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ENGINE

1UZ-FE ENGINE
l DESCRIPTION

The 1UZ-FE engine is a V-8, 4.0-liter, 32—valve DOHC engine designed exclusively for the luxury LS400 sedan.

Incorporating the state—of—the—art technology, this engine implements high—speed performance and utility at a high
level providing an exciting feeling of a very smooth acceleration response to the pedal operation. With thorough
analysis, design and precisely controlled manufacturing, major component parts have been improved to achieve very
low vibration and noise level.

The engine operation is accurately—controlled by the ECU (Electronic Control Unit) and maintains peak performance
and efficiency at all times.
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W ENGINE SPECIFICATIONS AND PERFORMANCE CURVE

Engine
T 1UZ-FE
No. of Cyls. & Arrangement 8—Cylinder, V Type
Valve Mechanism 32-Valve, DOHC, Belt & Gear Drive
Combustion Chamber Pentroof Type
Manifolds Cross—flow
Displacement Ccu. in. (cg 242.1 (3,969)
Borex Stroke in. (mm) 3.44x 3.25 (87.5¢ 82.5)

Compression Ratio

10.0:1

Firing Order

1-8-4-3-6-5-7-2

Max. Output (SAE-NET)

250 HP @ 5,600 rpm

Max. Torque (SAE-NET)

260 ftlbs @ 4,400 rpm

Fuel Octane Number (RON) 96
Oil Grade* API SG, EC-II
*  Refer to the next page for detail.
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*NOTE: Engine oil selection

Use API (American Petroleum Institute) grade SG, Energy—Conserving Il multigrade engine oil.

Recommended viscosity is as follows, with SAE 5W-30 being the preferred engine oil for the 1UZ-FE
engine.

p-Recommended Viscosity (SAEY
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A label is added to the oil filler cap and some oil containers to help you select the oil you should use.

The top portion of the label shows the oil quality by API designations such as SG. The center portion of the label shows
the SAE viscosity grade, such as SAE 5W-30.

“Energy—Conserving II” shown in the lower portion, indicates that the oil has fuel-saving capabilities.

p-Oil Identification Label «
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Oils marked “Energy—Conserving 1I” will have higher fuel-saving capabilities than oils marked
“Energy—Conserving.”
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Bl FEATURES OF 1UZ-FE ENGINE

Features of the 1UZ-FE engine are shown in the following list:

Features

Contents

High Performance

Compact DOHC, 32-valve, center—firing and high compression ratio
combustion chamber implements a high combustion efficiency.

ECU-controlled precise engine operation.

Reduced intake and exhaust losses resulting from large—diameter intakg
air flow meter, dual exhaust system, etc.

duct,

Lightweight and Compact Desid

Reduced cylinder head size by the adoption of a scissors gear mechanis
Cylinder block and oil pan made of aluminum alloy.

Compact, lightweight accessory drive system by means of serpentine, s
belt and bracketless accessory installation.

bM.

ngle

Low Noise and Vibration

Use of an aluminum oil pan having an integral stiffener.

Aluminum engine mount brackets and liquid—filled compound engine md
Silent start type three—stage temperature—controlled auto—coupling fan.
Rigid and accurately balanced crankshaft assembly.

Auto tensioners for timing belt and V-ribbed belt.

unts.

Serviceability

Outer shim type valve lifter.
Auto tensioners for timing belt and V-ribbed belt.
Engine oil level sensor.

High Reliability

Thin cast—iron liner press—fit in aluminum cylinder block.
Highly durable timing belt and auto tensioner.
Plastic region tightening bolts in major parts (cylinder head bolts, cranksg

haft

bearing cap bolts, connecting rod cap bolts).
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Hl ENGINE
1. Cylinder Head

* The cylinder head is made of aluminum and has intake and exhaust ports in a cross—flow arrangement. The intake
ports are on the inside and the exhaust ports on the outside of the left and right banks respectively.

* The cylinder heads are compact even for a DOHC engine. The pitch of the intake and exhaust camshafts is
shortened and the valve angle is narrowed 821

* The left and right banks of cylinder heads are common in configuration.

— NOTICE

When the cylinder heads are disassembled for servicing, be sure to assemble each cylinder head to the cprrect righ
or left bank. The camshaft may seize if they are assembled incorrectly.

* Pentroof type combustion chamber with four valves is used.

* The squish area guides the air—fuel mixture to the center of the combustion chamber to increase the combustion
speed and thus maintain a stable engine operation.
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* Plastic region tightening bolts, having a good axial tension stability, are used for securing the cylinder heads to
the block.
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NOTE: When reusing the cylinder head bolts, make sure the diameter at the thread is not less than 0.378 in. (9.6 mm).
It will be necessary to replace them with new ones if the diameter is less than specification.
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2. Cylinder Block

The cylinder block has a bank angle of 98 bank offset of 0.827 in. (21 mm) and a bore pitch of 4.15 in. (105.5
mm), resulting in a compact block in its length and width even for its displacement.

* Lightweight aluminum alloy is used for the cylinder block.

* A thin cast—iron liner is press—fit inside the cylinder to ensure an added reliability.

—— NOTICE

Never attempt to machine the cylinder because it has a thin 0.08 in. (2 mm) liner inside.

* Part of the volute chamber of the water pump and the water by—pass passage are incorporated into the cylinder

block to shorten the engine length.

¢ |Installation bosses of the two knock sensors are located on the inner side of left and right banks.

* The plastic region tightening bolts are used for the crankshaft bearing caps.

NOTE: When reusing the crankshaft bearing cap bolts, make sure the diameter at the thread is not less than 0.291

in. (7.4 mm). It will be necessary to replace them with new ones if the diameter is less than specification.

* The starter is located inside the V—bank.

To install a local engine block heater, first remove the cover plate shown in the “A” view drawing below.
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NOTICE

When fitting the crankshaft bearing cap, always tightéh firstand ¥ next in order to obtain roundness of the
bearing.

Frunt
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3. Piston
® Steel struts are used to control thermal
expansion.
* The skirt of each piston is striation finished
(finely grooved) for maintaining proper
lubrication and reducing friction loss.
* The piston has a weight-adjusting boss to
minimize fluctuation of weight among pistons
and balance the engine assembly.
. . . Steel Stea! Slrialzen
* Piston pins are the full-floating type and are i Finiat:
held in place with snap rings.
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M cirhi-
Piston Hin T Aclivs Lo
Snap Ring His
®
4. Piston Ring

Each surface of the compression ring No. 1 and
the oil ring side rail is nitrified to prevent an
increase of oil consumption and blow-by gas as
the time elapses.

