ENGINE — 1ZZ-FE AND 2ZZ-GE ENGINES

B ENGINE CONTROL SYSTEM

1. General
The engine control system for the 1ZZ-FE and 2ZZ-GE engines have following system.

177-FE |2ZZ-GE

System Outline Engine | Engine
SFI ® An L-type SFI system directly detects the intake air
Sequential volume with a hot-wire type mass air flow meter. O O
Multiport Fuel ® The fuel injection system is a sequential multiport fuel
Injection injection system.
ESA ® [gnition timing is determined by the ECM based on
Electronic signals from various sensors. The ECM corrects
Spark ignition timing in response to engine knocking. O O
Agvance ® The torque control correction during gear shifting has
been used to minimize the shift shock.*
IAC A rotary solenoid type IAC valve controls the fast idle and O O
(Idle Air Control) idle speeds.
The intake air duct is divided into two areas, and the ECM
Intake Air Flow controlsthe variable intake valve and the actuator that are O O
Control provided in one of the areas to reduce the amount of
engine noise.
VVT-i

<Var|able Valve in accordance with the engine condition.

Controls the intake camshaft to an optimal valve timing O
Timing-intelligen>

<V\\//a-1l;li_a_lble Valve > Controls the intake and exhaust camshafts and the cam

Timing and changeovemechanism to realize an optimal valve timin
Lift-intelligent and valve lift in accordance with the engine conditions.

wa
|
O

® Fuel pump operation is controlled by signal from the
ECM

Fuel Pump Control | e To stbp the fuel pump during operation of the SRS O O
airbag.
For details, see page 58.

Maintains the temperature of the oxygen sensors at an
appropriate level to increase accuracy of detection of{the O O
oxygen concentration in the exhaust gas.

Oxygen Sensor
Heater Control

® The ECM controls the purge flow of evaporative
emissions (HC) in the charcoal canister in accordance
with engine conditions.
e Using 3 VSVs and a vapor pressure sensor, the ECMO O
detects any evaporative emission leakage occurring
betweerthe fuel tank and the charcoal canister through
the changes in the tank pressure.

Evaporative
Emission Control

Air Conditioning By turning the air conditioning compressor ON or OFF|in

) accordance with the engine condition, drivability is O O
Cut-off Control maintained.
; - When the ECM detects a malfunction, the ECM
Diagnosis diagnoses and memorizes the failed section. © ©
When the ECM detects a malfunction, the ECM stops or
Fail-Safe controlsthe engine according to the data already stored in O O

memory.

* Only for the Automatic Transaxle Model
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2. Construction

The configuration of the engine control system in the 1ZZ-FE and 2ZZ-GE engines in the new CELICA is
as shown in the following chart.

SENSORS ACTUATORS

“ MR8l AR thechiamatig Tr del SFI
~Only forthe - ngine Model #10 [ ————- -ttt

THA -~ No.1 INJECTOR |
| INTAKE AIR TEMP. SENSOR #20 ||
-~ No.2 INJECTOR |
THW #30
[ENGINE COOLANT TEMP. SENSOR—— ~ No.3 INJECTOR |
#40 N
VTA ~ No.4 INJECTOR |
| THROTTLE POSITION SENSOR————
ESA
NE IGTL~IGT4| — -~~~ -~ -~~~ "~~~ " "~~~ "7
| CRANKSHAFT POSITION SENSOR———— = IGNITION COIL with IGNITER]
IGF ¥

G2
| CAMSHAFT POSITION SENSOR————— SPARK PLUGS |
VVTH, WTL-i* 2

VVTL OIL SWITCH*?2 oV |
7777777 St ot oT-om----- osw TOIL CONTROL VALVE (Variable Valve Tlmlngi
e Comfirmation signal of cam
switching 777777777 \,/\,/Tlt_i,*,z 777777777
OVL > OIL CONTROL VALVE ‘
HEATED OXYGEN SENSOR OX1A - (Variable Valve Timing and Lift)
(Bank 1, Sensor 1) | INTAKE AIR FLOW CONTROL _
VSV N VSV ‘
HEATED OXYGEN SENSOR OX1B ECM |
(Bank 1, Sensor 2) IAC
RSO J ”””””””””””
| KNOCK SENSOR KNK1 | - CONTROL VALVE |

