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This invention r
for injecting fyel into the
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combustion engine of the

Jection plunger operated,

by aii‘ pressure dérived fr
the servo piston
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4 {laims, (CL 103—-—50)

elates to a fuel injection pump

cylinder of an interngl

om the engine cylinder,
executing a forward stroke, to

cause the injection plunger to deliver fuel to the
éngine, under the action of the air pressure and
being returned by a return spring.

According to the invention the face of the

S€rvo piston exposed to

cooperating end wall of

formed with compleme
ranged that, at the start

the air pressure and the

the servo cylinder are

ntary stepped parts so ar-

of the forward stroke

of the servo piston the all’ pressure acts on part

only of the ares of the
Initial movement of t
alr pressure acting o
biston only after

a disfance

the stepped
- The provision of

Servo piston, so that

he servo piston is slow, the
n the full areg of the servo
the latter has movegd forward

determined by the coniguration of
faces of the piston snd cylinder,

these comblementary stepped

parts serves to delay the injection of the fuel and,
§ where the servo piston is permanently
the air pressure, they will act as the

| IEXp.OSEd to

timing device for

determining the point in the

engine stroke at which Injection will commence.

In the case of large
ing valve ig provide
ton to the gir DIess

I engines, where an air tim-
d for exposing the servo pis-
ure in the cylinder at an ap-

bropriate point in the engine stroke, the comple-
mentary stepped parts will act as g safety device
to prevent serious premature injection in case the
alr timing valve should stick in the open posi-

tion.

The complementar
trap air during the r

ton, and th

stroke as well as

stroka,

Purther feature
detail below, are:
(¢) the provision
rTetarding the

y stepped portions serve to
eturn stroke of the servo pis-

us constitute a dashpot on the return

of its delivery stroke,

(&) the provision of articulation between the

a Safety device on the forward
s of novelty, to be described in

of a dashpot or dashpoﬁs for
injection plunger towards the .end

S€rvo piston and injection plunger,

(¢) a hydraulic timing

alr timing valve, which ti
lubricate the servo piston,

- (d) a fuel oil cire

working parts.
_An the pump about to

the injectio

n plunger is 5

gear ior operating an

ming gear also serves to

uit which serves 'to ccol the

be described in detail,
solid plunger operating

2

- In a sleeve drilled with holes for the admission of

Tuel to the space in front of the plunger. It is
to be understood, Nowever, that in suitable cases
the injection plunger may be of annular form and
mounted to slide on a fixed piston, -

One form of fuel injection pump according to

- the invention will now be described in detail, by

10
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1

vay of example, with reference to the accompany.-

Ing drawings, in which: , - -
Figs. 1 and 1A, taken together, constitute a

Lront elevation of the injection pump, the injec-

tor shown in Fig. 1A fitting beneath the part of

S

the apparatus shown in Fig. 1 as indicated in
chain-dotted lines at the bottom of Fig. 1 and at
the top of Fig. 1A,and o '

Figs. 2 and 2A are respectively longitudingl

- sectlons taken on the line IT—IT in Fig. 1, and

20

29
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B

on the line ITA—IIA in Fig. 1A,

The injection pump is constituted by a unit
aifanged to fit in a hole in the top of the engine
cylinder. The unit (see in particular Figs. 2 and
<A) comprises the tollowing main parts, which
adJjoin one another, in the order recited, starting
from the top: | | |

(1) A valve casing 10 with an alr inlet (i for
connection to the engine cylinder and containing
2 horizontally movable air timing valve i2 nor-
mally held closed by 3 Spring i3 but associated
With a servo. plunger 14 for opening it, _

(11) A vertical servo cylinder I5 containing a

- main servo piston {6 and communicating with the

35

40

45

Vvalve casing 10 by a bassage IT controlled by the
aIr timing valye §2. L

() A vertical pump chamber I8 containing
the injection plunger {8, ang the fuel inlet and
fuel delivery control means, the injection plunger
projecting at its upper end Into the servo cylinder
15 and being connected to the main servo piston
i6.

(v) A vertical injector body 29, connected to
the pump chamber {8 and containing a delivery
valve 21, g filter 22 and g check valve 23.

(V) Acap 24, containing the jet 25, and screwed
to the lower end of the Injector body 20.