- . i o, | Comarassion
tmete] f:m King

e Ng. & Cromprossion
LIS e

-
| = wi: Ring
-




ENGINE — 1UZ-FE ENGINE 89

5. Connecting Rod

__.-\._—_ a
* The sintered and forged connecting rod is very G:—{‘:xi\“
rigid and has little weight fluctuation. R

* A weight-adjusting boss is provided at the big
end to reduce fluctuation of weight and balance
the engine assembly.

* The connecting rod cap is held by plastic region il Jet Nozzle -

tightening bolts.

NOTE: When reusing the connecting rod cap bolts,
if the diameter at the thread is less than
0.275 in. (7.0 mm), it is necessary to
replace them with new ones.

* The connecting rods for the right and left banks
are placed in opposite directions with the outer
marks facing the crankshaft.
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6. Crankshaft and Crankshaft Bearings

e A forged crankshaft with five main journals, four connecting rod pins and eight balance weights is used.

® Connecting rod pins and journals are induction—hardened to ensure an added reliability.
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* Bearings are made of kelmet.

* Crankshaft bearings are selected carefully according to the measured diameters of the crank journal and cylinder
block journal holes.

NOTE: The diameter of the crank journal and the cylinder block journal hole is indicated at the places shown below.
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NOTE: Numbers of the crankshaft and pistons are shown on the right side.
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Crankshaft angles and engine strokes (intake, compression, combustion and exhaust) are shown in the table below
The firing order is 1-8-4—-3-6-5-7-2.
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Bl VALVE MECHANISM

1. General

Each cylinder has two intake valves and two exhaust valves.
[ ]

The valves are directly opened and closed by four camshafts.
[ ]

The intake camshafts are driven by a timing belt, while the exhaust camshafts are driven through gears on the
intake camshafts.
[ ]

Use of outer shim type valve lifters makes it easy to adjust the valve clearance without removing the camshaft.
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2. Camshafts

* The exhaust camshafts are driven by gears on the intake camshafts. The scissors gear mechanism has been usi
on the exhaust camshaft to control backlash and reduce gear noise.

* The camshaft journals and camshaft driven gear are lubricated by oil supplied to an oil passage in the center of
the camshaft. Supply of oil from the cylinder heads to the camshafts is continuous, to prevent fluctuations in the
oil pressure.

* The cast iron camshafts are used. The cam nose is chill treated.

* “T" type oil seals are used.
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NOTICE

Be sure to follow the disassembly and reassembling procedures as directed in the Repair Manual to avoid possibility
of damaging the cylinder head or camshaft timing gears (drive, driven and subgears).
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—REFERENCE—

Scissors Gear Mechanism
To prevent the tooth surfaces of gears from seizing or being damaged when the gears are engaged, they are

designed to have backlash. However, backlash generates noise when changes in torque occur. The scissors gear
mechanism is one means of preventing this noise. The scissors gear mechanism uses a subgear with the same

number of teeth as the drive gear and is attached to the gear on the driven side. Through the reaction force of the
scissors spring, these two gears act to pinch the drive gear, reducing backlash to zero and eliminating gear noise.
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95

3. Valve Lifter and Valve Adjusting Shims

NOTE:

Aluminum alloy valve lifters are used.

The valve adjusting shims used are of the outer
shim type and are located on top of the valve
lifters. It is not necessary to remove the

camshafts irder to replace the shims when the

valve clearance is adjusted.

(Method for replacing valve shims)

Push down the valve lifter using an SST
(Special Service Tool) to make a gap
between the camshaft and the valve lifter.
Direct conpressed air from an air gun to the
service hole in the valve adjusting shim to
float the shim and remove it using a
magnetic finger. Be sure to direct the air
gun carefully so that you do not blow the
shim away.

4. Timing Pulleys and Belt
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An auto—tensioner isiade up of a spring and oil

damper, and maintains proper timing belt
tension at all times. The auto-tensioner
suppresses noise generated by the timing belt.

The timing belt has high heat resistance and
durability.

The tooth profile of the timing belt is shown at
the right. This design ensures a quiet operation
and high—load transmission.
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M LUBRICATION SYSTEM

1. General

* The lubrication is fully pressurized and all oil passes through an olil filter.

* The oil pump is a trochoid gear type and is directly driven by the crankshaft.
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2. Oil Pan

The oil pan is made up of two pieces. No. 1 oil
pan is made of aluminum alloy and No. 2 oil pan
is made of steel.

The upper oil pan section is secured to the
cylinder block and the torque converter
housing, increasing rigidity.

The baffle plate controls the oil flow between
the two oil pans when the vehicle is turning or
is running along rough roads, etc.

An oil lever sensor is provided in the oil pan for
efficient servicing.

When the oil level falls below the specified
level, the oil level sensor causes the low engine
oil level warning light inside the combination
meter to light up.
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W COOLING SYSTEM
1. Cooling Circuit

* The cooling system is a pressurized, forced—circulation type.

* A thermostat, having a bypass valve, is located on the water pump inlet side of the cooling circuit. As the coolant

temperature rises, the thermostat opens and the bypass valve closes, so the system maintains suitable temperature
distribution in the cylinder head.

A gauge coolant temperature sender, coolant temperature sensor, start injector time switch for the EFI (Electronic

Fuel Injection) and BVSV (Bimetal Vacuum Switching Valve) for charcoal canister control are fitted to the front
water joint.

The rear water joint has bypass outlet ports for heating the throttle body, cooling the EGR valve and hot water
for the heater.
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2. Water Pump

The water pump has two volute chambers, and
circulates coolant uniformly to the left and right
banks of the cylinder block.

The water pump is driven by the back of the
timing belt.

The rotor is made of resin.
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3. Reservoir Tank

1.
2.

— CAUTIONS

A pressurized valve is fitted to the reservoir.

A coolant level sensor is provided for efficient servicing.

When the coolant level falls below the specified level, the coolant level sensor causes the low engine coolant level
warning light inside the combination meter to light up.

Prossurizod Valve
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Frumnl

Never remove the cap while it is hot because the reservoir is also pressurized.

Engine coolant is replenished from the reservoir. To dso, first loosen the plug at the top of the inlet housing
(shown on Page 98) to bleed air out of the cooling system. Be sure that the system is filled with coolant
completely.
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4. Coupling Fan

A three stage temperature—controlled auto
coupling fan is used.

The speed of the coupling fan changes in three
stages based on the temperature of the air
passing through the radiator.

This keeps the fan speed low when the
temperature is low, improving warm-up
performance and reducing fan noise.

The fan speed is high when the engine
temperature is high, improving the cooling
performance.

