EG-24 ENGINE — 1AZ-FE ENGINE

B ENGINE CONTROL SYSTEM

1. General

The engine control system of the Avensis Verso/Picnic’s 1AZ-FE engine is basically the same in construction
and operation as that of the RAV4’'s 1AZ-FE engine.
The engine control system of the Avensis Verso/Picnic’s 1AZ-FE engine and RAV4’'s 1AZ-FE engine are

compared below.

Avensis
System Outline Verso/ | RAV4
Picnic
EE| * An L-type EFI system directly detects the intake pir
- volume with a hot-wire type air flow meter.
Electronic Fuel * The fuel injection system is a sequential multipprt O O
Injection L
fuel injection system.
ESA Ignition timing is determined by the engine ECU baged
Electronic Spar on signals from various sensors. The engine ECU for-O O
Advance rects ignition timing in response to engine knocking.
ISC . .
Idle Speed Slgo;arzesdoslen0|d type ISC valve controls the fast idle §nd ® ®
Control P :
VVT-i
Variable Valve Controlstheintake camshafttoan optimal valve tim|ng ® ®
Timing-intelligent | in accordance with the engine condition.
(See page EG-30)
e Fuel pump operation is controlled by signal from the en-
Fuel Pump Control gine ECU. ® ®
(See page EG-35) | * To stop the fuel pump while the SRS driver’s and frpnt
passenger’s airbags are in operation.
Air Fuel Ratio Maintains the temperature of the air fuel ratio sensorfand
Sensor, Oxygen oxygen sensor atan appropriate level to increase gecur ®
Sensor Heater racy of detection of the oxygen concentration in thefex-
Control haust gas.
Evaporative The engine ECU controls the purge flow of evaporafive
Emigsion Control emissions (HC) in the charcoal canister in accordance withO O
engine conditions.
Air Conditioner By turning the air conditioner compressor ON or OFF infac-
A cordance with the engine condition, drivability is majn- O O
Cut-off Control -
tained.
Radiator cooling fan operation is controlled by signpls
Cooling Fan from engine ECU based on the water temperature Sen- .
Control sorsignal (THW) and the condition of the air conditign-
(See page EG-36) | er operation.
Engine Prohibits fuel delivery and ignition if an attempt is madeg to ® ®
Immobiliser start the engine with an invalid ignition key.
- - When the engine ECU detects a malfunction, the enpine
Diagnosis ECU diagnoses and memorizes the failed section. O O
When the engine ECU detects a malfunction, the enpine
Fail-Safe ECU stops or controls the engine according to the datp al<O O
ready stored in memory.

*1. with Air Conditioner System
*2: with Engine Immobiliser System
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2. Construction

The configuration of the engine control system in the 1AZ-FE engine in the new Avensis Verso/Picnic
is as shown in the following chart.

SENSORS ACTUATORS
| AIR FLOW METER Ve EFL
#10
" INTAKE AIR TEMP, SENSOR |14 » 120 No. 1 INJECTOR
No. 2 INJECTOR
| WATER TEMP. SENSOR | 11W #30 No. 3 INJECTOR
A "0, No. 4 INJECTOR
| THROTTLE POSITION SENSOR— 1A~
CRANKSHAFT POSITION NE
SENSOR 6T ESA
IGT4 77 777777777777777
CAMSHAFT POSITION G22 " IGNITION COIL with IGNITER |
SENSOR IGF !

| SPARK PLUGS |

AIR FUEL RATIO SENSOR AF1A
(Bank 1, Sensor 1)

AIR FUEL RATIO SENSOR | AF2A VT
(Bank 2, sensor1t) | | | T __—_ =
ocv CAMSHAFT TIMING OIL
HEATED OXYGEN SENSOR | OX1B CONTROL VALVE
(Bank 1, Sensor 2) Engine
ECU
HEATED OXYGEN SENSOR | OX2B
(Bank 2, Sensor 2) - lsc
RSD |
KNOCK SENSOR }_,KNKl CONTROL VALVE
AC1
| AIR CONDITIONER AMPLIFIER® | ==
PCT1,
PTC2
‘ PTC AMPL|F|ER*2 k—c> 777F7UEL7FLU7ME§9N-|39£77
NSW FC " CIRCUIT OPENING RELAY
| NEUTRAL START SWITCH® |-~ ="
KD
| KICK DOWN SWITCH*  |——
OXYGEN SENSOR HEATER
.~ COMBINATIONMETER | spD | | CONTROL
> Bank 1, Sensor 1
.~ IGNITIONSWITCH | sTA HAF2A Bank 2, Sensor 1
e Starting Signal IGSW HEATED OXYGEN SENSOR
e Ignition Signal HT1B Bank 1, Sensor 2
HT2B
AIRBAG SENSOR ASSEMBLY | "2 Bank 2, Sensor 2

