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(57) ABSTRACT 

This accumulating fuel injection apparatus is provided With 
a needle valve 6 adapted to open and close an injection 
noZZle 11 having injection ports 14 in a loWer end portion 
thereof, a balancing chamber 5 formed in a casing 2 so as to 
apply a fuel pressure to a head portion of the needle valve 
6, a supply passage including a slit 10 and used for supplying 
a fuel from a fuel supply port 19 to the balancing chamber 
5, a discharge passage 20 comprising an ori?ce for discharg 
ing the fuel from the balancing chamber 5, and a solenoid 
valve 22 adapted to open and close the discharge passage 20, 
the lift of a valve disc 26 of the solenoid valve 22 is 
controlled by a lift control means comprising a stopper 28 
the position of Which is controlled by a lift control mecha 
nism 23. The opening area of the discharge passage 20 
comprising an ori?ce increases and decreases in accordance 
With the lift of the valve disc 26, and the lift of the needle 
valve 6 is determined so that the opening area of the slit 10 
facing the interior of the balancing chamber 5 increases and 
decreases correspondingly to the flow rate of the fuel 
passing through the discharge passage 20, the degree of 
opening of the injection noZZle 11 increasing and decreasing 
accordingly. 

16 Claims, 11 Drawing Sheets 
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ACCUMULATING FUEL INJECTION 
APPARATUS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

TECHNICAL FIELD 

This invention relates to an accumulator fuel injection 
apparatus applied to internal combustion engines, such as a 
diesel engine. 

BACKGROUND ART 

The conventional fuel injection apparatuses for multi 
cylinder engines include an apparatus of a fuel injection 
system (electronically controlled fuel injection system) in 
Which the controlling of an injection rate and injection time 
is done by an electronic circuit, an apparatus of a common 
injection system (common-rail injection system) in Which a 
fuel is distributed from an injection pump to combustion 
chambers through a common passage, and an apparatus of a 
pressure storage type injection system (accumulator injec 
tion system) in Which a fuel is distributed from an injection 
pump to combustion chambers through a common passage 
and an accumulator. Since the fuel injection apparatuses 
themselves of these systems are not provided With an 
accumulator in Which the fuel from an injection pump is 
temporarily stored, the supplying of the fuel to these appa 
ratuses is done through a common rail, a common passage, 
i.e. an accumulator. 

FIG. 8 shoWs an injector (Which Will hereinafter be 
referred to as a ?rst conventional example) for a conven 
tional accumulating fuel injection apparatus. Such a con 
ventional injector is a pressure balancing type injector 
disclosed in, for example. Japanese Patent Laid-Open Nos. 
165858/1994 and 282164/1987, Which is formed so that a 
fuel is supplied to or discharged from a balancing chamber 
by turning on or off a solenoid valve, Whereby a needle valve 
is seated on or lifted from a seat of the noZZle, and Which is 
adapted to lift the needle valve from the seat by removing a 
needle valve closing fuel pressure applied to the interior of 
the balancing chamber, Whereby the injection of the fuel is 
carried out. Such a structure Will noW be further described. 
Acasing 31 of an injector 30 is provided therein With a guide 
bore 32, a fuel storage chamber 33 and a control volume, i.e. 
a balancing chamber 32. A needle valve 35 is provided 
slidably in the guide bore 31 The needle valve 35 comprises 
a larger-diameter portion 36, and a smaller-diameter portion 
37 integral With the larger-diameter portion 36, and a needle 
38 is provided on a loWer end of the smaller-diameter 
portion 37. The casing 31 is provided With a hole type 
injection noZZle 39 (refer to FIG. 11), and the injection 
noZZle 39 has injection holes 40 at a loWer end portion 
thereof. The injection noZZle 39 is also provided With a seat 
41 on an inner surface of its loWer end portion, and, When 
the needle 38 of the needle valve 35 sits on the seat 41, the 
injection holes 40 are closed. In the hole type injection 
noZZle 39, the fuel collected in a passage, Which extends 
from the seat 41 to a combustion chamber, after the valve is 
closed is ejected (after-dripping) in some cases due to the 
high temperature and pressure variation in the combustion 
chamber, and the fuel becomes an unburnt gas to cause the 
HC in an exhaust gas to increase. Therefore, it is necessary 
that the volume (sack volume 49) of a space extending from 
the seat 41 to the injection ports 40 be set as small as 
possible. 
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The casing 31 has a supply port 42 for introducing a 

high-pressure fuel from an accumulating pipe (not shoWn) 
into the interior thereof, and a How passage communicating 
With this supply port 42 branches into tWo ?oW passages 43, 
44, one How passage 43 communicating With the balancing 
chamber 34 via an ori?ce B, the other How passage 44 
communicating With the fuel storage chamber 33. The 
casing 31 further has an ori?ce A alloWing communication 
of the balancing chamber 34 With the outside. 
The casing 31 is provided With a solenoid valve 45 for 

opening and closing the ori?ce A. The high-pressure fuel 
introduced from the supply port 42 enters the balancing 
chamber 34 and fuel storage chamber 33 and Works on the 
needle valve 35. When the solenoid valve 45 is in an 
OFF-state, the ori?ce A (discharge passage 46) is closed 
therewith. In the meantime, the high-pressure fuel is sup 
plied to the balancing chamber 34 and fuel storage chamber 
33, so that the needle valve 35 is pressed against an inner 
loWer surface of the injection noZZle due to a difference in 
the areas on Which a pressure is exerted of the needle valve 
35 With the injection ports 40 thereby put in a closed state. 
When a solenoid 47 of the solenoid valve 45 is excited, a 
valve disc 48 is attracted thereto, and the ori?ce Ais opened, 
so that the pressure in the balancing chamber 34 decreases. 
When a needle valve lifting force based on the pressure in 
the fuel storage chamber 33 becomes larger than a needle 
valve loWering force based on the pressure in the balancing 
chamber, the needle valve 35 moves up, and the injection 
holes 40 are opened, the injection of the fuel starting. When 
the solenoid 47 of the solenoid valve 45 is then deenergiZed, 
the valve disc 48 closes the ori?ce A, and the fuel pressure 
in the balancing chamber 34 increases instantly by the 
high-pressure fuel introduced through the ori?ce B. 
Consequently, the needle valve 35 loWers, and the injection 
ports 40 are closed, the injection of the fuel stopping. When 
the ori?ce A is dosed by putting the solenoid valve 45 in an 
OFF-state, to instantly increase the fuel pressure in the 
balancing chamber 34, a How of the fuel leaving the fuel 
storage chamber 33, passing through the injection noZZle 39 
and injected from the injection ports 40 occurs, and, 
therefore, the fuel pressure becomes gradually loW toWard 
the loWer end of the injection noZZle 39 due to the resistance 
of an annular fuel ?oW passage formed betWeen the smaller 
diameter portion 37 of the needle valve 35 and the portion 
of an inner surface of the casing 31 Which is around the same 
portion 37 of the needle valve. Accordingly, a generally 
loWering force is exerted on the needle valve 35 on the basis 
of the high fuel pressure in the balancing chamber 34, the 
fuel pressure in the fuel storage chamber 33 and the fuel 
pressure on the seat 41, so that the needle valve 35 is closed. 

