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2,050,392 

FUEL INJECTOR 
Allan M. starr, Piedmont, Calif., assignor, by 

direct and mesne assigaments, to Starr Sweet 
land Corporation, Piedmoat, Calif., a corpora 
tion of California, 

Application July 8, 1933, Serial No. 680,855 
5 Claims. (C. 123-137) 

This invention is a continuation in part of 
patent application Serial No. 638,866 filed Octo 
ber 21, 1932. r 
This invention relates to a novel means of 

injecting fuel into the cylinders or combustion 
chambers of internal combustion engines and 
to the correlation of the quantity of fuel in 
jected with the timing of fuel injection. 
A further object is to provide a fuel system 

whereby at slow speeds of the engine injection 
occurs substantially simultaneously with the 
Spark but wherein as the engine speed is in 
creased the fuel injection is advanced and the 
degree to which the injection is advanced is de 
pendent upon the speed of the engine as weli 
as the amount of fuel in each injection, 
Another object of my invention is to provide 

the combination of a fuel throttle and fuel in 
jection timing mechanism with a cylinder head 
of Such construction as to permit of the efficient 
combustion of the fuel charges. 

Further objects of my invention will be ap 
parent from the following specification and the . 
appended drawings. 
There are many advantages to be gained by 

the injection of fuel directly into the combus 
tioS2 chamber of internal combustion engines, as 
compared with engines wherein the fuel is sup 
plied by means of carburetors, but to gain the 
full advantages of injected fuel it is necessary 
to provide fuel injection means, which is corn 
pact and simple, and which possesses the ability 
to meter the minute quantities of fuel required 
for each charge in the various engine cylinders 
in an exceedingly accurate and reliable manner. 
Where such engines are adapted to automotive 
uses it is of great importance that the metering 
be reliable and accurate through a wide range of 
engine Speeds and varying loads and one of the 
essential features of noveity in my inventiox 
resides in a Retering means which is weli 
adapted to these varying conditions and which 
will be fully understood by reference to the fo 
lowing specification and drawings. 

Figure i is a schematic drawing which ius 
trates a portion of an internai combustion engine 
in section in contination with my fuel injecting 
Systein and means for regulating the amount of 
fuel supplied in combination with means of ad 
vancing or retarding the time of fuel injection. 

Figure 2 shows an end elevation partialiy in 
section along the lines E-4 of Figure 3 of a 
modified form of Iny invention and is particu 
larly intended to illustrate a W-type of racial 
construction of fuel itectixg systern whereby s, 

in Figure 5. 

single needle valve may serve to regulate the 
fuel supplied to an engine having a large number 
of cylinders, . . . 

Figure 3 is a side elevation of the mechanism 
shown in Figure 2. This view is taken along the 
plane of the lines I-II to simplify the illus 
tration. M 

Figure 4 is a modified form of my invention 
wherein diaphragms are employed in lieu of 

5 

lapped fits in certain portions of the mechanism. 10 
Figure 5 is an enlarged view of a type of fuel 

injector nozzle which may be employed in con 
junction with my invention. Invention is not 
claimed in connection with the construction of 
this particular nozzle and it is illustrated to 
facilitate description of the features of my in 
Vention which are correlated with it. 

Referring particularly to Figure 1, desig 
nates an internal combustion engine cylinder 
with piston 2 and connecting rod 3. The cylin 
der head is so constructed as to be particularly 
adapted to operation by fuel injection methods 
and is in accordance with my patent application 
heretofore referred to. This cylinder head in 
cludes connection 4c for intake manifold, valve 
5, Spark plug 6 and injection nozzle mechanism 
7, an enlarged view of which is shown in detail 

Timing gears are conventionally represented by 
the numerals 8 and 9 which are made in two to 
one ratio so that the shaft is revolved by the 
engine in the direction indicated by the arrow 
at one-half the speed of the crank shaft. 
The electric ignition distributor 2 is of the 

conventional type and connected with the spark 
plugs of the engine in the usual manner. This 
distributor is assumed to be equipped with the 
well known ly a regulating Enech&Eis- (C. 
shown) which automatically advances the in 
ing of the spark with increased speed of 9 
engine. 3 is a control ever whereby the SS.2, 
may be manually advanced of retaries lice 
pencient of other controls of the engine. é 
represents one of the lead wires fron the tissing 
mechanism connected with the spark is . . 

is designates the lock or housing which 2022. 
tains the infection control valves aid & C37.2 
shaft ayneans of which the valves are aciliated. 
Interposed between the shaft 6 and the CEE 
sha; is is collar which is a siding fit 3.20. 
the end of shaft and also a siding it upon the 
shaft 9, which connects to the shaft by See's 
of the conventional couping 2. The collaf 8 is: 
provided with fange 22 which rotates freely 
between the forked or open lower eradio the eve? 

