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1. General Descriptions

The ECD-V4 is a new electronically-controlled distributor-type injection pump, based on the de-
sign of the ECD-V3 but with the incorporation of new mechanisms. The ECD-V4 offers improved
combustion along with highly precise and flexible control of the injection quantity and timing. Major
changes regarding the new mechanisms are the inclusion of an inner cam mechanism, high-
response electromagnetic spill valve and EDU (Electronic Driving Unit), and compensation data

ROM.

ROM (Compensation data)

- Engine -
Fuel injection ]
— Various data
EDU
‘NE signal 1
-Fuel temperature
.Compensation values > ECU AR

QTO089E
sImproved combustion o
Increasing the fuel injection pressure to promote the |
increased atomization of fuel has effectively resulted 1
in reducing gas emissions . 8
@© . . .
= Higher Injection
(&)
b= Pressure
@©
a
Low « Injection — High
Pressure QTO0090E
|
—REFERENCE } _ K ECDV4 in-line pumps
The figure to the right compares the ECD-V4 with < 120
other types of pumps in respect to the injection < ﬂ
pressure. o 100
(The line in the graph indicates the injection pres- é
sures offered by existing pumps.) g 80
5 ECD-V3
s 60F (VE)
o =
c
- OT 1 1 1 1
0 10 20 30 40
Pump Weight (kg) QTO091E
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1-1. Injection Pump Mechanism (ex. 1HD-FTE engine)

Solenoid spill valve (SPV)

- Pulser

Rom (K ( o
i i
Rotor 4@mﬁ$i(i\§’
AN PN
S
Roller

Plunger
Cam ring (inner cam)

Timer piston
Timing control valve (TCV) QT0093E

(1) Inner Cam Mechanism

While the conventional ECD-V3 type pumps, like mechanical pumps, used a face cam mechanism
for fuel plunging, the ECD-V4 uses a newly developed inner cam mechanism to achieve the desired
Injection pressure (approx. 130 MPa). The rollers revolve in the inner circumference of the cam, cre-
ating a reciprocal movement of the plunger and generating high pressure.

——lInner Cam Mechanism —— ——[Face Cam Mechanism b——

~Face cam

Roller

SPV
Face cam

Roller /

QTOO095E, QTO096E
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«Advantages of the Inner Cam

In the face cam mechanism, the rollers slip as shown
on the right. Thus, the face cam mechanism is unable
to withstand high pressure. Meanwhile, the inner cam
mechanism can withstand high pressure because the

rollers only roll, without creating slippage.

(2) High Response Solenoid Spill Valve and EDU
To improve the spill action, the solenoid has been

changed to a high-response type.

Combined further with the use of an EDU, the spill
valve yields a higher speed driveability.

(3) Compensation Data ROM

Like the ECD-V3 (ROM), the ECD-V4 performs in-
jection quantity/timing control using the compensation
values stored in ROM. (The figure to the right shows
an example of the injection quantity mapping data frag-
mented through the use of the compensation values
stored in the ROM.)

-03 -

|
|
Cam i
/ i Slipping
[
— i
, |
Roller i Roller
Cam ring i Roller
Roller i
|
N
V.
|
i Face cam
ECDV4 |  ECD-V3
QTO097E
ECD-V3
Adjusting screw (SPV)
Q
6 correction
resister
C Np
ECD-V4
Q
Np

PS0048E




(4) Hydraulic Circuit

a. The engine turns the injection pump drive shaft that drives the built-in feed pump. The feed pump
sucks the fuel from the fuel tank and feeds it to the feed gallery inside the injection pump. (Feed
gallery pressure: 1.5 to 2.0 MPa)

b. The spill valve opens (SPV: OFF), feeding the fuel into the fuel delivery system (rotor chamber).

c. The spill valve closes (SPV: ON). The fuel contained in the rotor chamber is pressurized by the inner
cam and plunger, which are driven by the drive shaft. The fuel is then plunged through the high
pressure line from the delivery valve to the nozzle, thereby producing a fuel spray.

d. When the spill valve opens (SPV: OFF) and the pressure in the rotor chamber decreases, the
delivery valve closes and injection ends.

