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This invention relates to charge forming de 
vices for internal combustion engines. 

Fuels, such as propane and butane, which are 
gaseous at normal atmospheric pressures and 
temperatures, are usually stored in highly con 
pressed or liquid form. 
A charge forming device for use with Such 

highly volatile fuels must properly pressure and 
meter the fuel as well as prevent leakage when 
the engine is not in operation. Where the fuel 
is to be drawn through the carburetor by engine 
suction, the problem is increased because of the 
high volatility thereof. 

Accordingly, the main object of the present in 
vention is to provide an engine charge forming 
device constructed to efficiently utilize highly 
volatile or gaseous fuels. 
Another object is to provide adequate Safety 

means for preventing escape of the gas When 
the engine is not in Operation. 
Another object is to provide means for meter 

ing highly volatile fuel in accordance with en 
gine Suction. 
Another object is to supply fuel for starting 

under conditions when there is in Sufficient Suc 
tion available for causing the delivery of fuel 
by induction through the main fuel Supply pas 
Sage. 
Another object is to provide novel means for 

enriching the fuel mixture during acceleration 
which means is especially adapted for use with 
highly volatile fuels. 

Still another object is to provide novel means 
for controlling the air supply to the carburetor 
particularly during starting. 
These objects and other more detailed objects 

hereafter appearing are obtained by the devices 
illustrated in the accompanying drawings in 
Which 

Fig. 1 is a diagrammatic view showing parts 
of internal combustion engine fuel and electrical 
Systems embodying the invention. 

Fig. 2 is a similar view showing a modification. 
Figs. 3 and 4 are similar views showing still 

other modifications. 
Fig. 1 shows a downdraft carburetor having a 

mixture conduit 5 provided with a central Wenturi 
tube 6 and a throttle valve . The mixture con 
duit is mounted on the engine intake manifold 
8 in the usual manner and forms a part of the 
engine intake System. Adjacent the mixture COn 
duit there is provided a pressure reducing and 
heating device 9 which comprises a casing form 
ing chambers 0 and 0d separated by a horizon 
tal diaphragm . A stationary needle 2 car 

(CI. 123-179) 
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2 
Iried by the upper part of the casing controls a 
central passage 3 in the diaphragm. The dia 
phragm is urged upwardly by a coiled spring f4 
So as to normally close port 3. Upper chamber 

0 is connected by a tube 5 to a tank 6 con 
taining a supply of highly compressed fuel Such 
aS propane or butane. 

Fuel at a much lower pressure is delivered 
through the passage 8 connected to lower cham 
ber Oa. In order to counter-act the cooling effect 
caused by expansion of gases passing through 
port 3, a coiled tube 9 is mounted in chamber 
Oa for exposing expanded gases to a heating 
medium. Such as exhaust or hot Water. A some 
What similar pressure reducing and heating de 
Vice is disclosed and claimed in a co-pending ap 
plication in the name of Irven E. Coffey, Serial 
No. 641,207, filed January 15, 1946, and assigned 
to the assignee of the present application. 
A chamber 2 connected with passage 8 has 

a valve seat port 2 at its upper extremity con 
trolled by a conical valve 22. This valve has a 
stem 23 connected to a diaphragm 24 mounted 
in a chamber 25 communicating with chamber 

25 20 through port 2 ?. A coiled spring 26 urges dia 

30 

40 

45 

50 

55 

phragm 24 upwardly and normally maintains 
valve 22 closed. 
A passage 28 leads from chamber 25 and has 

branches 29 and 30. Main fuel supply branch 
29 discharges into the mixture conduit through 
an annulus 3 and ports 32 in the throat of 
Wenturi tube 6. Passage 30 discharges through 
idling ports 33 located adjacent and slightly 
posterior to the throttle when closed. Branches 
29 and 30 are provided with check valves 34 and 
35 opening toward their respective discharge ports 
So that when dominant suction exists in one 
branch, the other branch will be closed by its 
respective check Valve. Branch 30 serves for 
Supplying idling fuel to the engine whereas 
branch 29 delivers the main fuel supply. Idling 
branch 30 is provided with an air bleed 36 and 
an economizer restriction 3. 
An auxiliary passage 40 connects passage 8 

