerable importance for the reason pointed out
below.

Taps 68 and 69 (Fig. 2) are provided through the
worm housing wall to accommodate the drainage of
the ‘lubricant therefrom and cleaning of the interior
thereof respectively. ]

Shaft 30 forwardly of the worm gear supportmg section
is provided with a tapered section 70 adapted to receive
or be received by a spherical roller bearing 71 having
inner and outer races 72 and 73 respectively, between
which are contained spherical rollers 74. - The inner race
72 of the bearing is maintained on the tapered section
70 of shaft 30 by a retaining collar 75 adapted to be
threaded on shaft 30. A lock washer 76 is interposed
between collar 75 and the roller bearing.

The outer race of the bearing is supported by a two-
part (Fig. 4) bearing supporting member 78 adapted to
surround it within the forward portion of the composite
housing 12—13. Bearing supporting member 78 is pro-
vided with an inwardly depending flange 80 at its inner
end adapted to engage the rear face of outer race 73
of roller bearing 71. The purpose of this flange 80 will
be subsequently explained.

A plurality of adjusting screws 83, only one of which
may be seen in Fig. 2, but three in number, as may be
seen in Fig. 1, for each bearing supporting member, two
being contained in the lower half of the bearing support-
ing member and the third, which is that illustrated in Fig.
2, being. contained in the upper half thereof, extend
through the peripheral forward flange 84 of the composite
bearing supporting member 78. These adjusting screws
83, as illustrated in Fig. 2, are adapted to engage the
forward rim of the composite journal housing 12—13. A
plurality of positioning bolts or tap screws 85 (Fig. 2)
also pierce flange 84 of the bearing supporting member
and are adapted to be threaded into the composite journal
housing to secure the bearing supporting member in any
adjusted position therein. A one-piece cap member 90
adapted to surround the outer end of the shaft and close
the bearing exposing opening in the outer face of bearing
supporting member 78 is provided and is secured to the
bearing supporting member by a plurality of bolts or
cap screws 91.

Dryer roll shaft 30 is hollow, being provided with an
axially extending bore 95 therethrough through which a
heating medium may be supplied to the interior of dryer
roll 11. For this purpose the extreme outer end of shaft
30 is so designed as to receive a steam joint adapter.

There are two features of primary importance in the
illustrated construction, the first of which is that the
worm 40 is located below the driven worm gear 38. The
second feature is that the construction is so designed
that the center line of the bearing, that is, the center
line of the outer race, which center line is labeled “B”
(Fig. 2) is above the center line S of shaft 30, the center
line B of the bearing being the center line of the outer
race 73 thereof. Hence, as heretofore mentioned, the
axis B of the bearing is spaced from the axis W of the
worm a distance greater than the sum of the pitch radii
of worm 40 and worm gear 38, the axis of worm gear
38 coinciding with the axis S of shaft 30.

The importance of these two features is as follows.
Under normal conditions, due to the weight of dryer roll
11 which is substantial, the inner race of the bearing is
positioned downwardly off-center from the outer race,
leaving the clearance that has exaggeratedly been shown
as clearance C in Fig. 2. This means that were the center
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line B of the- bearmg to coincide with the center line S
of .the.shaft and worm.gear 38 as it would be were the
design- purely theoretical, under. normal .cold operation
(room temperature) worm: gear 38 and worm 40 would
mesh too tightly.  With the indicated construction, how-
- ever, the. shift downwardly of the inner race of the bear-
- ing-is such that the axis of the worm. gear is properly
.fspaced from the axis of the worm for cold operation. As
the shaft and its supported parts and the bearing 71 heat
up durmg operatlon of the dryer worm- gear 38 expands,
which would normally result in too- tight a mesh between
it and Worm gear 40.  However, at the sanie time bearing
71 expands, thus ra1s1ng shaft 30 and hence worm gear
38 away from worm 40 A bearing 71 is therefore chosen
having an’internal clearance and an expanslon character-
istic such ‘that when it expands it raises the worm. gear
and ‘its ‘supporting part to’‘cancel: out substantially the
“.eXpansion of the worm gear, thereby tending to maintain
the mesh of it and the, worm 40 constant. -While standard
bearmgs are hot available with infinitely different amounts
of ¢leatince or. ¢Xxpansion charactenstlcs, the character-
{stics of a standard bearing employed in the illustrated
Constriiction may be modified by the axial positioning of
‘the bearing on tapered section 70 of shaft 30. This posi-
‘tiching ‘may’ be acoomphshed by employing collar 75 to
urge ‘the bearmg onto the ‘shaft beyond the position to
‘Wh'rc’h it may ‘beurged by hand pressure alone.