Since part of the oil in the coupling fan is stored

in the back storage chamber, the amount of oil
in the operating chamber decreases at engine
start. Oil resistance and the fan speed are
reduced as a result immediately after engine
start.

The oil stored in the back storage chamber
gradually flows into the operating chamber as
the coupling fan keeps revolving. It eventually
flows entirely into the operating chamber.
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M INTAKE AND EXHAUST SYSTEM

101
1. Air Cleaner

The air cleaner case and cap are made of resin and have a large filtering capacity for the large engine displacement
The air cleaner element is a low air resistance type and allows the air to pass through it very smoothly.
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2. Intake Air Resonator

A resonator is used to reduce the intake air noise.
[ )

The resonator is made of resin. The air passage and resonator chamber are formed separately. The resonatc
chamber is of the dual mode type and is separated by a partition.
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3. Intake Air Chamber

* The EGR and ISC (Idle Speed Control) passages
are attached to the intake air chamber.

* The start injector is located at the center of the
intake air chamber so that fuel is distributed
evenly to all cylinders.
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5. Exhaust Manifold

Both exhaust manifolds are made of stainless steel.

The exhaust manifolds are covered with heat insulators to protect the surrounding parts from exhaust heat.

Righl Bonk Eabavst Manilold

Lelt Bank Eahaust Manifald

Heat Insulalons

6. Exhaust Pipe

*

The stainless steel exhaust pipe consists of three sections; the front, center and tail. The center section is single
pipe while the front and tail are dual pipes to reduce exhaust resistance.

The catalyst converters (start and main) are of the monolithic type three—way catalysts.
The main catalyst converter is newly developed and has a high performance.

Large mufflers (main and sub) effectively reduce noise and exhaust pressure from the large capacity engine.

Sub-Mullers = Main Muottlors

St ll:'r:-nh..rn:,rg f“
l .;ﬁ cansen
g ain Converter®
wf; fﬂ, 3

S g

Applicable only to the California specification vehicles. Refer to page 161 for detail.
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B SERPENTINE BELT DRIVE SYSTEM

* The serpentine belt drive system drives accessory components with a single V—ribbed belt. It reduces the overall
engine length, weight and number of engine parts.

* An automatic tensioner eliminates the need for tension adjustment.
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arm. LyiTeclicn af
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For this reason, when the belt stretches with  MMuovement

time, the pulley center of rotation rotates to the .
right in an arc awund “Z” with the arm. Thus the
belt tension is always maintained appropriately.

— NOTICE

® Check the indicator mark. If it is outside the \
operation range, replace the belt.

* When a new belt is installed, the graduatipns
must be in the area indicated by “A” in the
picture.
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B ENGINE MOUNTING

1. General

¢ Liquid—filed compound engine mounts are fitted on both sides of the engine to reduce vibration and noise at all

speeds.

* The aluminum engine mounting brackets reduce vibration and noise and minimize the total engine weight.
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2. Liquid-Filled Compound Engine Mount

The engine mount combines rubber with liquid
filled chambers.

The fluid flows between upper and lower chambers Bbber. o

through an orifice. T -l:'t‘[-&??",

In addition to vibrations being absorbed by the :-’:;:ll:lidnq___ﬁ*:m ‘2’55 N

rubber mounting, low frequency vibration is Ehgth{Eﬁ_ : W

absorbed by the fluid flowing through the orifice. ol ;

Also, by decreasing the elasticity of the rubber, the -

dynamic spring constant has been reduced, e s

providing greater noise reduction in the case of high \\ - Orrifaue

frequency vibrations. ., hepuralor
. Diaptieagm

Ai1 Chamber
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Bl STARTING SYSTEM

Biuzh A
1. Starter Chmmatater F ) AL
Drive Binign Gears, /7 T8RE S Teld Con

®* The starter output is 2.0 KW and is located = “E/ﬁ‘
1, |1|J:‘|

inside the V—bank of the cylinder block. R [

iy - aky oy

i

: PIUNECT . Vupnetic S
Chueh Geur . Flagnetic Swiich

Relurn Sprine

Mtarrgr.-

L

e J.-:‘:.- ca n'ng
A -

B CHARGING SYSTEM
P
T e 0 «Brush
1. Alternator i e s
* The IC regulated alternator has a large output of
1200 watts to produce enough electricity for the
electric load.

- Rlip King

* The alternator is fitted directly (without
brackets) to the cylinder block.
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B ENGINE MOUNTING

1. General

Engine control system uses an ECU (Electronic Control Unit) with a built—in microprocessor. Stored inside the ECU
is the data for fuel injection duration, ignition timing and idling speed, etc. which are matched with the various engine
conditions as well as programs for calculation. The ECU utilizes these data and signals from the various sensors in
the vehicle and makes calculations with the stored programs to determine fuel injection duration, ignition timing and
idling speed, etc., and outputs control signals to the respective actuators which control operation.

The engine ECU and transmission ECU are integrated into one and the ECU is called the engine and transmission
ECU. The engine control system for the 1UZ—FE engine has the following functions:

EFI (Electronic Fuel Injection)

The ECU determines the fuel injection duration according to intake air volume, engine speed, coolant temperature
and other signals and sends control signals to the fuel injectors. Also, this fuel injection duration is the basis for
deciding the fuel injection timing. The fuel injection system in the 1UZ—FE engine is a four group injection system
which injects fuel simultaneously into two cylinders once every two engine revolutions.

ESA (Electronic Spark Advance)

The ECU determines the amount of ignition advance over the initial set timing of the distributor by the intake air
volume, engine speed, coolant temperature and other signal and sends control signals to the igniters. Also, based ol
signals from the knock sensors, the ECU controls the ignition timing at the optimum in acceritiatioe gasoline’s

octane value.

ISC (Idle Speed Control)

By means of engine speed signals and coolant temperature signals, the ECU sends control signals to the ISC valve
so that the actual idling speed becomes the same as the target idling speed stored in the ECU. Also, while the engine
is warming up, the ECU, based on coolant temperature signals, sends controls signals to the ISC value to control
engine speed to fast idle.

EGR (Exhaust Gas Recirculation) CUT CONTROL

The ECU sends signals to the EGR VSV to cut the EGR based on coolant temperature, engine speed, neutral star
switch or intake air volume signals. This system maintains drivability at low coolant temperature, under light or heavy
load conditions, or at high engine speed, etc.

FUEL PRESSURE CONTROL

The ECU sends signals to the pressure regulator VSV based on coolant temperature, intake air temperature, vehicle
speed and engine start signals, and increases the fuel pressure. This system maintains restartability and idling stability
when the engine is hot.