A cycle with the above four steps (“a” through “d”) is repeated for each cylinder in the order of the
injection sequence.

Accumulator (absorbs pulsation caused by SPV operations)

SPV
a

b 18l -+— Feed gallery

- Rotor
O d il Delivery

valve
>
Feed pump ~ -
Fuel delivery system Plunger

QTO094E

—REFERENCE |
To decrease the dead volume of fuel passage in the fuel delivery system, the spill valve is offset
from the fuel passage and the fuel is forcibly sucked through the spill valve. This eliminates the
need for an intake port such as in the conventional design and thereby decreases the dead volume.

(5) Cam Ring Mechanism and Function
a. Fuel sucking and pressurizing

Cam ring

Roller

Plunger

| Sucking | | Pressurizing |

QTO099E
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b. Injection timing advance and delay

Injection Timing Advance and Delay

Direction of rotor rotation

(Front of vehicle)

Maximum Delay

QTO100E

2. System Configuration (ex. 1HD-FTE eng
2-1. System Components (on the vehicle)

ine)

/Accelerator sensor

Throttle valve close switch

Intake temp. sensor \

5
R
) o7

[ Intake heater ]

Intake shutter —

=
VSV (EGR) |—~ )

E-VRV (EGR

T

*The enclosed component names indicate
DENSO components.

&

[~}

[ECRvalve | (7 e ol

Turho pressure senso

VSV (Ambient switch)

\
@ ECU

=

U
| . [ Crankshaft position sensor |

Water temp. sensor

QTO092E
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2-2. System Configuration (ex. 1HD-FTE engine)

[eubis

U21IMS LelS [esinaN
10 youms

uomsod Jeab ST

<
—
<
Band

QTO101E
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2-3. System Components

(1) Solenoid Spill Valve (high response type)

The spill valve is installed in the fuel passage between
the feed gallery and pump room. According to sig-
nals from EDU, the spill valve controls the sucking of
fuel into the high pressure system, the injection cutoff,
and the split injection.

Spiral coll
mechanism

(

-

Feed gallery ‘ ||

/ Valve
‘@:chamber

QTO0104E
(2) Engine Speed (NE) Sensor
The NE sensor is mounted on the cam ring and de-
tects the engine speed through the pulser that is
mounted on the drive shaft. Cam ””9\
As with the NE sensor for the ECD-V3, the NE sensor Pulser (13x6)
for the ECD-V4 is positioned in such a way as to pro- ‘
vide independence from the injection timing. The pe- / o pulser
riphery of the 72 gears pulsar has six gaps with three Drive shaft
gears missing at each gap, allowing for detection of a ol WL
cam angle of *3.75 degrees. *360+{(13 x 6)+(3x 6)} el —Timer piston
QTO0106E
Signal Wave Form | Single revolution of injection pump drive shaft |
720 °CA
~ |_Single revolution of crank shaft
360 °CA o
L 4 J
EY : |<— 13 — i Er
QTO0108E
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(3) EDU (Electronic Driving Unit)

a.The ECD-V4 uses an EDU (CDI type high voltage driver) for high speed driving of the electromag-
netic spill valve that works under high pressure. The introduction of high voltage and quick charge
systems using a DC/DC converter enables high speed driving of the spill valve that controls the

high fuel pressure.
b.The ECU constantly monitors the EDU status and stops the engine if an EDU abnormality is de-

tected.

vl [Jt signal wave form vy SPV+ voltage wave form
Approx. 150 == - - -
5 J—I Time / \ Time
— —
0 0

High voltage generation circuit (DC-DC converter)
—————a ey e T

Battery l \\ 4(_% J@PV+

N

ctromagnetic

=7 *

—

spill valve |

Vcl‘} Control
1Jf 2 circuit

T Yo
Ig
iElé
L

QTO0132E

*Particulates: fine particles of various materials (average size 0.1 um) contained in higher quantities in diesel engine
exhaust than in gasoline engine exhaust.

