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1 
FUEL INJECTION DEVICE FOR INTERNAL 

COMBUSTION ENGINES 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to an fuel injection device for 

internal combustion engines, or more in particular to 
an apparatus for controlling the time at which the fuel 
injection pump starts to inject fuel. 

2. Description of the Prior Art 
In the conventional fuel injection device, the time at 

which the fuel injection pump starts to inject fuel is 
controlled by mechanically detecting only the revolu 
tions of the engine involved. In such a device, it is com 
mon practice to make arrangements in such a manner 
that the most appropriate fuel injection time is 
achieved either under the full or partial load (including 
the absence of the load). If, however, arrangements are 
made to obtain the most appropriate injection starting 
time under the full load, combustion noise occurs 
under a partial load, while if the best fuel injection time 
is determined in accordance with the time when the en 
gine is partially loaded, the shortage of output will re 
sult under a full load. To cope with this problem, a new 
method is suggested in which the time at which fuel in 
jection starts is controlled by utilizing not only the rev 
olutions of the engine but also the load of the engine, 
particularly the pressure due to spilled fuel responsive 
to the amount of fuel injected (See, for example, Jap 
anese Patent Publication No. 19367/66). This can be 
said to be a success, at least provisionally, in that noise 
is eliminated under a partial load without reducing the 
output under a full load, but the disadvantage of this 
type of device is that it not only requires a highly com 
plicated construction of a hydraulic circuit but it can 
not meet the demand, if any, for highly complicated 
characteristics of the timing of the starting of fuel injec 
tion. It is known that generation of the combustion 
products such as CH and NOx depends on the tempera 
ture and pressure in the combustion chamber, which in 
turn are greatly affected by the time at which injection 
of the fuel commences. Therefore, to prevent the gen 
eration of undesirable combustion products, the tem 
perature and other factors of the combustion in the 
chamber should be added to control the time at which 
injection of the fuel commences. In this respect, the de 
vice mentioned above leaves something to be desired, 
because in such a device only the amount of fuel in 
jected and revolutions are detected for the purpose of 
controlling the time at which injection of the fuel com 
mences. Further, the addition of the temperature to the 
factors for controlling the same complicates still more 
the hydraulic circuit, making it very difficult to prevent 
the generation of undesirable combustion products. 

SUMMARY OF THE INVENTION 
This invention is intended primarily to prevent the 

generation of harmful combustion products and is so 
constructed that electrical signals representing the rev 
olutions, load, temperature and acceleration of the rev 
olutions of the internal combustion engine are detected 
and introduced into a controller, the output of which 
is used to actuate a servo motor or electromagnetic 
valve, whereby the time at which the fuel injection 
pump starts its operation is controlled, thus preventing 
any undesirable combustion products from being gen 
erated. Also, according to the invention no combustion. 
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noise occurs under the partial load, nor is there any 
shortage of output under the full load, while at the 
same time simplifying the construction of the device. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a diagram showing a partial 

embodiment of the invention. ... ', 
FIG. 2 is a diagram showing a partial sectional view 

of another embodiment of the invention. 
FIG. 3 is a diagram showing the construction of a 

third embodiment of this invention. 
FIG. 4 is a block diagram showing a computer em 

ployed in the embodiments of FIGS. 1 and 2. 
FIG. 5 is a diagram showing a partial sectional view 

of a fourth embodiment of the invention. 
DESCRIPTION OF THE PREFERRED - 

EMBODIMENTS 
This invention will be now explained with reference 

to the embodiments of FIGS. 1 and 2. First referring to 
FIG. 1, with the rotation of a drive shaft 1 connected 

