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LOUIS 0. FRENCH, OF MILWAUKEE, WISCONSIN,

FUEL-INJECTION SYSTEM.

Appiication filed May 12,

The invention relates to fuel injection
systems,

One object of the invention .is to provide .

a fuel injection system in which the pump
will be capable of ready control, will accu-
rately deliver the very small quantities of
fuel required by engines of the automotive
type and operate efliciently at the high
speeds used in such engines, will deliver its
fuel charge at the particular time in the
engine cycle and in the amount desired so as
to accommodate for a wide range of speeds
and loads with the proper timing of the injec-
tion of the fuel charge into the cylinder, the
pump embodying a control valve for its
supply side with electro-magnetically-oper-

ated means controlling the operation of said .

valve so that fuel may be returned to the fuel
supply at any time during the expressing
stroke of the pump and in the quantity
desired, thereby providing a flexible con-
trol. ’

A further object of this invention is to pro-
vide a construction in which the power
required for regulating the action of the
pump is reduced to a low figure.

A further object of this -invention is:to
provide a switch mechanism whereby the
time of and duration of energization of the
control magnet of a fuel-metering device
may be easily effected.

The invention further consists in the
several features hereinafter set forth and
more particularly defined by claims at the

5 conclusion hereof.

In the drawings: Fig. 1 is a vertical sec-
tional view through a pump of the fuel
injection system embodying the invention

Fig. 2 is a vertical sectional view with
parts broken away, of control switch mecha-
nism for the control electromagnet of the
fuel metering device. It is further to be
noted that the electromagnet controls the
amount of fuel metered by the pump and
hence it may be called a metering control
electromagnet. .

Fig. 8 is a detail plan view of the interior
of the switch casing shown in Fig. 2;

TFig. 4 is a detail sectional view, with parts
broken away, of a pump of the fuel injection
system embodying the invention; '

Fig. 5 is a diagrammatic view of a circuit
arrangement for the fuel injection system.

Referring to Fig. 1 of the drawings, the
numeral 6 designates the pump barrel, 7 the

1924. Serial No. 712,830.

plunger working in a bore in said barrel, 8

the stuffing box for the plunger, 9 a guide for
the tappet head 10 of the plunger, said guide
having threaded engagement with the barrel
and held tight by a locknut 9’, 11 a spring
interposed between the barrel and the head
10 to move the plunger downwardly, 12 a
tappet lever engaged by the head 10 and
pivotally mounted on a pin 13 within a cas-
ing 14 and carrying a roller 15 running on a
cam 16 on the shaft 17 which is driven by
the engine whereby the cam acts to move the
plunger upwardly on its fuel-expressing
stroke and the spring acts to move the

" plunger down on its suction stroke.

A member 18 has a-threaded bore 19 re-
ceiving the threaded end of the pump barrel

‘and cooperates therewith to form a pressure

chamber 20 which also includes a passage 21
in the barrel and a passage 22 in a fitting 23
in threaded. engagement with the barrel.
The fitting 23 has the.discharge valve 24
mounted therein and may, in addition.to its
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own weight, be normally closed by a spring .

25 and controlling the passage of fuel
through a delivery port 26 to a fitting 27
connected with a pipe 28 leading to the fuel
injector of the engine. ‘

A fitting 29 in threaded engagement with
the fitting' 23 has the suction- valve 30
mounted therein and controlling the passage
of fuel from -a source of supply to the pas-
sage 22 and which may, in addition to its
own weight, be held closed by a spring 31,
said fitting 29 having a pipe fitting 32 se-
cured thereto and connecting a- fuel supply
pipe 33 with the valve-controlled passage
in said fitting 29, said pipe 33 communicat-
ing with a fuel tank, not shown. .

In this construction the suction and dis-
charge vdlves operate in a well-known man-
ner, and in order to control the amount of
fuel delivered by the pump and the time at
which delivery starts, I provide a by-pass
valve 84 which is electro-magnetically oper-
ated and controls the passage of fuel through
a-duct 35 to a chamber 36, passage 37, pipe
fitting 38 and pipe 39 which connects with
pipe fitting 40 in threaded engagement with
the fitting 29, whereby the fuel is returned to
the supply line or side of the pump when the
valve 34 is open. _ '

The member 18 is of non-magnetic mate-
rial, such as brass or bronze, has a bore 41
formed therein and threaded at its upper end

95

100

105

110



10

15

20

to receive the lower threaded end of the
core 42 of the electro-magnet and cooperates

therewith to form the fluid-tight chamber 36.

A spool 43 of usual construction, including a
brass tube and insulating disks, carries the
magnet coil 44 for energizing the core.

