= WTH CO AXI AL STEPPER MOTOR DRI VE Background of the InventioQ:§
he I nvention The invention relates to el ectronic speed

for internal conbustion engines and in-particular to throttle

or such regulators. 2. Background of the Art The precise speed
“internal CHROETLEOWITHOCOEAXIAL BTHFEER MOTORRORIVED! i cations but
Ful arly inportant when such englnes are used to drive AC

rs. The speed of the engine 'deternines the frequency of the

il afed power and nany AC Baskgroatind oft theakndenties require accurately

B at ed AC frequency. In addition, this accurate speed control nust be
maifk ai ned under rapld | oad variations which may result fromnearly

i nsflant aneous chahges¥ 4%4@H%563H%JWWHﬂﬁﬁqﬁf el ectrical power fromthe

ator Vari atjon n e eed with change |n engine load is terned
op”.. Eng| ne S'SE%d 5‘6?1‘? n’ﬁéf)"%spé'-rq SiecHrRpis ﬁagﬁérrﬁﬁu}é’f‘?ﬁ%s. A

ani cal t ' d .
ose t hefPhr HREFERTh %@fnsaﬁerf%%e 3R tnPrRe R ERA P 1o | mputed
changes,p - SU€fe S E%ég#éég & (gh 5%%?2%? 9vantage of being

_ |ver |nexpen5|v nay a 1SS droop during normal | oad
variptions. 2. Background of the Art ‘

The precise speed control of internal combusﬁion
enginee is desired for many aéplicatibns but is
particularly important when such engines are used to drive
| 10 AC generators. The speed of the engine determines the
: ' ffequency of the'generated power and maﬁy AC powered

electrical devices require accurately regulated AC

frequency. 1In addition, thisiaecurate speed control muse
be maintained under rapid load variations which may result

15 from nearly.instantaneeus changes in the consumption of
electrical power from the generator. Variation in engine
speed with ehange in engine'load is termed "droop”.

Engine speed control may be pefformed by a number of

" methods. A mechanical governor may sense the speed of

20 rotation of the engine and open or close the throttle to

regulate the engine speed in response to imputed load
changes. Such mechanical control has the advantage of
being relatively inexpensive, but may allow substantial

drOQP during normal load variations.
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Pe sophi sticated engine speed control nay be real i zed by sensing
é‘speed el ectronically and using an el ectro-nmechani cal actuator

ted .fo the throttle to change the throttle -position. Typically, the
r o- mechani cal actuator is a linear or rotary -actuator. As the nanes

. , a linear actuator has a control shaft which extends fromthe body of
B -actuator and noves linearly by a distance proportional to the nagnitude

a linear®

angul ar

hani cal

10

15

20

M a current or voltage applied to'the actuator. A rotary actuator has a
@t which rot aMesebgophisnitated gnyinerapeed conerodgmayuble of the

‘@l ied current or voltage. In both actuators, a spring returns the shaft
a zero oreahdped bﬁssems#nqwanGins\aneadgslsctconisngl

uator. The power consuned by these actuators is increased the return.
i ng whos8nf Sieetﬁasme%am%mumm [Fonness ed; ‘ﬁ@thﬁthFG B¢ to

uat ors nagebe cognected dlrect%g to the rotating throttle. In the case

Ysaaépn$é@9to t he

Pgg: bRe thEPthis BR

Wﬁﬁﬁ be used to convert the I|near

ot 11 & val ve  RYBIGRIApr P ety iine pe o aak e, APoP MPRRZ

ates appB%xDF?,g%ngaé?ugga ) fﬂé’ﬁt?éj‘r \ Aes“‘&?%ifés ri‘lﬂbé‘é"a&»‘.’u{:@%i’:ease

af t ower actuators

ficient h&sO‘AeE:BHE‘EoihEhéfi Gk £h SR Fod tt'?xet BS¥g bedrheed

| i nkages.
- actuator and moves linearly by a distance proportional to

the magnitude of a current or voltage applied to the

actuator. A rotary actuator has a shaft which rotates by

- an angle proportional to the.magniiude.of'the applied

current or voltage. In both actuators, a spring returns

- the shaft to a zero or "home" position when no voltage or

current is applied to the actuator. The power. consumed by
these actuators is increased by the return spring whose
force must be overcome. |

