United States Patent [19]

Eheim et al.

(o 3,784,330

[54] FUEL INJECTION APPARATUS FOR GAS
TURBINE-TYPE VEHICLE POWER PLANT

[75]1 Inventors: Franz Eheim; Reinhard Schwartz,
both of Stuttgart, Germany

[73] Assignee: Robert Bosch GmbH, Stuttgart,
Germany-

[22] Filed: Apr. 17, 1972
[21] Appl. No.: 244,671

{30] Foreign Application Priority Data
Apr. 24, 1971  Germany................... P 21201127

[52] US.Ch...onveicnn, 417/279, 123/119 R
{511 Int. Cl.....cccoonrnnnriiiicnreeenn, F04b 49/08

[58] Field of Search......................... 417/279, 395;

123/119 R; 239/126, 76, 533

[56] References Cited
UNITED STATES PATENTS
2,846,994 8/1958  Armstrong........ccceenne, 123/119 R

[(45]  Jan. 8, 1974

2,678,057
3,039,272

5/1954  Ifield......ccccccovrrvnierniinnnn, 417/279 X
6/1962  FricK.....coeoeeeririvninnn. 417/395 X

Primary Examiner—Al Lawrence Smith
Assistant Examiner—Richard Sher
Attorney—Edwin E. Greigg

[57] ABSTRACT

In a fuel injection apparatus of the type that is asso-
ciated with a gas turbine-type vehicle power plant,
there is provided a differential pressure valve which is
disposed in the fuel path and which ensures a constant
pressure drop across a fuel metering valve regardless
of the fuel quantities metered thereby. In order to re-
duce the back pressure effect of the fuel on the opera-
tion of the differential pressure valve, the stationary
flat valve seat of the latter has, instead of one, a plu-
rality of fuel flow openings, so that the pressure cross
section for any given opening cross section is reduced
with respect to known differential pressure valves.

4 Claims, 6 Drawing Figures

25 26

27
32 7 2
ey
— = fem—d
;3 rw‘qgi‘m‘é 19
| LS
RNUNNAN

i
AN
. g H
AN i

AU NN,




3,784,330

PATENTED AN 81874

SHEET 1 0F 2

Y4

07
g6~
27

~
mqvf/f

L7~
GE =

7€

af - N\
i ANY Whm

o /////

6~ 3 4 —
% &N ¢ m/.\ ) \ W
<8 ol N ANRN — - Ql
YA ™ {
2l ; Y — ”
7 ==
8/ == N Zu JMWW _
61 248 [ &t
=
7 A= .
77
Z ) 7N & N m\k
L2 9z sz




PATENTED UM 81974 | 3,784,330
SHEEY 2 OF 2 ‘

Fig2
L4744
0
37~ \ 45
d|46 39 N\ AN
Fig. 3a Fig. 3b
44

Fig. 3c Fig.3d
39" o _a3gn

X PRIOR <
57«(_8 BjLs; ART ( 52

\T N7



3,784,330

1

FUEL INJECTION APPARATUS FOR GAS
TURBINE-TYPE VEHICLE POWER PLANT

BACKGROUND OF THE INVENTION

This invention relates to a continuously operating
fuel injection apparatus for gas turbines which are used
in particular in motor vehicles. The fuel injection appa-
ratus is of the type that has a continuously operating
fuel injection pump and a device for the regulation of
the injected fuel quantities. The device varies the posi-
tion of a control plunger which meters the fuel quanti-
ties admitted to the fuel injection nozzles. At the meter-
ing valve containing the control plunger there is en-
sured a constant pressure drop by providing a differen-
tial pressure valve in the fuel path. Furthermore, the
fuel injection apparatus is of the type that is provided
with means for the rpm-dependent control of the fuel
quantities, means for limiting the pressure within the
hydraulic system and means for protecting the fuel in-
jection apparatus against runaway rpm’s and excessive
temperatures. The fuel injection apparatus is also pro-
vided with an electromagnetic system which varies the
flow - passage section of the aforenoted fuel metering
valve and which is directly connected with the control
plunger and is disposed within the housing of the fuel
injection apparatus.