section of an 

to the crank shaft of the engine, a camshaft 2 of the in 
jection pump rotates through a nut coupling 3. Then an 
eccentric cam 4 fixed on the camshaft 2 rotates, which 
causes the plunger 5 to reciprocate against the force of 
a coiled spring 6. Fuel in a suction chamber 7 is ab 
sorbed into a plunger chamber 8 and, through the path 
9, introduced into an injection nozzle, from which it is 
injected into the combustion chamber of the engine, 
while the cut off fuel enters the chamber 11. The 
plunger 5 is rotated by moving the rack 13 which en 
gages with the gear 12 provided in the plunger 5, 
whereby it is possible to change the time at which the 
double-flow path 14 is opened, said path 14 maintain 
ing a local relationship with the slanted control edge 15 
in the plunger 5, so that the amount of fuel injected 
from the injection nozzle 10 can be increased or de 
creased. The opposing ends of the drive shaft 1 and the 
camshaft 2 respectively are provided with screws 16 
and 17, which are received by the nut 3 for integrally 
rotating with the drive shaft and the cam shaft 2. 
when the nut 3 is moved axially, the camshaft 2 rotates 
with respect to the drive shaft 1. A worm 18 is fixed on 
the shaft of the servo motor M and engages with a piece 
19. One side of the piece 19 engages with the nut 3 in 
such a manner that the nut 3 is not prevented from ro 
tating but prevented from moving axially with respect 
to the piece 19. The reference numeral 20 shows a 
housing. The symbol C shows a controller, which issues. 
an order for rotating the servo motor M. The controller 
C is provided for the purpose of accurately discerning 
the over-all engine conditions detected in the form of 
electrical signals representing the revolutions N, load 
L, temperature T and rotational acceleration a and of 
determining the magnitude of output to be transmitted 
to the servo motor M. 

In the above-described construction, the electrical 
signals separately detected and representing the engine 
revolutions N, load L, temperature T and the accelera 
tion of revolutions a are applied to the controller C, the 
output of which rotates the servo motor M. The worm 
18 fixed on the servo motor M then rotates, thereby 
moving in the axial direction the piece 19 engaging 
with the worm 18. With the movement of the piece 19 
in the axial direction, the nut 3 moves also in the axial 
direction while rotating. The drive shaft 1 and the cam 
shaft 2 rotate in opposed relationship by way of the 
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screws 16 and 17 formed thereon, thereby positioning 
the camshaft 2 and hence the cam 4 fixed thereon in 
a new relationship with respect to the drive shaft 1, set 
ting a new time point of the rise of plunger 5 and thence 
a new time point at which fuel injection starts. 
In FIGS. 2 and 3 showing a part of the fuel injection 

pump of the distribution type, the numeral 30 shows a 
housing, and 21 an annular roller holder with a chan 
nel-shaped section and rotatable with respect to the 
housing 30. A roller 22 is rotatably arranged on the rol 
er holder 21 by means of a support 23. The peripheral 
portion of the roller 22 is in contact with the surface of 
the cam 32 provided on the skirt of the plunger 31 
shown in FIG. 3. With the rotation of the drive shaft, 
the plunger 31 rotates, whereby the cam 32 rotates on 
the roller 22, causing the plunger 31 to reciprocate. 
Fuel is then sucked in and the injected cut-off fuel is re 
turned to the fuel tank. The reference numeral 24 
shows a piston chamber occupying a portion of the 
housing 30 and which is fitted with the piston 25 slid 
ably in the piston chamber 24. The operating chamber 
2 between an end of the piston 25 and an end of the pis 
ton chamber 24 is fitted with a compression spring 26. 
A hydraulic chamber 24b is formed on that side of the 
piston chamber 24 which is opposite to the side thereof 
fitted with the compression spring 26. The hydraulic 
chamber 24b is connected with the oil ducts 27a and 
27b. The piston 25 rotates around the pin 28 and is 
connected with an end of the lever 29, the other end of 
which is in turn coupled with the roller holder 21. The 
symbol V shows an electromagnetic valve which func 
tions to change the cross sectional area of the oil duct 
27a, and the numeral 27b' shows a throttle section for 
the duct 27b. The electromagnetic valve V may be pro 
vided only in the duct. 27a or both in the ducts 27a and 
27b. In the event that the electromagnetic valve V is 
provided in the oil duct 27b, the throttle is arranged in 
the oil duct 27a. To the electromagnetic valve V is ap 
plied the output of the controller C as explained with 
reference to the embodiment of FIG. 1, while electrical 
signals representing the revolutions N of the engine, 
load L, temperature T and acceleration of revolutions 
a are applied to the controller C. Fuel cut off by the oil 
duct 27a or 27b may be introduced into the hydraulic 
chamber 24b, or as an alternative another kind of fluid 
may be introduced to the same by means of a separate 
pump. 

