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@) Fuel injection apparatus.

@ Fuel is pumped and supplied to an injector (114,
208, 308, 408) which injects the fuel in the form of
mist. The quantity of fuel injected from the nozzie is
regulated by quantity control means. The control
means is comprised of a control valve (152, 210,
310, 410), which is disposed on the injection hole
(153, 238, 342, 426) of the injector for controlling the
area of the injection hole. When the control valve
has sufficient stroke to close the injection hoie, the
valve serves not only as a control valve, but also as
a timing control vaive. The movement or stroke of
the control vaive is accomplished by an actuator
(126, 218, 338, 418) which is controiled by electrical
control means, for example a microcomputer (122,
205, 305, 405), io enable a precise injection of fuel
and an ideal combustion.
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Fuel injection apparatus

This invention generally relates to a fuel injec-
tion apparatus for an internal combustion engine,
and more particularly, this invention is intended to,
but not limited to a fuel injection apparatus for a
compression ignition engine or a Diesel engine.

The conventional Diesel engine has a fuel in-
jection pump for injecting fuel into each of the
cylinders. The fuel injection pump pumps the fuel
and supplies it to the fuel injector which has an
injecting nozzle. A timer is provided on a cam shaft
of the fuel injection pump for controlling the timing
of the fuel injection. The injection pump also re-
quires a mechanical governor, which is connected
to a control rack of the pump for regulating the
quantity of fuel injected at one time, and to thereby
ensure the supply of a suitable quantity of fuel to
the engine in response to the condition thereof.

In sum, the conventional fuel injection appara-
tus includes a fuel injection pump, a mechanicat
governor and a fimer, which are all comprised of
complex mechanical structures, thus making the
fuel injection apparatus very expensive. Further-
more, these complex apparatus require highly
skilled maintenance. Moreover, the conventional
fuel injection apparatus is not suitable for electric
control by a microcomputer or the like. Additionally
in using the conventional apparatus, it is very dif-
ficult to conirol the pattern of fuel injection, and
more specifically it is very difficult to decrease the
quantity of fuel at the initial period of the injection.
Therefore the engine generates noises and con-
tains a greate deal of nitrogen oxide in the much
exhaust gas of the engine.

One object of this invention is to provide a
simple and inexpensive fuel injection apparatus.

Another object of this invention is to provide a
fuel injection apparatus which does not require
highly skilled maintenance.

A further object of this invention is to provide a
fuel injection apparatus which is completely elec-
trically controlled.

Still further object of this invention is to provide
a fuel injection apparatus, in which the quantity of
fuel is decreased during the initial fuel injection
period in order to decrease the engine noise and
nitrogen oxide in the exhaust gas.

In accordance with one aspect of this invention,
is provided a fuel injection apparatus wherein the
fuel is pressed and supplied to the fuel injector, the
fuel is then injected through the injection hole of
the injector in the form of mist. and the injector
includes a quantity control valve for regulating the
effective area of the injection hole and an actuator
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for moving or displacing the quaniity control valve,
the quantity of fuel in the initial injection period
being decreased by the actuator and the quantity
control vaive.

The above, and other objects, features and
advantages of the invention will be apparent from
the following detailed description of illustrative em-
bodiments which are to be read in conjunction with
the accompanying drawings.

Fig.1 is a block diagram of the fuel injection
apparatus according io the first embodiment;

Fig.2 is a cross section of the injector shown
in Fig.1;

Fig.3 is a perspective view of an enlarged
quantity conirol vaive of the injector;

Fig.4 is a cross section of the injection noz-
zle;

Fig.5 is a front view of an oblong slot formed
on the quantity contro! valve;

Fig.6 is a front view of the oblong slot which
substantially coincides with the injection hole;

Fig.7 is a flow chart of the operation of the
injection apparatus;

Fig.8 is a diagram of the injection pattern
according to this embodiment;

Fig.9 is a cross section of a modified injec-
tor;

Fig.10 is an enlarged cross section of the
injection nozzle;

Fig.11 is a cross section of another modified
injector;

Fig.12 is an enlarged perspective view of the
quantity control valve of the injector shown in
Fig.11;

Fig.13 is a front view of the slot formed on
the injection conirol valve;

Fig.14 is a front view of the slot which sub-
stantially coincides with the injection hole;

- . Fig.15 is a block diagram of the fuel injection
apparatus according to the second embodiment of
this invention;

Fig.16 is a cross section of the injector ac-
cording to this embodiment;

Fig.17 is a perspective view of the quantity
control valve of this injector;

Fig.18 is a cross section of the quantity
control valve of the injector; -

Fig.19 is a front view of a control opening
formed on the quantity control valve;

Fig.20 is a flow chart of the operation of this
injection apparatus;

Fig.21 is a diagram of the injection patitern of
the fuel injection apparatus according to this em-
bodiment;
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Fig.22 is a cross section of an injector of the
modified embodiment;

Fig.23 is a cross section of the injector ac-
cording to another modification;

Fig.24 is a fuel injection pattern according to
the modified injector;

Fig.25 is a cross section of the injector ac-
cording to another modification;

Fig.26 is a fuel injection pattern according to
the injector of Fig.25;

Fig.27 is a block diagram of a modified fuel
injection apparatus;

Fig.28 is a block diagram of a fuel injec-
tionapparatus according to the third embodiment of
this invention;

Fig.29 is a cross section of the injector ac-
cording to this embodiment;

Fig.30 is an enlarged cross section of the
injector;

Fig.31 is a perspective view of the quantity
control valve;

Fig.32 is a diagram of the injection pattern
according to this embodiment;

Fig.33 is a block diagram of a modified
pump drive system of this embodiment;

Fig.34 is a gearing diagram of the modified
embodiment; )

Fig.35 is a cross section of a modified injec-
tor;

Fig.36 is a perspective view of the quantity
control valve;

Fig.37 is a cross section of the quantity
control valve;

Fig.38 is a diagram of an injection pattern of
this modified embodiment; -

' Fig.39 is another diagram of an injection
pattern of this modified embodiment;

Fig.40 is a cross section of an injector ac-
cording to the fourth embodiment of this invention;

Fig.41 is a perspective view of the quantity
control valve of this embodiment;

Fig.42 is an enlarged cross section of the
fuel control vaive;

Fig.43 is a front view of an oblong opening
formed on the quantity control valve;

Fig.44 is a front view of a modified actuator
for the quantity control valve;

Fig.45 is a front view of another modified
actuator;

Fig.46 is a block diagram of a modified
injection system;

Fig.46 is a perspective view of another modi-
fied embodiment;

Fig.47 is a side view of the modified embodi-
ment;

Fig.48 is a front view of the modified em-
bodiment; and
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Fig.49 is a block diagram of a further modi-
fied system with a relief vaive. .