The valve 34 is preferably i the form of
a needle valve having a renewable hardened
steel tip 45, seated on the seat at the upper
end of the duct 35, a non-magnetic metal
stem 46 slidably mounted in a bore 47 and
having-the tip 45 mounted in its lower end
which also carries a disk 48 of magnetic
material disposed in close proximity to the
lower end of the core. The disk 48 is pref-
erably secured to the stem by -forming an
annular shoulder 49 thereon against which
the disk abuts and upsetting a portion 50
of the stem against the lower side of. the
disk. The valve: is normally held closed
against delivery pressure by a non-magnetic
metal spring 51 interposed between a cap
52, having a fluid-tight connection with the

. upper end of the core, and a non-magnetic

25

disk 53 clamped to the threaded upper end

- of the stem 46 by a nut 54 of non-magnetic
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material.
chamber formed by the cap and the core
and in the chamber 36, a passage is provided
in the core as shown and to prevent any
liability of so-called “freezing” a small brass
pin 56 .is mounted in the lower face of the
core to project a very slight distance to pre-
vent direct contact between the core and the
disk 48. o i

In the construction shown in Fig. 4 the
suction valve is operated upon by the magnet
and in this construction I have shown the
Eump plunger 57 working in a barrel 58

aving a chamber formed in part by said
barrel, a brass fitting 59, and a valve hous-
ing 60 of brass or other non-magnetic ma-
terial. The operating parts for the plunger

may be the same as those previously de--

séribed. As before, the core 61 of the elec-
tro-magnet has a threaded and fluid-tight
connection at its lower end with a bore 62

in said housing 60, and a coil 63 with its -

spool is mounted on the core 61. A coni-
cally seating suction valve 64 controls pas-

sage of fuel through the duct 65 to the pump

and may, in addition to its own weight, be
normally held closed by a- spring 66 inter-
posed between the end of a bore 67 in the
housing 60 and nuts 68 on the stem of the
valve, and has:integrally formed therewith or
secured thereto a disk 69 of magnetic material
arranged in close proximity to the lower face
of the core 61 of the electromagnet. A brass

pin 70 mounted in the end of said core may

be used to just prevent direct contact be-

tween said disk and magnet to prevent any

possibility of freezing. Co
The pipe fitting 59 has threaded engage-
ment-with the housing 60 and with the pump

To equalize the pressure in the’
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barrel with passages establishing communi-
cation therebetween, and has a discharge
valve 71 seated on its delivery end and held
thereagainst by a spring 72 interposed be-
tween said valve and a sleeve nut 73. Fuel,

from a suitable source of supply, is con- -

70

ducted by a supply pipe 74 to a plug fitting .
75 in threaded engagement with the lower

end of the bore 67. .
The control switch mechanism is shown in

Figs. 2 and 8. It includes a casing 76 hav-
ing a bearing extension 77,a cover 78 for the

casing detachably secured thereto in any suit-
able manner, as by spring clips 79, a rotary
switch-carrier plate 80, a pivoted switch arm
81, pivoted at 81’ and provided with con-
tact 82, mounted on said plate and a fixed
member 83 secured to but insulated from the
plate and carrying a fixed contact 84, a

spring 85 for normally moving the arm 81
to bring contact 82 into contact with contact

84, an arm 86 outside the casing and con-
nected to the plate 80 by screw bolts 87 having
their heads upset against the plate.and work-
ing in an arcuate slot 88 in said casing
whereby the plate; with the switch. members,
may be turned within the casing. The ter-
minal end 89 of a conductor 90 is secured

to the member 83 and.is clamped to the.

plate 80 by a nut 91 and a bushing 92 of
insulating material and a washer 93 of in-
sulating material, the end 89 extending down
through an arcuate slot 94 in the casing so
as to permit rotation of said plate, as above
described. The plate 80 is centered in the
casing by a flanged sleeve 95 in threaded en-
gagement with the casing and about which
said plate turns.
the switch arm 81 is grounded through the
casing.

The switch arm 81 is preferably of sheet

metal having a medial angular section which
is apertured to cooperate with an apertured
plate 96 riveted thereto to retain a hardened
steel ball 97, such as a ball bearing, on the
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In the construction shown -
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arm, either in a fixed or rotatable relation,

and which ball rides on a cam 98. :
The cam 98 is in the form of a cylindrical
member having a flattened tapered face por-

tion 99, and is rotated in the extension 77
by.a keyed connection 100 with a splined’

shaft 101 driven by the engine, said keyed
connection being of the longitudinally slid-
able type so that different portions of the
face 99 may be brought into operative posi-
tion relative to the part 97. At its lower

end this cam 98 turns on a roller-thrust.

bearing 102 interposed between it and a slid-
able collar 103 which may be moved either
manually or by a governor to shift the cam

‘98 upwardly against the opposition of a

spring 104 interposed between the cover 78

and a plunger 105 slidably mounted in the.