In the above-described device, like the embodiment 
of FIG. 1, the electromagnetic valve V is energized in 
accordance with the variations in the output of the con 
troller C, whereby the cross sectional area of the oil 
duct 27a and hence the hydraulic pressure inside the 
chamber 24b is changed, with the result that the piston 
25 moves to the extent that the hydraulic pressure is in 
equilibrium with the force of the spring 26. The move 
ment of piston 25 causes the lever 29 to rotate around 
the pin 28, resulting in the roller holder 21 for rotating 
relatively with respect to the housing 30. This causes a 
change in the spaced relationship between the cam of 
the plunger and the roller 22, which in turn changes the 
time at which the plunger begins to rise, that is, the 
time at which fuel begins to be injected. The compres 
sion spring 26 arranged in the operating chamber 24a 
in the above-described embodiment may be replaced 
with fluid as in the hydraulic chamber 24b. In such a 
case, the operating chamber 24a, like the hydraulic 
chamber 24b, is fitted with oil ducts and an electromag 
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4 
netic valve. Further, the controlling factors to be em 
ployed are not limited to those employed in the above 
described embodiments including the revolutions of 
the engine, load, temperature, and acceleration of rev 
olutions. For example, they may be limited to the revo 
lutions and load if there is no need fo taking measures 
against exhaust gases. 
An actual example of the fuel injection pump of the 

distribution type according to the invention will be now 
explained with reference to FIG. 3. The reference nu 
meral 30 shows a pump housing, 33 a camshaft, and 
22 a roller independent of the camshaft 33 and rotat 
ably supported on the roller holder 21 which is in turn 
mounted rotatably on the pump housing. The numeral 
31 shows a plunger integral with the cam plate 32, so 
that both the cam plate 32 and the plunger 31 rotate 
integrally with the camshaft 33. The cam surface of the 
cam plate 32 is in contact with the peripheral portion 
of the roller 22. The numeral 34 shows a slider which 
is movable in the direction of the axis of the plunger 31, 
and with the movement of the slider 34, an opening 31b 
of the fuel path 31a provided on the plunger 31 may be 
closed or opened. The numerals 35 and 36 show outlet 
paths for pressing into a not-shown injection nozzle the 
fuel sucked into the fuel path 31a and the plunger 38 
from the fuel inlet 37. The period during which the fuel 
is pressed into the rejection nozzle continues, for exam 
ple, from the time when the outlet path 36 begins to 
communicate with the notch 31c as shown in the draw 
ing to the time when the opening 31b of the plunger 31 
is positioned to its opened state at the right side of the 
slider 34. The numeral 39 shows an adjusting pin which 
is rotatable around the support pin 40 in a plane per 
pendicular to the paper surface. When the pin 39 ro 
tates in the plane as mentioned above, the roller holder 
21 also rotates around the axis of cam shaft 33 in a 
plane perpendicular to the paper surface. As a result, 
the spaced relationship between the roller 22 and the 
cam plate 32 changes, while at the same time changing 
the time at which the plunger begins to move upward, 
hence, the time of injection. The numeral 24 shows a 
cylinder formed in the pump housing 30 and fitted with 
a slidable piston 25. The numeral 41 shows a fuel 
pump, from which the fuel is supplied through the elec 
tromagnetic suction valve 42a to the hydraulic cham 
ber 43 comprised of the cylinder 24 and the piston 25. 
The electromagnetic valve 42a is interposed between 
the hydraulic chamber 43 and the suction system of the 
fuel pump 41. Fuel is supplied to the hydraulic cham 
ber 43 through the path 42a' by opening the electro 
magnetic valve 42a. The numeral 42b shows electro 
magnetic draining valve interposed between the hy 
draulic chamber 43 and the fuel tank, 44. When the 
electromagnetic valve 42b is opened, the fuel in the hy 
draulic chamber 43 is drained through the path 42b' to 
the fuel tank 44. The numeral 45 shows an engine revo 
lutions detecting gear fixed on the camshaft 33, and 
this gear is placed opposed to the electromagnetic 
pickup fixed on the pump housing 30. The numeral 47 
shows an engine revolutions detector which performs 
not only the engine revolutions detecting operation but 
differentiation in response to signals from the electro 
magnetic pickup for deciding whether or not the rota 
tion of the engine is being accelerated. The numeral 48 
shows an adjusting lever interlocked with the axle lever 
in the driver's compartment and is rotatable in the di 
rection of arrow A or Baround the supporting point 49. 



