WO 2010/ 129539PCT/ US2010/ 033534 - 1 - BREAK AWAY SPLI NE M SALI GNVENT
COUPLI NG BACKGROUND OF THE | NVENTI ON It is conmmon for a torsion
drive to we empi2eised bet ween an engi ne and a drive accegswrs201boB3s8xanpl e,
in autonobiles, a belt drive is often used to transfer power fromthe
engi ne to various accessories, such as a conpressor, alternator, generator
and nunerous punps. Should any ofthese accessories experience a
catastrophic failure, such as a seized bearing, the accessory will cease
functioning and the belt drive will continue to function properly. Al though
the belt will slip past the non-functioning accessory, possibly causing
damage to the belt itself, it is extrenely unlikely that 10damage to ot her
accessories or the engine will occur as_a_result of the failure of the
accessory. In small aircraft, however, a belt drive is not used to
power accessories froman engine. Rather, accessories are driven directly
fromgears disposed in an accessory case typically located at the rear of
the engine. In this design, should a catastrophic failure 15occur in an
accessory, such as a seized bearing as descri bed above or a broken rotor
shaft, excessive torques may be experienced throughout the system,

i ncl udi ng other accessories or even the engine itself. Because al
conponents, including tHiEA0aWeY SROINE BISKICESMMENEEOUPLENGI nked
mechanically via the system of gears and shafts,. a failure of any one
accessory that causes its rotating conponents to stop, may cause the entire
20syst em of t HAGRGRAYNENGF THE INYERTEONi es to seize up. Such extrene
torques al so can cause dan%ge to those conponents as well .as the gears used
to drive them For lexeampnes ot higrsianidsive bp Rerempina et BRosesnEn engiReand didexs | y

linked to anoteksed). Sr Bt isaitdnitdlicsOh Bar drie IRE Dicdlt® raiite? Bovdr MYy cause
teeth to break off gears. hus, al t hough nechani cal drives are Iesg likely

to fail be(?ausfé’“b‘f'“é"&)\ﬁ*r‘ﬂ VHUB accpgiages) %‘&’R“stan‘é’“w&lsﬂ lggator, generator an
W02010/ 129539 RGHekIOR Pl sO 3B&Bdany. of tHehadcc @l rtes e fpe0uricd @ chusupplay eiltieng danmage

to corrponent S slxa'a RQQU@A’&QENIK% thd a@&g.s%%t\['iggbzis@ ﬁfn@{iicll § gemgﬁhca)cﬁgmnﬁlnt of the

system continue to function properly. Although the belt will slip past the non-functioning

accessory, possibly causing damage to the belt itself] it is extremely unlikely that
10 damage to other accessories or the engine will occur as a result of the failure of the
accessory.

In small aircraft, however, a belt drive is not used to power accessorics from an
enginc. Rather, accessories are driven directly from gears disposed in an accessory case
typically located at the rear of the engine. In this design, should a catastrophic failure

I5  occur in an accessory, such as a seized bearing as described above or a broken rotor
shaft, excessive torques may be experienced throughout the system, including other
accessories or even the engine itself. Because all components, including the engine and
‘its accessories, are linked mechanically via the system of gears and shafts, a failure of
any one accessory that causes its rotating components to stop, may cause the entire

20 system of the engine and its accessories to seize up. Such extreme torques also can
cause damage to those components as well as the gears used to drive them. For
cxahple, the seizing of one component mechanically linked to another also may cause
that other component to seize or may cause teeth to break off gears. Thus, although

mechanical drives are less likely to fail because of a worn belt, they lack the failsafes



SUMMVARY COF THE | NVENTI ON A torque-limting coupling nmay provide a torsion
drive between an engine and a 5driven accessory. If the accessory should
experi encwoomakesbr ophi ¢ failure, such as a | ocked bearcmgsesiobsszien rot or
shaft, a torsion-limted spline breaks away fromthe coupling. This
guarantees that the internal engine gearing used to drive the accessory is
nei t her conprom sed nor interferes with other essential noving parts inside
the engine. Further, m salignment conpensation provided by a | obe end
limts the side |oad and 10wear that occurs when coupling two precision
shafts with little clearance on the bearidngs. Wth a mnisalignnent coupling,
t he respective shafts can be nount ed slightly out of paraIIeI with no

negative effec articul ar oupler
conpri ses a f|$ Pdgﬁﬂ“g%dPPG ?Eﬂééﬁnﬁﬁﬁéawyomﬂﬁ'nl e?%%@?%eﬁﬁgogklally
| ocated in a ffhifst ofcawppoemt oftbndykigrir ed to rotate, and a 15second end
configured to mate to a second receiver coaxially located in a second

conponent CO”E&HM@%%N‘@Fﬁ?ﬁﬁkﬁ%mAWSQCk regi on between the first and second
ends is configured to experience higher shear stresses than the first and

second ends when t QQHﬁué-ﬁmﬁpl@lcbﬁﬁmg HAS pRRRK a i @LbP RIRMIER 8n ehakHe @R ¥
predlctable clean break wt farlure or 20 stripping of drive

conponent s.3 A 43¢ 3C6¢FSYY- Wi’lf %é‘i’f‘f\o’}’ é’b‘i‘@ﬁx?ﬁ?"%a‘vcé‘a&f@ﬁﬁl fpiye, syhL8 2sect i onal

area than eithgked BQrihé 6r8rol@Adoter shhfl& l%ﬁ%ﬂlnl@@ﬁ’plmTB@al&Wal« &om the
cross-secti onal area may be nanufactured for exanp 5ﬁ@‘%& creatin a bore
t

through the née€k? ling oiThin Suaransses thabithe ingnal RRinFAcaTngd s € fe aE45EsORe

regi on. The finesiter EproRYKed A6 inteieSeaviddthdd 8ssbitlal mB@ng PhHsGhRsidERye @@mtaor mto
t he 25AND2000Q. npunt i n

convention, Furt second e cl ude at
| east one camUBE: %PM%QWF@ﬁﬁQPPV@VVP”PWEE8ﬁﬁégﬁ &fﬁ H%meﬁgﬁgpé materia
having a Smfteweadmamalrem&ﬁm;;Mgewrmhemoakhacﬁts witheitketandcedsthe such as a