In a fuel injection apparatus of the aforenoted type,
the differential pressure regulated by the differential
pressure valve may fluctuate in response to the differ-
ent values of the fuel back pressure in the injection or
pressure conduit leading to the injection nozzles. Con-
sequently, the metered fuel quantities do no longer cor-
respond exactly to the fuel quantities assigned to the
prevailing operational conditions of the power plant.

. OBJECT AND SUMMARY OF THE INVENTION -

It is an object of the invention to provide an im-
proved fuel injection apparatus of the aforeoutlined
type wherein the effect of the fuel back pressure on the
differential pressure valve is decreased. ‘

Briefly stated, according to the invention, for the pur-
pose of reducing the effect of the fuel back pressure in
the pressure conduit on the differential pressure valve,
the stationary valve seat of the differential pressure
valve is so designed that its pressure cross section for
any given opening cross section is smaller than in a con-
ventional valve having a sole fuel flow opening. The
opening cross section is formed by the perimeter of the
flow openings and the opening gap between the valve
membrane and the frontal face of the stationary valve
seat, .

The invention will be better understood, as well as
further objects and advantages become more apparent,
from the ensuing detailed specification of three exem-
plary embodiments taken in conjunction with the draw-
ing. ‘

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a longitudinal sectional view of the fuel in-
jection apparatus incorporating the first embodiment
of the invention; ‘

FIG. 2 is a sectional view on an enlarged scale of th
component encircled at E in FIG. 1; ‘

FIG. 3a is a view of the structure shown in FIG. 2 in -

the direction of arrow A;
FIG. 3b is a second embodiment of the invention
taken in the same direction as FIG. 3q;
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FIG. 3c is a view of a third embodiment of the inven-
tion taken in the same direction as FIG. 3a; and

FIG. 3d is a view of a conventional valve configura-
tion taken in the same direction as FIG. 3a.

DESCRIPTION OF THE EMBODIMENTS

Turning now to FIG. 1, there is shown a regulator
housing 1 containing a gear pump 3 which serves as a
fuel injection pump and which is driven by a drive shaft
2. The pump 3 delivers fuel through a bore 4 into an an-
nular groove 5 of a sleeve 6. From the groove 5 the fuel
flows through radial bores 7 into an annular chamber
8 which is bounded by a control plunger 11 and the in-
ternal wall of the sleeve bore 14. The two control edges
12 of the control plunger 11 and the corresponding
control slots 15 provided in the sleeve 6, form.a meter-
ing valve. The position of the control edges 12 with re-
spect to their associated control slots 15 defines a flow
passage section 21 which is directly variable by means
of a quantity setting device directly connected with the
control plunger 11. This device includes a rotary mag-
net 18 which is supported rotatably between two sole-
noids 19 which, in turn, are positioned on a core 20. In
this- manner a closed magnetic circuit may be estab-
lished through the rotary magnet 18 and the core 20.
The rotary magnet 18 is secured to the control plunger
11 which is prevented from moving axially by a set
screw 24 urging the control plunger 11 into engage-
ment with an abutment 25 which, in turn, is biased by
a spring 26 held in a lid 27,

On the control plunger 11 there is also mounted a
cam disc 30 which, as a function of the angular position
of the control plunger 11, actuates a follower 31 of a
position sensor 32 which may be an inductive. trans-
ducer.

The fuel metered at the control slots 15 flows
through an annular groove 16 provided in the sleeve 6
and a channel 34 into a chamber 35 of a differential
pressure valve generally indicated at 36, The latter is
formed as a flat seat valve and is provided with a mem-
brane 37 clamped coplanar with a stationary valve seat
39 between the regulator housing 1 and a valve housing
38. The valve housing 38 supports, through an interme-
diate ring 40, a coil spring 41 which has a flat spring
characteristic. The spring 41 biases the membrane 37
through a spring seat disc 42 in the opening direction;
consequently, the differential pressure valve 36 is'in an
open position when inoperative. From the annular
groove 5 the fuel flows in an unthrottled manner
through the bore 9 into a.chamber 10 of the differential
pressure valve 36. ‘ ‘ ‘

When the differential pressure valve 36 is in an open
position, fuel may flow from the chamber 35 between