I—Ience mn the ﬂlustrated construction, a‘proper uniform
meshing- of' worm gear 38 and worm 40 may be ‘main-
“tainted both in'“‘cold™ operation as well as in hot ‘operation.
Ttowill’ be clear that were the worm to be located above
the worm’ cgear, either ‘the cumulative expansions of the
“Worm “gear and ‘its sipporting parts and of ‘the bearing
fmisht prevent ‘optimum. meshing under hot operating
conditiohs or- might- require ‘a design which would not
permit optimum meshing -under “cold”- operation’

‘Proper meshing of worm gear 38 and worm 40 also
‘involves proper: positioning of the two relative ‘to each
othér in a direction -axially of- the ‘worm gear.  The rela-
“tive position‘in-this direction is also affected by change
in' temperatare as well as by thrustforces imposed during
* operatién. < "To permit adjustment for optimum meshing
-in-this fespect, ‘provision is made for moving shaft 30 and
“hencé worm ‘gear 38 axially. “Hence beafing 71, which
. as"heretofore ‘described is tightly held onto'the shaft by

“collar. 75, may ‘be pulled to the tight, as shown in Fig. 2,
‘by loosening bolts. or tap screws 85 securing the bearing
“supporting member 78 ‘to the composite journal housing
1213 and resetting adjusting screws 83. “The need for
‘adjustment by : this ‘theans may, however, be minimized
by proper choice of bearing to partially compensate for
‘shaft ‘movethent. ‘When necessary, - however, the ‘axial
o ad;ustme‘nt of worm gear 38 may normally be done by
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_ditionstiof - operatlon, Where the: teeth of ‘worm  gear 38
are ‘being ‘marked, a determination ‘can be made as to
-whether: or not the worm gear is properly located- axrally

- With fespect: to the worm, and if niot, the lower two ad-
‘f)usung serews 83-setito reposition ‘it to- proper relative
iposition. - The top half of the journal is then replaced and
‘securing bolts 85 tightened. ‘Because, as-noted; the ad-
l]ustment may be made during operatlon, no compensat—
“ing need’ be- prov1ded for.

As indicated in'Fig. 2 by the reference Teiter' H, 1 find
it-advantageous to"have ‘a substantial central portion of
“the»worm- gear teeth hobbed for proper meshing with
“worm 40 despite temporary relative axial movement of
“the ‘worm' gear with respect ‘to the worm, such for ex-
- ample ‘as will: be encountered in acceleration and decel-
~eration “of the speed’ of rotation ‘of the shaft 30. This

“-axial ‘thovement -results- in- such  instanices because of
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the riding up of the spherical rollers 74 of bearing 71
upon the outer .race in one direction or the other.

" There 'aré additional beneficial features in the illus-
trated construction. Hence, for example, by reason of
this construction worm gear 38 may be removed without
rémoval of bearing 71. This is accomplished by first
removing the upper portions of both the journal housing
12 and thé bearing supporting member 78 as well as
end cap 90.. The securing bolts 85 for the lower portion
of bearing supporting member 78 may then be removed
and the lowér portion of the bearing supporting mem-
ber 78 revolved on the bearing, the outer race of the
latter being free, and the shaft 30 then being supported
temporarily by the lower portion of the journal housing
surrounding opening 31. Upon a half revolution ‘of
movement or thereabouts, the lower portion of the bear-
ing supporting member may be removed in an upward
direction. Thereafter worm gear 38 may be detached
from its -supporting member 35 and drawn outwardly
over bearing 71.

By the same partial dismantling of the journal housing
and removal of the bearing supporting member 78, the
bearing itself may be removed from shaft 30 without
requiring removal of the dryer roll from the dryer or the
shaft thereof completely from the journal.

"By employing a worm of shallow pitch as illustrated,
backlash encountered in the operation of the dryer sec-
tion illustrated and provided with the worm gear drive
of ‘this invention may be absorbed in the individual worm
gear drive. Furthermore, the stopping torque may be
taken up almost entirely in the worm if the pitch thereof

is°sufficiently shallow.

