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FIG. 1

(57) Abstract: A bi-directional overrunning clutch mcludes
a housing and a pair of hubs substantially coaxially aligned
within the housing. A pair of roll cages position a plurality of
rollers between each hub and an mmner cam surface of the
housing. The rollers are positioned to wedge between the hub
and the mner cam surface when one of the hub and the hous-
ing 1s rotated with respect to the other. End cap's are attached
to the housing adjacent to the hubs. A friction disk mechan -
ism includes a friction plate rotating in combination with
cach the roll cage and a spring compressed between the end
cap and the roil cage for biasing the friction member into
frictional contact with the hub. An mtermittent coupler is
located between each roll cage and configured to engage the
roll cages so as to permit indexing of one roll cage relative to
the other.
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BI-DIRECTIONAL OVERRUNNING CLUTCH HAVING SPLIT ROLL CAGE

Field of the Invention

[0001]  “The invention relates to a clutch system, and in particular a split roll cage
configuration for a bi-directional overrunning clutch, for example, for use a primary drive

axie.

Background
[0002]  Bi-directional overrunning ciutc;hes. are used to control torgue transmission to the
right and left segments of a primary drive shaft of a wheeled machine, to provide improved
cornering ability and decreased wheel slippage as compared with solid shaft drives.
[0003] One such overrunning clutch is described in U.S. Patent No. 6,722,484, which

1s commonly owned with the present application. Yet the need exists for simpler more

reliable overrunning clutches for use in machinery such as snowblowers, lawnmowers,

and all-terrain vehicles.

Summary
[0004]  An embodiment ol a bi-diwectional overrunning cluteh s disclosed having a
housing and a patr of hubs sebstantially coaxially aligned with each other within the housmg.
‘The housing is adapied to be engaged with and rotated by a drive mechanism, and inciudes an
inner cam surface. The hubs are adapted to engage first and second shafts of a primary drive
axie. A roller assembly is associated with each hub, each roller assemnbily including a rol!
cage having a sct of slots positioning 8 plurality of roliers in an annuiar space between the
hub and the inner cam surface of the housing. The rollers surrounding each hub are spaced

about an associated hub and adapted to wedgingly engage between the hub and the inner cam
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surface when one of the hubs and the 'hi‘i’?‘-’-ﬁﬁmgri is rotated with respect to the other of the hubs.
An end cap is associated with each hub and attached at each end of the housing. A friction
disk mechanisn is associated with each hub and roller asserbly for indexing roller assembly
relative 1o the hub, cach friction disk s mm hanism including a friction pla te and a spring, The
friction plate is engaged with or formed on the roll cage 50 as to rotate in combination with
the roll cage, and is positioned to contact a contact surface on the hub. The spring 15
compressed between the end cap and the roll cage for biasing the friction member into
frictional contact with the contact surface of the hub, A roll cage intermittent coupler
engaces both of the roll cages to allow the roll cages to rotate relative in a limited amount 1o
each other, while enabling ea@hmii sz..a.-ge_-n;a;nm-s,ae-:a};iai i‘}r“ ’witll_._mspeﬁt 10 3lS Eit‘a‘g:i;:{:m’:;ia.‘tﬂdhu’ts-.
iht, housing is being driven with respect 1o at least one of the hubs, the rollers wedgingly
engage hetween the forward cam surface and the at least one hub. When one of the hobs 18
overrunning by rotating faster than the housing and the other of the hubs, the rolf cage
coupling prevents the roll cage associated with the oue hub from rotating with the one hub,
thereby limiting the ability of the rollers to wedgingly engage between the reverse cam

surface of the housing and the one hub.

.......

'ha:}u smg The houamg ?is';a-d;amedm be -engagﬂﬁ_ with and .r-if;:tated tu a drive mecmmsmand
inclades an inner cam surface. A first roll cage having a set of slots positions a plurality of
rollers in an annular space between the first hub and the inner cam surface of the housing, and
a second roll cage having a set of slots positions a plurality of rollers in an annular space
between the second hub and the inner cam surface of the housing. The rollers surrounding
cach hub are spaced about an associated hub and adapied to wedgingly engage between the
__hub and the mnu am gurfacf—; when ong of thn hubs and the Hhousing 1s I'O’{&icd with re 5]:) Qi’f{!
the first hub and a second endgap;;s artmhezfi;t@. ti];g: h,::msmg .ad;;a;;:-e;n {to th;;:-;gg;g;g;;d_hub_, A
first friction disk mechanism engages the first roll _ca;ge-fﬁiﬁsi‘;-.‘i;‘if:ie:a;in_g:t'i'.ie first roil cage relative
1o the first hub, the first friction disk mechanism including a first friction plate engaged with

or formed on the first rolf cage 0 as to rotaie in combination with the first roll cage and
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positioned o contact a coptact surface on the ﬁrﬂl hub. The first friction disk mechanism
further includes a first spring compressed between the first end cap and the first roll cage for

biasing the first friction member into frictional contact with the contact surface on the first

hub. A second friction disk mechanism engages the second roll cage for mdn..\mﬂ relative 1o

the second roll cage to the second hub, the second friction disk mechanism including a

L3

second friction plate enpaged with or formed on the second roll cage so as to rotate in

)

- combination with the second roll cage and positioned 10 « um{m a contact surface on the
second hub, The second friction disk mechanism further includes a spring compressed

' between the second end cap and the second roll cage for biasing the second friction member

into frictional contact with the contact surfiice on the second hub. A roll cage intermitient

coupler engaging both rofl cages to allow the roll cages to rotate relative to each other, while

e

enabling each roll cage to move axially with respect to its associated hub.