The valve casing {8 is Secured to the servo eyl-

Incder {5 by nut and bolt connections 26 (Fig. 1),

and the servo cylinder {5 1s connected to the

o0

od

20 is connected to the bump chamber (8 by 2
thimble 28 having an internal screw thread en -

gaging a screw thread on the lower end of the

PUmp chamber {8 and an external screw thread
engaging a screw thread at the top of the injector
body 20, | | |

The function of the air timing valve {2 is to




3
admit to the main servo piston
from the engine eylinder, at pressures from four
to five hundred pounds per Sd. in., as and when
required. The arst condition is thav the valve 12
should open rapidly 1 order that full pressure
<hould be available when the piston moves. The
of this valve I2 relatively fo the engine

compressed alr

adjustable.

The air timing valve {9 could be operaied me-
chanically, but in the puinp under description it
is operated hydraulically, by means cf the s€rvo
plunger {4, which is In alighment with the valve
stem and at the end thereof remote from its head.
A spring 25 normaliy maintains the end 30 of the
servo plunger clear of the stem of valve §2.

On the engine Calll shaft is arranged a Call
with a suitable phase adiustment and {this oper-
ates & spring loaded plunger which delivers oil
to a delivery pipe. A tappet lever and rolisl are
interposed betweell the cam and the piunger and
this lever has a1 adiustable fulcruin that enables
fine phase adjustment to be sccomplished. This
“displacer,” as it may be considered, 18 supplied
with lubricating oil from the engine circuit via a
filter. The displacer 1s arranged with a consider-
qble delivery €xXcess beyond the actual hore and
stroke requirementis ol the servo plunger asso-
ciated with the air timing valve.

The displacer is not illustrated, but the delivery
line communicates with an inlet 3: in the valve
chamber 10, and the displacer plunger pericdical-
ly develops & pressure wave in the oil in the de-
livery line, and thereby effects movement ol the
servo plunger 14 to open the air timing valve 4.
The required lift of the air timing valve {2 wiil
be accomplished some time before the pumnp
plunger {9 has Anished. its delivery stroke but ab
5 designed point, where sufficient iift has been
given to the air timing valve 12, the S€Ivo plunger
{4 uncovers a spitl port by reascn of its left hand
end (Fig. 2) passing to the right of the fiange 32
of the chamber 32, and the remainder of tie
delivery enters the servo plunger chamber 33. 1t

will be reaiised that while the aotion of the servo «

plunger has beei arrested, it cannoct retract Pe-
cause of the oll pressure seting on its left hand
end face. Therefore this arrangement assures &
constant motion to the air timing valve.

The excess oil entering the servo plunger cham-
per 33 accumulates until ite normal level makes
contact with the air timing valve spring 13 and by
this means is splashed on to the stem of the valve
(2 and thereby provides adequate lubrication Ior
this valve which is never at a very high tempera-
ture.

As the oil enters this chamber the pressure wilil

2,637,748
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clear the socket 38 from the spigot 36, the air
pressure is applied to the full area of the servo
piston and rapidly accelerates it. On the return
stroke of the serve piston, air is trapped as the
socket 38 moves over the spigot 36 to act as @
dash-pot and cushion the return stroke.
outer wall 38 of the spigot 36 is glven & slight
taper, converging in a downward direction, to
enable the air compressed in the space surround-
ing the spigot to escape gradually, through the
space between the socket 38 and spigot 36, into
the bore 371 of the spigot. The moment in the
sorward stroke of the serve piston at which it

 wil] receive full air pressule is influenced by the

)

- ingly shaped

a0

30

40

rise and the surplus oil, plus any agir that may

leak through the air valve stem, will pass, via &
port 34, to & connection 35 that leads to the
vicinity of the main dashpot described later.
When the air timing valve {2 opens, compressad
air from the cylinder Is admitted from the inlet
i1 to the passage {1 which leads to, and is in axial
glienment with, the Servo cylinder 3. ©On the
upper end wall oi the servo cylinder is fixed 2
spigot 36, having a central bore 37 registering with
the air passage {T.
of the servo piston 1§ is mounted 2 socket 33
which, when the Se€rvo piston has completed its
return stroke, fits over the spigot 36. ini‘ially
therefore the air pressure 1S applied only to an
area of the servo piston equal to the area of the
nore 31 in the spigot 26. As soon however as the
werun niston has moved forward sufficiently to

On the adjoining upper face |

60

70

76 scribed from the servo plunger i4

amount of taper cf the spigot, as the provision of
a taper will allow alr pressure to leak past on the
sorward stroke and gradually build up behind the
parts of the servo piston cutside ihe socket. If
therefore the taper is suficient, full air pressure
will develop over the serve piston hefore the socketl
is entirely clear of the SPigov.

