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BREA K AUIA Y SPLINE MISALIONMËN]' COUPLING

BACKGROUN.D OF TFfE ÍNVENTION

It is com¡non ftrr a torsion drivc to be employed between an engine and a drive

acccssory. For exanrple, in automobiles, a belt drive is often used to transfer Power

5 fronr the enginc to various acccssories, such as a comprcssor, alternalor, Benerator and

nunterous pumps. Sh<¡r,rld :rny ol'thcsc accessories ex¡reric'ncc a callrstroplì¡c failure,

suclr as s seizcd bcaritg. the accessor¡,r','ill ccasc f'unctiorring ancl ¡he l>elt <lrive q'ill

cr:¡trinueto func¡ion ¡>rcrpcrly, Althr,rugh rhc lrelt rvill slip past thc nr'rn-luncliolring

irçces.scrry! possibly causing d:trnagc to tlre buli irssll; ir i.s cxrrernely rrnlikely thar

l0 dunragc ro orh€r acçcssorics ()r thc cngine rvill <¡ccur as a resul! ol'the I'ailure r)f the

accessory.

ln small aircraf!, hou,cver, a belt drive is not used to polver accessorics from an

enginc. Rather. acccssories Brs drivcn directly fronr gears disposed in an accessorycase

typically located at the rear of the engine. ln this design. should t catastrophìc failure

l5 occur in an ûccessory, -such as a seized bearing as described tbove or a broken rotor

shaft, exccss¡ve torqucs may be experienced tlrroughout the system, including other

accessor¡es or even rhc engine iiself. Bccause all components, including the engine and

its accessories. are linkecl mechanically via the system of gears and shaf,ts, a lhilure oI

any otre accessory that causes its rotating components to stop, may cause the entire

20 system of thc engine ancl ils accessories to seize up. Such extreme torques also can

. causc clamage to thosc components as rvell as the gears used to drive them. For

cxample, rhe seizing r>f one componcnt mechanically linked to another also may cause

that other componcnt to seize or may cause teeth to break off gears. Thus, although

mechanical drives are less likely to làil because ola worn belt, they lack the failsafes
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rha¡ belrs provide in preventing damage to componcnts in the event of a cacastrophic

failurc of a component of the systcm.

SUMM.^IìY OF I'HE INVENI'ION

A torque-limiting cou¡:ling may provide a torsion drive between an engine and a

5 driven accessory. ll'the accessory should experience a catastrophic failure, such as a

locked bearing or brokcn rotor shaft, a torsion-lirnited spline breaks away from the

coupling. This guaranrees that rhc irrtcrnal engine gearing used to drive the accessory is

neirher compromised nor intcrleres with otlrer essential nroving pañs inside the engine.

Funher, misalignment compensation provicled by a lobe end limits the side load and

l0 wear thar occurs when coupling two prccision shafts rvith little clearance on the

bcarings. W¡th i misalignmcnt coupling, the respective sha'fts can be mountcd slightly

out of parallel rvith no negative effects.

More particularly. a torque-limiting coupler comprises a fÌrst end configured to

mate to a first receiver coaxially located in a first component configurcd to rotate, and a

l5 second end conliguru.d to nlate to a second receiver coaxialllt located in a second

' component configured [o rotatc. A neck region between the first and second erlds is

configured fo e,rperience higher shear stresscs than the lirst and second ends when

toque is applied.

Tho ncck region provides a highly predictable clean break rryith no failure or

20 stripping otìdrive components. A portion of the neck region may have a smaller cross-

sectional area than ei¡her ¡he first end or the second end. J'he smaller cross-sect¡onal

ârea may be manufactured, for example, by creating ¿ bore ihrough the neck region or

by reducing the ouÌer diarneter of the neck region.

llre first end may includes a spline fìtting, rvhich may conform to the

25 4ND20000 mounting convcntion. Furthcr. the second end nray include at lea$ one

cam lobe or. alternatively, two opposing canrs. A band of rnatcrial having a sofÌer

duromerer than ¡hc marcrial of the sccond end. such as a rubber ring (c.g., Viton@ì),-may

surround at least a ponion of'the second end-
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T}RIEF DESCRIP1'ION OTT THE DRAWINGS

'fhe foregoing will be apparent from the lollowing more particular description of

examplc embodiments of the invention, as illustrated in the accompanying drawings in

which like reference characrers refþr to the sanre parts throughout the difTerent views.