*EDU operation

The battery voltage is boosted to a high voltage by a high voltage generation circuit (DC-DC

converter). The ECU controls the EDU by outputting signal to the EDU’s 1Jt terminal.
The output of the 13t signal causes the high voltage (approx. 150 V) to be output from the SPV+
terminal of the EDU, which drives the electromagnetic spill valve. At this time, the 1Jf terminal

outputs the injection confirmation signal.
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(4) Accelerator Sensor

As with the ECD-V3 (ROM), the ECD-V4 uses a hall
device to detect the throttle valve opening at the ac-
celerator pedal. The accelerator sensor output volt-
age changes with the throttle valve opening. Atthe
same time, the idle switch position (ON/OFF) is refer-
enced in order to find out whether the engine is idling
or not.

The control accuracy is improved by the combination
of two detection systems:

¢ |dle switch and throttle valve close switch
* VA and VAS

5.0

4.0 1

3.0

2.0

Output voltage (V)
’Normal output range‘

1.0+

» % Sensor rotation
angle 6 (degrees)

Output Characteristics QTO0133E

(5) Turbo Pressure Sensor

This sensor detects the intake pressure (absolute
pressure), converts the pressure level into a signal,
and sends it to the computer as the intake pressure
signal. This semiconductor type pressure sensor in-
cludes a crystal (silicon), the electrical resistance of
which changes with the pressure it receives. This
change in the electrical resistance is used for deter-
mining the intake pressure.

*Absolute pressure: pneumatic pressure measured in reference
to that in a vacuum, which is indicated as zero.
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Throttle valve
close switch

Accelerator sensor

QTO110E

Vcce

VA
VAS
¥ IDL
E
QTO111E
Vacuum chamber
Intake pressure
(Turbo)
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(6) Water Temperature Sensor

This sensor includes a thermistor and detects the tem-
perature of the cooling water. The thermistor utilizes a
semiconductor, the electrical resistance of which
changes significantly with temperature. This change
in the electrical resistance is used for determining the
cooling water temperature.

(7) Intake Temperature Sensor

This sensor includes a thermistor having properties
similar to that of the thermistor included in the water
temperature sensor. This sensor is installed in the in-
take pipe of the engine and detects the intake tem-
perature.

(8) Fuel Temperature Sensor

This sensor includes a thermistor having properties
similar to that of the thermistor included in the water
temperature sensor. This sensor is installed on the
injection pump and detects the fuel temperature.

- 100 -

Thermistor

===

Structure PROO75E
30
~ 20
AN
ERMEIN
c>5 3 \\
2 A
1
]
2 os AN
B o3
X 0.2 =
0.1
0 20 40 60 80 100 120
Water Temperature (°C)
Characteristic B6202E
Thermistor
&@i
PROO77E
Thermistor

- — ;%
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(9) Crankshaft Position Sensor

As conventionally done, the crankshaft position sen-
sor is installed on the engine block and generates a
single pulse per single engine revolution, as it detects
a projection on the crankshaft. The pulses generated
by the crankshaft position sensor are called crankshaft
position reference signals.

Crankshaft position
sensor

/ Projection
Cylinder block QTO107E

(10) Timing Control Valve (TCV)

The timing control valve is installed in the fuel injection pump. According to the signals from the engine
control computer, the valve opens/closes the fuel passage between the timer piston high-pressure
chamber side and low-pressure chamber side.

When the coil is energized, the spring is compressed by the moving core, thus the fuel passage
opens.

One end of the timer control valve is connected to the main relay, and the other end is connected to
engine control computer terminal TCV. Current that flows to the stator core is duty-controlled by this
terminal, and as the longer the ON time (time which engine control computer terminal TCV is grounded),
the longer is the length of the valve opening time.