. Neither the lineat nor rotary actuators may be

connected directly to the rotating throttle. In the case

-~ of a linear actuator, a pitman arm must be used to convert

the linear motion of the actuator to the rotary motion
necessary to rotate the throttle valve through
approximately 90°. For a rotary actuator which rotates
approximately 15-20° a "four-bar" linkage is required to
increase the angular motion of its shaft. The power of the

actuators must be sufficient to overcome the friction

@Ssociated with these required mechanical linkages.
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“"The power required by the use of a return spring and by the friction of
nmechani cal |inkages increases the cost and weight of a throttle control

ng linear or rotary actuators. For these reasons, it is known to use a

i rectional stepper motor in place-of a linear or rotary actuator for the

pose of electronic engine control. A bidirectional stepper notor is an

ctronmechani cal device that noves a predeterm ned angul ar anmount and

ection in response to the sequenti al ‘energi zation of its w ndings. Wen

i directional TheDRGWeROLEEuESedSHY tie GNY ¥ 4 HRthltnOkbrdngt BRdr eturn
ing may be omtted or made weaker allow ng the use of a smaller notor

h equi valgniher fedéttebndypathé feEmEiidaS 1ihkadese inckeasesr thet ary
uators. Also, the digital nature of the stepper .notor's input signal is

welll adapt ecdoistr angleweiightceft ai thmbict Dpramaysd usdngd 1dneameoeontrol s. The
us@ a | ower powered bidirectional stepper notor requires that the
coffnect i on Fetasan ackuatoegper Fapt thesedredsons)r ditt lis kaowe to fiseeaof

.bi gdi ng and unnecessary friction. The throttle shaft normally fits closely

wi thi n tRe t¥ddmeckionay shepperameter|in @lagde dfid ldaearapsdrekeryonnent,
opgrates without |ubrication. The design of the stepper notor also
ires t hACHREOFoEOr Sher PURR9Ee| oF ¢ keghgRic eRdAs FontRele| ose

rances of % il A AR b GodoR el e T RS A et v T
device that moves a predetermined angular amount: and ;
direction in response to the sequential energization of its

10 | windings.' When a-bidirectional stepper motor is used to
control thé thfott;e, the return spring.may be omitted or
made weaker allowin§ the use of a smaller moﬁor with
equivalent or better dynamic properties than the linear or
rotary actuators. Also,-the-digital'nature of the stepper

15 motor's input signal is well adapted for use with certain
microprocessor based engine-controls.

. The use a lower powered bidirectional stepper motor
requires that the connection between the stepper_motor and
the throttie va;ve is free of binding and unnecessary

20 friction. The throttle shaft normally fits closely within

the throttle bodf and as a result of the fuellsaturated
environment, operates without lubrication. The design of
the stepper motor also requires that the motor shaft have
little play to preserve the close tolerances of the
internal magnetic gaps for.animum power. Accdrdiﬁgly, in

order to prevent the binding of'these shafts without the

-3-
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ntroducti on of excessive rotational play, the stepper .notor shaft and
ottle shaft are typically joined by neans of .the four bar |inkage used
h a rotary actuator. A four bar |inkage conprises a connecting rod
ached by pivoting joints to two cranks, one crank attached to the

ottle shaft and one to the stepper notor shaft. The fourth bar is

licit in the conmon nounting of the notor and throttle. This |inkage

vi des an i nexpensive and easily mahufactured connection between the

pper mMiRrouiRilioanest EﬁcEQQQ'LE:ﬁ?ﬁ%@{&n@ E kiRl stepplks sone

alignment. The connecting rod o our - BPar “I'i nkage also permts the-

pl acemtorf shaEtsaaAPehrBBE2e SMEFE f4AdN R dd1NGt tonellably to perm t
attachnment of a position feedback device to the throttle shaft. A

i tion fresdimcf dhel Coupebart 3ihkagerased el 0 frotiayyl wictubkpatlt| e
ition which is not determ nable fromthe control inputs to the stepper

or, bedafsun harsildpkagenconpriagssa aconnectaing poxl atdachédeby are two
advantages to the use of a four bar |inkage to connect the stepper notor
t he5t hiskwatdlnghdfaintsi tet tweheraonka; i onel craniyatifached scepber notor is
ecessarily limted as the four bar linkage has a limted rotational
rfge. SeddMipttle shafte agd onenta thakagerper tmetiox HbatSr-qudher ansnitt ed

e Coneel 0 0% o A1 TR a0 e ISBoRG ok L I Y0l e of
and throttle. ThiS'linkage provides an iﬁekpensive and
easily manufactured connection between the stepper motor

10 shaft and the throttle shaft but one that accepts some
misalignment.