;lﬁlgper _ ri ng ( %L?fln“% {Nlt? agn %z?hg,nrrn?'r}{ coup urlg(;), ne reSpe(.tlve ssa:[fts%arpl%rr;[néugpcd%rlghtpe second

out of parallel with no negative effects.
More particularly, a torque-limiting coupler comprises a {irst end configured to
mate to a first receiver coaxially located in a first component configured to rotate, and a
15 second end configured to mate to a second receiver coaxially located in a second
component configured to rotate. A qeck region between the first and second ends is
configured to experience higher shear stresses than the first and second ends when
toque is applied.
The neck region provides a highly predictable clean break with no failure or
20  stripping of drive components. A portion of the neck region may have a smaller cross-
sectional area than either the first end or the second end. The smaller cross-sectional
area may be manufactured, for example, by creating a bore through the neck region or
by reducing the outer diameter of the neck region.
The first end may includes a spline fitting, which may conform to the

AND?20000 mounting convention. Further, the second end may include at least one
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cam lobe or, alternatively, two opposing cams. A band of material having a softer
durometer than the material of the second end. such as a rubber ring (e.g., Viton®), may

surround at least a portion of the second end.



BRI EF DESCRI PTI ON OF THE DRAW NGS The foregoing will be apparent
fromthe follow ng nore particul ar description of exanple enbodi nents of

t he i nvenwoanio/@sssvl | ustrated in the acconpanyi ng draw pgs/usporohssshs | i ke
reference characters refer to the sane parts throughout the different
views. 5The drawi ngs are not necessarily to scal e, enphasis instead being
pl aced upon il lustrating enbodi nents of the present invention. FI G
1 is a perspective diagramof a torque-limting coupling in a disassenbl ed
state according to an exanpl e enbodi nent of the present invention.

FIG 2A is a perspective diagramof the- éxarrpl e enbodi nent break away
spline 10coupler of FIG 1. FIG 2B is a lateral diagramof the

an i a1 a agEiE PEef R RO S Pk B RERE b ca ey bl i ne coupl ot of
FIG 2A froma | Ob?h ngrt}lgwllﬁ)e% rjeét gfbﬂgﬁé‘foﬁgxq}#%r@glrﬁc l}r%@scﬁéﬁ%fe

enbodi nent break away s e cou rom i ne end
FIG 2E is a crasde gexdirgmd ofdreag\reamrofas tﬂlh%ra@ﬂarntbbeccembmﬂmmmbgseak away

spline coupl er h(i)cfh IFL. %fcr@&e%ﬁz}?ﬁ&ern{)?@% Jhk% arlithrowé,houl tf‘eldlffézéng‘vleag is a

| ateral di agram of embodi ment brea ne 20coupl er of
FIG 2A in5bl érhkdlfamrrgs prrcmrn%cﬁszyhnamsnge simphises lsqmaﬁhedsg placed uponF| G 3Ais a

perspectl ve d':lﬁg{rﬁmégé&@ﬁet%@fm% 'e%p‘?d“ld‘%m break away spline receiver

of' FIG 1. Bis alatera i'agram of the exanpl e enbodi nent
break away spline Fiégéiisaperspkctivediag@m of 2360 G-1igigng souplinginey digassgmblgd am of

the exanple e@&@%&@dﬂhg l%f a‘?\Q:KarﬁM@Ym&mu’naﬁ of the present invention.
FIG. 2A is a perspective diagram of the example embodiment break away spline

10 coupler of FIG. 1.

FIG. 2B is a lateral diagram of the example embodiment break away spline
coupler of FIG. 2A.

FIG. 2C is an axial diagram of the example embodiment break away spline
coupler of FIG. 2A from a lobe end.

15 ' FIG. 2D is an axial diagram of the example embodiment break away spline
coupler of FIG. 2A from a spline end.

FIG. 2E is a cross-sectional diagram of the example embodiment break away
spline coupler of FIG. 2D taken along line A.
FIG. 2F is a lateral diagram of the example embodiment break away spline

20  coupler of FIG. 2A in blank form prior to shaping of the splines.

FIG. 3A is a perspective diagram of the example embodiment break away spline
receiver of FIG. 1. '
" FIG. 3B is a lateral diagram of the example embodiment break away spline
receiver of FIG. 3A.

25 FI1G. 3C is a lateral diagram of the example embodiment break away spline
receiver of FIG. 3A rotated ninety degrees axially from its orientation as shown in F1G.
3B.

FIG. 3D is an axial diagram of the example embodiment break away spline

coupler of FIG. 3A from a receiver bore end.



receiver of FIG 3A rotated ninety degrees axially fromits orientation as

showmn in FIG 3B. FIG 3D is an axial diagramof the exanple
enbodi mrenvoknmakomway spline coupler of FIG 3A from a retaisy@n/okszse end.
-4 - FIG 3Eis a cross-sectional diagramof the exanple enbodi nent break

away spline coupler of FIG 3D taken along line A FIG 4Ais a
perspective di agram of the exanple enbodi nent torque-limting coupling of
FIG 1 in an assenbled state. 5FIG 4B is a | ateral diagramof the

assenbl ed exanpl e enbodi nent-torque- limting coupling of FIG 4A. FIG 4C
is an axial diagram of the assenbl ed exaflpl e enbodi nent torque- liniting
coupling of FIG 4A fromthe break away spline coupler 105 end. FIG 4D is

a cross sectional dj am of the assenbl ed., e enbodi ment
10t or que-1imiting g“éﬁ% iy o %'&153@5351(%6}?%‘%%5“ Iefnﬁge)é)'ﬂ?ﬂ%ﬁﬁf@b
: DESCRI PTI ON GPiinEldeudlENT. OGN té&kedebog lipt Aon of exanpl e enbodi nents of the