In a hi~divectional overrunning clutch, an embodiment of an indexing .as-serlj"tﬁ-_ij};*" is disciosed,
The Liut».,h includes a housing adapted to be engaged with and rotated by a drive m L&.‘:t?:'hf:-;’i'n’i.:s«;ifz'],,,5
the housing having an inner cam surface; a first hub and a second hub %uhSta.mldﬁ\f coaxiatly
aligned with each other within the housing; first and second roll C;Eifg'ﬂi%-iiiﬁch having a setof
sfots positioning a plurality of rollers in an annular space between the first and second huths,
respectively, and the inner cam surface of the housing, the rollers surrounding sach hub being
wedgingly engaged between the hub and the inner cant surface when one of the hubs and the
housing is rotated with respect to the other of the hubs and the housing: and first and second
end caps attached to the housing adjacent to the first and second hubs, respectively. The
indexing asserably includes first and sgcond friction disk mechanisms for indexing the first

roll cage -r.e_l?atis;e to the ﬁmtj hub and jigl}g ' bQCOild .l‘faj}} | cage e iaiﬁi#?&: 10 thc‘: 'Sﬁ‘c:(md hubﬁ:
;;m th-ﬁ: -mi} | s‘.;‘z;agﬁ-; 80 .a‘;s *’f[f:} | rota%;tc:-- ’m .;c-f;mt’}};imi?’im | w-i&h iﬁfz éﬁﬁfi [ ::agc a:nid;_ lﬁc;'Siti?ijﬁrz-ﬁ-é. 0 -cif;sn‘tar:;‘t:a-.
contact surface on the associated hub, a spring compressed between the end cap and the ol

for biasing the friction member into ?m..mmdi contact with the contact surface on the
fhub: A rofl cage intermittent coupler is located between each roll cage. The coupler is
confligured to engage the roll cages so as to permit indexing of one roll cage relative to the
other while enabling each rolf cage to move axially with respect 1o its associated hub,

in one embodiment, the coupler includes a coupler hub with radially extending

[Miid plsr teeth, thh GO i@; t{j;}{h i’iasaiengthandmdah de'ﬂ gi‘lﬁd YO PQMU On fhti‘ ujllpfﬁ'
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tooth in a corresponding slot in both cages. The width of the coupler tooth is fess than the
width of the associated slots so as to define a gap that permits one roll cage (o index with

respect fo the other roll cage and the coupler tooth, The gap is preferably \azed so that one
rolf cage can index so as to position its rollers to engage with one of either the forward or rear
cam surfaces, while the coupler teeth prevent the other roll cage from indexing in the
opposite direction thereby preventing its rollers from engaging with the othar of cither the

forward or rear can surfaces.

Brief Deseription of Drawines

[0606} For the purpose of illustrating the invention, thers are shown in the drawings
embodiments that are presently preferred; it being understood, however, that this invention is

not limited to the precise arrangements and constructions particularly shown.

{6067]  Fig. 1 is a perspective view ¢f an embodiment of a bi-directional overrunning

clutch.

{6008]  Fig. 2 is a cross-sectional view of the clutch of Fig. 1.

{0085] Fig. 3 is a perspective view of the clutch ot Fig. | with the h.-.ou;sirng and one end

i ap lt‘i‘m!;“ @d

[0016]  Fio. 3A is a perspective view of the clutch of Fig. 3 with one of the rolf cages and

hubs removed,

{00611} Fiz. 4 ix an end view of the partially assembled clutch ot Fig. 3.

[0012]  Fig. 4A is an end view of the partially assembled clutch of Fig. 3A,

0013} Fig. 5 is a cross-sectional view of the partially assembled cluich of Fig. 3 taken

along section 3-5 in Fig. 4.

[0014]  Fig. 5A is a cross-sectional view of the partially assembled cluteh of Fig. 3A taken

along section SA-3A in Fig. 4A.

0013]  Fig. 61 a perspective view of another embediment of a bi-divectional overrunning

{0016]  Fiz. 7 is an end view of the clutch of Fig. 6.
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[00171  Fig. 8 is a cross~-sectional view of the clutch of Fig.” taken along. section 8-8.

{0018 F ’izgs;: G-b}ared si?}.metﬁc xeutiuna'i views of a .if'h-ird embedimgmf of a hi-directional

[00191 Fig. 12 15 a cross-section view of the clutch of Fig. 9 in a differential housing.

[0820) Fi igs. 13A and 13B are enlarged views of a portion of the cluteh ot Fig. 12.

Detailed Deseription

(6021} An embodiment of a hi-directional overrunning clutch 10 is shown in Figs. 1.3A.
The cluich 10 includes a -'il:s:susins: 12 and a ﬂ'ﬁimaizl 4 affixed to the housing I. 2, The 'ﬂfa.ng&tf"iiil
an extornal (i'ri"-;s‘t: ma{:hamsm 'fcm tmpa.rimv rotational movement to the Hange 14 and thus to
the housing {2. As depicted, the flange 14 includes bolt holes 16 for attaching the gear, it
being understood that the gear may be artached to the flange 14 by any mechanical means
known in the art, or may be formed as ani’inmgmi p&r*utiht. flange 14 or housing 12, When
the drive mechanism rotates the gear, theﬁang,clﬁr rotates, which in turn rotates the ﬁmmiﬂg ‘

12.

