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A SOLENOID OPERATED CARBURETOR CHOKE

Background Of The Invention

The present invention relates to mechanisms for operating a
choke of the carburetor on an internal combustion engine; and
more particularly to a thermostatic control for such operating
mechanisms.

Inteinal combustion engines conventionally include a system
which-provides fuel~to the engine at a rate which varies. in
response to one or more operating conditions, such as the rate
of air flow to the engine or a combination of engine speed and

load. At each engine operating point, under normal operating

temperatures, the fuel flow is carefully controlled to produce

"the desired engine torgue.

During operation below normal operating temperatures, that
same fuel flow rate may be insufficient to produce the torque
required for the particular engine operating point. Accordingly,
such engines conventionally include a choke or other mechanism
to increase fuel flow and enrich-the air-fuel mixture during low
temperature operation. A sufficiently enriched air-fuel mixture
assures that the engine produces adequate torque during the
warm-up period before reaching the normal operating temperature
range.

It has been recognized that an enriched air-fuel mixture
increases fuel consumption and contributes to emission of

hydrocarbons and carbon monoxide in the engine exhaust gases.

-
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responée to one or nore operating conditions, such as the rate of air flow
to the engine or a conbination of engine speed and |oad. At each engine

carefully controlled to produce the desired engine torque
operation bel ow normal operating tenperatures, that sane f
may be insufficient to produce the torque required for the particular
engi ne operating point. Accordingly, such engines conventionally include a
choke orThh&¢grinechdersto minimizeaseodaaleXdtmriand efffedts hepwiar f uel

m xture during low tenperature operation. A sufficiently enriched air-f.uel
m xt ur e caddutempéhaturéecennichment cuectem imies) rehedwlied i rdmapnthe

warmup period before reaching the normal operating tenperature range.
of enrichment with time, engine temperature and other engine

operating point, under nermal operating tenperatures, thellﬁﬁggdﬂgﬁi'dﬂfN

operating conditions. Yet any such schedule is only an

5 approximation of the cold enrichment actually required. When
the cold enrichment schedule falls short of the required amount,
the engine will produce insufficient torque; whereas when the
schedules exceeds the required amount, the engine consumés
unnecéssary fuel and creates excessive exhaust emissions.-

10 One common mechanism for controlling the choke as a function
of operating temperature is a bimetallic helical spring. The
device is a lamination of two metals with different coefficients
of expansion, which cause the spring to curl into a tighter
helix with temperature decreases and uncurl as the temperature

15 increases. By attaching one end of the spring to the choke, the
choke opens and closes with spring movement in correspondence
with temperature, as descﬁibed in U.S. Patent No. 3,494,598.

Other choke control mechanisms directly connected different
types of powered drivers to the carburetor choke along with the

20 bimetallic spring thermostat to further refine the enrichment
schedule to match the precise engine requirements., One of
these mechanisms is shown in U.S. Patent No. 4,321,902 in which
separate linkages couple a motor and a bimetallic helical spring
to the choke plate of the carburetor. The 4,768,478 U.S. patent

25 describes using both a spring thermostat and an electric solenoid
to control the position of the choke valve.
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It has been recogni zed that an enriched air-fuel mxture increases fuel
consunption and contributes to em ssion of hydrocarbons and carbon
nonoxi de in the engi ne exhaust gases.

2 Thus, in order to mninmze those del eterious effects] THISI SHEETHASIREEN
tenperature enri chment nmechani sns schedul ed the amount of} enri &RpPeydEDW t h

time, engine tenperature and other engine operating conditions.” Yer any
such schedule is only an approximation of the cold enrichnent actually
requi red. Wen Summary Of The Invention

A general object of the present invention is to provide an
apparatus for controlling an air-fuel mixture produced by the
carburetor of an internal combustion engine.

5 Another object is to provide a thermostatic control of the
air~fuel mixture by using a choke valve in the carburetor.

A further object is to utilize an electrically operated
solenoid to control_the opening and closing of the choke valve.

Yet another object of the present invention is to provide a

10 thermostatic element to limit the degree to which the solencid is
able to open the choke valve in low temperature conditions.

These and other objectives are fulfilled by locating a
movéble choke valve in an air inlet passage of the carburetor.
The choke valve is connected to a plunger rod of a solenoid which

15 moves the choke valve between an extreme open position and an
extreme closed position. A stop is fixed to the solenoid plunger
rod.

A bimetallic element is positioned adjacent to the solenoid
plunger rod. This bimetallic element changes shape in response

20 to changes in temperature, wherein below a given temperature
the plunger rod stop strikes the bimetallic element thereby
restricting movement of the plunger rod and preventing the choke
valve from reaching the extreme open position. Above the given
temperature, the bimetallic element has changed shape to avoid
25 being struck by the stop, thereby allowing the choke valve to
reach the extreme open position. .
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the col d enrichnent schedule falls short of the required amount, the
engine w Il produce insufficient torque; whereas when the schedules
exceeds the required amount, the engi ne consunes unnecessary fuel and

creates excessive exhaust em ssions. -

controlling the choke as a function of operating tenperatufe i SRAPLACED
binmetallic helical spring. The device is a |am nation of t o TeTAar s W T h

different coefficients of expansion, which cause the spring to curl into a

tighter

One common nmech@mii®mHABT HAS BEEN
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I ncreases. By attaching one end of the spring to the choke, the choke
opens antaébestbewtenpspatuge nof cbketbimetwkkis pokarante atwia (pradefsimadir e,
as described in U S. Patent No. 3,494, 598. O her. choke control
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carburetor choke along with the
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required performance characteristics for the engine.