i nvention follows. . 1s a perspectiNe diagr . t Je-lipiting
coupling 100 in a 'Fdﬂlas'g)é“s'%ﬁ%ﬁr%’ﬁmgvtegfagfamc%ﬁere%gr?f lﬁgﬁkg‘;r"é‘gw tgl{(/‘/ge;ﬁg%?\g]ne
coupl er 105 anoupinppfiEK. dvwean askmbiyglsiare recei ver 150. The break away spline

coupl er 10?. conpr ggﬁigrgrri)éfz?%%ga?dﬁorgm]&%e%qu Ie%ﬂg%%\éﬁggngo%&gefnn&? u reak away

spline recéiver 1 a recelver e nd a s t e 175. In
its assenbl ed ligttiigeouplingofiEKedAbel ow with reference to FIGS. 4A-4D, the

asserbl ed coupl er 400 4£4Y f1Sfa biaFhMAPEAReAbIch DB Mirfenl BEGENT NG 11 NG

limiting coupling of FIG. 4A from the break away spline coupler 105 end.
FIG. 4D is a cross sectional diagram of the assembled example embodiment

10 torque-limiting coupling of FIG. 4C taken along line A.

DETAILED DESCRIPTION OF THE INVENTION

A description of example embodiments of the invention follows.
FIG. 1 is a perspective diagram of a torque-limiting coupling 100 in-a
disassembled state, comprising a break away spline coupler 105 and a break away
15 spline receiver 150. The break away spline coupler 105 comprises a spline end 110 and
a lobe end 130. The break away spline receiver 150 comprises a receiver end 152 and a
shaft end 175. In its assembled state, discussed below with reference to FIGS. 4A-4D,
the assembled coupler 100 further includes an o-ring 180 and a retaining ring 190.
FIGS. 2A-2F illustrate several views of the break away spline coupler 105 of
20 FIG. 1.
FIG. 2A is a perspective diagram of the break away spline coupler 105 of FIG.
1. The break away spline coupler 105 comprises a spline end 110 and a lobe end 130.
The spline end 110 includes a plurality of longitudinally extending circumferentially
Spaced splines 115 and is configured to be mated coaxially to a transmission output of a

torque generating device, such as an engine (not shown). The spline end 110 further
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includes a bore 120 for tuning the break away spline coupler 105 to break ata
predefined torque, also discussed below with reference to FIGS. 4A-4D. The lobe end
130 of the break away spline coupler 105 includes a lobe 135, with an o-ring slot 140

included thereon, and is configured to couple the break away spline coupler 105



FIGS. 2A-2F illustrate several views of the break away spline coupler 105
of 20FI G 1. FIG 2A is a perspective diagramof the break away
spl i ne cowpl2ero/k@B9of FIG |. The break away spline couplcensi@b/osssapri ses a
spline end 110 and a | obe end 130. The spline end 110 includes a plurality
of longitudinally extending circunferentially spaced splines 115 and is
configured to be mated coaxially to a transm ssion output of a 25torque
generating device, such as an engine (not shown). The spline end 110
further includes a bore 120 for tuning the break away spline coupler 105 to
break at a predefined torque, also di scussed below with reference to FIGS.
4A-4D. The | obe end 130 of the break away spline coupler 105 includes a

| obe 135, with an o-rin . ncl uded t bg ed to
coupl e the br éa%'aela]”yhgg |n3”41:,y]§ ple rccei‘%g&g %&&%coaﬁﬂmgféfat‘}%q? reak away
spline receive). (e.g., break away spline receiver 150 of FIG FIG 2B
is alateral (or s I r A (ﬁ h¢y 105 of
FIG 2A. The bore ﬁ@gzﬁ‘”y%“ghﬁgfﬁgggu hﬂggﬁfﬁﬂgg?%%¥3?$ﬁh§g%e@ region 125
of 5the break ofifiay 28p(Thabore d2hiney be Gfploed én ehinpmmetiomrwithfa ek celgioallddohray be
tuned to set edh QUPLEMLnLOR ﬁu{ther

t he o- r|nggslJ%ﬁﬁgé%qﬁ%%gﬁg8&kﬁ$§ggﬁui %ﬂ%§ﬁ1 %E?gg g? ngn acégp

0-ring (e.g., pdefined be@ingfor@le@f thk)coehlerilAg ’é&s*é*enﬂiew-fmg Sﬂ‘hé“Q dreqiged- | | m ting
coupl er 100. & Jsaha kR 3, Ohe (18, RFiRAKs(PMRYG SIp bt coup! er
e o Fia Rt b i MR OIdstaCh G AT Ohng 6, 2 ) S 22 1 s
defined, in pa&ﬁmbbwfﬁwﬁmp@%hmmméC@H&wﬂ@%r 137 and a ninor |obe dianeter
138. FIG 2D is anpgxh '.smé&nga}é&kth%bee&am}esp%nbempwmmrfe@kwmy

spline coupl er 105 spl1 ne 'end As illustrated, the
spline endOII@DUﬂhthbcbﬁbh@ émdvmgﬁﬁiﬁﬁlﬁﬁdéﬁéﬂkiw%iFH@“UH@thHEOHfuraIity

of splines 11%1&%@rt1?ﬁar@)grﬁlhoxhgﬁcedIMerf@g waﬂgs zxrn&xabﬂﬁéfléma%% spline
15coupl er 105 to break at a predefined t FI G is a

cross- sect i ongkaeRlagPeatinpnt pirak bwaﬁkhwp'%r ‘|0? REF AP feym ‘i‘esp'a‘r el G 2D
taken along 1ijng Asiifisir6@NHB8pIHReAd | LT 1RV &K 1Ry §Pie cdiPler BXDRPLEs be

