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My invention relates to.fuel feed pumps

- for internal combustion engines, more par-
ticularly engines operated with solid injec-
tion. Itis an object of my invention to pro-

8 vide means for preventing racing in the case
of failure of the regulation without necessi-

tating a separate or safety regulator.

To this end I provide a space in the cylin-

der of the pump which is‘connected during

10 part of the inward stroke of the piston with
a space under reduced pressure by means of
controlled passages so that the delivery
stroke or effective stroke (the stroke during
which fuel is injected. into the engine) is fol-
lowed by a stroke during which part of the
fuel flows back from the cyhnder to the space
under reduced pressure. In the following
specification this stroke will be termed the
return flow stroke..

20.. In internal combustion engines operated
with positive fuel injection by means of a
pump racing can occur wheén the fuel feed
pump supplies a quantity of fuel which is in
excess of the quantity required for the power

3 demand of the engine. The energy inherent
in the excess of fuel speeds up the engine un-
til finally some important part of the engme
breaks down.

In order to 0bv1ate this, it has been pro-

30 posed to provide a separate or safety regu-
lator in addition to the normal regulator
“which, as a rule, maintains the speed of the
engme at ‘a predetermined constant value.
The safety regulator becomes operative only

35 when the normal speed is exceeded for a pre-
determined amount in which case as a rule it

" cuts off the fuel supply altogether, thereby
stopping the engine. However the provision

(7]

of such safety regulator involves complica--

(=4

tion and additional cost and yet does not war-
rant absolute safety as it becomes operative
only in exceptional cases, so'that its super-
viston is likely to be neglected. Therefore a
_ safety device of this kind cannot be relied
5 upon to function properly in an emergency.
According to my invention the safety regu-

lator is eliminated by the provision of a fcﬁelh

feed pump in which the fuel supply is con-
siderably reduced when the normal number
of revolutions of the engine is overstepped,

S
o

a slight increase of the number of revolutlons
beyond normal being allowed but no racing,
even if the engine should be running under

“no-load conditions and-the pump is set for

full delivery.

As a rule the total stroke of a fuel feed
pump will be made as short as practicable,
particularly in high speed engines, because

‘the control of the pump operation, more par- .

ticularly in cam- operated pumps, is greatly
facilitated. Therefore in pumps for-inter-
mittent feed interruption of feed is not re-
sorted to unless in cases where the output is
only small or, if the feed is intérrupted at
full load it will be performed with the least
possible stroke so that when the pump is set
for full power the return passages w111 be
only just opened.

In the fuel pump accordmg to the present .
invention I have departed from this prin-
ciple. I make the return flow stroke exces-
sively large, i. e. much larger than would be
required under normal conditions. It may
be made equal to or even larger than the use-
ful stroke for full power. By these means
the pump is made to act as a safety dev1ce,
as explained above.

In the drawings affixed to this spemﬁca-
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tion and forming part thereof a pump em- .

bodyin, F my invention is illustrated diagram-
matically by way of example, its function be-
ing also illustrated as compared with that-
of a.pump of normal type.

In the drawings:

Figs. 1,2, 8, and 4 are axial sectlons of the
pump showmq various positions of its piston,

Fig. 5 is a diagram illustrating the move-
ments of the piston dumng a complete cycle
of the pump,

"Figs. 6 and 7 are axial sections of & normal
pump and of the new pump, respectively
with dia dgrams 111ustrat1ng the functlon of

-each, an

Flg 8isa detall view of one form of actu-
ating means for the fuel pump piston. -

Referring first to Figs. 1 to 4,1 is the pump
casing, and 2 is the piston arranged in the
casing for reciprocation. 3 is the fuel in-

take port which is controlled by the piston

1tse1f 4 is the delivery valve, and is the
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pressure conduit leading to the engine. 11
is a recess in the piston 2, 10 is a transverse
bore, and 9 is an axial bore in the piston,
both being connected with the recess 11. The
axial bore opens into the end face of the pis-
ton 8. In certain positions of the piston the
system of conduits 9, 10, 11 connects the space