_the membrane. 37 and the stationary valve seat 39

through its bores 44 into the pressure conduit 45 lead-
ing to a fuel injection nozzle (not shown). ‘

In operation, fuel is delivered by the gear pump 3 to
the metering valve 12, 15 where a metering is effected
under conditions of constant pressure drop ensured by
the differential pressure valve 36. In this manner, the
flow passage section 21 is a measure for-the throughgo-
ing fuel quantities. ‘ ‘

In FIG. 2 there is shown, to an enlarged scale, details
of the. components encircled at E in FIG. 1 and FIG. 3a
illustrates the stationary valve seat 39 as seen in the di-
rection of the arrow A of FIG. 2. As it may be observed
from FIGS. 1, 2 and 3a, the stationary valve seat 39 is’
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provided with flow openings 44, the perimeter of

which, together with the opening clearance 47 between

the frontal face 46 of the stationary valve seat 39 and
the membrane 37, constitutes the opening cross section
of the valve 36. The individual cross sections of the
four bores 44 form together the pressure cross section
through which the fuel back pressure prevailing in the
injection conduit 45 exerts a force on the membrane 37
of the differential pressure valve 36.

In FIG. 3b there is shown a further embodiment of
the invention formed of a stationary valve seat 39’ hav-
ing three bores 50 of identical cross section.

In FIG. 3¢ there is shown a third embodiment
wherein the stationary valve seat 39"’ is provided two
rectangular openings 51 of identical cross section.

FIG. 3d illustrates a conventional valve configuration
wherein the valve is formed by a stationary valve seat
39’'"" having a single axial central bore 52.

In case of an identical opening clearance 47 between
the membrane 37 and the frontal face 46 of the station-
ary valve seat, the embodiments illustrated in FIGS. 3a,
3b, 3c and 3d have the same opening cross section. The
embodiments shown in FIGS. 3a, 3b and 3¢ have, how-
ever, a substantially smaller pressure cross section than
that of the conventional valve configuration shown in
FIG. 3d and formed by the sole bore 52. The pressure
cross section in the three embodiments is the sum of in-
dividual cross sections of the openings 44, 50 or 51, By
virtue of the smaller pressure cross section present in
the three embodiments, the disturbing effect of the fuel
back pressure on the constant pressure difference is re-
duced to a minimum value. .

We claim: o

1. In a continuously operating fuel injection appara-
tus that is associated with a turbine-type vehicle power
plant and is of the known type that has (a) a fuel meter-
ing valve including a displaceable control plunger
which, dependent upon its position, meters fuel quanti-
ties delivered through pressure conduit means to fuel
injection nozzles, (b) a device operatively connected to
said control plunger for varying the position thereof
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and (c) a differential pressure valve positioned in the
path of the fuel and communicating with said fuel me-
tering valve to ensure a constant pressure drop there-
through independently of the metered fuel quantities,
the improvement in said differential pressure valve hav-
ing a given opening cross section, comprising

A. a first chamber in communication with said fuel
path immediately upstream of the location of me-
tering in said fuel metering valve,

B. a second chamber in communication with said fuel
path immediately downstream of the location of
metering in said fuel metering valve,

C. a membrane separating said chambers from one
another and moving in response to the pressure dif-
ference in said chambers and

D. a stationary flat valve seat disposed in said pres-
sure conduit means and cooperating with said
membrane to regulate the flow of fuel from said
second chamber to said pressure conduit means as
a function of the pressure difference in said cham-
bers, said flat valve seat having a plurality of
throughgoing flow openings to establish communi-
cation between said second chamber and said pres-
sure conduit means in an open position of said dif-
ferential pressure valve, said flow opening being
dimensioned to retain said given opening cross sec-
tion and decrease the pressure cross section of said
valve seat for reducing the effect of the back pres-
sure of fuel in said pressure conduit means on said
membrane.

2. An improvement as defined in claim 1, wherein
said flow openings are three in number and have circu-
lar configurations of identical cross section,

3. An improvement as defined in claim 1, wherein
said flow openings are four in number and have circular
configurations of identical cross section.

4. An improvement as defined in claim 1, wherein
said flow openings are two in number and have rectan-

gular configurations of identical cross section.
*® * * #* *