PTNK FUEL PUMP CONTROL

| VAPOR PRESSURE SENSOR FC et LTS
~ CIRCUIT OPENING RELAY |
- ,QQ_M,BI,NAT,IQN_,M,E,T,E,R, - SPD | 707X7Y§5|75N7 §E?N?S?OR?H7E?A'|:ER7(EOJ\ITRQL7
® Vehicle Speed Signal HT1A HEATED OXYGEN SENSOR HEATER
Bank 1, Sensor 1
~____IGNITION SWITCH STA HT1B Bank 1, Sensor 2
e Starting Signal IGSW
e Ignition Signal EVAPORATIVE EMISSION CONTROL
CCV | o e s T
VSV (for Canister Closed Val
PARK/NEUTRAL POSITION | P.R,N — (for Canister Clos ve)
SWITCH*! 2,L,D % VSV (for Pressure Switching Valvé)
EVPL VSV (for EVAP) |
POWER STEERING OIL PS
PRESSURE SWITCH MPX1 | METER ECU |
MPX2 MPX+
| AIRCONDITIONING ECU | MPX—
¢ AIR CONDITIONING CUT-OFF CONTROL
ACc ... | | |AMRCONDITIONING CUT-OFF CONTROL
MPX1
| METER ECU F—>MPX2 | AIR CONDITIONING ECU |
ILL FAN
| TAILLIGHT RELAY | —ﬂMREL COOLING FAN RELAY |
SiL ﬂw EFI MAIN RELAY |
| DATALINK CONNECTOR 3 [« _~ > MALFUNCTION INDICATOR LAMP |
[ +B | BATT

EFI MAIN RELAY | | BATTERY |
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3. Engine Control System Diagram

Vehicle Speed

Engine Coolant

Temp. Sensor

*1: Only for the Automatic Tr nsaX|e |V|ooe| . Signal
*2: Only for the f |tch* \‘£ ’ Ar
Meter = [e20 "™
Batte ry Power Steering Oi Rela
Pressure Switch —‘
MIL
ECM
VSV Vapor
(for EVAP)| Pressur
Sensor "
; y Throttle Position
= Sensor
¢ — :l] g’am.Shaft Qil Control
[/ for Pressu 3 {@’“: osition valve
<\S/;\|/\|/tghln97 E Sensor Valiable Valve
VsV Fuel Pump ' Timing and
for Caniste) 1 ] Lift *2
<Closed ) : oil |
Charcoal 1 Control Valve
Canister, v <Va|iable g>
h ! Valve Timin
VSV [ mSa—— T
<Intake Air Flovj
Control
5 IAC Valve
§ Mass Air Flow
— Meter VVTL Oill
o Built-in Intake Switch*2
Alr Air Temp. Sens
Cleaner Ir p. |
Knock Senso
AIR
Heated Heated
. Oxygen Oxygen
Crankshaft Position Sensor Sezgor
Sensor (Bank 1,} Bank 1,
Sensor <Sensor

169EG31
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4. Layout of Main Components

*1: Only for the Automatic Transaxle Model

*2: Only foPthveeP ZTeGing@jine Model Data Link
Pressure Switch Heated Oxygen Sensor  connector 3
(Bank 1, Sensor 2)
Charcoal
. _ Heated Oxygen Sensor, Canister
Ignition Caoil (Bank 1, Sensor 1)
with Igniter
Camshatft VSV
Position

Injector

for Pressure g
Sensor

~— <Switching Valv

Qil Control Valve
< Variable >
Valve Timing

Vapor Pressure
Sensor

&

Position Sensor ~

Knock Senso .l

. kD
VSV (for EVAP) VVTL Oil Switch
VSV (for Canister Closed Valve) Park/Neutra EQ%ISESC;?‘OSEPI
Position '

vsv Switch*! Throttle Position

<Intake Air FIOVj Sensor Oil Control Valve

Control <Variab|e Valve1> 2

Timing and Lif

Mass Air Flow Meter IAC Valve
<Built-in Intake g
Air Temp. Sensgr

169EG32
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5. Main Components of Engine Control System

General

The main components of the 1ZZ-FE and 2ZZ-GE engines control system are as follows:

Components Outline Quantity
Mass 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 Caoil Type (3) 1
Throttle Position Sensor Linear Type 1
Knock Sensor Built-In Piezoelectric Element Type 1
Heated Oxygen Sensor
Oxygen Sensor (Bank 1, Sensor 1) 2
(Bank 1, Sensor 2)
Injector 12-Hole Typet, 4-Hole Type? 4
IAC Valve Rotary Solenoid Type 1

(1-Coil Type)

*1: Only for the 1ZZ-FE Engine Model
*2: Only for the 22Z-GE Engine Model

ECM

The ECM is installed in the ECM box in the engine compartment. As result, the wiring harness has been
shorted, thus realizing weight reduction.