below or anterior to chamber 20 to a valve cham 
ber 4 through a valve seat port 42 and passes 
through a duct 43 to idling fuel branch 30. Port 
42 is controlled by a valve 44 formed as the 
armature of a solenoid coil 45 and is normally 
urged closed by a coiled spring 46. The 
Solenoid coil is connected through one blade 
of double pole Switch 47 to ground, and 
through ignition switch 48 and lead 49 to bat 
tery 50. The arrangement is such that when both 
the ignition switch and the double pole switch 
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are closed, the solenoid will be energized and 
valve 44 opened to permit the delivery of start 
ing fuel through passage 43 and idle ports 33. 
The other pole of switch 4 connects battery lead 
49 to starter motor 5f. Throtte , preferably, 
Will be partly opened during starting. 
In order to insure closing of main fuel meter 

ing valve 22 when the engine is not in operation, 
even though spring 26 or diaphragm 24 may be 
damaged, an additional spring 55 within chamber 
20 bears against the head portion 56 of a stem 
57 projecting from the armature 58 of a Solenoid 
59. The solenoid is connected to ground, as at 
0 and through ignition switch 48 to battery lead 

49. When the ignition is turned on, al'mature 
58 and head element 55 Will be dra Win down 
wardly by the solenoid to compress spring:55, and 
permit opening of valve 22 under the influence 
of engine suction applied through the induction 
conduit and passage 28 to diaphragm 24. 
Formed on the upper side of diaphragm 24 is 

a dash pot chamber 65 in which works a rather 
close fitting piston SS forming an upper movable 
wall for the chamber, the chamber being provided 

... with an air bleed S for charging the same With 
air. Diaphragm, 24 forms a lower movable Wall 
for the chamber. A yoke. 68 connected to the 

... diaphragm slidably receives a lateral element 69 

... on a rod TO carried by piston 66. A second rod 
7 f is pivoted to the piston and to a lever 72, itself. 

: ; pivotally carried at 73 by the short arm 4 of a 
bell crank. Lever 72 at its opposite extremity is 
connected by a link 75 to an arm 6 mounted on 
the throttle shaft and rigidly innovable thereWith. 
The bell crank is permanently pivoted at 7 and 
has a long arm 8 connected by a link 9 to a 
piston.80 working in a cylinder 8 connected by 
a passage 82 to intake conduit 8 posterior to the 
throttle. This arrangelinent is such that upon in 
crease of Suction in manifold 8, bell crank 4, 
arm 8 is rotated counter-clockwise to lift lever 
pivot. 73, and, through yoke 68, to lift diaphragn 
24 and move valve 22 towards its closed position. 
A coiled Spring 83 in cylinder 8 normally urges 
piston 80 upwardly in a direction to lower pivot 
73 and piston 66 and permit additional opening 
Of Valve 22. 

In operation, when the ignition and starter 
SWitches are both closed, main metering valve.22 
will be released by Safety. Solenoid 59 and aux 
iliary valve 44 will also be opened by solenoid 45. 
Ordinarily there will be insufficient Suction trans 
mitted through passage 23 to affect diaphragm 
24 and metering valve 22 during cranking. How 
ever, a sufficient supply of fuel for Starting will 
be delivered through auxiliary paSSage, 40 and 

; idle ports.33. When the engine starts to run un 
der its own power, starting Switch. 47 will be 

; opened, de-energizing Solenoid 45 and permitting 
: closing of valve 44. Thereafter, the fuel, which 
is fully gasified and sufficiently reduced in pres 
sure, preferably below atmospheric, by the device 
9, will be delivered by induction through one; or 
the other of branch passages 29 and 30, in ac 

. . cordance. With whether the throttle. Valve is 
opened or closed, and fuel will be metered": by 
valve 22 in response to suction conditions in paS 
sage 28 and the mixture conduit. Piston:8), and 
cylinder 8 and connected parts constitute a suc 

'tion economizer device which tends. to lean out 
the mixture at high suction in the intake mani 
fold. 

In case the throttle valve is suddenly opened 
... connection 7 f, 72, 75 causes piston; 66 to be low 
ered and the air in cylinder:65 will be compressed. 