The timing control valve opening is controlled by the ratio of the ON/OFF duration (duty ratio) of the
current supplied to the coil by the computer. Alonger ON duration produces a longer valve opening
duration.

ON  OFF
Moving core o
8 Average current: large
Low-pressure 0 | | | |
chamber | | . |
‘ HE o
o
% —‘ —‘ —‘ —‘ —‘ Average current: small
O
High-pressure . o .
chamber Spring Stator core Time
QTO0131E, PRO095E
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3. Control Functions

3-1. List of Control Functions

Control ltem

Function

Fuel injection quantity
control

Regulates the injection quantity to the quantity deemed optimum ac-
cording to the engine conditions determined by inputs from various
sensors.

Engine torque
control

M/T vehicle: Controls the engine torque when the transmission is shifted
into 1storreversegear. ____________________.|

A/T vehicle: Controls the engine torque when demanded by the ECT-
ECU, typically during a gear shift.

Fuel injection timing
control

Adjusts the injection timing to the timing deemed optimum according
to the engine conditions determined by inputs from various sensors.

Idle speed control

Determines the desirable idling speed according to the engine condi-
tions, and adjusts the fuel injection quantity accordingly to achieve the
desirable idling speed.

Idle speed Detects the engine speed fluctuation at each cylinder, and eliminates
stabilization fluctuations by correcting the injection quantity for each cylinder.
Heater idle-up If the heater switch at the driver’s seat is ON, the idling speed will
control increase while the vehicle is at a stop.

Intake cutoff control

Closes the intake shutter installed upstream on the intake pipe No. 1
when the engine stops in order to reduce vibrations and noise.

Intake heater control

Determines the duration of intake heater activation (pre-heating be-
fore ignition and after-heating after ignition) according to the engine
cooling water temperature.

Split injection control

In extremely cold weather, performs a split injection (two injections
per a single plunge) to facilitate starting and reduce white smoke and
noise.

Water temperature data
output

The ECU outputs the cooling water temperature data to the air condi-
tioner amplifier for air conditioner (compressor) control.

A/C cutoff control (power
heater cutoff control)

Cuts off the air conditioner during acceleration to improve drivability.
With the cold weather specifications, controls the viscous heater as
well.

Under certain travel conditions, circulates a part of the exhaust gas

EGR control back to the intake manifold to slow down combustion and decrease
NOXx emissions.
. . When an abnormality has occurred in the engine control computer
Diagnosis signal system, turns the Check Engine lamp ON.
When an abnormality has occurred in conjunction with a sensor sig-
Fail safe nal, continues the control activities by using the default values stored

in the engine control computer or stops the engine.
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3-2. Fuel Injection Quantity Control

Engine speed (NE) sensor

EDU

Accelerator sensor
n { ﬁ——/ Turbo pressure sensor

/—Intake air temp. sensor
ECU = Water temp. sensor

O N~ Starter signal
N 1st gear position switch*

ROM

Vehicle speed sensor

Fuel temp. sensor

QTO105E

% : With an M/T vehicle, the 1st gear switch activates the power control to protect the drive system during high load
operation.

In general the ECD-V4 determines the injection quantity from the basic and maximum injection

guantities, as done by the ECD-V3 (ROM). With the ECD-V4, however, the spill valve EDU has

been added to the system.

_ _ _ _ _ECU_ _ _ _ _
Accelerator sensor }—|:|_> —|
| ! |Basicfue| injection quantity | I
|Engine speed sensor |
[
: : |
Basic maximum fuel
|Fue| temp. sensor I injection quantity —|_> a
| Select the Correction 5
» .
|Water temp sensor [ A 4 > less value 1 with ROM U
|Max. Fuel Injectio |
Intake air temp. sensor —H 2 i |
| P SPV
|Turbo pressure sensor I I »| Correction |
|ROM |
! - - - - - - - - - - QTO0109E

(1) Split Injection Control
When the engine needs to be started in extremely cold weather (when the water or fuel temperature is
-10°C or less), the ECD-V4 performs a split injection to decrease the starting time and white smoke.
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A single plunger operation normally produces a single
injection (SPV: OFF - ON - OFF). With the split
injection, however, the ECU and EDU produce drive

signals in such a way that two injections can be pro-

duced by a single plunger operation (SPV: OFF -
ON - OFF - ON - OFF).