FUEL PUMP SPEED CONTROL

The ECU, based on fuel injection duration, sends control signals to the fuel pump control relay to control the fuel
pump speed. That is, when the engine requires a large volume of fuel, the fuel pump turns at high speeds and wher
only a small volume of fuel is required, the pump turns at low speeds.
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OXYGEN SENSOR HEATER CONTROL

Based on the intake air volume, engine start and coolant temperature signals, the ECU sends control signals to the
oxygen sensor heater. This system maintains the oxygen sensor at the appropriate temperature in order to improve
the detecting accuracy of oxygen concentration in the exhaust gas.

AIR CONDITIONER CONTROL

Based on the air conditioner switch signal from the air conditioner ECU, the ECU sends control signals to the
magnetic clutch of the air conditioner compressor. This system, the magnetic clutch operation, is delayed for a
predetermined period after the air conditioner switch is turned on.

DIAGNOSIS

The ECU is constantly monitoring signals from each sensor. If a malfunction occurs with the signals, the CHECK
ENGINE lamp on the combination meter lights up and informs the driver of the malfunction.

The content of the malfunction is stored in code in the ECU and whegrila@d g terminals in the check connector
or TDCL are connected, the ECU outputs the trouble code by flashing the CHECK ENGINE lamp.

FAIL-SAFE

If the ECU judges from the signals from each sensor that there is a malfunction, it continues the engine operation using
its own data or it stops the engine.
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2. Construction

The engine control system can be broadly divided into three groups: the ECU, the sensor and the actuators.
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1 Applicable only to California specification vehicles.

*2 Applicable only to vehicles equipped with the optional TRAC (Traction Control) system
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3. Summary of Engine Control System

The following list summarizes each system and control composing engine control system of the 1UZ—-FE engine and
types of the related sensors, ECU and others.

— o epm=

NIE

AERAORS
i =K%

H | T | g . : I =
BER | Ll
L v 1 l::
— g = | = H
£l s R = 7| : g1z | .
= 1 A | = "_ I =
I PR 1 FiE 5 T D2
N R I R R I I L A I
Elez B[ 20 2 T Rl s lElzEs ETS
SEE5e E O3 i 0| E[LEE S|t d
o 3 §_ E S || n| gIC&EEE < |2r Wt S
e L z)E 2 g owiEx e | T LT E (S wZiE
% T - - H alm = = = =
= =i = . E: = ; J,E = ﬁ 2|, Al 2 : - = -
sR|lAE T = = PowmE i =12 28 == Bl Y I
Eglaobi B EL g S Bla¥ds = nEGI D
TEeEE = L E o e | e i 2RSS 2
= =2 - s o S| E e I3 FEg: 0 §51El=s| E
SwlFEx s E oS | F AF R | S [O@fds v Ao 3
e e o F = T . 3
iy R -3 E - Y 1 My P i) o |-- iy
Sy T e nd I L Y g ] ] el e Y I | O
"'-"'-—.-—E“-*:.:—'-"-‘*_-H"'""GE!E-:FH:-'.I?L'!'_i il 2
Suarkag mieches wonlns L ] L I ] ] e 1 | 3
T "=
T et Injat c 1an an s win| = (.
: S Icjevlice Detreloms | !
= AMEr-SarL Enrls ment - - : - i
5 W irm-Up linnchre=cl » - i » .
3 LUCTI SRR TR STTRTETTI[ETTWAN b ERCEA A T TS T | - L | ' L1
5 | Tuser Cnzichmen. » - al | : : . . ]
i -T —_——r—
El Ap -Fa Rarza Fosoallaeh 4 ez ian [ ] | ] L N I1E ] lI a
L ] - N N Rl
£, vasige Lomeinan | 1 : LIE ) '
Bu] &g LT H 0 ! 1 . |
ol Srace Lagecles o oo, ! 1 1] | -
Se-ling Tyoni | : . '
- i_b:n-: tmiabon Alvance Aogis Lenteo ! ] »w -'
i Aoy 4 o : i
E Coureclivr Tenilsn Ky tean. dogl, Dee el |
by .
5! warm..ip Corezonn i" I ' n i
] [ T B e R - . i . . .
&l | T0R Corvcaiun aw bl LA D | i IR L
: é! Fasmcking CoornEcslan "THOETI0E b : - n is(ml = i
5 | Toryue Comlne. Cogreclive L I !l . | I '
= T ! H
"'-i Masinicm and BEIG Mo Adeonce Acge dancey b @ .- : : 'w|m! !
Tenives < oo, E ] ; ] | ] i| .
1 | i
I ik p r : u. |
| JAllar B Cezirul » L I} [ 3E ] : ] e -
'E.i Wil ChanL » v = wi 1
, Tewdtaes, Cengral ] e ¥ . E ] *, L
; Lag.as Spead Lhonge Zromeie oelenl ] ] - L B -]
ECGE Cal-2T Cunnnal am na a | ] : | ] a & .
Fuel Fuap Spest Loncrol ‘W wfw (u! efel |« o . -: I
Turl Prozauc: Canhial . 'om|e D - iw . : . L !
Craen Sroasar s Lnnce- ™ uld . | ! | ' : » I"Ili '
) . - - . - . . 1! ' i - i '
Aiz T omdiivner Tomiproseos Medy Coalzul e . ! : | ) ' 1 ! o | o

*1. Applicable only to California specification vehicles.
*2: Applicable only to vehicles equipped with the optional TRAC (Traction Control) system



ENGINE — 1UZ-FE ENGINE

111

4.

a lgeitian Swiich

» - —_—

Tr Aake Al Tomm, fercar
Adr l_ll.m "rll:'-.*.t

— ™ TJ LTS F‘\.L-Ilu Loam

Engine Control System Diagram

Fuzl Lunk

-t

Fuel Filzar

':-:.I| 1 4tarr injeciug

y bxaih Fal

M

Yensor ©

20a71 Irioctor
Time Swich

FReele
Posilinn |_ L

Fuei Polsaluon
| Dumper -

, Lam U
o Posilien ek
SCTEEAT

Iw.

i | Irjecug. = FRE

_

HH Ll Wl

SECER Yacuowm baduluor

-ELIR Gus Temp.

Sonsor! .