The connectiﬁg fod of the four-bar linkage also
permits the displacement of the stepper motor away from the
throttle shaft to permit the attachment of a pssition

15 feedback device to the throttle shaft. A position
feedback device permits the measurement of absolute
throttle position which is not-dete:minable from'the
control inputs to the stepper motor, because the stepper
motor may start in any position.

20 There are two disadvantages to the use of a.foﬁr bar
linkage to connecﬁ the_stepper mﬁtor to the throttle shaft.
Fitst, the rotational range of the stepper motor is

unnecessa;ily limited as the four bar.linkage has a limited

rotational range. Second, a feature of such a linkage is
that the torque transmitted by the cgnnecting rod varies

markedlyldepending on the relative angles of the cranks to
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nénnecting rod. Typically at the extrenes of travel there is a "dead
Fer " position where the linkage is ineffective. However, the

‘ fsnission of torque is not constant at any angle. This problemis

Al |y addressed by maki ng the |inkage adjustable so that the crank and
ecting rod angles are centered to provide peak torque transm ssion at
angl es appropriate for a particular throttle. This solution, however,
ires that the |inkage be adjustabl'e or redesigned for different

i@t tl e andclegiorneoting rSdimarypdtalby At Vvemné | € démepreedS amavielvent i on

Its a direct connection between a throttle shaft and a coaxial stepper
or shaft thezridis @ d'diead centeat posbtionaskersnhe kirdwages i -

| i gnent . S?ecifically, the throttle shaft is attached to a throttle

e cont ai fertivenr ofioweviesusthg tovansmissibontebHrietquendla madtt| e
t opens and closes the throttle valve controlling the flow rate of
bd ai r artPRAnt A% fYeGigle.. TRBist pppblempisrusuahly Addxessed he

bttl e _housing sp that its shaft is axjally aljgned with the throttle
shaft. ?heb&mdgiﬁg‘ﬁ sﬁ"aﬁ dinkage: sddustahle Ba Bhab-Ehe Fr3A%hg t hat

id ' f ( b d nmod
ar axi Souading AR Bre) RedkEred ES RERTE R Thal PO ot ol

| ranslatiepaggmfggqgnt§§\%%§P35gﬁe§h§5b§opriate for a particular

throttle. This soiution, however, requires that the

linkage be adjustable or redesigned for different throttle

10 and engine types.
Summary of the Invention

The present invention permits a direct connection
betwegn é throttle shaft and a coaxial stepper motor shaft
through a coupling that accommodates small amounts of

15 misalignment. Specifically, the throttle shaft is attached
to a throttle valve contained in a throttle housing so that
rotation of the throttle shaft opens and closes the '
throttle valve controlling the flow rate of mixed air and
fuel to the engine. The stepper motor is attached to the

20 throttle.houging so that its shéft is axially aligned with
‘the throttle shaft. The two shafts are then connected with

a co-axial coupling that provides a constant transmission

- of torque.therebetween and accommodates angular, axial or

translational misalignment between the shafts and axial or

25 translation movement between the shafts.

- .
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"is one object of the invention to provide—a cost effective method of
®ting a throttle shaft to a stepper notor shaffh;ssié'eeﬂdiﬂeeziﬁ nection

Xially.aligned shafts avoids the extra manufact ui dj usti ng
ur-bar |inkage and provides a design that is easa |l e :
en engine types. The constant torque transm ssi e co-axia

ling permts a nore accurate sizing of the nﬁtor torque to the required '
ttle shaft torque. The co-axial’coupling allows this direct connection,

out binding of the shaf{s, by acconngdatin slight msalignnment but
out i ntroducity &3 SRe eLIRCL: BEaFREnIRVEREIOD &4 REY %5 QR throttle

t and co i assenbl v 'tq be manufactured with nqrmal  manufacturing
rances. é##?%ﬁiyﬁkﬁﬁggfﬁuﬁgiﬁ&nﬁﬁﬁtgﬁﬂs?s€h5§%54%(ﬁ#%gi 2 & nounted on
er the t | ! or af erpendi cul ar to ghej.,r .gxes. The
et arm hggse%é} egrﬁimgag OH;%P Wit h ?&g éﬁ?ﬁﬁgbﬁ?%nee?& ioné;ggéairaé el to, but -
| aced fr of S t .t .04 a%:[ei;sﬂ to the
Psi ng shaft ger%t}gn |ngspearv%g'§3i gg%aréﬁ/é?oﬁéﬂgf%%e%io%t e shafts, for