FIG. 9 is a schematic diagram shoWing a fuel supply 
system in a conventional accumulator fuel injection appa 
ratus. The ori?ces A, B are ?xed ori?ces (the inner diameters 
dA.dB of the ori?ces A, B are constant), and the ori?ce A is 
set larger than the ori?ce B (dA>dB). Accordingly, a How 
rate of a fuel ?oWing out from the ori?ce A is determined by 
the siZe of the ori?ce B. The lift of the needle valve 35 
attains a peak When an injection rate is not loWer than a 
certain level. 

FIG. 10 is a graph shoWing the relation betWeen the area 
characteristics of injection holes of an injector used for a 
diesel engine, i.e. the lift of a needle valve 35 in the injector 
and an effective opening area of an injection noZZle 39. 
Although When the lift is loW, i.e., When the lift of the needle 
valve 35 is loW, the effective opening area of the injection 
noZZle 39 increases in accordance With the siZe of a clear 
ance betWeen a needle 38 and a seat 41, When the area of the 
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clearance exceeds that of the injection ports 40, the effective 
opening area becomes constant irrespective of the lift of the 
needle valve 35. 
A conventional example shoWn in FIG. 12 is an example 

(Which Will hereinafter be referred to as a second conven 
tional example, in Which the structural elements equivalent 
to those of the ?rst conventional example are designated by 
the same reference numerals, Whereby repeated detailed 
descriptions of the elements are omitted), in Which a return 
spring 52 for exerting a loWering force on a needle valve 35 
is provided so that an effect in closing the needle valve 35 
is obtained more reliably not by depending upon the How 
passage resistance alone When a solenoid valve is in an 
OFF-state. The needle valve 35 in the second example 
comprises a larger-diameter portion 36, a smaller-diameter 
portion 37 and a diameter-reduced portion 50 formed in the 
larger-diameter portion 36. The return spring 52 is held in a 
loW-pressure portion 51 formed betWeen a casing 31 and the 
diameter-reduced portion 50. The end portion of the return 
spring 52 Which is on the side of the larger-diameter portion 
36 is engaged With a spring seat 53 supported on a shoulder 
portion, Which is in the loW-pressure portion 51, of the 
casing 31, While the end portion of the return spring 52 
Which is on the side of the smaller diameter portion 37 is 
engaged With a spring seat 54 supported on a loWer shoulder 
portion of the diameter reduced portion 50. The return spring 
52 constantly urges the needle valve 35 in the closing 
direction, and has an effect in preventing the after-dripping 
of the fuel from an injection noZZle by speedily carrying out 
the closing of the needle valve 35. The fuel leaking out into 
the loW-pressure portion 51 is recovered by a fuel tank 
through a How passage 55. A How passage 43 extending 
from a supply port 42 communicates With a balancing 
chamber 34 via a How passage 56, Which is formed in the 
larger-diameter portion 36, and an ori?ce C (corresponding 
to the ori?ce B in the Conventional example shoWn in FIG. 
8, and having a diameter d ) Even When a suf?cient valve 
closing effect cannot be obtained With a valve closing force 
With Which a fuel pressure Works on the needle valve 35 and 
a valve opening force balanced With each other, the return 
spring 52 closes the needle valve 35 reliably. 
The performance level With respect to the fuel 

consumption, output horsepoWer and exhaust gas Which is 
required for an engine in recent years has increased. In order 
that an engine meets a high level of various kinds of 
performance, it is demanded that an amount of a fuel 
injected per unit time from injection ports, ie a fuel 
injection rate be controlled ?nely in accordance With con 
ditions such as an engine load. As the basic techniques for 
meeting the demand, it is necessary to enable the lift of a 
needle valve to be controlled at least in a plurality of stages. 

The controlling of a fuel injection rate in an initial stage 
of fuel injection, ie an initial injection rate may be given as 
an example of a ?ne fuel injection rate controlling operation. 
When an initial injection rate is high, combustion noise and 
NOx occur. 

In order to carry out an optimum fuel injection rate control 
according to the engine speed and the load condition, it is 
necessary that the lift of the needle valve can be controlled 
accurately, i.e., a half lift control operation for retaining the 
needle valve in a half lifted state can be carried out. 
HoWever, the injectors as in the ?rst and second conven 
tional examples are adapted to fully lift or seat the needle 
valve 35 from or on the seat 41 by operating the solenoid 
valve on or off, and they are not so formed that a half lifted 
condition can be precisely controlled. 

Another injector (Which Will hereinafter be referred to as 
a third conventional example) in Which the controlling of an 
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4 
initial injection rate is done by employing a mechanism 
capable of varying the number of injection ports has been 
proposed (refer to, for example, Japanese Utility Model 
Laid-Open No. 142170/1982). 