Brief Description Of The Drawings

FIGURE 1 is a schematic representation of an engine that
incorporates the present invention for controlling a carburetor
choke 'and shows the choke valve in a extreme closed position;

FIGURE 2 is an isometric view of a bimetallic element used
in the present choke control mechanism;

FIGURE 3 is a detailed view of the control mechanism with
the choke valve plate in an intermediate operating position; and

FIGURE 4 is a detailed view of the control mechanism with

the choke valve plate in an extreme open position.

Detailed Description Of The Invention

With initial reference to Figure 1, an intexrnal combustion
engine 10 has a carburetor 12 forming a portion of an induction
passage 14 that supplies combustion air to the engine. Although
a vertical induction passage 14 is shown, the present invention
is equally applicable to carburetors with horizontal induction
passages, such as commonly used with single cylinder engines.
The induction passage 14 includes a rotatable throttle valve
plate 16 to control the flow rate of an air-fuel mixture

therethrough to the engine. A venturi 17 creates a vacuum which
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binmetallic spring thernostat to further refine the enrichnment schedule to
mat ch the preci se engine requirenents. One of these nechanisns is shown in
U.S. Patent No. 4,321,902-in which separate |inkages couple—a—fotor aygggg
binmetallic helical spring to the choke plate of the carbut &ttt SHEEE
4,768,478 U. S. patent describes using both a spring ther st at BFAH
electric solenoid to control the position of the choke val ve.
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varies with the raté of air flow and draws fuel from a reservoir
18 through a fuel supply passage 19. The drawn fuel is mixed in
a desired ratio with the air flowing via the induction passage 14
to engine 10.

A choke valve 20 includes a choke plate 22 located within
the induction passage 14 and is able to rotate with movement of
a shaft 24 that extends through apertures in the walls of the
carburetor 12, A lever 26 is fixed to an end of the shaft 24
outside the inducti;n passage 14 to rotate the shaft 24 .and move
the choke plate 22 between an extreme closed position and an
extreme open position, shown in Figures 1 and 4 respectively.
The choke plate 22 has apertures 28 therethrough to allow some
air to flow to the engine 10 even in the fully closed position of
the choke plate.

A electromagnetic solenoid 30 has a plunger rod 32 with a

remote end connected to the lever 26 of the choke valve 20.
When an direct electric current is supplied to the coil of the
solenoid 30, the plunger 32 is drawn toward into the coil in the
direction indicated by arrow 34. This action rotates the choke
plate 22 into the extreme closed position illustrated in Figure
1, where it remains as long as electric current continues to be
applied to the solencid 30. In this state a coil spring is
compressed between the body of the solenoid 30 aﬁd a stop 38
affixed to the plunger rod 32.

When that electric current is removed, the force of coil

spring 36 against the plunger stop 38 causes the valve plate 22
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Summary O The | nvention A general object of the present invention is
to provide an apparatus for controlling an air-fuel m xture produced by
the carburetor of an internal conbustion engine. Anot-her—ebj-ect—irs
to provide a thernostatic control of the air-fuel nixtureqbvﬁﬁ§ﬁﬂﬁﬁeﬁﬁgﬁéﬁg
val ve in the carburetor. A further object is to utilike anREFLACE
electrically operated solenoid to control the opening and cl osing of the
choke val ve. Yet anot her. obj ect, of the present, invention is tqo provide

a thernbRtEPtate| thepiiaR PPENH ROSHel Abgr &g degnddh tonwhd@be tdied Rldingas e

to open th hoke valve in lowte rature conditions. _ . These .and

ot her obf‘é‘gt S%e%sa? 2 uF? iIMPER M&Eﬁ ithe zfmq%\?a&l%w@ﬁ(?&‘e% \Fé‘q}i’? an air

nlet passage of Lhe SO et Ql:e Tt IRt Hars® 2R BN 2 P! Unger
thermostatic element 40. Below normal operating temperatures,

5 the thermostatic element 40 appears as shown in Figure 2, where
it restricts full movement of the plunger rod 32 by striking stop
38. Thus the choke plate is unable to reach the extreme open
position and may only open partially. ‘At normal operating
temperatures, the tﬂermostatic element 40 unbends as shown in

10 Pigure 3 and no longer restricts the plunger rod 32 allowing the
choke plate 22 to reach the extreme open position.

With reference to Figures 1 and 2, the thermostatic element

40 is bimetallic so as to bend and unbend as a function of
temperature. The thermostatic element 40 has a planar base 42

15 with screw holes 44 enabling attachment to a support pléte 46 on
the solenoid 30. Extending from one edge of the base 42 is a
curved section 48 which has an inverted U-shape at relatively low
temperatures (e.g. below +30°F). A narrow arm 50 projects from
the end 52 of the curxrved section 46 that is remote from base 42.

20 The exposed end of the arm 50 is bent toward the base to form a
‘claw 54. A direct current, foil type electric heater 56 is
adhesively bonded to the inner diametric surface of the curved
section 48 of thermostatic element 40, As will be described,
heat from the foil heater 56 causes the curved section 48 to

25 unbend when the engine is running.
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noves the choke val ve between an extrene open position and an extrene
cl osed position. A stop is fixed to the solenoid plunger rod. A

binetallic element is positioned adjacent to the sol enoi d |pFMSQEEET GXAS BEEN

This binetallic el enent changes shape in response to changes i NREPLACED
tenperature, wherein below a given tenperature the plunger T0d STOp

strikes the binetallic elenent thereby

restricting novenent of the plunger

rod and preventing the choke valve fromreaching the extrene open

posi ti on. AboWhemd&hs pperatd¥pdesiyes, tehstprbethé| enginentfe Bhe changed

shape to avoid being struck by the stop, thereby allow ng the choke valve
et oy

to reacHamdion
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ds posnedowhich closes a”set of contacts 60
that applies power to the heater 56 and to a choke controller 62.
The controller preferably includes a microprocessor that executes
a software program which governs the operation of solenoid 30.
Upon being powered-up, the controller 62 applies an electric
current to the solenoid via line 64. When energized, solenoid 30
creates an internal electromagnetic field which draws the plunger
32 inward along the direction indicated by arrow 34. This action
compresses the coil spring 36 between the stop 38 and body of the
solenoid, and operates the lever 26 to move the choke plate 22
into the extreme closed position shown in Figure 1.