(06221 As shown in Figs. 4 and 4A, the housing 12 includes a su hstantially cylindrical

in:'in--f;‘:iif".,S-.Lirfh.c&ﬁ&; 8. The mper surface S0 includes a ! ura]ita% of an inner cam surfaces 82
nchuding forward and reverse cam surfaces 82a, 82b. Dependmw on the desired direction ot

mt}a‘ii’ti(‘r_'r:r-'ﬁ.f‘_t.'l'&e- housing 12, either surface 824, 82b may be interchangeably considered as a

forward ora reverse cam suriace,

10023} As shown in Figs. 2 and 5, a pair of hubs 20 is located within the housing 12. The
‘hubs 20 are substantially coaxially aligned with each other within the housing 12, and are
each adapted to rotate about their common axis within the housing 12. Tu the depicted
embodiment of Fig. 2, the hubs 20 are not identical, bat rather are mated to ensure their axial
alignunent. In particular, a first hub 20a includes a substantialty cylindrical socket 90 while a
second hub 20b includes a substantially cylindrical axial protrusion 923,ddptcd to be received

into the socket 90,
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{60241  The first hub 20a ts adapted to engage an end of a first shaft of a primary drive
axle {not shown) and the second hub 20b is adapted to engage an end of a second shafl of the
orimary drive axle (not shown). Each hub 20 has a substantially cylindrical outer surface 24

hav;m a diameter smaller than the diameter of the imer surface 80 ot the huuxmﬁ 12, so that

an annular space is formed between the outer Sur.lfag:&% of the hubs 20 and the inner surface

T'iénf‘.lfude:%;‘:}]jim*fs to allow the shafts to mw a\mih inward and outw ard with respect to the
hubs 20 while ensuring that each %hdﬁ will rotate along with ifs fespective hub 20, In other
embodiments, other mechanical connections between cach shaft and i#s respective hub 24
may be used to ensure rotational coupling. [t is further contemplated that the hubs 20 may be

formed integrally with the primary drive shafts.

(0025] A pair of roller assemblies 30 is located within the housing 12, with a portion of
each roller assenibiyv 30 'beii;ng;s:ituamd in the annular space bstw,&en the outer surface 24 of
-~

one of the hubs 20 and the inner surface 80 of the housing 12. As shown in detail n Figs

a.nd 34 sach roller ﬁixwmhh 30 includes a rodl cage 32 formed in a substantially ¢y lindrical

fH,;‘_g'

shape. Each roll cage 32 corresponds to one of the hubs 20 and has a set of slots 34 spaced
around the circumference of the roll cage 32, Each slot 34 is adapted to receive a cylindrical
roller 36. Collectively, the slots 34 ‘@f:{;‘mﬁ roll vage 32 position a phurality of rollers 36 in the
annular space between the first hib 20a and the inner cam surface 82 of the housing 12, and
the sfif*_a-’ts;ri%;#lﬁf the other roll cage 32 pe.mtmn& a plurality of rollers 36 in the annular space
between the second hub 20b and the inner cam surface 82 of the housing 12, Inone

&M bﬁjdimmm each set of rollers 36 has ten rollers, it being understood that any number of
roilers greater than or egual to 'ihl‘ﬁﬁ?:.ﬂ'ia§~""b€*u$iid, As shown, each rolier 36 15 substantially
a::}si:ijndl‘fical;. but rollers of other shapes may be used, ;in-ci-iiudii’ng.&:sust;mt; limited to substantially

spherical rollers.

(6026]  The rollers 36 swrrounding each hub 20 are adapted 1o be wedgingly engaged
hetween the hub 20 and the inner cam surface 82 of the housing 12 when the associated hub
20 and the housing 12 are rotated w lih rcqpem to the ai'tiwar, In ;-:faﬂfi..cuia.t; wh&n-_‘thefbﬁusing

1215 mtdtmnali} drive

rotatin o, the rollers 36 are dé.‘:‘:mgmdm ;*—am:;d;g_.;n.gig-' engage between the forward cam sur fd £5
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&2a m the housing and the outer surfaces 24 of l.ht, hubs 24, caust ng the hubs 20 1o rotate with
the housing 12. Similarly, when both habs 20 are rotating fdsie than the iwublm** {2, such as
during a descent or deceleration, the hubs 20 cause the rollers 36 to weﬁ{geib@iwﬁm the
reverse cam surfaces 82b and the outer surfaces 24 of the hiubs 20, The reverse cam surface
engagement enables an engine i:-rakmw or back driving et ffect, when avail table, whereby the

reduced speed of the input gear biuwx or brakes the drive axies.

{8027}  Providing two separate rolier assernblies 30, each hmring a set of rollers 36
associated with one of the hubx 2{%, allows overrunning of one hub 20 while maintaining
positive driving engagement of the other bub 20, For exampie, ina w heeled vehicle in which
the hubs 20 drive wheels on opposite sides of the vehicle, when the vehicle travels around s
curve, the wheel on the inside of the curve has a shorter distance to travel, and thus traveis at
a slower speed, than the wheel on the cutside of the curve. Consequently, when th‘éfhmi‘;i'n%'
12 is being rotationally driven while the vehicle is in a curve, the one hub 20, for example
hub 20a, associated with the wside wheel will continue to be driven, with its respective
rollers 36 engaged between the outer surface 24 of the hub 20a and the forward cam surfaces
824 of the inner surface §0 of the housing 12, while the other hub 20, for exampie hub 200,
associated with the -(}-ti‘i‘s'idt’: wheel will be allowed 10 overrun, turning faster than the housing
12, such that its respective rollers 36 disengage from their wedging between the inner cam
surfaces 82 and the outer surface 24 of the hub 20b, thus %alis:;ﬂ‘»ﬁ-‘faing-tne hub'?f}b to freely rotate
x:he--disemzagedfhu-b' 20 siau-r*g,;'dmvn*fto @qual ihﬂ’ -fspe'.e.d crf t’hﬁf hmssing ii?, thﬁfmlﬁiers 3}6.

surrounding the hub 20b re-engage {u;dg,e be*tween ;tihe-ﬁ};rward; a'z:a'i].’r‘t_"t".Surfa.{:fsé,S-.TSZ‘:&. and hub