5 The drau.ings are noi necessarily to scale, ernphasis instcad being placed upon

illustrating embodiments of the present inventíon.

FIG. I is a perspective diagram ol'a lorque-limiting couplirrg in a disas.sembled

state according to an cxample cmbodinlent of the present invention.

FlG. 2A is a perspective diagrarn of the example embodiment break away spline

l0 coupler of FlG. I .

FlC. ZÍl is a lateral diagrarn of the example embodiment break away spline

coupler of FlG. 24.

FlG.2C is an axial diagram of the cxample embodimenl break away spline

coupler of FlG. 2A f'ront a lobc cnd.

l5 ¡rlG. 2D is an axial diagrarn of thc example embodiment break arvay spline

coupler o'fFlG. 2A liom a spline end.

Í.lG.28 is a cross-sectional diagram ol'the examplc embodiment break away

spline couplcr of FlG. 2D taken along line A.

FlG. 2F is a lareral diagram of the example embodiment break away spline

20 coupler of l"lG. 2A in blank lorm prior to shaping of thc splines.

FlG. 3A is a perspective diagram o I'thc cxample embodiment break away splinc

receiver ol FIG. .L

FlC. 3B is a lateral diagram olìthe example embodiment break away spline

receiver ol'l'lG. 34.

25 FlG. 3C is a lateral diagram of the example cmbodiment break away spline

receiver of FlG. 3A rotared ninety degrees ætially fronr it.s orientation as shown in FIG.

3B.

FlG. 3D is an axialdiagram of the exarnple embodiment break arvay spline

couplcr ol'FlG. 3A l'rom a receiver bore end.
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FlG.3E is a cross-scctionaldiagram of thc cxample embodiment brcak arvay

splinc coupler of FlG. 3D taken along line A.

FlC. 4A is a perspective diagram ofthe example embodiment torque-limiting

coupling of ËlG. I in an assemblcd state.

FIG.48 is a latcral diagranr of the assenrbled example embodimenÛ.torque-

limiting coupling of FlC.44.

FlG.4C is an axial diagram ofìthc asscmbled examplc embodiment torque-

limiting coupling of FlG. 4A from the break away spline coupler 105 end'

l-lG. 4D is a cross sectional diagram ol'the assembled example embodimenü

torque'linriting coupling of FlG. 4C taken along line A'

5

DETAILED DËSCRIPTION OF 'I"I.IE INVEN'TION

r\ descri¡rtion of exanrple embodiments of the invention fbllows.

'FIG. 
1 is a perspective diagram of a torque-lirniting coupling 100 in a

disassembled stâte, comprising a break au,ay spline coupler 105 and a break away

l5 spline receiver I 50. The break avvay s¡:rline coupler 105 cornprise.s a spline end I l0 and

a lobe end 130. Thc break arvay spline receiver 150 comprises a receiver end 152 and a

shaft cnd 175. ln its assembled state, discussed below rvitlr reference to [:lCS.4A-4D,

rhc assembled coupler 100 furthcr includes an o-ring I 80 and a rctaining ring 190'

FIGS, 2^-2F illustrate several views of the break away spline coupler 105 of

20 FtG. L

FIG. 2A is a perspective diagrarn of the break arvay spline coupler 105 of FlG.

l. The break awayspline coupler 105 comprises a spline end l.l0 and a lobe end .l30.