15 

20 

25 

The exhaust valve is not shown. 
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23 which is pivoted at the point 24 and is pro 
vided with the upstanding arm 25 which bears 
against the cam surface 28. It will be noted that 
the collar 8 is provided with slot 27 which re 

5 ceives the pin 28 which is firmly secured near 
the end of the shaft so that the collar 8 must 
rotate at the same speed as the shaft it. In 
the opposite end of collar f8 is the spiral groove 
29 which receives the pin 3, this pin being firmly 

10 secured in the shaft 9. Since the pin 3 is a 
sliding fit in the groove 29 and since the collar 8 
may be caused to slide backward or forward on 
the shafts it is obvious that when this collar is 
moved along the axis of shafts and 9 it causes 

ls the cams 32, 33, 33a, 3b and 33c carried by shaft 
f to change their angular position with relation 
to the shaft and thus change the injection tim 
ing of the engine. 

4 is the pedal of the throttle mechanism by 
20 means Of which the cam 26 is caused to revolve 

about the axis 36, and 37 is a lug on the face 
of the plate 38 which limits the motion of cam 
26 when the lower end of the screw 39 strikes 
the lug 87. 4 is a tension spring which tends to 

25 urge the cam toward the idling position. When it 
is desired to speed up the engine the pedal 34 is 
pressed downward. The pin 42 is carried by the 
casting upon which the cam surface 26 is formed 
and this connects through rod 43 with the lever 

30 44 which in turn carries the adjusting screw 46 
by means of which the needle valve 47 is adjusted. 
48 is a turn buckle connection in rod 43 by means 
of which it may be shortened or lengthened to 
effect suitable adjustments. The block Ga is 

85 rigidly secured to the block 6 by any suitable 
means (not shown) and the block 6b is secured 
firmly to the block 16a so that the three blocks 
6, 6a and 6b form the complete housing for 

the valves and other parts of the fuel injecting 
40 mechanism. . These blocks are preferably fitted 

together with a ground joint to withstand a high 
pressure of fuel, 49 is a metering valve which 
is provided with stem 52 which is reduced in di 
ameter at the point 5 and is actuated by the 

45 follower 53, the hardened surface of which bears 
against the cam 32, which it should be noted is 
a four lobe cam whereas the cams 33, 33a, 33b 
and 33c each have but a single lobe. The valves 
54, 54a, etc. and their stems are substantially 

50 duplicates of the valve'49 and its attendant parts 
although their function is quite different. It will 
be rioted that there is a chamber surrounding the 
upper reduced portions of the valve stems as 
indicated by the numeral 56 and that each of 

55 these chambers is in open communication with 
chamber 57 by means of conduits 58 and 59. Also 
that there are chambers such as 6? and 6 ia each 
of which communicates with an injector 7 through 
the tubes 62,62a, etc. 

60 An important element of my invention is the 
metering plunger 63 which is a lapped sliding fit 
in the hole through block 6a in which it is lo 
cated. This plunger is provided with the flange 
64 which limits its downward motion by contact 

65 with the upper surface of the block 6a and its 
upward motion by contact with the shoulder 66 
that is formed within the block 6b. A spiral 
tension spring 67 produces an upward pull on the 
metering plunger 63 and this spring is connected 

0 to the lower end of the screw 68 which provides 
means of adjusting the tension. $9 is a cap which 
serves the double purpose of lock nut for screw 
68 and prevents leakage of fuel. I have found by 
experience that when the metering plunger 63 