{{M}ZS} However, since the current clutch uses a sphit roll cage, it the two roli cage
assemblies 30 were completely decoupled, there is the potential that the rollers 36 associated
with the overrunning hub 20b could go into reverse engagement with the reverse cam
:jsmff&ce-s Sﬁb of ;;tifhefinnﬁramﬁces'8'0 E::f?ihexhaus.ihg 12, thﬁr-eiby musmglhfi’ '%?ﬁfi‘iii:‘-iﬁ’ti‘} amiﬁ-s;i}lﬁ‘"
dm-:: the housing ]'?} To overcome p@‘tentia} reverse sngagement ~s:sf- an @wrmmmg}mb 20,
the clutch 10 lnﬁmdes a roll cage coupler 60 positioned between the two roll assembhies 34,

as shown in Fig s, 2. 3,34, 4A, 5, and 5A. The coupler 60 includes a hub 62 mth a plurality
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of teeth 64 extending radially vutward from the hub 62. The number of teeth 64 preferably
matches the number of slots 34 and the number of rotlers 36 in cach roll cage 32. As shown
most clearly in Figs Y and SA, the teeth 64 of the coupler 60 prefe ablv fit into the siots 34 in
cach roll cage 32, As shown in Fig, 44, the width Wi of the portion of each tooth 64 within
aslot 34 is shightly less than the width W2 of the sfot 34 of the roll cages 32 such that a gap
exists. ‘This gap is designed to permit a roll cage 32 to shift or index as discussed herein so
that the rollers 36 are positioned to engage with the cam surface, but the gap is nic*s-tlm‘ge
enough to permit the other roll cage 32 to index n the opposite direction, chorémvlv b"y
using an intermittent coupler 60, the present split cage design of the present invention
prevents the issue of one set of rollers engaging the forward cam surface to drive one axie

and the other set of rollers engaging the reverse cam surface o be driven by the other axle.

[0029] Retationally couphing together two separate roll cages 32 with an intermitient
coupler 60 allows each roll cage 32 to move axially with respect to its assoctated hub 20,
which enables a compact and simple friction disk mechanism 1o index each roll cage 52
relative to its associated hub 20, as discussed In detail below, The intermittent coupler aiso
allows for a farze torque difference from ong axie (o the other, and also gliows for larger
manufacturing tolerances. in the clutch cam profile and hub diameters. The intermittent
coupler also provides a method for retaining the roll assemblies in axial posifion to prevent

one set from contacting the other,

{0030] An end cap 40 is attached o each end of the housing 12 so as to rotate with the
housing 12. To assist in indexing the roll cage assemblies 30 o their corresponding hubs 26,
each end cap 49 is associated with a friction disk mechanism 30, shown in detail in Figs. 2, 3,
3. and 3A. Each friction disk mechanism 30 creates a frictional engagement between its
associated roll cage assembly 30 and hub 20 so that roli cages 32 rotate with the hubs 20
when both hubs 20 are rotaling, In combination, the friction disk mechanisms 50 and the roil

cage coupler 60 make up an mdexmg assel mbly,

[0831}  In particular, when a wheeled vehicle is stationary such that the bubs 20 are
stationary, and rotational movement is applied to the housing 12 via an externail drive

mechanism, the housing 12 begins (o rotate with respect to the hubs 20, The Inction disk

mechanisms 30 prevent the roll cage assemblies 30 from “ﬂtaww with raspect to the hubs 20

L
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{thus indexing the roll cage assemblies 30 relative to the housing 12). Indexing places the
rollers 36 in position 30 that they can ‘Wadz{i;nﬁti? - eﬁnj;@;a{ge betwesn the amm-*ar-d cam surfaces

824 and the hub 20. Once the rollers 36 are wedgingly enga jned the hou sing 12, the roll

"-.r“

*3

cages 32, and the hubs 240 all rotate mgeﬁmrj;m}}d the rollers 36 remain .r}.i;:'rn-rcstz’siﬂng-abi}m

their own axes.

[0032]  During overrunning of one hub 20, for G‘i&‘mplﬁ . h;u.bl-?;{}a; the friction of each

friction disk mechanism 50 continues to hold its associated roll cage assembly 30 in position

refative to the housing 12, The speed of'the o arie.mmning hub 204, h;s:}is,-ffc;e-‘vﬁir, is faster than the
speed of the roll cage 32, thus causing the hub 20a to drive the rollers 36 in the roll cage

assembly 30 associated with the hab 20a out of their wedging engagement so that the hub 204

can rotate faster than the housing 12. At this point the rollers 36 in the roll cage assembly 30

1.

associated with hub 20a are free to rotate about their own axes. The other hub 20, hub 20b,
continues to be driven at the same rofational speed as the housing 12, Pt ith its Lﬂ!‘lﬁ'apﬁndm@
rollers 36 wedged into engagement. The roll cage coupler 60 couples the two roller
assembiies 30 so that both remain engaged (o the driven (non-overTunning) hub {)b; thereby
ﬁffﬂli‘;- rollers 36 into reverse engagement. The gap fi:st‘:?tfwﬁfezﬁ. th-,e. - imsrm ittent 'rs;“:(‘m;;}:"let? and rO:ii
cages {difference between W2 and W) is designed to altow limited movement for propet

Sunction within the assembiy system.