Another feature of the construction which should not
be overlooked is the provision of-a weir T in the lower
portion of the gear housing (Fig. 2) which is provided
to- maintain .a proper level of the lubricant therein for
hibrication of the worm, and which will provide a safety
reserve of lubricant in the event of a failure of the sup-
ply:of lubricant to the gear housing. Whlle this safety
reserve will not permit extended operation of ‘the drive
metchanism without additional Tabricant, it will prevent
damage being done for a short time.

‘Amongthe advantages of the above-described worm
gear drive ‘in a paper machine dryer section are that it
reduces substantially the expense of drive gear main-
tenancé -and - permits operation of the dryer section at
greater ‘$peeds than ~have heretofore been possible, the

-contemplated $peeds of operation of the illustrated dryer
‘being as much of-more than 2500 feet per minute.

Fur-
thermore, a paper machine dryer section provided with

‘the described worm gear drive is ‘much.more open in that

the drive side-is not closed or substantially closed by
gear -casings ‘as it ‘would be with a conventional direct
gear train drive, ‘In such drying apparatus this is.of
extréme importance, as good air circulation is depended

-upon for:uniform drying. ' This latter feature also permits

one a choice of providing the heating medium at the front
or the back side of the section. In addition, the fact that

-the ‘dryer section is' open at both sides permits easier
‘access 't0 the interior thereof for the removal of broke

if and when necessary.

Another important advantage of the above-described
dryer section drive is that in the event of a cracked dry-
ing drum or roll, it permits skipping of such drum with-
out any major change being necessary. As a matter
of fact, more than one drum or roll may be skipped.
This  may be- doné without affecting the driving of the

remainder of the drying rolls by simply removing the
-worm and its supporting shaft for any drum to be skipped

from its gear housing 13 in the manner hereinbefore
described, and substituting -a drive shaft, similar to drive

’shafts 14, therefor.

“Still ‘another advantage of the above-described drive
mechanism is the fact that it permits limited relative move-
ments - or relocations of the: dryer rolls with respect to
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one another, as by réason for example of building set’dmg,
earthquakes or other causes for frame.changes. This is
50 because the -individual drives -made up of a worm,
worm gear, etc., are built in their individual housing and
hence are relatlvely fixed ‘with respect to one another,
the fléxible couplings 15 between shafts 14 and the worm
shafts accommodatmg the changes instead. In open spur

gear drives this is not possible and small changes in
relatlve positions of the drying rolls as a result of earth-
quakes, building settlings, etc. may make the drives in-
operable from a practical point of view.

Various .changes and meodifications may of course be
made in the apparatus specifically illustrated and de-
scribed without departing from the scope of this inven-
tion which rather should be limited only to the extent
set forth.in the appended claims.

I claim:

1. A worm gear drive for hot journal applications,
where the object to be driven is of substantial weight,
comprising a worm, a worm gear mounted on the shaft
of the object to be driven, said worm gear being located
above said worm and being expandable upon heating,
an anti-friction bearing having an outer race and adapted
to support the weight of said shaft and object, and means
for supporting the outer race of said anti-friction bearing
relative to said worm in operation at room femperature
so that the axis of the outer race of said anti-friction
bearing is spaced from the axis of the worm a distance
greater than the sum .of the pitch radii of said worm
and said worm gear, said worm gear and said anti-friction
bearing having matched temperature expansion charac-
teristics, the arrangement being such that the expansions
of said anti-friction bearing and said worm gear upon
heating tend to offset one another to maintain said worm
and worm gear in proper mesh.

2. A worm gear drive for hot journal application,
where the object to be driven is of substantial weight,
comprising a worm, a worm gear supporting member
fixedly mounted on the shaft of the object to be driven,
an annular worm gear adapted to be secured to the outer
peripheral part of said worm gear supporting member,
said worm being located below said worm gear, an anti-
friction bearing for supporting the weight of the shaft
and object and having an inner race such that it may
be -adjustably positioned on a seat on said shaft and
thereby mechanically. expanded to a predetermined de-
gree, the diameter of the outer race of said roller bear-
ing being smaller than the inner diameter of said annular
worm gear, means for securing the bearing on said shaft
in adjusted position against axial movement relative
thereto, and a multi-piece bearing supporting means for
supporting the outer race of said anti-friction bearing
relative to the worm so that the axis of the outer race
thereof 'is spaced from the axis of the worm a distance
greater than the sum of the pitch radii of said worm
and said worm gear, said bearing supporting means being
adjustable for movement of the bearing, the shaft and
the worm gear axially of the latter relative to the worm,
and said worm gear teeth being hobbed to provide on
each a section of substantial axial extent for proper
meshing with the worm despite variation in the relative
position of the worm and the worm gear axially of the
latter.