5 

4. 
So as to urge diaphragm 24 downwardly and mo 
mentarily increase the opening of valve 22. The 
air pressure in chamber 65 will gradually dissi 
pate through air bleed 6 so that spring 25 re 
turns the diaphragm and valve to its stable posi 
tion. When the throttle valve is substantially 
fully opened, element 69 on link 7 will engage 
the upper extremity of stem 23 and positively 

10. 
open the valve to provide additional enrichment 
as long as the throtte remains in this position. 
The form in Fig. 2 is similar to that in Fig. 1 

but includes Some additional elements. Located 
Within a casing;99;mounted on tube 3 is a closed 

, the mostat, 9s having its outer end anchored to 
5, the casing and its inner end attached to a shaft 

92 which rigidly-mounts an arm 93. This arm 
is connected by a link 94 to an arm 95 which op 
erates a valve 95 controlling the passage of heat 

sing fluid through the device 9. Thus the heating 
of the expanded gas in member 9 is controlled by 

- the temperature of the outgoing gas in passage 8. 
Arm 93 is also connected by a second link -97 

to a lever 98 having an eccentric extremity 99 

- perature is low. 

40 

which cooperates with a lip 0) on throttle oper 
atting lever Of to variably limit the idling po 
Sition of the throttle valve in accordance with 
temperature. 

In Fig. 3, the auxiliary, starting by-pass for 
fuel is Omitted and a choke valve C5 is mounted 
off center on a shaft fo6 in the upper part of 
mixture conduit 5d. A thermostatic bi-metallic 
coille is mounted about the choke shaft so as 
to yieldingly close the choke valve when the tem 

This substantially reduces the 
air supply and increases the effective suction. On 
the ports 32a available for drawing starting fuel 
through main fuel branch, 29. A lever 08 rigid 
with the choke: shaft is connected by a link 09 
to a piston, C which works in a cylinder con 
nected at its lower extremity by a passage it ?2 
to chamber 25a said thence through passage 28 

... to the mixture conduit. A coiled spring 3 con 

45 

50 

Stantly urges piston. ff0 upwardly in a direction 
to close the choke. During the warm-up period 
the position of the choke fluctuates in accordance 
with the resistance of the thermostat which op 
pOSes the direct action of air, flow on the choke 
and the action on piston f O of suction trans 
mitted through fuel passage branches. 29 and 30. 
When the engine reaches normal temperature, 

, thermostat - 07 moves the choke valve to its wide 

55 

open position and holds it there, 
In Fig. 4, choke shaft Ota has a detent 5 

formed rigid therewith outside the mixing con 
duit. An arm 6 rigid with the throttle shaft 
carries a link . . . which extends to the detent. 

. This link is connected by a link if 8 to a piston 
rod 9 and piston, 20 working in a cylinder 12 

60 
connected by a passage 22 to the mixture con 
duit posterior to the throttle. 
In operation, to start, the engine, the throttle 

Valve is moved to a partially, opened position 
which, through link 7 and detent 5, closes 

65 
the choke. Valve. When the engine starts to run 
under its own power, Suction applied to piston 
20 rotates link if T to clear detent 5 so that, 

thereafter, the throttle and choke valves are free 
to move independently of each other. 
The invention may be modified in various re 

Spects as Will occur to those skilled in the art and 
the exclusive use of all modifications as come 
Within the Scope of the appended claims is con 

- templated. 

75 
We claim: 
1. In combination with an internal combustion 
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engine having a starter and an induction con 
duit, a Source of highly volatile fuel supply, pas 
Sage means connecting said source to said con 
duit, a pair of valves controlling said passage 
means, a device operable responsive to suction 
Conditions in Said passage and conduit for Open 
ing one of said valves, and means operatively con 
necting Said Starter and said valve and actuatable 
upon Operation of said starter for opening the 
other valve. 

2. In combination with an internal combustion 
engine induction conduit having a throttle there 
in, a Source of highly volatile fuel Supply, pas 
sages connecting said source and said conduit 
and including a main fuel passage and an idling 
fuelpa SSage discharging, respectively, anterior and 
posterior to Said throttle when closed, a normally 
closed valve controlling each of said passages, a 
device responding to Suction in Said conduit for 
Opening a first of Said Waives controlling the Sup 
ply of fuel anterior to said throttle, a self-starter 
for the engine, and means operatively connecting 
Said starter and the second valve controlling the 
supply of fuel posterior to said throttle and actu 
atable upon operation of Said starter to start the 
engine for opening said Second valve. 