[6033]  Each [riction disk mechanism 50 may include a friction plate or disk 32 that is
attached ta, formed on, or engaged with the roll cage 32 so as o rotate in combination with
the roll cage 32. The friction plate 32 ¢an be permanently or remaovably attached o the roll
cage 32, or may cu-mpiw be a surface on the roll cage 32. In one embodiment, the friction
plate 52 is a substantially planar annular ring with radially extending tabs or feeth that are
sized t_o;;*'&ﬁﬁ:ftt?md,fing-ihf: stots 34 on the roll cage 32 when the friction plate ‘\2;% plm.ed within

the roll cage 32 and Lid acent to an inside end surface 51 of the roll cage 32, The friction

hiate*r?..u a:-r;::‘nﬁgureed mz.-mgagff_,%%ffiﬁt:hea' pm’nm -.of the hub 30 i"s*‘i.}tfirﬁ;sszﬁifiﬁiﬁ&l‘f}}z”fi!‘1 one

o, o attached 1o the hab, preferably on an axial end surface of the hub so as to bc adjacent o

a portion of the friction plate 52, 'Ihz, portions of the ﬁ*ml on plate 32 and contact surface 34



CA 02904602 2015-09-15

WO 2014/143090 PCT/US2013/039403

io

that contact one another preferably have a sufticient coefficient of friction to create frictional

contact for transferring torque between the two as contemplated by the present invention.

.

[0034] A spring 58 is compressed between a bearing 36 amﬁ an outer surface S5 on the
roll caze 32. In the depicted embodiment, the spring 58 is a wave spring. Tlﬁlﬁ':sm‘iﬂﬁ 58
biases the rolt cage 32, and thas the friction plate 52, mto the contact surface 54 of the hah
20. As such, the spring 38 causes the roll cage 32 to move axially with respect to the hub 20,
thereby urging the friction plate 52 into frictional engagement with the hub 20. To inhibit or
prevent torstonal forces from being imposed on the spring 38 by the end cap 40, lhﬂ bearing
iSélmaxcf" ne _imie-mi-i'ea;sﬁt :one"lﬂ:w ;;‘f..:"z;:ie:tiun i:-m-:?:ff’ﬁci&m'surif‘ami@, f,lfn-on,;e eﬁfi-bﬂnziimmt; the fow

5%, such that if the bearing 36 were to rotate along with th\. end cap 40, the bearing 36 '%ﬁf&um

1';‘

wopose only minimal torsional lnading on the spring 58. In another embodiment, the low
friction coefficient surface 39 is on a side of the contact surface that engages with the end cap
40, As such, the low friction coefficient surface §9 substantially prevents the bearing 36
from ri}iﬁtingrwiih the end cap 40. 1o another embodiment, the low friction coefficient

surface 59 may be on both sides of the bearing 56 and i3 In contact with both the spring 38
and a portion of the end cap 48, Inone pr«:}ierrw crmbodiment, the bearing 36 s a thrust
washer or thrust bearjng that permits rotational motion between the spring 58 andtht: end cap
40, In another embodiment. the bearing 56 is an annular ring of sufficient strength to provide

rigid support for the spring $8.

{Gt}% 3] Another embodiment of a bi-directional overrunning clutch 119 is shown in Figs,
6-8. The chetch 110 includes a housing 112 and a gear 114 affixed to the housing 112, The
gear 114 is adapted to be engaged with an external drm mechanism that imparts rotational
‘movement to the gear r 114 and thus to the housing 112. Abhough not specifically depicted,

the housing 112 includes substantially cylindrical inner surﬂcc 180 having a plurality of

inner cam surfaces incloding forward and reverse cam surfaces, as described previously.

(00367  As shown in Fig. 8, a pair of hubs 120 1 1:. {ocated within the hoasing 112, The

hubs 120 are substantially coaxially aligned with each other within the housing 112, and are
cach adapted to rotate about their common axis within the housing 112, Each hub 120 hasa

substantially cylindrical outer surface 124 having a diameter smaller than the diameter of the
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inner surface 180 of the housing 112, so that an annular space 15 formed between the outer
surface 124 of the hubs 120 and the | inner surface of the housing 112. Each hub 120 has an
internal bore 126 into which a portion of a primary drive axle shafl is received. Inthe
depicted embodiment, the internal bores 126 include splines to allow the shalis to move
axially inward and outward with respect to the hubs 120 while ensuring that each shaft will
rotate along with its respective hub 120. In other embodiments, other mechanical
connections between gach *-.haﬁ and its respective hub 120 may be psed to ensure rotational

coupling.

{00371 A pair of roller assemblies 130 is located within the housing 112, with a portion of
cach roller assembly 130 being situated in the annuglar space between the outer surface 124 of

one of the hubs 120 and the inner surface 180 of the housing 112, Fach roller assembiy 134
includes a roll cage 132 formed io a substantially cylindrical shape. Each roll cage 132
corresponds 1o one of the hubs 120 and has a set of slots 134 spaced around the
circumference of the rolf cage 132, Each slot 134 s adapied to receive a cvilindrical rotler
136. Collectively, the slots 134 of one roll cage 132 position a plurality of rolle ;‘s-. 136 in the
arnular space between the first bub 120a and the inner cam surface of the housing 112, and
the slots 134 of the other roll cage 132 position a plurality of rollers 136 in the annular space
between the second hub 120b and the inner cam surface of the housing 112. In one
embodiment. cach set of rollers 136 has ten rollers, it being understood that any number of
roHers -ﬁrf:':ai‘.;@r. than or equal to three may be used. As shown, each roller 136 is substantially
mlmdncal but rollers of other shapes may be used, including but not {imited 1o substantially

spherical rollers.