In a hole type injection noZZle 39 shoWn in FIG. 11, a 
distance d betWeen a needle 38 and a seat 41 is small When 
the lift is loW (in a position of solid lines), and, therefore, the 
seat 41 in a fuel injection passage extending from a supply 
port 42 to injection ports 40, from Which the fuel is injected, 
via a fuel storage chamber 33 constitutes the largest restric 
tion. When the needle valve is fully lifted (in a position of 
broken lines), the opening area at the seat 41 is larger than 
that of the injection ports, so that the effective opening area 
is naturally determined by the opening area of the injection 
ports 40. HoWever, When the lift is loW, the opening area at 
the seat 41 is smaller than that of the injection ports 40, so 
that the effective opening area is determined by the opening 
area at the seat 41. Therefore, When the lift is loW, the 
pressure of the injected high-pressure fuel, ie a fuel pres 
sure P2 becomes loWer than that (common rail pressure) P1 
Working on the needle valve 35 (P2<P1). Namely, the actual 
injection pressure P2 produced When the lift is loW becomes 
loWer than a required injection pressure P1, i.e., loW 
pressure injection is carried out. Consequently, the atomi 
Zation of the fuel is not attained, and smoke increases. 
As shoWn in FIG. 13, a variable-number-of-injection-port 

mechanism 12 has a plurality of injection ports 14a, the 
diameter of Which is smaller than that of the conventional 
injection ports 40, in a cylindrical portion 13 formed at a 
loWer end part of an injection noZZle 11, the injection ports 
14 being arranged in the direction (refer to an arroW C) in 
Which a needle valve 6 is lifted. These injection ports 14a are 
formed so that a total opening area thereof becomes larger 
than that of the conventional injection ports. Since the 
injection ports 14a are formed so that they are all closed at 
an outer circumferential surface 6a of the needle valve 6 
When a needle 9 of the needle valve 6 engages a seat 15, the 
after-dripping rarely occurs. The needle valve 6 is provided 
at a loWer end portion thereof With an oil feed port 16, Which 
communicates With a passage 18 formed in a diameter 
reduced portion 17 of the needle valve 6. 
According to the variable-number-of-injection-port 

mechanism 12, When the needle valve 6 is lifted, a fuel 
storage chamber 4, passage 18 and oil feed port 16 com 
municate With one another, and the closed injection ports 
14a are opened sequentially in accordance With the lift of the 
needle valve 6. For example, When the lift of the needle 
valve 6 is S1, the loWer injection ports 14a only are opened, 
and, When the lift of the needle valve 6 is S2, not only the 
loWer injection ports 14a but also the upper injection ports 
14a are opened. Therefore, according to the variable 
number-of-injection-port mechanism 12, the opening area of 
the opened injection ports 14a in an initial stage in Which the 
lift of the needle valve is loW is smaller than that of the 
conventional injection ports in the same condition, so that an 
initial injection rate can be minimiZed. 
The mechanism 12 is also suitably used When the pilot 

injection is carried out. In a fuel injection apparatus adapted 
to inject a fuel, Which is required for one combustion of an 
internal combustion engine, in a plurality of shots, the 
injection (pilot injection) of a very small amount of fuel is 
carried out in some cases When a fuel ignition delay has to 
be prevented, prior to the main injection in Which a greater 
part of the fuel is injected. The mechanism 12 is suitably 
used When such pilot injection is carried out. 

In the injector of the third conventional example provided 
With a mechanism 12, the opening area of each injection port 
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14a is smaller than that of each injection port 40 of the ?rst 
conventional example. Accordingly, even When the lift of 
the needle valve is loW, the effective opening area is deter 
mined by the opening area of the injection ports 14a, and the 
initial injection rate can be controlled to be loW. HoWever, in 
the injector of the third conventional example, it is necessary 
that the half lift condition of the needle valve 6 can be 
controlled. Therefore, it is impossible to use this injector in 
combination With the injectors of the ?rst and second 
conventional examples in Which the half lift condition of the 
needle valve cannot be controlled. 

The pressure balancing type injectors in Which the con 
trolling of the half lift condition of a needle valve is done 
include an injector (Which Will hereinafter be referred to as 
a fourth conventional example. Refer to, for example, J apa 
nese Patent Laid-Open No. 161165/1990) in Which the 
resilient force of return springs of different loads is exerted 
on the needle valve in order, Whereby a half lift condition of 
the needle valve is temporarily created. The needle valve is 
formed of a smaller-diameter piston and a larger-diameter 
piston, and the pilot inj ection can be carried out by the lifting 
of the smaller-diameter piston prior to the main injection 
based on the lifting of the larger-diameter piston. 

The means for half lifting a needle valve include a means 
for exciting a solenoid valve for only a very short period of 
time (Which Will hereinafter be referred to as a ?fth con 
ventional example. Refer to, for example, Japanese Patent 
Laid-Open No. 159184/1994.). This means is adapted to 
shut off a solenoid valve so as to close a discharge passage 
as soon as this passage is opened by energiZing the solenoid 
valve. OWing to such a control operation, a fuel pressure is 
applied to a balancing chamber With the needle valve in a 
half lifted state before the needle valve is fully lifted, to 
cause the needle valve to be seated. 

HoWever, in the fourth and ?fth conventional examples, 
the half lifted state of the needle valve cannot be retained, 
though the half lifted state can be temporarily obtained. 
Moreover, When such a half lifting means is used, the lift of 
the needle valve scatters due to the in?uence of the actual 
fuel pressure, so that it is dif?cult to precisely control the 
half lifted state of the needle valve. In addition, the on and 
off control of the solenoid valve have to be repeated in a 
short period of time. Therefore, a high-performance solenoid 
magnetic valve is required, and this causes the manufactur 
ing cost to increase. 

Therefore, an object of the present invention is to solve 
these problems, and provide a pressure balancing type 
accumulating fuel injection apparatus capable of controlling 
the lift of a needle valve precisely, retaining a half lifted state 
of the needle valve, and satisfying the requirements for a 
high performance level of the apparatus With respect to an 
engine developed in recent years. 

Another object of the present invention is to provide an 
accumulating fuel injection apparatus formed so that the half 
lifted state of a needle valve can be controlled precisely, and 
capable of controlling an initial injection rate Which alloWs 
the minimiZation of the occurrence of combustion noise and 
emission of HC and NOx to be attained. 

DISCLOSURE OF THE INVENTION 

The present invention relates to an accumulating fuel 
injection apparatus having a needle valve adapted to open 
and close an injection noZZle provided With injection ports 
in a loWer portion thereof, a balancing chamber adapted to 
apply a fuel pressure to the needle valve, a supply passage 
for supplying a fuel from a fuel supply port to the balancing 
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6 
chamber, a discharge passage for discharging the fuel from 
the balancing chamber, a solenoid valve adapted to open and 
close the discharge passage, and a lift control means for 
controlling the lift of the solenoid valve, characteriZed in 
that the lift of the solenoid valve is increased and decreased 
by a control operation of the lift control means, an opening 
area of the discharge passage being increased and decreased 
in accordance With the lift of the solenoid valve, the opening 
area of the supply passage and the degree of opening of the 
injection noZZle being increased and decreased in accor 
dance With the lift of the needle valve. 