" 6 of the cylinder 1 with the intake port 3, so
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that the delivery is interrupted. The con-
duits constituting the system have large di-
ameters so that their resistance to flow is
smaller than that of the intake port 3,and the
resistance of this port, in turn, is small as
compared with the resistance of the injec-
tion member (nozzle) associated with the
combustion space of the engine. In thisman-
ner the return flow is timed properly and all
lagging of the injection will be eliminated.
The piston 2 may be reciprocated by cams,
cranks, eccentrics or the like. In Fig. 8 is
shown a cam mechanism for operating the
piston, the cam 20 being carried by the shaft
22 and having a key inserted between the

shaft and hub 21 for fixing the cam to the.

shaft. Fixed to the end of the piston 2 is
a follower 15 which is held against the cam
surface by means of a spring or the like.
The points Ao, Bo, Co, Do, Eo and Fo located
about the cam surface correspond to the
points A, B, C, D, E, F and A’ on the curve
shown in Fig. 5. _

A complete cycle of the pump (suction and
pressure stroke) is illustrated in Fig. 5, the
piston strokes % being plotted against times
. Fig. 1 shows the piston in its inner dead
center position corresponding to points A
and A’ (Fig. 5), Fig. 2.shows the piston with
the upper edge of the recess 11 registering
with the lower edge of the intake port 3
(points B and F in Fig. 5), Fig. 3 shows the
piston with its top 8 registering with the up-
per edge of the intake port (points C and E
in Fig. 5), and Fig. 4 shows the piston in
its outer dead center position (point D in
Fig. 5). ’

Assuming first that piston 2 is moving at
low speed at which the resistance offered by

" the intake port 3 does not influence the volu-
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metric efficiency of the pump, the effect will
be as follows:

The suction stroke of the pump extends
from A to D and is subdivided as follows:

First charging stroke A, B: Fuel is drawn
into the pump chamber 6” from the passage 3
through the conduits 11, 10 and 9.

Vacuum stroke B, C: The passage 3 is

¢losed and the piston generates a vacuum in

the chamber 6’7 which has been partly filled
with fuel during the first charging stroke.

Second charging stroke C, D: The passage
3 is exposed by the piston and fuel is drawn
into the space 6’7 under the action of the
vacuum.

‘The delivery stroke of the pump extends
from D to A’ and is subdivided as follows:

1,849,400

First return flow stroke, D, E: The piston
moves through the stroke %, and forces back
a portion of the fuel into the passage 3.

Effective delivery stroke, E, F': The piston
moves through the stroke A, the passage 3 is
closed and the fuel is discharged through the
check valve 4 and the delivery pipe 5.

Second return flow stroke, F. A’: The pis-
ton moves through the stroke %,, passage 3 is
exposed again and the fuel which has not been
delivered during the effective stroke 4, is re-
turned to the passage 3.

It follows that only the effective stroke %,
is available for the delivery of the fuel, while
there is no delivery during the first and sec-
ond return flow strokes A; and 4,. '

Assuming now that the pump is operated
at a higher sp2ed than normal, the time #,
available for the first charging stroke is now
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so short and the head of the suction passage 85

3 is so small that the chamber 6’ is not com-
pletely filled with fuel during the stroke A,
B, but a vacuum forms in this chamber, which
is increased during the vacuum stroke B, C.
During the second charging stroke C, D, the
fuel is not able to fill the rapidly increasing
volume which the piston exposes and there-
fore during the first return flow stroke D, E
no fuel is returned but on the contrary fresh
fuel is drawn into the cylinder under the
vacuum which still exists. Delivery obvious-
Ly can only begin when there is no longer any
vacuum in the pump chamber. At normal
speed this will occur at E, but under. abnor-
mal speed conditions the point E will move
into a position intermediate the points E and
F, for instance E’ in Fig. 5, corresponding
to effective delivery stroke A,. On the other
hand, the point F is fixed as its position is not
influenced by the speed but only by the in-
variable setting of the pump-operating mech-
anism. = :

Therefore the quantity of fuel which is ac-
tually delivered to the engine is a function of
the position of point E” with respect to point
F, and not a function of the quantity of fuel
which has been admitted during the charging

stroke A, B. This quantity is also a function

of the speed, but it is not necessary that the
total quantity of fuel which has been drawn
into the pump during the charging stroke A,
B should be delivered during the stroke E’,
F, or A, the effective delivery stroke.
theory it is even possible to reduce %, to zero,
so that none of the fuel drawn into the pump
during the charging stroke A, B is delivered
to the engine, but in practice this must not
be as a certain amount of fuel is required for
keeping the engine running under no-load
conditions.

