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FUEL? PUMP FOR FREE PISTON ENGINES 

Robert P. Ramsey?WillardA Morain,aild Charles 
M Bovard Viount Vermon, Ohio, assignors to 
The Cooper-Bessemer Corporation, Mount Ver 
ri?n??hi0, a Corporation of ?hi0 

AppliCatior Aprii 29?1951?Serial No.222,01? 
(Cl?123?46) 9 Clairms. 

This invention Yelates to fuel pumps for com 
pression ignition engines and is particularly di 
reCted to a device Of this Gharacter that is Sui? 
able foruse in engines of the free piston type. 
Free pistOn engines Operating with Compres 

SiOn igaition have experienced some dificulty 
With the injection of fuel both as to the stability 
Of the injectiCatiming and as to the stability of 
the quantity Of fuel that is forced into the Cora 
bustion Space at each stroke The free piston 
engine is inlike the conventional diesel engine 
in that there is no ConStantly rotating e1eraent 
frOrn which fuel Contro1 garas and fuel purmp 
CamS Can be driven, nor is the stroke of the 
pistons always of constant length?The en 
gines ale generally provided with piston syn 
Chronizing means usually in the forna of racks 
that \nesh With a Single Synchronizing gear which 
thuS OScillates as the pistons reciprocate The 
OScillatory movement of the Synchronizing ele 
rnent iS poorly adapted to operate a Conventional 
?njection purap beCause of the fact that its mo 
tion slows down, Stops and reverses at the time 
COTreSpOnding to the end of the piston stroke 
which is the point in the cycle at whichit is de 
Sired to meter and inject the fuel. This re 
Versal Of movement at the time of injection com 
pliCates the design of injectors for free piston 
engines and One of the primary objects of the 
invention is to provide a fuel pump in which 
the beginning and duration of injection may be ° 
Controlled independently of the extent of piston 
m0tion. 

It has heretofore been proposed to meter a pre 
deternained and Wariable quantity of fuel t0 be 
SubSequently injected into the combustion space 
Of a free piston engine and to store this fuel under 
aCCumulated preSSure until the time of Opening 
Of a diSCharge Valve In Some fuel pumps the 
?reSSure Of aCCumulation is derived from a spring 
preSSed piston, in others from a separate trapped 
body Offluid maintained at high pressure on one 
Side Of a piston Or diaphragm and in still others 
frOra the elasticity of the Walls of the chamber 
and the COmpressibility of the accumulated fuel 
forcedinto the chamber. Most of these systems 
reSult in a preSSure of injection that decreases 
during the injection period with the relaxation 
Of the Spring or the expansion of the trapped 
body of liquid and Only if the elements are made 
large or the initial pressure made very high can 
a SubStantially Constant pressure be maintained 
during the injection period It has been found 
that the large element system is insensitive and 
incapable of injecting small quantities of fuel 
aS required at idle loads. 
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It is another Object Of the pTesent inVentioia 

to prOVide a fuel pump in Which the preSSure Of 
injection is COnStant through0ut the entire in? 
jection period, and in which the quantity of in 
jected fuel may be readily Waried over a wide 
Tarlge. 
Most aCCumulatOrtype fuel pumps Operate With 

a COIatinuouS InOtion Of a Single element to force 
fuel into an aCCumulator Chamber and to Open 
a discharge Valve almOst inninediately after the 
desired quantity has been StOred It is apparent 
that Such devices must necessarily meter the fuel 
üuring the periOd Of pistOn InOVernent When the 
available driving raOtion is Slowing down, and 
that they are relatively poorly adapted to op 
erate With engines in which the extent of the in 
Ward pistOn Stroke Waries with load They are 
?hus best adapted t0 engines that Operate at Sub 
Stantially COnStant Stroke In the fuel pump of 
the preSent invention, metering of the fueltakes 
place at the Outer end Of the piston Stroke while 
diSCharge Or injection of Course?takes place at 
the inner end of the stroke By thus separating 
thetWofunctions ofthe fuel pump weare enabled 
to allow ample time foreach and to Control each 
independently of the other. 