3,815,564 
S 

One end of the adjusting lever 48 engages with the 
slider 34, while the other end thereof is coupled with 
the rod of the differential transformer 50. Because of 
this construction, operating the axle lever in accor 
dance with the load condition causes the slider 34 to 
move in the direction of the axis of the plunger 31 by 
means of the adjusting lever 48, whereupon the amount 
of injection changes, resulting in the change in output 
voltage of the differential transformer 50. The numeral 
51 shows a position detector, which produces an output 
proportional to the output of the differential trans 
former 50. The numeral 52 shows an engine cylinder, 
53 a thermistor and 54 a temperature detector for de 
tecting the temperature in the cylinder in the form of 
voltage variations which result from the variations in 
the combustion temperature in the cylinder 52. The nu 
meral 55 shows a transmitter to which the outputs of 
the revolution detector 47, position detector 51 and the 
temperature detector 54 are applied, and which pro 
duces an output for actuating the electromagnetic 
valves 42a and 42b. 
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The operation of the device according to the inven 
tion will be now explained with reference to the block 
diagram shown in FIG. 4. 
An AC waveform detected by the elactromagnetic 

pickup 101 is shaped by the shaper 102 and applied to 
the D-A converter 103 where it is transformed into an 
analog value, thereby producing a voltage V 
proportional to the revolutions of the engine. The volt 
age proportional to the engine revolutions is applied to 
a differentiating circuit 105 for detecting the voltage V, 
which is produced in response to the acceleration and 
deceleration of the engine. 

It is possible to detect the temperature change in the 
cylinder by means of the thermistor 106 directly in the 
form of voltage variations, which are amplified by the 
amplifier 107 to produce a voltage V8 proportional to 
the temperature. As to the engine load, an AC voltage 
proportional to the load is produced by the differential 
transformer 108 excited as above, and this AC voltage 
is rectified by the rectifier 109 for producing a DC volt 
age proportional to the load. 

In this way, the engine revolutions W., engine acceler 
ation or deceleration dN/dt, engine combustion cham 
ber temperature T and load X are obtained in the form 
of output voltages V, V2, Va and V4 respectively, 
which are operated in the operational unit 110 to ob 
tain the output voltages V10, V20, Vao and V40 
representing the above-described control factors re 
spectively. These voltages are applied to the adder 120 
where they are added together and then applied to the 
comparator 130 where the sum V is identified. In the 
event of V being larger than zero, a voltage is applied 
to the electromagnetic suction valve 42a to open the 
same, whereupon fuel is supplied to the hydraulic 
chamber 43 thereby advancing the piston 25 in a for 
ward angular direction, whereas if V is smaller than 
zero, a voltage is applied to the electromagnetic drain 
ing valve 42b to open the same, whereupon the fuel in 
the hydraulic chamber 43 is drained thereby actuating 
the piston 25 in such a direction as not to advance the 
same in a forward angular direction. 
The controlling of the injection time in the above 

mentioned manner permits not only the phase angle to 
be advanced in order to secure the engine power pro 
portional to the engine revolutions as in the conven 
tional method, but the injection time to be delayed by 
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6 
detecting the high rate of engine acceleration in order 
to reduce the noise of engine combustion and control 
undesirable exhaust which results from the increase in 
combustion temperature. Further, by detecting the en 
gine load and delaying the injection time under partial 
load condition, it is possible to reduce combustion 
noise. Also, when the combustion temperature is ab 
normally high, undesirable exhaust can be reduced by 
delaying the injection time. Thus it is possible to obtain 
an automatic injection time regulator which makes pos 
sible fuel to be injected in the most appropriate timing 
taking into consideration the engine output, noise and 
exhaust. 

Instead of the two electromagnetic valves 42a and 
42b for suction and draining respectively provided in 
the above-described embodiment for operation of the 
piston 25, a single electromagnetic valve may be em 
ployed as shown in FIG. 2. Also, as an alternative 
method to operate the piston 25, the servo motor M 
may be used for the mechanical operation thereof as 
shown in FIG. 5. Of course, the electromagnetic valves 
may be replaced by such a control element as a servo 
valve. 

