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ABSTRACT 

An acceleration device adapted for incorporation into an au 
tomobile fuel injection system so as to provide for an instan 
taneous increase in the quantity of injection fuel supplied to 
the individual cylinders. A throttle valve position detector or 
intake pressure sensor is adapted to detect the driver's effort 
to effect acceleration. An acceleration signal generating cir 
cuit is connected to the throttle valve position detector or in 

(57) 

take pressure sensor, so that upon detection of the driver's ef 
fort the circuit generates a first and second acceleration 
signals. The first acceleration signal is supplied to an injection 
valve actuation circuit so as to energize the injection valve, 
thereby providing an enriched air-fuel mixture for accelera 
tion. The second acceleration signal is applied to a computing 
circuit to increase the width of an injection pulse signal 
generated thereby. The increase in the width of the injection 
pulses also causes the increase in the quantity of injection fuel 
supplied to the cylinders. The acceleration signal generating 
circuit may include a low temperature compensating unit 
comprising a thermistor and adapted to further enrich the air 
fuel mixture for acceleration during the warming-up process. 
A starting injection valve may be actuated for acceleration 
purposes in response to the first acceleration signal. 

7 Claims, 16 Drawing Figures 

NG NE TEMPERATURE 

ACFUATON 
CIRC   

  

  

  

  



3,673,989 PATENTEDJULT4 1972 

SHEET 01 OF 13 

as 
CN 

WAVAwww.wawww. 

Aal 

Zl 

un 

SR 

Crs 

5 

O HS, 
NVENTORS 

y , Tokuchi 164 
EY 

Yasuo M24 (43 IMA, Sh16AD Aout MosuzI mura 

  

    

  



PATENTED JUL 4 1972 3, 673,989 
SHEET O2 OF 13 

NVENTORS 

1 so wA K A31?t, SH 6-R D 40A0, V0 B421 mawa KA, Tokui CMI pe. ycloped A70H 

At TORN 

  



PATENTED JUL 4 1972 3,673,989 
SHEET O3 OF 13 

s 
SN 

NVENTORS 

Suo waka Jiana, Shiged a ow0 v06 42.1 mAAA, to kille Hi Iwa 6AAIXu Zord a roy 
BY 9 2 

ATTOREY 

  



PATENTED JUL 4 1972 3, S73,989 
SHEET O. Of 13 

Avg. 6 

THROTTLE WAVE POSITION 

(O) 

VELOCITY OF THROTTLE 295 
MOVEMENT (b) - 1zis s 

SECOND ACCELERATION SIGNAL 1 S 
(d) 

NJECTION VAL VE 
DISCRIMINATION SIGNAL 
ASSOCATED WITH THE 
FiRST AND THIRD 

(e) 

59 16 NJECTION VALVE 
FIRST AND THIRD CYLNDERS) 

(f) 

NJECTION VALVE 58 6O 
(SECOND AND 
FOURTH CYLINDERS ) (AA ? (g) 

NVENTORS 

Yasuo 0. KAJ1 mA, SAIGeo aoud Oober 2 pm 4 R4, for IC AI lea&4 I, WKlip A Toh 
BY 

ATTORN 

  



PATENTED JUL 4 1972 3, 673,989 
SHEET OS OF 13 

NVENTORS 

Yasu O AA KASIM SIGA D 4000 to Buzz piawa-ka, Tokitle I ra, Y. A. Afto 

AORN 

  



PATENTED JUL 4 1972 3, S73,989 
SHEET Os QF 13 

X 

5 
2 

8 
S. I 

CN 
O -- 

O) sists 
C 

R ... i - 
N - C 

l P 99 gto 
2 3 95 
5 i F. is of 3 2 . Si 

NVENTORS 

YASD 0, Kajimas IGA oadwg wosu 21 mAaja KA, Tok uzevi Ava GA K1, KIKOFroh BY 

ATTORN.Y 

  



PATENTED JUL 4 1972 3, S73,989 

SHEET 07 OF 13 

- 
aq 

r s 2 
Ol 2 

N. C. CN 
NO NN. o 
No 

to J 
O) 
Q 

O n 
no - 

NO 
Q 

NR, 
CO 
Q 

Q 

Cy 
C --- 
--- Q 

O 
C\ 

o 
- 

Ps s 

NVENTORS 

YAS, O 04 KAJIA, Syro &D 4000, Mo B. z. I mA wa ka , 7 or I c. I JAA&a (Yu RO ETOf 
BY s K 

ATOR 

  



PATENTEDJJ 4 C2 3. S73,989 

SHEET 08 OF 13 

A79. // 

NVENTORS 

Yasud AKAJIAA, SHIGAD AOA)0 as wz. I maka, fox ulci Javasa Iyer Hiro e row BY t 
ATTORN 



PATENTEDJUL 4 1972 3, S73,989 
SHEET O9 OF 13 

A79. /2 

THROTTLE WALVE POSITION 
(O) 

TIME DERVATIVE OF INTAKE 
MAN FOLD PRESSURE 

INPUT TO TRANSISTOR 65 76 

(c) 4S 

------ 
OSCLLATION WAVEFORMS 
OF ASTABLE MULTIVIBRATOR 
8 (d) 

t -- 

NVENTORS 

Yasuo wakajima, shief o Aood wo buzr naux4, for uteria A, Yu'fire Fo 
N ATT 

  



3, S73,989 PATENTED JULT4 1972 
SHEET 10 OF 13. 