g regei Vb DA MRED TRARS LA tﬂﬁkagédsnaaﬁfoviaé@ JUh it thato she
ed apart by the thickness of the forque pin and have convex faces. It
not her odg$lly Ardrdsportadilel detwklar éﬁﬁlﬁ‘e' £ Ppds OViTiee Bbridtamensi ve

reliable co-axial coupling to permit the connection of axially aligned

st ejper not ctoxcue transmission of the co-axial coupling permits a more
accuraﬁe'sizing of tﬁe'motor torque to the required |
throttle shaft torque. The co-axial coupling allows this

.10 direct conneétioh, without binding of the shafts,'by
accommodating slight misalignment but without introducing
significant rotational play. This permits the throttle
shaft and coupling assembly to be manufactured with ncrmél
manufacturing tolerances. |

;5 The co-axial coupling hay consist of an offset arm

mounted on either the throttle or the motor" shaft

perpendicular to their axes. The offset arm has a guide

fork with two guide bars‘extending parallel to, but

displaced from, the axes.of the shafts. A torque pin is
20 attached to the opposing shaft extending perpendicularly to
the axes of the shafté, for being received between faces of
the guide bars. The guide bars may be spaced apart by the

thickness of the torque pin and have éonvex faces.

It is another object of the invention, therefore, to

25 provide an inexpensive and reliable co-axial coupling to

" permit the connection of axially aligned stepper motor and

—-6=-
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use of closely spaced guide bars with convex faces

play of the connecter to be mnimzed. Qher

nt ages besi des those di scussed above will be apparent to those s
he art fromthe description of a preferred enbodi nrent of the |nvent|on
h fol | owhrdttlehshdfssr whilenaccefwodaiting ssomal@axi®X he acconpanyi ng
and which illustrate one exanple of the

tional

whi ch forma part hereof,

rnative forns of the invention,

ing for SHPRIR

"hrottle shafts while accommopdating sone axi al misalignment. The offset

‘and torque pin.may be pre-- assenbled to the shafts mhlch ma be Iater
ected with a sinple insertion of the torque plnlnt1 ﬁ

Suseldenmens . hGhevoEEset aon anderque RN MAY Re PEES

minimized.

oﬁher objects and advantages besides those discussed
abpve will be apparent to those skilled in the art from the
deécription of a preferred embodiment of the invention
which follows. In the description, reference is made to
the accompanying drawings, which form a part hereof, and
which illustrate one example of the inventiqn. Such

example, however, is nct_exhaustive of the various

alternative forms of the invention, and therefore reference

is made to the claims which follow the description for

determining the full scope of the invention.
Brief Description of the Drawings

Fig. 1 is a view of a throttle housing for an internal
combustion enéine with portions cut away td reveal the.
throttle plate and shaft,.and showing the direct connection
of.the stepper motor to the throttle by means of the co-

axial coupling;

Fig. 2 is a detailed perspective view of the coaxial

connecter of Fig. 1;

and therefore reference is made to the
mswhi cIRISAIRAIR R &é@cushpfténwhéﬁhdrewrb@ ntafee R remMAqted #3EhoR t he
Brj ef. Descruptlon of the Drawings Fig. 1is a viewof a throttle

n I o tdemn ¢t Fgﬁ ERFAHe H\#-l‘hifﬁﬁ)?t"rlkﬁ]sq‘b’tﬁ M']Eo Leveal
ber ot & e B sReny pared guifle RerE o FER SPREHATIRG Fio. 2 is
tailed RerSPRY 4k Wet¥edh ntariepi L2l LRON0SShELL O i e 1
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3 is a cross-sectional view of the connect or -ef—Fig7— 2 ‘al ong | irnes
3% showi ng the operation of the connecter mﬁthoutﬁé&%géﬁﬁﬁg&mKWde

m Wal i gnmert; Fig. 4 is a cross-sectional view of t Fig. 2
‘al @ng lines 3--3 showing the operation of the connect ﬂ‘ﬁmm rse
m @al i gnment; Fig. 5 is a chart showing the torque tr a four