3. A worm gear drive according to claim 2 which in-
cludes a housing for said worm in which there is an
oil outlet and in which there is also a weir between the
outlet and said worm for maintaining a pool of lubricant
within the housing and around at least a pomon of
said worm.

4, A paper machine dryer section comprising a plu-
rality of drying rolls each supported by a hollow drive
shaft through which steam may be transmitted to the
interior thereof, an-individual worm gear drive for each
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.drying roll: and ‘means interconnecting the worm gear -

drives, each of said worm gear drives comprising a worm,

75

a worm' gear supporting member mounted on the shaft
of the adjacent drying roll, an annular worm gear adapted
to be secured to the outer peripheral part of said worm
gear supporting member, said worm being located below
said worm 'gear, a spherical roller bearing having a ta-
pered inner race for adjustable positioning on a tapered
seat on said shaft, the diameter of the outer race of said
roller bearing being smallér than the inner diameter of
said annular worm gear, means for securing the bearing
on said shaft in adjusted position against axial movement
relative thereto, and a multi-piece bearing supporting
means .for supporting said spherical roller bearing rela-
tive to the worm so that during-operation at room tem-
pearture the axis of the outer race thereof is spaced from
the axis of the worm a distance greater than the sum of
the pitch radii of said worm and said worm gear, said
bearing supporting means being adjustable for movement
of the bearing, the shaft and the worm gear axially of
the latter relative to the worm, and said worm gear teeth
being hobbed to provide on each a section of substantial
axial extent for proper meshing with the worm. despite
variation in the relative position of the worm and the
worm  gear axially of the latter.

5. A worm gear drive for hot journal application
comprising a worm,; a worm gear supporting member
fixedly mounted on the shaft of an object to be driven,
and spaced inwardly of the end of the shaft, an annular
worm gear adapted to be secured to the outer peripheral
part of said worm gear supporting’ member, an anti-
friction bearing having an inner race such that it may be
adjustably positioned on a seat on said shaft and thereby
mechanically expanded to a predetermined degree, said
bearing being positioned between said supporting mem-
ber and the end of said shaft, the diameter of the outer
race of said anti-friction bearing being smaller than the
inner diameter of said annular worm . gear, means for
securing the bearing on said shaft in adjusted position

.against axial movement relative. thereto, and a multi-

piece bearing supporting means for supporting said anti-
friction bearing, said bearing supporting means being
adjustable for movement of the bearing, the shaft and
the worm gear axially of the latter relative to the worm.

6. A paper machine dryer section comprising a plu-
rality of drying rolls each supported by a hollow drive
shaft through which steam may be transmitted to the
interior thereof, an individual worm gear drive for each
drying roll and means. interconnecting the worm gear
drives, each of said worm gear drives comprising a worm,
a worm gear supporting member mounted on the shaft
of the adjacent drying roll, an annular worm gear adapted
to be secured to the outer peripheral part of said worm
gear supporting member, a spherical roller bearing hav-

ing .a tapered inner race for adjustable positioning on a

tapered seat on said shaft, the diameter of the outer race
of said roller bearing being smaller than the inner diam-
eter of said annular-worm gear, means for securing the
bearing on said shaft in adjusted position against axial
movement relative thereto, and a multi-piece bearing sup-

-porting means for supporting said spherical roller bear-

ing, said bearing supporting means being adjustable for
movement of the bearing, the shaft and the worm gear
axially of the latter relative to the worm, and said worm
gear teeth being hobbed to provided on each a section

.of substantial axial extent for proper meshing with the

worm despite variation in the relative position of the

"worm_ and the worm gear axially of the latter.

7. A. paper machine dryer section comprising a plu-
rality of drying rolls, an individual worm gear drive for
each drying roll and means interconnecting the worm

. gear -drives, each_of said worm gear drives comprising a

worm, a worm gear mounted on the shaft of the adja-
cent drying roll and spaced inwardly of the end of the