2 / 6/-/ 

NVENTORS 

foll Yasuo 04 Asrana, sare foa ovo, UoB4 2 r mara, 

  

  



PATENTEDJUL4 1972 3, 673,989 
SEET 11 OF 13 

A77. /4 
THROTTLE WALVE POSITON 

(O) Z 
t - 

T ME DERVATIVE OF INTAKE 
MAN FOLD PRESSURE 

(b) A \ -a-m-mamm-mm-mmasam 

NPUT TO TRANSISTOR 65 176 

(C) 4-is - 

OUTPUT OF ASTABLE 
MULTIVBRATOR 

(d) 

19 |92 SECONO ACCELERATION A. 
SGNAL (e) 

e 

NJECTION WAVE 
OISCRIMINATION SGNAL 

(f) 

NJECTION WAVE 193 93 
(SECOND AND FOURTH (ii s 
CYLNDERS) (g) 

NJECTION WAVE 93 93 (FIRST AND THIRD s 
CYLINDERS) 

NVENTORS 
Yasuo 44 km 3LWnswig fo alou wose 2 Mava a rokuro II of eart, AAIKOA/OA 

BY 

ATION 

  



3, 673,989 PATENTEDJUL4 1972 
12 OF 13 SHEET 

Q/ 6/-/ 

55 LInOJIO Ill WHOS 

NVENTORS 

4 K1, 

A 

Y S 40 on Raj InA,sh IGeo advo, wobu zi mawa A, Khed affod 

TOR 

BY 
7 outler Mag. 

  



PATENTED JUL. 4 372 3, 673,989 

SHEET 13 OF 13 

A767. /6 
THROTTLE WALVE POSITION 

(O) 

NPUT TO SCHMTT 2O5 
CIRCUIT 66 1rs (b) s 

OUTPUT OF MULTIVBRATOR 

8. (C) s E : s 
NJECTION VALVE 
DSCRM NATION SIGNAL 

(d) 

NJECTION VALVE 2O6 
FIRST AND THIRD 
CYLINDERS) (e) 

In 
NJECTION VALVE 2O6 2O6 
(SECOND AND FOURTH 
CYLINDERS)(f) 
SECOND ACCELERATION 
SIGNAL (g) 1s 

s s s s s STARTING NJECTION 
VALVE (h) 

STARTNG NJECTION 
WALVE ( ) 

STARTING INJECTION 
WALWE (j) 

NVENTORS 

Yasuo was RA3 Ima, SHIGEO A. Owdavo Buzi Awa-KA, TOK 4 ICHI I UAg Akiyu IHI. A To H 
BY 

AORN 



3,673,989 
1 

ACCELERATION ACTUATING DEVICE FORFUEL 
NJECTIONSYSTEM 

This invention relates generally to a fuel injection system for 
a multicylinder internal combustion engine and more particu 
larly to an acceleration actuating device adapted for incor 
poration into such a system as to provide for an instantaneous 
increase in the quantity of injection fuel supplied to the in 
dividual cylinders. 

For acceleration, it is necessary to provide an increased 
supply of fuel to the cylinders. An improper air-fuel ratio dur 
ing acceleration will cause a misfire or irregular combustion, 
resulting in the failure to effect desired acceleration. In a con 
ventional carburettor-type fuel supply system, an accelerator 
pump is employed which temporarily enriches the air-fuel 
mixture for acceleration by supplying additional fuel when the 
throttle valve is turned to the "open" position by an accelera 
tion controlling member. This invention provides for a fuel in 
jection system an acceleration device, which functions to in 
stantaneously increase the amount of injection fuel in 
response to detection of the driver's effort for effecting ac 
celeration, thereby to provide a temporary increase in the 
quantity of injection fuel supplied. 
According to this invention, there is provided an accelera 

tion actuating device adapted for use in a fuel injection system 
of a motor vehicle, comprising means for detecting the 
driver's effort to effect acceleration, means connected to the 
first named means to generate a first acceleration signal, 
means responsive to the first acceleration signal to increase 
the quantity of injection fuel supplied to the individual cylin 
ders, means connected to the first named means to generate a 
second acceleration signal, and means responsive to the 
second acceleration signal to increase the width of an injec 
tion pulse signal generated by a computing circuit thereof. 

It is, therefore, an object of this invention to provide an ac 
celeration device adapted to provide a temporary increase in 
the quantity of injection fuel supplied during acceleration. 

It is another object of this invention to provide an accelera 
tion device having a throttle valve position detector which de 
tects the driver's effort to effect acceleration. 

It is a further object of this invention to provide an accelera 
tion device employing an intake manifold pressure sensor 
which functions not only to transmit a signal indicating intake 
manifold pressure to a computing circuit of the fuel injection 
system but also to sense sudden changes in the intake manifold 
pressure caused by the driver's effort to effect acceleration. 

It is still a further object of this invention to provide an ac 
celeration device which provides for a marked increase in the 
quantity of injection fuel supply for acceleration before the 
engine has warmed up to a normal operating temperature. 

It is yet another object of this invention to provide an ac 
celeration device which actuates a starting injection nozzle to 
cause a discharge of fuel therefrom for acceleration purposes. 

IN THE ACCOMPANYING DRAWINGS 

FIG. 1 is a schematic diagram of a fuel injection system hav 
ing an acceleration device constructed in accordance with one 
embodiment of this invention; 

FIG. 2 is a schematic diagram of a potentiometer-type throt 
tle valve position detector employed in the acceleration 
device of FIG. 1; 

FIG. 3 is a schematic diagram of an oscillator-type throttle 
valve position detector; 

FIGS. 4(a) and (b) are schematic diagrams of a piezo-elec 
tric throttle valve position detector; 

FIG. 5 is a circuit diagram of an acceleration signal generat 
ing circuit shown in FIG. 1; 

FIGS. 6(a) to (g) illustrate the time relationships between 
throttle valve position, velocity of throttle movement and oc 
currence of various signals at different points of the accelera 
tion device; 

FIG. 7 is a schematic diagram of an intake pressure sensor 
connected to the intake manifold by means of a conduit; 
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2 
FIG. 8 shows a circuit diagram of a computing circuit of 

FIG. ; 
FIG. 9 shows a circuit diagram of an injection valve actua 

tion circuit of FIG. 1; 
FIG. 10 is a modification of the computing circuit employed 

in the fuel injection system of FIG. 1; 
FIGS. 11(a) to (f) are diagrams explaining the operation of 

the computing circuit of FIG. 10; 
FIGS. 12(a) to (d) are diagrams explaining the operation of 

the acceleration device; 
FIG. 13 is a modification of the acceleration signal generat 

ing circuit having a low temperature compensating property; 
FIGS. 14(a) to (h) are diagrams explaining the operation of 

the acceleration signal generating circuit of FIG. 13; 
FIG. 15 is another modification of the acceleration signal 

generating circuit which is adapted to actuate a starting injec 
tion nozzle for acceleration purposes; and 

FIGS. 16(a) to (j) are diagrams explaining the operation of 
the acceleration signal generating circuit of FIG. 15. 

