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UNITED STATES PATENT of FICE 
2,630,761 

FUEL INJECToR, 
William H. Mashinter, Chicago, Ill., assignor of 

nineteen per cent to Margery D. McCormick 
and Alan G. McCormick, both of Chicago, Il. 

Original application May 29, 1944, Serial No. 
537,793. Divided and this application Novem 
ber 2, 1945, Serial No. 626,220 

(Cl. 103—152) 8 Claims. 

This invention pertains to pump mechanism, 
injector mechanism or atomizing mechanism 
adapted to either supply solid liquid or spray com 
minuted fluid, or mixtures of fluid and Solid. 
Fuel injection pumps as heretofore designed 

Commonly include a plunger working in a cylin 
der and intermittently actuated to deliver 
measured quantities of fuel to the engine. Be 
cause of the high fuel preSSures ordinarily in 
volved, a very close fit between plunger and cyl 
inder is required for Successful operation and a 
eak-proof fit is extremely difficult to obtain and 
impossible to maintain, particularly when using 
light fuels, such as gaSoline, having little or no 
lubricating properties. 
One object of the present invention is to pro 

vide a Substantially leak-proof fuel injection 
pp. va m a 

Another object is to provide a fue injection 
pump that is substantially immune to leakage 
producing Wear. 
Another object is to provide an improved bel 

loWS type of pump capable of Withstanding high 
preSSures Over long periods of use. 
Another object is to combine a bellows type of 
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pump and a fuel injection nozzle into a unitary 
Structure. 

Another object is to provide a fuel injection 
nozzle having a self-contained belows type of 
pump and a loaded discharge valve responsive 
to the pressure in the pump. 
Another object is to provide a pump fed fuel 
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injection nozzle having a self-cleaning discharge 
valve, 
Another object is to provide a combined fuel 35 

pump and injection nozzles of improved, simple 
and inexpensive design. 
Another object of the invention is to provide 

pump mechanism. So constructed and arranged 
that it may be used to pump solid liquid. 
Another object of the invention is to provide 

a pump for Supplying fluid under pressure and 
in measured quantities to means for utilizing the 
supplied fluid, as where fuel is sprayed into the 
cylinder of an engine or where other liquid, such 
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as water, is sprayed into such cylinder for power 
or antidetonating reasons. . 
Another object is to provide injecting means 

for supplying fuel to an internal combustion en 
gine which may be used with manifold or sep 
arate cylinder injection and wherein the fuel is 
introduced in properly atomized condition over 
the entire range of operation of the engine, i.e., 
regardless of the operating speed of the engine. 
Another object of the invention is to provide 

injecting means wherein the amount of fluid sup 
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plied therefrom is controlled by the pressure of 
the fluid delivered to the injecting means. 
With these and various other objects in view, 

the invention may consist of certain novel fea 
tures of construction and operation as will be 
more fully described and particularly pointed out 
in the Specification, drawings and claims ap 
pended hereto. 

In the draWings, Which ilustrate embodiments 
of the device and wherein like reference charac 
ters are used to designate like parts 

Figure 1 is a sectional view of a modified form 
of pump and nozzle adapted to be actuated by 
engine cylinder pressure of the cylinder to be 
supplied by the nozzle and wherein electrically 
controlled throttle venting and circulating means 
is provided; and 

Figure 2 is a sectional view of a modified form 
of pump and nozzle adapted to be actuated by 
electrically controlled means and wherein elec 
trically controlled throttle venting and circulat 
ing means is provided. 
This application is a division of application 