bore 106. in said cover and having g thrust-
ball-bearing 107 engaging the upper end of
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said cam 98 and held between the lower end
of the plunger and a plate 108 riveted there-
to. I have shown as a means for moving
the cam 98 along its drive shaft a forked
lever 109 secured to a shaft 110 and having
its bifurcated ends engaging pins 111 on the

collar 103, which pins project through slots,

not shown, in the extension 77. The shaft

110 is pivotally mounted in a two-part cas-.

ing 112, 113 and has an exterior portion
projecting therefrom carrying a manually or
governor controlled operating arm or lever
114. ~ '

In Fig. 5 T have shown the circuit con-
nections of this switch mechanism with the
valve-operating magnet either for the valve
34 or the valve 64 and generally designated
as magnet. One side of the battery 115 is
connected by a conductor 116 with one end
of the magnet coil and the other end of said
coil is connected by a conductor 117 to the
fixed contact 84. The other side of the bat-
tery is connected by a conductor 118 to
ground and the switch member 81 is ground-
ed through its casing. With this construc-
tion when the ball 97 moves on the round
part of the cam 98 the switch contacts will
be separated and when the flattened face of
the cam moves past said ball the switch
arm 81 under the action of its spring will
move inwardly toward the shaft 101 and
cause contact 82 to engage contact 84 and es-
tablish current flow through the magnet coil
44 or 63, the current flowing from battery
115, conductor 116, magnet coil 44 or 63,
conductor 117, contacts 84 and 82 to ground
through switch arm 81 and then through
ground to the other side of the battery.
In Fig. 1 when current flow is established

.through the coil 44 the magnetized core 42

will attract the disk 48 and move the needle
tip 456 upwardly allowing fuel to pass
through duct 35 to the supply line. In Fig.
4 when current flow is, established .through
the coil 63 the magnetized core 61 will at-
tract the disk 69 and move valve 64 upward-
ly off its seat allowing fuel to pass through
duct 65 to the supply line. - Now the flat-
tened surface 99 gradually. decreases in a
downward direction with the result that as
the cam 98 is shifted upwardly the contacts

82 and 84 will be engaged for a'less period:
of time so that b

changing the position
of the cam 98 relative to the switch member
81 the coil of the magnet controlling either

. the valve 34 or 64 will be energized for vary-

ing ‘periods of time so that either of said.
valves will be held open for varying periods,
of time, and as the operation of the cam 98

is synchronized with the operation of the
plunger 7 so as to cause a lift of either of
said valves during the expressing stroke of
the pump more or less fuel will be returned
to the §up£)ly pipe and hence a less or greater
amount of fuel may be delivered to the in-

jector from which it passes into the enginé :

cylinder. The cam 98 may be rotated in
either direction, and it will be noted that the

drawing shows one side of the flattened sur-

face as a straight line. This arrangement
was provided especially for rotation of the
cam 98 in a clockwise direction when viewed
from Fig. 8, so that the straight side of the
flattened portion would move past the ball
97 first, whereby the time of initiating the
injection would, for any given angular ad-
justment of the case, be the same even though
varying amounts of fuel were being intro-
duced through the longitudinal adjustment
of the cam 98. : ‘

TFurthermore, since the switch members 81,
83 are angularly adjustable relative to the
cam 98, by the shifting of the handle 86, either
manually or under action of the engine gov-
ernor, the time of initiating energization of
the magnet will be varied and hence the time
of starting the delivery of fuel to the in-
jector may be varied.  The result is that
through the electro-magnetic control herein
provided varying the amounts of fuel may
be ‘delivered by the pump during the desired
period in the engine’s cycle to accommodate

‘different changes in speed and load.

-The spring load on’ the needle valve 34
need only be slightly in jexcess of the pre-
determined delivery pressure, with the result
that the electrical energy to operate said
valve will be small in amount and the total
spring load need not be great since the duct
35 is relatively small. With - the suction
valve 64 the power required to operate, if
opened during the delivery stroke, will be
greater than that required by the by-pass
valve 84, but this construction has the ad-
vantage of employing a less number of parts
and in some instances where delivery pres-
sure is low the force required to lift the valve
64 will not be great. Furthermore, where

small quantities of fuel are being handled -

the total .energy required to operate the
valves will be of a relatively small amount.
‘In engines of the automotive type the
disks 48 or 64 may be spaced within a sixty-
fourth to a hundredth of an inch from the

"attracting face of the magnet so that an

efficient magnetic attractive force may be

obtained and so that the valves with their

slight travel will operate efficiently at the
high speeds occurring in engines of this
type.