T Imiector
Fess L e I
Rewulater o

S {E.I?c-%.:_g:n
| BCNARTA
' i T .C* i Three-wvay ':_J.lH.|:|-‘|l i

- =
]

| S ——.-'\-
.
"
o
rs
-
o

| r{lsiTiL‘rﬂ.S-::n.lic:r
Il
TT-Spark Py

ey

I

Batzaery L~
-~

“CHECK LMGINE™

Wwoarniog, Famp

I

-— -

[ Engiae & Transnussior ECL J

Etl":-hrh_r

Dﬂ Al Comditnener

mmm]c 5|-:n::r| TNy
T3

weutral Starl Swilch

*1. Applicable only to California specification vehicles.
*2: Applicable only to vehicles equipped with the optional TRAC (Traction Control) system



ENGINE — 1UZ-FE ENGINE

112

5. Arrangement of Engine Control System Components
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6. EFI (Electronic Fuel Injection)
The EFI system consists of the following three major systems:
1) Fuel System
2) Air Induction System

3) Electronic Control System

Fuel System

1) General

Fuel is pumped under pressure by the electric fuel pump from the fuel tank, through the fuel filter, to the injectors

and the cold start injector.

The pressure regulator controls the amount of fuel being returned to the fuel tank through the return pipe, thus

adjusting the pressure of fuel to the injectors.

The pulsation damper absorbs the minute fluctuations in fuel pressure due to injection of fuel.

The injectors inject fuel into the intake port in accordance with injection duration signals from the ECU.
The cold start injector injects fuel into the air intake chamber when the coolant temperature is low, improving

startability in cold weather.

Cold Stare Injector
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2) Fuel Pump

An in—tank type fuel pump is provided inside
the fuel tank. Chack Valve

A turbine pump, with little discharge pulsation
of the fuel in the pump, is used.

This pump consists of the motor portion and the Ruliel Valve—-:

pump portion, with a check valve, relief valve
and filter also incorporated into the unit. Beush—- -
a. Turbine Pump Anwalure -

The turbine pump consists of the impeller,

which is driven by the motor, and the casing

and pump cover, which compose the pump Mugmat
unit. When the motor turns, the impeller turn

along with it.

Blades on the outer circumference of the Iimzoellgs -
impeller pull fuel from the inlet port to the
outlet port.

Fuel discharged from the outlet port passe
through the motor portion and is discharged
from the pump through the check valve.

Casing

[Memp Cover
b. Relief Valve

The relief valve open when the discharge side
pressure reaches 74.92.3 Ib/in? (5.0~6.5
kg/cm?) and the high pressure fuel is returned
directly to the fuel tank.

The relief valve prevents the fuel pressure
from rising beyond that level.

Lhozlzr Mo

\

c. Residual Pressure Check Valve

The check valve closes when the fuel pumps
stops.

The residual pressure check valve and
pressure regulator both work to maintain
residual pressure in the fuel line when the
engine is stopped, thus easing restartability.

If there were no residual pressure, vapor lock
could occur easily at high temperatures,
making it difficult to restart the engine.

Lusiog

IITIHE;JJ-E:E

* The 1UZ-FE engine has a fuel pump speed control (ECU controlled) system which regulates the amount
of electricity flowing to the fuel pump and thus the amount of fuel delivery according to the engine load.
See page 149 for detail.
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3) Fuel Filter
The fuel filter filters out dirt and other foreign Ly
particles from the fuel. It is installed at the high ~
pressure side of the fuel pump. U

'__..J'.I:mcnl

4) Pulsation Damper

Fuel pressure is maintained at 41 Ii¥/i(2.9
kg/cm?) in relation to the manifold vacuum, by
the pressure regulator. However, there is a
slight variation in line pressure due to injection.
The pulsation damper acts to absorb this
variation by means of a diaphragm.

Dialivrzry Pip=

Luw Pressore High Pressure

l“_ i ]
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5) Pressure Regulator

a. Function

Sprink i

The pressure regulator regulates the fuel

pressure to the injectors. Fuel injection ¥uvuuziL lx1
guantity is controlled by the duration of the

signal applied to the injectors, so that a

constant pressure must be maintained to the

a =,
injectors. However, as fuel is injected into the T it o
intake port and manifold vacuum varies, the Valve -~ i e el
fuel injection quantity will vary slights even if - -

the injection signal and fuel pressure are
constant. Therefore, to acquire an accurate
injection quantity, the sum of the fuel pressure .
A and intake manifold vacuum B must be dy
maintained at 41 Ib/iA.(2.9 kg/cn?). Ea—

[azlivery Pipoe

. Operation

Pressurized fuel from the delivery pipe pushes
on the diaphragm, opening the valve. Part of
the fuel flows back to the fuel tank through the

return pipe. The amount of fuel return depends
on the extent of the diaphragm spring tension
and the fuel pressure varies according to the
return fuel volume.

At Yo Vammum

Fuel

Intake manifold vacuum is led to the chamber P PR 5 dum®
of the diaphragm spring side, weakening the i SR, Lo £ Alomesphese

diaphragm spring tension, increasing the
volume of return fuel and lowering the fuel
pressure. In short, when intake manifold
vacuum rises (less pressure), fuel pressure

Prassurs

Inluk

falls only to the extent of the decrease in Mumlfuld
pressure, sthat sum of the fuel pressure A and Yagunuum
the intake manifold vacuum B is maintained at

a constant.

The valve is closed by the spring when the fuel pump stops. As a result, the check valve inside the fuel pump
and the valve inside the pressure regulator maintain residual pressure inside the fuel line.

* The 1UZ-FE engine has a fuel pressure control (ECU controlled) system which maintains the fuel pressure
at higher levels than normal for a predetermined time when the engine is hot when started, maintaining
the engine startability and the idle stability. See page 150 for detail.
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6)

7

Fuel Injector

Fuel is injected into the intake port of each
cylinder in accordance with injection signals
from the ECU.

At the tip of the injector, there are two injection
holes.

The light and small plunger permits quick
response to signals from the ECU.

When a signal from the ECU is received by the
solenoid coil, the plunger is pulled against
spring force. Since the valve needle and
plunger are a single unit, the valve needle is
also pulled from its seat and fuel is injected.

Fuel volume is controlled by the duration of the
signal.

Cold Start Injector

The cold start injector injects fuel into the
intake air chamber during engine cranking to
improve startability.

In starting the engine when the engine coolant
temperature i1.6°F (22°C) or lower, the cold
start injector’s operation time is controlled by
the start injector time switch.

However, starting the engine when engine
coolant temperature is 19B (60°C) or lower,
the operation time of the cold start injector is
controlled by the ECU.

Thus, the cold start injector is controlled by the
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Air Induction System

1) General

Air cleaned by the air cleaner enters the air intake chamber according to the throttle valve opening in the throttle

body and the engine speed. An optical Karman—Vortex type air flow meter is provided between the air cleaner

and the throttle body to optically detect the frequency of the Karman—Vortex that is generated when the air passes
to measure the amount of air being taken into the engine.

A throttle valve in the throttle body controls the air volume.

The air regulated by the throttle valve enters the air intake chamber, is distributed to the intake manifold of each

cylinder and enters the combustion chamber.