drilled fromthe spline end 110 to a particul ar depth toward, {nto or even
across t he nedhe prllgglptéﬁf splines 115 and the axial bore 120 for tuming the break away spline
15 coupler 105 10 break at a predefined torque.
FI1G. 2E is a cross-sectional diagram of the break a\#ay spliné coupler 105 of
F1G. 2D taken along linc A. As can be seen, the bore 120 may, for examplcl, be drilled
from the spline end 110 to a particular depth toward, into or even across the neck region
125 of the break away spline coupler 105. Further, the outer diameter of the neck
20 region 125 may be adjusted. The depth of the bore 120 in combination with the outer
diameter of the neck region may be used to change the cross-sectional area of the neck
region 125, thereby allowing the breaking torque of the break away spline coupler 105
to be adjusted.
FIG. 2F is a lateral diagram of the break away spline coupler 105 of FIG. 2B in
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blank form prior to shaping of the splines 115 (not shown). The splines may be shaped
on the spline end 130 of the break away spline coupler 105, for example, by a
machining process. Further, the depth of the bore 120 and the outer diameter of the

" neck region 125 may adjusted as well.



125 of the break away spline coupler 105. Further, the outer dianeter of
the neck 90 region 125 nay be adjusted. The depth of the bore 120 in

conbi nat iwo 2ed0h9i3he outer dianeter of the neck regi on way/useowssF34 o
change the cross-sectional area of the neck region 125, thereby allow ng

t he breaking torque of the break away spline coupler 105 to be adjusted.
FIG 2F is a lateral diagramof the break away spline coupler 105 of FIG
2B in 95blank formprior to shaping of the splines 115 (not shown). The
splines may be shaped on the spline end 130 of the break away spline
coupler 105, for exanple, by a nachlnanGprocess Further, the depth of the
bore 120 and the outer dianeter of the neck region 125 may adjusted as

well. - 6 - FIGS. E|I ustrate severa of the bre y spline
recei ver 150 of FI E‘l(élg)’\ 3l uSUie Geverph Views 8}‘B%¢’r§ ‘b‘faP’@%""&lr‘éf@‘rvﬁrn{ gw?t he break
away spline reaggiver 150 of FIG [|. The break avvay spline receiver 150

conprises a receiv nd 152 and shaf t d 517 he recei 152

i ncl udes a recei vef{cbgf‘és ‘l?a‘gsﬁef)tt‘v‘?]@ééﬁ"wfﬁ'bﬁq’éeqi SH& SE° B el‘e'éerﬁgggwe@\‘jva

SP| IFIngS cogzl glrzl (1®e Break a\b@ sbm’aeac@ndr momgruieberelae.ealenawafﬁplshxfeexﬂoupl er 105
o - or ,accommoda 0 ter of a

| obe end of a %?aﬁ%g r§'51I né"‘%@ﬁsp‘l B ‘deqsfﬁ’ércjﬁ%w&’ POS’BS" P'dheter 137
of the | obe erbelea&?.&a)oiphhha)ubnealg amybe&:mﬂllBieofGMIl]ﬁLMa“&@Splmk cb‘up@r 12) . The
Cranst or power™ [ GRS BELEP ol C38 ot ERRbY Tor5Rng e ST S B o
| ateral di agr afbfeak kwayb;pa:akcoawm(z apthemm;mammdwmmcwm rnffthd:lb@_ eng8A35 i
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slot 165 and d rataini rmn n conbl nati on,
secure a ridt aispiimgedeivag! Y0gs gznﬁuaraﬂ tmerandtralomem orhengbaml)wofmﬂﬂ&(nm) for
assenbllngthqlg;o#)que limting coupling of FIG 1. FIG 3Cis a

| at eral diagram ot the break away spline receiver 150 of FIG 3A rotated
ninety degrees axi BlG.pBfis ohicral diagramenitisttresh away sphivewsceiver P @f F3€33A-As can be

seen, As illustrated, the receiver end 152 includes a retaining ring installation slot 165 and a
retaining ring installation lip 1 70 which, in combination, secure a retaining ring (e.g..

15  the retaining ring 190 of F1G. 1) for assembling the torque-limiting coupling of FIG. 1.

FIG. 3C is a lateral diagram of the break away spline receiver 130 of FIG. 3A

rotated ninety degrees axially from its orientation as shown in FIG. 3B. As can be seen,
the retaining ring installation slot 165 and the retaining ring installation lip 170 are
interrupted circumferentially by the gaps 160 for accommodating the major lobe

20  diameter 137 of the lobe end 135 of the break away spline coupler 105 of FIG. 2C.
These features can also be seen in FIG. 3D, which is an axial diagram of the example
embodiment break away spline coupler 150 of FIG. 3A from a receiver bore end 152,
and F1G. 3E, which is a cross-sectional diagram of the example embodiment break
away spline coupler 150 of F1G. 3D taken along line A. Note that the axial orientation

of the break away spline receiver 150 in the cross sectional diagram of FIG. 3E
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corresponds to that of the break away spline recciver 150 as illustrated in F1G. 3C.
FIGS. 4A-4D illustrate several views of the assembled torque-limiting coupling
100 of FIG. 1.
F1GS. 4A-4B are perspective and lateral (or side view) diagljams, respectively,

30  ofthe assembled torque-limiting coupling 100 of F1G. 1. Referring to both FIGS. 1 and



the retaining ring installation slot 165 and the retaining ring
installation lip 170 are interrupted circunferentially by the gaps 160 for
acconmodavongioiesspaj or | obe 20di aneter 137 of the | obepremasi®b/osds3s he
break away spline coupler 105 of FIG 2C. These features can al so be seen
in FIG 3D, which is an axial diagram of the exanple enbodi nent break away
spline coupler 150 of FIG 3A froma receiver bore end 152, and FIG 3E,
which is a cross-sectional diagram of the exanpl e enbodi ment break away
spline coupler 150 of FIG 3D taken along line A Note that the axial
orientation 250f the break away spline réceiver 150 in the cross sectional
di agram of FIG 3E corresponds to that of the break away spline receiver
150 as illustrat e[\d in FI,& 3?._ . FI G5, 4(0\-4 illustrla,lte.ls,elvgral Vi ews
of the assenbl*8dteSrigd 3P May of NEEdipe R gngs b A UHrigr toynserting thelobe ) g
4A- 4B ar e per $R€C30 ofeheainéhk ladth@pdine Cciples i @hcintol tbavecdivengoranss offtesiread | vel y,