An internal timer of controller 62 is set upon energizing
the solenoid 30. After the choke valve 20 has been closed for
a defined period of time, two seconds for example, the timer
expires which causes the controller 62 terminate the application
of electric current to the solenoid. Thus the electromagnetic
field ceases and the force of the coil spring 36 moves the
plunger 32 in the opposite direction of arrow 34 opening the
choke valve 20. Wwhen the engine temperature is relatively cold
{({e.g. below +30°F.), the plunger moves until the stop 38 strikes
the claw 54 on arm 50.of the bimetallic thermostatic element 40
as shown in Figure 3. Thermostatic élement 40 is sufficiently
stiff to resist the force of the coil spring 36 and stop further
movement of the plunger 32. Thus the choke plate 22 is held in

an intermediate position between the extreme open and closed
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Anot her aspect of this invention is to provide a heater to

rai se the tenperature of the binmetallic element at a predefined rate to

control

the shape of the elenent in relationship to the required

performance characteristics for the engine. Bri ef
Description O The Draw ngs FIGURE 1 is a schematic repmesﬁﬂhagkgnrcq
an engi ne that incorporates t he present I nvention for controll um@Lgcn)
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lnductlon passage 14 producing a leaner air-fuel mixture that in
the extreme closed position of Figure 1.

Upon terminating the electric current to the solenoid 30,
the controller 62 reads a signal from a sensor 66 which indicates
the temperature of the engine block. If that temperature is less
than a predefined level (e.g. 75°F. or 100°F.) that occurs after
the engine has warmed-up, the controller 62 commences execution
of a warm-up choke Qode. Otherwise, if the engine block .
temperature is above the predefined level, the solenoid no longer
is pulsed to close the choke valve 20. The controller may also
receive other engine parameters from different sensors 67.

In the warm-up mode, the controller 62 waits 0.20 seconds
after the termination of the first pulse of electric current to
the solenoid 30 and then applies another current pulse for 0.10
seconds. Thereafter, the solenoid is de-energized for 0.20
seconds before current is reapplied for 0.10 seconds. The
pulsing of the solenoid on for 0.10 seconds and off for 0.2
seconds repeats for 20 seconds at which time further operation
of the solenoid ceases.

While the solenoid 30 is being pulsed with electric current,
the foil type heater 56 is warming the bimetallic thermostatic
element 40. Heat from the running engine 10 also warms the
thermostatic element 40. Eventually, either during the solenoid
pulsing or thereafter, the thermostatic element 40 will be heated

to a temperature at which the bimetallic material begins unbending
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in the present choke control mechani sm FIGURE 3 is a detailed view
of the control nmechanismwith the choke valve plate in an |nterned|ate
operating position; and - FIGURE 4 is a detailed vie s
mechanismw th the choke valve plate in_an extrenme open poSi

Detail ed Description O The Invention Wth initial
Figure 1, an internal conbustion engine 10 has a carburetor 12 forn1ng 3

Bngi ne. ﬁa@?ﬁgﬁ'@%db‘%%%r?ﬁ*c%ﬁ Slu%f*rihat ?SQS'MP TR | Csent
pascagestTRBERERE EY BAR SRR Sl B A o R S0 ng] 1G0T

| nduct i opg pfﬁSésﬁt&ét'wfkﬂdeﬁeapmsaélabéfoﬁ gt s WA of the coil

spring 36 exerted on the stop causes the plunger 32 to extend

5 fully from the body of solenoid 30. This action moves the choke
lever 36 into the state shown in Figure 4 where the choke valve
plate 22 in the extreme open position. At this time, the engine
is in the normal operating temperature range and a normal air-fuel
mixture can be used: The time between engine starting and the

10 plunger stop clearing the thermostatic element 40 depends on the
engine temperature at start-up and the ambient temperature.
Therefore, the warmer the engine 10 and the warmer the ambient
air, the sooner the normal air-fuel mixture will be used.

The foregoing description is directed primarily to preferred

15 embodiments of the invention. Although some attention was given
to various alternatives within the scope of the invention, it is
anticipated that skilled artisans will likely realize additional
alternatives that are now apparent from the disclosure of those
embodiments. Accordingly, the scope of the invention should be

20 determined from the following claims and not limited by the above

disclosure.
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plate‘lﬁ to control the flowrate of an air-fuel mxture therethrough to
the. engine. A venturi 17 creates a vacuum which ' ' vari'es wth

the rate of ai rlﬂ'lmﬂnMEmmuel froma reservoir 18 ough a f uel
suppl y passage i LU | is mixed in a desired]ri&i$ SHEET RS BERK
flowing via the i*ndfictt o' pdssage 14 to engine 10. A CcIREREAG@) Ve

I ncl udes a choke plate 22 | ocated within ’

CLATIMS

1. An apparatus for controlling an air-fuel mixture
produced by a carburetor of an internal combustion engine, said
apparatus comprising:

a choke valve located in a passage of the carburetor and

5 having an extreme open position and an extreme closed position;

a solenoid having a moveable plunger rod coupled to the
choke valve to move-the choke valve between the extreme open and
extréﬁé closed positions;

a stop fixed to the plunger rod of said solenoid; and

10 a thermostatic element which below a given temperature
engages said stop thereby restricting movement of the plunger
rod to prevent said choke valve from reaching the extreme open
position, and above the given temperature said thermostatic

element does not engage said stop to prevent the choke valve to

15 reach the extreme open position.