ECM

169EG32
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6. Intake Air Flow Control

The intake air duct is divided into two areas, and a variable intake valve and an actuator have been provided
in one of the areas. When the engine is operating in the low-to mid-speed range, this control operates the vari-
ableintake valve to close one side of the intake air duct. When the engine is operating in the high-speed range,
it turns OFF the variable intake valve, allowing both sides of the intake air duct to effect the intake of air.
Accordingly, the level of engine noise has been reduced without using an intake resonator.

Throttle Body

ECM

Air Intake
Chamber

Check Valve ,v[_,

SV} .
’1—:, Mass Air Flow
Vacuum Tank\ ‘_‘ - Meter

Actuator. )iﬁ_‘

Variable Intake Valve—""_|

Intake Air 169EG34
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7. VVT-i (Variable Valve Timing-intelligent) System

General

This system controls the intake camshaft valve timing so as to obtain balance between the engine output,
fuel consumption and emission control performance. The actual intake side valve timing is feed back by
means of the camshatft position sensor for constant control to the target valve timing.

Camshaft Position Sensor

_Engine Coolant Temp. Sensor Throttle Position

i Sensor

ECM

)

Oil Control Valve A f
(Variable Valve Timing)

3

I
W
!

Mass Air Flow Meter

3
Y
P2

Crankshaft Position Senspr

169EG35

ECM

Crankshaft Position Sens T

Oil Control Valve

Target Valve Timing L | (Variable Valve Timing)

Yy

Mass Air Flow Meter i i

Throttle Position Sensor

|
[ | Feed back 1
[

I I Duty Control

Engine Coolant Temp. Sens - Correction
Ll—' I

Camshaft Position Sensor - Actual Valve Timing

157EG23
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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
camshatft.

The oil pressure sent from the advance or retard side path at the intake camshaft causes rotation in the
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 up pin locks the movement of the VVT-i controller to prevent a knocking noise.

Lock Pin Vane
(Fixed on Intake Camshaft)

Intake Camshaft

Ata Stop  In Operation 169EG36
Lock Pin

2) Oil Control Valve (Variable Valve Timing)

The oil control valve (variable valve timing) 1o \/\/T-i To VVT-i

controls the spool valve position in accor- Controller Controller Connector
dance with the duty cantrol from the ECM (Advance Side) (Retard Side)

thus allocating the hydraulic pressure that i§|eeve
applied tahe VVT-i controller to the advance

and the retard side. When the engine is
stopped, the oil control valve (variable valv [

timing) is in the most retarded state.
e (=—r

~ Drain Drain Coil
Spring  ojl Pressure ol Plunger

Spool Valve

165EG34



ENGINE — 1ZZ-FE AND 2ZZ-GE ENGINES

Operation

® The oil control valve (variable valve timing) selects the path to the VVT-i controller according to the ad-
vance, retard or holdgial from the ECM. 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.

Oil Control Valve Drive

Operation Signal

Description

Advance Signal
Vane When the oil control valve

(variable valve timing) is
VVT-i positioned as illustrated at
Controller left by the advance signal

' Housing from the ECM, the resultant
Rotating ECM oil pressure is applied to the

Direction timing advance side vane
FE _ chamber to rotate the

1l Duty Ratio camshaft in the timing
Oil Pressure advance direction.

©) io

Advance

169EG37 157EG35

Retard Signal
When the oil control valve

(variable valve timing) is
positioned as illustrated at
left by the retard signal from
the ECM, the resultant oil
ECM . .
pressure is applied to the
timing retard side vane
chamber to rotate the

camshaft in the timing retard
direction.

Retard

\ Duty Ratio
Oil Pressure

169EG38 157EG36

The ECM calculates the
target timing angle according
to the traveling state to
perform control as described
above. After setting at the
target timing, the valve
timing is held by keeping the

oil control valve (variable
valve timing) in the neutral
position unless the traveling

state changes.

This adjusts the valve timing
at the desired target position
and prevents the engine oil
from running out when it is
169EG39 157EG37 unnecessary

Hold Signal

Hold

Duty Ratio

Oil Pressure
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® |n proportion to the engine speed, intake air volume, throttle position and water temperature, the ECM calcu-
lates an optimal valve timing under each driving condition and control the oil control valve (variable valve
timing). In addition, ECM uses signal from the camshaft position sensor and the crankshaft position sensor
to detect the actual valve timing, thus performing feed back control to achieve the target valve timing.