It will be understood from the above description that, 
according to the present invention, such control factors 
as revolutions N, load L, temperature T and accelera 
tion of revolutions a are introduced into the controller 
C, the output of which is used to actuate the servo 
motor M or the electromagnetic valve V in order to 
change the time at which fuel starts to be injected. Ac 
cordingly, in view of the fact that miniature electronic 
equipment can be manufactured with relative ease at 
present, the invention makes the whole device more 
compact and makes possible a better response than if 
a fluid is used to perform control operations mechani 
cally as in the conventional devices. 
What is claimed is: 
1. A fuel injection device for an internal combustion 

engine having a pump means for injecting high pressure 
fuel into each engine cylinder, a pump driving means 
connected with said engine for driving said pump 
means by said engine and a connecting means provided 
between said pump means and said pump driving 
means for connecting said pump means with said pump 
driving means to be able to change the relative position 
of the pump driving shaft to the engine crank shaft so 
as to change the fuel injection timing of said pump 
means comprising: 
detector means installed in said engine for detecting 

at least three engine parameters including the num 
ber of revolutions of the engine, the actual combus 
tion temperature in the cylinder and the accelera 
tion of the engine as measured by the rate of 
change of engine revolutions with time and for pro 
ducing electrical signals representing said engine 
parameters; 

a controller coupled with said detector means for 
performing logical operations on the output signal 
of said detector means and for producing an output 
signal when the total value of said engine parame 
ters meets a predetermined value; and 

means connected with said connecting means and 
said controller for driving said connecting means so 
as to change said relative position of said pump 
driving shaft to said engine crank shaft, thereby 
changing said fuel injection timing. 



7 
2. A fuel injection device for an internal combustion 

engine as defined in claim 1 wherein said connecting 
means comprises a first screw formed at one end of said 
pump driving shaft, a second screw formed at one end 
of a drive shaft connected with said engine crankshaft, 
a nut engaged with said first and second screws for 
changing the relative position of said pump driving 
shaft to said drive shaft by the axial movement thereof, 
a piece engaged with said nut and provided with teeth 
on one side thereof for driving said nut axially, a worm 
engaged with said teeth for driving said piece axially, 
and an electric motor connected with said controller 
for driving said worm in response to the output signal 
of said controller. 

3. A fuel injection device for an internal combustion 
engine as defined in claim 1 wherein said pump means 
is a distributor type; said connecting means has at least 
a rotatable roller holder for changing the fuel injection 
timing, and said driving means comprises a piston bi 
ased by a spring and connected with said roller holder, 
a fluid chamber formed on one side of said piston and 
connected with a suction passage and a drain passage 
for moving said piston by the fluid therein, a first elec 
tromagnetic valve installed at said suction passage for 
charging the fluid into said fluid chamber in response 
to the output signal of said controller and a second 
electromagnetic valve installed at said drain passage for 
draining the fluid from said fluid chamber in response 
to the output signal from said controller. 

4. A fuel device for an internal combustion engine as 
defined in claim 1 wherein said pump means is a dis 
tributor type, said connecting means has at least a ro 
tatable roller holder for changing the fuel injection tim 
ing; and said driving means comprises a piston biased 
by a spring and connected with said roller holder, and 
an electric motor whose shaft is connected with said 
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piston for driving said piston in response to the output 
signal of said controller. 

5. A fuel injection device for an internal combustion 
engine as defined in claim 1 wherein said pump means 
is a distributor type; said connecting means has at least 
a rotatable roller holder for changing the fuel injection 
timing; and said driving means comprises a piston bi 
ased by a spring and connected with said roller holder, 
a fluid chamber formed on one side of said piston and 
connected with a suction passage and a drain passage 
for moving said piston by the fluid therein, and an elec 
tromagnetic valve installed at either of said pipes for 
transferring the fluid in said fluid chamber in response 
to the output signal of said controller. 
6. A fuel injection device for an internal combustion 

engine as defined in claim 1 wherein said detector 
means further detects engine load and produces an 
electrical signal representing the engine load. 

7. A fuel injection device for an internal combustion 
engine as defined in claim 2 wherein said detector 
means further detects engine load and produces an 
electrical signal representing the engine load. 

8. A fuel injection device for an internal combustion 
engine as defined in claim 3 wherein said detector fur 
ther detects engine load and produces an electrical sig 
nal representing the engine load. 

9. A fuel injection device for an internal combustion 
engine as defined in claim 4 wherein said detector fur 
ther detects engine load and produces an electrical sig 
nal representing the engine load. 

10. A fuel injection device for an internal combustion 
engine as defined in claim 5 wherein said detector fur 
ther detects engine load and produces an electrical sig 
nal representing the engine load. 
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