(2) Maximum Injection Quantity Compensations

eIntake pressure compensation (higher intake pres-
sure - higher injection quantity)

eIntake temperature compensation (higher intake tem-
perature — lower injection quantity)

*Fuel temperature compensation (higher fuel tempera-
ture — higher injection quantity)

*Water temperature compensation (low cooling wa-
ter temperature — higher injection quantity)

*Engine speed compensation control

*ECT control (A/T vehicle)

*Power control (M/T vehicle)

*ROM (individual compensation data)

—REFERENCE |
1. Injection quantity determination method
The injection quantity is changed by controlling the
injection end timing, namely, the electromagnetic
spill valve opening timing.

2. Solenoid valve opening timing

The engine speed sensor is used to determine

the solenoid valve opening timing. The cam angle

that corresponds to the cam lift is determined as
follows:

a. The cam lift is determined by the rotation angle
of the rotor which rotates in one unit with the
pulser, and this rotation is in turn detected by the
engine speed sensor.

b. The rotation angle of the rotor is detected by
the rotation angle of the pulser, which can be
determined from the engine speed sensor sig-
nal output (single pulse per the cam angle of
3.75 degrees).

c. The computer uses the engine speed sensor
signal output to determine the electromagnetic
spill valve opening timing (injection end timing)
by the number of gears and the duration of time
from detection of the pulser gap.

- 104 -

/ | }L_| SPV drive current

Open|CIose | | | SPV operation

—/Mt
S\ nomei

QTO112E

. —Engine speed (NE)
sensor
% Cam ring
Pulser

Drive shaft Rotor

Ii\ Roller

QTO114E

[Injection Start] [Injection End |

Cam lift —T ™~

Reference pulse

mﬂﬂﬂm
Open  :Close: Open
B2 P

Solenoid spill valve |
| Injection
Cylinder A | |
— Camangle

Injection End Control QTO115E




sExample (1HD-FTE engine)

11 12 1 4 7 10 11 12

A A DA
Vv AvAvAvﬂv TRYRVAVATATAYAYS vaS

Injection End

1
|
Close (ON) :
SPV

Open (OFF) - - = -

|
Plunger Lift E
| 1
1
Injection !

QTO116E

3-3. Fuel Injection Timing Control

Engine speed (NE) sensor

Accelerator sensor

% / Turbo pressure sensor
/——f Intake air temp. sensor
ECU |[= Water temp. sensor

‘;——\ Starter signal
‘ 1st gear position switch
> Crank shaft position sensor

ROM

Fuel temp. sensor

Timing control valve (TCV)

QTO113E
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As with the ECD-V3 (ROM), the ECD-V4 determines the duty ratio by comparing the target and

actual injection timings.

|Accelerator sensor

> |Basictargetinjectiontiming

[Engine speed sensor |

Tagetinjectiontiming

LA 4

Correction

|Actua|injectiontiming |

v

Comparison&Correction

Timing control
valve

A

A

| Crankshattposition sensor |

[ROM =

| Turbo pressure sensor |—— :|—>
|
|Water temp. sensor  |——
>
|-
Ld

PS0053E

(1) Injection Timing Compensations

* Intake pressure compensation (low intake pressure -> timing advance)
* Water temperature compensation (low cooling water temperature -> timing advance)
* ROM data compensation (crank angle compensation etc.)

(2) Timing Control Valve Drive Method
Engine speed NE pulse synchronization control (ex-

cept at an engine stall)

(3) Feedback Control

The feedback control is performed over the time-phase

difference (@in the figure) between the actual com-

pression TDC and the injection start point. No signal,
however, directly shows the actual compression TDC
and injection wave form.