Described below are the embodiments of this
invention in accordance with the accompanying
drawings. Fig.1 shows a first embodiment of the
fuel injection apparatus according to this invention.
The Diesel engine 110 includes a cylinder 111
which receives a piston 112 slidably. The top of the
cylinder 111 is closed by a cylinder head 113. The
cylinder head 113 is provided with an injector 114
for injecting fuel into the cylinder 111. The fuel
injected from the injector 114 is ignited by the air
because the air is compressed and the tempera-
ture is raised, causing combustion and generating
torque.

The fuel injector 114 is connected to an accu-
mulator 116 by a fuel feed pipe 115. The accu-
mulator 116 has a piston 117 which is pushed by a
coil spring 118. Accordingly, the fuel in the accu- .
mulator 116 is pushed and held under pressure by
the spring 118. Furthermore, the accumulator 116
is connected to a fuel tank 119 by a feed pipe 121,
which is connected {o a high pressure feed pump
120.

The fuel injection apparatus shown in Fig.1
also includes a microcomputer 122 for controliing
the injector 114. The microcomputer 122 is con-
nected to a revolution detecting sensor 123 for
detecting the revoiutional number of engine 110
and a load sensor 124 for detecting the load of the
engine 110. Additionally, a pressure sensor 125 for
detecting the pressure of the fuel in the accumula-
tor 116 is connected to the microcompuier 122.
The microcomputer 122 controis an actuator 126
for controlling the quantity of fuel and an actuator
127 for controlling a timing of the injection. These
actuators 126 and 127 are provided on the fuel
injector 114.

Next, the structure of the fuel injector 114 will
be described. As shown in Fig.2, the injector 114
includes a body 130 and .a nozzle 131 which is
secured at the bottom of the body 130 by a sleeve
132. The nozzle 131 réceives a nozzle needle 133
slidably in the axial direction. Additionally in this
nozzle 131, is formed a reservoir 136 for commu-
nicating with a passage 134 of the body 130 and
the passage 135 of the nozzle 131. The fuel in the
reservoir 136 pushes and moves the nozzle needle
133 upward in the axial direction.

" The upper end of the nozzie needle 133 con-
tacts the bottom end of a push rod 137. The push
rod 137 is received in the body 130 and is slidably
supported in the axial direction. A spring seat 138
is formed on the upper end of the push rod 137
and the seat 138 receives the lower end of a coil
spring 139. The top end of the spring 139 is
received by a spring seat 140 provided inside the
body 130.
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In the body 130 and on the spring seat 140, is
provided the actuator 126 for controlling the quan-
tity of fuel. The actuator 126 includes a coil 141
and a rotor 142 which is rotatabily supported inside
the coil 141. A through hole 143 with a female
thread is formed at the center of the rotor 142, and
a male thread formed on the peripheral surface of
a stopper 144 engages the female thread. Further,
a longitudinal slot 145 is formed on the stopper
144, and the slot 145 receives a pin 146 which is
secured on the spring seat 140 to prevent the
rotation and to permit the axial displacement of the
stopper 144.

Next, will be described a valve member 147
provided on the fuel injector 114. The valve mem-
ber 147 is slidably supported in a casing 148. The
valve member 147 is opened by the magnetic
force of a coil 149. The valve member 147 is
pushed to the clased position by a coil spring 150
held in the casing 148. A suck valve 151 is formed
at the top of the valve member 147. The suck vaive
161 closes before the valve member 147 cioses to
suck the fuel in the passages 134 and 135 and the
reservoir 136, thereby resulting a sharp decrease in
fuel.

Next, a quantity conirol valve 152 will be de-
scribed in accordance with Fig.3 and Fig.4. A small
column is formed at the top of the nozzile needle
133 and the column constitutes a conirol valve 152.
On the peripheral surface of the controlvalve 152
are formed oblong slots 154 which coincide with
the injection hole of the nozzle 131, and the oblong
slot 154 is communicating with a slot 155 for
feeding fuel. Furthermore, a through hole 158 is
formed at the center of the quantity control valve
152, and the fuel in the top end of the nozzie body
131 and the top of the control vaive 152 is relieved
through the hole 156.

Next, an operation of the fuel injection appara-
tus according fo this embodiment will be de-
scribed. The fuel in the fuel tank 119 is sucked by
the high pressure feed pump 120 and the fuel is
pumped and pushed into the accumulator 116. The
pressure of the fuel in the accumulator 116 is
detected by the pressure sensor 125 and the in-
formation of the detected value is supplied to the
microcomputer 122. The microcomputer 122 con-
trols the feed pump 120 in response to the de-
fected pressure. Therefore, it is possible to main-
tain the pressure of the fuel in the accumulator 116
substantially constant, and the fuel is held under
the predetermined pressure. The fuel is supplied to
the injector 114 through the fuel feed pipe 115 and
injected through the injection hole 153 when the
valve member 147 is opened by the timing contro!
actuator 127.
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The quantity of fuel injected per unit fime is
controlled by the quantity control valve 152 which
is conirolled by the quantity contrdl actuator 126.

As specifically shown in Fig.7, the microcom-
puter 122 reads in the number of revolutions and
the load of the engine 110 through the revolution
detecting sensor 123 and the load sensor 124. The
microcomputer 122 also reads in various conditions
existing at the moment. These conditions include a
demand for increased fuel for cranking, a demand
for constant speed revolution, a demand for a con-
siant speed running or the like. Based on these
informations, the microcomputer 122 calculates a
suitable quantity of fuel to be injected, and based
on this calculation the microcomputer 122 calcu-
lates the appropriate size of the injection hole 153.
In response io this calculation the microcomputer
122 supplies a control signal to the actuator 126 for
controlling the quantity of fuel. Thus the actuator
126 operates a quantity control.

Namely, the actuator 126 is provided with a
coil 141 which constitutes a stepping motor, and
the coil 141 is energized in response to the control
signal from the microcomputer 122 causing the
rotor 142 to rofate. The rotor 142 has a through
hole 143 with female thread at the center thereof,
and the female thread is engaged with a male
thread formed on the peripheral serface of the
stopper 144, and further the stopper 144 is pre-
venied from rotation by the pin 146 which is re-
ceived by the longitudinal slot 145 of the stopper
144. Accordingly, the stopper 144 displaces axially
when the electric current is supplied to the coil 141
and the rotor 142 is rotated. Thus a gap S between
the bottom of the stopper 144 and the top of the
spring seat 138 is regulated.

