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UNITED STATES PATENT OFFICE

Gilbert C. Goode, Birmingham, and William F.
Harrington, Detroit, Mich., assignors to Chrysler
Corporation, Highland Park, Mich., a corpora-
tion of Delaware

Application February 6, 1839, Serial No, 254,832

1 Claim.

This invention relates to an improved - fuel
pump for fuel injection engines. '

One of the main objects of the invention is
to provide a pump of this character which will
supply fuel under pressure o all of the cylinders
of a multiple internal combustion engine in a
predetermined timed sequence. :

Another object of the invention is to provide

separate fuel displacing elements in a pump

of this character which remain bodily fixed dur-
ing operation and which do not require such
bodily displacement of the mass of its parts as
would ‘limit its speed of operation.

4 further object of the invention is to pro-
vide diaphragm fuel displacing elements in a
pump of this kind which are adapted to be actu-
ated by and under the control of a single cam
member. )

A still further object of the invention. is to
provide' means in a diaphragm type fuel pump
by which the quantity of fuel displaced per op-
eration of the diaphragm and the time relation-
ship between the discharge and crankshaft po-
sition may be selectively varied and predeter-
mined. : :

Other objects of the invention are to provide
actuated members for the fuel displacing means
which operate in paths readily arranged from a
common axis; to provide .an improved driving
eam for such actuating members which is so con-
structed and arranged as to gradually vary the
lengths of the strokes thereof throughout sub-
stantially wide limits; to provide a cam operated
member of this kind which is readily removable
and replaceable by a similar cam member-of a
different contour; to  provide means for shift-
ably supporting and shifting such a cam dur-
ing operation thereof; to provide a pump of this
character having a design which readily ac-
commodates provision thereon of a plurality of
diaphragm fuel displacing members in an ar-

(C1. 193—150)

is shown in the =zccompanying drawing, in
which:

Fig. 1 is a diagrammatic vertical sectional
view. of a fuel injection type engine equipped
with ‘a fuel pump embodying the invention and
illustrating the manner in which the latter is
operated.

Fig. 2 is a central vertical view of the pump

. illustrated in Fig. 1.
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rangment such that they can be conveniently .

operated under the control of a single cam mem-
ber: to provide externally mounted fuel dis-
placing elements in a pump of this character
which are independently securable to and re-
movable from the pump casing; and to provide
a positively sealed, simple and inexpensive fuel
pump of this kind which is particularly adapted
to discharge accuratcly metered small quantities
of liquid fuel in rapid succession during high
speed operation of a fuel injection engine of the
self-priming, Diesel or ignition types.

An illustrative embodiment of the invention
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Tig. 3 is a vertical sectional view takén on the
line 3—3 of Fig. 2. o .

Fig. 4 is a horizontal sectional view taken on
the line 4—4 of Fig. 2: _ : :

Fig. 5 is a horizontal sectional view taken on
the line 5—35 of Fig. 2. _

Fig. 6 is a fragmentary vertical sectional view

“taken on the line 6—8 of Fig. 3.

Fig. 7 is a fragmentary. vertical sectional
view taken on the line 1—17 of Fig. 6.

Fig. 8.is a side elevational view of the cam
illustrated in Fig. 2. -

Fig. 9 is a side elevational view of a cam simi-
lar to the ‘cam shown in Fig. 8 but having a
different contour, ;

In the form of the invention illustrated in the
drawings, the improved pump. is shown in com-
bination with a fuel injection type engine, gen-
erally designated by the numeral {9, which in-
cludes a cylinderhead portion {1, having a com-
bustion chamber (2 therein into which fuel is
injected: by a nozzle I3 communicatively con-
nected through a conduit {4 with a pump gen-
erally designated by the numeral i35, embodying
the invention. The internal combustion engine
{0 comprises a crankshaft 16 having a pinion R
thereon meshed with a timing gear {8 carried
by a cam shaft 19. The cam shaft {9 has cams
20 thereon which operate the valve mechanism
generally designated by the numeral 21 by which
an intake valve 22 is operated in timed rela-
tionship with rotation of the crankshaft 16. It
should be understood that the cam shaft 19 car-
ries cams (not shown) which operate in a similar
manner upon the exhaust valve mechanism (not
shown) oi ilie engine.