Referring to the drawings and more particularly to FIG. 1, a 
fuel injection system having an acceleration device according 
to one embodiment of this invention is shown. In FIG. 1, nu 
meral 10 designates a throttie valve adapted to be turned in an 
intake air passage 11 to allow more or less air to flow 
therethrough. The air passage 11 communicates with an in 
take manifold 12 mounted on the side of a cylinder block 13. 
A fuel injection nozzle 14 is mounted in the intake manifold 
13 to discharge fuel thereinto in a sprayed form. While the 
fuel injection nozzle 14 is shown as located in the intake 
manifold, it is to be understood that the nozzle 14 could 
equally well be located downstream of the throttle valve 10 to 
discharge directly into the individual cylinders of the engine. 
Although not shown, a pump is adapted to deliver fuel under 
pressure from a fuel reservoir to a pressure regulator which 
controls the pressure of the fuel supplied to the nozzle 14. The 
fuel spurting from the pressure regulator is conducted to the 
nozzle 14 which is controlled by an injection valve 15. In the 
following description, a 4-cylinder engine is considered em 
ploying the firing order of 1-3-4-2 cylinders. 
The throttle valve 10 is operatively associated with an ac 

celerator pedal 16 in the driver's compartment through a 
mechanical linkage 17. A throttle position detector 18 is 
operatively associated with the accelerator pedal 16 so as to 
produce a d.c. voltage dependent on the position of the throt 
tle valve 10. FIG. 2 diagrammatically shows one such example 
of the throttle position detector 18 which is of potentiometer 
type having a sliding contact 19 that slides back and forth on a 
resistance 20 as the throttle valve 10 is tilted. The resistance 
20 has its one end 21 connected to a constant d.c. voltage 
source such as a battery and the other end thereof 22 being 
grounded. The d.c. voltage dependent upon the throttle valve 
position is derived from the sliding contact 19. 

FIG. 3 diagrammatically shows another embodiment of the 
throttle valve position detector 18. The left-hand halfportion 
of the circuit as shown having a transistor 23, includes an 
oscillation circuit having a fixed oscillation frequency. The 
output of the oscillation circuit is fed to a d.c. conversion cir 
cuit having a transistor 24 through two inductively coupled 
coils 25 and 26, Situated between the two inductance coils 25 
and 26 is a shielding plate 27 which is operatively associated 
with the accelerator pedal 16 in such a manner as to give 
minimum shielding when the accelerator pedal 16 is fully 
depressed, that is, the throttle valve is fully open. Thus, a d.c. 
voltage which depends upon the throttle valve position is 
derived from an output terminal 28 of the conversion circuit. 
FGS, 4(a) and (b) illustrate a further embodiment of the 

throttle valve position detector 18 employing a piezo-electric 
element 30. As shown in FIG. 4(a), the piezo-electric element 
30 is secured to the tip portion of a lever 31 which is not at 
tached to a throttle valve shaft 32. Another lever 33 is 
mounted on the throttle valve shaft 32 for rotation therewith 
and carries a projection 34 in opposed relationship to the 
piezo-electric element 30. When the accelerator pedal 16 is 
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depressed, the throttle valve shaft 32 rotates in a counter 
clockwise direction as seen in FG, 4(a), causing the projec 
tion 34 to exert a pressure on the piezo-electric element 30. 
FIG. 4(b) shows an electrical connection of the piezo-electric 
element 30. One electrode formed on one surface of the 
piezo-electric element 30 is grounded as shown at a portion 35 
and the other surface electrode 36 is connected to an output 
terminal 37 by way of a diode 38. A capacitor 39 is connected 
between the output terminal 37 and ground. Upon accelera 
tion a force F is applied onto the surface of the piezo-electric 
element 30, generating a positive voltage at the output ter 
minal 37. 
Turning back to FIG. 1, the d.c. voltage signal dependent 

upon the degree of opening of the throttle valve is supplied to 
an acceleration signal generating circuit 40, the function of 
which is to generate first and second acceleration signals when 
the circuit 40 detects the accelerative throttle valve move 
rter, 

The fuel injection system as shown in FIG. 1 includes an en 
gine driven triggering device 41 which is incorporated in a 
conventional ignition distributor housing (not shown). The 
engine driven triggering device 41 comprises a cam 42 
mounted on an engine driven shaft 43 and two triggering 
switches 44 and 45 adapted to be alternately actuated by rota 
tion of the cam 42 in dependence on engine speed. The sta 
tionary contacts 46 and 47 of the triggering switches 44 and 
45 are connected to a battery through resistors 48 and 49, 
respectively. Thus, when the cam 42 is rotated by the engine 
driven shaft 43 in dependence on the engine speed, a pulse 
signal having a repetition rate proportional to the engine 
speed is generated at the stationary contacts 46 and 47. The 
pulse signal indicating engine speed is supplied through leads 
50 and 51 to a computing circuit 52 which, in response to the 
engine speed and other engine operating conditions such as in 
take manifold pressure and engine temperature, computes a 
proper pulse width of an injection pulse generated by the com 
puting circuit 52. The injection pulse from the computing cir 
cuit 52 is fed via a lead 53 to an injection valve actuation cir 
cuit 54 and thence to the injection valve 15. The pulse signal 
indicating the engine speed is also applied as an injection valve 
discrimination signal to the injection valve actuation circuit 54 
via leads S5 and 56. 
FIG, 5 shows the acceleration signal generating circuit 40 