bag | i nkage and of the co-axial connector of the present invention.
Degeription of the Preferred Enbodinent ‘Referring to Figure 1, a carburetor
~10guch as may bepigsed 15td @rods-JRtliTNAIRNegADE ithe edfiheetogosfai ns a
cylgndrical throat 12 for mixing and guiding a mxture of air and gasoline
to g he int aFdgnadi &dbbng (hbtes BvwE .shdhiingn thiee operaatioh?off thae car buret or
10 § s a disc-shaped throttle plate 14 nmounted on a throttle shaft 16 so as
to fotate tkonnkcber| viphowte tiransmrsen misdildignmens;by approxi mately _
"90[grr] to open and close the throat 12 to air and gasoline flow. The shaft
16 §s guided in Fdg.r 4t &8 ancpyssmsest imaly wWimw sithghgalconnertereofhr oat
12.§One end_of shaft 16 extends outside of the throat 12 through one such
hol B 18'SsoFdg-t 8 Bdoagt tines| o cthening thenoperaEier PF EBEessibl e end

he shaft 16 is connected to a co-axial, coupling 20 which in turn
confects t hEOBREFESTGWLbRRrARFREFSL MESFIIIMESY shaft 22 of a stepper

mot pr 24.  The Fig. 5 is a chart showing the torque transmission of a

four bar linkage and of the co-axial connector of the

present invention.
10 Description of the Preferred Embodiment

keferring to Figure.l, a carburetorilo-such as may be

B R e s ot Il

15

20

used with an 18 HP 1800 RPM gasoline engine, contains a
cylindrical throat 12 for mixing and guiding a mixture of

air and gasoline to the-intake manifold (not shown).

Within the throat 12 of the carburetor 10 is a disc-shaped

throttle plate 14 mounted on a throttle shaft 16 so as to
rotate the throttle plate- 14 about a radial_axis by -
approximately 90° to open and close the throat 12 to air
and gasoline flow. The shaft 16 is guided in its rotation
by h&les 18 in opposing walls of the thro#t 12, One end of
shaft 16 extends outside of the throat 12 through one such
hole 18' so as to be externally accessible. The externally
accessible end of the shaft 16 is connected to a co-axial
coupling 20 which in turn connects the shaft 16 to an

'axially aligned motor shaft 22 of a stepper ﬁotor 24. The

-8
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shaft 16 also carries a stop arm 26 extending radially fromthe shaft
1d having an idle adjusting screw 28 facing circunferentially with

2ct to notion of the stop arm26. The stop arm 26 serves to limt the
tion of the shaft 16 and the throttle plate 14 within the throat 12 to
rol the idle and maxi nrum speed of the engine, as is generally

rstood in the art. The idle speed may be adjusted by neans of idle
sting screw 28. Referring to Figure 2, the co-axial coupling 20 is

rised osh&f€olé alsy ddiriledCRY _\sitag akp DBt @ktéﬂ&iﬁ? 2Pad¥a Ty drdnor k 36
rised of two parallel guide bars 38 oriented parallel to the axis of

not or sthétsREft i 56 anddiedng anhddiel kdfusdihy sepew 28 Lacindd set arm
The of fset arm 40 holds the guide fork 36 and guide bars 38 at a ..

tion di sprounflefemtialiy adith afespeetmabomosheht o22thdhetepldem 34 may
ttached.to the notor shaft 22 by neans of a set screw 42 received by an
al tappef.hoTkeistomarw|2arseaves\ton lindtcbhearogation sof dfthexched to

notor shaft 22, the quide bars 38 extend toward the throttle shaft 16
eceive 8baEEqLE #RA dhratdiley pladealdy viktbint ket BhePat Sl ¢t 16.

torque pin 44 is press fitted into a radial hole through the throttle
t 16. P@Ff?ﬁgt?g fgiﬁwﬁP BRI, Speedy Of Ehef?Pgiﬁétm%%nlﬁhe opposed

S .46 of ggggrgfigeuggerzséégoé Oinascﬂeo a.tr"f:r.n tr?x% idle speed may be
adjusted by means of idle adjusting screw 28.
Referring to Figure 2, the cé-axiallcoupling 20 is
10 comprised of a collar 34 for receiving the motor shaft 22.
A guide fork 36 comprised of two-parallel guide bars 38
oriented parallel to the axis of the motor shaft 22, is
attached to fhe dollar 34 by means of én offset arm 40.
The offset arm 40 holds the guide fork 36 and guide barS 38
1S at a position dispiaced from the axis of the motor shaft
22. _
:he'collar 34 ma§ be attached to the motor shaft 22 by
means of a set screw 42 received by an radial tapped hole
in the collar 34. When the collar 34 is so attached to the
20 ﬁotor shaft 22, the guide bars 38 extend toward the
throttle shaft 16 to receive a foréue pin 44 extehding
radially from the throttle shaft 16. The torque pin 44 is

press fitted into a radial hole through the throttle shaft

16.