It has been found that in order to obtain the
desired effect the return flow stroke 4, should

" be about equal to or even larger than the ef-

fective stroke corresponding to full charge

(k).

In
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The desired action can be expedited by re-
ducing the periods #, and ¢, during which
the inlet passage 3 is connected with the cyl-
inder. However, the cross-sectional area of
the intake port 8 must not be reduced below
a certain limit in view of the precise timing of
the injection, and therefore the so-called
time-area factor can only be kept small by
selecting the times #,, Z, as short as practicable
in relation to the total period Z, for the com-
plete cycle. In other words; the piston speed
must be increased at the beginning and at
the end of the suction strokes A, A; and at the

" beginning of the effective strokes %, or A,.
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The volumetric efficiency of a pump is
known to decrease with increasing number of
strokes. One might imagine that this phe-
nomenon, which might be assisted by reducing

‘the cross-sectional area of the intake port in

pumps in which the passage is controlled by
the piston, could be utilized for the present
invention, but this would not lead to success
because the fuel feed will not decrease rapid-
ly enough to prevent excessive speed under
no-load conditions. ' '

This will appear from a comparison of

Figs. 5, 6 and 7, Fig. 6 illustrating the de-
livery of a pump lacking the system of con-
duits according to the present invention,
plotted (in cubic centimeters) against the
number of revolutions 7. 12 is the cylinder,
13 is the piston, 14 is the pressure valve, 15
is the pressure conduit, and 16 is the intake
port of the pump. ' _
Up to a given speed n, the fuel is not
throttled in the intake port 16 and therefore

- delivery is constant, that is, the effective vol-

ume V7 is equal to the cylinder volume VA,

. corresponding to the stroke X%, from the
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closed intake port 16 to the inner dead center.
When the speed is increased beyond ,, de-
livery decreases but becomes nil only in the
infinite so that an excessive speed will be at~
tained under no-load conditions. .
Referring now to Fig. 7 in the pump here

shown according to the present invention the .

stroke from the intake port 3 to the inner
dead center may be said to be artificially in-
creased to A,+ 4., the corresponding volume
being V', " In this pump delivery per stroke

will be constant until a given number of revo- -

luoion #, is attained and from this point on it
will deérease until it becomes nil in the in-
finite. Hgqwever only a fraction V, of this
total delivery is utilized and the residual vol-

ume V. is forced back so that the curve indi-

cating the decrease of total delivery will very

soon intersect with the line representing Vr,’

the intersection being marked S. At this
point the fuel feed ceases altogcther and
the speed n, at which this occurs is the maxi-
mum speed the engine may attain but, as
mentior:d above, this speed is not attained
in practice as'a certain fuel feed is required
even under no-load conditions. '

I wish it to be ﬁnderstood that I do not

.desire to be limited to the exact details of

construction shown and described for obvi-
ous modifications will occur to a person

.skilled in the art. .

I claim :— ' .10
1.'The method of operating fuel pumps

-for internal combustion engines which com-

prises connecting the cylinder space of the

_pump during the delivery stroke with a space

under comparatively low pressure so as to 7%
interrupt the delivery, so controlling the
operation of the pump as to obtain an exces-
sive return flow stroke following the de-
livery stroke, and providing for particularly
high piston speeds at the beginning and at the 80
end of the suction stroke and at the beginning
of the delivery stroke so that the period
during which the cylinder is connected with
the supply of fuel is short as compared with
the total period of a cycle, and the delivery
of the pump is reduced to the demand under
no-load conditions at a comparatively small
increase of speed. - .

2. A fuel feed pump for internal combus-
tion engines comprising a cylinder, a piston
therein defining a passage which connects
the cylinder with a space under compara-
tively low pressure, and means for actuating
the piston at increased speed at the begin-
ning and the end of its suction stroke and at
the beginning of its delivery stroke, said
piston being adapted to perform an excessive-
Iy large return flow stroke following the effec-
tive delivery stroke. : 100

3. The method of operating fuel pumps
for internal combustion engines which com-
prises supplying fuel to the pump through a
restricted supply passage, and increasing the
speed of travel of the pump piston durin
communication with the supply through sai
passage so as to effect a throttling of the
supply incident to any increase of speed of
the engine above normal., S

In testimony whereof I affix my signature. 3¢9

" HUGO JUNKERS.
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