The iower face of the serve piston has a central
projection 48 having a fiat end which rests
Aat surface of & hemispherical ball member 41,
the curved face of which rests in a correspond-
socket 42 in the upper end of the
injection plunger 8. This upper end has an
enlarsged shoulder 43, against the lower face of
which fits a spring plate 8& by which the pres-
sure of a return spring 4% is applied to the injec-
tion plunger 18 and serve piston 16. A cap nus
85 is screwed to the spring plate 44, and a smail
clearance is left between the head of the cap nut
and the flat upper surface of the ball member 41.

This connection provides a small degree of
articulation between the servo piston (6 and In-
jection plunger {8, which agccommodates for any
small inaccuracies in alisnment between them,
since the servo piston 15 can float on the plunger
i9, while the flat face of the ball member 41 en-
sures axial loading and a surface contact with
the projection 49 on the servo piston.

Into the lower end of the servo cylinder pro-
iects o gland housing 41, which 1s constituted by
an upward extension of the pump chamber 18
and forms the lower abutment for the return
spring 45 Inside the eland housing 471 are &
sland 48 and a steady bush 49 for the injection
plunger. The upper end of the gland housing
AT is of reduced external diameter, and surround-
ing this reduced portion is g steel ring 90, the
space between the ring and the reduced portion
forming an annular groove E{ into which an an-
nular piston 52, provided on the undersurface of
the spring plate 44, moves ok the forward stroke
of the injection plunger {3. These cooperate to
form a dashpot for decelerating the inject
plunger 9 at the conciusion of its forward stroke.

This is necessary because, at conditions bhelow
sull throttle, a spill port is opened, as later de-
seribed, to terminate the injection. Without the
dashpot, the servo piston and injection plunger
would be accelerated to a dangerous degree by
the continued application of air pressure after
the spill port has opened. A secondary dashpot
may, also as described later, be provided at the
lower end of the injection plunger. The main
dashpot is preferably arrancged to give a pro-
eressively increasing resistance to movement of
ihe parts during the injection stroke by making
the annular groove 81 of tapering form SO that
its width decreases gradually from top to bot-
Lom. - |
The excess lubricating oil, fed as already de-

of the air tim-

on the -
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ing valve through the connection 35 to the vi-
cinity of the main dashpot, paszes un through a
bassage 83 in the gland housing 47, lubricates
the gland 48 ang passes
Sage 94 into the annular groove 5§ of the dash-
pot. From here it ig splashed into the servo
cylinder and distributed by the return spring
over the skirt of the servo piston. 'The lubricat-
- Ing oil leaves the system through an outlet 68

The pump chamber carries at its lower end g
bump sleeve 70 within which the injection
plunger {9 fits, the sleeve being held in position
by the thimble 28. Slidably mounted on the in-
jection plunger {9 at the upper end of the pump
body 18 is g delivery control muff 849, which is
urged upwards by g spring 58 mounted in com-
bression with the pump chamber, but which can

thence through a pas-’

10

15

be moved downwardly against the action of the |

Spring by rotation, by megns of a finger grip 57
(Fig. 1), of a toothed throttle control wheel 58
(Fig. 2) which engages rack teeth 59 on the con-
trol muff 55, |

The injection plunger has, in its lower end, an
axial bore 88 oren to the forward or lower end
of the plunger ang communicating, via radial
throughgoing holes 61, 62 with a pair of annular
srooves €3, 64 in the outer surface of the plunger.

In the retracted position of the plunger, the front

groove 63 is in register with an Internal groove

65 in the sleeve 70, which Comiviunicates by a
bort 66 with the interior of the pump body 18.
Fuel oil is fed under pressure '
later desecribed, through an inlet 67, so that the
axial bore 88 and the portion of the sleeve 78
in advance of the plunger (9 are filied with 0il.