‘Referring to Figure 3, the torque pin 44 fits between

the opposed faces 46 of the guide bars 38 so as to turn the
. .‘—._\\

\\- .
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hrottle shaft 16 with rotational novement of the notor shaft 22. It

= understood fromthe physical description of the coupling 20 that

ghé%t que pin 44 and hence the throttle shaft 16 is free to nove axially -
ad spect to the notor shaft 22 w thout novenment of the notor shaft 22

ruction of the torque pin 44 by the guide bars 38. Fof simlar

reas , the axis of the throttle shaft 16 nay be tipped slightly with

respe to the axiis of the notor shdft 22 wi thout adverse affect on the

oper affi on ofthnettde,shaty 6. wieheretakloraFinprament afc the SOLPE shaft 16

and t fje notor %%352 22 na% ﬁhso be transl ated without rotation wth respect
anot [f82 smatl ilduRe YRdessteed perem ke PRKsi93 coupl i ng 20.
ransl aj i on

AR h o] b h id
. AP HRARE AR B, EbpoEpuBbIPRCEY lrt e d QR Fi %80

L ow] | m { AETRCEAE ki3 sDdhHEE 1T £ 6PhE o Y FRRITLAAA g Dt

with & cdrresp g increase in the rotation K _ coupling 20.
Ref er i ng agaided @Fidiigdskrucieonl 8BPEhe ”PéP&u;@A%iﬁ & i athd uiille
carburgetor 10 neans of a nounting bracket 30 which orient’s the stepper
not or

4 so pdwd 385 FoHf tsiddlay reasons, the axis of the throttle
shaft 16 may be tipped slightly with respect to the axis of
"the motor shéft 2é without adﬁerée affgct on the operation

10 of the coupling-zd; |

Referring to Figure 4, the throttle shaft 16 and the

motor shaft 22 may also be translated without rotation with
respect to one another by a small amount and still be
coupled by the coupling 20. Such translation will cause

15 the torque pin 44 to péss between the guide bars 38 at an

angle with respect to the face of the guide fork 36,.

however, the faces 46 of the éuide bars 38 are given a
~ convex radius to-alldw limited freedom of movement iﬁ this
direction without requiring.that the gap between the faées
46 of the guide'bars_38 be unnecessarily expanded with a
-corresponding increase in the rotational play of the
coupling 20. |
Referring again to Figure 1, the stepper motor 24 is
affixgd to the carburetor 10 means of a mounfing bracket 30
which orients the stepper motor 24 so that its shaft 22 is

Substantially coaxial with the throttle shaft 16 as

. S
-10- _—
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Entially coaxial with the throttle shaft 16 as ~ described above. The
Fer notor 24 is of a bidirectional design capable of stepping
nuously in.either direction with an angul ar resolution of 1.8[err] per
¥ The stepper notor 24 contains two w ndings controlled by four
trical |eads 32 which may be i ndependently connected wth electrical

In a predeterm ned sequence to cause the stepper notor 24 to step by
edet ermi ned amount in either direction. It will be apparent fromthe
owi ng di gedeziBadt ABbvel herne UstepteapRitoroar 4s2éfwat h differing
ar resolution may al so be used. It should be noted that no return
g i s enplidiedctibhalheesigppeipabierof stappimgncentiousueppeinnot or 24
only overconme the forces on the throttle shaft 16 resultlng from
sure on edehelr diteetpbat it anocangulaf | xesciutidre off i 188l PeEsi st ance
iction between the throttle shaft 16 and the holes 18 in the throat
A\ccor di n@iteP -t h&het shppPeRpROtoR 42 fregonia inss S wo wdmsiipgsand | i ght er
thanja conparabl e linear actuator. The ;ﬁeed of comercially avail able

stepper ndt orcPREFOld ede P¥nEaNE Fheﬁ‘éﬁc leads 32 ghiGE MaYOPSti on.