The actual injection timing, therefore, is determined

by the following method.

*Determining the actual injection timing:

a. On the engine side, the compression TDC position
has a relationship with the TDC signal from the crank
position sensor.

b. On the pump side, the actual injection timing
has a relationship with the NE pulses from the en-
gine speed sensor.

c. The actual injection timing, therefore, is determined
by calculating the phase difference 61 between the
TDC signal and NE pulses.

*Feedback control:

The TCV duty ratio is controlled so that the actual in-

jection timing matches the target injection timing.
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—{REFERENCE |
Relationship between injection timing and quantity:
The injection timing is controlled by changing the
position of the timer piston and the cam ring con-
nected with it (the position determines the injec-
tion start timing). Since the injection start timing
advances with the injection end timing, the injec-
tion quantity is not affected by changes in the in-
jection start timing. The engine speed sensor is
installed to, and therefore moves with, the cam
ring. Even when the cam ring position is changed,
the relationship between the cam lift and NE
pulses (a relationship that affects the injection
guantity control) remains the same.

Engine speed
sensor
- (mounted on
cam ring)
Pulser(13x6)

[©) ™

4

X W
LY

Drive shaft

PIIIIIIIII7I

“Timer piston

QTO0106E

*Example (1HD-FTE engine)

(TDC)
Actual crank angle signal

11 12 0 1 2 3 4 s5'p

8 9 10 11 12 0

QTO117E
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3-4. ldle Speed Control

Engine speed (NE) sensor

EDU

Accelerator sensor
t ' /—/ Water temp. sensor
Yy~ Vehicle speed sensor
O ECU [= Starter signal

>~ L
Neutral start switch signal

) N\ . e
\ Air conditioning signal

= Power heater switch signal

ROM

1st gear position switch

Fuel temp. sensor

QTO118E
*ex. 1HD-FTE engine

(1) Feedback Control N Engine speed
The computer compares the desirable idling speed Condition M/T AT
and the current speed (by engine speed sensor sig- —
nal). If any difference is found between them, the com-  [N0-10ad idling 600 600
puter adjusts the injection quantity to obtain the desir- |[A/C ON 825 |825(N), 750(D)
able idling speed. Power heater ON | 1200 1200

(2) Warming Up Control
During warm-up, the computer sets a fast idling speed deemed optimum according to the cooling
water temperature.

(3) Expectation Control

To prevent a fluctuation in the idling speed due to a load fluctuation following an A/C switch operation,
the computer changes the injection quantity by a preset amount immediately after the switch opera-
tion but before the idling speed fluctuates.

(4) Power Heater Idle Up Control
If the power heater switch is turned ON and the vehicle is at halt, the ECU controls the spill valve to
increase the idling speed.

3-5. Idle Speed Stabilization Control

While the engine is running at the idling speed, the computer detects the speed fluctuation at each
cylinder and corrects it by adjusting the injection quantity for each cylinder. This results in reduced
vibrations at the idling speed.
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3-6. Other Control Items

(1) Intake Cutoff Control

The intake cutoff control opens and closes the intake shutter installed on the intake pipe.

The purpose of the intake cutoff system is to cut off the intake and reduce vibrations when the engine
is being shut down.

—» When the ignition switch is turned OFF, the
vacuum pressure is led to the actuator and
the valve is closed.

T} Vacuum Pressure

Ambient

Engine started - valve fully open
Engine shutdown  :valve fully closed
After engine shutdown: valve fully open

Ignition Signal  gTo119€

(2) A/C Cut Control
When the ECU judges that vehicle acceleration has reached a preset value, it signals the A/C ECU to

cut the compressor OFF for 3 seconds.