75 has a cross sectional area of 1/20th square inch, 

a tension of about 8 lbs. on the spring 67 produces 
a Satisfactory result although I do not limit my 
Self in this regard. is an eccentric cam which 
may be operated through shaft 72 by any suitable 
connection to the engine mechanism. 3 is a 
pump plunger which is a lapped fit in its open 
ing in the block 74. The upward motion of this 
plunger is caused by revolving cam T while it 
is returned to the downward position by the 
spring 75. The pump thus formed is supplied iO 
with fuel from any suitable tank through the 
conduit 76 which preferably delivers the fuel by 
gravity to the inlet ball valve 77 which is held 
against its seat by the spring 78. The pump de 
livers the fuel past the discharge valve 79 and l3 
delivers the fuel through conduit 8 into the 
pressure tank 82. This tank is capable of sus 
taining a high pressure and in normal operation 
I prefer to maintain a pressure of approximately 
2000 lbs. per Square inch, although this may be 20 
varied through wide limits. 83b is a plunger 
which is seated at its lower end with a ground fit 
to form a valve at the upper end of conduit 84. 
The valve plunger 83b is held in position by the 
compression spring 85 and cap screw 86 which 25 
provides means of adjustment and may be held 
in locked position by means of the nut 8. 
The pump which is made up of the parts just 

described is always designed of Sufficient size to 
provide a greater volume of fuel than is actually 30 
required by the engine and the excess capacity 
of the pump is provided for by overflow past the 
valve 8b which permits the surplus fuel to escape 
through the conduit 88 back into the supply line 
76. By means of the screw 86 the valve stem is 35 
adjusted to maintain the desired pressure in the 
tank 82. 
Tank 82 is made large enough to provide a 

cushioning effect which cushions the pulsations 
of the pump and thus provides a steady, pressure 40 
against the needle valve seat 50. When a large 
number of cylinders are to be supplied the con 
struction illustrated in Figure 2 may be used to 
advantage as the mechanism is more compact 
in this V-type construction and the same can 45 
shaft and cams and the same needle valve mecha 

5 

nism may be utilized for operating two or more 
blocks of injectors. It will be obvious from a 
study of Figures 2 and 3 that the construction of 
the injector may readily be modified to use any 50 
number of injector valves radially disposed about 
the central shaft and each block so arranged may 
conveniently contain from one to six or eight 
injectors. 

Referring to the parts of Figure 2, 32a repre 
sents the metering cam, 53a a hardened follower, 
49a, the metering valve and 63d the metering 
plunger. The needle valve is designated by the 
numeral 4a and the needle valve seat f 50a. 
83a is the supply line from pressure tank 82. c9 
These parts are similar in construction and func 
tion to the parts bearing the same numeral with 

5 5 

Out the appended letter 'a' in Figure 1. In this 
modified form of the invention I have illustrated 
the compression spring 89 which may be used C5 
if desired to supplement the forces of the liquid 
pressure in seating any of the valves such as the 
valve 49a, although in my preferred form of the 
invention this spring is omitted. The conduit 60a 
serves the purpose of the conduit 60 in Figure 1. To 
The side elevation shown in Figure 3 requires 

no special explanation and is used merely to illus 
trate the general form of the apparatus when 
designed with four injection outlets on each side. 
In this view the tubes 62’, 62a, 62b' and 62c' 5 
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represent the tubes which lead from the injection 
Yalve mechanisms to the various injector nozzles 
of the engine. The screws 9 lead through the 
top of the casing 92 (Figure 2) and serve the pur 
pose of holding the blocks 93 and 94 firmly in 
place, the surface of these blocks being ground 
and lapped to form a tight joint when they are 
clamped closely together. 

Referring to the modified construction shown 
in Figure 4 this shows a fragmentary view of a 
metering Valve and metering Oscillating mecha 
Inism which may be substituted for the construc 
tion shown in Figure 1. 

In the construction shown in Figure 1 the valve 
stems 7 and metering plunger 63 are carefully 
ground and apped to form substantially leak 
proof sliding fits in the blocks wherein they are 
located and the construction shown in Figure 4 
is an alternate method that may be used if it 
is desired to avoid making these carefully fitted 
joints. This will be understood by reference to 
Figure 4 wherein SA is the camshaft and 02 the 

25 

30 

four lobe metering can, 03 the follower and 84 
the valve sten. 5 is the needle Valve which 
feeds the fuel through conduit 06 into the cham 
ber a 3B from which it passes by the valve 08 and 
out through conduit 09 and on to the injection 
valve is a diaphragm to which the valve stern 

3 is secured by the nut 04a. As this diaphragm 
is sealed to the block 2 at the point 3 and 
since the surfaces between the blocks 2 and 4 
are ground and apped the diaphragm is pre 
vents leakage around the stem of the valve and 
an accurate fit is herefore not required between 
stem 36 &nd the opening through Wilca it passes. 
Another disgaragan SS is sealed at its edges be 
See the locks and Bei sind is provided 