-shaft, a gear housing. surrounding: said worm and said

worm gear and having a portion thereof removable for
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vistal’ access fo said worm ‘gedr, an’ antl-fncuon bearing
motnted on’said drymg roll: shaft outwardly of the worm
gear,’a multx—plece "bedring ‘support member mounted:in

said ‘gear housing, means. for ad]ustmg said bearing stip-

rportmg member with’ respect 1o said gear housing whereby
sdid worm ‘gear may be adjusted with respéct to said  gear
housmg, ‘and means fixedly positioning said worm in:said
gedr housmg, sa1d last:mentioned. means being removable
to ‘permit, ‘axial ‘removal: of said worm from- said gear
housmg without' di sturbmg said worm -gear therem said
bearing ‘supporting member ‘and ‘said ‘worm'‘gear: being
‘removable without dlsturbmg the posrtlon of sald bear-
ing on'said shaft. = -~

8. A wormy gear drive for: hot Journal apphcatlon com-
prising a worm, a. worm .gear supportmg member fixedly

ntounted ‘on-the shaft of the -object to be’ driven, an-

annular worm ‘gear-adapted to “be secured to‘the” outer
perlpheral part of “said worm gear" supportmg member,
~§aid’ wornt beéing located below said worm gear, an ‘anti-
 friction. bearing having an_inner ‘race, such that it may
be adjustably positioned on a seat-on said shaft, the inner
race of anti-friction bearing being tapered: and the seat
therefor' on. said shaft being similarly . tapered whereby
said inner race. may be -mechanically expanded to a pre-
determined “degree, the diameter of the outer race of
said roller bearmg being smaller than the inner diameter
of said ‘annular worm gear, means for securing the bear-
ing on said shaft in adjusted position against axial move-
ment relative thereto, and -a multi-piece bearing support-
ing-means for supporting said anti-friction bearing rela-
tive to the worm so that the axis of the outer race thereof
is spaced from the axis of the worm a distance greater
than the sum of the pitch radii of said worm and said
worm gear, ‘said bearing supporting: means being adjust-

able: for movement of the bearing, the shaft and the.

. ;worm gear -axially ‘of the latter relative to the worm,
and said ‘worm gear teeth being hobbed to provide on
each a section.of substantial axial extent for proper mesh-
ing with the worm: despite variation in the relative posi-
‘tion of the worm and the worm gear axially of the latter.
--9: A'worm -gear- drive for ‘hot journal applications
where the object to be driven is of substantial weight,
comprising a worm, a worm gear mounted on the shaft
of the. object to be driven; said worm gear being located
above said worm and being expandable upon heating, an
anti-friction bearing adapted to ‘support the weight of
said shaft-and. object, said bearing being provided with
atapered- inner race for: adjustable positioning on a
tapered seat” on. said shaft, means. for -adjusting said
inner- race -axially on'said seat for regulating the ex-
pansion- characteristics -of ‘said ‘bearing, and means for
supporting the- outer race of said anti-friction - bearing
‘relative: to said worm in operation at room temperature

© :sso0:that the'axis of ‘the outer race of said. anti-friction

bearing is spaced from the axis of the worm a distance
greater than the sum’ of the pitch radii of said worm and
said worm gear, the arrangement being such-that expan-

--sions of said ‘anti-friction ‘bearing and 'said worm gear
upon heating ‘tend to offset: one another to maintain said
worm and wori gear in proper mesh.

10. A worm gear drive: for hot journal applications
where the object to be driven is of substantial weight,
comprising .2 worm, a worm gear. mounted on the shaft
of the object to be driven, said worm gear being located
above said:worm and being expandable upon heating, an
anti-friction’ bearmg having an outer race and adapted to
support the: weight of said-shaft ‘and object, means for
-securing the bearing-on said shaft against axial move-
ment relative thereto, and means for supporting the outer
race of - said’ anti-friction bearing relative to said ‘worm
in. operation ‘at room tempertaure so that the axis of the
outer: race of -said ‘anti-friction bearing is- spaced from
the axis of the worm a: distance greater than the sum of

. ‘the pitch radii of said wormand.said worm gear, said

10
bearing “supporting ' means .being adjustable for ‘move-
ment of the bearing, the shaft and the worm gear-axially
of the latter relative to'the worm, the arrangément being
such :that - expansions “of - said: -anti-friction bearing and
said wormgear- upon heating: temd to offset one another

' tomaintain'said wormand ‘worm gear in proper mesh:
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11, A 'worm' gear ‘drive -for hot . journal applications
where ‘the : object tobe ‘driven is-of substantial weight,
comprising a ‘worm, ‘a Worm: gear :mounted on the shaft
of the objectito be:driven, said-worm gear being located