300f the assenbled torque-limiing couplin 00 pf.Fl.G 1. Referring to
both FIGS. 1 dH8 SP-"“%re-ge'YfA,lD{SDhéh?ﬂ'?sie'f‘iﬁﬁ fg'@gf‘féfle'f)dgi’lonogﬁetbéﬁkia‘r’lvf'bowth]ee o-ring
sl ot 140 pri Orkodiplerii0s ikd thagectihg bbabas endle bRk akaytshindreedler &¥0athespl i ne
coupler 105 into the regeiver .bore 155 of the break away.spline receiver
150. After %i nég?'{"i"bﬁmbﬁ&{'ﬂ@%‘dﬂ%@ﬁ’d\ 5 BPPGT e I’fse){'ﬁg)é}é ')é%\}//r\}én 'S i ne coupl er
105 into the riscdihwersidoé®oftbbbredk dwag siine adcciawal\s0spéretnescewmeithedreak50, t he

Sretaining ring 190 may be installed, via its openi.ng 195 in

retaining ri nj‘a’f‘h?‘?'ﬁf F%/. Rér"nb%f’ﬁi‘fe bﬁ?g AL E?Ig%g r églg)y&%r%meﬁgesg?‘éggi ver 150,
t her eby secur itsrgud-freitibg ealplisgvdf. saishoven io Tl 48, tik@perting t33an beactkinmgay spl i ne
receiver 150 to f]g) mtnﬁ: assenbl ed torque-limting coupling 100. As shown
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in FIG 4B, tﬁ'e"gopenl ng 995 in the retaini ng ring 190 is visible. 10FIG 4C
is an axi alo di agr aRiGofCtihie axad diagrainiofiiteitorguecioaipihg pappli@! @fol EJ G 44000 r om t he

preak away. SPldige kAR Sliipt 0ol fs Al W55 SA%0LA Akl GUABRL L he
torque-limti ﬁgc c%aupl [ §JT 5’% ? '46 teﬁién "a{.'onghﬁ_ ne Al 5 provided in
FIG 4D. As camilve weimg 100ef Fiét 4¢ takergalengiine Y06 pewidgd sFliGhéDbAs s beway
spline coupl er, 10q.tQ.:4R E B PRSP ) SARE Y&Ip1eh 305 R¥nd BHRIKBIL NT
| at eral m)vemﬁf?]t_ “of Lt‘i"ueI ?8 ée engl Y%o g‘? the brg{gak 15 away spline C('%upl er
105 from the melewirsesivebiVdy imabivte kel perakenaolle lopt inde 3P etiér biepk 150 by
contacting, SbOtabv'a%g]ﬁn  Edipkf QoPhorh 1R rRERBKHRIP oF lcibRGK hREELNRE redalerand a
surface 132 of the |obe 135. Further, the o-ring 180 is installed in the
o-ring slot 1460 byeratasting bigh hebp IViheldbe brask My epline ressiverchS0gud HFHEREF t han
the material thagrhdRbe §3PMURCHe bhRg DEEBKnsANBY iSR! d-NRg QOURDEThIAS i's
manuf actured, may elimnate rattl e produced bg/ t he ) )

ring 180, which may have a softer durometer than the material than that from which the

break away spline coupler 105 is manufactured, may eliminate rattle produced by the

20  break away spline coupler 105 as installed with the break away spline receiver 150,
thereby reducing vibration and wear in the coupling 100. Such an o-ring 180 may be a
high temperature o-ring and may be made of Viton®.
The break away spline coupler 105 may be configured during manufacture to
break at the neck region 125 at a particular torque limit. The géometry of the neck
25 region 125 (i.e., fracture zone) may be designed for adjusting the torque limit to exact

requirements by reducing the cross-sectional area of the neck region 123, thus causing

higher shear stresses to be experienced. The cross sectional area of the neck 125 may

be reduced, at least, by: (1) adjusting the depth of the bore 120 (e.g., shallower or

deeper into the break away spline coupler 105); (2) changing the outer diameter of the

30  neck region 125; and (3) a combination of both. The break at the neck region 125 is



20break away spline coupler 105 as installed with the break away spline
recei ver 150, thereby reducing vibration and wear in the coupling 100. Such
an O-ringvd@010mayssbe a high tenperature O-ring and nmay lpeTosd@ooB3ssdton(r).
The break away spline coupler 105 nay be configured during manufacture to
break at the neck region 125 at a particular torque limt. The geonetry of
the neck 25region 125 (i.e., fracture zone) nay be designed for adjusting
the torque limt to exact requirements by reducing the cross-sectional area
of the neck region 125, thus causing hlgher shear stresses to be

experi enced. The cross sectional area of8the neck 125 may be reduced, at

| east, by: (I) adjusting the depth of the bore 120 (e.g., shallower or

d into t | t
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el i m nat es, eas uces, p055| Iure 0
accessory cangamuse the failure of engi ne conponents by |ntrodUC|ng

fragments gnto thengeap, %@%&kosxlgﬁi?-nmhn& é‘épﬁﬁg%(?rq }&rogi‘d?a lo'rs%ntd e coupl i ng