Serial No. 537,793, filed May 29, 1944, for Fue 
Injector, now Patent No. 2,530,128, November 14, 
950. 
Referring first of all to the injector illustrated 

in Figure 1, the injector is adapted to utilize the 
compression pressure of the cylinder to which 
fuel is to be supplied by the injector for the op 
eration of the injector. The injector comprises 
a nozzle 284 secured as by threads 286 to the 
housing or casing 288, the upper end of the cas 
ing being closed by means of the end head 290. 
The head 290 is provided with inlet fitting 292 
adapted to be connected to a suitable source of 
fuel Supply, not shown, said fitting being pro 
vided with the spring pressed valve 294 seating 
toward the source of Supply. 
The end head is provided with the concentric 

fianges 296 and 298 to which the upper ends of 
the outer and inner bellows 300 and 302 are se 
cured in a leakproof manner, the lower ends of 
said bellows being similarly secured to the Outer 
and inner concentric flanges 306 and 308 of the 
intermediate movable seal 30. The seal 30 is 
provided with the oppositely extending flange 
32 to which the upper end of the bellows 34 is 
secured in a leakproof Inanner, the lower end of 
said bellows being similarly connected to the 
lower stationary seal 36 secured between the 
casing 288 and nozzle 284. 
The head 290 is provided with the vents 3 8 

for the space between the bellows. 300 and 302 
and is also provided with the exhaust valve open 
ing 320 which in turn is connected to the source 





5 
Comparison of load-speed control of injectors of 

known type and those illustrated herein 
In order to obtain the degree of control over 

the ratio of air and fuel (needed for optimum 
economy and satisfactory performance) that is 
introduced into an engine cylinder, it is essential 
that the quantity of fuel per injection be main 
tained at a fixed ratio with respect to the quantity 
of air inducted per suction stroke of the engine 
cylinder. 

In a naturally aspirated (not Supercharged) 
internal combustion engine the quantity of air 
inducted per suction stroke of the engine de 
creaseS With increases in engine Speed for each 
and every air throttle position according to the 
volumetric-efficiency curve (breathing rate) of 
the engine. 
Thus it is evident that if a constant ratio of 

air and fuel is to be maintained at all times and 
under all conditions of speeds and loads (load 
speed control), the "speed-delivery' character 
istic of the injection system should conform to 
the same general form as the volumetric 
efficiency curve of the engine. 

In an engine Operating On the Otto cycle (Such 
as a gasoline spark-ignition engine) it is neces 
sary to control the air-charge inducted by a 
throttle control over the air as well as the fuel 
introduced to the engine. Thus there is a family 
of Volumetric-efficiency curves (one curve for 
each throttle position). In the diesel engine, as 
no air throttle is provided, there is only one volu 
metric-efficiency curve for the air charge in 
ducted (full throttle). 

All commercial forms of fuel injection pumps 
now in use utilize a plunger-barrel combination, 
as a pumping means. The type of injection pump 
in most extensive use at the present time, emi 
ploys a port controlled by-pass, with an undercut 
section of the plunger as the slide valve means 
for controlling the porting of this by-pass port 
in order to control the quantity of fuel delivered 
by the pump. . 
The following formula expresses the leakage 

rate of the above type of plunger-barrel pumps. 

Leakage rate a 

1. c is a constant. 
2. l is the mean clearance between the barrel i 

or casing and the plunger. 
3. d is the pump plunger diameter. 
4. S is the plunger velocity. 
5. P is the pressure differential between the 

lapped portion between the plunger and the 
barrel. 

6. u is the viscosity of the liquid being pumped. 
7. , is the length of the lapped fit. 
Due to the leakage condition it is necessary in 

this piston type of pump to provide a cam profile 
with a rate of lift sufficient to overcome this 
leakage at slow speeds, especially cranking speeds 
as are encountered when cold-starting the 
engine. As a result, the speed-delivery char 
acteristics of this type of pump tend to fall off 
at slow speeds (when the time for leakage is the 
greatest) and also at high speeds (when the pres 
sure causing leakage is the greatest). 
As a result of the above conditions the tend 

ency at the higher throttle rack settings is to 
result in speed-delivery characteristics, which 
fall of much more rapidly with increasing engine 
speed than the volumetric efficiency of the engine 
does, and results in the failure to maintain the 
air to fuel ratio. 
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As the throttle rack position is decreased, 
(smaller amounts per injection), the “speed 
delivery' characteristics continue to be altered 
until at the lower range of the throttle settings: 
the curve has an exactly opposite slope. This 
condition is equally as undesirable as the 
former. 
Thus it may be seen that as the quantity per 