according to one embodiment of this invention. In FIG. 5, nu 
meral 60 designates an input terminal of the circuit 40 to 
which terminal is applied the d.c. voltage dependent upon the 
throttle valve position. The input terminal 60 is connected to a 
differentiator 61 consisting of a capacitor 62 and a resistor 63, 
the point between which is connected via a resistor 64 to the 
base of a transistor 65 which forms part of a Schmitt circuit 
66. The base of the transistor 65 is connected via a resistor 67 
to a bus line 68 connected to a battery and is also connected to 
ground via a resistor 69. The transistor 65 has its collector 
connected to the bus line 68 via a resistor 70 and its emitter 
grounded via a resistor 71. The collector of the transistor 65 is 
also connected to the base of a transistor 72 through a parallel 
connection of a capacitor 73 and a resistor 74. The base of the 
transistor 72 is grounded by way of a resistor 75. The 
transistor 72 has its collector connected to the bus line 68 via 
a resistor 76 and its emitter grounded by way of the resistor 
71. The function of the Schmitt circuit 66 is to compare an 
input voltage with a predetermined voltage level and to 
thereby generate an output signal when the input voltage is 
above the predetermined level. The output of the Schmitt cir 
cuit 66 is applied to a switching transistor 77 by means of a 
voltage divider consisting of two resistors 78 and 79. The 
transistor 77 has its emitter grounded and its collector con 
nected to the emitter of a transistor 80 which forms part of an 
astable multivibrator 81. The transistor 80 has its collector 
connected to the bus line 68 via a resistor 82. The collector is 
also connected to the bus line 68 through a capacitor 83 and a 
resistor 84, a point between the capacitor 83 and resistor 84 
being connected to the base of still another transistor 85. The 
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4 
transistor 85 has its collector connected to the bus line 68 via 
a resistor 86 and its emitter directly grounded. The collector 
of the transistor 85 is also connected to the bus line 68 
through a capacitor 87 and a resistor 88, a point between the 
capacitor 87 and resistor 88 being connected to the base of 
the transistor 80. The first acceleration signal of the circuit 40 
is derived from the collector of the transistor 85. 
The collector of the transistor 72 is connected via a lead 89 

to a resistor 90 which in turn is connected to the base of a 
transistor 91. The transistor 91 has its collector connected to 
the bus line 83, the base thereof being grounded via a resistor 
92. The emitter of the transistor 91 is connected to an integra 
tor consisting of a resistor 93 and a capacitor 94. A point 95 
between the resistor 93 and capacitor 94 is grounded by way 
of a resistor 96 and is also connected to the base of a transistor 
97 by way of a resistor 98. The transistor 97 has its collector 
connected to the bus line 68 and its emitter connected to 
ground via a resistor 99. The second acceleration signal of the 
circuit 40 is obtained from the emitter of the transistor 97. 
The input terminal 60 of the acceleration signal generating 

circuit 40 is also connected to a differentiator consisting of a 
capacitor 100 and a resistor 101 which is in turn connected to 
the bus line 68. The output of the differentiating circuit is con 
nected to the base of a transistor 102 whose collector is con 
nected to the bus line 68 via a resistor 103, the emitter thereof 
being grounded. The collector of the transistor 102 is also 
connected via a resistor 104 to the base of a transistor 105 
having its emitter grounded. The collector of the transistor 
105 is connected to the point 95 between the resistor 93 and 
capacitor 94. 

In the operation of the acceleration signal generating circuit 
40 shown in FIG. 5, the d.c. voltage signal dependent upon the 
throttle valve position is supplied from the throttle valve posi 
tion detector 18 (FIG. 1) to the input terminal 60 of the cir 
cuit 40 and is then applied to the differentiator 61 consisting 
of the capacitor 62 and the resistor 63. When the throttle 
valve position is changed as shown in FC, 6(a), the velocity of 
throttle valve movement varies as shown in F.G. 6(b), so that 
a d.c. voltage proportional to the velocity is generated by the 
differentiator 61 and is applied to the base of the transistor 65. 
When the d.c. voltage is below the threshold level of the 
Schmitt circuit 66, the transistor 65 is nonconductive and the 
transistor 72 is conductive. Therefore, there is no output 
signal at the output of the Schmitt circuit 66. When the d.c. 
voltage reaches the threshold level the transistor 65 is 
rendered conductive, causing the transistor 72 to stop con 
ducting. Therefore, the potential at the collector of the 
transistor 72 rises, rendering the transistor 77 conductive. 
This starts the oscillation of the astable multivibrator 81. As 
shown in F.G. 6(c), the multivibrator 81 continues to oscillate 
while the transistor 77 remains conductive, that is, when the 
d.c. input voltage applied to the input of the Schmitt circuit 66 
is above its threshold level. The oscillation output of the asta 
ble multivibrator 81, that is, the first acceleration signal is 
derived from the collector of the transistor 85 and is applied to 
the following injection valve actuation circuit 54 by means of 
a lead 106 (shown in FIG. ). 
The output of the Schmitt circuit 66 is also applied to the 