(3) Air Conditioner Control (30 °C or below)
The A/C ECU uses the cooling water temperature
output to control the air conditioner. The duration “A”
in the figure to the right changes with the water tem-
perature as shown in the table below:

-ex. 1HD-FTE engine

Water Temperature Duration A (ms)
30 °C or below 82

30-90 °C Proportional (90 °C or above) | A

90 °C or above 410

(4) Power Heater Control (ex. 1HD-FTE engine)
When the power heater switch at the driver’s seat is 420ms | 420ms
turned ON, the idling speed is increased to 1200 rpm.

«Control enabled when: Time - QTO120E

a. Engine speed is equal to or below the preset value;
and

b. Cooling water temperature is equal to or below the
preset value.

(75 °C)[]

Voltage -

Engine Speed Control

ON 7'y

*Control disabled when: 2000 P OFF

a. Engine being started:; or (rpm)

b. A/C ON; (_)r . Water Temperature Control

c. Accelerating (vehicle speed less than 30 km/h and ON
throttle opening 45% or more for 5 sec. or more). T

OFF
69 74 (°c)

QTO0121E, QTO0122E
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(5) Intake Heater Control
During a cold start, the intake heater is activated (90 sec. max.) to increase the intake temperature.

*Control enabled when:
a. Ignition switch ON; and
b. Cooling water temperature less than 40 °C.

Intake heater relay _ ) ) . )
—  [—l /L' Indicator lamp
[‘t 0001
. Tlnput interface _ Starter
circuit [ FD
CPU

j

[ Inputitertace | , 1 Battery (12V)

feircuit - T

Fuse
Ignition'switch

Output interface

circuit

converter

AID

Water temperature sensor

'
)

Constant-voltage power supply

QTO0123E

3-7. EGR Control

(O )
AR

~ b
Intercooler

VsV

Fuel temp. sensor
Engine speed (NE) sensor

Intake shutter - - —;
Intake heater

Intake air
Turb
O plyersgure EGR val temp. Sensor)
sensor valve
VSV -
ROM o
TCV
E-VR VSV
Water temp.
ensor O
Crankshaft
| I [ position sensor
ECU -—@ Accelerator sensor
Throttle valve close switch Vaccum pump
1st gear position { {
switch or
Neutral start switch
signal
g QTO0124E
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(1) Control Specifications

The EGR system used with the ECD-V4 is not very different from conventional EGR systems. The
basic control scheme is as follows: the ECU performs a duty control over the electrical current through
the E-VRYV according to inputs from various sensors, thereby changing the vacuum pressure in the
diaphragm chamber of the EGR valve and thus the EGR valve opening, until the exhaust gas recircu-
lation amount appropriate to the engine condition is obtained.

Accelerator
sensor

— Wiring

——>Vacuum piping

Engine speed
(NE) sensor

ECU

Water temp.
sensor

E-VRV VSV

Y

-

Turbo pressure
sensor

Intake air temp.
sensor

EGR valve

QTO0125E

(2) Operation

The ECU performs a duty control over the electrical
current through the E-VRV according to inputs from
various sensors, thereby changing the vacuum pres-
sure in the diaphragm chamber of the EGR valve and
thus the EGR valve opening, until the exhaust gas re-
circulation amount appropriate to the engine condi-
tion is obtained.

Depending on the engine speed and throttle opening,
the ECU may switch the intake pipe to the intake sen-
sor to sense the atmospheric pressure instead of the
boost pressure for obtaining the exhaust gas recircu-
lation amount appropriate to the traveling conditions.

*EGR disabled when:

a. Cooling water temperature 60 °C or below, or 96
iC or above; or

b. Under high load condition (approx. 70% or more of
the full load and engine running at 4400 rpm or
above); or

c. Decelerating (EGR is active, however, when the
engine is idling); or

d. Engine speed low (600 rpm or less)

. STAON

IG OFF

()
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To intake manifold

Intake shutter

EGR valve

E-VRV VSV

AAN
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[Reference:Block Diagram (ex. 1HD-FTE engine)]

Power supply voltage

Power supply
circuit

Intake air temp. sensor

Water temp. sensor

Fuel temp. sensor

Y

Turbo pressure sensor

Accelerator sensor

Engine speed (NE) sensor

Crankshaft position sensor

Input interface circuit

NAID converter

...............