100 may provide a torS|o rcraft
engi ne) and abdeWGMLawoe@SQnyd@eﬂ@emym&g%he&a@Oﬁ%&M$bW?heaaﬁmeﬁybrw shoul d

experience a ﬁa%ta@&ts{o%pﬂbﬁld e%e‘n%c@ 2 cﬁtgﬁﬁyg agluleo%ﬁ% PRAKIar g{ broken

rotor shaft, atorsion [imt IS excee he spline 105 breaks away
fromthe coupbnmgwm@msmWMasn@mdﬂanw@@@e¢ﬁamdﬂheanﬂ@ﬁhahkewgvﬁ@mgbar|ng

used to drivecd ﬂng;%‘)ccr%%%%l{mk mtheqmmsl%m@geaﬁng %Hrtc?&r\ﬁcrtﬁeng with

essential novin rts insi e engi ne m sal i gnment
conpensat ilBn mvpﬂeﬁnqsyomwemrse%enden@rfqm wnlmﬁeum'rwgwmg@a@ammmbe 135, the
o-ring 180, apg;fhe receiver bore 155, limts the side l'oad and wear that
occurs when coupllng two precision shafts with little clearance on the

bearings. 15Wth & urihgramisghgnaient compsnsatigp progdeditiydhedobnendddp, induding §mt |y out
of parallel WeihioBO135, the o- ring 180, and the receiver bore 155, limits the side load and wear

that occurs when coupling two precision shafts with little clearance on the bearings.
15 With a misalignment coupling 100, the mount can be slightly out of parallel with no
negative effects
The torque-limiting coupling 100 may conform to the AND20000 convention
for providing a drive and mounting configuration of the engine and its accessories. As
understood by one of ordinary skill in the art, the male spline 115 on the coupling 100 is
20  installed in the AND20000 female spline (not shown). It is common that extra
clearance is provided such that the male spline 115 fits loosely, thereby accommodating
easy installation and allowing for thermal expansion.
The components of the torque-limiting coupling 100, including the break away
split coupler 105 and the break away spline receiver 150, may be highly
25  manufacturable, and may be manufactured using a computer numerical control (CNC)
lathe or screw machine. Such manufacturing processes allow for the manufacture of
double cam lobe 135 shape of the drive feature. Further, during manufacture, the
breaking torque of the break away splinc coupler 105 may be calibrated within one foot-

pound of a desired torque.



negative effects The torque-limting coupling 100 may conformto the
AND20000 convention for providing a drive and nounting configuration of the
engi ne angloizbmy/reszessori es. As understood by one of ordipgargs2@kiobissa n t he
art, the male spline 115 on the coupling 100 is 20installed in the AND20000
femal e spline (not shown). It is common that extra clearance is provided
such that the male spline 115 fits | oosely, thereby acconmodati ng easy
installation and allowi ng for thermal expansion. The conponents of
the torque-limting coupling 100, including the break away split coupler
105 and the break away spline receiver T30, may be hi ghly 25manuf acturabl e,
and may be nmanufactured usi ng a conputer nurreri cal control (CNC) |lathe or
screw nmachi ne. Suc?h : ur i n&a?r ocess na £ R’trbhe manuf cture of
doubl e cam | obe 13 ‘srﬁgbe (‘thorf"l’]c' s '1p ur e‘ Eﬂr% & reaﬁﬁ‘?’?‘“@

manuf act ure, tdoeplkrrleaknmugebaalqueayabhﬁeheceb,rcemo myarsxpéxpax&nceomnhaeﬁcaILOS may
be cali brated vmt
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applicati oﬁss A nuII rqo‘f"amﬁ °m ch‘mm 'O a'on “diPsel s"s"é‘%:? antgfq(‘)‘egm "% a first

exanpl e enmbodicoeriing la(chmrdlrgao trmmrqsummvenph@yd mgluaestaorespms:w mpellerg coupl i ng
100 accordi ng [S (?m%?%rﬁtéo%gﬁme ;Jur%?e%tdggmaarlgone r\%l yn(iieersﬁa% gﬂgeho%lslﬁﬁe Eﬂ%e' Ler.

During operation 'd I ipel | er
housi ng, or thaakerhemstymm ambvbgrge@nbyﬂampdmewc ezt is, The, expensi ve

el Ler 1o e UAARIS oh 8 SAMADLIE ORBLALINIG, T SXRELLENGRS oL, nor cased

torque. The br oupler aks 1n eous
t her ef or e decdfip hgdla» ts%ﬂqwowvathweim«b@mmmpraemwﬁrmah@l@ad mumdamgles to the

expensi ve | Ml hele i, HAUhhbo0M oISy TERRionSHERASn o8] Ly hitheh, * hovever,

woul d over heat cause’ stral riving notor ngi ne nai ntai ni ng
torque on the hpumf-'! wayldovsdeaidd esuangtai te theoldiving motorar tagine magntawieli ne, such
as a tractor whh & dop@h@ry cultivator, for exanple, strikes a stunp or a

| arge stone while being used in the
Ina second example embodiment, a farming machine, such as a tractor with a

15 rotary cultivator, for example, strikes a stump or a large stone while being used in the
field. Typically, it is the weakest link in a drive system that fails. If this weakest link is
in the transmission, expensive damage is likely to occur. Further, if this weakest link is
in an exposed universal joint on a spinning drive shaft, replacement of damaged parts
can be expensive, and bystanders are put at risk of béing struck by fragments from the

20 broken component. Moreover, if the weakest link is a tine on the cultivator, the tine
may be broken or bent. However, a torque-limiting coupling 100 according to the
present invention, including the break away spline coupler 105 and break away spline
receiver 150, mounted at the output of the transmission or, alternatively, at the input of
the implement, becomes a mechanical fuse that breaks instantaneously preventing

25  damage to the rest of the machine and can be replaced quickly.