Still another Object of the invention is to pro 
Vide a fuel pump in Which the time of injection 
may be readily Waried manually or in accordance 
With any Selected Operating characteristic Of the 
aSSOCiated free piston eragine. 

Still another Object of the invention is to pro 
Vide a fuel pump in which the elements are so 
related and Constructed that the entire device is 
relatively Simple to build and maintain. 

Briefly the invention comprises a fuel pump 
having an inlet Valve interposed between a source 
Of fuel at Constant high pressure and a metering 
Chanaber With the entrance to the metering 
Chamber Controlled by a Cut-off valve the position 
Of Which Can be Waried to permit more or 1ess 
fuelt0 enter the metering Ghamber. The Cut-off 
Valve is preferably in the form of a piston hav 
ing a helical land on its Surface which is adapted 
to ClOSe Off the inlet port to the metering cham 
ber The face of the metering piston opposite 
the metering Chamber is in constant communica 
tion with the Source of high pressure oil but this 
face Of the piston has a Smaller effective area 
than the face of the piston exposed to the meter 
ing Chamber A separate discharge valve is pro 
Vided betWeen the injection nozzle and themeter? 
ing Chamber which when Open, permits the oil 
in the metering chamberto dischargetothenozzle 
under the preSSure of the liquid acting on the 
lower face of the metering piston Provision 
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mechanism With the lowermost disc Valve 63c is 
bored axially to form a paSSage 78 which extends 
down through the Stem and outWardly as at 80 t0 
diScharge into the open lower end of the body |0. 
The paSSage 76 is normally closed whenthe Valve 
63c iS 1ifted but Wil1 be Opened When the Valve 
63c iS ClOSed and the Walve lifting mechaniSm 
Withdrawn The purpose of the paSSage is t0 
prevent Secondary injection by relieving the pres?? 
Sure in the nozzle paSSage T6 in a known manner. 
As above noted, the time of injection may be 

Varied by changing the angular p0Sition Of Shaft 
2 With reSpect to Shaft 29 Which is driven frona 
the engine Synchronizing pinion This phaSe 
adjustment may be aCCOmplished by reCipr0Ca 
tion of Shaft I5 either by a lever Or by Some 
automatic instrumentality SuCh as a diaphragm 
90 connected at its Center to Shaft 15 and ex 
posed on One face to the preSSure in a Chamber 
92 which Communicates by conduit 93 with any 
Suitable portion of the engine Such for example, 
as the Scavenging air reCeiver or the engine 
bounce chambers. ff the phase is made Sensi 
tive to Scavenging receiver preSSure an inCrease 
in scavenging receiver preSSure Will reflect an in 
crease in the load and may?for example be uSed 
to cause an eariier injection of fuel than Would 
be the case with reduced engine loads reflected 
in lowered SCavenging reCeiVer preSSureS. 
The rail pump P may be Operated from any - 

Suitable power source Such as an electric motor. 
The purpose of this pump is, Of CourSe?Simply 
to displace suficient fuel for the injection and 
to maintain the fuel under high preSSure and 
this purpose may be readily accomplished byuS 
ing a Constantly driven pump. 
The operation of the fuel pump Can be assisted 

by reference to the timing diagram Shown in Fig, 
3. In operation?shaft 12 is OScillated from the 
Synchronizing pinion of the engine through gearS 
3?49?44 and I3 and for the moment it will be 
assumed that the phase adjustment is Set to begin 
the injection of fue11-inch before the pistons 
reach their inner position With the pistons 
making an outward stroke moving to the right 
in Fig.3, the first event is that Cam 22 raises 
the serially related inlet check valves 2Ga 2Gb 
and 26c from their Seats against the CompreSSiWe 
force of spring 27, so that oil flows under full rail 
pressure from pump Pand line 28through paS? 5 
Sages 32?34 and 36 to the metering chamber 38 
above the metering piston 42. The preSSure Of 
the fue1 above the metering piston 42 displaces 
the piston downwardly until land 44 ClOSes Off 
passage 36. There is thus a meaSured quantity 
of fuel standing in chamber 38. Filling Of the 
rnetering chamber 38 may be completed before 
the pistons reach the outernaost position Orafter 
they have reversed their direction of movement, 
the “fill”Cam 22 being so arranged that the inlet 
valves are lifted and held up during the time 
that the pistons are making the reversal at the 
outer 1imit of the stroke as Will be Seen by ref? 
erence to the Shaded area 10l. This Outer limit 
may wary over a relatively wide range and, So 
1ong as the inlet Valves are held Open long 
enough the length of the Stroke Will have no 
efect on fue1 quantity this factor being deter? 
mined solely bythe action of the metering piston. 
?nasmuchas the lower Side ofthe metering pis 

