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In Great Britain September 11, 1946 

(C. 299 -10.2) 11. Claims. 

This invention relates to pump-injectors for 
oil-engines comprising a plunger which recip 
rocates to deliver fuel from a cylinder to a nozzle 
by which the fuel is injected into the engine com 
bustion space. The plunger makes a fuel delivery 
stroke during which fuel injection occurs and a 
return stroke during which the cylinder is re 
charged with fuel. 
This invention has for an object to provide an 

improved construction of such pump-injector 
which is compact and is less liable to damage of 
the moving parts at the end of a stroke. 
According to this invention, a pump-injector 

comprises an injector body, a reciprocating plung 
er working in a cylinder in the body to deliver fuel 
intermittently to a nozzle provided at one end 
of the pump injector, a Spring-loaded gas-piston 
arranged to work in a chamber in the body under 
control of a pressure medium Supplied to the 
chamber, said gas-piston and plunger being op 
eratively connected to move as one piece, and 
means to provide a cushioning buffer to arrest 
the plunger and gas-piston at the end of a stroke. 
According to one feature of this invention, 

means constituting a cushioning buffer at the end 
of the return stroke comprises a tapered extension 
of the gas-piston arranged progressively to de 
crease the effective area of a metering orifice 
through which the pressure. medium flows and 
thereby to control the flow. Of the pressure 
medium from the chamber. It will be seen that 
in use the tapered extension throttles the flow of 
preSSure medium from the chamber on the return 
Stroke thus slowing down the moving parts and 
preventing damage there to. The extension is 
preferably given a taper of between 1 in 16 and 1 
in 4. Such an arrangement has the further ad 
vantage that as the pressure in the chamber in 
Creases during. the fuel injection stroke the de 
gree of throttling decreases so that a quicker in 
jection is obtained than if the metering orifice 
were of uniform effective area, throughout the 
stroke. * 

It is preferred moreover that the metering 
orifice has an effective area. When the piston is at 
the end of the return stroke equal to between 
about 0.5% and 2% of the cross-sectional area, 
of the gas-piston in order that satisfactory cush 
ioning and communication with pressure medi 
um supply is obtained and in Order to avoid the 
necessity of providing an auxiliary control to re 
duce the Spring loading on the gas-piston for 
Starting purposes. 

It has also been found that the volume of the 
gas-piston chamber with the piston at the end 
pf the return stroke has a controlling effect on 
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the temperature of the gases within the chamber, 
on the rate of lift of the gas-piston and therefore 
of the injection plunger and on the cushioning 
effect secured at the end of the return stroke. 
According to a further feature of the invention 
therefore, the volume of the gas-piston cham 
ber when the gas piston is at the end of the re 
turn stroke is selected to be within the range of 
from 5% to 60% of a volume equivalent to the 
cross-sectional area of the gas-chamber multi 
plied by the stroke of the gas-piston. 

Conveniently, the metering orifice opens to that 
end of the pump-injector at which the nozzle is 
located and the nozzle is carried by the tapered 
externasion. So that the prêSSUre medium for con 
trolling the gas-piston is constituted by the gases 
in the combustion space to which fuel is supplied. 
In such a construction it is preferred that the 
volume of the gas-chamber when the piston is at 
the end of the return stroke be selected to be mot 
more than 5% of the volume of the engine comi 
bustion space, which volume is calculated with 
the engine piston at top dead centre, to which 
fuel is being Supplied. If the chamber Volume is 

25 too large the operation of the engine is adversely 
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affected. 
According to another feature of this invention, 

cushioning of the noving parts at the end fuelin 
jection stroke is effected hydraulically by arrang 
ing that the plunger entraps a quantity of fu?l 
in the cylinder towards the end of the fuel-de 
livery stroke. . . 
In a preferred construction of pump-injector, 

the plunger has a shaped head co-operating withi 
the fuel inlet port to the cylinder which is ro 
tatable within the body, so that the point in the 
fuel-injection stroke at which the port is covered 
may be varied. In this manner the quantity of 
fuel injected and the point in the engine cycle at 
which injection commences may be varied. The 
plunger preferably has a shaped stem which pro 
vides during fuel injection communication be 
tween portions of a duct leading from the cylinder 
to the nozzle and which is adapted to open the 
duct to a spill port to terminate fuel injection 
prior to the end of the fuel injection stroke and 
thereafter to cut off that portion of the duct 
opening to the cylinder from the spill port and 
that portion of the duct leading to the nozzle 
thereby to entrap fuel in the cylinder. 
According to yet another feature of this inveni 

tion, a spring-loaded valve is provided controlling 
the flow of fuel in the duct and means is pro 
vided for varying the loading of the valve there 
by to vary the point at which fuel injection com 
mences. . . . . . . . . . .- - 