Further, consider a situation in which a power boat or fishing vessel veers off
course and strikes a reef. [tis well-known that the propeller of a large boat can be an
extremely expensive part, and that repair can be costly, both as a direct result of parts
and labor for the repair and opportunity cost caused by the boat being unavailable for

30  use. Further, being stranded at sea has its obvious disadvantages and perils. However,



field. Typically, it is the weakest link in a drive systemthat fails. If
this weakest link is in the transm ssion, expensive damage is likely to
occur. Fuwbhero/120839t his weakest link is in an exposed umrcrass@b/opssnt on a
spi nning drive shaft, replacenent of damaged parts can be expensive, and
bystanders are put at risk of being struck by fragments fromthe 20broken
conponent. Moreover, if the weakest link is a tine on the cultivator, the
tine may be broken or bent. However, a torque-limting coupling 100
according to the present invention, including.the break away spline coupler
105 and break away spline receiver 150,- Hbunted at the output of the
transm ssion or, alternatively, at the input- of the inplenent, becones a
mechani cal fuse.thaf breaks .instantaneous reventi.ng.25da to the rest
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-1l - CLAIMS What is claimed is: 1. Atorque-limting coupler conprising:
a first end configured to mate to a first receiver coaxially located in a

5first compaomntozonfi gured to rotate; a second erdTaseiéiogsssed to
mate to a second receiver coaxially located in a second conponent
configured to rotate; and a neck region between the first and
second ends, configured to experience higher shear stresses than the first
and second ends when toque is 10appli ed. 2. The coupler of Caim1l

wherein the first end includes a spline fitting. 3. The coupler of Caim2
wherein the spline fitting conforns to tHe AND20000 13nounting conventi on.
4. The coupler of Cdaim1l wherein the second end includes at |east one cam
| obe. - 5. The coupl er of'CIain1%Hﬁﬂﬁ§§in t he second end includes two
opposi ng cams. 20 6. The coupler of d&aim1I further conprising a band of
material surrounding at least a portion of the second end, the band of
mat eri al havi RghapissRfd&ris.durometer than the material of the second end.
257. The coupler of Claim6 wherein the band of nmaterial is a rubber ring.
8. The coupler of Caim7 wherein the rubber is Viton.
I. A torque-limiting coupler comprising:
a first end configured to mate to a first receiver coaxially located in a
5 first component configured to rotate; _
a second end configured to mate to a second receiver coaxially located in
a second component configured to rotate; and
a neck region between the first and second ends, configured to
experience higher shear stresses than the first and second ends when toque is

10 applied.

)

The coupler of Claim | wherein the ﬁrsf end includes a spline fitting.

3. The coupler of Claim 2 wherein the spline fitting conforms to the AND20000
15 mounting convention.
4, The coupler of Claim | wherein the second end includes at Icast one cam lobe.~
5. The coupler of Claim | wherein the second end includes two opposing cams.
20 _
6. The coupler of Claim | further comprising a band of material surrounding at
least a portion of the second end, the band of material having a softer durometer
than the material of the second end. '
25 7 The coupler of Claim 6 wherein the band of material is a rubber ring.

8. The couplér of Claim 7 wherein the rubber is Viton.



- 12 - The coupler of Cdaim1l wherein the neck region includes a portion
with a smaller cross-sectional area than either the first end or the second
end. The woupiogi2ef39Cl ai m 9 wherein the portion with thepsrash@n/033534
cross-sectional area has a smaller outer dianeter than either the -first
end or the second end. The coupler of Caim9 wherein the portion wth the
smal | er cross-sectional area includes a bore. A nethod of coupling
t wo- conponents configured to rotate, the nethod conprising: coupl i ng
a first end of a torque-limting coupler to a first receiver coaxially
| ocated in a first conponent ; coupling EB-second receiver coaxially to a
second conponent; and coupling a second end of the torque-limting
coupler to the second recei ver. in a manner such that a neck r %i on between
the first and%ecohlf SHHE HCaimd wherdmibe reokiregi oy ne'yts I"é’l"”@%vé&i ences hi gher
shear stresses thagmdilecrbisistétioasl Area@faRAhG HETRARK 6 thh&bordl éhdr que 1S
applied. The nethod of Claim 12 wherein the first end includes a spline
fitting. The nmethod of Claim 13 wherein the spline fitting conforns to the
AND20000 nmountipng TRIW6EHE bPOkind DevhBRInROp@fionGlidd the dtallshabsisactiohsl agacond end
includes at |east one caml obea_ The ggatpid ofrCI ai.m éz whe eidn the second
end i ncludés two offiS@SMALE QYivEdiametertian either the firstend grthe s3c0pd &idy 12 £ urt her
conprising surrounding at |least a portion of the second end with a band of
mat eri al havi ng a :ﬁ(})fter dyroneter than the material of the second end.

. CCOUp'EI‘O Claim 9 wherein € portion with the smallcr cross-sectional dred

includes a bore.

10 12. A method of coupling two components configured to rotate, the method
comprising: A
coupling a first end of a torque-limiting coupler to a first receiver
coaxially located in a first component ;
coupling a second receiver coaxially to a second component; and
15 coupling a second end of the torque-limiting coupler to the second
receiver in a manner such that a neck region between the first and second ends
ofthe torque-limiting coupler experiences higher shear stresses than the first and

seccond components when a torque is applied.
20 13, The method of Claim 12 wherein the first end includes a spline fitting.

14.  The method of Claim 13 wherein the spline fitting conforms to the AND20000

mounting convention.

The method of Claim 12 wherein the second end includes at least one cam lobe.