Accofdingly; there is a_trade-off bhetyween ihrot res tlne and -
posi §i oni ng e?&éwaPPnSEtﬁﬂdﬁ d%&P??F{ﬁéi(ﬂ°(ﬁFhl skill in the
art, |dependin e ap | i_cation or i5f f erent
nunbdrs of st 3?98ﬁ ﬁﬁy 8hiie W é%é%bé?”ﬂ&%&éjz4 o

step by a predetermined amount in either direction. It

will be apparent from the following discussion that other

s T R LA

T SR

10 such stepper motors 24 with differing angular resolution

may also be used. - . -
It should be noted that no return spring is employed
with the stepper mptor 24 and hence-the séepper motor 24

need only overcome the forces on the throttle shaft 16

Ty

P WY T Y

15 resulting from pressure on the throttle plate 14 from air
'flow and the minimal resistance of friction between the
throttle shaft 16_and;the holes 18 in the throat 12.
Accordingly, the stepper motor 24 may be less expensive and
lighter than a COmparable linear actuator. The speed of

20 commercially available stepper motors 24 is dependant in
part on their angular resolution. Accoidingly, there ie a

trade-off between throttle response time and positioning.

accuracy. As will be understood to one of ordihary skill
in the art, depending on the application, stepper motors 24

having different numbers of steps per revolution may be

e
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F selected to tailor the stepper notor 24 to the requirenments of speed
iccuracy. The direct coupling of the stepper shaft 22 to the throttle

t 16 provides a constant torque transmi ssion between stepper notor 24
fhe throttle plate 14, unlike that provided by the |inkage couplings
vical with |linear actuators. This constant torque transm ssion elim nates

ggneed for an oversized notor 24 and sinplifi.es the adaptation of the

sttl e controller (not shown) assbci'ated with the carburetor to different
nes and [ tprs ferrin ' t,he t u NP &a
- bar | P%E&%g,assgéht%gfﬂ strb%%é%s{écfg E'L"gt\ﬂ%o&é I 3 % ghgo%ﬁgté‘% ggﬁ\?ﬁ?%t tle

stepperognggéegignahgﬁguggag.torque varies wth the angle of the

becting rod he Cra one of which may be attached to a notor,

one of whichmRY gigedtt a?g?ﬁéﬁgf?ftgﬁ?teésé%[erfsthaf\ehqz betaeank and

jecting rod are parallel

ang r] or -90[err] as shown
in Figure Skhiettledyhakt LEapsavidesl a TdubstRA Wotyues tebhemissionred to
as dead center position. The maxi numtorque of the notor is transmtted
onl

whes t betweank seeppesntiotbe Zonamdtthy tnrbtarle pdatendideubalike| err]
ghown in Figure 5). For all other angles the torque is generally

proforti onalthat previdedeby] thé limkagel eoupslings dyrdealy Withe 14gearn
comjari son, the torque S '
- actuators. This constant torque transmission eliminates

the need for an oversized motor 24 and simplifies the
adaptation of the throttle controlle: (not shown)

10 associated ﬁith the carburetor to different engines and
carburetors.

Referring to Figure 5, the torque of a typical four-

bar linkage, such as has been used previously to connect a
throttle énd stepper motor, is shown. The torque varies

15 with the angle of the connecting rod to the crank arms, one

of which may be attadhed to a motor, and one of which may

' be attached to é throttle shaft. When the-crank and
connecting rod are parallel (at shaft angles 90° or f90° as
shown in Figure 5) no toréué is.traﬁsmitted. This position

20 is often referred to as a dead center position. The
maximum torque of the motor is transmitted only when the

crank arms and the éonnecting'rod are perpendicular (0° as

shown in Figure 5). For all other angles the torque is

generally proportional to the cos? of the angle as

25 indicated by line 48. In'comparison, the torque

__‘_‘__,_-d——’—"‘—'-_'—_’——,———
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transmtted by the co-axial connector 20 is constant for all angles
kcated by line 50. Unlike the linear actuator, the stepper notor 24
jart at any position and, without a position sensor, there will be no
&tion of the current position the shaft 22 of the stepper notor 24.
fack of-a fixed "hone" position of stepper notor 24 sinplifies

assgpbly of the carburetor 10 and stepper notor 24 because rotational

al i §nent of the stepper shaft 22 and the throttle shaft 16 is not

crigcal. HopeyRémittdd BEalHy %ﬁaﬁh@&%ﬁn@@&ﬁ[—sﬁé“i& e84hé€ant hedr speci al
thr@tle controller circuitry be used. One such throttle control circuit is
des@ i bed i NnaLD- #edle$ s MHdicated bieniiae ByTber filed on
, efgitled: , assigned to the sanme assignee as the present