' 'l'he spline end I l0 includes a plurality oI longkudinally e,xrending circuntl'crentially

spaced .splines I I 5 and is configured to be mated coaxially to a transmíssion output of a

25 torque generating device, such as an enginc (not shown). The spline end I l0 further

includes a bore 120 lor tuning the break away spline coupler 105 to break at a

predefìned torque, also discussed below rvith reference to FIGS. 4A-4D. The lobe end

130 of the break arvay spline coupler 105 includes a lobe 135, with an o-ring slot 140

included thereon, and is corrligure<J to couple the break away spline coupler 105
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coaxially ro the break an'ay .spline receiver (e.g., break arvay spline receiver 150 of FIG.

r).
' 

F'lC. 2B is a larcral (or.side view) diagram of the break arvay spline corrpler 105

of FlG.24, The bore 120 may be employed in conjunction rvith a neck region 125 of

5 the break away spline coupler 105, the diamoter of which also may be tuned to set the

predefined breaking rorque of the coupler 105. Furlher, the o-ring slot 140, located

between the cam lobes 135, nray accepl an orr¡n8, (4.g., o-ring 180 of FlG. l) during

assembly of the torquc-lirniting coupler 100.

FIG. 2C is an axial diagram of the break away spline coupler 105 olll'lG. 2A

l0 from ihc lobe encl 130. As illustrated- che lobe 135 is delined. in pan, by a rnajor lobe

¡Jiameter 137 eg|,da minor lobe diameter 138. FlG. 2D is an axial diagram of the

.cxample embodiment break away splinc coupler 105 of FlC. 2A f'rom the spline end

I 10. As íllustrated, the spline end I l0 ol'the break away spline coupler 105 incltldes

the plurality of splines I l5 and the axial bore 120 for funing the break away spline

I 5 coupler I 05 to break at a predefined torgue'

FlG. 2E is a cross-sectional diagranr of the break arvay splinå coupler 105 of'

FlG. 2D øken along linc Â. As can be seen, tlre bore 120 may, for example,, be <irilled

fìnm the spline end I l0 to a particular depth toward, into or even across the neck regiolt

125 of thc break away spline coupler ,l05. Further, the oulef diante.ter of the neck

20 region l25may beadjustcd.'l'hcdepthofthebore l20incombinationrviththcouter

diameter ol'thc neck region nray be uscd to change the cross-sectional area of the ncck

region 125, thereby allorving thc breaking torquc of ihe break away splinc coupler 105

to be adjusted.

I--lG. 2F is a lureral cliagrarn of thc break arvay splinc coupler 105 of FlG. 2B in

25 blank flornr prior to shaping of the splines I l5 (not shown). 'l'he splines may be shaped

on the spline end 130 of the break arvay spline coupler 105, for exarnple, by a

maclrining process. Funher, the deptlr of the bore 120 and the outer diameter o.llthe

' ncck regiott 125 nray adjusted as '¡'e ll.
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FIGS. 3A-3E illustrate scvcral víervs olthe break arvay spline rcceiver 150 of

FIG. I

)

FlG. 3A is a pcrspectivr,r diagram of the break arvay splíne receiver 150 of lìlG.

L Thc break away spline receiver 150 comprises a receíver end I 52 and a shaft end

175. The receiver end 152 includes a receiver bore 155 for receivíng a lobe end of a

break arvay spline coupler (e.g., the lobe end 130 of the break alvay spline coupler 105

of'FlGS. 2A-2F) and gaps 160 for accommodating a major lobe diameter olla lobe end

olia break arvay spline coupler (e.g.,the major lobc diameter 137 of the lobe end 135 of

the,break arvay spl ine coupler I 05 o I FIG. 2C). The shaft end I 75 of the break away

spline receiver 150 is configured to transl-er power to other coaxial components (not

shorvn).

Ff G.3ts is a lateraldiagram of ihe brcak away splirre receiver 150 of F¡G.34.

As illustratecl, the receive r sncl 152 includes a retaining ring installation slot 165 and a

retaining ring installation lip 170 u'hich, in cornbination. securc a retaining ring (e.g.,

the retaining ring 190 of FlC. I ) f'or assembling the torque-limiting cotrpling ol'FlC. I .