Yit tension spiring 8 which exerts an up 978rd 
pulli against the diaphragm. Fuel comes to the 
See Ygive caber 99 through conduit; S3 

Sad a slid press are in chamber 889 is co 
s: Xicated to the space on the upper side of 
diaghi'agga through condui, 833, the finc 
ions o? these parts writi be made clear further on. 

sferring to Figure 5 which is an enlarged view 
of eitjector nozzle of Figure , 38 is a casirag 

5 

5 

85 

75 

Raestrate rovided with plunger 32 which forts 
s, at tig, sliding f within the casing. The 
gope casing enber 33 contains compression 

Sging A38 which may be adjusted to any desired 
sessie by Raeans of screw 85. Conduit 62 

Wyaca leads frog, an injector valve in the necina 
gais a show in Sigure , for as connection viri 
Eae citize: 36 through the condit, 3, &, the 
over end of casing SS is the O22le aperture 
333 Erough which passes the pintle E39 which is 
stegral with the punger 32, the construction 
c3 as 79.7e is sci that its opening pressAire is 
considerably higher than its closing pressure for 
the areason that the beveled portion of the 
pager GA is ground to form a valve which is 
seated agains, the casing . . herefore when 
pressure is faitted through conduit 62 and 3 
into character 36 he fluid pressure bears only 
against the area of the annuals shoulder (33 
whereas Fae is Riessure is stafficies to Oyer 
coize the Cozapression of spring 34 the gagger 
E32 raises, thus ad hitting fitid greSSlee state the 
chamber 83. Because opening 633 is restricted 
pressure exists in chamber 43 as well as in chair 
her S33 and pressure is exerted not only against 
&he annular shoulder 42 but also ageinst the 
annular surface it including the beveled Sara 
face. Consequently the pressure is eigerted 
against a larger surface when the veye is open 

3 
than when it is closed with the result that a lower 
pressure will Sustain the valve in Open position 
than is required to effect the initial opening. I 
have found valves which have an opening pres 
sure of approximately 1300 lbs, per square inch 5 
and a closing pressure of from 800 to 900 lbs. per 
Square inch to fulfill all requirements, satisfac 
torily. It will thus be seen from the construction 
of the spray nozzle illustrated in Figure 5 that 
the pressure is never allowed to escape entirely 10 
from conduit 62 and the chamber 5, of Figure 1 
to which - it is connected. Therefore there is 
always a pressure at the top of the injection 
valves 53, S4C, etc. of Figure which automatically 
seats thern without the Se of springs. 

In the operation of ray invention I may use a 
low grade oil such as Diesel oil or fuel oil or I 
may under certain circumstances use a Wolatile 
fuel such as gasoline to which I prefer to add a 
sufficient amount of oil to provide lubrication for 20 
the parts of the fuel injector. The operation is 
as follows: Fuel is punped into the pressure tank 
83 by methods heretofore explained and I prefer 
to Yaintain a pressure of approximately 2,000 
pounds per square inch within this tank, although 25 
I do not limit myself to any particular pressure 
range. Fae under pressure is conveyed from 
tank 82 to chamber 80. The pressure within the 
chamber 3 naintains a constant upward urge 
against the needle valve 8 so that downward 30 
movemcnt of the ever 44 through its connections 

5 

with the pedal 35 causes the valve to open and 
discharge fuel into conduit 5 and the annular 
chamber surrounding the lower surface of the 
WWe 39. 

It should be noted in this connection that the 
can 32 is a four lobe can whereas the cans 33, 
33c, 33b and 33c each have but a single lobe. 
The lobes of the four last mentioned cams are 
arranged in accordance with the order of firing 
of the engine cylinders and the four lobes on 
caxa 32 are spaced intermediate of the lobes on 
the cars 33, 3.3g etc. So that the Waive S is 
opened and closed to a drait a charge of fuel just 
before each of the valves 5E, 5d etc., are opened. 
the chanaber 5 into which fuel is admitted. When 
valve 39 opens is in oper cornunication through 
conduits 53 and 59 with the annular space under 
greath each of the valves 5B, 33d, 56 b and Sc. 
It has previously been explained that the injec- 50 
tion (Ozzle is so constructed that it closes while 
theire is still a pressure of several hundred pounds 
gag state ic in condit, 52. It is this back 
presse ifica returns the valves S3, 6&c., etc. 
Back to Re closed position without the assistance 
of springs or othere mechanical parts. 
While rao springs are required to close valves 

53, S3; etc. when the type nozzle shown in Figure 
5 is used, I may use compression Springs above 
these valves, (such as is shown at 89 in Figure 2) 60 
in the ever at that open type nozzles, or nozzles 
which do not close at high pressure, are used. 