[G038] The rollers 136 surrounding ﬁ-é;ﬁﬁh hab 120 are adapted to be wedgingly engaged
between the hub 120 and the inner cam surface of the housing 112 when one of the hubs 120
and the bousing 112 is rotated with respect to the other. 1n particular, when the housing 112
is rotationally driven bx an external drive mechanism at a speed faster than the habs 120 are
rotating, the rollers 136 wedg mvl ¥ engage forward cam surfaces in the housing and the onter
surfaces 124 of the hubs 120, causing the hubs 120 to rotate with the housing 112, Similarly,
when the drive shafls and hubs 120 are both rotatin g faster than the housing 112, such as
during a descent, the hubs 120 cause the rollers 136 10 engage with the reverse cam surfaces

resulting v a back driving or engine brake effect, when availabie.
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[6039]  To prevent potential reverse engagement of one hub 120 while the other hub 120
is in forward engagement, the clutch 110 includes a roll cage intermittent coupler 160
positioned between the two roll assemblies 130, as shown n Fig. 8. The coupler 164
includes a hub with a plerality of teeth extending radially outward from the hub. The number
of teeth preferably matches the number of slots 134 and the number of rollers 136 i each roll
cage 132, although there could be less tecth. As discussed above with respect o the prior
embodiment, the teeth of the coupler 160 have a width that s less than the width of the slots

134 so as to define a gap that permits indexing of one cage refative to the other.

{0040]  An endcap 140 is attached to or disposed about each end of the housing 112 and
may rotate with the housing 112, To assist in Indexing the roll cage assemblies 130 to their
corresponding hubs 120, a friction disk mechanism 130 s Jocated between each roll cage
assembiy 130 and its associated hub 120. Each friction disk mechanism 130 urges its

corresponding roll cage assembly 130 to frictionally engage with the corresponding hub 120

so that the roll cages 132 rotate with the hubs 120 when both hubs rotats.

{0041 Fach friction disk mechanism 130 is similar to the friction disk mechanism 50
described above and includes a friction plate 152 that engages with a contact surface 154 on
the h@-b;il;?;ﬁ; A bearing 136 is disposed between onge end of a spring 138 and an ,inﬁiﬁ":r surface
of the end cap 140. The other end of the spring 158 contacts an outer surface 1355 on the rell
cage 132. As such, the two roll cages 13 312 are Based toward one another, forcing the friction

plates | 52 into contact wi:th:the;rcoma«c;t surfaces 134, The spring 158 is preferably a wave
._:S:prifngfg atthough mfim'rfspfiﬂgsa:ndf-:or elastomers can be used. The bearing 158 mayv include

one or more fow friction surfaces as discussed above.

10042 Referring now to Figs. 9-14, a third embodiment of the bi-directional clutch 210 13
shown., Many features of this clutch are similar to the embodiments disclosed above., Aswill
be discussed below, this embodiment inciudes a ﬁiffemntzfr‘.t;:iti@n disk mechanism (or drag
the hubs 220 are %-imi i-ar io the hubs- dts{;u\&,cd abo&-‘ﬁ except that there is a bu\hms@ 322
located in recesses 224 formed in the inward ends of each hub 220, The bushing 220 is

mtended to fkt:fee:;g:a the hubs | &fljiw-u-;e:d on the same axis 1o one another to reduce/mnimize hub

flex from the axle loading. A spring 226, such as a wave spring, or similar biasing member is
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f_iﬂcic;a#;edi between at feast one of the hubs and one side of the busﬁim 222, The wave s:pffin;f:f;

226 bases both friction disk drag sub»awcmbhes to the inside surfaces of covers in Fi g 13,
Each hub preferably includes an outer recess 228 located on an outward end of the hub 2

The fi’icﬁﬁﬁﬁdiskﬁ.me(ﬁ{haﬂiam.2:30:.‘i_ndudesfa'SWiilﬁg-.Zﬁi&*':fﬂmh;..as a Wave Sp-lf‘i:ﬂ& or similar

biasing member 1§ focated in the recess 228, A friction disk 252, similar to friction disk 32, is

lﬂf; dic‘:dlgdm%f a fai:ﬁegt:}f 'the hub %pmei ‘1'3’.;?6@-:-.;_'S%Ei-zﬁiﬁWiChin ¢ the spring 238 between the friction

surface oriented s0 as 1o contact the ﬁ%i’s;:t}im;_ d‘isk' 152, ‘}."h{é '._hub_ Spacer ':2.6@ 13 ;nfm«s:h-mmuy
connected 1o the hub 2 28. The counection can be through any conventional means, but is
preferably a spline connection. This connection keeps hub 220 and hub spacer 260 rotatably
engaged. The hub spacer 260 extends out of an opening in the cover 1o help pilot the cover
and ring gear. Preferably there is a friction material on the ace of the friction disk. The
friction material is similar to the friction material used in conventional cluich packs and,

therefore; no further dL\QI‘IpT}DI‘i IS necessary.

(0043] A retaining ring 262 is located between the hub spacer 260 and the hub 220,
. Spm'i'ﬁcafiiy,_ the g'etamin.g:fin..g, 252 ;mgagas: a .raa;‘:essfziﬁﬁl; 'ﬁ'ﬁj;rmed .Enﬁm hub;t"{é‘;zf;} Qor maﬁ:
surface of i-ithffr hub .Sp'aﬁfi:r-' 260. As ;sé-.lou.id bﬁ:&-zaﬁpmwn‘?imm .-'ihf‘:: dram—ngs,. Sth@f ¥ fe‘.iﬁalmiig. ring

the spring 238 into the hub 220,

Fach friction disk 252 has radial extended tabs or teeth 253 that are sized to extend adjacent
to an outer ring portion 233 of roll cage 232, The tabs or teeth 233 engage the roll cage 232
s0-as to rotate in combination with the roll cape 232, This friction disk arrangement 15 not
exclusive and the plate or disk can be attached to, formed on, or engaged with the roll cage
232 by other means to ensure rotation with the roll cage 232, The ‘ia:fgehitmr-S'uirfziﬂié of ¢ach

hub spacer 260 are in frictional contact with friction disk 232, The spring 238 biases the
friction disk 252 outward caasing the friction disk 232 to frictionally contact the hub spacer
260. The frictional engagement causes the ol cage 232 tu drag or index the rollers into

“wedging engagement between the hub 220 and inner cam surfaces of the clutch housing,
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[004:4} Although the spring 1s shown in & recess in the hub, those skilled in the art would
appreciate that the system will also work with the spring pushing off the hub spaced and the
friction disk mated with the hub. Also the spring could be mounted so as 1o bias the friction
disk to the hub. Also, the roll cage could be formed so as to form an interlace between the
hub spacer and the hub, and the friction materiai can be honded to the outside or insider of

the area of the roll cage that would be facing the friction disk.