ISC (Idle Speed Control) valve is also provided on the throttle body and directs the intake air bypassing the

throttle body to the air intake chamber. The amount of air bypassing the throttle body is determined by a signal

from the ECU to control the idle speed and fast idle speed accordingly.

The air intake chamber prevents pulsation of the intake air to minimize the adverse affection to the air flow meter.

This helps to increase accuracy of measurement of the intake air volume. It also prevents intake air interference
in cylinders.
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2) Construction and Operation of Main Components

a. Air Flow Meter

® Description

An optical Karman—Vortex type air flow
meter is used.

This air flow meter measures the intake air
volume electrically, enabling precise

detection. It is made compact and lightweight.
The simplified construction of the air passage
also reduces air intake resistance.

* Principle

Karman—Vortex Street

When a cylindrical object (Vortex generating body) is placed in the path of gaseous current, vortices (called
Karman—\Vortex) are generated in the wake of the object. If the Karman—\Vortex frequEribe igir velocity
V and the diameter of the cylindrical objektthen the following equation can be made:

po DiW P ; @’Bﬂﬂ
S e L N )

® Construction and Operation

Using the above principle, the air flow meter is fitted with a vortex generator. As air flows past the vortex
generator, vortices are generated at a frequency proportional to the velocity of the air flow.

A calculation of the frequency can then determine the amount of air flow.

The vortices are detected by subjecting the surface of thin metal foil (mirror) to the pressure of the vortices and
optically detecting the vibrations in the mirror by means of a luminous diode and a photo transistor.

The intake air volume signal (Ks) is the pulse signal. When the intake air volume is low, this signal has a low
frequency. When the intake air volume is high, it has a high frequency.
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b. Throttle Body
The throttle body contains the throttle valve that regulates the amount of intake air, the throttle position sensor
that detects the throttle valve opening, and the dash pot that reduces the closing speed of the throttle valve.
The throttle body has the following features:

* The throttle body contains a throttle valve, sufficiently large in diameter to meet the large engine
displacement.

* A linear type throttle position sensor is
mounted on the throttle valve shaft.
This sensor detects the throttle valve

opening angle, converts it to a voltage and
sends it to the engine and transmission ECU.

(Refer to the next page for detail.)
* Engine coolant passes through the

throttle body to maintain warmth under
cold weather conditions.

* When the optional TRAC (Traction Control) is fitted, a sub-throttle actuator, sub—throttle valve and
sub—-throttle position sensor are added to the throttle body.
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* Throttle Position Sensor

The throttle position sensor is mounted on the throttle body. This sensor converts the throttle opening angle into
a voltage and sends it to the ECU as the throttle position signal.

A constant 5V is applied to the Vcc terminal from the ECU. As the contact slides along the resistor in accordance
with the throttle valve opening angle, a voltage is applied to #aet&minal in proportion to this angle.

When the throttle valve is closed completely, the contact for the IDL signal connects between the IBDL and E
terminals.

Another throttle position sensor for the sub—throttle valve is added to the vehicle with the optional TRAC
(Traction Control). It is the same as the main throttle position sensor in construction and operation.
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Electronic Control System

1) General

The ECU incorporates a built—in microprocessor. It controls injection duration precisely based on the data stored
in its memory and signals from each sensor.

Also, the ECU, based on this injection duration, controls the ignition timing.

Further, the fuel injection system is a four group injection system.

The ECU controls to inject fuel into two cylinders simultaneously once every two engine revolutions.
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2) Construction and Function of Relevant Sensors

a. Cam Position Sensors and Engine Speed Sensor

* General e e

Revolution of the G signal plate on the __.. _51‘--_,- E:.-_.ﬁ_,;.:
camshafiand Ne signal plate on the crankshaft | %7~ ©._.i3 ¥
alters the air gap between the projection of the 1, }._
plate and the G pickup coil (or the Ne pickup
coil). The change in the gap creates an
electromotive force in the pickup coil. This
voltage appears as an alternating output since
it reverses its direction periodically as the

plate approaches and leaves the pickup coil. - . .--_"_;,'-:#
DT 1gi|1|: Speed Sensor
= @ Comny Pasition Sensnr 10
* Lam Posilien Sensor I{Tg}

® Cam Position Sensors (gand G, signals)
The G signal informs the ECU of the standard
crankshaft angle, which is used to determine Carashatt Pullay . .
o . L R . . i} - Camshal:
injection timing and ignition timing in relation : e e
to TDC of No. 6 cylinder. @sensor conveys _ S "%‘x H'-‘“i‘:";‘-‘m* ;?
the same information for No. 1 cylinder. FOF o ousE Tl
These sensors are made up of (1) signal plate, L -;;'nu =)

which is fixed to the camshaft timing pulley
and turn once for every two rotations of the
crankshaft, and (2) the two sensorg4@d G

sensors), which are fitted to the distributor

'\.":. )
Jg:ml pl*ne_.l | |

aF

housing. i,
The G, G, signal plates are provided with a T am E"-,'_t.af*" =
projection which activates the 1Gnd G Poaitian -~

sensors once for each rotation of the camshaft, A

generating the wave forms as shown in the

chart. From these signals, the ECU detects

whenthe No. 6 and No. 1 pistons are near their .

TDC. L2007 e amutioft Anpee)
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* Engine Speed Sensor (Ne signal)

The Ne signal is used by the ECU to detect the ,Aiming Bell ",
actual crankshaft angle and the engine speed. |_z 4

The ECU determines the basic injection b

duration and basic ignition advance angle by
these signals. Ne signals are generated in the™. -,
Ne sensor by the Ne signal plate like the G "} A
and G signals. The only difference is that the ’
signal plate for the Ne signal has 12 teeth. 1
Therefore, 12 Ne signals are generated per I
engine rotation. L—J_ Crurksiell
From these signals, the ECU detects the Fnainz $aced Sensor __-——a Fulles
enginespeed as well as each®°3thange in the i T

engine crankshaft angle.
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b. Oxygen Sensors

Four oxygen sensors in total are fitted, one
each in front of and after the start catalyst
converters. The one in front of the catalyst

converter is the main oxygen sensor and after Eranr.

the converter is the sub—oxygen sensor. The
main and sub—oxygen sensors are identical in
construction and function, except for the fact
that the main oxygen sensor has a heater.

The O sensor consists of a test tube shaped
zirconia element with a thin layer of platinum
coated to both the inside and outside. This
sensor is fitted to the exhaust manifolds and
exhaust pipes on both the left and right sides
to sense oxygen concentration (air—fuel ratio)
in the exhaust gas. If there is a difference in the
oxygen concentration on the two sides of the
zirconia element, an electromotive force is
generated, or if the temperature of the O
sensor becomes high, the platinum acts as a
catalyst,causing the oxygen in the exhaust gas
to react with the CO. This decreases the
oxygen volume in the gas. The zirconia
element’'s electromotive force changes
suddenly at the boundary near the ideal
air—fuel ratio.