Needle valve it being open slightly there car. 
be no flow of fuel until valve 89 opens and since 
all of the valves 36, Séa, etc. are closed when (5 
valve opens, there tends to be ironentarily 
an equalization of fluid pressure between cham 
be 38 &nd chamber 5 since the two chambers 
aire in Open congunication through conduit 60 
While the valve 39 is open. During this instant 70 
the preSSL'e is balanced at the two ends of 
pit age 63 and during this instant the spring 
puis the plunger upward by a distance sufficient 
to accošarinodate the Sinal charge of fuel ad 
Editted aroug Wave 89 during he instan, it 75 

35 

40 

5 5 



4. 
was held open by the cam 2. This distance may 
vary from a few thousandths of an inch up to the 
full stroke which is limited by the flange 64 con 
tacting with the surface 66. Valve 49 having 
opened and admitted a metered charge of fuel 
and closed again the next step in the cycle is the 
opening of one of the valves of the 54 series, let 
us say the first one, as indicated in the drawings. 
When this valve opens the pressure in chamber 

10 

5 

20 

25 

30 

40 

55 

70 

75 

5 tends to equalize with the pressure in cham 
ber 6 thus disturbing the balance of pressure 
which existed against the opposite ends of meter 
ing plunger 63. The result of this is that the 
superior pressure at the top of plunger 63 in 
mediately forces the plunger downward Which 
discharges out of chamber 57 exactly the quan 
tity of fuel that was admitted during the opening 
of valve 49. This discharge produces a similar 
discharge through the injection nozzle Ta. Valve 
54 now closes and the next lobe of cam 32 opens 
valve 49 admitting another charge into chamber 
57 and again raising the plunger 63. Then the 
next valve, say 54a opens and the plunger 63 is 
again forced downward expelling another charge 
through conduit 58 and out through valve 54a 
and so the operation is repeated until each cylin 
der has been supplied after which the first cylin 
der again takes its turn. It should be understood 
that the flange or shoulder 64 at the top of 
plunger 63 has nothing to do with the balance of 
fluid pressure on the plunger, because the fuid 
pressure on the upper and lower sides of the 
flange are balanced, there being at least a film 
of fluid surrounding the flange at all times and 
it therefore operates so far as fluid pressure 
balance is concerned the same as though the 
plunger were made without the flange 64; but 
for practical purposes this flange serves the in 
portant purpose of acting as a stop to limit the 
upward and downward motions of the plunger. 

If the construction and operation of the mech 
anism illustrated in Figure 1 is understood, the 
operation of the modification illustrated in Fig 
ure 4 will be obvious. In this modification the 
fiexible diaphragm ff S which may be made of 
corrugated metal or other suitable material takes 
the place of the metering plunger 6 of Figure 1. 
It will be noted that the upper side of this dia 
phragm is given an upward pull by the spring 
f 8 and the downward movement is limited by 
the spot 28. This diaphragm moves upwardly 
due to the tension of spring 8 when the pres 
sure in chamber 30 is equalized with the pressure 
in the chamber above the diaphragm. But when 
the pressure in chamber 30 is reduced by the 
opening of an injection valve (not shown) which 
is in communication with conduit,09 the superior 
pressure at the top of the diaphragm forces it 
down on stop 2B to discharge the fuel through 
the conduit a on to the injection valve in a 
nanner similar to that explained in connection 
with Figure 1. In connection with Figure 4 it 
should be understood that the valve stem 04 is 
a sufficiently loose or fluted fit in the block 
through which it passes so that the oil in cham 
ber 4D may leak back and forth through groove 
f to past the stem to permit free movement of 
the diaphragm i? as the valve stem moves up 
Wardly or downwardly. 
In carrying out the purposes of my invention 

it is important that the timing of injection be 
correlated with the quantity of fuel injected and 
the speed of the engine. In order to effect this 
purpose and simplify the mechanism so that it 
may be readily controlled by the average op 