thus relieving the pressure Within the ducts: 8, 
37 and in the cylinder. 
On further upward movement of the gas-piston 

and plunger the lower lip of the neck closes port 
47 (Figure 6) so that fuel is trapped within the 
cylinder and duct 3 and provides a hydraulic 
Cushioning buffer for the end of the fuel-injection 
Stroke. In this Way damage to the moving parts 
by Violent contact is avoided. 
In the event that the cylinder is empty the mov 

ing parts are stopped by contact of the resilient 
pad 23 with the end of the sleeve-like extension 49 
of the distance-piece f. 
The parts are now, at the beginning of the re 

turn stroke. 
As the pressure within the combustion space 

decreases gases escape from chamber 4 through 
the metering orifice 5d., the effective area of 
which is gradually decreased so as to throttle 
the flow of gases thus allowing the moving parts 
at the end of the return stroke to be stopped gent 
ly against abutment 45. 

During the return Stroke a vacuum Will form 
in the cylinder, and fuel Will be drawn into it 
through port 36 and also partly through spill 
port 38 and duct 37 until the former is closed in 
the head of the plunger. 

For starting purposes, the cylinder may be 
primed by loosening the plug 40 and injecting 
fuel through inlet port 36 by a gravity or pres 
sure feed allowing air to escape through duct 39. 

Figure 7 illustrates the position of the cylinder 
30 in which no fuel will be injected since the 
helical edge does not cover the inlet port 36 until 
the spill port 38 is uncovered. 

It will be appreciated from the foregoing that 
the invention provides a simple compact con 
struction of pump injector in which the possibil 
ity of damage to the moving parts is considerably 
reduced by providing a hydraulic cushioning bui 
fer at the end of the fuel-injection stroke and a 
throttled gas flow to control the return stroke. 
Moreover, by suitably selecting the dimensions of 
various parts of the pump injector, efficient fuel 
injection is obtained and adverse effects on the 
engine operation are avoided. 

Referring now to Figure 8, in which reference 
numeras used in Figure 2 are employed to indi 
cate like parts, there is illustrated auxiliary means 
for varying the point in the fuel injection stroke 
at Which fuel injection commences. The auX 
iliary means comprises a needle valve 50 having 
an enlarged stem 5 and mounted within the 
head 32. The needle valve 50 is normally urged 
into contact with a seat providing an outlet port 
52 between the cylinder and duct 37 by means of 
a loading spring 53 the loading afforded by which 
may be varied by abutment screw 54. With this 
arrangement fuel cannot be delivered to the 
nozzle until the pressure in the cylinder is suf 
ficient, to overcome the spring 53. When the 
valve 59 is clear of the port 52, the fuel pressure 
acts on the end of the enlarged stem 5 ensuring 
rapid lifting of the valve. 

claim: 
1. A pump-injector comprising a body, a bore 

in the body to form a gas chamber having port 
means for the supply to the chamber of a pres 
sure fluid; a fuel pump cylinder accompanied in 
the body coaxially with the gas chamber, there 
being a fuel inlet port to the fuel pump cylinder; 
a fue injection nozzie at One end of the pump 
injector, there being fuel-delivery duct means in 
terconnecting the fuel pump cylinder and the fuel 
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injection nozzle; a reciprocating member re- is 

6. 
ciprocable within the body under control of the 
pressure fluid in the gas chamber and having a 
gas piston portion Working in the gas chamber, a 
fuel pump plunger portion having a head working 
in the fuel pump cylinder, a stem connecting the 
head to the gas piston, and a tapered extension 
projecting from the gas, piston portion and ex 
tending through the port means of the gas cham 
ber to throttle the flow of pressure fluid through 
the port means, the taper of said tapered ex 
tension being arranged progressively to increase 
the effective area of the port means: during travel 
of the reciprocating member to increase the pres 
Sure fluid receiving Volume of said gas chamber 
to deliver fuel to the injection nozzle and pro 
greSSively to decrease said effective area, during 
the return travel of the reciprocating member to 
decrease said pressure fluid receiving volume, and 
Said. Stem having a part arranged as a valve to 
control the fuel flow, through the duct means to 
cut off the fuel flow prior to the end of the fuel 
injection stroke and to entrap fuel in the fuel 
pump cylinder; and a return Spring acting to urge 
the reciprocating member in the direction of the 
return travel. 

2. A pump-injector as claimed in claim 1, 
wherein Said tapered extension has a taper of be 
tWeen 1 in 16 to 1 in 4. 

3. A pump-injector as claimed in claim it, 
Wherein Said port means of the gas chamber and 
Said tapered extension are arranged, when the re 
ciprocating member is at the end of its return 
travel, to give a value of said effective area of 
between 0.5% and about 2% of the cross-sectional 
area of said gas piston. 