p Operation During Various Driving Conditions (Conceptual Diagram) «

Full Load Performance

A
e}
@
(@)
-
2
D Range 3
c
i
/ Range 1, 2
‘ ‘ ‘ 162EG46
Engine Speed
Operation state Range Valve timing Objective Effect
TDC Stabilized
L 1IN Minimizing overlap to reduce | idling rpm
During idling | 1 — —— — | blow back to the intake side | Better fuel
: Latest timing economy
1 - .. | Ensured
At light load > S IN - [b)lecrei)a&ﬂq[ o:/herl_a? tl(() e“.rgmat'engine
EX | To retard side blow back to the Intake side | giapijiry
Better fuel
At medium 4—‘ ‘ IN Increasing overlap to increase| economy
load 3 EX 1 internal EGR for pumping loss | Improved
‘ elimination emission
'To advance side control
"IN Improved
Imn(alg\iﬁrtr(])s eced EX 1 ; Advancing the intake valve torque in
range withp 4 : ; close timing for volumetric low to
hea% load ;ggvancé efficiency improvement medium
y sde . BDC speed range
In high speed TIN . # Retarding the intake valve close
range with 5 EX ; timing for volumetric efficiency Lmu{:)rgzled
heavy load Q} To retard side improvement P
1 Minimizing overlap to prevent
! blow back to the intake side for Stabilized
At low 3 |IN reduction of fuel increase at | fast idle rpm
temperatures EX ' low temperatures, and Better fuel
1 _ .| stabilizing the idling rpm for economy
'Latest timing| decreasing fast idle rotation
Upon starting/ IN Minimizing overlap to
stopping the - EX w — | minimize blow back to the IsTaF;trg\b/ﬁi?
engine 4J Latest iming jhtake side y
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8. VVTL-i (Variable Valve Timing and Lift-intelligent) system (2ZZ-GE Engine)

General

Based on the VVT-i system, the VVTL-i system has adopted a cam changeover mechanism that varies the
amount of lift of the intake and exhaust valves while the engine is operating at high speeds. In addition to
achievinghigher engine speeds and higher outputs, this system enables the valve timing to be optimally set,
resulting in improved fuel economy.

When the engine is operating in the low-to mid-speed range, the low-and medium-speed cams of the cam-
shafts operate to move the two valves via the rocker arms. Then, when the engine is operating in the high-
speed range, the signals from the sensors cause the ECM to change the hydraulic passage of the oil control
valve (for variable valve timing and lift), thus changing to the operation of the high-speed cams. Thus, the
lift of the intake and exhaust valves increases, allowing the introduction of a greater volume of air-fuel mix-
ture,and the discharge of a greater volume of exhaust gases. As a result, the engine operates at higher speeds
and higher outputs.

The construction and the operation of the valve timing control are basically the same as in the VVT-i system.

Camshaft Position Sensor
Oil Control Valve (Variable Valve Timing and Liff)

Engine Coolant Temp. Sensor Throttle Position
i Sensow
ECM
, A
Oil Control Valve
(Variable Valve Timing) Mass Air Flow
Meter

Camshaft Position Sensor

169EG40

ECM
| - - - -
! - Oil Control Valve
{ .|| Low and Medium Lift or High Lift | (Variable Valve Timing
- and Lift)
— — [ _
Crankshaft Position Sens arE | — Target Valve Timing . 8/,‘; Coniral Valve J)
Mass Air Flow Meter A A
[ [ Feed back
— X
Throttle Position Sensor j > Duty Control
|
Engine Coolant Temp. Sengor f Correction
Camshaft Position Sensgr > Actual Valve Timing I

- - - 169EG41
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Construction and Operation

1) Cam Changeover Mechanism (Rocker Arm Type)

a. Construction

® A rocker arm type cam changeover mechanism has been adopted. The main components of the rocker
arm type are the rocker arm, rocker arm pad, rocker arm pin, and the rocker shaft.
This mechanism is provided for both the intake and exhaust camshafts, with each connected to its re-

spective rocker arm shaft.
® Both the intake and exhaust camshafts contain low-and medium-speed cams and high-speed cams.