2,050,892 
erator, I provide the mechanism as shown in Fig 
lure 1 wherein the single control pedal or lever 
34 provides the necessary control for all operat 
ing conditions. This operates as follows: When 
the pedal 34 is pressed downward this raises 
the Screw 46 and the needle valve OpenS. At 
the same time the can Surface 26 which bears 
upon the lever 25 communicates movement to 
the slotted collar 8 which through the action of 
the spiral groove advances injection timing, and 
when the pedal is released the opposite Occurs 
and injection timing is retarded. The lug 37 
furnishes the stop for the idling position of the 
throttle and the screw 39 can be adjusted to give 
the engine proper idling speed. I prefer to de 
sign the can 26 in Such a manner that its Sur 
face during the first very short part of the move 
ment of pedal 34 is practically the arc of a circle 
so that when the needle valve is first opened in 
jection timing is not advanced. The Outline of 
the can is designed to give the proper timing of 
injection for different positions of the needle 
valve. 

It will be understood that the distance through 
which the plunger 63 travels governs the amount 
of fuel contained in each injection and that each 
cylinder will receive the same amount of fuel. 
The maximum quantity of fuel that can be in 

5 

10 

s 

20 

25 

jected is limited by the stop 66. The distance. 
between the upper surface of flange 64 and stop 
68 is preferably made so that the volume dis 
placed by plunger 83 in moving this distance is 
equal to the volume of fuel required to burn 
With all the air that can be drawn into each en 
gine cylinder. Consequently the larger the cylin 
der of the engine the greater must be the volume 
displaced by the complete stroke of plunger 63. 

It is apparent from Figure 1 that the open 
ing or closing of valve 49 or a valve of the 54 
series causes a displacement within the fuel Sys 
tem. The volume displaced by the opening or 
closing of valve 49 is absorbed by a slight no 
tion of plunger 63. The volume displaced by the 
Opening and closing of a valve of the 54 Series is 
absorbed by the elasticity of a conduit of the 62 
series and its contents. Opening a valve of the 
54 series increases the pressure in conduits of 
the 62 series which assists the system in prompt 
ly discharging, each fuel charge from nozzle la. 
Closing a valve of the 54 series reduces the pres 
sure in a conduit of the 62 series which lessens 
the tendency of the spray valves a to drip felt 
into the combustion chambers. 
From the description of the operation of the 

fuel system it is apparent that the quantity of 
fuel contained in an injection is controlled by 
the opening of needle valve 4 as well as by the 
time the valve 49 remains open. The time valve 
49 remains open depends on the speed of the 
engine. The slower the engine turns over the 
longer time the metering valve 49 is held open 
for each charge and vice versa. Consequently 
the amount of fuel in each injection automati 
cally increases as the engine slows down and de 
creases as the engine speeds up with the throttle 
in a fixed position. It is this self-governing char 
acteristic of the fuel system which makes it 
possible to operate the engine eficiently under 
rapidly varying speeds and loads by directly 

30 

35 

40 

45 

connecting the variable timing mechanism f a 10 
with the throttle lever 4. For example while 
the engine is Operating. at a constant speed and 
the load increases it is desirable to start inject 
ing the larger quantities of fuel further in ad 
vance of ignition than Smaller fuel Quantities 75 
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which were sufficient for the lighter load, and 
my injection system carries out this require 
Inent. When the quantity of fuel in each in 
jection is constant it is desirable to start inject 

5 ing that fuel further in advance of ignition at 
higher engine speeds than at lower engine speeds, 
and my fuel system accomplishes this because 
as the engine speed increases the throttle must 
be pressed down if the quantity of fuel injected 

10 is to remain constant. This arrangement makes 
possible engine control under varying conditions 
without the necessity of a flyball governor on the 
fel syster. 
The tsining of the injections of various quanti 

15 ties of fuel at various engine speeds, at it is ac 
COAplished by the above described system, fully 
meets the requirements for fuel injecting into the 
cylinder head arrangement shown in Figure 1. 
and enables me to attain responsive flexibility 

28 and efficient operation at all loads and speeds, 
the cylinder arrangement shown in Figure 

is the stabject matter of ny patent application 
heretofore referred to, of which this is a con 
tination in part. This cylinder head is arranged 

25 with chamber 85 so that adjacent to the in 
jector (2022le la and spark plug 6 there is a cavity 
Of Ocket which is remote from turbulence and 
frog gaseous currents produced by the motion 
of the piston and the travel of gases through the 