injection at the higher throttle conditions falls 
off too rapidly due to leakage, there will be a 
speed at which delivery will fall below the quanti 
ties necessary, and result in a definite limit to 
engine Speeds that can be obtained. This condi 
tion is especially bad when the high pressure 
pump and nozzle are separated by a delivery tube 
(due to adverse pressure wave characteristics). 
In the modifications shown herein the effect of 

leakage is eliminated by the use of a hermetically 
Sealed pumping element, and a unitary construc 
tion is employed in order to overcome the disad 
vantage of a pump-delivery-tube-nozzle combina 
tion. The absence of leakage makes possible the 
use Without adverse effects of whatever can 
shape is necessary in order that the 'speed-de 
livery' characteristics of the injector Will conform 
exactly to the volumetric-efficiency curve of the 
engine. Thus in the modifications herein, it is 
possible to obtain complete and automatic load 
Speed control. 
The injectors shown herein may readily be 

Operated as pusher or Sump pumps located at 
the Source of Supply and supplying fuel to in 
jectors or a carburetor, also they may be used to 
inject liquid, as water, into the cylinders (or 
manifold) for anti-detonating purposes. 

It is to be understood that I do not wish to 
be linited by the exact embodiments of the device 
shown, which are merely by way of illustration 
and not limitation as various and other forms 
of the device will, of course, be apparent to those 
skilled in the art without departing from the spirit; 
of the invention or the scope of the claims. 

I claim: 
1. In an injector, the combination of a housing 

having a top end closure at one end and a dis 
charge opening at the other, large and small 
diameter communicating chambers in said hous 
ing, an OutWardly opening discharge valve in said 
Opening, resilient means urging said valve to 
closed position, a fixed seal in Said small diagn 
eter chamber adjacent said valve, an intermediate 
seal in said large diameter chamber, a bellows 
in said small diameter chamber having the ends 
thereof connected to said seals, an inner bellows 
Connected to said intermediate seal and to said 
top enclosure, an outer bellows connected to said 
intermediate seal and top end closure, vents in 
said closure between last named bellows, means 
extending through said closure and into said first 
bellows for supplying file thereto adjacent said 
Valve, an exhaust valve in said second bellows for 
returning fuel and Vapor to the source of supply, 
electro-magnetic means for controlling said last 
valve, a valve in said housing controlled by said 
intermediate seal for permitting exterior pressure 
to be introduced to said housing to pulsate the 
third bellows to cause pulsations of one of the 
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other bellows to Supply fuel through said dis 
charge opening. 

2. In an injector, the combination of a housing, 
a valve opening outwardly of said housing, resil 
ient means urging Said Valve toward closed posi 
tion, a bellows Secured at one end to said housing 
adjacent said valve, an intermediate seal secured 
to the other end of Said bellows, a second bel 
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lows: secured at one end to said seal and at the 
other end to said housing, an outlet from within 
Said second bellows, a normally closed valve for 
said outlet, electro-magnetic means for selec 
tively opening said valve, means for supplying 
fluid to be ejected to said first named beiiows, 
and means for moving said seal to thereby pulsate 
said bellows. 

3. In an injector, the combination of a housing 
having a top end closure at one end and a dis 
charge opening at the other, large and small 
diameter communicating chambers in said houIS 
ing, a fixed seal in Said small diameter chamber 
adjacent said opening, an intermediate seal in 
said large diameter chamber, a bellows in Said 
Small diameter chamber having the ends there 
of connected to said seals, an inner bellows con 
nected to said intermediate seal and to said top 
end closure, an outer bellows connected to said 
intermediate seal and top end closure, vents in 
said closure between last named bellows, ineans 
extending through said closure and into said first 
bellows for supplying fluid thereto adjacent, Said 
opening, an exhaust valve in said second bellows 
for returning fluid and vapor to the source of 
supply, electro-magnetic means for controlling 
said last valve, a valve in Said housing controlled 
by said intermediate seal for permitting pressure 
to be supplied in a pulsating manner to said h?us 
ing to pulsate-the third bellows to cause pulsations 
of one of the other bellows to supply fluid through 
Said opening. 