i nvdghti on and her @hyikecoleol Hes ctritdrgNehe bieppbovmotescee phapn has

ose whospaattateanhepesit idmtanmnwithduti aaposhsionysémsorndetheterout
depagting fromthe spirit and scope of the invention. In order to apprise

t he publ i oWilhebeano olrdieaiviinmtt $hehgurrents pbsitiohi bhe hehatope? of the

tion, the followi ng clains are made:
of the stepper motor 24. This lack of a fixed "home™

position of stepper motor 24 simplifies assembly of the
carburetor 10 and stepper motor 24 because rotational
alignment of the stepper Shaft 22 and the throttie shaft 16
10 is not critical. However, this feature of stepper motors
24 requires that special thrSttle controller circuitry be
used. One such throttle control circuit is described in

co-pending application serial number filed

on » entitled: , assigned to the same

15 assignee as the present invention and hereby incorporated

by reference.

'The above description has been that of a preferred
embodiment of the present invention. It will occur to
those who practice the art that many.modifications may be

20 made without departing froﬁ the spirit and scope of the
invention. Ih order to apprise the public of the various
-embodiments thaﬁ may fall within the scope of the

invention, the following claims are made:

_
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nms
acc
and
t he

t1l. An engine throttle for changing the flow rate of mXxed air and

b an inter ustion engine in response to a electric control

E r1sin “ e housi ng supporting a rotatable shaft; a

,;- v M W‘\‘ the throttle housing and attached to t he

Ebl e s ®pefi ng and cl osi 5. with rotation of the-shaft and

Bl | i ng fhe flowrate of m xed ajy and fuel to the engine; a stepper

¥ havi ng an outer housing suppowtlhg*a notor shaft axially aligned with

ot at abl e shaft; a co-axial couplj ttached to the rotatable shaft
Qhe notor shaft for providing a nt transm ssion of torque

e S da““gﬁ:g agﬂfﬁg'na' o S Bl oe
e 1 SRS L 3

hou5|ng of

Co- aXi

TOUNLi NG O AT EASet 46 o khd Uy &%ﬂﬁeegeaeaﬁasusﬂaf p the axis

e first shaft; a guide fork attaclied to"t ree end of the offset
5 a throttle valve contained in the throttle housing and

.f%?2p§¥ g?é?ﬁ?%éaﬂ%re (qpﬁf% E@%t&Q ES?EOQ§%% isin 2 The engi ne

an of fset arm

attached to the rotatable shaft for opening and closing

‘with rotation of the shaft and controlling the flow rate of

mixed air and fuel to the engine:

‘a stepper motor having an outer housing supporting a
10 motor shaft axially aligned with the rotatable shaft.

a co-axial coupling attached to the rotatable shaft
and the motor shaft for providing a constant transmission
of torque therebetween ond accommddauing angular, axial ond
transla;ional misalignment between the rotatable shaft and.

15 the motor shaft, and accommodating axial and Eranslational

movement between the rotatable shaft and the motor shaft;

ano

a mounting means for'affixing the outer housing of the

stepperlmotor with respect to the throttle housing.
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hav1n fmo gui de bars extendlng parallel to, but displaced from the

j of themlmmﬂ“lmmul ME a torque pin for attachment to a second shaft
- for ext lar to the axis.of the second shaft and for
ing recei Vied ‘betweln the gui de bars, ‘3. The connector of claim2 wherein

first shaft is the notor shaft éﬁh‘the second shaft is the rotatable
ft. 4. The connector of claim1l mhereln the torque pin is received

torque pin and wherein the faces of the guide bars are convex.
2. The engine throttle of claim 1 wherein the co-

axial coupling comprises: | ?
an offset arm for mounting on a first shaft and for
extending perpendicular to the axis of the first shaft;
a guide fork attached to the free end of the offset
arm ha#ing two'guiﬂe bars extending parallel to, but
displacéd from, the axis of the fiist shaft; and
a torque pin for attachment to a second shaft and for | 'é
extending perpendicular to the axis of the second shaft and

10 for being received between the guide bars. -

ey

3. The connector of claim 2 wherein the first shaft

is the motor'shaft and the second shaft is the rotatable
shaft. ' ' '

PRETRRCCOYRrE 3

4. The connector of claim 1_wherein the torque pin is

- received between faces of the guide bars which are spaced

B R T

apart by the thickness of the torque pin and wherein_thé

faces of the guide bars are convex.
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