After a short initial torward movement of the
- Plunger, the front radig] hole €! is brought out
Oof register with the groove 63§ in the sleeve 10,
SO preventing oil displaced from in front of the
plunger from flowing through the bore. At this
point injection comimences, the oil pressure in
front of the plunger causing the injector valves
21, 23 to open. During this initig] movement of
the plunger, the rear annular groove 84 in the

plunger is blanked off by the control muff 55 and

Injection will continue until the rear radial hole
62 clears the forward end -of the control muift
99, Whereupon oil can flow through the bore 60
In the plunger and back to the pump body
through the rear
spill port. Injection thus terminates at a point
In the forward stroke of the plunger determined
by the position of the control muff 55, the re-
mainder of the forward stroke of the plunger
being idle since the injector valves 21, 23 close
immediately the rear radial hole 62 is opened.
It is during this idle portion of the stroke that
the above-mentioned dashpot is effective. The
Initial idle portion of the stroke, i. e. that por-
tion preceding the closing of the front radial
hole 61, allows the plunger to attain a high mo-
mentum prior to opening cof the injector valves,
thus ensuring that the charge of fuel will be in-
Jected into the cylinder at high speed and un-
der high pressure.

The fuel oil should be delivered to the pump
irom a priming cireuit, Cll is taken from the
day running tank by means of a small motor-
driven low pressure oil pump (a suds pump),
passed through a suitabie fine filter and deliv-
ered to a common line serving all the cylinders
of the engine and connected to the inlets 67 of
all the injection bumps. At the terminal of the

line is a spring loaded €scape valve loaded to
about 10 1b. sq. in. so as to ensure that this pres-

radial hole 62, which acts as a -

2{)
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- 84 in the valve

G0

‘This ecirculation of

6
Sure is ‘maintained in the System. XFach pump
has its tapping from this main and the oil €n-
ters the pump at the inlet §7 1n the pump cham-
ver and therefore quite high up. Any solid mat.
ter that might pe suspended in the oil will fa]]
to the bottom out of the way and any free air
that may be contained or which may be liberated
will immediately rise to the top of the chamber
out of the way of the inlet ports to the pump
' This oil is at g pressure of ten pounds
and therefore its velocity will Pe high and the
SUrplus fuel oil and any free air will be carried
over through g bassage §9 into a jacket T{ sur-
rounding the servo cylinder and then through
8 passage 12 into an annular cavity 13 in the
head of the servo cylinder to an outlet 74 whence
it is collected and delivered bhack to the day tank,.

the oil serves to c00l the
working parts of the pump.

;ft will be understood that the capacity of the
Priming pump Will be at least three times the

'The injector body 28 cortains, ag already men-
ticned, the injection valve <8, filter 22 angd deliv-
€Ly valve 23, these being nounted in tandem in
the body in that order, injection valye 2} upper-
most. The two valves 2{, 23 are of ldentical con-
struction each comprising a valve head IG, and
a2 valve thimbple 77 Projecting into the oore of a.
valve seating 78 against which the head 19 is
normally held closed by g Spring 78, The valve
thimble 77 is in the form of a cylinder open at
its upper end ang having grooves 88 milied in its
outer surface, these groves 86 extending from
the upper eng of the thimble 77 to near the point
Where it terminates in the valve head 78. |

The grooves 80 in the valve thimbles are ini-

the plunger {9 has
lifted either valve suffiziently to bring the ends
of the grooves 88 in the thimble beyond the seat-
Ing 13 oil will flow through the valve. As soon
as the spill port §2 Orens, the springs 19 of the
vaives 21, 23 will retyrn them to their seatings,
the cut-off being cifected immediately the grooves
thimbles are again masked by

their seatings 78, - -
The above-menticned secondary dasnpot, if
Provided, is constituted by a spigot (not shown)
on the lower end of the injection plunger {9
which passes into the thimble 77 of the injec-

tion valve 2! towards vthe end of the delivery
stroke of the plunger. This arrangement will
allow a certain amount of oil to be frapped, after
the injection valve 2i has closed, in the annulus.
formed between ths spigot and the bore in the
thimble, an escape being arranged by making
the thimble slightly taper in bore. The oil that
escapes through this annulus will pass up the

~-central bore 68 of the clunger to the spill port §2.