2. The apparatus as recited in claim 1 further comprising

a heater for raising a temperature of said thermostatic element.

3. The apparatus as recited in claim 1 further comprising

an electric heater on a surface of said thermostatic element.

4. The apparatus as recited in claim 3 further comprising
a control for applying electric current to said solenoid and to

the electric heater.

-
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fhe_ihdqction passage 14 and is able to rotate with novenent of a shaft 24
that extends through apertures in the walls of the carburetor 12. A | ever

26 is fixed to arlmnyul"um Hn t 24 outside the induction-passage 14 to
rotate the shaft gﬂ[ ﬂ choke plate 22 between gnVidiRtSHERE HalSanEd
position and an €kt fent oberf pdsition, shown in Figures 1_and BEPLACED
respectively. The choke plate 22 has apertures 28 therethrough to allow

sone air to flowto the engine 10 even in the fully cl osed position of
the choke plate. A el ectromagneti c sol enoid 30 has a plunger rod 32

th d d
A di rect olfet 1P FERARATS ATbacds SR {Pnelest Tof “Fhaet sstERETatad e
gl?gafgu3%#h§§?§§} q¥ard | I%%éhﬁw%gé rol EgemogérQﬁé'Qﬂode#Qf%Sd by

toward the extreme open position.

6. The apparatus as recited in claim 1 wherein said
thermostatic element has a base portion for securing to a
support member; and an arm that is movable with respect to the
base portion, wherein the arm moves into a position where.said

5 stop is engaged when said thermostatic element is below the

given temperature.

7. An apparatus for controlling an air-fuel mixture
produced by a carburetor of an internal combustion engine, said
apparatus comprising:

a choke valve located in a passage of the carburetor and

5 having an extreme open position and an extreme closed position;

a spring coupled to bias the choke valve toward one of the
extreme open and extreme closed positions;

a solenoid having a moveable plunger rod coupled to the
choke valve to move the choke valve between the extreme open and

10 extreme closed positions;

a stop fixed to the plunger rod of said solenoid;

a bimetallic element which changes shape in response to
changes in temperature, wherein below a given temperature said

stop strikes said bimetallic element which thereby restricts

This Sheet Has Been Replaced -11-~
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piate'22 into the extreme close rtion illustrated in Figure 1, where

et R "5 2 3 5
P PL.

the solenoid 30 and a stbp ©38% affiked to the plunger rod 3
that electric current is renoved, the force of coil spring 36 agalin
plunger stop 38 causes the valve plate 22 to rotate into an

t The, d to which th | u
open posniovle(t)nnent oef t%ger epelunoger Iz:%d toe pg'eve%t said choke valve from

reaching the extreme open position, and above the given
temperature said bimetallic element has changed shape to avoid
being struck by said stop thereby allowing the choke valve to
reach the extreme open position; and

20 an heater which warms said bimetallic element.

8. The apparatus as recited in claim 7 wherein said
bimetallic element comprises a base portion for securing to a
support member; a curved section having a first end joined to
the base portion and having a second end; and an arm extending

5 from the second end of the curved portion, wherein said stop
strikes the arm when said bimetallic element is below the given

temperature.

9. The apparatus as recited in claim 8 wherein said heater
comprises an electric heater on a surface of the curved section

of said bimetallic element.

10. The apparatus as recited in claim 7 wherein said heater
‘comprises an electric heater on a surface of said bimetallic

elenment.
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r od 32'is able to nove and thus the anobunt to which the choke plate 22 can
open is determ ned by the shape of a binetallic thernostatic el enment 40.

Bel ow normal operating tenperatures, the thernostatic el egent—40 aPPear-S—
as shown in Figure 2, where it restricts full novement of |tH8SgHER BAS pgHY
32 by striking stop 38. Thus the choke plate is unable tol|reachRRHAaCED

extrene open position and may only open partially. At normal operating
tenperatures, the thernostatic el enent 40 unbends as shown in Figure 3 and
no longer restricts the plunger rod 32 allowi ng the choke plate 22 to

reach the extrenme open position. ¥*AB pr ef erence to Figures 1 and 2,

t he thernnstatic elenent 40 i s binE?BF IC So as to bend and unbend as a
function of 'f[' Jﬂ&&f@r hg) %ﬂ%a&bﬂQe%&% aipbaﬂ%&ohaéa 42
with screw ho 4 ena ing attachnent to support plate

by an apparatus that includes a choke valve located in a passage
of the carburetor. A solenoid with a moveable plunger rod
coupled to move the éhoke valve between extreme open and

5 closed positions, and having a stop fixed to the plunger rod.
A bimetallic element changes shape in response to changes in
temperature, whereiﬁ below a given temperature the bimetallic
element engages the stop thereby restricting movement of the
plunger rod and preventing the choke valve from reaching the

10 extreme open position. Above the given temperature the
bimetallic element changes shape to avoid engaging the stép
thereby allowing the choke valve to reach the extreme open
position. A foil electric heater is mounted on a surface of

the bimetallic element to match the shape of the element to

the desired performance characteristic of the engine.

QB1\301946. -13-
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t he sol enoid 30. Extending from one edge of the base 42 is a curved
section 48 which has an inverted U shape at relatively Iom/ tenperatures
(e-g. below +30[err]F). ,A narrow arm 50 projects from b2-oft-he

\>a

LY e i
curved section 46 that is renpte frombase 42. The expo &ﬁ%ﬁﬂb%E”ﬁﬁéféNn
50 is bent toward the base to forma claw 54. A direct éurredt"™PLAEEP typ
electric heater 56 is adhesively bonded to the inner dianetric surface of
the curved section 48 of thernostatiﬁbstznent 40. .As wi Il be descri bed,

heat fromthe foil heater 56 causes t rved section 48 to unbend when
t he engine is running.