Rotatably mounted in the block structure 23
of the engine 10 is a gear 24 which is meshed '
with and adapted to be driven by the timing
gear (8. The gear 24.has a central bevelled pin-
jon 25 which is employed to drivingly operate
the pump mechanism 15 in timed relationship
with respect to rotation of the crankshaft 8.

The pump comprises 2 housing structure. gen-

_erally designated by the numeral 26 in which are

provided horizontally aligned concentric bear-
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."ings-27 and 28 for rotatably supporting a hori-
zontal shaft 29. Provided on the left end of the

"-shaft 29, as illustrated in Fig. 2, is a bevelled pin-
fon 30 which is.adapted to be meshed with the
pinion 25 of the gear 24 in order to drivingly ro- &
tate the shaft 29 in timed relationship with re~
spect to-the crankshaft 18 of the engine, The -
. pump housing 26 includes a vertically upstanding
portion 31 in which is:journalled a vertically ex-
tending shaft 32. The lower.end portion of the 1
shaft 32 is rotatably supported by a bearing 33.
and the upper end portion of the shaft 32 15-pro-
vided with splines 34 on which a cam 35:is slid- -
_ably but:non-rotatably.mounted. The upper end
portion of the-cam 35 is rotatably and shiftably. 15

“supported by a bearing 36 carried by an inverted \

- cup-shaped  member * 31 which" is: shiftably
mounted in the cylindrical opening 38 formed in
the upper extremity of the housing portion 31.
The bearing 86 thus'serves to cooperate with the
bearing 33 in rotatably supporting and position-

—-ing the shaft 32, > ’
© - ‘Formed on the: exterior of the vertically up-
standing ‘housing portion 31 are'substantially flat
faces 39 which, “in‘ the- illustration shown, are
substantially tangential to a circle having its
center at the axis of the shaft 32. In'a pump de-. -
- -signed- for supp]ying fuel to. a six-cyiinder en-
.’glne, such as the pump illustrated in the draw-

“ Ings, there are provided six such flat faces 39, as
Ilustrated in Figs. 4 and 5, in a hexagonal ar- =
rangement.  Thé wall structure of the upstand-
ing portion 31 is provided with a bore 40 extend- .
.ing radially with respect to the axis of the shaft
32 and located substantially centrally of each of
- the flat faces'38, A plunger 41 is slidably mount- -
“‘ed In"each bore 40 and provided with-a head 42
which is receivable in a‘ recess. 43 formed sub--.
stantially at the center of the flat faces 39. -
Mounted on-each of the flat faces 39 is'a pump 40

- unit; generally ‘designated by ‘the numeral 44, .
and since: all the pump units are substantially
“identical, a description ‘of one will serve for.all.’
“Each pump Unit includes a diaphragim-45 com-__/:
prising flexible sheet “metal material’ which is-
~disposed adjacent the face 39 on the housing of . -
“‘the pump: The -marginal -portions of the dia- -
-phragm 45:are firmly clamped against the face "
335 by a plate 4§ having a recess on the side
thereof-adjacent:the diaphragm which, together
with the diaphragm; forms a compression cham-
ber 41 into which .the central portion of ‘the
‘diaphragm ‘45 is-adapted-to be deflected for dis--

“-placing fuel from the pump. "“The plate 46 is held

“upon the face 39 by a head structure 48 and by

"bolts' 49 which extend through registering: aper~
‘tures in-the head stricture and plate 46 and

" which are threaded in apertures formed. in the‘
wall of the housing portion 31.