4. A pump-injector as claimed in claim 1, 
Wherein Said gas chamber and said gas piston are 
arranged, when the piston is at the end of its re 
turn travel, to give a pressure fluid receiving 
Volume of Said gas chamber. Within the range of 
from 5% to 60% of a volume, equivalent to the 
Cross-sectional area of the gas piston multiplied 
by the stroke of the gas piston. 

5. A. pump-injector as claimed in claim. 1, 
Wherein said fuel injection nozzle is carried at 
the outer end of the tapered extension, the duct 
means interconnecting the fuel pump cylinder 
and the fuel injection nozzle comprises duct 
portions in the pump cylinder and in the stem 
of the pump plunger, and said stem of the pump 
plunger has a Waisted portion arranged during 
fuel injection to connect the duct portion in the 
fuel pump cylinder with the duct portion in the 
stem of the fuel pump plunger and arranged be 
fore the end of the fuel injection travel of the 
reciprocating member to be moved to brake said 
connection between said duct portions and to 
prevent fuel flow through said duct portion in 
the pump cylinder thereby to entrap fuel in the 
fuel pump cylinder. 

6. A pump-injector as claimed in claim 5, 
wherein said fuel pump cylinder also comprises 
a spill port therein, which Spill port is arranged 
to be uncovered by said waisted portion of the 
stem to terminate fuel injection just prior to the 
point in the fuel injection travel at which the 
connection between the duct portions is broken. 

7. A pump-injector comprising a body, a bore 
in the body to form a gas chamber having port 
means for the supply to the gas chamber of a 
pressure fluid; a fuel pump cylinder accom 
modated in the body coaxially with the gas 
chamber and arranged for angular adjustment 
about its axis, there being a fuel inlet port to 
the fuel pump cylinder and a fuel outlet port 



7 
therefrom and a duct portion in the pump cylin 
der connected with the outlet port, means to 
rotate the fuel pump cylinder within the body 
to adjust its angular position therein; a men 
ber reciprocable within the body under control 
of the pressure fluid in the gas chamber and 
having a gas piston portion working within Said 
gas chamber, a fuel pump plunger portion haV 
ing a head working in the fuel pump cylinder 
and a stem connecting the head to the gas piston, 
said head having a portion shaped to co-operate 
with the inlet port to determine, according to 
the augular position of the pump cylinder within 
the body, the point at which fuel injection com 
mences, and a tapered extension projecting from 
the gas piston portion and arranged to extend 
through the port means of the gas chamber to 
throttle the fiow of pressure fluid through said 
port means, the taper of said tapered portion be 
ing arranged so as progressively to increase the 
effective area of the port means throughout travel 
of the reciprocating member to increase the pres 
sure fluid receiving volume of said gas chamber 
and to deliver fuel from the fuel pump cylinder 
and progressively to decrease the effective area, 
throughout the return travel of the reciprocating 
member to decrease said pressure fluid receiving 
volume of said gas chamber, there being a duct 
portion running through said stem and said tap 
ered extension, and said stem having a waisted 
portion to provide communication between the 
duct portion in the fuel pump cylinder and the 
duct portion in the stem and tapered extension 
during fuel injection, said waisted portion be 
ing so located along the stem that communica 
tion between the duct portions is cut off prior 
to the end of the travel of the reciprocating men 
ber in the fuel injection direction; a fuel injec 
tion nozzle carried on the free end of Said tapered 
extension and communicating with the duct por 
tion in the stem and tapered extension; and a 
return spring to effect travel of the reciprocating 
member in the return direction. 

8. A pump-injector as claimed in claim 7, 
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8. 
wherein said tapered extension has a taper of 
between 1 in 16 to 1 in 4. . . 

9. A pump-injector as claimed in claim 7, 
wherein said port means of the gas chamber and 
said tapered extension are arranged, when the 
reciprocating member is at the end of its return 
travel, to give a value of said effective area of 
betWeen 0.5% and about 2% of the cross-sectional 
area of Said gas piston. 

10. A pump-injector as claimed in claim 7, 
wherein said gas chamber and said gas pistOn 
are arranged, when said gas piston is at the end 
of its return travel, to give a pressure fluid receiv 
ing volume Within the range of from 5 % to 60% 
of a volume equivalent to the cross-sectional 
area of the gas piston multiplied by the stroke 
of the gas piston. 

11. A pump-injector as claimed in claim 7 
wherein the fuel pump cylinder is also provided 
with a spill port in such a position in its length 
that it is uncovered by the waisted portion of the 
stem to terminate fuel injection prior to cutting 
off of communication between the duct portion in 
the pump cylinder and the duct portion in the 
stem and tapered extension. 

ALBERTO JORGE MORRIS. 
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