The stopper 144 defines or limits the upward
displacement of the push rod 137, and as in the
case shown in Fig.2, the push rod 137 is permitted
to displace upward in the stroke S. Furthermore, as
the botiom end of the push rod 137 contacts with
the nozzie needle 133, a displacement of the noz-
Zzle needie 133 is al$o limited to the siroke S.
Accordingly, the microcomputer 122 controls the
stroke of the upward displacement of the nozzie
needie 133 through the quantity control actuator
126. That is, when the timing valve 147 is opened,
the compressed fuel is supplied to the reservoir
136 through the valve 147 and passages 134 and
135, and the nozzle needle 133 moves upward
against the coil spring 139 by the pressure of the
fuel. The stroke of the nozzle needle 133 is S in
this case.

The quantity control valve 152 is integrally
formed at the top end of the nozzle needle 133, as
shown in Fig.3 and Fig.4, and the oblong slot 154
and feeding slot 155 are formed on the peripheral
surface of the quantity control valve 152. In a case
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that the stroke of upward displacement of the noz-
zle needle 133 is small, as shown in Fig.5, the
‘oblong slot 154 partially coincides with the injection
hole 153 ‘when the nozzle needle 133 moves up-
ward. Therefore, in this case the effective area of
the injection hole 153 is very small and the quantity
of the fuel injected per unit time is also small. In
comparison, when the stroke of upward displace-
ment of the nozzle needle 133 is long, as shown in
Fig:6, the oblong siot 154 substantially fully co-
incides with the injection hole 153, and the effec-
tive area of the injection hole 153 is very large.
Hence, in this case the quantity of fuel injected per
unit time is very great. Accordingly, the microcom-
puter 122 controls the actuator 126 which controls
the axial position of the stopper 144, and by this
stopper 144 regulates the stroke of the nozzle
needle 133. Hence, the portion of the length or the
area of the slot 154 which coincides with the injec-
tion hole 153 is varied or regulated, and hence the
effective area of the injection hole is regulated to
control the quantity of fuel.

As shown in Fig.7, the microcomputer 122 also
calculates the time duration of injection after the
above mentioned control operation. The microcom-
puter 122 reads in the angular position of the crank
shaft of the engine 110 through the revolution de-
tecting sensor 123, and then the microcomputer
122 generates a signal for opening the valve 147 at
the proper moment. In response to the opening
signal, the coil 149 of the timing actuator 127 is
energized and the valve 147 is opened against the
coil spring 150. The compressed fuel is then sup-
plied to the top of the injector 114 through the fuel
feed pipe 115 and the casing 148 of the valve 147.
After the abovementioned time duration has
passed, the microcomputer 122 generates a clos-
ing signal, and in response to this signal the coil
149 of the actuator 127 is deenergized. Accord-
ingly, the coil spring 150 closes the valve 147.
Additionally, the suck vaive 151 is closed prior 1o
the closing of the valve 147, and hence the pres-
sure of the fuel in the passages 134, 135 and the
reservoir 136 is suddenly decreased. For this rea-
son, the injection of the fuel is accurately termi-
nated.

-Fig.8 shows an injection pattern of this embodi-
ment. The feature of this pattern is a square shape.
The width of the square pattern or the length along
the horizontal or time axis represents the time
duration that the vaive 147 is open. On the con-
trary, the height of the square patiern along the
vertical axis substantially represents the effective
area of the injection hole 153. Therefore, various
types of injection patterns are accomplished by the
combination of the time duration the valve 147 is
open and the effective area of the injection hole
153. The standard pattern is shown by the solid
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line in Fig.8. Another pattern shown by a chain line .
in Fig.8 is obtained when the effective area of the
injection hole is narrrowed and the time duration is
delayed. In comparison, a pattern shown by dotted
line in Fig.8 is obtained when the time duration is
short and the effective area of the injection hole
153 is enlarged. Furthermore, when the injection
pattern is moved along the time axis, the fuel
injection is advanced or delayed to control the
injection timing. v

Next, will be described a modified embodiment
with reference to Fig.9 and Fig.10. In the modifica-
tion, the corresponding portions identical to those
in the first embodiment are denoted by the same
reference nurherals and a description of aspect that
have the same construction as those in the first
embodiment will be omitted. In the modification,
the quantity control valve 152 is separated from the
nozzle needie 133 and the movement of the quan-
tity control valve 152 is in dependent of the nozzle
needle 133. That is, the quantity control valve 152
is connected to a connecting rod 160, and the rod
160 passes through the through hole 161 formed
on the center of the nozzle needle 133. The top of
the connecting rod 160 is connected to the out-put
shaft 144 of the quantity control actuator 126. The
structure of the out-put shaft 144 is the same as in
the first embodiment. The male thread formed on
the peripheral surface thereof engages the female
thread 143 of the rotor 142, and the longitudinal
slot 145 of the shaft 144 receives a pin 146 se-
cured on the spring seat 140 to prevent the rotation
of the shaft 144.

Accordingly, by this modification, the rotor 142
rotates when the coil 141 is energized in response
to the control signal from the microcomputer. The
revolutional movement of the rotor 142 is trans-
formed to an axial movement of the out-put shaft
144. This movement is transmitted to the quantity
control valve 152 by the connecting rod 160, which
thereby displaces the quantity control valve 152
axially to the predetermined position. The area of
he injection hole 153-then coincides with the ob-
long slot 154 of the quantity control valve 152,
thereby regulating the effective area of the injection
hole 153. The quantity control vaive 152 stops in
this position when the effective area-of the injection
hole 153 is controlled.

According to this modification, the quantity
control vaive 152 does not move upward for every
injection. The valve 152 stays in its still position
when a quantity control operation is not performed,
because the quantity conirol valve 152 is separate
from the nozzle needie 133. Accordingly, the noz-
zle needie 133 moves from its inifial position shown
by the solid line in Fig.10, to the position shown by
the chain line and the nozzle needle 133 is sepa-
rated, from the valve seat when the timing valve
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147 is opened and compressed fuel is supplied to
the reservoir 136. Therefore, the fuel is supplied
through the siot 155 for feeding fuel and the oblong
slot 154 of the quaniity control valve 152, and the
fuel is injected throgh the injection hole 153 in the
form of mist.

Another modification of the embodiment will be
described with reference io Fig.11 to Fig.14. in this
modification, the same reference numerals as
above will be denoted for the corresponding por-
tions and descriptions of similar constructions will
be omitted. The feature of this modification is that
the slot 154 of the quantity control valve 152 for
controlling the injection hole 153 extends in a cir-
cular direction, and the effective area of the injec-
tion hole 153 is controlied by the rotation of the
quantity control valve 152. The rotor 142 of the
actuator 126 for controlling quantity is connected to
the out-put shaft 144, and the out-put movement of
the actuator 126 is accomplished by the rotation of
the shaft 144. The top end of the shaft 144 is
connected to the quantity coniro! valve 152 by the
connecting rod 160.