The solenoid valve acts as a variable lift valve. 

In this accumulating fuel injection apparatus, the lift of 
the solenoid valve can be controlled, so that an opening area 
of the discharge passage, ie an amount of discharge per unit 
time of the fuel from the balancing chamber can also be 
controlled in a stepped manner. This enables the controlling 
of an amount of the fuel ?oWing into the balancing chamber 
through the supply passage of a predetermined opening area 
to be done so that this amount corresponds to the mentioned 
amount of discharge, i.e., the controlling of the lift of the 
needle valve Which determines the opening area of the 
supply passage to be done as Well. Accordingly, the degree 
of opening of the injection noZZle opened and closed With 
the needle valve, ie the injection rate of the fuel from the 
injection noZZle can be controlled With a high accuracy. 
Moreover, the half lifted condition of the needle valve can 
be retained by an operation of the solenoid valve, and the 
controlling of the fuel injection time can also be done easily. 
The lift control means is adapted to deenergiZe or energiZe 

the solenoid, Whereby the control means can be used as a 
stopper limiting the motion of the valve disc of the solenoid 
valve in at least tWo positions. In this case, the stopper limits 
the motion of the valve disc of the solenoid valve in at least 
tWo positions by a simple method, i.e., the deenergiZation or 
energiZation of the solenoid, and the fuel injection rate can 
thereby be controlled in at least tWo stages, i.e., at higher and 
loWer levels. 

When a groove type passage formed betWeen the needle 
valve and a valve casing, Which is adapted to guide the 
needle valve slidingly, is included in the supply passage, the 
opening area of an ori?ce at Which the groove type passage 
faces the balancing chamber increases and decreases in 
accordance With the lift of the needle valve, so that the lift 
of the needle valve can be controlled accurately and stably. 
The degree of opening of the injection noZZle may be 

controlled in accordance With the lift of the needle valve 
aWay from the seat in a position just on the upstream side of 
the injection ports and the opening area of the injection ports 
adapted to be opened by the needle valve, or in accordance 
With the number of injection ports actually opened by the 
needle valve When the injection ports comprise a plurality of 
roWs of injection ports. Accordingly, the degree of opening 
of the injection noZZle is loW When the lift of the needle 
valve is loW, and becomes highest When the needle valve is 
fully lifted. 
When the lift of the needle valve in the accumulating fuel 

injection apparatus and an engine load are set correlative, the 
fuel injection rate in a loW-load condition can be set loW by 
reducing the opening area of the discharge passage, and that 
in a high-load condition can be set high by increasing the 
opening area of the discharge passage. 
When the fuel passage, Which extends to the injection 

ports formed at a loWer end portion of the injection noZZle, 
in the accumulator fuel injection apparatus has a How 
passage resistance high enough to loWer the fuel pressure 
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When a fuel ?oW exists, a force Working on the needle at the 
loWer end portion of the needle valve to lift the needle valve 
can be reduced at such time that equal fuel pressure is 
applied to the balancing chamber and injection noZZle by 
closing the discharge port With the solenoid valve deener 
giZed. This enables the closing of the needle valve to be done 
reliably. 
When a return spring urging the needle valve in the 

closing direction thereof is provided betWeen the needle 
valve and casing in this accumulating fuel injection 
apparatus, the needle valve receives, When the discharge 
port is closed by deenergiZing the solenoid valve, a high fuel 
pressure occurring momentarily in the balancing chamber, a 
fuel pressure in the fuel storage chamber and a fuel pressure 
occurring on the seat in accordance With the respective 
pressure receiving surface area. Even When a difference 
betWeen a force based on a fuel pressure and Working in the 
valve closing direction and a force based on the fuel pressure 
and Working in the valve opening direction is small, so that 
a suf?ciently large valve closing force cannot be obtained, 
the needle valve can be closed reliably since the return 
spring urges the needle valve constantly in the valve closing 
direction. When the discharge passage is opened by ener 
giZing the solenoid valve, the fuel is discharged from the 
balancing chamber Whether the needle valve is half lifted or 
fully lifted. Therefore, the pressure in the balancing chamber 
loWers, and the injection ports are opened by the needle 
valve. OWing to the positive urging force in the valve closing 
direction of the return spring, a speedy valve closing action 
of the needle valve can be obtained, and the after-dripping 
of the fuel can be prevented. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram shoWing a ?rst embodiment 
of the accumulating fuel injection apparatus according to the 
present invention; 

FIG. 2 is a schematic diagram shoWing a fuel supply 
system in the accumulating fuel injection apparatus shoWn 
in FIG. 1; 

FIG. 3 is a schematic diagram shoWing a second embodi 
ment of the accumulating fuel injection apparatus according 
to the present invention; 

FIG. 4 is a schematic diagram shoWing a third embodi 
ment of the accumulating fuel injection apparatus according 
to the present invention; 

FIG. 5 is a schematic diagram shoWing a fourth embodi 
ment of the accumulating fuel injection apparatus according 
to the present invention; 

FIG. 6 is a draWing shoWing an example of a control How 
chart for the accumulating fuel injection apparatus of FIG. 
5; 

FIG. 7 is a draWing shoWing an example of a map of the 
accumulating fuel injection apparatus of FIG. 5; 

FIG. 8 is a schematic diagram of a conventional accumu 
lating fuel injection apparatus; 

FIG. 9 is a schematic diagram shoWing a fuel supply 
system in the conventional accumulating fuel injection appa 
ratus; 

FIG. 10 is a graph shoWing the ares characteristics of the 
injection ports of an injector used in a conventional diesel 
engine; 

FIG. 11 is a sectional vieW of a hole type noZZle in a 
conventional accumulating fuel injection apparatus; 

FIG. 12 is a schematic diagram shoWing another example 
of a conventional accumulating fuel injection apparatus; and 
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FIG. 13 is a sectional vieW of an injection noZZle employ 

ing a variable-number-of-injection-port mechanism. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

The embodiments of the accumulating fuel injection 
apparatus according to the present invention Will noW be 
described With reference to the draWings. A ?rst embodi 
ment of the accumulating fuel injection apparatus according 
to the present invention Will noW be described With refer 
ence to FIGS. 1 and 2. 

