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3 
and 76 are stacked concentrically with the center disk 
62 to form the complete diaphragm assembly. Each 
spring disk has a small center hole through which passes 
a shank 80 of the idler piston 18. At the lower end of 
the shank 80 is a threaded portion 84 to which is threaded 
a nut 86 and a neoprenegrommet 88. The stack of 
spring disks are held securely in place between a shoulder 
90 and the grommet and nut arrangement 86, 88. 
- The nut 86 has a small hole 94. A ball bearing 9 of 
a larger diameter than the hole 94 is captured between 
the nut 86 and the shank 80 and engages the fuel pump 
wobble plate bearing race 21. 
The idler piston 18 is barrel-shaped and is fitted in a 

cylindrical extension 98 of chamber 50. The cylinder 
98 has an upper portion 100 and a lower portion 1892. 
The piston 18 normally rides in the lower chamber 162 
for the injection of idling fuel. The piston 18 is formed 
with an intake passage 104 fitted with a one-way check 
valve 106 consisting of a ball 108, a spring 10, and a 
threaded member 112. The spring 150 has less resistance 
to compression than the spring which biases check ball 
6 for reasons which will be apparent from the descrip 

tion of the idler piston operation. 
The upper chamber 100 is fitted with a chamber head 

114 which is loaded by a spring 16. The upper cham 
ber, above the chamber head, has a passageway i8 com 
municating with the fuel intake passage 12. The lower 
chamber 98 has a passageway 120 communicating with 
the outlet passage 15 which goes directly to the injector 
nozzle. - 

Operation of the diaphragm and idler piston 
When the throttle is opened the wobble plate causes 

the diaphragm 17 and piston 18 to move up and down. 
The downward movement of the diaphragm causes a 
vacuum forcing fuel past check valve 13 into chamber 
50 until it is full. The upward stroke forces fuel past 
check balls 108 and 16 into the passageway 15 con 
nected to the injector nozzle. 
With appropriate design of the diaphragm and suffi 

cient pressure to overcome in the nozzle the diaphragm 
will elastically deform slightly, storing energy. This 
energy will be released upon release of the pressure in 
the nozzle, forcing a blast of fuel through the nozzle 
into the combustion cylinder. 
When the throttle is set for idling speed, the wobble 

plate 20 moves the piston 18 with comparatively short 
strokes, just sufficient to move the top of the piston past 
the passageway 120. After the wobble plate passes its up 
permost position, the diaphragm spring arrangement 7 
pulls the idler piston down to the the position shown in 
Fig. 2, causing fuel to be drawn into the chamber through 
the intake passageway 13. The fuel coming in fills the 
chamber 50 and the lower cylinder 98 through the pas 
sageway 104 and check valve 108. 
On the next upward stroke of piston 82 caused by the 

wobble plate 18, the small amount of fuel in the lower 
cylinder 98 is forced through the passageway 20 and to 
the injector by way of passageway 5. 
The fuel moves through the passageways 84 and i2) 
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in preference to going by check valve 16 because of the 
lesser resistance to compression of spring 0. 
When the movement of the idler piston is greater than 

the idle meter amount, the excess movement will cause 
the piston to engage the chamber head 14, thus dis 
placing this spring loaded chamber head upwardly. The 
chamber head is permitted to move by reason of the 
passageway 118 which forms a communication between 
the upper chamber 100 and the intake passage 3. 

... If it were not for the idler piston arrangement, the 
idling fuel would have to be supplied from the move 
ment of the whole disk spring assembly, forcing fuel 
through the outlet passageway in a manner Such as that 
shown in the device of my copending application. With 
such an arrangement, variations in the delivery of the 75 

4. 
fuel are caused by a variation in the movement of the 
spring arrangement or even because of variations in the 
material of the spring. To ensure uniform injection dur 
ing idling, the piston is provided with a direct connec 
tion to the bearing race 19 which, as can be seen from 
the drawing, provides a positive movement of the fuel 
into the injection nozzle. The fuel delivering function 
of the diaphragm, at least during the idling, is complete 
ly bypassed. Thus, with my arrangement, considerable 
variation can be permitted in the diaphragm spring, but 
as long as there is movement of the idler piston, there 
will always be a uniform idling of the engine. 

Diaphragm constructed for "oil canning' 
If the diaphragm is made thin enough, as shown in 

Figs. 4 to 6, the spring will act in a manner similar to 
that of the bottom of an oil can. In other words, as the 
bearing race 19 forces the diaphragm to its uppermost 
position, the diaphragm snaps upwardly forcing fuel into 
the engine with a surge. 