By the arrangement of this modification, the
rotor 142 rotates when the coil 141 is energized in
response to the conirol signal of the microcom-
puter, and the rotation is transmitted to the quantity
control valve 152 through the out-put shaft 144 and
the connecting rod 160. Accordingly, the quantity
of fuel injected per unit fime is decreased when the
coinciding area between the injection hole 153 and
the oblong slot 154 is smaller as shown in Fig.13.

Conversely, the quantity of fuel per unit time is
increased when the oblong slot 154 of the quantity
conitrol valve 152 substantially coincides with the
injection hole 153 as shown in Fig.14. Thus, it is
possible to control the quantity of fuel per unit time
by this kind of rotation type quantity control vaive
152.

In the above-mentioned embodiment or the
modifications of the embodiment, various types of
actuators will be used instead of the actuator 126
which is made of a stepping motor. Also, fuel may
be used as a driving liquid of the actuator. Further-
more, the nozzle needle 133 or the push rod 137
may be driven directly by the actuaior 127 io
regulate the supply of the fuel, instead of indirectly
controlling the valve 147 by the timing control
actuator 127. Still further, the oblong slat 154 and
the feeding slot 155 may be replaced by openings
or holes. Moreover, the number of injection holes
153 may be controlled by the quantity control valve
o regulate the effective area when the injector 114
has many injection holes 153.

Next, will be described the second embodi-
ment of this invention. Fig.15 shows an overall
composition of this embodiment which includes a
fuel tank 201. The fuel in the tank 201 is sucked by
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a high pressure feed pump 202. The pamp 202 is
driven by a direct current motor 203 and the motor
203 is controlled by a microcomputer 205 through
a drive circuit 204. The fuel pressed by a high
pressure feed pump 202 is pushed info and stored
in an accumiator 206.

The ‘accumulator 206 is connected to an injec-
tor 208 by means of a feed pipe 207. An injection
nozzle 209 is provided at the end of the injector
208 and has a quantity control vaive 210. The
quantity control valve 210 is conirolled by a control
signal from the microcomputer 205. The injecior
208 is provided on a cylinder head 213 which is
fixed at the top of the cylinder 212 which receives
slidably a piston 211.

The construction of the injector 208 is shown in
Fig.16. The injector 208 is comprised of a nozzle
holder 216 which holds injection nozzle 209 by
means of a retainer 217. A selenoid coil 218 is
provided in the nozzle holder 216. A piunger 218 is
connected 10 a quantity control vaive 210 by a
connecting rod 220. A spring seat 221 is provided
at the top of the plunger 219 and receives a coil
spring 222. The spring seat 221 has a rod 223
projecting upward therefrom and an abutting plate
224 is connected to the top of the rod 223.

A stepping motor 225 is arranged in the nozzle
holder 216. A rotor 226 of the stepping motor 225
has a center hole 227 with a female thread. The
female thread of the through hole 227 is engaged
with a male thread formed on a periphery of the
sleeve 228. A stopper rod 229 is situated so that
the rod 229 goes through the sleeve 228. The rod

229 is connected to a plunger 231 situated at the

center of a solenoid coil 230. The piunger 231 is .
pushed downward by a coil spring 232 and hence
the bottom end of the plunger 231 engages with a
step 233 of the nozzle hoider 216.

The injection nozzie 209 has a quantity control
valve 210 which is made of a cylinder, as shown in
Fig.17 and Fig.18, and the valve 210 has control
openings 236 which extend axially. Slits 237 are
formed at the both sides of the oblong openings
236. The valve 210 is received inside the injection
nozzle 209 so that the control opening 236 co-
incides with the injection hole 238 of the injection
nozzle 209. On the internal peripheral surface of
the injection nozzle 209, valve seats 239 are lo-
cated at the edge of the injection hole 238 and the
quaniity control vaive 210 slides on the vaive seat
239.

On operation, the microcomputer 205 reads in
the number of revolutions and the angular position
of the engine through the revolution detecting sen-
sor 240 and also reads in the load of engine
through load sensor 241. Furthermore, the micro-
computer 205 detects the pressure of the fuel in
the accumulator 206 through the pressure sensor
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242. The microcomputer 205 controls the motor
203 through the drive circuit 204 in order to main-
tain the pressure of fuel in the suitable value. The
microcomputer 205 controis the solenoid coils 218,
230 and the stepping motor 225 in accordance with
the flow chart shown in Fig.20 and gives the control
valve 210 a stepping displacement, to thereby con-
trol the quantity of fuel injected at one time and
also to open and close the injection hole 238 of the
injection nozzle 209.

Thus, the microcomputer 205 detects the num-
ber of revolutions and load of the engine through
the revolution detecting sensor 240 and the load
sensor 241, and based on these informations the
microcomputer 205 calculates the quantity of fuel
injected at one time. This quantity- corresponds to
the height b in the injection patiern shown in
Fig.21. To obtain the calculated quantity, the micro-
computer 205 drives the stepping motor 225 which
rotates the rotor 226 to a predetermined angular
position. Then the sieeve 228 moves axially be-
cause the male thread of. the sleeve 228 engages
with the female thread 227 of the rotor 226. There-
for the gap b between the bottom end of the sleeve
228 and the top surface of the abutting plate 224 is
regulated, and the stepping motor 225 is con-
trolied. .

Then the microcomputer 205 calculates the
timing of the injection, and moves the vaive 210 at
the proper moment so that the conirol opening 236
and the injection hole 238 coincide. This operation
starts fuel injection. That is, the microcomputer 205
energizes the solenoid coil 218 at the proper time.
Then the plunger 219 moves upward against the
coil spring 222 and the abutting plate 224 provided
at the top of the rod 223 contacts with the stopper
rod 229. Accordingly, the control valve 210 moves
upwards in the stroke corresponding to the gap a
between the abutting plate 224 and the stopper rod
228. Thus, the injection hole 238 is slightly opened.
Hence it is possible to decrease the quantity of fuel
at the initial period of the injection, and a pilot
injection is accomplished by this operation. When
the stopper rod 229 which is connected to the
plunger 231 is made of piezo electric material, the
length of the rod 229 may be expandable to regu-
late the gap for controliing the quantity of fuel at
the initial period of injection.

After the predetermined time duration from the
start of the injection, the microcomputer 205
changes the fuel injection from pilot injection to
main injection. That is, the microcomputer 205 en-
ergizes the solenoid coil 230 to dispiace upwardly
the plunger 231 against the coil spring 232. Then
the stopper rod 229 connected to the plunger 231
moves upward and is drawn inside the sleeve 228.
Then the plunger 219 moves upwards uniil the
abutting piate 224 comes in contact with the bot-
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tom end of the sleeve 228 because the plunger

", 219 is urged by the solenoid coil 218. As a result

the quantity control valve 210 moves upwards with
stepping displacement.