FIG. 1
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When the operator desires to start the engine 10, the ignition switch is
turned which cl oses a set of contacts 60 that applies power to the heater

56 ‘and to a choke contraller 62. The controller preferably includes a
m croprocessor that executes a software program whi ch governs the
operation of solenoid 30. Upon bei ng powered-up, the controller 62

applies an electric current to théezgien0|d via line 64. Wen energi zed,
sol enoid 30 creates an internal omagnetic fiel Yall draws the
pl unger 32 inward along the direction indicated by a

TV SHEET HAY Be@fyi on
pody @&EPLAWED
sol enoi d, and operates the lever 26 to nove the choke plate

conpresses the coil spring 36 between the stop 38 and

22

OSSN NN

FIG. 4
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|nto the extrene cl osed position shown in Flgure 1. An internal ti
of controller 62 is set upon energizing the solenoid 30. After the choke
val ve 20 has been closed for a defined period of time, twrsecongs—t
exanpl e, the tinmer expires which causes the controller 62 Ridimusatielt REL

application of electric current to the solenoid. Thus the el ectromagneti ¢
field ceases and the force of the coil dpring 36 noves the plg@%§59$§ﬁ|1
the opposite direction of arrow 34 opening the choke val v he
engi ne tenperature is relatively cold (e.g. below +30[err} A

Y an

noves until the stop 38 strikes the clam154 on arm 50 of ‘he blneta

thernostatic el enent 40rpAGddiaWici Brhidis erdk COMIRDRIIALI C BT

sufficiently stiff to xesdrEnoeobergerefcAr¥UREIOR THOKRY 36 and stop
further novenent of the plunger 32. Thus the choke plate 22 is held in

Background QOf The Invention
The present invention relates to mechanisms for operating a
choke of the carburetor on an internal combustion engine; and
more particularly to a thermostatic control for such operating

mechanisms.

Internal combustion engines conventionally include a system
which-provides fuel‘to the engine at a rate which varies. in
response to one or more operating conditions, such as the rate
of air flow to the engine or a combination of engine speed and
load. At each engine operating point, under normal operating
temperatures, the fuel flow is carefully controlled to produce
"the desired engine torgque.

During operation below normal operating temperatures, thaﬁ
same fuel flow rate may be insufficient to produce the torque
required for the particular engine operating point. Accordingly,
such engines conventionally include a choke or other mechanism
to increase fuel flow and enrich the air-fuel mixture during low
temperature operation. A sufficiently enriched air-fuel mixfure
assures that the engine produces adequate torque during the
warm-up period before reaching the normal operating temperature
range.

It has been recognized that an enriched air-fuel mixture

increases fuel consumption and contributes to emission of

hydrocarbons and carbon monoxide in the engine exhaust gases.



an internedi ate position between the extrene open and cl osed

positions. This allows additional air to flow through the ji-aduct’i on Lo
passage 14 producing a leaner air-fuel mixture that in the EXTrenE closed
position of Figure 1. Upon terminating the electric ¢uirent to the ,
solenoid 30, the controller 62 reads a signal froma sen50r166 mﬂLch,,j !
i ndicates the tenperature of the enging block. If that tehpprature Is legs-
than a predefined level (e.g. 75 err]F—Or 100[err]F.) that occurs after—

|

i

Thus, in order to minimize those deleteriocus effects, prior
cold temperature enrichment mechanisms scheduled the amount

of enrichment with time, engine temperature and other engine
operating conditions. Yét any such schedule is only an
approximation of the cold enrichment actually required. When
the cold enrichment schedule falls short of the required amount,
the engine will produce insufficient torque; whereas when the
schedules exceeds t@e required amount, the engine consumes
unnecéssary fuel and creates excessive exhaust emissions.

One common mechanism for céntrolling the choke as a function
of operating temperature is a bimetallic helical spring. The
device is a lamination of two metals with different coefficients
of expansion, which cause the spring to curl into a tighter
helix with temperature decreases and uncurl as the temperature
increases. By attaching one end of the spring to the choke, the
choke opens and closes with spring movement in correspondence
with temperature, as described in U.S. Patent No. 3,494,598.

Other choke control mechanisms directly connected different
types of powered drivers to the carburetor choke along with the
bimetallic spring thermostat to further refine the enrichment
schedule to match the precise engine requirements. One of
these mechanisms is shown in U.S. Patent No. 4,321,902 in which
separate linkages couple a motor and a bimetallic helical spring
to the choke plate of the carburetor. The 4,768,478 U.S. patent
describes using both a spring thermostat and an electric solenoid

to control the position of the choke valve.



t he engi ne has warned-up, the controller 62 comences execution of a

war mup choke node. Otherw se, if the engine block. ten tuteT ove
the predefined | evel, the solenoid no |onger is pulsed th@tKgEyﬁﬁg“gﬂBkE
val ve 20. The controller may al so receive other engine garjaneters from
different sensors 67. In the warmup node, the contirgl|l2n $2 w7t s
0.20 seconds after the termnation of Bhe first pul se off @l ectric currepnt
to the solenoid 30 and then applies anot her current pul e $or-6-16 -
seconds. Thereafter, the solenoid is de-énergized for 0.30 seconds before
current is reapplied for 0.10 seconds. The pulsing of the solénoi d omTour
0. 10 seconds -and off for 0.2 seconds repeats for 20 seconds at which tine

further operation of the sol eafm @gsehe InventiWhile the solenoid 30 is

being pulsed with electric current, . i .
A general object of the present invention is to provide an

apparatus for controlliﬁg an air-fuel mixture produced by the
carburetor of an interﬁal-combustion engine.