It will also be noted that either the suc-
tion valve itself or the by-pass valve con-

stitutes a control valve to control the passage.

of fuel to the supply line, that in each in-
stance the magnet;acts directly upon the
valve 'member and that the valves are with-

in the fuel passages or chambers so that no.

packing is necessary.
I desire it to be understood that this in-

. vention is not to be limited to any particular
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“form or arrangement of parts except in so’

far as such.limitations are specified in the
claims or necessitated by the prior art.

. What I claim as my 1nvention is:

1. In a fuel injection syster, the combina-
tion with a pump having a valve controlling

passage of fuel to its fuel supply, of an--

‘electromagnet for controlling the operation
-of said valve, means .for energizing said
magnet, and engine-operated circuit control
mechanism including means adjustable to
vary the time said energizing means is ren-
dered operative, and means adjustable to
vary the duration of operation of said ener-

5 gizing means whereby to vary the operation

of said valve and hence cause the pump to
deliver variable quantities of fuel at the de-
sired time during its working stroke.

2. In a fuel injection system, the combi-
nation with a pump having a valve control-
ling passage of fuel to its fuel supply, of an
electromagnet so located as to act directly on
said valve for controlling its operation,
means for energizing said magnet, and en-

5 gine-operated circuit control mechanism in-

cluding means adjustable to vary the time
said energizing means is rendered operative,
and means adjustable to vary the duration of
operation of said energizing means, whereby
to vary the.operation of said valve and hence
cause the pump to deliver variable quanti-
ties of fuel at the desired time during its
working stroke. ‘

3. In a fuel injection system, the combina-
tion with a pump having suction and dis-

charge valves, of a by-pass valve of the

needle type controlling the passage of fuel
to the supply side of the pump, an electro-
magnet for controlling the operation of said
valve, a control circuit for said electro-
magnet, and adjustable engine-operated cir-

-cuit control means for controlling the dura-
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tion of the operation of said magnet inde-
pendently of its time of operation.

4. In a fuel injection system, the. combi-
nation with a pump having suction and dis-
char%e valves, of a by-pass valve of the

e type, an electromagnet so located as

" to act directly upon said valve, and engine-

operated circuit control means controlling
the energization of the coil of said magnet

-and adjustable to vary the time of and dura-
‘tion -of energization of said magnet to vary

the time of and duration of flow of fuel past
said by-pass valve to the fuel supply.

5. In a fuel injection system, the combi-

\ Fump having a valve control-

Ting passage of fuel to its fuel supply, of an

electromagnet for controlling the operation

- of said valve, means for energizing the coil

of said magnet including a source of current,
and means controlling the flow of current
through the coil comprising a switch, an en-

-
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gine-driven cam for operating said switch,
said cam being lengthwise adjustable rela-
tive to the switch to vary the circuit-closing
period thereof whereby to vary the duration
of energization of said magnet -and hence
vary the operation of said valve. :
6. In a fuel supply system for internal

‘combustion engines, circuit control mecha-

nism for a metering control electromagnet of
said system. comprising a switch having a
fixed contact and a movable contact, an en-
gine-driven shaft, a cam driven by said
shaft and lengthwise adjustable thereon and
cooperating with said movable contact to
move it relative to said fixed contact for

_varying periods of time whereby. to vary the

period of energization of said electromagnet,
and means for bodily shifting said fixed and
movable contacts relative to said cam to vary
the time of action of said cam and hence the
time at which said electromagnet is ener-
gized. :

7. In a fuel supply system for internal
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combustion engines, circuit control mecha-

nism for a metering control electromagnet of
said system comprising a switch. having a
fixed contact and a movable contact, an en-
gine-driven shaft, a cam driven by said
shaft and lengthwise adjustable thereon, said
cam having a cylindrical portion and a ta-
pered relief portion cooperating with said
movable contact to move it relative to said
fixed contact for varying periods of time te
vary the duration of energization of said
electromagnet, and a support for both con-
tacts angularly adjustable relative to said
cam to vary its time of action on said mov-
able contact. o

8. In a fuel injection system, the combina-
tion with a fuel pump having a by-pass
valve controlling passage of fuel. to its
supply side, of an electromagnet for con-
trolling said valve, a control circuit for said
electromagnet, circuit control means, and an
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engine-controlled cam for periodically actu-

ating said control means and shiftable rela-
tive to said control means to vary its dura-
tion of operation and hence vary the dura-
tion. of operation of said electromagnet and
consequently - vary the operation of said
valve. s

9. In a fuel injection system, the combina-
tion with a fuel pump having a suction in-

let valve, of a spring-closed needle by-pass -

valve associated*with said pump, an electro-
magnet for controlling the operation of said
by-pass valve, a control circuit for said elec-

110
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tromagnet, and engine-operated circuit con- "

trol means in said circuit for controlling the
operation of said valve. v ,
. In testimony whereof, I affix my signature.

LOUIS O. FRENCH.