Accordingly, the quantity control valve 210
moves upwards in the stroke b, thereby making the
injection hole 238 wide open. Since the effective
area of the injection hole 238 is proportionate to
the stroke of the quantity control vaive 210, the
quantity of fuel injected is controlled by the quan-
tity control valve 210. After the predetermined time
has passed, the solenoid coils 218 and 230 are
deenergized and the quantity control valve 210 is
pushed downward by the coil spring 222. The
quantity control valve 210 moves downward to a
position where the control hole 236 does not co-
incide with the injection hole 238 for ciosing the
injection hole 238. In this way, the fuel injection is
terminated.

The fuel injection apparatus of this embodi-
ment does not require the use of a fuel injection
pump, a mechanical governor or a mechanical tim-
er. Furthermore, according to this embodiment it is
possible o conirol the apparatus by the microcom-
puter 205, and ensure that a suitable guantity of
fuel is injected at the proper time. Additionally,
according to this arrangement, as injection pattern
shown in Fig.21 is accomplished and it is possible
to decrease the quantity of fuel at the initial period
of the injection. Therefore, it becomes possible to
decrease the noise of the engine and to decrease
the quantity of nitrogen oxide in the exhaust gas.

Next, a modification of the second embodiment
will be described with reference to Fig.22. The
feature of this modification is that the injector 208
includes another stepping motor 245. A rotor 246
of the steppping motor 245 has a center hole 247
and the center hole is threaded with a female
screw which is engaged with a male screw of the
stopper rod 229. Additionaily, another solenoid coil
248 is provided under the solenoid coil 218.

On operation, the stepping motor 225 regulates
1he gap b for controlliig the quantity of the fuel of
main injection. Another stepping motor 245 regu-
lates the gap a for controlling the quantity of fuel in
the pilot injection. At the proper moment the
solenid coil 218 is energized to displace the plung-
er 219 to a position where the abutting plate 224
contacts with the stopper rod 229 by the force of
the coil 218. The injection hole 238 is then slightly
opened by the control opening 236 of the valve
210 to accomplish the pilot injection.

After the predetermined time has passed the
second solenoid coil 248 is energized, and the the
upward force is increased. As a result, the sleeve
246 of the stepping motor 245 which holds the
stopper rod 229 moves upward against the coil
spring 232 and the abutting plate 224 contacts with
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the bottom end of the sleeve 228 to displace the
quantity conirol valve 210. In this way the injection
hole 238 is opened wide to accomplish the main
injection- of fuel. The quantity of fuel is increased at
this moment and the. stepping pattern shown in
Fig.21 is accomplished as the above-mentioned
second embodiment. Furthermore, by this modi-
fication it is possible {o control the quantity of fuel
of the pilot injection by the second stepping motor
245.

Another modification of the second embodi-
ment is shown in Fig.23 and Fig.24. The feature of
this modification is that a linear stepping motor is
used for the axial displacement of the quantity
control valve 210. The slider 252 of the motor 251
is connected to the quantity control valve 210 by
the connecting rod 220. A pair of guide members
253 and 254 are provided to ensure a smooth
displacement of the slider 252. The microcomputer
-205 controls the linear stepping motor 251 for
displacing the quantity control vaive 210 resulting
in the fuel injection pattern shown in Fig.24.

According to this arrangement, a singular linear
stepping motor 251 moves the quantity conirol
valve 210 steppingly and hence if is possible o
simplify the structure of the injector and minimize
the number of the actuator 251. Furthermore, it is
possible to omit the coil spring 222 when the return
motion of the quantity control valve is also accom-
plished by the linear stepping motor 251. By this
arrangement structure is more simplipfied.

Next, another modification will be described
with reference to Fig.25 and Fig.26. In this modi-
fication, a moving coil 256 wound on a bobbin 255
is used for moving the quantity control valve 210.
That is, the moving coil 256 constitutes the ac-
tuator for control valve 210. The moving coil 256
wound on the bobbin 255 is connecied to the
control vaive 210 by the connecting rad 220. The
moving coil 256 is located between a center pole
258 which is mounted at the top of a magnet 257
and an outside yoke 259. Upward or downward
force is applied to the moving coil 256 by the
principle of the voice coil of a dynamic speaker.
The quantity control valve 210 is moved by this
force. A position detecting sensor 260 is provided
for holding the quaniity conirol valve 210 at a
predetermined position. That is, the position detect-
ing sensor 260 detecis the position of the valve
210 and supplies the signal to the microcomputer
205 for controlling the moving coil 256. Namely, a
feed back control is accomplished by the position
detecting sensor 260. Accordingly, it is possible to
simplify the structure of the actuator and also it is
possible to controf the injection patiern voluntarily
and precisely as shown in Fig.26 to accomplish an
idea! combustion of fuel.
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Fig.27 shows still further modification of the
second embodiment. The feature of this modifica-
tion is that a relief valve 262 is provided for omit-
ting the accumulator. The relief valve 262 is con-
nected to the fuel feed pipe 207. A spring 263 of
the valve 262 is controlled by the microcomputer
205 through an actuator 264 for conirolling the
relief pressure of the relief valve 262. The micro-
computer 205 regulates the spring 263 through the
actuator 264 in response to the pressure detecting
sensor 242 to precisely control the pressure on
which the relief valve 262 operates. Accordingly, it
is possible to control the output pressure of the fuel
feed pump 202 and io accomplish the fuel injection
without an accumulator.

Next, a third embodiment of this invention will
be described with reference to Fig.28 to Fig.32.
The injection apparatus of this embodiment has a
fuel tank 301, from which fuel is sucked by a high
pressure feed pump 302. The pump 302 is driven
by a direct current motor 303 and the motor 303 is
controlled by a microcomputer 305 through a drive
circuit 304. The fuel pumped by the feed pump
302 is pushed into and stored in an accumulator
306.

The accumulator- 306 is connected to an injec-
tor 308 by a fuel feed pipe 307. The fuel injector
308 has a timing vaive 309 and a quantity control
valve 310, both of which are controlled by the
microcomputer 305. The injector 308 is held by a
cylinder head 313 which is fixed at the fop of the
cylinder 312, and the cylinder 312 supports a pis-
ton 311 slidably therein.

As shown in Fig.29 the fuel injector 308 is
comprised of a nozzle holder 324 which holds a
nozzle 326 by means of a retainer 325. A nozzle
needle 327 is slidably received in the nozzle 326,
and the top of the nozzle needle 327 contacts with
a conical vaive seat 328 to conirol the injection of
the fuel. Additionally, the top of the nozzie needie
327 contacts with a push rod 329, and the push rod
329 is urged by a coil spring 330. The top end of
The spring 330 is received by a spring seat 331
which is held by the nozzle holder 324 by a screw.