FlG. 3C is a lateral diagram of the break away spline rece¡ver 150 of FIG' 3A

rotated ninety degrces a,rially f'rom its orientation as shorvn in FlG, 38. As can be seen,

the reraining ring installation slot 165 and the retaining ring installation lip 170 are

interrupted circumlerentially by the gaps 160 lor accornmodating the major lobe

diametcr 137 of the lobe end 135 of the break arvay spline coupler 105 of FlG.2C.

l'hese l'eatures can also be seen in FlG. 3D. ',r,hich is an axial diagram of thc example

enrbodiment break ar+,ay spline couplcr 150 of FIG: 3A from a receiver bore end 152,

and FlC. 3E, rvhich is a cross-sectional diagram of thc examplc ernbodiment break

arvay spline coupler 150 of FìG. 3D taken alrrng line A. Note that the axial orientation

ol'the break away spline receivcr 150 in the cross seclional diagranr of ftlG. 3E

corresponds to [ha¡ of the break au'ay spline rccciver 150 as illustrated in FlG. 3C,

FIGS. 4A-4D illusrrate sevcral views of the asscmbled torque-limiting coupling

100 of l'lG. l.

FIGS. 4A-48 are perspcctive and lateral (or side vierv) diagrams, rcspcctively,

of rhe a.ssenblcd torquc-linriting coupling 100 ol" FlG. l. Rel-erring to both FIGS. I and

t0
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4A. rhe o-ríng 180 may be inserted into thc o-ring slot 140 prior to inserting the lobe

entl l30ofthebreakarvaysplinecoupler 105 intothereceiverbore l55ol'thebreak

. avray spline receiver 150. Afìer insertio¡r of the lobe end I 30 oll the break away spline

couplcr 105 inro the rcccivcr.bore I 55 of the break away spline receiver 150, the

5 retaining ring 190 may bc installed, r,ia its opening 195 into ùe retaining ring

installation .slot 160 of the break arvay spline receivel 150, thereby securing the break

away spline coupler 105 to the break away spline receiver 150 to from the assembled

torque-limiting coupling 100. As shown in FIG. 48, the opening 195 in rhe retaining

ring I90 is visible.

l0 FlG, 4C is an axial diagrarn of the torque-limiting coupling l00.olìFIG. 4A from

the break arvay spline coupler 105 end. A cross-seclional diagram of the torque-

limiting coupling 100 of FlG. 4C taken along line A is providcd in FlG. 4D. Âs can be

seen, the retaining ring 190 securcs thc break ar.r,ay spline coupler 105 to the brcak away

spline receiver 150 b,v inhibiting lateral nrovernent of'thc lobe end 130 ofthe break

l5 away spline coupler 105 fiom the rçceiver bore I 55 of the break arvay splinc recciver

I 50 by coniacring both rhe lip I 70 of lhc brcak arvay spline receivcr I 50 and a surt-ace

132 of the lobe 135. Further, fte o-ring 180 is installed in thc o-ring slot 140. 'l'he o-

ring 180, which may havc a Softer durometer than rhe material than that from rvhich the

break away spline cr-rupler 105 is manufacturcd, may elimínate rattle produced by the

20 break arvay spline coupler 105 as installed with the break away spline receivcr 150,

thereby reducing vibration and wear in the coupling 100. Such an o-ring I 80 may be a

high temperature o-ring and may be made of Viton@.

The brcak away splinc coupler 105 may bc conligured during rnanulÌlcture to

break at the neck region 125 ata particular torque limit. The geometry of the ncck

25 region 125 (.i.e., fraclure zone) may be designcd lor adjusting the torque limit to exacr

requiremenrs by reducing the cross-sectíonal area olthe neck region 125, thus causing

higlrershearstressestobeexperienced. Thecrosssect¡onal areaof'theneck 125may

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

deepcr intr¡ 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 nec'k region 125 is
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thereforc highly predictablc and rcsults in s clean break rvith no failure or strípping of

the drive fcature. 'fhis elinrinates, or at least reduces, the possibility that a failure of an

accessory c¿rn cause the failure olengine components by introducing fragrnents into the

gear case.