As shoWn in FIG. 1, a casing 2 for an injector 1 is 
provided therein With a guide bore 3, a fuel storage chamber 
4, and a control volume, i.e. a balancing chamber 5. Aneedle 
valve 6 is provided slidably in the guide bore 3. The needle 
valve 6 comprises a larger-diameter portion 7 ?tted slidably 
in the guide bore 3, and a smaller-diameter portion 8 made 
integral With the larger-diameter portion 7. The larger 
diameter portion 7 of the needle valve 6 is provided With a 
slit 10 communicating the balancing chamber 5 and fuel 
storage chamber 4 With each other and extending axially. 
The slit 10 faces the interior of the balancing chamber 5 With 
the needle valve closed, With an opening area corresponding 
to a height H, and communicates With the balancing cham 
ber 5. As the needle valve 6 is lifted, the height H of the slit 
10 increases. The slit 10 is formed in the needle valve 6 
instead of the ori?ce B in the ?rst conventional example. 
Unlike the ori?ce in the ?rst conventional example, the slit 
can be formed Without requiring the balancing chamber 5 to 
be subjected to a machining process. Accordingly, the num 
ber of parts can be reduced, and the forming of the slit can 
be done simply. The height H is suf?ciently smaller than a 
depth W of the slit 10 of the needle valve 6. 
The injector 1 is provided With an injection noZZle 11 at 

a loWer end portion thereof. In the injection noZZle 11, a 
conical needle 9 is formed at a loWer end of the smaller 
diameter portion 8, the needle 9 being adapted to cooperate 
With a seat 15 formed on the inner side of a loWer end 
portion of the casing 2. As the needle 9 is lifted from the seat 
15, the fuel is injected from injection ports 14 formed in a 
loWer end portion of the injection noZZle 11, and the 
injection of the fuel is stopped When the needle 9 sits on the 
seat 15. 

The casing 2 has a supply port 19 for introducing a 
high-pressure fuel from an accumulating pipe (not shoWn) 
into the interior of the casing, and the supply port 19 
communicates With the fuel storage chamber 4, Which 
communicates With the balancing chamber 5 via the slit 10. 
The supply port 19, fuel storage chamber 4 and slit 10 form 
a supply passage in the injector 1. The supply passage is 
restricted at an upper end portion of the slit 10. As the needle 
valve 6 is lifted, the height H of the slit 10 increases, and the 
opening area of the supply passage increases accordingly. 
The casing 2 is provided With an ori?ce A(discharge passage 
20) for discharging the fuel from the balancing chamber 5. 
The fuel stored in the fuel storage chamber 4 passes through 
a narroW and suf?ciently long annular passage formed 
betWeen the smaller-diameter portion 8 and injection noZZle 
11 While the fuel ?oWs to the loWer end of the smaller 
diameter portion, so that the fuel receives a conduit resis 
tance to cause the pressure thereof to decrease. 

A lift control mechanism 21 constituting a lift control 
means is provided on an upper portion of the casing 2. The 
lift control mechanism 21 comprises a combination of a 
conventional solenoid valve 22 for opening and closing an 
ori?ce A (discharge passage 20), and a lift controller 23 
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adapted to control the lift of a valve disc 26 of the electro 
magnetic valve 22. The solenoid valve 22 is urged by a 
spring 24 toWard the casing 2, and has the valve disc 26 
attracted to a solenoid 25, the ori?ce Abeing closed With the 
valve disc 26 When the solenoid valve 22 is not in an 
ON-state. When the solenoid valve 22 is energiZed, it is 
lifted, i.e., the valve disc 26 is lifted to open the ori?ce A, 
so that the fuel pressure in the balancing chamber 5 is 
discharged. 

The lift control mechanism 21 has a stopper 28 adapted to 
restrict the movement of the valve disc 26 in tWo positions 
in accordance With the deenergiZation or energiZation of a 
solenoid 27. Accordingly, the lift of the solenoid valve 22, 
i.e. a traveling distance L of the valve disc 26 from an upper 
surface 29 of the casing can be sWitched in tWo stages from 
L1 to L2, and vice versa in accordance With the position of 
the stopper 28. 

This accumulating fuel injection apparatus employs the 
lift control mechanism 21 to make it possible to sWitch the 
lift of the solenoid valve 22 in tWo stages, and vary the 
opening area (height H of the slit 10) of the ori?ce B, and 
this enables the lift of the needle valve 6 as Well to be 
sWitched in tWo stages With a high accuracy. The reasons for 
the sWitching Will noW be given as folloWs. 

First, When the solenoid valve 22 is lifted by a height L1 
Which satis?es the folloWing expression, 

ndAL1<ndA2/4 

the high-pressure fuel in the control volume 5 is discharged 
from the ori?ce A. During this time, a How rate Q1 of the 
fuel passing through the ori?ce A is: 

Therefore, the pressure in the balancing chamber decreases, 
and the needle valve 6 is lifted. During this time a How rate 
Q2 of the fuel passing through the slit is: 

When the How rate Q2 of the fuel passing through the slit 
becomes equal to that Q1 of the fuel passing through the 
ori?ce A, i.e., When Q2=Q1. 

the pressure in the fuel storage chamber 4 and that in the 
balancing chamber 5 are balanced, and the lifting of the 
needle valve 6 is stopped. At this time, the lift of H1-H0 is 
obtained. 
When the solenoid valve 22 is lifted by a height L2(>L1) 

Which satis?es the folloWing expression, 

ndALZ EndAZ/4 

a How rate Q1‘ of the fuel passing through the ori?ce A is: 

Q1'=(C1nda2/4)[2(PCV—POyp]1/2>Q1 

Accordingly, the needle valve 6 is lifted to a height H2 at 
Which the relation, 

is established betWeen the How rate Q2‘ of the fuel passing 
through the slit and that Q1‘ of the fuel passing through the 
ori?ce A. 