[0045]  While the invention has been disclosed with reference to certain preferred
embodiments, numerous modifications, alterations, and changes to the described
embodimestts are possible without departing from the sphere and scope of the invention, as

defined in the appended claims and equivalents thereof. Accordingly, the scope of the claims

“should not be limited by the preferred embodiments set forth in the examples, but should

be given the broadest interpretation consistent with the description as a whole.
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CLAIMS

What 1s claimed 1s:

1. A bi-directional overrunning clutch comprising:

a housing adapted to be engaged with and rotated by a drive mechanism, the housing

including an inner cam surface;

a pair of hubs substantially coaxially aligned with each other within the housing and

adapted to engage first and second shafts of a primary drive axle;

a roller assembly associated with each hub, each roller assembly including a roll cage
having a set of slots positioning a plurality of rollers in an annular space between the hub and the
inner cam surface of the housing, the rollers being spaced about an associated hub and adapted to
wedgingly engage between the hub and the inner cam surface when one of the hubs and the housing

1s rotated with respect to the other of the hubs and the housing;

an end cap associated with each hub and attached at each end of the housing;

a friction disk mechanism associated with each hub and roller assembly for indexing the
roller assembly relative to the hub, each friction disk mechanism including a friction plate engaged
with or formed on the roll cage so as to rotate in combination with the roll cage and positioned to

contact a contact surface on the hub during operation, and a spring compressed between the end
cap or hub and the roll cage for biasing the friction plate into frictional contact with the contact

surface of the hub; and

a roll cage intermittent coupler located between each roll cage, the coupler configured to

engage the roll cages so as to permit indexing of one roll cage relative to the other;

wherein the inner cam surface has a forward cam surface and a reverse cam surface, such
that when the housing is being driven with respect to at least one of the hubs, the rollers wedgingly

engage between the forward cam surface and the at least one hub; and

TOR LAW\ 8782015\3
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wherein when one of the hubs is overrunning by rotating faster than the housing and the
other of the hubs, the roll cage coupler 1s configured to prevent the roll cage associated with the
overrunning hub from rotating with the overrunning hub, thereby limiting the ability of the rollers

to engage between the reverse cam surface of the housing and the one hub; and

wherein the contact surface 1s on a hub spacer that 1s connected to the hub so as to rotate
In combination therewith and wherein the spring 1s mounted on an opposite side of the friction
plate from the contact surface and compressed between the hub and the friction plate, and wherein
the engagement of the friction plate and the roll cage is provided by the spring biasing the friction
plate into frictional engagement with a portion of the roll cage, the frictional engagement causing

indexing of the roll cage relative to the housing during operation of the clutch.

2. The overrunning clutch of claim 1, wherein the spring is a wave spring and is compressed

between the end cap and the roll cage.

3. The overrunning clutch of claim 1, wherein the friction plate includes one or more radially

extending teeth engaged with the roll cage.

4. The overrunning clutch of claim 1, further comprising a bearing surtace on the end cap, the

spring having an end that bears against the bearing surtace.

5. The overrunning clutch of claim 4, wherein the bearing surface includes a low friction surface

in contact with the end of the spring.

6. The overrunning clutch of claim 1, wherein the roll cage coupler includes one or more radially

extending teeth that each engage with one of the slots in each of the roll cages.

7. The overrunning clutch of claim 1, wherein the coupler includes a coupler hub with radially
extending coupler teeth, each coupler tooth having a length and width designed to position the
coupler tooth in a corresponding slot in both cages, the width of the coupler tooth being less than
the width of the associated slots so as to define a gap that permits one roll cage to index with

respect to the other roll cage and the coupler tooth.

TOR_LAWA 8782015\3
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8. The overrunning clutch of claim 7, wherein the gap is sized so that one roll cage can index so
as to position its rollers to engage with one of either the forward or reverse cam surfaces, while
the coupler teeth prevent the other roll cage from indexing in an opposite direction thereby

preventing its rollers from engaging with the other of either the forward and reverse cam surfaces.

9. A bi-directional overrunning clutch comprising: a housing adapted to be engaged with and

rotated by a drive mechanism, the housing including an inner cam surtace;

a first hub and a second hub substantially coaxially aligned with each other within the
housing: a first roll cage having a set of slots positioning a plurality of rollers in an annular space
between the first hub and the inner cam surface of the housing, and a second roll cage having a set
of slots positioning a plurality of rollers in an annular space between the second hub and the inner
cam surface of the housing, the rollers being spaced about an associated hub to wedgingly engage
between the hub and the inner cam surface when one of the hub and the housing is rotated with

respect to the other of the hub and the housing;

a first end cap attached to the housing adjacent to the first hub and a second end cap

attached to the housing adjacent to the second hub;

a first friction disk mechanism engaging the first roll cage for indexing the first roll cage
relative to the first hub, the first friction disk mechanism including a first friction plate engaged
with or formed on the first roll cage so as to rotate in combination with the first roll cage and

positioned to contact a contact surface of the first hub during operation, and a first spring

compressed between the first end cap or the first hub and the first roll cage for biasing the friction

plate into frictional contact with the contact surface of the first hub;

a second friction disk mechanism engaging the second roll cage for indexing the second
roll cage relative to the second hub, the second friction disk mechanism including a second friction
plate engaged with or formed on the second roll cage so as to rotate in combination with the second
roll cage and positioned to contact a contact surface on the second hub during operation, and a

second spring compressed between the second end cap or second hub and the second roll cage for