5 l'hus, the asscmbìcd torquc-limíting coupling 100 may provide a torsion drive

between un engine (e.g., an aircraff enginc) and a drivcn accsssory (e.g., u gencrator). ïf
the accessory should experience a catastrophic l'ailure, such as a locked bearing or a

broken rotor shaft, a torsion limit is exceeded and the spline 105 breaks away from the

coupling 100. This guarant€es that the internal engine gearing used tó drive the

I0 accessory is not compro¡¡ised and intcrfcring rvitlr essential moving pans inside the

engine.

Further, misalignment compensation provided by rhe lobe end 130, including the

cam lobe 135, the o-ring 180, and the recciver bore 155. limits the side load and wear

that occurs when coupling two pr:ccision shafls with little clearance on lhe bearings.

!5 With a misalignment coupling 100, the mount can bc slíghtly out ol'parallel with no

negative effects

The torque-limiting coupling 100 may conf:orm to the 4ND20000 convention

f'or providing a drive and mounting configuration ol'the engine and its accessories. As

understood by onc of'ordinary skill in the art, tlrc malc splinc I l5 on tlre coupling 100 is

20 insølled in the 4ND20000 t'enrale spline (not shown). lt is comnron that extra

clcarancc is provided such that the male spline I l5 fi1s loosely, thereby accommodating

easy installation and allorving for thermal expansion.

1'he components of the torque-limiting coupling I 00, including the break away

split coupler 105 and the break away spline receiver 150, may be highly

25 manufacturable, and may be rnanufactured using a computer numerical control (CNC)

lathe or screw machine. Such manufacruring processes allow:f.or the manufacture of

double cam lobe 135 shape of ihe drive fcaturc. Furtlrer, during manulhcture, tlre

breaking torque of the break away splinc coupler 105 nray be calibrated within one foot-

pound of a desired tolque.
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There fore, ihe torque-limiting coupling 100, including the break arvay spline

coupler 105 and the break away .spline receiver 150, act as an incxpensive mechanical

fuse that can be scaled up or dorvn to adapt to many applications; A nu¡nber of such

application are discussed below.

In a lÌrst example cmbodiment, an irrigation pump employing a torque-linriting

coupling 100 according to the prescnt inventi<¡n and includes an expensive iurpeller.

During operation of the pump, it draws in a stone thal enters the impeller housing, or the

intake becomcs clogged by anothcr means. The expensivc impeller is, thus, unablc to

continue operating an experiences an increascd torque. llle break away split coupler

105 breaks instantaneously" tberefore becoming a sacrificial link and preventing serious

damage to thc e.ypensive impeller. 'lraditional devices, such as a "slip ctutcho"

however, would overheat and cause strain to the driving nrotor or engine maintaining

torque on lhe pump.

In a second example embodiment, a fàrming machine, such as a tractor rvith a

rotary cultivator, f'or exanrple, .strikes a stump or a large stone while being used in thc

field. Typically, it is the wcakest link in a drive system that fails. If this weakest link is

in the transmission, expensive damage is likcly to occur. Funher, íf this rveakest link is

in an expo.sed universaljoint on a spinning drivc shaft, replacement of danraged parts

can be expensive, and bystanders are put at risk of beirrg stnrck by fragments from the

broken cornponent. Moreovcr, if'thc rvcakest link is a tine on ühc cultivator, the tine

may be broken or bent. l-lowever, a torque-limiting coupling 100 according to the

present invention, including.the break alvay splinc couplcr 105 and brcak away spline

receiver 150, mounted at thc output of the rransmission or, altcmatívely, at the input of

the implenrent, becomcs a mechanical fuse thàt brcaks instantaneously preventing

damage to the rest of the machine and can be replaced quíckly.