80 valves. The arrangement of this chamber in 
cosjunction with my fuel injection system as 
he'eir described constitutes an important corn 
oirastion particularly where great fiexibility and 
e3Se of control are desired. The chamber 35 

85 maizes gossible ordinary spark ignition even 
"There 8, lovy grade fuel oil is used. This is be 
C32Se C&Saber 85 entraps some of the heated 
gases of explosion which tend to volatilize the 
at03 ized Spray ejected from nozzle Ag, and at 

49 iiie Sa'is tine the freedoin fron turbulence and 
gaseolS C13 rents in the upper end of this chaiya 
the Oroyide a, condition favorable for the igni 
tion of 75.3ious quantities of injected fuel through 
& Yide 3,333e of Speeds and loads. Under these 

43 CCS2ditions the minute volume of fuel discharged 
from the nozzle when the engine is lightly loaded 
igniteS readily when thie tinning of ignition is 
Substanitially simultaneous with the injection, 
&nd 3.3 fuel quantities injected in advance of 

3.Se also readily ignited; whereas ordi 
3. ignition of various fuel quantities, so 

3.Ald be uncertain with low grade ille 
gie cylinder head of ordinary co 

55 Širor 8 foregoing it will be understood that 
7i.e., the engine is operated under light load and 
at lovy Seed the injection occurs when the pistoia 
is aea: tile top of the compression stroke and 
With ae cylinder head arrangement shown, the 
S332 (232ntity of fuel under these conditions is 

&: g at high speed or under heavy 
3 injection inay corrinence in the early 

he cost pression stroke in the engine 
by germitting a thorough mixture of the 

the air during Compression and at the 

Ahese fesires of advantage are made possible by 
the cylisader head arrangement heretofore de 

70 scribed, is cornbination with the throttle control 
Waici is correlated with the tiring of injection. 
Where the term “reciprocating valve' may be 

eagloyed in the following clains refer to a 
waive stach as valve 39 or valves of the 53 series 

5 fillic: 22 caused to reciprocate by the nover 3xt 

of a cam or similar device as distinguished from 
a throttle valve such as 47, which is not given a 
regular reciprocating movement but is moved 
only by manual or pedal adjustment. In cer 
tain of the claims the valves 54, 54a etc. may be 5. 
referred to as fuel injection control valves.' 
The plunger 63, or the diaphragm f, may be 

referred to as a movable partition. The element 
63 may also be referred to as a metering piston. 

For convenience, in Sone of the claims the 10 
chamber 8 is referred to as the primary chamber 
and chamber 5 as the Secondary chamber. It 
should be understood that the respective sizes of 
these chambers may vary through wide limits 
without departing from the spirit of my inven- 15 
tion. The chamber 80 may, if desired, be greatly 
enlarged, even to such a degree that the pressure 
tank 82 inay be dispensed with if desired. The 
chamber 57 is preferably of small size and may be 
reduced to a point where it merely serves as a 20 
cearance space for the valve 39 when in open 
position. For the Sake of clarity in defining the 
structure in the claims the chamber 52 may be 
referred to as a receiving chamber. 

In certain of the claims the needle valve 47 is 25 
referred to as a "throttle valve' or “throttle 
eans'. 
While I have described the construction and 

Operation of a preferred form of my invention it, 
should be understood that the principles herein 30 
Set forth are subject to a variety of modifications 
without departing from the spirit of my inven 
tion and I do not limit myself to the specific con 
Structions shown and described but only to the 
scope of the following claims as limited by the 35 
prior ar. 
Saving this described any invention what . 

casia is: 
i. iliae COEabination with a fuel injection sys 

tea of 85 internal combustion engine of a pri- 40 
2a3:37 fuel chamber having communication. With 
8, fle glling and with a secondary charaber, a 
COYadlit beWeen said chambers and a Rechanic 
aly operated engine-tired reciprocating valve 
a sad a throttle valve in said conduit whereby fuel 45 
3.223 o8 interrittently transferred through said 
&hrottie waive and said reciprocating valve fron. 
S3id parinary casiaber to said Secondairy chain 
per, 8 novelle partition negaher between said 
casirabers, a condit from said Seconda,3ry chani- 50 
Roer leading to one side of an engine-timed recipr. 
Socating fuel control valve which is intermittent 
3y paged and closed by an engine-timed can to 
3d gait, fuel to fow fron said secondary chainber 
through a nozzle into a combustion chamber in 55 
saic engine. 