base of the transistor 91 by means of the lead 89 and the re 
sistor 90. Thus, when the input voltage of the Schmitt circuit 
66 rises above the threshold level, the transistor 91 is rendered 
conductive, establishing a current path through the resistor 93 
and capacitor 94. Once the current path is established, the 
capacitor 94 begins to charge, causing the potential at the 
point 95 to build up. The increasing voltage signal is amplified 
by the transistor 97. When the d.c. input voltage of the 
Schmitt circuit 66 falls below the threshold value, the 
transistor 91 stop conducting, cutting off the current path 
through the resistor 93 and capacitor 94. It follows that the 
capacitor 94 commences to discharge by way of the resistor 
96, causing a reduction in the potential at the point 95. The 
voltage wave form obtained at the emitter of the transistor 97 
has the character as shown in FIG. 6(d). This output signal or 
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second acceleration signal is supplied to the computing circuit 
52 so as to responding increase the width of the injection 
pulse. The transistor 102 is normally conducting because the 
base thereof is connected to the bus line 68 by way of the re 
sistor 101. When the throttle valve is tilted to the "closed' 
position for deceleration, a negative-going pulse is applied to 
the base of the transistor 102, causing it to stop conducting. 
With the transistor 102 nonconductive, the transistor 105 is 
rendered conductive to connect the point 95 to ground, 
thereby discharging the capacitor 94 instantaneously. This 
prevents the second acceleration signal from widening the in 
jection pulses. 

FIG. 7 diagrammatically shows an intake manifold pressure 
sensor 110 which is adapted to transmit a signal indicating in 
take manifold pressure to the computing circuit 52. The in 
take pressure sensor 110 includes a housing 111, two bellows 
112 accommodated therein, an iron core 113 attached to the 
bellows 112 for axial movement therewith and two inductively 
coupled coils 114 and 115. The housing 111 is communicated 
with the intake manifold 12 by means of a conduit 116. The 
bellows 112, which contain gas at a constant pressure, expand 
and contract, depending upon the intake manifold pressure, to 
move the iron core 113 axially. 

FIG. 8 shows one example of the computing circuit 52 in 
cluding the two inductively coupled coils 114 and 115 of the 
intake manifold pressure sensor 110 of FIG. 7. The input ter 
minal 117 of this circuit S2 is connected to one of the stationa 
ry contacts 46 and 47 of the engine driven triggering device 
41, so that the pulse signal indicating engine speed triggers or 
energizes the circuit 52. Connected to the input terminal 117 
is a capacitor 118 which in turn is connected to a bus line 119 
via a resistor 120 and to ground via a resistor 121. The capaci 
tor 118 is also connected to a diode 122 which is polarized in 
such a direction as to allow only a negative-going pulse to be 
transmitted therethrough. The diode 122 is connected to a 
blocking oscillator including two inductively coupled coils 
14 and 15 and a transistor 123. One of the coils 114 has its 

one end connected to the bus line 119 via a resistor 124, the 
other end thereof being grounded via a resistor 125. 
The other coil 115 has its one end connected to the bus line 

119 via a resistor 126 and the other end connected to the col 
lector of the transistor 123, the emitter thereof being 
grounded. The base of the transistor 123 is connected to the 
other end of the coil 114 by way of a capacitor 127 and a re 
sistor 128. The output of the blocking oscillator is derived 
from the collector of the transistor 123 and is applied to an 
amplifying transistor 129 by way of a resistor 130. The 
transistor 129 has its collector connected to the bus line 119 
via a resistor 131 and its emitter grounded. The output of the 
computing circuit 52 in the form of square pulses, that is, an 
injection pulse signal is derived from the collector of the 
transistor 129 and is then applied to the following injection 
valve actuation circuit 54. The computing circuit 52 also in 
cludes a transistor 132 having its emitter connected to the bus 
line 119 via a resistor 133 and its collector grounded. The base 
of the transistor 132 is connected to the emitter of the 
transistor 97 of the acceleration signal generating circuit 40 
(shown in FIG. 5) by way of a resistor 134. The collector of 
the transistor 132 is connected to a diode 135 which in turn is 
connected to the one end of the coil 115. The emitter of the 
transistor 132 is directly grounded. Operation of the comput 
ing circuit 52 is such that each time a pulse signal indicating 
the engine speed triggers the blocking oscillator it generates a 
pulse signal, the width of which is determined by the engine 
speed and intake manifold vacuum. When the throttle valve is 
moved to "open" position for acceleration, the acceleration 
signal generating circuit 40 produces the second acceleration 
signal at the emitter of the transistor 97, which signal is ap 
plied to the base of the transistor 132, causing it to stop con 
ducting. This causes a current flow from the bus line 119 
through the resistor 133, diode 135 and coil 115 to the collec 
tor of the transistor 123, thereby increasing the width of the 
injection pulse generated by the blocking oscillator. 

O 

15 

25 

35 

40 

45 

50 

55 

60 

65 

70 

75 

6 
FIG. 9 is the injection valve actuation circuit 54 of the fuel 

injection system shown in FIG. 1. As shown, this circuit 54 has 
three input terminals 140, 141 and 142 connected to the base 
of a transistor 143, one of which is connected to the output of 
the computing circuit 52, another of which is connected to the 
acceleration pulse generating circuit 40 so as to receive the 
first acceleration signal, and the remaining one of which is 
connected to means for generating a positive-voltage signal 
during the starting and warm-up operation (not shown). The 
transistor 143 has its collector connected to a bus line 144 via 
a resistor 145 and its emitter grounded. The collector of the 
transistor 143 is also connected via a resistor 146 to the base 
of a transistor 147 whose collector is connected via a resistor 
148 to the bus line 144, the emitter thereof being grounded. 
The collector of the transistor 147 is connected to a resistor 
149 which in turn is connected to a transistor 150 at the base 
thereof. The collector of the transistor 150 is connected via a 
resistor 151 to the bus line 144 and the emitter thereof is 
grounded. The collector of the transistor 150 is connected via 
a resistor 152 to the base of a transistor 153 which is different 
in type from the transistors 143, 147 and 150, that is, of the 
PNP-type (as shown). The emitter of the transistor 153 is con 
nected to the bus line 144 and the collector thereof is con 
nected to a resistor 154 which in turn is connected to one end 
of the solenoid 155 associated with, for example, the first and 
third injection valves. The other end of the solenoid 155 is grounded. 
The injection valve actuation circuit 54 has another input 