EDU
CPU

Throttle valve close sensor

Vehicle speed sensor

Air conditioner amplifier

Idle up switch (Heater)

Power heater amplifier

Starter signal

Neutral start switch

*1 &

ROM

1st gear position switch

2

Ignition switch

TC terminal

Input interface circuit

Iy

circuit

Failure detection

-

Viscous heater amplifier

TCV
— - E-VRV (EGR)
VSV (for cut-off)

—

P VSV (intake shutter)

4>1

Intake heater relay

>

VSV (ambient switch)

Glow indicator lamp

Check engine lamp

—*—‘P‘ Air conditioning cut-off signal

Output interface circuit

Main relay

EDU relay

SPV

Water temp. data

EDU

Engine speed signal

*1

Transmission ECU

?

*1: AIT vehicle only
*2: M/T vehicle only

QTO0102E
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[Reference:External Wiring Diagram (ex. 1HD-FTE engine)

Main relay

(70%)

HHhE——af

(J)JrB

”

(Engine GND)

Speed sensor
(inside meter console)

b;
)

Werator pedal switch

j’) BATT
O

El

NE+

NE-

TDC+

TDC-

TC

PDL

Viscous heater amplifier

TR

SP1

VCH

10% ——-< > AC1

AIC AMP

IGSW

1st gear switch

Power steering switch

NSwW

FSwW

»

oo

Idle up switch

PS

-

o o

HSW

1G2

ST2

PR

21 <
g, £
[ El
£y 3
s €
= 9]"
o‘ v
5 iy
=

g 2
o

£

S .

<

0]

Starter relay

STA

MREL

SPVD

SPVF

SVR

EGR

IREL

SITH

PA

SIL

TCV

EGRC

EO1

E02

EDU

3

Spill valve relay
(90%2)

=t

E-VRV
12% (at 20 iC)

Intake heater relay
4.72 (at 12 V)

TH—
Vacuum switching valve

(35%)
T —

Vacuum switching valve

(35%)

ECU serial data

4AA
Timing control valve
(10%2)

Y

Vacuum switching valve

(35%)

[ Circuit Diagram 1/2 |

QTO127E
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K s lo <
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<
n
O o
= STP
§
= ST1
5 £ €
g 8
e 2
c 2
e 7]
<
7]
777
Cruise control switch
v ( CCs
g 2 % Cruise main switch
8 @ § CMS
(E2)
(E2)
Accelerator sensor J
\ @ ‘\P VCC
< < <
2 3 . 32
AN~
+ AAA
| \AAS VA
* MWA— VAS
o T oL
k
I I E2C

Turbo pressure sensor

v
AA,
vy

Fuel temp. sensor

L L

B¢

Intake air temp. sensor
OFX-
L

Water temp. sensor

IV ECT ECU

vC

THF

PIM

THA

THW

E2

ECT +

ECT -

DATA

+B (inside meter console)

Cruise indicator lamp
1.4W at 12V

N
4

Check engine lamp
1.4W at 12V

o0
Bulb (1.4W)
2\
GIND () @
THWO D
AJIC amplifier
ACT
VCT Viscous heater amplifier
er+ ()
ECT ECU
EFI - J
Meter,
TAC C A/C amplifier,
etc.
CLK <>
ROM

[ Circuit Diagram 2/2 |

QTO0128E
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[Reference:EDU External Wiring Diagram (ex. 1HD-FTE engine) |

from ECU
SPVD

to ECU
SPVF

Battery

1Jt

High voltage

generation circuit wi

1Jf

O O——0——

— |

Control circuit

oy 3t

A\ 74

N

GND (Case)

6

1
==t

Lig // j/

QT0129E
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