*1: with Air Conditioner System (Continued)

*2: with PTC Heater System N
*3: Only for Automatic Transaxle
*4: LHD models with automatic transaxle for Europe only
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EVAPORATIVE EMISSION
CONTROL

| VSV (for EVAP) |

AIR CONDITIONER CUT
OFF CONTROL#%

AIR CONDITIONER

AMPLIFIER

COOLING FAN CONTROL

,} COOLING FAN RELAYS

EFI MAIN RELAY

CHECK ENGINE WARNING
LIGHT

\/_\
POWER STEERING OIL PSW
PRESSURE SWITCH
EVP1
TXCT
TRANSPONDER KEY RXCK
AMPLIFIER*5 CODE
KSW
| UNLOCK WARNING SWITCH |— > ACMG
ELS | Engine
| BODY ECU — ECU
RR DEF TAIL
FAN
REAR WINDOW TAILLIGHT
DEFOGGER RELAY
RELAY
MREL
STP
| STOPLIGHTSWITCH |~
SIL | w
| DATALINK CONNECTOR3 | 5™
+B | BATT
EFI MAIN RELAY ‘ ‘ BATTERY

*5: with Engine Immobiliser System
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3. Engine Control System Diagram

Ignition
Switch
- Combination
[ St Body ECU
Battery oﬁvnva?,%ssﬁf’é'”g-—l Meter Y
Switc l T
l..|PTC
Amplifier*2
— - Check Engine
VSV Engine ECU
(for EVAP)
| «_| Airbag Sensor|
Assembly
ThrOttle CamShaﬂ Air Conditione
Position Position | Amplifiers 1
] /7 Sensor Sensor
' = 4 o)-iCamshaft
Fuel Pum Timing
P Oil Control
Valve
Air Fuel Ratio
i Sensor
Air Flow Meter
Built-in Intake (Bank 1, Sensor 1)
Air Temp.
Sensor -
ISC Valve Injector
N Air Fuel
. Ratio
Alr D — Sensor
Air Cleaner @gﬂgozr'
Knock Sensor
Heated
| Oxygen
p) Sensor
I <Bank 2,
_ Water Temp.  Heated Sensor
Crankshaft Position Sensor gxygen
ensor
Sensor <Bank T
Sensor

*1: With Air Conditioner System
*2: With PTC Heater System

206EG22
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4. Layout of Main Components

Throttle Position
Sensor

Injector

Camshaft Timing Oil
Control Valve

Knock Sensor

Crankshaft
Position
Sensor

Air Fuel Ratio
Sensor
(Bank 2, Sensor 1)

Heated Oxygen Sensor

(Bank 2, Sensor 2)

A s
— I

Engine ECU

VSV (for EVAP)

7

)

DLC3

i
S

e

Air Flow Meter

@

SRV

Ignition Coil
with Igniter

Camshaft Position

N Sensor

Air Fuel Ratio Sensor

(Bank 1, Sensor 1) Water Temp. Sensor

Heated Oxygen Sensor

(Bank 1, Sensor 2)

Neutral Start Switch*

206EG23

*: Only for Automatic Transaxle
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5. Main Components of Engine Control System

General

The main components of the 1AZ-FE engine control system are as follows:

Components Outline Quantity
Air Flow Meter Hot-Wire Type 1
Crankshaft Position Sensor (Rotor Teeth) Pick-Up Coil Type (36-2) 1
Camshaft Position Sensor (Rotor Teeth) Pick-Up Coil Type (3) 1
Throttle Position Sensor Linear Type 1
Knock Sensor Built-In Piezoelectric Element Type 1

Air Fuel Ratio Sensor
(Bank 1, Sensor 1) Type with heater 2
(Bank 2, Sensor 1)

Oxygen Sensor

(Bank 1, Sensor 2) Type with heater 2
(Bank 2, Sensor 2)
Injector 12-Hole Type 4

Rotary Solenoid Type

ISC Valve (1-Coil Type)

Air Fuel Ratio Sensor

As illustrated below, the conventional oxygen sensor is characterized by a sudden change in its output
voltage at the threshold of the stoichiometric air-fuel ratio (14.7 : 1). In contrast, the air-fuel ratio sensor
outputs a voltage that is approximately proportionate to the existing air-fuel ratio by converting the oxgen
density to the voltage. As a result, the detection precision of the air-fuel ratio has been improved.