Another object is to provide a thermostatic control of the
air-fuel mixture by using a choke valve in the carburetor.

A further object is to utilize an electrically operated
solenoid to control the opening and closing of the choke valve.

Yet another object of the present invention is to provide a
thermostatic element to limit the degree to which the solenocid is
able to open the choke valve in low temperature conditions.

These and other objectives are fulfilled by locating a
movable choke valve in an air inlet passage of the carburetor.
The choke valve is connected to a plunger rod of a solenoid which
moves the choke valve between an extreme open position and an
extreme closed position. A stop is fixed to the solenoid plunger
rod.

A bimetallic element is positioned adjacent to the solenoid
plunger rod. This bimetallic element changes shape in response
to changes in temperature, wherein below a given temperature
the plunger rod stop strikes the bimetallic element thereby
restricting movement of the plunger rod and preventing the choke
valve from reaching the extreme open position. Above the given
temperature, the bimetallic element has changed shape to avoid
being struck by the stop, thereby allowing the choke valve to

reach the extreme open position.



the foil

type heater 56 is warmng the binmetallic thernostatic. el enent. 40

Heat fromthe running engine 10 al so warns the thernostatic elenent 40

Eventual |y, either during the solenoid pulsing or thereafter~-the e

thernostatic element 40 will be heated to a tenperature at whi ch the
bimetal lic material begins unbending ARG

9 fromthe position shown in Figure 2. Wien the unbendlng progressés

-

to the p0|nt at which the.claw 54 on arm 50 no | onger

Another aspect of this invention is to provide a heater to
raise the temperature of the bimetallic element at a predefined
rate to control the shape of the element in relationship to the

required performance characteristics for the engine.

Brief Description Of The Drawings

FIGURE 1 is a schematic representation of an engine that
incorporates the present invention for controlling a carburetor
choke 'and shows the choke valve in a extreme closed position;

FIGURE 2 is an isometric view of a bimetallic element used
in the present choke control mechanism;

FIGURE 3 is a detailed view of the control mechanism with
the choke valve plate in an intermediate operating position; and

FIGURE 4 is a detailed view of the control mechanism with

the choke valve plate in an extreme open position.

Detailed Description Of The Invention

With initial reference to Figure 1, an internal combustion
engine 10 has a carburetor 12 forming a portion of an induction
passage 14 that supplies combustion air to the engine. Although
a vertical induction passage 14 is shown, the present invention
is equally applicable to carburetors with horizontal induction
passages, such as commonly used with single cylinder engines.
The induction passage 14 includes a rotatable throttle walve
plate 16 to control the flow rate of an air-fuel mixture

therethrough to the engine. A venturi 17 creates a vacuum which
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Is in contact with the plunger stop 38, the force of the coil spring 36
exerted on the stop causes the plunger 32 to extend fully } FREY g
sol enoi d 30. This action noves the choke lever 36 into th R ?E%@b@ﬁgm ¥H¥¥?
Figure 4 where the choke valve plate 22 in the extrene opéniposition. At
this tine, the engine is in the normal operating tenperaturée 22pGEPaE/a
normal air-fuel mixture can be used. THe time between engjng starting ang
the plunger stop clearing the thernostatic el enent 40 depgnds on the
engi ne tenperature at start-up and the anbi ent tenperature Therefore, the
war ner the engine 10 and the warner the anbient air, the sooner the nornar
air-fuel mxture will be used. The foregoing description is directed
primaril YrarQ oy fiehr @de 2800 W AMRNLS abwt BRd| AVAN I0R) /ﬁlrbﬁoagbe§9%ir
attention was given to various alternatives within the scope of th

I nventi orn,8 ithrdomgh a fuel supply passage 19. The drawn fuel is mixed in

a desired ratio with the air flowing via the induction passage 14
to engine 10.

A choke valve 20 includes a choke plate 22 located within
the induction passage 14 and is able to rotate with movement of
a shaft 24 that extends through apertures in the walls of the
carburetor 12. A lever 26 is fixed to an end of the shaft 24
outside the inducti;n passage 14 to rotate the shaft 24 .and move
the choke plate 22 between an extreme closed position and an
extreme open position, shown in Figures 1 and 4 respectively.
The choke plate 22 has apertures 28 therethrough to allow some
air to flow to the engine 10 even in the fully closed position of
the choke plate.

A electromagnetic solenoid 30 has a plunger rod 32 with a

remote end connected to the lever 26 of the choke valve 20.
When an direct electric current is supplied to the coil of the
solenoid 30, the plunger 32 is drawn toward into the coil in the
direction indicated by arrow 34. This action rotates the choke
plate 22 into the extreme closed position illustrated in Figure
1, where it remains as long as electric current continues to be _
applied to the solenoid 30. 1In this state a coil.spring is
compressed between the body of the solenoid 30 aﬂd a stop 38
affixed to the plunger rod 32.

When that electric current is removed, the force of coil

spring 36 against the plunger stop 38 causes the valve plate 22




anticipated that skilled artisans will likely realize additional . .

alternatives that are now apparent fromthe disclosure of: klose $
id ‘det er m ned
fromthe following clains and not linted by the above djsclosure., '

enbodi ments. Accordingly, the scope of the invention should be-

CLAI M5 1. An apparatus for controlling an air-fue” m xture”

by a carburetor of an internal conmbustidh engine, said
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to rotate into an open position. The degree to which the plunger

rod 32 is able to move and thus the amount to which the choke

plate 22 can open is determined by the shape of a bimetallic

thermostatic element 40. Below normal operating temperatures,

the thermostatic element 40 appears as shown in Figure 2, where

it restricts full movement of the plunger rod 32 by striking stop

38. Thus the choke plate is unable to reach the extreme open

position and may only open partially. 'At normal operating

temperatures, the thermostatic element 40 unbends as shown in

Figure 3 and no longer restricts the plunger rod 32 allowing the

choke plate 22 to reach the extreme open position.