“above-said 'worm and being expandable upon heating, an

anti-friction bearing having ‘an" outer.race and adapted
to support the weight ‘'of said‘shaft and object, and means
for supporting the outer race:of :said-anti-friction bear-
ing relative tosaid worm in' operation at‘room tempera-
ture-'so" that ‘the axis of the outer.race .of -said anti-
friction: bearing is spaced from the axis' of the worm:a
distance greater-than: the :sum of the pitch radii ‘of said
worm and said ‘worm’ gear, said. bearmg supporting means

‘being'made ‘up of at least two:pieces whereby it may ‘be

removed other than axially of the shaft, the worm gear
being of annular form and having an internal diameter
greater than the outer diameter of said bearing, whereby
the worm gear may be removed and replaced without
removing said bearing, the arrangement being such that
expansions of said . anti-friction bearing and said worm
gear upon heating tend to offset one another to main-
tain: said worm and worm gear in proper mesh.

12.°A worm gear drive for hot journal applications
where the object to be driven is of substantial weight,

_‘comprising a worm, a worm gear mounted on the shaft
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of the -object to be driven, said worm gear being located
above said worm and being expandable upon heating, an
anmular gear supporting member fixed to the shaft, said

~worm gear being annular and adapted to be secured to

the outer peripheral portion of the worm gear supporting
member, an anti-friction bearing having an outer race
and adapted to support the weight of said shaft and ob-
ject, said worm gear supporting member having an inner
diameter greater than the outer diameter of the anti-
friction bearing, and means for supporting the outer race
of said anti-friction' bearing relative to said worm in

. opération ‘at room temperature so that the axis of the
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outer race of said anti-friction bearing is spaced from
the axis of the worm a distance greater than the sum
of the. pitch radii of said worm and said worm gear,
the arrangement being such that expansions of said anti-
friction bearing and said worm gear upon heating tend
to offset one another to maintain said worm and worm
gear in proper mesh.

13, ‘A worm gear drive for hot journal applications
where the object to be driven is of substantial weight,
comprising a.-worm, a worm gear mounted on the shaft
of the object to be driven, said worm gear being located
above said: worm and being expandable upon heating,
said- worm gear. teeth being hobbed to provide a section
on each of substantial axial extent for proper meshmg
with the worm despite limited instantaneous variation in
the ‘relative - position of the worm and the worm gear
axially of the latter, an anti-friction bearing having an
outer race and adapted to support the weight of said
shaft and object, said anti-friction bearing being a spheri-
cal roller bearing, and means for supporting the outer
race of said anti-friction bearing relative to said worm
in operation at room temperature so that the axis of the

. outer race of said anti-friction bearing is spaced from
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the axis of the worm a distance greater than the sum
of the pitch radii of said: worm and said worm gear, the
arrangement  being- such that expansions of said anti-
friction bearing and said worm gear upon heating tend
to offset' one another to maintain said worm and worm
gear in proper mesh.

14, A paper machine dryer section comprising a plu-
rality of drying rolls adapted to be heated, an individual
worm gear drive for each drying roll and means inter-
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connecting the ‘'worm gear drives, each of said worm
gear ‘drives comprising a worm, a worm gear mounted
on the shaft of the adjacent drying roll and above said
worm, said shaft being hollow to permit the transmission
of a heating medium therethrough to the interior of said
drying roll, an anti-friction bearing having an outer race
and mounted on said shaft for supporting the weight of
the shaft and drying roll, and means for supporting the
outer race of said anti-friction bearing so that its axis
is:spaced from the axis of the worm a distance greater
than the sum of the.pitch radii of said worm gear and
worm. : : S

~15. A paper machine dryer section comprising a: plu-
rality of drying rolls adapted to  be heated, an individual
worm gear. drive. for each drying roll, said drying rolls
being arranged in a plurality of flights the drives of an
upper flight being connected to the drives of a lower
flight by a single drive shaft an individual worm shaft
being provided for each worm gear .drive, individual

shafts connecting each pair of adjacent worm shafts, a 20
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flexible coupling being mounted on each end of a con-
necting shaft to secure it to.the end of the adjacent
worm shaft, each. of said worm gear drives comprising
a worm;, a-worm gear-mounted on the shaft of the adja-
cent -drying roll and above said worm, an anti-friction
bearing having an outer race and mounted on said shaft
for supporting the weight of the shaft and drying roll,
and. means for supporting the outer race of said- anti-
friction bearing so that its axis is spaced from the axis
of the worm a distance greater than the sum of the pitch
radii of said worm gear and worm. .
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