Still further, passages 332 and 333 are formed
on the nozzle holder 324 and the nozzle body 326
respectively. The passage 333 of the nozzle 326
communicates with a reservoir 334. Fuel passage
332 of the nozzle holder 324 communicates with a
connecting sleeve 335. The sleeve 335 holds the
timing valve 309 slidably and a solenoid coil 336
which controlls the timing valve 309. The coil 336
moves the valve member 309 against the resilient
force of a return spring 337.

A quantity control mechanism is provided at
the top of the nozzle 326 as shown in Fig.30 and
31. The mechanism includes a cylindrical piezo-
electric element 338 which is held at the top of the
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nozzle 326. The cylindrical element 338 has a
valve member 339. The element 338 is pushed
upward by a coil spring 340 so that the valve
member 339 contacts the step of the nozzle 326
and mainfains the position. Gontrol holes 341 are
formed on the valve member 339. Injection hole
342 is located on the nozzle 326 to correspond
with the control hole 341 of the valve member 339.

Accordingly, the valve member 339 moves ax-
ially in the nozzle 326 when electric voltage is
applied on the piezo-electric element 338 and the
voltage is changed. By this operation the effective
area of the injection hole 342 is regulated by the
control opening 341 of the valve member 339.
When the valve member 339 moves downward, the
effective area of the injection hole is increased and
the quantity of the fuel injected per unit time is
increased.

An operation of the apparatus according to this
embodiment will be described. A microcomputer
305 reads in the revolutional number and the en-
gine load through the revolution detecting sensor
345 and load sensor 346. The load sensor 346
detects the load of engine in response to the
angular position of an accelator pedal. The micro-
computer 305 calculates the timing of injection,
guantity of fuel, and the injection pattern based on
the above-mentioned informations. The microcom-
putor 305 then controls the timing vaive 309 and
the quantity control valve 310 in response to the
caleulation.

Fig.32 shows one example of an injection pat-
tern of this apparatus. An operation of the fiming
control valve 309 is shown a solid line and the
operation of the quantity control valve 310 is shown
by a chain line. Accordingly, a pile portion denoted
by oblique lines shows an actual injection char-
acteristic of this apparatus. The feature of this
pattern is that the piezo-electric element 338
squeezes the area of the injection hole 342 by
means of the valve member 339 for a predeter-
mined time duration just after the time when the
timing contro! valve 309 is opened, and this opera-
tion accomplishes the pilot injection. Thus, the
quantity of fuel at the initial period of the injection
is decreased. After the predetermined time has
passed, the piezo-electric element 338 moves the
valve member 339 to open the injection hole widely
and the fuel injection is changed over to main
injection. According to this injection pattern, it is
possible to decrease the engine noise and the
amount of nitrogen oxide in the exhaust gas.

Fig.33 and Fig.34 show a modification of this
embodiment. The feature of this modification is that
a differential gear apparatus 348 is used for driving
the high pressure feed pump 302, instead of the
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direct current motor 303. The differential gear ap-
paratus 348 is combined with an engine 347 and.
the revolutional number of the ouiput of the appara-
tus is controlled by the direct current motor 303.

More specifically, a gear 349 takes out the
torque of the engine 347 as shown in Fig.34 and
the gear 349 is connected to a sun gear 350 which
engages a planet gear 351. The -planet gear 351 is
supported by an arm 352. The arm 352 is fixed on
the input shaft of the feed pump 302. The planet
gear 351 supported by the arm 352 is engaged
with an internal gear 353. The outside gear of the
internal gear 353 is driven by a pinion 354 which is
fixed on the output shaft of the motor 303.

Accordingly, the torque of the engine 347
transmitied to the gear 349 is transformed to a
rotation of a pair of planet gears 351 by means of-
the sun gear 350. Therefore, the planet gears 351
makes the internal gear 353 revolve. The revolution
is transmitted to the feed pump 302 by means of
the arm 352. The motor 303 drives the internal
gear 353 .through the pinion 354. The revolutional
speed of the arm 352 is increased when the motor
303 drives the internal gear 353 in the plus direc-
tion, and decreased when rotated in the minus
direction. Furthermore, it is possible to stop the
pump 302 by the motor 333. Therefore, it is possi-
bie to obtain torque from the engine 347 and
control the number of revolutions of the feed pump
302 by the motor 303. The feed pump 302 may be
made of plunger pump, vane pump, or the another
kind of pump, and the feed pump may be made of
a multistage pump to obtain the required out-put
pressure.

Next, another madification of the embodiment
will be described with reference to Fig.35 to Fig.39.
The feature of this modification is that the quantity
control valve 310 of the injector 308 constitutes not
only the quantity contro! valve, but also the timing
valve. That is, a column of piezo-electric element
338 is received in the nozzle holder 324 of the
injector 308, and the bottom end of the column 338
js guided in the axial direction by a pair of projec-
tions 358 provided inside the nozzle holder 324. A
cylindrical valve member 339 is connected to the
piezo-electric element 338 by the connecting mem-
ber 360 which has a feed hole 361 for feeding the
fuel into the valve member 339. The piezo-electric
element 338 has electrodes 362 which are con-
nected to a drive circuit 363.

The vaive member 339 has control openings
341 as shown in Fig.36 and Fig.37, and the control
openings 341 controt the effective area of the injec-
tion hole 342 of the nozzle 326. Furthermore, the
longitudinal slots 364 are formed on the valve
member 338. The slots 364 serve to deform the
valve member 339 for contacting with the valve
seat 365 by the pressure of the fuel.
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On operation the microcomputer 305 supplies

a control signal io the drive circuit 363 to generate

a pattern of voltage for the piezo-electric element
338 as shown in Fig.38 or Fig.39. As the voltage
applied on the piezo-electric element 338 is sub-
stantially proportional fo the stroke of the valve
member 339, the injection hole 342 is opened and
the effective area of the injection hole 342 is con-
trolled by the control opening 341 of the valve
member 339. Specifically, it is possible to obtain
an injection pattem of ideal or suitable combustion
when the quantity of fuel at the initial period of the
injection is decreased as shown in Fig.39.

Furthermore, .in this modification, the valve
member 339 moves to such a position where the
conirol opening 341 does nof coincide with the
injection hole 342 when the voltage is relieved.
This operation makes it possible to omit the timing
valve, because the valve member 339 performs not
only the quantity control valve function but also the
timing vaive function. Also, it is not necessary to
use a timing control valve made of a solenoid
valve. Additionally the valve member 339 is
pressed on the valve seat 365 of the nozzie 326 by
the_ pressure of the fuel, and by this arrangement it
is possible to close the injection hale securely. The
closing operation is well aided by the slits 364
which serves to deform the vaive member 339.