2. A nechanism for metering and distributing 
fuel for internal combustion engines consisting of 
means of imparting pressure to said fuel, a pri 
mary and a secondary chamber, a conduit leag- 60 
ing son said aneans to said primary chamber, 8. 
condit having E, throttle valve in continunica 
tion with said means of imparting pressure and 
said secondary cha3aber, a metering Valve 
opened and closed in timed relation with said 65 
engiae to perinit intermittent Surges of fuel to 
flow through said throttle valve to Said secondary 
chanager, a movstole partition between said pri 
inary and said secondary chamber, means to bias 
said partition toward said primary chamber, a 0 
conduit leading from said secondary chamber to 
a glurality of distributing valves each of which 
is operated in tined relation With said engine 
and each of 7hich controls the flow of fuel to a 
cylinder thereoi, said distributing valves being 75 
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6 
timed to open successively following each open 
ing of said metering valve, and said movable 
partition being forced by fuel pressure against 
the resistance of said bias means to inject a 
charge of fuel into an engine cylinder when each 
distributing valve is opened. 

3. A mechanism for metering fuel for internal 
combustion engines Comprising a primary and 8. 
secondary fuel chamber, means of forcing fuel 
under pressure into said primary chamber, a con 
duit leading from Said primary chamber to said 
secondary chamber, a throttle valve in said Con 
duit and a metering valve in said conduit be 
tween said throttie valve and said secondary 
chamber, mechanically operated means for open 
ing and closing said metering valve in timed re 
lation with said engine, a second conduit between 
Said primary and secondary chambers, a movable 
partition in Said conduit one surface of which is 
exposed to the fuel pressure in said primary 
chamber and the opposite surface of which is ex 
posed to the fuel pressure in said secondary 
chamber whereby said movable partition is 
caused to reciprocate in accordance with the 
pressure differential in said chambers, a conduit 
leading from Said Secondary chamber to a plu 
rality of valves each of which is operated in 
timed relation with said engine and communi 
Cates with an injector nozzle therein. 

4. A mechanism for metering fuel for internal 
combustion engines comprising a primary and a 
Secondary fuel chamber, means of forcing fuel 
under pressure into said primary chamber, a con 
duit leading from Said primary chamber to said 
Secondary chamber, a metering valve on Said con 
duit between said primary and said secondary 
chambers, mechanically operated means for 
Opening and closing said metering valve in timed 
relation with said engine, a second conduit be 
tween Said primary and secondary chambers, a 
nowable partition in said conduit one surface of 

2,050,892 
which is exposed to the fuel pressure in said 
primary chambers and the opposite surface of 
which is exposed to the fuel pressure in said sec 
ondary chamber whereby said movable partition 
is caused to reciprocate in accordance with the 
pressure differential in said chambers, a conduit 
leading from said secondary chamber to a plu 
'ality of fuel control valves each of which con 
municates with a spring-loaded valve and in 
fector nozzle in an engine cylinder combustion 
chamber, a camshaft for controlling the opera 
tion of said metering valve and said fuel control 
valves, the cams on said shaft being arranged to 
open said fuel control valves successively in ac 
Cordance with the firing order of Said engine 
and to open and close said metering valve in 
mediately following the opening and closing of 
each of Said fuel control valves. 

5. A mechanism for metering fuel for internal 

5 

10 

5 

combustion engines comprising a primary and a 20 
secondary fuel chamber, means of forcing fuel 
under pressure into said primary chamber, a con 

- duit leading from said primary chamber to said 
Secondary chamber, a throttle valve in said con 
duit and a metering valve in said conduit, me- 25 
chanically operated means for opening and 
closing said metering valve in timed relation with 
Said engine, a second conduit. between said pri 
nary and secondary chambers, a movable parti 
tion in said conduit one surface of which is ex-3 
posed to the fuel pressure in said primary cham 
ber and the opposite surface of which is exposed 
to the fuel pressure in said secondary chamber 
whereby said movable partition is caused to re 
ciprocate in accordance with the pressure differ 
ential in said chambers, a conduit leading from 
said secondary chamber to a plurality of valves 
each of which is operated in timed relation with 
said engine and communicates with an injector 
nozzle therein. 
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