ton 42 is under constant rail preSSure by reaSOn 
of the open communication of Space 5) with Sup 
ply passage 28 through bypass passage 52 the 
accumulated oil in the metering Chamber 33 
stands ready to be injected at rail preSSure. 
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Following the reversal of movement cam'22 

again permitS the inlet Walves to close and the 
pistons Continue on the inward Stroke As the 
pistons move inWardly OScillation of Shaft i2 
bringS Cam 24 into p0Sition to raise the Serially 
related discharge ValveS 63a, 63b, and 63c. This 
event takes place at a predeterrained, Shiftable 
point towards the inner end or limit of the stroke, 
indiCated at 103. 
Raising the diScharge Walves permits Oil to paSS 

from the metering Chamber through paSSage 6{}, 
around the Valves and Out to nOZZle paSSage 76. 
Cam 24 is designed to hold the discharge Valves 
Open as the pistOnS make their reverSal at the 
inner end of the stroke, and therefore until the 
motion is reversed and Shaft 2 haSalso reverSed, 
the Valves Will not again be Seated There is 
ample time for the injection of fuel, the guantity 
of which is unrelated to pistOn moverlent and 
the preSSure of Which is 1ikeWiSe independently 
determinable The duration Of injection is a 
function of the rail preSSure eXerted by pump 
Pand of the physical dimensions of the paSSageS 
and conduits betweenthe metering Chamber and 
the nozzle Orifice By changing either the purap 
pressure or the flow characteristics of the partS, 
injection Can be made to OCCur rapidly Or With 
considerable lag?1asting wel1 beyOnd the actual 
reversal of movement of the engine pistOnS. 
When the discharge Valves are again Seated, 

stem 65 moves slightly away from its abutting 
contact with valve disc 63c thus Opening relief 
passage 73 and reducing the preSSure in paSSage 
76 to the nozzle Secondary injection or dribble 
is thereby efectively preWented. 

It will be apparent that since shaft t2 OScil 
1ates, and that the extent Of the OSCillation Varies 
with the Stroke ofthe pistons?the arrangement of 
the Cams 22. and 24 is Such that filling of the 
metering space 38 is accomplished at One end 
of the piston stroke and injection of the fuel 
at the opposite end Both events are independ 
ent and subject to independent Control Thus, 
the fuel quantity may be Changedwithout Chang? 
ing the time of injection and the time Of in? 
jection may1ikewise be changedwithout affecting 
the quantity offuelthat is pernaitted to paSS the 
discharge Walves Fuel quantity is Controlled aS 
above noted, by rotating piston 42 through gear 
56 andrack 58. Timing of the onset of injection 
is controlled by Shifting the longitudinal p0Sition 
of stub shaft I5 and its helical idler gear i4, 
either manually or by an automatic device Such 
as diaphragm 90. 
What We claim is: 
1. Afuel pump for a free piston engine having 

at 1east one Wariable Stroke piston an injection 
nozzle and a Source of fuel at high preSSure, Said 
pump comprising, means Operable at One end of 
the stroke of the engine pistOn to aCCunaulate 
a predetermined quantity of fuel under the full 
pressure of Said Source and Separate means Oper 
able at the Other end of the Stroke Of Said engine 
piston to discharge Said aCCumulated fuel to Said 
mozzle under the full preSSure Of Said Source. 

2. A fuel pump in accordance with claim 1 
in which Said acCumulating means Comprises a 
differential area metering pistOn. 