[8S]
U
W

6.  The method of Claim 12 wherein the second end includes two opposing cams.



518. The nethod of Claim 17 wherein the band of material is a rubber ring.
19. The nethod of Claim 18 wherein the rubber is Viton. 20. The nethod of

Cl ai m 12 wonrbteenesenpri si ng adj usti ngt he neck regi on toPoaws2@ob8yFesti on
with a smaller cross-sectional area than either the first end or the second
end. The couple of Caim20 wherein the portion with the smaller
cross-sectional area has a snmaller outer dianeter than either the first end
or the second end. 15 22. The nmethod of C aim 20 wherein the portion with
the smal |l er cross-sectional area includes a bore. 23. A systemfor
transmttinetorque, the systen1conprisin§3‘ - afirst rotating
conponent having a first axially-centered receiver port including splines;

2, second rotauing SRIBORSIL ARK Ny SEant AXLALINRESILE! Shfisesl e port

t he second receive aving a perine I Ng 'St ances

fromthe axis of rakatdodwihndabal maerglkavingr sbiierglucmepdr €ran Idevmanggiah fi r st
end with splines coﬂﬁéggnﬁphto be inserted into and mating with the splines
i ncl uded on the fifst®7edsiVer port on the first rotating conponent, and a
second end with a profile corresponding to the perineter profile of the

Seco.”d r ec%i Vq% ' p?§6t m& 1(()jd S a];i;ngll’}rw %retin thé)ga -d%?ﬁlg[e?lgl ig QFu%b%(rr}% fs.econd
receiver port, the Tirst and second ends coupled 10 a nec r§g|on - 14 -
configured to experience higher shear |oads than the first-and second ends

when torque i %Qapplfﬁeegethod of Claim 18 wherein the rubber is Viton.

20.  The method of Claim 12 further comprising adjusting the neck region to have a
10 portion with a smaller cross-sectional area than either the first end or the second

end.

21. The couple of Claim 20 wherein the portion with the smaller cross-sectional area

has a smaller outer diameter than either the first end or the second end.

22.  The method of Claim 20 wherein the portion with the smaller cross-sectional

area includes a bore.

23. A system for transmitting torque, the system comprising:
20 a {irst rotating component having a first axially-centered receiver port
including splines;

a second rotating component having a second axially-centered receiver
port, the second recciver port having a perimeter profile with varying distances
from the axis of rotation; and '

25 a torque-limiting coupler having a first end with splines configured to be
inserted into and mating with the splines included on the first receiver port on
the first rotating component, and a second end with a profile corresponding to
the perimeter profile of the second receiver port and configured to be inserted

into the second recciver port, the first and second ends coupled to a neck region



74. The system of Claim 23 wherein the splines conformto the AND20000
S5nmounti ng convention. The systemof C aim 23 wherein the profile of the
second emsoizomigss a cam | obe. 1026. The system of C ai mc2Arstbanotobsss4
conprising a band of material surrounding at |east a portion of the second
end, the band of material having a softer duroneter than the material of
the second end. 77.The coupler of Caim26 wherein the band of material is
a rubber ring. 15 The coupler of Caim27 wherein the rubber is Viton. The
coupler of Claim23 wherein the neck region includes a portion with a

smal | er cross-sectional area than either'%he first end or the second end.
The couple of Caim?29 wherein the portion with the snaller cross-sectional
area has a smaller_outer dianeter than.ejt fe L second
end. The coupler o 0"%‘;§Fdrﬁ°f§p Wrécreehl'éﬁ?' “t wgdrﬂgar%% Irhtgﬁﬁuﬁw{%%{a%%l?@#gﬁ?ste?}%n
Cross-sectional aresuemscpplitds a bore. A nethod of manufacturing a
torque-limting coupler, the nmethod conprising: providing a first end of
the torque-limting coupler; providing a second end of the torque-limting
coupl er; - 1B4- Thesysteraaf (i BYwhiveindepphnasordprmateited ABDRE0Dr om t he first
end of the.tor que-llngmtigli,@ JLQupl er toward a neck region of the torque
limting coupler |ocated between the first and second ends of the torque
limting coupler; and '

25.  The system of Claim 23 wherein the profile of the second end includes a cam
lobe.
10 26.  The system of Claim 23 further comprising a band of material surrounding at

least a portion of the second end, the band of material having a softer durometer

than the material of the second end.

27. The coupler of Claim 26 wherein the band of material is a rubber ring.
15
28. The coupler of Claim 27 wherein the rubber is Viton.
29.  The coupler of Claim 23 wherein the neck region includes a portion with a
smaller cross-sectional area than either the first end or the second end.
20
30."  The couple of Claim 29 wherein the portion with the smaller cross-sectional area
has a smaller outer diameter than either the first end or the second end.
31.  The coupler of Claim 29 wherein the portion with the smaller cross-sectional
25 area includes a bore.
32. A method of manufacturing a torque-limiting coupler, the method comprising:

providing a first end of the torque-limiting coupler;
providing a second end of the torque-limiting coupler;

30



adjusting the outer dianeter of the neck region of the torque-limting
Scoupler, the depth of the axial bore and the outer dianmeter of the neck
regi on bewvogoseizessbabl e such that the neck regi on experipemassoliogdses shear
stresses than the first and second ends when toque is applied. 33. The
nmet hod of O aim 32 wherein the torque-limting coupler is manufactured
10using a conputer numerical control (CNC) |athe process. 34. The nethod of
Caim 32 wherein the torque-limting coupler is mnufactured using a screw
nmachi ne process. 1535. The nethod of C aim 32 where adjusting the depth of
the axial bore and adjusting the outer dl%meter of the neck region
calibrates a breaking torque of the torque-limting coupler to within one
foot-pound of a desir edad}u(s)trh%qﬁé depth of an axial bore from the first end of the torque-
limiting coupler toward a neck region of the torque limiting coupler located
between the first and second ends of the torque limiting coupler: and
adjusting the outer diameter of the neck region of the torque-limiting
5 coupler, the depth of the axial bore and the outer diameter of the neck region
being selectable such that the neck region experiences higher shear stresses than

the first and second ends when toque is applied.

33.  The method of Claim 32 wherein the torque-limiting coupler is manufactured
10 using a computer numerical control (CNC) lathe process.
34.  The method of Claim 32 wherein the torque-limiting coupler is manufactured

using a screw machine process.

[5 35.  The method of Claim 32 where adjusting the depth of the axial bore and
adjusting the outer diameter of the neck region calibrates a breaking torque of

the torque-limiting coupler to within one foot-pound of a desired torque.