The folloWing expression can be obtained by substituting 
the above and Q2=Q1 and Q2‘=Q1‘ for the above expression 
Q1‘>Q1: 
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Such being the case, this accumulating fuel injection 

apparatus becomes able to sWitch the lift of the needle valve 
6 in tWo stages (H1, H2) With a high accuracy. 
The letters in the above expressions represent the folloW 

ing. 
b: Width of the slit 10 

dA: inner diameter of the ori?ce A (discharge passage 20) 
PO: pressure in the ori?ce A (discharge passage 20) 

approximately 2—4 bar 
PCV: pressure in the balancing chamber 
PCR: pressure in the supply port 19 (=common rail 

pressure) 
C1: ?oW coef?cient of the ori?ce A 
C2: ?oW coef?cient of the slit 10 
p: density of the high-pressure fuel 
As seen in the fuel supply system in the accumulating fuel 

injection apparatus schematically shoWn in FIG. 2. the solid 
lines and broken lines represent cross section areas of the slit 
and ori?ce at a loWer lift L1 and a higher lift L2 respectively. 
The difference betWeen the slit and ori?ce shoWn in FIG. 2 
and those shoWn in FIG. 9 resides in that the former slit and 
ori?ce are both formed variably. 

In the second embodiment shoWn in FIG. 3 of the 
accumulating fuel injection apparatus according to the 
present invention, the constituent elements identical With or 
equivalent to those of the embodiment of FIG. 1 are desig 
nated by the same reference numerals, and repeated descrip 
tions thereof are omitted. In the second embodiment, a 
needle valve 6 is urged by a return spring 52 in the same 
manner as in the apparatus shoWn as a conventional example 
in FIG. 12. In the second embodiment, a valve-closing 
action is not depended upon the ?oW passage resistance 
alone unlike a similar action in the embodiment of FIG. 1 but 
a speedy valve-closing action is obtained by a positive 
urging force of a spring With an action to close the needle 
valve 6 made reliably When a solenoid valve 22 is in an 
OFF-state. Since the detailed construction of the return 
spring 52 is identical With that of the return spring shoWn in 
FIG. 12, the description thereof is omitted. 
The third embodiment shoWn in FIG. 4 of the accumu 

lating fuel injection apparatus according to the present 
invention is provided With a restriction 57 in a fuel supply 
passage extending from a fuel supply port 19 to an injection 
noZZle 11, i.e. an annular supply passage formed betWeen a 
smaller-diameter portion of a needle valve and the portion of 
an inner surface of a casing Which is around the smaller 
diameter portion. OWing to this arrangement, When a fuel 
?oWs in the fuel supply passage extending from the fuel 
supply port 19 to the injection noZZle 11, a pressure drop 
occurs in the fuel in the restriction 57, and the resultant 
pressure Works on a seat 15, so that a force imparted to a 
needle valve 6 in the valve opening direction becomes 
smaller. Therefore, When the fuel pressure in a balancing 
chamber 5 decreases momentarily by an operation of a valve 
22, the needle valve 6 can be closed reliably on the basis of 
a differential pressure Working thereon. Since the constituent 
elements of this embodiment Which are identical With or 
equivalent to those of the embodiments of FIGS. 1 and 3 are 
designated by the same reference numerals, the descriptions 
thereof are omitted. 

In a structure including injection ports and needle, a 
variable-number-of-injection-port mechanism 12 shoWn in 
FIG. 5 can be employed. An injection noZZle 11 provided 
With a variable-number-of-injection-port mechanism 12 
constituting a variable-number-of-injection-port means is 
formed in a casing 2. The injection noZZle 11 can employ the 
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structure shown in detail in FIG. 13, and a repeated descrip 
tion of the same is omitted. The mechanism 12 may have any 
shape as long as the opening area thereof increases in 
accordance With the lift of the needle valve 6, or as long as 
the number of the injection ports can be changed (the 
number of the injection ports opened can be increased), and 
it is not limited to the structure shoWn in FIG. 13. For 
example, the injection ports 14 may comprise slit type ports 
extending in the direction in Which the needle valve is lifted, 
and capable of varying the area thereof so that the openings 
of the slit type ports are closed in accordance With the lift of 
the needle valve 6. 

According to this accumulating fuel injection apparatus, 
the injection ports can be controlled variably When the lift 
control mechanism 21 for controlling the lift of the needle 
valve 6 in tWo stages and a variable-number-of-injection 
port mechanism 12 constituting a variable-number-of 
injection-port means for sWitching the number of the injec 
tion ports 14 opened from one number to another in 
accordance With the lift (S1, S2) shoWn, for eXample, in FIG. 
13 of the needle valve 6 are combined With each other as 
mentioned above. 

FIG. 6 is a process How diagram shoWing an eXample of 
an operation of this accumulating fuel injection apparatus. In 
this process ?oW, the opened condition of the injection ports 
is changed With respect to the number thereof in accordance 
With the operation condition of the engine. The load condi 
tion of the engine, ie the revolution frequency of the engine 
and a load are detected (step S1), and a judgement as to 
Whether the lift of the solenoid valve 22 should be controlled 
so that the number of opened injection ports becomes small 
or large is given (step S2). When a judgement that the 
number of the injection ports to be opened should be set 
small (small number of injection ports) is given, the lift of 
the solenoid valve 22 is set loW (lift L=L1), Whereby the 
number of the injection ports to be opened can be set small 
(step S3). When a judgement that the number of the injection 
ports to be opened should be set large (large number of 
injection ports) is given, the lift of the solenoid valve 22 is 
set high (lift L=L2), Whereby the number of the injection 
ports to be opened can be set large (step S4). 

FIG. 7 shoWs an eXample of a map of this accumulating 
fuel injection apparatus. This map shoWs a load condition 
corresponding to the revolution frequency of an engine. This 
map shoWs that, When a load at a certain revolution fre 
quency of an engine is in a region not higher than a broken 
line, the lift controlling should be done so that the number 
of the injection ports to be opened becomes small, and that, 
When a load at a certain revolution frequency of the engine 
is in a region betWeen the broken line and a solid line, the 
lift controlling should be done so that the number of the 
injection ports to be opened becomes large. When an injec 
tion rate an injection pressure are constant, an initial injec 
tion rate attainable With a smaller number of opened injec 
tion ports becomes loWer. Namely, since the amount of fuel 
injected during a period of an ignition delay is small, a 
premixed combustion ratio becomes smaller accordingly, 
and the occurrence of combustion noise and NOX can be 
minimiZed. HoWever, When the number of opened injection 
ports is small, a total injection time becomes long, so that an 
absolute ?oW rate of the fuel is high. When the number of 
opened injection ports is large, the opening area becomes 
large, and a fuel injection period becomes short. On a high 
load side, after-dripping occurs, and smoke and HC 
increases unless the number of injection ports is set large. 