terminal 156 connected via a resistor 157 to the base of the 
transistor 147. This input terminal 156 is connected to one of 
the stationary contacts 46 and 49 of the engine driven trigger 
ing device 41 so as to receive an injection valve discrimination 
signal associated with the first and third injection valves. The 
discrimination signal has the waveform as shown in FIG. 6(e). 
In operation, when a positive voltage signal is applied at any 
one of the three input terminals 140, 141 and 142 of the cir. 
cuit 54, the transistor 143 is rendered conductive, so that the 
potential at the collector thereof decrease to substantially 
zero. Under such conditions, if the injection valve discrimina 
tion signal is at "O" level, the transistor 147 is kept noncon 
ductive, causing the transistor 150 to conduct. With the 
transistor 150 conducting, the transistor 153 is conducting, so 
that current flows through the transistor 153, resistor 154 and 
solenoid 155. Therefore, the solenoid 155 is actuated by the 
injection valve actuation circuit 54 only when a positive-volt 
age signal is applied at any of the inputs 140, 141 and 142 dur 
ing the time that the injection valve discrimination signal 
remains at O level, as shown in FIG. 6(f). FIG. 6(g) shows the 
manner of actuation of the solenoid (not shown) associated 
with the second and fourth injection valves. 

In FIGS. 6(f) and (g), the pulses shown as hatched are those 
which result from the first acceleration signal; the pulses 
without hatching, as indicated at 158, 159, 160, 161, ..., are 
those which are generated by the injection pulses. As shown, 
the width of the pulses resulting from the injection pulses is 
varied in accordance with the amplitude of the second ac 
celeration signal shown in FIG. 6(d). The increase in the 
number and width of the pulses causes an increase in the dura 
tion of injection, resulting in a temporary increase in the quan 
tity of fuel supply. 

FIG. 10 shows a modification 52' of the computing circuit 
52 employing an intake pressure sensor 170 which functions 
not only to transmit a signal indicating intake manifold 
vacuum to the computing circuit 52' but also to detect a sud 
den change in the pressure which is caused by the driver's ef 
fort to effect acceleration. In this embodiment, the intake 
manifold vacuum, which is most sensitive to changes in engine 
operating conditions and load conditions, is utilized to detect 
the driver's effort to effect acceleration. This circuit is similar 
to that of FIG, 8 except that it further includes two switching 
transistors 17 and 172. The one transistor 171 has its collec 
tor connected to the collector of the transistor 123 and its 
emitter grounded. The other transistor 172 has its collector 
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connected via a resistor 172 to the bus line 119 and its emitter 
connected 173 the base of the transistor 129. The computing 
circuit. 52' has another output terminal 174 connected to one 
end of the inductance coil 115, from which terminal is ob 
tained a signal indicating a sudden change in the intake 
manifold vacuum which is caused by the driver's effort to ef 
fect acceleration. 

FIGS. 11(a) to (f) are diagrams explaining the operation of 
the computing circuit 52' shown in FIG. 10. FIGS. 11(a) and 
(b) represent the waveforms of the trigger signal generated by 
the engine driven triggering device 41. In response to the 
trigger signal, the computing circuit 52 generates an injection 
pulse signal, the width of which is determined by the engine 
speed and intake manifold vacuum, as shown in FIG, 11(c). 
Under normal operating conditions, the pulse width varies 
from about 211,000 to 10/1,000 sec. Thus, the computing 
operation is effected in this circuit for a very short duration 
corresponding to the pulse width. In this embodiment, the in 
take manifold vacuum sensor is adapted to detect the sudden 
change in the intake manifold vacuum during the time other 
than the operating time. To effect the above-described func 
tion, a signal shown in FIG. 11(d) is applied to the bases of the 
two switching transistors 171 and 172. During the operating 
time, a zero voltage, indicated at 175 is applied to the bases of 
the transistors 171 and 172 to keep them nonconductive. 
Upon termination of the operating time, a positive voltage is 
applied to the bases, rendering the transistors 171 and 172 
conductive. With the transistors 171 and 172 conducting, the 
potential at the collector of the transistor 123 drops to zero, so 
that a combination of the resistor 26 and inductance coil 115 
continuously detects the intake manifold pressure to generate 
a voltage signal corresponding to the pressure level at the out 
put terminal 74. The output terminal 174 is connected to the 
input terminal 60 of the acceleration signal generating circuit 
40 as shown in FIG.S. FIG, 11(e) represents the change in the 
intake manifold vacuum which is caused by the driver's effort 
to effect acceleration and FIG. 11(f) represents the time 
derivative thereof. 

In the operation of the embodiment shown in FIGS. 10 and 
11, when the throttle is moved to the open direction for ac 
celeration as shown in FIG. 12(a), the time derivative of the 
intake manifold vacuum varies as shown in FIG, 12(b), so that 
a voltage signal, as shown in FIG. 12(c), which is generated by 
the differentiator 61, is applied to the base of the transistor 65 
which forms part of the Schmitt circuit 66. When the voltage 
at the base of the transistor 65 is above the threshold level 176 
of the Schmitt circuit 66, as shown in FIG. 12(c), the 
transistor 72 is rendered nonconductive, keeping the astable 
multivibrator 81 in the oscillating conditions, as shown in FIG. 
12(d). The oscillation output of the multivibrator 81 is fed to 
the injection valve actuation circuit 54. 