— _ V) Air Fuel Ratio Sensor V)
3 4.2
APt L33y ° 5
(92] c
o &
Air Fuel Enai § o5
. ngine S
Ratio Senso@ EC% D s
e X 3
L2 \ / o))
%3
2.2-
AF-— 30V | | |
11 14.7 19

Air-Fuel Ratio

Output Characteristics
185EG43 185EG44



EG-30 ENGINE — 1AZ-FE ENGINE

6. VVT-i (Variable Valve Timing-intelligent) System
General

The VVT-i system is designed to control the intake camshaft within a wide rangé @ff ®@ankshaft

angle) to provide a valve timing that is optimally suited to the engine condition, thus realizing improved
torque in all the speed ranges and fuel economy, and reduce exhaust emissions. The actual intake valve
timing is feedback by means of the camshaft position sensor for constant control to the target valve timing.

Camshaft Position Sensor

Water Temp. Sensor Throttle Positior
Sensor
Yy v
Engine ECU
“ + f
Cl’al_’\kShaft | Air Flow Meter | I\/ehicleSpeedSigr{al
Position Sensof
Camshaft Timing Oil Control Valve
198EG19
Engine ECU
Crankshaft Position Sensgr 7 > Target Valve Timing . o Camshafi Timing
| i
' Feedback ! p1y control

Throttle Position Sensor

Air Flow Meter [

Water Temp. Sensor , - Correction
Camshaft Position Sensof Actual Valve Timing !

Vehicle Speed Signal ( — - - - - - -

172CRO7
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Construction

1) VVT-i Controller

This controller consists of the housing driven from the timing chain and the vane coupled with the intake

camshaft.

The oil pressure sent from the advance or retard side path at the intake camshaft causes rotation in th
VVT-i controller vane circumferential direction to vary the intake valve timing continuously.
When the engine is stopped, the intake camshaft will be in the most retarded state to ensure startability
When hydraulic pressure is not applied to the VVT-i controller immediately after the engine has been

started, the lock pin locks the movement of the VVT-i controller to prevent a knocking noise.

Lock Pin

At a Stop

Vane

(Fixed on Intake Camshaift)

In Operation

Lock Pin

2) Camshaft Timing Oil Control Valve

The camshaft timing oil control valve con-
trols the spool valve position in accordance
with the duty control from the engine ECU
thus allocating the hydraulic pressure that
is applied to the VVT-i controller to the ad-
vance and the retard side. When the engine
is stopped, the camshaft timing oil control
valve is in the most retarded state.

Spring Oil Pressure

Drain

= ‘I"h‘ﬁ S
] J{LI,E.%:—_IAIQ

Intake
Camshaft

169EG36

Connector
Spool Valve

=2l

Drain

4 E————)

e
1l

==

Plunger

(Advance Side) (Retard Side)

To VVT-i Controller

181EG39
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Operation

® The camshaft timing oil control valve selects the oil path to the VVT-i controller according to the ad-
vance, retard or hold signal from the engine ECU. The VVT-i controller rotates the intake camshatft in
the timing advance or retard position or holds it according to the position where the oil pressure is applied.

1) Advance

When the camshaft timing oil control valve is positioned as illustrated below by the advance signal
from the engine ECU, the resultant oil pressure is applied to the timing advance side vane chamber to
rotate the camshatft in the timing advance direction.

) K Engine ECU
== - '

-
e )

QOil Pressur$ * Drain

Rotating Direction

198EG35

2) Retard

When the camshaft timing oil control valve is positioned as illustrated below by the retard signal from
the engine ECU, the resultant oil pressure is applied to the timing retard side vane chamber to rotate
the camshatft in the timing retard direction.

Vane

Engine ECU

'

]
= ]

Drain * *Oil Pressure

Rotating Direction

198EG36
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3) Hold

The engine ECU calculated the target timing angle according to the traveling state to perform control
as described in the previous page. After setting at the target timing, the valve timing is held by keeping
the camshaft timing oil control valve in the neutral position unless the traveling state changes.