Figs. 4 to 6 show how this action takes place. For 
the purpose of clarity and simplicity, the idle metering 
engagement has been omitted from these figures. The 
principle of operation with a piston having an idler ar 
rangement is the same. The lowermost position of the 
diaphragm spring 17 is shown in Fig. 3. At this posi 
tion, the fuel pump chamber has been filled with fuel 
ready for injection into the engine through an injector 
nozzle. As the wobble plate 18 begins to move the 
piston 8 upwardly, the flow of fuel out of the chamber 
50 is resisted by the Belleville spring in the injection 
nozzle. Consequently, a compound curve is formed in 
the diaphragm spring 17 as shown in Fig. 4. 
When the Belleville spring of the injection nozzle has 

reached its no-rate position, all of the fuel is permitted 
to flow through the passageway and the nozzle and is 
forced through the nozzle by the energy stored in the 
flexing of the spring disks. The spring disks will then 
straighten out somewhat as shown in Fig. 5. The move 
ment from Fig. 4 to Fig. 5 is accompanied by a snap 
ping of the diaphragms from the position shown in Fig. 
4 to the position shown in Fig. 5 in much the same man 
ner as the bottom of an oil can snaps from one posi 
tion to another when it is loaded. Hence, the term “oil 
canning.” 
The "oil canning' effect is actually a spring action 

which takes place in a disk which is fixed at its circum 
ference and which has its center moved in a direction 
transverse to the plane of the disk. The center of the 
disk moves in the transverse direction a short distance 
forming a compound curve in the disk. As the center 
of the disk is moved further in the transverse direction, 
the compound curve snaps out with a sort of spring 
action releasing energy. In the case of an oil can, this 
release of energy is accompanied by a spurt of oil out of 
the can. 

In the embodiment shown in Fig. 7, the fuel does not 
flow into chamber 50, but is controlled by a piston 130 
reciprocating in a cylindrical chamber 132. Inlet 12 
communicates with chamber 132 through a one-way valve 
134 and outlet 15 is connected to chamber 132 through 
one-way valve 136. 
The pump is formed with upper chamber 100, having 

head 14 loaded by a spring 16 as in the embodiment 
shown in Fig. 2. 
The chamber 50 is provided with a port 138 communi 

cating to atmosphere. This port permits the chamber 
to "breathe' so that the piston and diaphragm spring 
can move freely without compressing air or creating a 
vacuum in chamber 50. Further, the port permits any 
fuel which leaks past piston 130 into chamber 50, to 
be forced out of the fuel pump. Thus the chamber 
5 cannot become filled with fuel to cause a jamming of 
the pump operation or to cause a leakage through th 
diaphragm to the wobble plate assembly. . . . . 
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In operation, a downward stroke of piston 130 (to the 
position shown in Fig. 7) creates a vacuum, drawing in 
fuelto cylindrical chamber 132 through check valve 134. 
On the upward stroke, the fuel will be urged to pass 
through outlet 15 to the injector nozzle. If the nozzle 
has a spring biased valve such as is shown in my co 
pending application Serial No. 383,538, the fuel will not 
pass through the outlet until the force on the fuel is 
sufficiently great to overcome the bias on the injector 
valve. Until this occurs, the fuel will move head 114 
upwardly against the action of spring i16. As soon as 
the bias on the nozzle valve is overcome the spring 116, 
together with the action of piston 130 will force the fuel 
to the nozzle with a blast, 
The advantage of the device of Fig. 7 is that it permits 

a positive control of the fuel metering, and a more posi 
tive drive of the fuel to the injector nozzle than the 
arrangements in which the fuel is diaphragm controlled. 
While the positive control is permitted, no fuel can leak 
into the wobble plate system because of the diaphragm 
and port arrangement. 

In a general manner, while I have, in the above descrip 
tion, disclosed what I deem to be practical and efficient 
embodiments of my invention, it should be well under 
stood that I do not wish to be limited thereto as there 
might be changes made in the arrangement, disposition 
and form of the parts without departing from the prin 
ciple of the present invention as comprehended within 
the scope of the accompanying claims. 

I claim: 
1. A fuel pump comprising a chamber having a fuel 

inlet and a fuel outlet, said inlet and said outlet having 
check valves for controlling the flow of fuel, a spring 
diaphragm forming the bottom of said chamber, an ex 
tension in the upper portion of said chamber forming a 
cylinder, a piston mounted on the center of said dia 
phragm and having its upper end reciprocable in said 
cylinder, check valve means in said piston for permitting 
the flow of fuel from said chamber to said cylinder, a 
passage connecting said cylinder and said fuel outlet, a 
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movable head disposed in the upper portion of said cylin 
der, spring means resiliently urging said head towards 
said piston, and means for imparting reciprocatory motion 
to said diaphragm and said piston. 

2. A fuel pump comprising a chamber having a fuel 
inlet and a fuel outlet, a diaphragm forming the bottom 
of said chamber, an extension in the upper portion of 
said chamber forming a cylinder, a piston mounted on 
said diaphragm and having its upper end reciprocable in 
said cylinder, a passageway connecting said cylinder and 
said fuel outlet, means, in said piston for permitting the 
flow of fuel from said chamber to said cylinder, a mov 
able head disposed in the upper portion of said cylinder 
and resiliently urged toward said piston, and means for 
imparting reciprocatory motion to said piston and said 
diaphragm. 

3. A fuel pump according to claim 2 wherein said 
diaphragm is thin and forms a compound curve when 
urged against the fuel in said chamber whereby when 
the pressure of the fuel is released said curve will snap 
out forcing fuel through said outlet with a sudden surge. 

4. A fuel pump according to claim 2 wherein said 
diaphragm comprises a plurality of thin discs having a 
central hole for mounting said piston, said discs having 
graduated diameter and being stacked to form a stepped 
leaf-spring configuration. 

5. A fuel pump according to claim 2 wherein said 
cylinder has a shoulder against which said movable head 
is normally seated, said shoulder being spaced from the 
top of said piston. 
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