In this accumulating fuel injection apparatus, the lift 
control mechanism 23 for controlling the lift of the solenoid 
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valve 22 is not necessarily of an electromagnetic type shoWn 
in FIG. 1. For eXample, a mechanism using a pieZo-electric 
element, or a mechanism capable of meeting the purpose by 
controlling a pulse Width of a tWo Way valve driving current 
may be used. 

INDUSTRIAL APPLICABILITY 

Since the accumulating fuel injection apparatus according 
to the present invention is constructed as described above, it 
is possible to control the lift of the solenoid valve in at least 
tWo stages, increase the opening area of the discharge 
passage in accordance With the lift of the solenoid valve, and 
increase the lift of the needle valve, ie the opening area of 
the supply passage and the degree of opening of the injection 
noZZle in accordance With a discharge rate of the fuel 
corresponding to such an increase in the opening area of the 
discharge passage. Therefore, the apparatus is useful as an 
accumulating fuel injection apparatus Which can be formed 
so that the opening of the needle valve in a stepped manner, 
ie the half lifting of the needle valve can be controlled 
precisely, and Which is capable of ?nely controlling the fuel 
injection rate and time in accordance With the operation 
condition of the engine including the load condition thereof. 
It also becomes possible to control the fuel injection rate and 
time in an initial stage of fuel injection, ie an initial 
injection rate to be loW, and minimiZe the generation of 
combustion noise and NOX. When the pilot injection of fuel 
is carried out, the same effect can be obtained. 

In this accumulating fuel injection apparatus, the degree 
of opening of the injection noZZle is changed in accordance 
With the variation of the lift of the needle valve Which is 
aWay from the seat in a position just on the upstream side of 
the injection ports, and the opening area of the injection 
ports or the number of small injection ports among a group 
of injection ports in accordance With the variation of the 
same lift. This enables the injection rate to be controlled 
?nely, and, especially, the injection rate of a very loW ?oW 
level to be controlled easily. When the injection rate is very 
loW, the injection period is very short, so that a requirement 
level of a response of the solenoid valve becomes high. 
Consequently, the solenoid of the solenoid valve requires to 
comprise a solenoid of a large ampere-turn having a loW 
inductance and a loW impedance. In this accumulating fuel 
injection apparatus, the controlling of the injection rate can 
be done easily, and the controlling of the half lifting time, ie 
the operating time of the solenoid valve by an electrical 
method With ease. Accordingly, a control operation for 
increasing the injection period When the injection rate is loW 
can also be carried out. Consequently, the level of response 
demanded by the solenoid valve becomes loWer, and the 
designing of the solenoid valve can be done more easily. 
When a variable-number-of-injection-port means is 
employed as a means for increasing the degree of opening of 
the injection noZZle in this accumulating fuel injection 
apparatus, the lift of the solenoid valve can be varied during 
an injection period, so that the controlling of an injection 
rate, Which cannot be done at all in a conventional injection 
system becomes possible. Moreover, the controlling of both 
the injection rate Waveform and the injection time becomes 
able to be done freely by designing the ori?ces, slits and 
solenoid valve suitably. When the variable-number-of 
injection-port means is employed, the pilot injection can be 
controlled optimumly, and the noise in an idling region can 
be loWered. Also, the improving the injection characteristics 
in a loW-load region enables the emission of NOX. HC and 
particulates to be minimiZed. According to this accumulat 
ing fuel injection apparatus, it becomes possible to greatly 
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simplify and miniaturiZe the structure for controlling the 
varying of the number of injection ports of the injector, 
apply the apparatus Widely and in common to small-siZed 
engines to large-siZed engines by suitably setting the respon 
siveness of the balancing chamber and solenoid valve, 
greatly reduce the number of parts exposed to a high 
pressure, and apply the apparatus to the injection of all 
pressures of not only the light oil but also any other kinds of 
fuels. 
A fuel pressure Works on the needle valve in both the 

valve opening direction and valve closing direction. When 
the force based on the fuel pressure in both directions is 
balanced, it is difficult to close the valve. In such a case, it 
is preferable to provide a return spring urging the needle 
valve in the injection noZZle closing direction. In order to 
urge the needle valve in the injection noZZle closing 
direction, a throttle is provided in the fuel supply passage 
extending from the fuel supply port to the injection noZZle. 
This enables the fuel pressure passed through the throttle to 
loWer, and the injection noZZle to be closed oWing to a 
differential pressure. 

I claim: 
1. An accumulating fuel injection apparatus comprising 

an injection noZZle provided With injection ports in a loWer 
end portion thereof, a needle valve adapted to open and close 
said injection ports, a balancing chamber adapted to apply a 
fuel pressure to said needle valve, a supply passage for 
supplying a fuel from a fuel supply port formed in said 
injection noZZle to said balancing chamber, a discharge 
passage for discharging the fuel from said balancing 
chamber, a solenoid valve adapted to open and close said 
discharge passage, and a means for controlling the lift of said 
solenoid valve; the lift of said solenoid valve, the opening 
area of said discharge passage Which increases and 
decreases in accordance With lift of said solenoid valve, the 
lift of said needle valve Which increases and decreases in 
accordance With the opening area of said discharge passage, 
the opening area of said supply passage Which increases and 
decreases in accordance With the lift of said needle valve, 
and the degree of opening of said injection ports Which 
increases and decreases in accordance With the lift of said 
needle valve being controlled by an operation of said lift 
control means. 

2. An accumulating fuel injection apparatus according to 
claim 1, Wherein said lift control means is a stopper adapted 
to limit a movement of a valve disc of said valve in at least 
tWo positions by deenergiZing or energiZing a solenoid 
thereof. 

3. An accumulating fuel injection apparatus according to 
claim 1, Wherein said supply passage includes a groove type 
passage formed betWeen said needle valve and a valve 
casing guiding said needle valve slidingly, the opening area 
of said supply passage is an opening area of an ori?ce at 
Which said groove type passage faces said balancing cham 
ber. 

4. An accumulating fuel injection apparatus according to 
claim 1, Wherein the degree of opening of said injection 
noZZle is increased and decreased in accordance With the lift 
of said needle valve Which is aWay from a valve seat in a 
position just on the upstream side of said injection ports. 

5. An accumulating fuel injection apparatus according to 
claim 1, Wherein the degree of opening of said injection 
noZZle is increased and decreased by changing the opening 
area of said injection ports by said needle valve. 