3. Afuel pump in accordance with claim 1 in 
which said accumulating means Comprise a dif? 
ferential area metering piston and means to alter 
the initial position of Said piston to alter the 
ultimate volume of Said aCCumulating meanS. 

4. Afuel pump for a free piston engine having 
at 1east one variable stroke reciprocating piston, 
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an injection nozzle and a Source of fuel under 
high preSSure Said pump Comprising a normally 
Closed inlet valve connected to Said source a 
metering Cylinder a piston in Said metering 
Cylinder having a greater effective area On One 
Side than on the other an inlet Conduit Con? 
necting Said inlet Walve to the large area side of 
Said metering piston, a constantly open second 
Conduit Connecting Said high preSSure Source and 
the Small area side of Said piston, means fornaed 
On Said metering piston to close Said inlet Gon? 
duit When Said piston has been displaced in Said 
metering Cylinder by fuel flow through Said Gon 
duit, whereby the Volume of fuel Standing.in Said 
metering Cylinder is Cut off from Said first Con? 
duit irreSpective of Said inlet Walve and StandS 
underthe preSSure exertedon the Small area Side 
of Said metering piston a discharge valve and 
a discharge conduit controlled by Said discharge 
Walve extending between Said metering Cylinder 
and Said injection nozzle, and Separate eagine 
OScillated cams to open Said inlet Valve and Said 
diScharge Valve. 

5. A fuel pump in.accordance with claim 4 in 
which Said engine Oscillated Cams act at opposite 
ends of the engine piston stroke. 

6. Afuel pumpinaccordance with claim 5 and 
means to shift the relative phase of Said engine 
operated Cams and Said Wariable Stroke recipro 
Cating piston. 

7. Afuel pump for a.free piston engine having 
at least One Wariable Stroke piston an injection 
nozzle and a Source of fuel at high preSSure, Said 
pump being interposed betWeen Said Source and 
said nozzle and including a body an inlet Valve 
in Said body a fuel metering Chamber in Said 
body an inlet paSSage-betWeen Said fuel metering 
Chamber and Said Source Controlled by Saidinlet 
Valve a metering pistonforming one Side of Said 
metering Chamber, means to deternaine the ulti? 
mate p0Sition of Said metering pistOn and there 
by the Capacity of Said naetering chamber a paS 
Sage betWeen Said metering Chamber arld said in? 
jection nozzle, a discharge Valve insaid last paS? 

20 

25 

35 

Sage means driven frona Said engine and in Syn 
Chronism With the movement of Said Wariable 
stroke piston to Open Said inlet Walve and Said 
discharge Walve, and means to Shift the relative 
phaSe of Said Walve opening means and the move 
ment of the Wariable Stroke engine piston. 
8 Afuel pump for a free piston engine having 

at least one variable stroke piston, an injection 
nozzle,and a Source of fuel at high preSSure Said 
pump being interposed between Said source and 
saidnozzle and including a body an inlet Valvein 
Said body, a-fuel metering Chamber in Said body, 
an inlet passage between Said fuel metering 
chamber and said Source Controlled by Said inlet 
valve a metering piston forming one Side of Said 
metering chamber?means to determine the ulti? 
mate position of Said metering piston and thereby 
the capacity of Said metering chamber a pas? 
Sage betWeen Said n1etering Charnber and Said 
injection nozzle a discharge Valve in Said last 
paSSage means driven from the engine and in 
Synchronism with the movement of Said Wariable 
Stroke piston to open Said inlet Walve and Said 
discharge valve?Said metering piston Comprising 
a body having asealingfitin Said metering Cham 
ber and a groove having a heliCal edge On the 
surface of said metering piston Said groove be? 
ing normally in register with Said inlet paSSage 
and moved Out of register with Said inlet paS 
Sage by the pressure of fuel entering paSt Said 
helical edge and int0 Said metering chamber. 

9. Afuel pump in aCCordance with claim8 and 
means to rotate Said piston to determine the 
initial position of Said heliCal edge and thereby 
the length Of nnOVement Tequired t0 m0Ve Said 
groove out of registry With Said inlet passage. 
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