Using these properties, exhaust gas is passed
over the outer surface of theo @ensor and
atmospheric air is introduced into the inside of
the sensor. The sensor accurately detects
whether the oxygen concentration, that is, the
air—fuel ratio, is higher (rich) or lower (lean)
than the ideal air—fuel ratio.

If the air—fuel is rich, the zirconia element
generates high voltage (approximately 1V).
This “rich” signal is sent to the ECU.
Conversely, if the air—fuel ratio is lean, the
electromotive force of the £sensor is low.
The ECU increases or decreases the injection
volume in accordance with these signals.

A heater is provided in the sensors which are
fitted to the exhaust manifolds. It heats the

zirconia element. This heater is controlled by
the ECU. When the intake air volume is low

(the exhaust gas temperature is low), current
flows to the heater, maintaining the sensor
accuracy.
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3) Functions of the ECU

a. Determination of Injection Timing c _/\
When the ECU receives thg §ignal from the " U -
cam position sensor and then the Ne signal |
from the engine speed sensor in this order, it _f\
determines that the crankshaft angle at No. 6 Dy g

cylinder is at 8 BTDC position.
When the Ne signal is received immediately .
afterthe Gsignal, it judges that the crankshaft

angle at No. 1 cylinder is at BTDC. The o N |'l"]|l ﬂ I'A'l Irﬂl__
ECU accurately calculates the crankshaft U U U U
angle based on G Gy and Ne signals and

determines the injection timing accordingly. B 6 Crifnder o, | {':,':.-']i.ncin:r M. & Cplindsc
3 HTDC 3 RTINT S RTOC

. Principle of Fuel Injection Duration Control

The fuel injection duration is determined by the basic injection duration which is determined by intake air
volume and the engine speed, plus any compensation based on signals from various sensors. During engine
starting (cranking), it is determined differently because the amount of intake air is not stable during cranking.
Once the engine is started, the ECU determines the duration of injection in the following steps:

Step 1: Determination of Basic Injection Duration

The ECU selects, from the data stored in its memory, an injection duration that is suitable for the intake air
volume (detected by the air flow meter) and the engine rpm (detected by the engine speed sensor).

This injection duration is called the “basic injection duration.”

Step 2: Determination of Adjusted Duration of Injection

Under most engine condition, the engine runs smoothly at an air—fuel mixture ratio of approximately 14.7 (this
is called the “ideal air—fuel ratio”). However, when the engine is still cold, or when an extra load is applied to
the engine, the air—fuel ratio is reduced to below 14.7 (i.e., it becomes richer). The ECU detects these engine
conditions by means of the water temp. sensor, throttle position sensor and intake air temp. sensor, etc., and
corrects the basic injection duration to optimize it for the existing engine conditions.

Also, even under normal engine conditions, the injection duration is corrected by the signals from the oxygen
sensors to keep the air—fuel ratio within a narrow range near 14.7. The corrected time is called the “adjusted
injection duration”.

Step 3: Determination of Injection Signal Length

There is a slight delay between the time the ECU sends an injection signal to the injectors and the time the
injectors actually open.

This delay becomes longer the more the voltage of the battery drops.

The ECU compensates for this delay by lengthening the injection signal by a period corresponding to the length
of the delay.

This corrects the actual injection period so that it corresponds with that calculated by the ECU.
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c. Starting Injection Control
During engine starting, it is difficult for the air flow meter to accurately sense the amount of air being taken in
due to large fluctuations in rpm.
For this reason, the ECU selects from its memory an injection duration that is suitable for the coolant

temperature, regardless of intake air volume or engine rpm. It then adds to this an intake air temperature
correction and a voltage correction, to obtain the injection duration.

N . — RELEVANT SIGNALS
Irgzeticn Duration | Wirer lernp
Duripg S1a-ting Sensor THWS * Engine speed (Ne)

O

® Coolant temperature (THW)

* Intake air temperature (THA)

|5
r’; irtuks & Terop. ® |Ignition switch (STA)
2 THa
F'-:f: frestun & d * Battery voltage (+B)
‘D’ * Throttle position sensor (VTA VTAY)
Volthge
Chireczion 1+ 1310 — CONDITIONS
— Engine speed below a predetermined
Adrusicd ]m\.-.um U atiaa level, or STA on.

Bluzacioi of Leel Injection Sisn.t 1uming Shoting
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d. After—Start Injection Control

When the engine is running more or less
steadily above a predetermined level rpm, the
ECU determines the injection signal duration
as explained below:

Injection Signal Duration
= Basic Injection Duration
X Injection Correction Coefficient*
+ \oltage Correction
* Injection correction coefficient is
calculated by the sum and

product of various correction
coefficients.

i) Basic Injection Duration
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This is the most basic injection duration, and is determines by the volume of air being taken in (Ks signal) and
the engine speed (Ne signal). The basic injection duration can be expressed as follows:

Inrakes Adr ¥olume ¥

k

Basic lajecton 1daration

Engine Spead

whers K. Correctian
Coasfficient

* The intake air volume may vary with the air density due to fluctuation of the air temperature and
atmospheric pressure. The variation of air density is corrected as follows:

* Intake Air Temperature Correction

The density of the intake air will
change depending upon its
temperature. For this reason, the ECU
must be kept accurately informed of
both the intake air volume (by means
of the air flow meter) and the intake
air temperature (by means of the
intake air temp. sensor) so that it can
adjust the injection duration to
maintain the air—fuel ratio currently
required by the engine. For this
purpose, the ECU considers °68
(20°C) to be the “standard
temperature” and increases or
decreases the amount of fuel injected,
depending upon whether intake air
temperature falls below oises above
this standard.

[

RELEVANT SIGNAL
Intake air temperature (THA)

sTaclioon Cosleisul

i

[
ke Adr Temp (1]
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* High Altitude Compensation
The density of oxygen in the |’RELEVANT SIGNAL

atmosphere is smaller at high High altitude compensation (HAC)
altitudes. If the fuel is injected under

the same conditions as sea level, the
amount of intake air volume
measured by the air flow meter for
mixture with the fuel will be
insufficient and the air—fuel mixture
becomes too rich.