- Fuel is"supplied' to the compression chamber
“41bya fuei inlet conduit 50 which communicates
with a-passage 51 formed in the wall structure
of the housing portion 31, The lower end por--
“tlon of the passage 51, as illustrated in Fig. 2,
communicates with a discharge passage 52 from
which:the compression chambers of each of the

. 'slx pump units are supplied with fuel. The head
structures-48 of each of the: pump units 44 . and -
“the ‘plate 48 - thereof are provided with com- -

" municating fuel inlet passage sections 53 and 54

“= which: communicate - with the distributing ‘pas-
'sage 52°.through a port 55 formed in the wall -
structure 'of ‘the housing portion 31, The ‘fuel
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- Inlet passage section 53 communicates ‘with an
inlet chamber §6 which in turn leads to the com- 75
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. crank may:be rotated about its axis.:
‘68 also.has a lever 10 which is pivotally con-
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pression chamber: 41 An inlet valve 51 disposed‘ :
in the inlet chamber 56 is-provided for prevent-

ing a revérse flow of-fuel through the inlet pas-
-sage sections '§3 and §& during fuel displacing

operations... The. plate 86 is provided with an.
outlet’ port - 58 which ‘communicates 'with the"

.compression: chamber -41:.and with an ocutlet

chamber .89 ‘formed in the head structure 48.

l(i Disposed. in the outlet chamber: 59 is an outlet-

valve 68 which is adapted to be ‘opened by the
pressure applied on the fuel in the compression

_chamber 47 and which s normally closed during.
‘the suction stroke of the ‘diaphragm. A dis-.

charge passage. 61 -leading from the discharge .

:,chamber 59 is' communicatively connected with

the conduit. 14 by which liquid fuel is supplied

- to the nozzle {3 of the fuel injecting system.

During operation of the fuel pump, the. ‘cam

35 and shaft 32 on which it is mounted are driv-. .

ingly rotated by engaged bevelled pinions 62 and
63 fixed on.adjacent end portions- of -the shafts.
28 and 32 respectively.. : The. inner extremities:
of each of the plungers. 41 are yleldably held by
the diaphragms: 45 with’ which'they. respectively

cooperate, in contact with the operative surface .

of the cam' 35.  Thus; each rotation of the ecam
causes:each:of ‘the plungers and associated dia-" -
phragms to_ perform & fuel: ‘displacing stroke.

Since. the:cam s -driven:in:timed- relationship-

-with respect. to the: crankshaft of the engine; -
‘the ‘operative strokes of the diaphragm occur. in

a: predetermined. relationship corresponding to
the firing order of the engine.
In the pump illustrated in Figs 2. and: 8 the

cam 35 is provided with a raised portion 64 which

tapers -from a minimum- thickness: at its.upper-
end to*a maximum thickness at its lower end. -
This ‘raised- section, -as illustrated in Fig. ‘8,-is
disposed diagonally with respect to lts axis of
rotation :

- The cam 3% is adapted to be shifted vertically—*
within predetermined limits as established by-.a

stop: 65 by a throttle control: ‘mechanism dia--" '
-grammatically illustrated in: Fig; 2 -as. compris-
.ing & crank .66° -pivotally. mounted at 61 on the

upper end portion.of the pump ‘housing part 3i.:

i#The crank 66 has a lever .68 operatively con-ﬁ .
nected- with: a- throttle valve 89 by which the -

'The crank

nected by a -link -TI. with the inverted cup-
shaped shiftable. support -31..-Clockwise . rota-
tion of the crank 66. by the rod 69 causes the

~ support-37 and cam 35 to be lifted and-counter-

clockwise rotation of the c¢rank causes the sup-:
port 31 and.cam:35 to. be- lowered.. ‘'Then -as
the cam 385 is lifted vertically, portions of the

raised part 64 thereof of greater thickness come :

into operative engagement with’ the. plungers 41;

-thereby: Increasing: the stroke of the. plungers_ B

and correspondingly’ increasing the quantity of
discharge of liquid fuel: from the compreéssion