3. In combination. With an internal combustion 
engine induction conduit having a throttle there 
in, a source of fuel supply, main and idling fuel 
passages connecting said source and said conduit, 
a valve controlling a Supply of fuel to said idling 
passage, an engine starter, and means operatively 
connecting said starter and said valve and actu 
atable upon operation of Said starter to Start the 
engine to open said valve. 

4. In combination with an internal Combustion 
engine induction conduit having a throttle there 
in, a source of fuel Supply, main and idling fuel 
passages connecting said source and Said conduit, 
said idling passage discharging through a port 
located posterior to said throttle when closed, an 
additional passage connecting Said Source and 
said idling port for supplying starting fuel, a 
valve controlling said additional paSSage, an ent 
gine starter control, and means operatively con 
necting said starter and said valve and actuat 
able responsive to operation of Said control for 
opening said valve. 

5. In combination with an internal combustion 
engine induction conduit, fuel Supply means, a 
passage connecting said supply means and said 
conduit, a valve controlling said passage, Spring 
means urging said valve closed, a device respon 
sive to suction conditions in said conduit for 
opening said valve, an engine ignition system, 
and means responsive to energizing of Said Sys 
tem for positively counter-acting said Spring 

ea.S. 
6. In combination with an internal combus 

tion engine induction conduit, fuel Supply means 
connected to said conduit, a normally closed valve 
controlling the supply of fuel to said conduit, an 
engine ignition switch, and means responsive to 
suction in said conduit and closing of Said igni 
tion switch for positively opening Said Valve. 

7. In combination with an internal combustion 
engine induction conduit, a source of highly vola 
tile fuel supply connected to said conduit, a nor 
mally closed valve controlling the Supply of fuel 
to said conduit, a device responsive to Suction 
conditions in said conduit for opening Said Valve, 
an engine ignition system, safety means for urg 
ing said valve closed, and means responsive to 
energizing of said system for overcoming said 
safety means. 

O 
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6 
8. In combination with an internal combustion 

engine induction conduit, a source of highly vola 
tile fuel supply, fuel passages extending from said 
Source to said conduit for supplying fuel for 
normal Operation and also for starting, a valve 
controlling Said normal fuel Supply passage, an 
engine ignition System, means responsive to en 
gine suction for opening said valve, safety means 
normally urging said valve closed, means opera 
tively connecting said ignition system and said 
Safety means and actuatable responsive to en 
ergizing of Said ignition System for overcoming 
Said Safety means, a second normally closed valve 
in Said starting fuel passage, an engine starter 
control, and means operatively connecting said 
Starter control and said second valve and actuat 
able responsive to operation of said control for 
opening said second valve. 

9. In combination with an internal combustion 
engine induction conduit having a throttle there 
in, supply means for highly volatile fuel, a pas 
Sage connecting said Supply means and said con 
duit, a valve controlling said passage, a first de 
vice operatively connected to said valve and said 
conduit and responsive to Suction in said conduit 
to actuate Said valve in an opening direction upon 
increase in Suction in said conduit, and a second 
device operatively connected to said throttle and 
said first device to open said valve independent 
of the action of Suction on Said first device. 

10. In combination. With an internal combus 
tion engine induction conduit having a throttle 
therein, passage means for supplying highly vola 
tile fuel to said conduit, a valve in said passage 
means, and a fluid charged chamber having a 
pair of individually movable walls, one of said 
walls being operatively connected to said valve 
and the other Wall being connected to said throt 
tle and having a lost motion mechanical con 
inection to Said valve whereby actuation of said 
throttle and Said second wall acts through the 
fluid in Said chamber to yieldingly motivate said 
first Wall and said valve and actuation of said 
throttle in the opposite direction positively shifts 
Said Wave. 