Next, will be described the fourth embodiment
of this invention with reference to Fig.40 fo Fig.43.
Fig.40 shows an injector 408 of this embodiment,
which includes a nozzie holder 416. A nozzle 409
is connected to the bottom of the nozzie holder
416 by the retainer 417. A pair of bimorph plates
are arranged paraliel and longitudinally in the noz-
zle holder 416. A rod 419 is secured with an
adjusting screw 420 and the rod 419 has a bracket
421 which supports the top ends of a pair of
bimorph plates rotatably. The lower ends of a pair
of bimorph plates 418 are connected rotatably to a
bracket 422, and the bracket 422 is connected to
the quantity control vavie 410 by a connecting rod
423.

The quantity control vaive 410 is cylindrical as
shown in Fig.41 and Fig.42 and has control open-
ings 424 or of oblong openings and longitudinal
siots 425 at the both sides of the control openings
424. The quantity control valve 410 is arranged
inside the nozzle 409 so that the control openings
424 coincides with the injection hole 426 of the
nozzie 4098. The valve member 410 slides axially
on the valve seat 427 formed on the internal pe-
ripheral surface of the nozzle 409 with an injection
hole 426.

On operation the microcomputer 405 reads in
the revolutional number and the angular position of
the engine through a revolution detecting sensor,
and the engine load through a load sensor. The
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microcomputer 405 also reads in the pressure of
the fuel held in the accumulator(not shown) by a
pressure sensor. The microcomputer 405 then con-
trols the pump, through the motor to maintain the
pressure of the fuel in a suitable value. The micro-

- computer 405 also controls a pair of bimorph

plates 418 for displacing the quantity control vaive
410 to thereby control the quantity of fuel injected”
at one time. The control valve 410 opens and
closes the injection hole 426 of the nozzle 409.

In summary, the microcomputer 405 reads in
the revolutional number and the load of the engine,
and then calculates the timing of the injection, the
quantity of fuel, and the injection pattern based on
the above-mentioned informations. Resulting with
these calculations, the microcomputer 405 controls
the drive circuit 433 which controls the voltage
applied on the bimorph plates 418.

The bimorph plates 418 deform as shown by
the chain line in Fig.40 when electric voltage is
applied. The pair of bimorph plates 418 deform in
such a manner that intermediate portions of these
plates 418 are separated from each other. As a
resule of this deformation the lower bracket 422
moves upward. This movement is transmitied to
the quantity conirol valve 410 by the rod 423.
Accordingly, as shown in Fig.43 the control open-
ing 424 controls the effective area of the injection
hole 426, thus performing the quantity control op-
eration.

In this apparatus the quantity control valve 410
has sufficient stroke to close the injection hole 426.
Therefor, the quantity control valve 410 not only
controls the quaniity of fuel but also conirols the
opening and closing of the injection hole 426. Fur-
thermore, the injection pattern is controlied when
the voltage applied on the bimorph plate 418 is
controlied. More specifically, when the quantity of
fuel at the initial stage of the fuel injection is
decreased, it is possible to decrease the engine
noise and amount of nitrogen oxide in the exhaust
_gas. .

-~ As mentioned abave, according to this embodi-

ment, the control of fuel quantity, the injection
timing, and the injection pattern are all accom-
plished by the quantity control valve 410 asso-
ciated with a pair of bimorph plates 418. Further-
more, the control valve 410 is pressed against the
valve seat 427 by the pressure of the fuel through
the longitudinal slots 425 to accomplish perfect
sealing operation when this quantity control vaive
410 displace to the position where the injection
hole 426 is closed.

Next, a maodification of the fourth- embodiment
will be described with reference to Fig.44 which
shows a single bimorph plate 418 for displacing the
quaniity control valve 410. The bimorph plaie 418
is disposed horizontally. One end of the plate 418
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has a bracket 422 which is connected to an oblong -

opening 437 of a supporting bracket 436 by means
of a pin 438 for permitting the deformation of the
bimorph plate 418 in the shape of arch. By this
arrangement it is possible to displace the quantity
control valve 410 by a relatively slight deformation
of the intermediate portion of the bimorph plate
418. In this way the mechanism for opening and
closing the quantity control vaive 410 is simplified
and is compact.

Another modification is shown in Fig.45, in
which a singular bimorph plate 418 is used and
one end of the plate 418 is fixed. The free end of
the plate 418 is connected to the quantity control
vélve 410 by a connecting rod 423. According to
this arrangement, the mechanism for supporting
the bimorph plate 418 is more simplified and hence
the structure of the injector is simple.

A further modification is shown in Fig.46 to
Fig.48. In this modification, an injection hole 426 is
formed on the bottom or top plate 446 of the
nozzle 409 and a valve seat 427 is located at the
internal edge of the injection hole 426. A segmental
quantity control valve 410 is arranged on the valve
seat 427 and is rotatably supported by a pin 447.
The top of the valve 410 is connected to the top
end of the bimorph plate 418 through engage
members 448.

With this arrangement, as shown in Fig.48, the
quantity control valve 410 rotates around the pin
447 when electric voltage is applied on the
bimorph plate 418 because the bimorph piate 418
is connected to the quantity control vaive 410 by
engage members 448. Thus the effective area of
the injection hole 426 is changed by the control
opening 424 of the quantity control valve 410 to
accomplish an operation of quantity control. The
injection of the fuel is terminated when the valve
410 rotates to a position where the control open-
ings 424 do not coincide with the injection hole
426. For this reason, it is possible to have the valve
410 constitute not only a quantity control vaive but
also a timing control vaive.

A further modification is shown in Fig.49. This
modification includes a relief valve 441 so that an
accumulator can be omitied. The relief valve 441 is
connected to a feed pipe 407 for fuel. The spring
442 for controlling the relief pressure of the refief
valve 441 is controlled by a microcomputer 405
through an actuator 443. The microcomputer 405
regulates the deformation of the spring 442 through
the actuator 443 in response to the output signal of
the pressure sensor 432 to contro! the pressure on
which the relief valve 441 operates. With this modi-
fication, it is possible to control and keep the
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output pressure of a feed pump 402 substantially
constant, and for this reason, it is possible to
accomplish the injection of fuel without an accu-
mulator. :

Having desribed specific embodiments of this
invention with reference to accompanying draw-
ings, it must be understood that this invention is
not limited to these precise. embodiments or modi-
fications. Various changes. and other maodifications
may be effected by one skilled in the art without
departing from the scope or spirit of the invention
as defined 'in the appended ciaims. For example,
an actuator of monomorph plate may be used
instead of the bimorph plate in the last embodi-
ment, and -further magnetostrictive elements may
be used for the actuator to control the dispiace-
ment of the quantity control valve instead of the
piezo-electric element. Furthermore, a various ma-
terials may be used for the nozzle or the injector,
and the nozzle may be made of ceramic materials
for protecting the quantity conirol valve or the
piezo-electric element. Furthermore, this invention
may be applied not only to the fuel injection ap-
paratus of a Diesel engine but aiso to a gasoline
engine when' the pressure of the fuel is reduced.