With reference to Figures 1 and 2, the thermostatic element

40 is bimetallic so as to bend and unbend as a function of

temperature. The thermostatic element 40 has a2 planar base 42

with screw holes 44 enabling attachment to a support plate 46 on

the solenoid 30. Extending from one edge of the base 42 is a

curved section 48 which has an inverted U-shape at relatively low

temperatures (e.g. below +30°F). A narrow arm 50 projects from

the end 52 of the curved section 46 that is remote from base 42.

The expoéed end of the arm 50 is bent toward the base to form a

‘claw 54. A direct current, foil type electric heater 56

is

adhesively bonded to the inner diametric surface of the curved

section 48 of thermostatic element 40. As will be described,

heat from the foil heater 56 causes the curved section 48 to

unbend when the engine is running.



appératus conpri si ng: a choke valve |located in a passage of the
carburetor and having an extrene open position and an expm@m %&Pﬁﬁ ﬁprT
13 -_-— é {

posi tion; a sol enoi d having a noveabl e plunger rod {CQupled o't el
choke val ve to nove-the choke val ve between the extrene n and extre

cl osed positions; a stop fixed to the plunger rod sad @ R 499G d
and a thernostatic el enent which el ow a given te jature

said stop thereby restricting novenent 76f the plunger

choke val ve fromreaching the extreme open position, and.ahoye the glven
tenperature said thernostatic elenment does not engage said stop to preven
the choke valve to reach the extrene open position.

When the operator desires to start the engine 10, the

ignition switch is turned which closes a set of contacts 60
that applies power to tﬂe heater 56 and to a choke controller 62.
The controller preferablf includes a microprocessor that executes
a software program which governs the operation of solenocid 30.
Upon being powered-up, the controller 62 applies an electric
current to the solenoid via line 64. When energized, solenoid 30
creates an internal-electrOmagnetic field which draws the plunger
32 inward along the direction indicated by arrow 34. This action
compresses the coil spring 36 between the stop 38 and body of the
solenoid, and operates the lever 26 to move the choke plate 22
into the extreme closed position shown in Figure 1.

An internal timer of controller 62 is set upon energizing
the solenoid 30. After the choke valve 20 has been closed for
a defined period of time, two seconds for example, the timer
expires which causes the controller 62 terminate the application
of electric current to the solenoid. Thus the electromagnetic
field ceases and the force of the coil spring 36 moves the
plungér 32 in the opposite directioﬁ of arrow 34 opening the .
choke valve 20. When the engine temperature is relatively cold
(e.g. below +30°F.), the plunger moves until the stop 38 strikes -
the claw 54 on arm 50 of the bimetallic thermostatic element 40
as shown in Figure 3. Thermostatic element 40 is sufficiently
stiff to resist the force of the coil spring 36 and stop further
movement of the plunger 32. Thus the choke plate 22 is held in

an intermediate position between the extreme open and closed

f—r-
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2. The apparatus as recited in claim1 further conprising a heater for
raising a tenperature of said thernostatic el enent. E;T:Q“"*¥he- co—
apparatus as recited in claiml further conprising an e ecﬁrlo heaﬂér 6“3
surface of said thernostatic el enent. 4. The apparatus as recit
in claim3 further conprising a control for applying eIectrLc curreni tof

said solenoid and to the electric heatGr

positions. This allows additional air to flow through the
induction passage 14 producing a leaner air-fuel mixture that in
the extreme closed position of Figure 1.

Upon terminating the electric current to the solenoid 30,
the controller 62 reads a signal from a sensor 66 which indicates
the temperature of the engine block. If that temperature is less
than a predefined level (e.g. 75°F. or 100°F.) that occurs after
the engine has warmed-up, the controller §2 commences execution
of a warm-up choke Aode. Otherwise, if the engine block .
temperature is above the predefined level, the sclencid no longer
is pulsed to close the choke valve 20. The controller may also
receive other engine parameters from different sensors 67.

In the warm-up mode, the controller 62 waits 0.20 seconds
after the termination of the first pulse of electric current to
the solenoid 30 and then applies another current pulse for 0.10
seconds. Thereafter, the solenoid is de-energizeq for 0.20
seconds before current is reapplied for 0.10 seconds. The
pulsing of the solencid on for 0.10 seconds and off for 0.2
seconds repeats for 20 seconds at which time further operation
of the solenoid ceases.

While the solenocid 30 is being pulsed with electric current,'
the foil type heater 56 is warming the bimetallic thermostatic
element 40. Heat from the running engine 10 also warms the
thermostatic element 40. Eventually, eithexr during the solenoid
pulsing or thereafter, the thermostatic element 40 will be heated

to a temperature at which the bimetallic material begins unbending



5. " The apparatus as recited in claim1 further conprising a spring which
bi ases the plunger rod to nove the choke valve toward (S) - T
posi tion. 6. The apparatus as recited in clain1lﬁﬁwkﬁégﬁﬁigéﬁgﬁ¥ﬁ
thernostatic el ement has a base portion for securing to}jaj support nenfer;
and an armthat is novable with respect to the base poltjomgHergdh tihe
armnoves into a position where.said g op is engaged mpe1 sal d
thernostatic elenment is below the given tenperature. Fr—ALY
apparatus-for controlling an air-fuel mxture producediby a carburetor of

an internal conbustion engine, said

from the position shown in Figure 2. When the unbending
progresses to the point at which the claw 54 on arm 50 no longer
is in contact with the plunger stop 38, the force of tha coil
spring 36 exerted on the stop causes the plunger 32 to axtend
fully from the body of solenoid 30. This action moves the choke
lever 36 into the state shown in Figure 4 where the choke valve
plate 22 in the extreme open position. At this time, the engine
is in the normal operating temperature range and a normal air-fuel
mixture can be used. The time between engine starting and the
plunger stop clearing the thermostatic element 40 depends on the
engine temperature at start-up and the ambient temperature.
Therefore, the warmer the engine 10 and the warmer the ambient
air, the sooner the normal air-fuel mixture will be used.