In FEG, 13, there is shown another embodiment 40' of the 
acceleration signal generating circuit 40 having a low ten 
perature compensating property. This circuit 40" is different 
from the circuit 40 of FIG. S in that it includes an additional 
temperature compensating unit comprising a thermistor 180 
and a transistor 181. 
The collector of the transistor 181 is connected to the point 

182 between two resistors 183 and 184 which are serially con 
nected between the bus line 68 and the capacitor 87. The 
transistor 181 has its emitter connected to ground via a re 
sistor 185 and its base connected to the bus line 68 via a re 
sistor 186. The thermistor 180 is connected between the base 
of the transistor 81 and ground. The base of the transistor 
181 is also connected to the point 95 between the capacitor 94 
and the resistor 93 by way of a resistor 187 and a diode 188 
which is polarized in a direction to allow only a positive volt 
age signal to be transmitted from the thermistor 180 to the 
point 95. To the base of the transistor 102 is connected two re 
sistors 189 and 189' which in turn are connected to the input 
60 via the capacitor 100. 

In the operation of the acceleration signal generating circuit 
40' shown in FIG. 13, when the engine is still cold during the 
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warm-up operation, the thermistor 180 represents a relatively 
large resistance by which the potential at the base of the 
transistor 181 is increased so that a current flow through the 
resistor 183, the collector-emitter path of the transistor 181 
and the resistor 185 is increased. Consequently, the potential 
at the point 182 drops, with the resulting increase in the width 
of the pulse generated by the astable multivibrator 81, as 
shown by the dark portions 190 of FIG. 14(d). The increase in 
the width of the acceleration pulse causes an increase in the 
quantity of fuel supplied to the individual cylinders, thereby 
improving the engine performance during the warm-up opera 
tion. When the engine has warmed up, the thermistor 180 
represents a relatively small resistance, so that the potential at 
the point 182 rises. The rise in the potential at the point 182 
causes a reduction in the width of the acceleration pulse. 

During the warm-up operation, the relatively high voltage at 
the base of the transistor 181 is applied to the point 95 
between the capacitor 94 and the resistor 93 by way of the re 
sistor 187 and the diode 188. This voltage provides for an in 
crease in the amplitude of the second acceleration signal 
which is derived from the emitter of the transistor 97. In FG. 
14(e), numeral 191 designates the second acceleration signal 
amplified by the low temperature compensating unit; numeral 
192 designates the signal without compensation. The second 
acceleration signal is applied to the computing circuit 52 so as 
to increase the width of the injection pulse. In FIG. 14(g) and 
(h), the dark portions 193 represent the increases in the 
width, which result from the increase in the amplitude of the 
second acceleration signal. 

In FIG. 15, there is shown still another modification 40' of 
the acceleration signal generating circuit which is adapted to 
actuate a starting injection valve for acceleration purposes. As 
shown in FIG. 1, the starting injection valve 200 is mounted in 
the intake manifold 2 so as to discharge additional fuel 
thereinto during starting, thereby facilitating starting of the 
engine. In this embodiment, this starting valve 200 is used to 
increase the richness of the air-fuel mixture during the ac 
celerating operation. In the circuit 40' of FIG. 15, a solenoid 
201 of the starting injection valve 200 is connected between 
the bus line 68 and the collector of a transistor 202. The out 
put of the astable multivibrator 81 is connected to the base of 
a transistor 203 having its collector connected to the bus line 
68 via a resistor 204 and its emitter grounded. The collector of 
the transistor 203 is also connected to the base of the 
transistor 202. Thus, when the multivibrator 81 oscillates, the 
oscillation output is amplified by the transistors 202 and 203 
to energize the solenoid 201. 

In the operation of the embodiment shown in FIG. 15, a 
voltage signal indicating the drive's effort to effect accelera 
tion is applied to the input terminal 60 and is differentiated by 
the differentiator 61. When the differentiated input is above 
the threshold level 205 of the Schnitt circuit 66 as shown in 
F.G. 16(b), it generates an output signal at the collector of the 
transistor 72, which signal in turn is applied to the base of the 
transistor 77 via the resistor 78. During application of the out 
put signal, the transistor 77 remains conductive, causing the 
astable multivibrator 81 to oscillate. FIG. 16(c) represents the 
oscillation output which is utilized to actuate the starting in 
jection valve, as shown in FIG. 16(h). In FIGS. 16(e) and (f), 
the dark portions 206 represent the increase of the pulse width 
which contributes to the second acceleration signal. 

This acceleration signal generating circuit include means 
for varying the width of the oscillation pulse signal. The col 
lector of the transistor 72 is connected to the base of a 
transistor 207 via an integrator consisting of a resistor 20s and 
a capacitor 209. The transistor 207 has its collector connected 
to the bus line 68 via a resistor 210 and its emitter connected 
to ground via a resistor 211. The collector of the transistor 
207 is also connected to the point 212 between the capacitor 
87 and the base of the transistor 80 by way of the resistor 88. 
When the input voltage of the Schmitt circuit 66 exceeds its 
threshold level 205, the circuit generates an output signal hav 
ing a fixed amplitude, which signal is integrated by the integra 



3,673,989 
9 

tor, causing the potential at the base of the transistor 207 to 
build up. The increase in the potential at the base of the 
transistor 207 invites a drop in the potential at the collector 
thereof and accordingly in the potential at the point 212, with 
the resultant gradual decrease in the width of the acceleration 
pulse signal, as shown in FIG. 16(i). An acceleration signal as 
shown in FIG. 16(j), which keeps the starting injection valve 
200 energized while the Schmitt circuit 66 generates its out 
put, is obtained by connecting the collector of the transistor 
72 to the base of the transistor 203, that is, by connecting A to 
A' terminals. 
What is claimed is: 
1. An acceleration actuating device for a fuel injection 