65

70

claim as our invention and desire to
secure by Letters Patent is-
1. A fuel injection pump,
Jection plunger, g S€r'vo piston connected to the
injection plunger, g Servo cylinder housing the
S€Ivo pision, a reciprocable air timing valve for
periodically admitting to the Servo cylinder air
pressure o cause forward imovement of the servo

comprising an in-

- biston to effect a delivery stroke of the injection

75

blunger, a responsive piston aligned with the air
timing valve, a chamber housing the responsive
piston and having an inlet for pressure oil and
& Spill port, a spring for normally holding said
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air timing valve closed, said responsive piston
being movable under oil pressure supplied thereto
through said inlet to open said air timing valve
and, on continued movement under said oil pres-
sure to open said spill port, a gland housing sur-

younding said injection plunger and having
therein an annular groove, an annular piston fit-

ted to the injection plunger and arranged, near
the end of the delivery stroke thereof to enter
said annular groove to deceleraie the injection
plunger, a return spring, mounted in compression
between said gland housing and sald annular
piston for returning the injection plunger after

the conclusion of the delivery stroke and a con- |
- duit for conveying oil irom said spill port to a

passage 1n said gland housing communicating
with the annuiar groove therein, the oil fed to
said annular groove from said spill port serving
to lubricate the sexvo piston.

9 - A fuel injection pump comprising an injec-
tion plunger, a Servo piston connected to tne
injection plunger, a S€IVO cylinder housing the
servo piston, & jacket surrounding the Servo cyl-
inder, an air timing valve mounted to recipro-
cate in the head of sqid servo cylinder in & gdi-
rection transverse io the direction of mnovernent
of said servo piston and thereby to periodically
admit air under pressulc to the servo cylinder
to cause forward movement of the s€rvo piston
tg effect a delivery stroke of the injection plung-

er, an annular cavity In the head of gaid servo .

cylinder surrounding sgid air timing valve, a fuel
chamber surrounding sald injection plunger, an
inlet for supplying fuel under pressure to said
fuel chamber, & variable cut-oif gear for deter-
mining the quantity of fuel which will be deliv-
ered by the injection plunger from said fuel
chamber at each delivery stroke oif gaid plunger,
conduits for conducting fuel oil from gaid fuel
chamber to said jacket and thence to said cavity
to cool said servo-piston and said air timing
valve, and & return spring for returning the in-
jection plunger and servo piston alter the con-
clusion of the delivery stroke.

3. A fuel injection pump, comprising an injec~-
tion plunger, & SETVO piston connected to the in-
jection plunger, & sarvo cylinder housing the
cervo piston, an air-timing vaive mounted to
reciprocate irom ai open o a closed position
and adapted, when open, to admit pressure air
to the servo cylinder to cause forward movement

of the servo piston to effect a delivery stroke of

10

1o
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8

the injection plunger, a return spring for re-

turning said injection piunger and Servo piston
ot the conclusion of the delivery stroke, a fur-
ther spring for normally holding said air-timing
valve in closed position, a responsive piston
alisned with said air timing valve, & chamber
housing said responsive piston and having an
inlet for pressure oil and & spill port, said re-
sponsive piston being movable under oll pressure
supplied thereto through sald inlet to open said
air timing valve, and, on continued movement
under said 01l pressule, to open said spill port,
and a conduit communicating with said spill
port for conveying €xcess oil to the servo piston
to lubricate the same. | ~

4. A fuel injection pump, comprising an injec-
tion plunger, a Servo piston connected o the in-
jection plunger, a servo cylinder housing the
servo piston, an air Himing valve mounted to re-
ciprocate from an Open to a closed pesition and
adapted, when OpeD, to admit pressure air to the
servo cylinder to cause forward movement of the
servo piston to efiect a delivery stroke of the In-
jection plunger, 4 return spring ior returning
said injection plunger and servo piston at the
conclusion of the delivery stroke, & further spring
for normaily holding gaid air timing valve in
closed position, & responsive piston aligned with
said air timing valve, and a chamber housing
sqid responsive piston and having an inlet for
pressure oil and 2 spill port, gaid responsive
piston being movable under oll pressure supplied
thereto through said inlet to open gaid air timing
valve, and, on continued movement under sald
oil pressure, to opell said spill port.

ARTHUR F. EVANS.
STANLEY HOPKINS.
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