TOR_LAW\ 8782015\3
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biasing the second friction plate into frictional contact with the contact surface ot the second hub;

and

a roll cage intermittent coupler located between each roll cage, the coupler configured to
engage the roll cages so as to permit indexing of one roll cage relative to the other while enabling

cach roll cage to move axially with respect to its associated hub;

wherein the contact surface of the first hub 1s on a first hub spacer that 1s connected to the
hub s0 as to rotate in combination therewith, and wherein the first spring 1s mounted on an opposite
side of the first friction plate from the contact surface of the first hub and compressed between the
first hub and the first friction plate, and wherein engagement of the first friction plate and the first
roll cage 1s provided by the first spring biasing the first friction plate into frictional engagement
with a portion of the first roll cage, the frictional engagement causing indexing of the first roll cage

relative to the housing during operation of the clutch; and

wherein the contact surface of the second hub is on a second hub spacer that 1s connected
to the hub so as to rotate in combination therewith, and wherein the second spring 1s mounted on
an opposite side of the second Iriction plate from the second contact surface and compressed
between the second hub and the second friction plate, and wherein engagement of the second
friction plate and the second roll cage is provided by the second spring biasing the second friction
plate into frictional engagement with a portion of the second roll cage, the frictional engagement

causing indexing of the second roll cage relative to the housing during operation of the clutch.

10. The overrunning clutch of claim 9, wherein the coupler includes a coupler hub with radially
extending coupler teeth, each coupler tooth having a length and width designed to position the
coupler tooth in a corresponding slot in both cages, the width of the coupler tooth being less than

the width of the associated slots so as to define a gap that permits one roll cage to index with

respect to the other roll cage and the coupler tooth.

11. The overrunning clutch of claim 10, wherein the gap 1s sized so that one roll cage can index so

as to position its rollers to engage with one of either a forward or reverse cam surtace, while the

TOR_LAW\ 8782015\3
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coupler teeth prevent the other roll cage from indexing in an opposite direction thereby preventing

its rollers from engaging with the other of either the forward and reverse cam surtaces.
12. The overrunning clutch of claim 9, wherein the first and second springs are wave springs.

13. The overrunning cutch of claim 9, wherein the first and second friction plates each include one

or more radially extending teeth engaged with the first and second roll cages, respectively.

14. The overrunning clutch of claim 9, further comprising first and second bearing surfaces on the

first and second end caps, respectively, the first and second springs each having an end that bears

against the corresponding bearing surfaces.

15. In a bi-directional overrunning clutch including a housing adapted to be engaged with and

rotated by a drive mechanism, the housing having an inner cam surface;

a first hub and a second hub substantially coaxially aligned with each other within the

housing;

first and second roll cages each having a set of slots positioning a plurality of rollers 1n an
annular space between the first and second hubs, respectively, and the inner cam surface of the
housing, the rollers being spaced about an associated hub to wedgingly engage between the hub
and the inner cam surface when one of the hub and the housing is rotated with respect to the other

of the hub and the housing; and

first and second end caps attached to the housing adjacent to the first and second hubs,
respectively, an indexing assembly comprising: first and second friction disk mechanisms for
indexing the first roll cage relative to the first hub and the second roll cage relative to the second
hub, respectively, each friction disk mechanism comprising: a friction plate engaged with or
formed on the roll cage so as to rotate in combination with the roll cage and positioned to contact

a bearing surface of the hub during operation; and

a spring compressed between the end cap or the hub and the roll cage for biasing the friction

plate into frictional contact with a contact surface of the hub; and

TOR_LAW\ 8782015\3
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a roll cage intermittent coupler located between each roll cage, the coupler configured to
engage the roll cages so as to permit indexing of one roll cage relative to the other while enabling

each roll cage to move axially with respect to its associated hub; and

wherein the contact surface of each hub 1s on a hub spacer that is connected to the hub so
as to rotate in combination therewith, and wherein the spring is mounted on an opposite side of the
friction plate from the contact surface and compressed between the hub and the friction plate, and
wherein engagement of the friction plate and the roll cage is provided by the spring biasing the
friction plate into frictional engagement with a portion of the roll cage, the frictional engagement

causing indexing of the roll cage relative to the housing during operation of the clutch.

16. The overrunning clutch of claim 15, wherein the coupler includes a coupler hub with radially
extending coupler teeth, each coupler tooth having a length and width designed to position the
coupler tooth in a corresponding slot in both cages, the width of the coupler tooth being less than
the width of the associated slots so as to define a gap that permits one roll cage to index with

respect to the other roll cage and the coupler tooth.

17. The overrunning clutch of claim 16, wherein the gap is sized so that one roll cage can index so
as to posttion its rollers to engage with one of either a forward or reverse cam surface, while the
coupler teeth prevent the other roll cage from indexing in an opposite direction thereby preventing

its rollers trom engaging with the other of either the forward and reverse cam surfaces.

18. The overrunning clutch of claim 16, wherein cach of the friction plates includes one or more

radially extending teeth engaged with the corresponding roll cage.

19. The overrunning clutch of claim 16, the friction disk mechanism each further comprising a
bearing surface on the corresponding end cap, each spring having an end that bears against the

corresponding bearing surface.
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