The adjusts the valve timing at the desired target position and prevents the engine oil from running out
when it is unnecessary.

Engini ECU

-

Oil Pressure

198EG37

® |n proportion to the engine speed, intake air volume, throttle position and water temperature, the
engine ECU calculates an optimal valve timing under each driving condition and controls the cam-
shaft timing oil control valve. In addition, the engine ECU uses signal from the camshaft position
sensor and the crankshaft position sensor to detect the actual valve timing, thus it is possible to
perform feedback control to achieve the target valve timing.

p Operation During Various Driving Conditions (Conceptual Diagram) «¢

. Full Load Performance

Engine
Load

Range 3

Range 1, 2
3 o

Engine Speed

162EG46
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Engine

intake side

Operation State| Range Valve Timing Objective Effect
TDC Most
retarded
timing Stabilized
. : Most retarded timing reducesidling rpm
During Idlin 1 : .
g g EX IN blow back to the intake side Better fuel
economy
190EG06
To retard side
At Light Decreasing overlap to Ensured
9 2 EX IN | eliminate blow back to the | engine
Load . . -
intake side stability
178EG19
To advance sid|
Better fuel
. Increasing overlap to economy
f(t)él;gedlum 3 EX IN | increase internal EGR for | Improved
pumping loss elimination | emission
control
178EG20
TDC
In Low to Imoroved
Medium Advancing the intake valve Prove
. . | torque in low
Speed 4 EX IN | close timing for volumetric :
. . : to medium
Range with efficiency improvement
speed range
Heavy Load To advance
~— side
BDC 178EG21
In High Speed Retarding the intake valve
: S .| Improved
Range with 5 EX IN | close timing for volumetric
. . output
Heavy Load efficiency improvement
To retardvsm 1788G22
Most ..
retardedl MOSt retarded timing to
timing | prevent blow back to the Stabilized
At Low B ExX IN intake side leads to the lean fast idle rpm
Temperatures burning condition, and Better fuel
stabilizes the idle speed at | economy
190ecos | fast idling
Most
retarded
) timing o
Upon Starting/ Most retarded timing
Stopping the - EX IN | minimizes blow back to the Improved
startability

190EG06
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7. Fuel Pump Control

A fuel cut control is adopted to stop the fuel pump when the airbag is deployed at the front or side* collision.
In this system, the airbag deployment signal from the airbag sensor assembly is detected by the engine
ECU, and it turns OFF the circuit opening relay.

After the fuel cut control has been activated, turning the ignition switch from OFF to ON cancels the fuel
cut control, thus engine can be restarted.

Front Airbag 4
Sensor
(RH and LH %j Circuit

> Airbag : Opening -

E
Sensor - E?:%me Relay EG

= Assembly
Side and Curtai
Shield Airbag
(Sli?ﬂs;r:dAlfli()a*mby @ Fuel Pump

Motor
7_7 198EG20

*. with SRS Side and Curtain Shield Airbag System
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8. Cooling Fan Control

In contrast to the previous electric cooling fan system, the cooling fan main relay and the water temperature
switch have been discontinued. Instead, by sharing the water temperature sensor to control the fan motor,
a simpler system has been realized.

This cooling fan control turns 3 fan relays ON/OFF in accordance with the water temperature and the operat-
ing conditions of the air conditioner system. When it is ON, the control is switched to operate the 2 fan
motors at Low (serial) or High (parallel).

p Wiring Diagram «

CDS
RN
RO
AM1 ACC
AM1 0] RDI
IG1
OO o
QST1
Ignition SW
!
Fan AIC
- o) o
3N 9 |Re| 4[| /8 [y 8 Pz | 8 /] e
Rela
Relay Q y E,%r_]g Motor
[ Relay

Engine

Q [
4 ECU Diode
% MAIN = !’} (Fan)
T A @ Radiator
. Fan Motor
Refrigerant ‘

Pressure Signal
T Battery Water Temp
Signal AIC

O
AlC
P .
Switch (( Ampifier

206EG24

p Cooling Fan Operation <

Air Conditioner Condition Water Temperature
- About 83C (18TF) About 90C (194F)
Compressor Refrigerant Pressure or Lower or Higher
OFF 1.2 MPa (12.5 kgf/cR) or Lower OFF High
ON 1.2 MPa (12.5 kgf/cR) or Lower Low High
1.5 MPa (15.5 kgf/cR) or Higher High High