Further, con.sidcr a situation in which a power boat or fishing vesse I vecrs off

course and strikes a reef. ft is well-knorvn rhat the propeller of a large boat can be an

extremely expensive part, and that repair c¿n be costly, both a-s a direct result olÌparts

and labor for the repair and opponunity cost caused by the boat being unavailable fbr

use. Furthcr, being stranded at sea has its ohvious disadvantages and perìls. However,

l5
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a törquc-limiring coupling 100 according to ihe present invendon, including the break

away spline coupler I 05.and break arvay spline receive r I 50, can react fasrer Ìhan other

failsaf'e irems rhat may be presenr, including slip clutches and othcr break-away rubber

couplings, and can be replaced more easily and economically.

5 Moreover, a rorquc-lirniring coupling 100 according to the present invention,

including the break away spline cr:upler 105 and break arvay spline rcceiver 150, may

be used on any type of machinery in which human body parts may be introduced

. accidentally, thcreby causing atr increase in a torsion load experienced by the

machinery. ln such a simarion, the fàstcr the nrachinery is able to react to the increased

l0 torsion load by shutting down. the less trauma will be experienced by a victim whose

body parts rvere caught in rhe machinery- Therefore, tuning ¡he break away spline

coupler 105, such as by arljusting the depth oll the bore 120 (e .g., shallower or dccper

into the brcak arvay splinc coupler 105) and changing the diameter of the neck region

125. to an exact predictable tilnit can prevent serious bodily hann and cven save lives.

l5 V/hile this invention has been part icularly shown and described with re lerences

to example embodinrenis thereol it will be understood by those skilled in the art that

various changes in l'or¡n and details may be madc therein without departing l."rom the

scope of the invention encompassed by the appendcd clainls'
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CLAIMS

What is claimed

1. A two component torque-limiting coupler consisting of:

a first component having a first end that is configured to coaxially mate to a

receiver said receiver configured to rotate;

a second component confìgured to mate to the first component and configured to

rotate;

a neck region positioned mesially within the first component, configured to

automatically experience higher shear stresses than either end of the first component and

second components when torque is applied;

the first component further consisting of a bore; and

wherein a band of material surrounds at least a portion of the first-component's

second end, the band of material having softer durometer than the material of the second

component.

2 The coupler of Claim I wherein the first component includes a spline fitting at the

first end.

3. The coupler of Claim 2 wherein the spline fitting conforms to an external

mounting.

4. The coupler of Claim I wherein the first-component's second end includes at least

one cam lobe.

5. The coupler of Claim I wherein the first-component's second end includes two

opposlng cams

6. The coupler of Claim 5 wherein the band of material is a rubber ring
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7 . The coupler of Claim I wherein the neck region includes a porlion with a smaller

cross-sectional area than either ends of the first component or the second component.

8. The coupler of Claim 7 wherein the neck region portion with the smaller cross-

sectional area has smaller outer diameter than either ends of the first component or the

second component.

9. A two component system for transmitting torque, the system consisting

essentially of;

a two component torque-limiting coupler;

wherein a f,rrst component is a rotating component having an axially-centered

receiver including splines on a first end and having a second proximal end;

a second component is a rotating component having a second axially-centered

receiver port, the second receiver port having a perimeter profile with varying distance

from the axis of rotation;

wherein the first component's second proximal end has a profile corresponding to

the perimeter profile of the second component's receiver port and configured to be

inserted into the second component's receiver port;

wherein the hrst component's mesial has a neck region configured to experience

higher shear loads than either end of the first component and second component when

torque is applied;

a bore on the spline end of the hrst component; and

wherein the system further consistis of a band of material surrounding at least a

portion of the first-component's second end, the band of material having a softer

durometer than the material of the second component.

10. The system of Claim 9 wherein the first component's first end splines conforms to

an engine accessory case mounting.

I I . The system of Claim 9 wherein the profìle of the first-component's second end

component includes a cam lobe.
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12. The system of Claim 9 wherein the band of material is a rubber ring.

13. The system of Claim 9 wherein the neck region includes a portion with a smaller

cross-sectional area than either ends of the first component or the second component.

14. The system of Claim 12 wherein the neck region portion with the smaller cross-

sectional area has a smaller outer diameter than either ends of the first component or the

second component.