. chambers #1. - When the ‘cam contour - ¢orre- .

sponids to that illustrated in Fig. 8 and the cam

5. is driven in a clockwise direction as viewed from.
. the above in Fig. 2, the time of ‘discharge: of "

fuel ‘with respect to’ crankshaft position is re=

"tarded -and the quration of ‘the ‘discharge period J

is increased.. 'When the cam 85 is lowered, the
quantity of ‘Tuel discharged per. stroke of ‘each’

- plunger 41 is decreased and the time of “its oc-
-currence with respect to crankshaft _position is
“‘advanced  while the- duration of the discharge :

period ‘is decreased:
S A1t 1 desired to change the eﬂ'ect of in-
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creasing the quantity of fuel discharged per
stroke upon the timing of the fuel discharge,
the cam 35 may be conveniently substituted by
a cam 35 having a raised portion 64’ such as
that illustrated in PFig. 9. The raised portion
¢4’ increases from a minimum thickness at its
upper end to a maximum thickness at its lower
end but in place of peing inclined with respect
to the axis of rotation of the cam, it is sym-
metrically disposed with respect to a vertical
plane of the axis. The line T2 of initial con-
tact between the raised portion 64’ and the
plunger 41’ is inclined with respect to the axis
of rotation of the cam but in a direction oppo-
site to the line of initial contact 13 of the raised
portion 64 of the cam 35 and therefore, as the
cam is lifted to increase the quantity of dis-
charge per stroke of each diaphragm, the time
of occurrence of discharge with respect to crank-
shaft - position is advanced and the period of
duration of discharge is increased. When the
cam 35 is lowered to decrease the quantity of
fuel discharge per stroke the time of occurrence
in discharge is retarded and the duration of
the discharge period is decreased. :

- The foregoing fuel pump is particularly adapt-
ed for the rapid discharge of small, accurately
measured gquantities of fuel such as is required
in high speed operation of fuel injection sys-
tems for internal combustion engines. No
bodily movement of the-fuel displacing element
takes place since the central portion of the dia-
phragm deflects and therefore problems arising
by reason of the inertia of parts of the fuel
displacing element are avoided. The -com-
pression side of the fuel displacing element is
positively sealed against leakage and no sliding
segls such as are present in piston type displac-

ing mechanisms are involved. The control of-

both the quantity and time of the discharge of
fuel is extremely flexible and capable of being
graded with precision throughout a predeter-
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mined range while variation in. both the time
and quantity of discharge ranges may be con-
veniently made by merely substituting one cam
member for another. : :

Although but several specific embodiments of
*the invention are herein shown and described,
it will be understood that various changes In
the size, shape and arrangement of parts may
be made without departing from the spirit of
the invention.

We claim:

A fuel pump including a casing having a
central passage and a communicating radial
bore, a plunger in said bore, an intermediate
plate disposed adjacent an external surface of
said casing having a recess therein registering
with said plunger, and having inlet and outlet
passage sections extending through its thick-
ness, an outer plate member having an inlet
passage section registering with but of smaller
cross section than the inlet passage section of
said intermediate plate and an outlet passage
section registering with but of larger cross sec-
tion than said outlet passage section of ‘said
intermediate plate member, inlet valve means
in the inlet passage sections of said interme-
diate plate member engageable with the inner
_side surface of said outer plate member, outlet
valve means in the outlet passage section of said
outer plate member engageable with the outer
side surface of said intermediate plate member,
a diaphragm extending over said recess abutting .
said plunger and having its marginal portions
clamped between said intermediate plate mem-
per and said casing for displacing fuel from
said recess, means detachably holding said plate
members and said diaphragm in sealed relation-
ship, and operating mechanism in said central

passage engageable with said plunger for actu-
ating said diaphragm. )
GILBERT C. GOODE.
WILLIAM F. HARRINGTON.