11. In combination with an internal combus 
tion engine induction conduit having a throttle, 
a Source of highly volatile fuel, a passage con 
necting Said Source to said conduit, a valve con 
trolling Said passage, a chamber having a mov 
able Wall exposed to Suction in said passage and 
connected to said valve for opening said valve, 
a dash pot chamber on the opposite side of said 
mOVable Wall from Said passage, a second mov 
able Wall for Said dash pot chamber, and an op 
erative connection between said throttle and said 
Second movable wall whereby opening of said 
throttle actuates said second movable wall and 
yieldingly motivates said first movable wall and 
Said valve, and further including a lost motion 
mechanical connection between said throttle and 
Said valve for positively opening the latter re 
Sponsive to substantially full opening of said 
throttle. 

2. In combination with an internal combus 
tion engine, induction conduit means of the en 
gine, a fuel supply device operatively connected 
to Said conduit means, a normally closed valve 
for said device controlling the supply of fuel to 
Said conduit means, an engine ignition system 
including a switch means, and means including 
an Operative Connection between said several 
means and Said valve responsive to suction in 
said conduit means and operation of said igni 
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tion switch means, respectively, for opening said 
... normally closed valve. 

13. In a charge forming device for an internal 
... combustion engine, a mixture conduit, fuel Sup 
ply means, a passage connecting said source to . 
said conduit, a valve controlling said passage, a 

... throttle in said conduit, a resilient connection be 

...tween said throttle and said valve for, opening 
...said valve when said throttle is. opened, said re 
silient connection including a pivoted lever, and 
a device responsive to...variations in suction 
posterior to said throttle for altering the posi 
tion of the lever pivot and thereby affecting said 

-valve. 
14. The combination specified in claim 13 in 

... which said resilient connection is formed by a 
dashpot device having a pair of movable walls, 
one being connected to said throttle and the other 
being connected to said valve. -- 
15. The combination specified in claim 13 fur 

...ther including a movable wall exposed to suction 
conditions in said fuel supply passage for open 

...ing said valve. - 
16. In combination with an internal combus 

tion engine induction conduit having a choke and 
a throttle, main and auxiliary fuel passages dis 
charging respectively, anterior, and posterior to 
said throttle, a valve controlling said auxiliary 
passage, an engine starter control, means opera 
tively connecting said control and said valve and : 
actuatable responsive to operation of said con 
trol for opening said valve, and thermostatic 
means for closing said choke for starting to pro 
vide sufficient suction in said conduit during 
cranking of the engine to draw starting fuel 
through said auxiliary passage. - - - - - - - - - - 

17. In a charge forming device for an internal 
combustion engine, a mixture conduit having 

8 
choke and throttle valves, a fuel supply passage 

...discharging into said conduit, an operative con 
nection between said throttle and said choke 
valve for closing said choke valve when said 
throttle is partially opened, and means opera 
tively connected with said conduit and actuable 
responsive to engine suction when the engine is operating under its own power and operatively 
connected with said connection for disabling 

10 

5 

said operative connection. 
GEORGE. R. ERICSON. 
IRVEN E. COFFEY. 

References Cited in the file of this patent 
UNITED STATES. PATENTS 

. Number . . Name Date 
1,317,269 - Conrad ------------ Sept. 30,-1919 
1,887,386 . . . Westover --------- Nov. 8, 1932 
1,917,817 - Turner ------------ July 11, 1933 
1,972,982 Durr -------------- Sept. 11, 1934 
1,999,740 Schmidt et al. ------ Apr. 30, 1935 
2,004,403 Davisson et al. ------ June 11, 1935 
2,027,492 - Snodgrass --------- Jan. 14, 1936 
2,073,299 - Ensign ------ ----- Mar. 19, 1937 
2,076,679 - Stanton ----------- Apr. 13, 1937 
2,092,685 Wiel --------------- Sept. 7, 1937 
2,102.909 Paton ------------- Dec. 11, 1937 
2,173.191 Williams ---------- Sept. 19, 1939 
2,208,702 - Read --------------July 23, 1940 
2,294,152 - Yates -------------. Aug. 25, 1942 
2,311,315 Smith ------------- Feb. 16, 1943 
2,326,598 Acosta --------- --- Aug. 10, 1943 
2,342,426 Ransome ----------- Feb.-22, 1944 

... 2,345,762 Jones -------------- Apr. 18, 1944 
FOREIGN PATENTs 

Einhiber Country Date 
435,707 - Great Britain ----- - Sept. 26, 1935 