Claims

1. A fuel injection apparatus wherein pressed
fuel is supplied to an injector (114, 208, 308, 408)
for injecting a mist of fuel, said injection apparatus
comprising:
an injection hole (153, 238, 342, 426) formed on
said injector for injecting fuel;

a quantity control valve (152, 210, 310, 410) for
controlling the quantity of the fuel by regulating the
effective area of said injection hole;

an actuator (126, 218, 338, 418) for displacing said
quantity control valve; and

an electric control means (122, 205, 305, 405) for
controlling said actuator in response to the number
‘of revolutions and load of engine.

2. A fuel.injection apparatus according to claim
1, wherein said apparatus further includes a feed
pump (120, 202, 302, 402) for pressing the fuel,
and an accumulator (116, 206, .306) for storing the
fuel under pressure, the fuel pressed by said feed
pump being pushed into said accumuiator.

3. A fuel injection apparatus accroding to claim
2, wherein the pressure of the fuel in the accumula-
tor is detected by a pressure detecting sensor
(125, 242, 358) and said feed pump is controlled in
response to the detecting signal of said pressure
detection sensor t0 maintain the pressure of the
fuel in the accumulator substantially constant.
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4. A fuel injection apparatus according to claim

1, wherein said apparatus further includes a feed

pump (120,} 202, 302, 402) for pressing the fuel,
and a relief valve (262, 441) connected to said feed
pump, the relief pressure of said relief valve being
controlled to maintain the output pressure of said
feed pump substantially constant.

5. A fuel injection apparatus according to claim
1, wherein said apparatus further includes a dif-
ferential gear apparatus (348) for driving a feed
pump which presses the fuel, a forque being taken
from an engine and the revolutional number of this
apparatus being conirolled. by an electric motor
(303).

6. A fuel injection apparatus according fo claim
1, wherein said apparatus further inciudes a timing
control valve (147, 309) for controlling the timing
and the time-duration of the fuel injection.

7. A fuel injection apparatus according to claim
6, wherein said timing control valve has a suck
valve (151) for sucking fuel just before the closing
of said timing control vaive.

8. A fuel injection apparatus according fo claim
1, wherein said actuator moves said quantity con-
trol vaive in sufficient siroke to close the injection
hole, to thereby operate the opening and closing of
said injection hole so that said quantity control
valve serves as a timing control valve.

9. A fuel injection apparatus according to claim
1, wherein said quantity control valve is provided
on or formed with a nozzle needle (133) of said
injector.

10. A fuel injection apparatus according to
claim 1, wherein said quantity control valve (152) is
independent from the nozzie needle (133) of said
injector. o

11. A fuel injection apparatus according fo
claim 1, wherein said quantity control valve is
made of a column (152).

12. A iuel injection apparatus according to
claim 1, wherein said quantity control valve is a
clynder (210, 310, 410). .

13. A fuel injection apparatus according to
claim 1, wherein said quantity control valve has a
conirol slot (154) for conirolling the effective area
of said injection hole in response to the displace-
ment thereof.

14. A fuel injection apparatus according to
claim 1, wherein said quantity control valve has a
conirol opening (236, 341, 424) for controlling the
effective area of said injection hole in response to
the displacement thereof.

15. A fuel injection apparatus according to
claim 12, wherein a slit (237, 364, 425) is formed
on said quantity vaive for deforming thereof to
contact closely with a valve seat (239, 365, 427) of
said injection hole.
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16. A fuel injection apparatus according to
claim 1, wherein said quantity control valve is ax-
ially moved by said actuator. .

17. A -fuel injection apparaius according to
claim 16, wherein said actuator operates as a stop-
per (144, 228) of said quantity control valve, and
the axial stroke of said quaniity control valve is
controlled by said stopper.

18. A fuel ‘injection apparatus according to
claim 1, wherein said quaniity conirol valve (152) is
displaced in the circular direction. by said actuator
(126).

19. A fuel injection apparatus according to
claim 1, wherein said actuator is a magnetic coil
(218).

20. A fuel injection apparatus according to
claim 1, wherein said actuator is a steppping motor
(126, 225, 251). i

21. A fuel injection apparatus according to
claim 1, wherein said actuaior is a linear motor
(251).

22. A fuel injection apparatus according to
claim 1, wherein said actuator is a moving coil
(256) and the position of said moving coil is de-
tected by a position sensor (260), the moving coil
driving said quantity conirol vaive in the principle of
the dynamic speaker.

23. A fuel injection apparatus according o
claim 1, wherein said actuator is a piezo-electric
element (338, 418).

24. A fuel injection apparatus according to
claim 23, wherein said piezo-electric element is
made of a bimorph plate (418).

25. A fuel injection apparatus according to
claim 24, wherein said aciuator is made of a pair of
bimorph plates (418) which are longitudinally and
parallely disposed end both and thereof being
rotatably connected.

26. A fuel injection apparatus according to
claim 24, wherein said bimorph piate (418) is hori-
zontally disposed.

27. A fuel injection apparatus according to
<claim 26, wherein at Ieast one end of said bimorph
plate (418} is movably supported and the inter-
mediate portion of said bimorph plate is connected
with said quantity control valve.

28. A fuel injection apparatus according to
claim 1, wherein one end of said bimorph plate
(418) is fixed and the other free end of said
bimorph plate is connected to said quantity control
vaive.

29. A fuel injection apparatus acording to claim
19, wherein said apparatus further includes a stop-
per (229) for restricting the stroke of said quantity
control valve at the initial period of the fuel injection
to accomplish an pilot injection, the pilot injection
being released by another magnetic coil (248) for
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stepping said quantity control vaive and changing
the fuel injection from said piiot injection to main
injection.

30. A fuel injection apparatus according to
claim 29, wherein the quantity of fuel of said pilot
injection is constant.

31. A fuel injection apparatus according to
claim 29, wherein said apparatus also inciudes
another actuator (245) for controlling the guantity of
fuel of the pilot injection.

32. A fuel injection apparatus according to
claim 23, wherein electric voltage applied on said
piezo-electric element (338, 418) is changed during
the time duration of said injection to thereby dis-
place said quantity control valve during said injec-
tion operation.

33. A fuel injection apparatus according to
claim 23, wherein said piezo-electric element dis-
place said quantity conirol valve (410) which is
disposed on a top or boftom plate (446) of said
injector, said quantity control valve being rotated
by said piezo-electric element to control the effec-
tive area of said injection hole.

34. A fuel injection apparatus according to
claim 33, wherein said piezo-electric element is
comprised of a bimorph plate (418) longitudinally
disposed and bottom free end of which is conn-
ceted with said quantity control valve (410).
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