Low and Medium
Speed Cam Exhaust Camshaft

169EG14

High Speed Cam

Needle Roller
(Integrated with Rocker Arm) High Speed Cam

Rocker Arm Pad

Rocker Arm Low and

Rocker Shaft Medium
Speed Ca
P Rocker
Arm Pad
IN o - -
Adjusting Adjusting
Rocker Arm Pi Shims Shim
Rocker
Arm Pin

A of View

169EG15 169EG16
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b. Operation

® When the engine coolant temperature is higher tha€ 6dhd the engine speed is higher than
6000 rpm, this system changes the operation of the low-and medium-speed cams on the camshatfts to
the high-speed cams.
When the engine is operating in the low-to mid-speed range (below 6000 rpm), the low-and medium-
speed cam pushes the needle roller of the rocker arm down to operate the two valves. At this time, the
high-speed cam is also pushing down on the rocker arm pad, but because the rocker arm pad moves
freely, this movement does not cause the rocker arm and the valves to move. Theheaftdre en-
gine reaches a high speed (over 6000 rpm), the hydraulic pressure pushes the rocker arm pin out to
lock the bottom of the rocker arm pad. Because the high-speed cam has a greater cam lift than the low-
and medium-speed cam, this time, the high-speed cam operates the two valves via the rocker arm pad
and the rocker arm.

p Low and Medium Speedg

. Low and
ngh Speed Cam Medium Cam H|gh Speed Cam

Needle
Roller Low and
Medium Rocker
Speed Cam Arm Pad
AW
Rocker
Arm Pin
Moves Freely
A of View
169EG42 169EG43
» High Speed«
AW
Rocker Arm Pad
Hydraulic Pressure Locked State

A of View

169EG44 169EG45
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2) Oil Control Valve (Variable Valve Timing and Lift)

The oil control valve (for the variable valve  cam changeover Mechanism
timing and lift) controls the spool valve posi-  (Rocker Arm Type)

tion in accordance with the duty control from

the ECM, thus allocating the hydraulic pres-
surethat is applied to the high-speed cam side
of the cam changeover mechanism.

Connector
Sleeve

Drain qj Coil  Plunger
Spring  pressure

. 169EG46
3) Oil Pressure Control

When the engine is operating in the low-to mid-speed range, the oil control valve opens on the drain side
so that the oil pressure will not be applied to the cam changeover mechanism. Then, when the engine
reaches a high speed, the oil control valve closes on the drain side in order to apply the oil pressure to
the high-speed cam of the cam changeover mechanism.

p Low and Medium Speedg

.LOW HIG .LOW HIGH| .LOW HIGH .LOW HIGH E C M
- - - - ]

Rocker = N
Shafts
e, = oil
. . . . , Control
\TI |ﬂ r/ \T| |ﬂ r/ \TI |ﬂ r/ ocv \ Valve
HIGH HIGH HIGH HIGH ~ J ‘t “O F F”
Oil Pressure =4 = Drain
Cam Changeover
Mechanism 169EG47

p High Speed«

! HIGH

1AL
A
LI

] ﬁ =] m ECM
JAL 1AL JAL
= - ~ - ’”
— T T — T T — T
i a

_— e = oil
e e A e — | Control
LE' 5—-—1 \—ﬂ H—-—/ \—l-:‘ \j—-—l \—ﬂ H—-—/ locv Valve
HIGH HIGH HIGH| HIGH| i

jL HONH
Oil Pressure = =)

169EG48
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9. Fuel Pump Control

A fuel cut control has been adopted to stop the fuel pump when the SRS airbag is deployed, thus helping re-
duce fuel leakage.

In this system, the ECM detects the airbag deployment signal from the airbag sensor assembly and turns OFF
the circuit opening relay.

After thefuel 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

Sensor m Circuit

(RH and LH) Airbag %j Opening
Sensor [ ECM Relay

Side Airbag Assembly

Sensor Saay

(RH and LH)

@ Fuel Pump
Motor

169EG28
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10. Evaporative Emission Control System
The method for detecting evaporative emission leaks has been changed from the previous internal pressure
monitor type to the vacuum type. The vacuum type forcefully introduces the purge vacuum into the entire

systemand a leak is detected by monitoring the transitions in pressure. The changes associated with this sys-
tem are as follows:

® A VSV for canister closed valve has been added to the fresh air introduction line.

® The 3-way VSV for vapor pressure sensor has been discontinued, and a VSV for pressure switching valve
has been added.

® The installed position of the vapor pressure sensor has been changed from the charcoal canister to the fuel
tank in order to enhance the precision of the vapor pressure sensor.

® The fresh air valve characteristics of the charcoal canister have been changed.

e DTCs (Diagnostic Trouble Codes) have been added. For details on the DTCs, refer to the ‘00 CELICA
Repair Manual (Pub. No. RM744U).

VSV
Vapor Pressure Sensor  (for Pressure Switching Valve)

\ |

I

J LChacoal @nister

VSV — =
(for Canister VSV 11 )
Closed Valve) (for 0

i =P k7 Fuel Tank j lfl

(€ Purge Line——— HEK

(S Fresh Airline ————1  prain

Fresh Air Valve
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