system of an internal combustion engine having a throttle 
valve comprising, in combination, electric means for produc 
ing a voltage signal dependent upon the position of said throt 
tle valve; a first electric circuitry having a switching transistor 
and being electrically connected to said electric means; said 
first electric circuitry being responsive to said voltage signal 
for producing a first acceleration signal; a second electric cir 
cuitry electrically connected to said electric means and to said 
first electric circuitry through said switching transistor, said 
second electric circuitry being responsive to said voltage 
signal and to a signal received from said first electric circuitry 
through action of said switching transistor for producing a 
variable second acceleration signal; a triggering device driven 
by said engine for producing a pulse signal with a repetition 
rate proportional to the speed of said engine; a computer cir 
cuit electrically connected to said triggering device and to said 
second electric circuitry, said computer circuit being respon 
sive to said pulse signal and to said second acceleration signal 
for producing an injection pulse with a width dependent 
thereupon; an injection valve actuating circuit electrically 
connected to each of said computer circuit, said engine driven 
triggering device and said first electric circuitry, said injection 
valve actuating circuit being responsive to said injection pulse, 
to said pulse signal and to said first acceleration signal for 
producing an injection valve actuation signal; said injection 
valve actuation signal from said first acceleration signal being 
separate from the injection valve actuation signal produced by 
said pulse signal and said injection pulse an injection valve 
mounted in an engine intake manifold, and a fuel injection 
nozzle controlled by said injection valve, said injection valve 
being electrically connected to said injection valve actuating 
circuit and responsive to said injection valve actuation signal 
to cause fuel injection into a cylinder of said engine for a 
period of time corresponding to the width of said injection 
valve actuation signal. 

2. An acceleration actuating device according to claim 1, 
wherein said engine has an accelerator pedal which is as 
sociated with said throttle valve, and wherein said electric 
means is an oscillator-type throttle valve position detector and 
includes an oscillation circuit with a fixed oscillation frequen 
cy, the output of said oscillation circuit being coupled to a d.c. 
conversion circuit and the degree of the coupling being varied 
by a shielding plate which moves in response to displacement 
of said accelerator pedal. 

3. An acceleration actuating device according to claim 1, 
wherein said first electric circuitry includes a first differentia 
tor consisting of a first capacitor and a first resistor and receiv 
ing said voltage signal; a Schmidt circuit electrically con 
nected to said first differentiator and an astable multivibrator 
electrically connected to said Schmidt circuit through said 
switching transistor, said astable multivibrator serving to oscil 
late so as to produce said first acceleration signal when said 
switching transistor is rendered conductive by said Schmidt 
circuit. 

4. An acceleration actuating device according to claim 1, 
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10 
wherein said second electric circuitry includes a second dif 
ferentiator consisting of a second capacitor and a second re 
sistor and receiving said voltage signal; a first transistor con 
nected at its base to said Schmidt circuit to receive said signal 
from said first electric circuitry; an integrator circuit consist 
ing of a third capacitor and a third resistor connected in series 
to the emitter of said first transistor; a second transistor con 
nected at its base to said third capacitor and said third resistor, 
said first transistor conducting so as to cause said third capaci 
tor to charge when the input voltage to said Schmidt circuit is 
above its threshold level and when said input voltage is below 
said threshold level, said first transistor being rendered non 
conductive to cause said third capacitor to discharge so as to 
result in variation in the voltage at the emitter of said second 
transistor, the emitter voltage being said second acceleration 
signal, and wherein said second electric circuitry further in 
cludes a third transistor which is normally conducting, said 
third transistor being connected to said second differenciator, 
a fourth transistor connected at its base to the collector of said 
third transistor, at its collector to the base of said second 
transistor and having its emitter grounded, said third transistor 
being rendered nonconductive when said voltage signal ap 
plied to said second differentiator is below a predetermined 
level, whereby said fourth transistor is rendered conductive 
causing instant discharge of said third capacitor. 

5. An acceleration actuating device according to claim 1, 
wherein said computer circuit includes a fourth capacitor con 
nected to said triggering device; a first diode connected to said 
fourth capacitor; a blocking oscillator connected to said 
fourth capacitor; a blocking oscillator connected to said first 
diode; an engine intake manifold pressure sensor commu 
nicating with the intake manifold and adopted to transmit a 
signal indicating intake pressure; a fifth transistor connected 
to said blocking oscillator; and a fifth capacitor on a line con 
necting said diode to said fifth transistor said second accelera 
tion signal being fed to said blocking oscillator through a sixth 
transistor and a second diode to produce an injection pulse 
with a width dependent on intake manifold pressure and 
repetition rate dependent of engine speed. 

6. An acceleration actuating device according to claim 1, 
wherein said injection valve actuating circuit includes seventh, 
eighth and ninth transistors of the same type and a tenth 
transistor of a different type, said seventh transistor receiving 
at its base said injection pulse, said first acceleration pulse, a 
starting and warm-up signal at its collector and said pulse 
repetition rate signal, the collector of said seventh transistor 
being connected to the base of said eighth transistor, the col 
lector of which is connected to the base of said ninth 
transistor, the collector of which is connected to the base of 
said tenth transistor, said seventh, eighth and ninth transistors 
being grounded at their emitters, and a solenoid connected 
between said tenth transistor and ground for causing said in 
jection valve to open for fuel injection for said period of time 
corresponding to the width of said injection valve actuation 
signal. 

7. An acceleration actuating device according to claim 3, 
further including a temperature compensating unit consisting 
of a thermistor for sensing the engine temperature and an 
eleventh transistor connected to said thermistor at the base 
thereof, said eleventh transistor being connected at its collec 
tor to a point between a fourth resistor and a fifth transistor 
connected to the output of said astable multivibrator through 
a capacitor said thermistor having a relatively high resistance, 
when the engine is cold, to increase the potential at the base of 
said eleventh transistor whereby said eleventh transistor is 
rendered conductive to decrease the potential at the point 
between said fourth and fifth resistors for thereby increasing 
the width of the pulse generated by said astable multivibrator. 
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