4. In an injector, the combination of a hous 
ing having a discharge opening at one end, a 
bellows secured at one end to said housing ad 
jacent said opening, an intermediate seai secited 
to the other end of said bellows, a second selov's 
Segured at one end to said seal and at the other 
end to Said housing, an outlet from within said 
Second belows, a normally closed valve for said 
outlet, means for opening said valve, means for 
supplying fluid to be ejected to said first named 
bellows, and means including an electromagnet 
adapted to be selectively energized and de 
energized for moving said seal to thereicy pulsate 
Said bellows. 

5. In an injector, the combination of a hous 
iing having a discharge opening at one end, a 
hellows secured at one end to said housing, an 
intermediate seal Secured to the other end of 
Said bellows, a second bellows secured at one end 
to said Seal and at the other end to said housing, 
an outlet from within said second bellows, a nor 
mally closed valve for said outlet, electro-mag 
netic means for selectively opening said waive, 
2e3.ns for Sia;plying fluid to be ejected to said 

first named bellows, and means for moving said 
Seal to thereby pulsate said bellows. 

6. l’in an injector, the combination of a hous 
ing having a discharge opening at one end, a 
bellows Secured at one end to said housing ad 
jacent Said opening, an intermediate seal secured 
to the other end of said bellows, a second bellow 
Secured at one end to said seal and at the other 
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end to said housing, an outlet, from within said 
Second bellows, a normally closed valve for said Cutlet, electromagnetic means for selectively 
opening Said valve, means for supplying fluid to 
be ejected to said first named bellows, and means 
including an electromagnet agapted to be selec 
tively energized and de-energized for moving said 
Seal to thereby pulsate said bellows. 

7. In an injector, the combination of a hous 
ing having a discharge opening at one end, a 
bellows Secured at one end to said housing ad 
jacent said opening, an intermediate seal secured 
to the other end of said bellows, a second hellows 
Secured at one end to Said seal and at the other 
end to Said housing, an outlet from within said 
Second bellows, a normally closed valve for said 
outlet, electro-magnetic means for selectively 
opening said valve, means for supplying fluid to 
be ejected to said first named bellows, and means 
for moving said Seal to thereby pulsate said bel 
?o*755, Said Irenea?3s iinclaiding a passage for com 
inicating fluid pulsations to said seal, and a 

valve foil controlling said last named means, said 
valve being controlled by said seal. 

8. In an injector, the combinati h 
ing having a top end closure at one end and a 
discharge opening at the other, large and small 
diameter communicating chambers in said hous 
ing, a discharge valve for said opening, resilient 
inéans rging said valve to closed position, a seal 
in Said large diameter chamber, a belows in said 
Sirial diameter chamber having one end con 
nected to said housing and the other end con 
tlected to said seal, an illner bellows connected 
to said seal and to said top end closure, an outer 
bellows connected to said seal and top end closure, 
Ver's in Said closure between said last named 
belioWs, ineans extending through said closure 
ild into Said first bellows for supplying fuel 

thereto adjacent said waive, an exhaust valve in 
Sai Second belows for returning fuel and vapor 
to the Source of supply, means for Cointrolling said 
last valve, and means for moving said seal to 
thereby pulsate said bellows. 

WILLIAM. H. MASHINTER. 
EEFERENCES CEE 

The following references are of record in the 
file of this patent: 

UNITED STATES PATENTS 
Nuriloe Name Date 
1,162,789 i0?ame, J1'. ------------- Cec. 7, 1915 
1,435,191 Garbarini --------- Aug. 8, 1922 
1,455,628 L?erOy --------------- M?ay 15, 1923 
1856,852. Palisca ------------- May 3, 1932 
1,976,415 Scott ------ CCt. 9, 1934 
2,046,491 S99 ???? - - - - - - - - - - - - - Juliy 7, 1936 
2,106,789 Boyd -- -- Feb. 1, 1938 
2,180,128 Stamcliffe - Nov. 14, 1939 
2,389,492 Edwards ---------- Nov. 20, 1945 

FORiGN PATENTS 
Nunaber Country Date 

264,787 Italy -------------- May 11, 1929 

  