The foregoing description is directed primarily to preferred
embodiments of the invention. Although some attention was given
to various alternatives within the scope of the invention, it is
anticipated that skilled artisans will likely realize additional
alternatives that are now apparent from the disclosure of those
embodiments. Accordingly, the scope of the invention should be
determined from the following claims and not limited by the above

disclosure.



apparatus conpri sing: a choke valve |located in a passage of the
carburetor and having an extreme open position and an [extrene--cl-osed. .

posi tion; a spring coupled to bias the choke val vé: ‘towar o one: of the
extrene open and extre posi ti ons; a solen0|d having a - .
noveabl e pl unger rod coui Ri‘to the choke valve to rmve t@r.chok& val ve

Pgt }[Aﬁgnpf Bﬁge““mm\;‘mﬁ\g extrene cl®sed positions; “ Y

a’'stop fixed
enoi d; a blnetalllc el-ement which: -
changes shape #n ¢ es onse to changes in tenperature, wherein below a given
tenperature.said stop strikes said binetallic el enent which thereby.
restricts CLAIMS
1. An apparatus for controlling an air~-fuel mixture
produced by a carburetor.pf an internal combustion engine, said
apparatus comprising:
a choke valve located in a passage of the carburetor and
having an extreme open position and an extreme closed position;
a solenoid having a moveable plunger rod coupled to the

choke valve to move-the choke valve between the extreme open and

P

extreme closed positions;

a stop fixed to the plunger rod of said solenocid; and

a thermostatic element which below a given temperature
engages said stop thereby restricting moveﬁent of the plunger
rod to prevent said choke valve from reaching the extreme open
position, and above the given temperature said thermostatic
element does hot engage said stop to prevent the choké véive:ﬁb

reach the extreme open position.

2. The apparatus as recited in claim 1 further comprising

a heater for raising a temperature of said thermostatic element.

3. The apparatus as recited in claim 1 further comprising.

an electric heater on a surface of said thermostatic element.

4, The apparatus as recited in claim 3 further comprising
a control for applying electric current to said solenocid and to

the electric heater.



movenent of the plunger rod to prevent said choke valve from reaching the

extreme open position, and above the given tenperature said binetallic

el ement has_changed shape to avoid being struck by said RFPBAgpgﬁﬁﬁyggg

al | owi ng the choke varve—to—+each the extreme open positfi g
heat er whi ch

recited in c‘ :
portion for securi

I,”H id binetalllic el ement conpi

ﬂ@ inetallic el enent. 8. Tre a?arat us as

st

pport menber; a curved sectjoh_having a fir

end joined to

~ Am———
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D £ . ramrtiane, .

5. The apparatus as recited in claim 1 further comprising
a spring which biases the plunger rod to move the choke valve

toward the extreme open position.

5. The apparatus as recited in claim 1 wherein said
thermostatic element has a base portion for securing to a
sﬁpporﬁ member; and an ﬁrm that is movable with respect to the
base portion, wherein the arm moves into a position where.said

stop is engaged when said thermostatic element is below the

given temperature.

7. An apparatus for controlling an air-fuel mixture
prbduced by a carburetor of an internal combustion engine, said
apparatus comprising:

a choke valve located in a passage of the carburetor and
having an extreme open position and an extreme closed position;

a spring coupled to bias the choke valve toward one of the
extreme open and extreme closed positions;

a solenoid having a moveable plunger rod coupled to the
choke valve to move the choke valve between the extreme open and
extreme closed positions; |

a stop fixed to the plunger rod of said solenoid;

a bimetallic element which changes shape in response to
changes in temperature, wherein below a given temperature said

stop strikes said bimetallic element which thereby restricts .



the base portion and having a second end; and an armextending fromthe
second end of the curved portion, wherein said stop strikes the ar m when

said bimetallic elenment is below the given tenperature.is-.> "~ 9.7 -The -
apparatus as_recited in—etam8 wherein said heater conprlse$ an electrlé

heater on a surface of

15 o s

he curved section of said binetililic el enent .
iﬂn cl ai m 7I1wher ein sai d hegtér conprikges an:
f said bimetallic elenenq i :

mo;ement of the plunger rod to prevent said choke wvalve from
reaching the extreme opén position, and above the given
temperature said bimetallic element has changed shape to avoid
being struck by said stop thereby allowing the choke valve to
reach the extreme open position; and

an heater which warms said bimetallic element.

8. The apparatus as recited in claim 7 wherein said
bimetallic element comprises a base portion for securing to a
support member; a curved section having a first end joined to
the base portion and having a second end; and an arm extending
from the second end of the curved portion, wherein said stop
strikes the arm when said bimetallic element is below the given

temperature.

S. The apparatus as recited in claim 8 wherein said heater
comprises an electric heater on a surface of the curved section

of said bimetallic element.

10. The apparatus as recited in claim 7 wherein said heatex
‘comprises an electric heater on a surface of said bimetallic

element.