6. An accumulating fuel injection apparatus according to 
claim 5, Wherein said injection ports comprise a plurality of 
injection ports, the opening area of said injection ports being 
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increased and decreased by changing the number of opened 
injection ports. 

7. An accumulating fuel injection apparatus according to 
claim 1, Wherein said supply passage has a conduit resis 
tance high enough to generate a differential pressure in the 
direction in Which said injection noZZle is closed With 
respect to a fuel flow. 

8. An accumulating fuel injection apparatus according to 
claim 1, Wherein said apparatus is provided With a return 
spring urging said needle valve in the injection noZZle 
closing direction. 

9. An accumulating fuel injection apparatus according to 
claim 1, Wherein said apparatus is provided With a throttle in 
said fuel supply passage extending from said fuel supply 
port to said injection noZZle. 

10. An accumulating fuel injection apparatus according to 
claim 1, Wherein the opening area of said discharge passage 
is set small When a load is loW, and large When a load is high. 

11. An accumulating fuel injection apparatus comprising 
an injection nozzle provided with injection ports in a 

lower end portion thereof 
a ?rst valve comprising a needle valve adapted to open 

and close said injection ports, 
a balancing chamber adapted to apply a fuel pressure to 

said needle valve, 
a supply passage for supplying a fuel from a fuel supply 
port formed in said injection nozzle to said balancing 
chamber; 

a discharge passage for discharging the fuel from said 
balancing chamber 

a second valve adapted to open and close said discharge 
passage, and 

a means for controlling the lift of said second valve; 
the opening area of said discharge passage which 

increases and decreases in accordance with lift of said 
second valve, the lift of said needle valve which 
increases and decreases in accordance with the open 
ing area of said discharge passage, the opening area of 
said supply passage which increases and decreases in 
accordance with the lift of said needle valve, and the 
degree of opening of said injection ports which 
increases and decreases in accordance with the lift of 
said needle valve being controlled by an operation of 
said lift control means. 

12. An accumulating fuel injection apparatus comprising 
an injection nozzle provided with injection ports in a 

lower end portion thereof 
a needle valve adapted to open and close said injection 

ports, 
a balancing chamber adapted to apply a fuel pressure to 

said needle valve, 
a supply passage for supplying a fuel from a fuel supply 
port formed in said injection nozzle to said balancing 
chamber; and 

a discharge passage for discharging the fuel from said 
balancing chamber; 

the lift of said needle valve increasing and decreasing in 
accordance with the opening area of said discharge 
passage, the opening area of said supply passage 
increasing and decreasing in accordance with the lift of 
said needle valve, and the degree of opening of said 
injection ports increasing and decreasing in accor 
dance with the lift of said needle valve, 

the degree of opening of said injection ports being con 
trolled in accordance with an opening area of the 
discharge passage using a variable lift valve. 
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13. An accumulating fuel injection apparatus comprising 
an injection nozzle provided with injection ports in a 

lower end portion thereof 
a needle valve adapted to open and close said injection 

ports, 
a balancing chamber adapted to apply a fuel pressure to 

said needle valve, 
a supply passage for supplying a fuel from a fuel supply 
port formed in said injection nozzle to said balancing 
chamber; and 

a discharge passage for discharging the fuel from said 
balancing chamber; 

the lift of said needle valve increasing and decreasing in 
accordance with the opening area of said discharge 
passage, the opening area of said supply passage 
increasing and decreasing in accordance with the lift of 
said needle valve, and the degree of opening of said 
injection ports increasing and decreasing in accor 
dance with the lift of said needle valve, 

wherein said supply passage includes a groove type 
passage formed between said needle valve and a valve 
casing guiding said needle valve slidingly, and the 
opening area of said supply passage is an opening area 
of an ori?ce at which said groove type passage faces 
said balancing chamber. 

14. An accumulating fuel injection apparatus comprising 
an injection nozzle provided with injection ports in a 

lower end portion thereof 
a needle valve adapted to open and close said injection 

ports, 
a balancing chamber adapted to apply a fuel pressure to 

said needle valve, 
a supply passage for supplying a fuel from a fuel supply 
port formed in said injection nozzle to said balancing 
chamber; and 

a discharge passage for discharging the fuel from said 
balancing chamber; 

the lift of said needle valve increasing and decreasing in 
accordance with the opening area of said discharge 
passage, the opening area of said supply passage 
increasing and decreasing in accordance with the lift of 
said needle valve, and the degree of opening of said 
injection ports increasing and decreasing in accor 
dance with the lift of said needle valve, 

wherein the degree of opening of said injection nozzle is 
increased and decreased in accordance with the lift of 
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said needle valve which is away from a valve seat in a 
position just on the upstream side of said injection 
ports. 

15. An accumulating fuel injection apparatus comprising 
an injection nozzle provided with injection ports in a 

lower end portion thereof 
a needle valve adapted to open and close said injection 

ports, 
a balancing chamber adapted to apply a fuel pressure to 

said needle valve, 
a supply passage for supplying a fuel from a fuel supply 
port formed in said injection nozzle to said balancing 
chamber; and 

a discharge passage for discharging the fuel from said 
balancing chamber; 

the lift of said needle valve increasing and decreasing in 
accordance with the opening area of said discharge 
passage, the opening area of said supply passage 
increasing and decreasing in accordance with the lift of 
said needle valve, and the degree of opening of said 
injection ports increasing and decreasing in accor 
dance with the lift of said needle valve, 

wherein the degree of opening of said injection nozzle is 
increased and decreased by changing the opening area 
of said injection ports by said needle valves. 

16. An accumulating fuel injection apparatus comprising 
an injection nozzle provided with injection ports in a 

lower end portion thereof 
a needle valve adapted to open and close said injection 

ports, 
a balancing chamber adapted to apply a fuel pressure to 

said needle valve, 
a supply passage for supplying a fuel from a fuel supply 
port formed in said injection nozzle to said balancing 
chamber; 

a discharge passage for discharging the fuel from said 
balancing chamber; and 

means for varying the opening of the discharge passage, 
the lift of said needle valve increasing and decreasing 
in accordance with the opening area of said discharge 
passage, the opening area of said supply passage 
increasing and decreasing in accordance with the lift of 
said needle valve, and the degree of opening of said 
injection ports increasing and decreasing in accor 
dance with the lift of said needle valve. 

* * * * * 