For this reason, the ECU, according to.=
signals from the high altitude ;
compensation sensor, adjusts signalsg s J
from the air flow meter and %« Thl mm Tl (292 (o))

determines the corresponding fuel High =— Atmosphesc Prossure =Low
injection volume.

n Coelticiznr
L]

i) Injection Corrections

The ECU is kept informed of the engine running conditions at each moment by means of signals from various
sensors, and makes various corrections in the basic injection duration based on these signals.

e After—Start Enrichment

Immediately after starting (engine _ RELEVANT SIGNAL
speed above a predetermined rpm),

the ECU causes an extra amount
fuel to be supplied for a certain period) ¢ Coolant temperature (THW)
to aid in stabilizing engine operation.
The initial correction value is
determined by the coolant  CONDITION

temperature, and the amount[ Engine speed above a predetermined rpm
gradually decreases thereafter at

certain constant rate.

* Engine speed (Ne)

* Warm-Up Enrichment

As fuel vaporization is poor when the _ ol EVANT SIGNAL
engine is cold, if a richer fuel mixture )
is not supplied, the engine will run| ¢ Engine speed (Ne)

poorly. * Coolant temperature (THW)
For this reason, when the coolant
temperature is low, the water temp.
sensor informs the ECU to increase
the amount of fuel injected to
compensate.

As the coolant warms up, the amount
of warm—up enrichment decreases,
reaching zero (correction coefficient
= 1.0) when the coolant reaches
140°F (60°C).
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Acceleration Enrichment During Warm—-Up

The ECU causes an extra fuel to be
supplied during acceleration when the
engine is still warming up in order to
aid drivability.

Through calculation of the amount of
change in the intake air volume per
engine revolution, the ECU detects
the engine acceleration or
deceleration condition. The
correction value is determined
according to the coolant temperature
and the strength of acceleration or
deceleration.

The control is performed separately
for each bank.

Power Enrichment

When the engine is operating under
heavy load conditions, the injection
volume is increased in accordance
with the engine load in order to ensure
good engine operation.

The correction value is determined
according to the intake air volume or
throttle valve opening angle.

- RELEVANT SIGNALS

* Air flow meter (Ks)

* Engine speed (Ne)

® Coolant temperature (THW)

* Intake air temperature (THA)

® |[gnition switch (STA)

* High altitude compensation (HAC)

— CONDITIONS

Intake air volume per engine revolution changgs
(acceleration or deceleration) with coolanpt
temperature below 176 (80°C).

However, ifany of the following occurs, the ECU stops
calculating this change and halts the injection of extra
fuel:

* Engine speed falls below a predetermined rpm
* Fuel cut—off occurs

* [ntake air volume becomes smaller than a certhin
level

— RELEVANT SIGNALS

* Throttle position (Ma1 2)

* Air flow meter (Ks)

* Engine speed (Ne)

® Coolant temperature (THW)
* Intake air temperature (THA)

* High altitude compensation (HAC)

- CONDITIONS

Throttle valve opening angle above°6@r intake air
volume larger than a certain level.
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Air—-Fuel Ratio Feedback Correction
The ECU corrects the ignition duration based on the signals from the main oxygen sensors to keep the
air—fuel ratio within a narrow range near the ideal air—fuel ratio. (Closed look operation)

Further, in order to prevent overheating of the catalyst and assure drivability under the following
conditions, the air—fuel ratio feedback operation does not work: (Open loop operation)

* During engine starting * During traction control
* During after—start * Fuel cut—off occurs
enrichment

* Coolant temperature below
a predetermined level
The ECU compares the voltage of the signals sent from the main oxygen sensors with a predetermined
voltage.
As a result, if the voltage of the signal is higher, the air—fuel ratio is judged to be richer than the ideal
air—fuel ratio and the amount of fuel injected is reduced at a constant rate. If the voltage of the signal

is lower, it is judged that the air—fuel ratio is leaner than the ideal, so the amount of fuel injected is

increased.

In addition, the ECU corrects the skip amount of “rich” or “lean” mixture based upon signals from the
two sub—oxygen sensors. This implements a more accurate feedback correction.
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The control is performed separately for each bank.

iii) Voltage Correction

There is a slight delay between the time the
ECU sends an injection signal to the injectors
actually open. This delay becomes longer the

Loan Skjp

Fich Hicip

Dielay

Iyection traration

more the voltage of the battery drops. N O L _

This means that the length of time that the _:._;?‘IE'::MIUH I A

injector valves remain open would become (PR —

shorter than that calculated by the ECU, Gpﬂn-:di e
causing the actual air—fuel ratio to become Injec liow i i
higher (i.e., leaner) than that required by the YVilue . '
engine, if this were not prevented by voltage Closed —

correction.

In voltage correction, the ECU compensates
for this delay by lengthening the injection

signal by a period corresponding to the length
of the delay. This corrects the actual injection
period so that it corresponds with that
calculated by the ECU.

RELEVANT SIGNALS
[ Battery voltage (+B)
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e. Fuel Cut-Off

® Fuel Cut-Off During Deceleration

During deceleration from a high engine speed
with the throttle valve completely closed, the
ECU halts injection of fuel in order to improve
fuel economy and emission.

When the engine speed falls below a certain
rpm or throttle valve is opened, fuel injection
is resumed. These fuel cut-off and fuel
injection resumption speeds are high when the
coolant temperature is low.

[Fues Bas ;.:.J:u-: |

Coypime Speed Crpml

- RELEVANT SIGNALS

* Throttle position (IDL)
* Engine speed (Ne)
® Coolant temperature (THW)

— CONDITION

cut—off speed.

IDL contacts are closed with engine speed above luel

— CONDITIONS FOR RESUMPTION OF—
FUEL INJECTION

Engine speed drops below fuel injection resumpti
speed, or IDL contacts are open.

CFusl Cuc-aiy
L Bpead

Crenlamd Tomp LFF2

® Fuel Cut—Off Due to High Engine Speed

To prevent engine over—run, fuel injection is halted if the engine speed rises above 6500 rpm. Fuel injection is
resumed when the engine speed falls below this level.

f. Cold Start Injector Control

To improve startability when the engine is cold,
the injection duration of the cold start injector is
controlled not only by the start injector time
switch but by the ECU in accordance with the
coolant temperature. Once the engine has been
started, current to the cold start injector is cut off
and injection is terminated.

— RELEVANT SIGNALS
® Coolant temperature (THW)
® |[gnition switch (STA, IGSW)

* Engine speed (Ne)

— CONDITION

The engine is cranking and the coolant temperaturg
below 140G F (6C°C).

is
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7. ESA (Electronic Spark Advance)

General

In order to maximize engine output efficiency, the air—fuel mixture must be ignited when the maximum combustion
pressure occurs; that is, at about Hiter TDC. However, the time from ignition of the air—fuel mixture to the
maximum combustion pressure varies depending on the engine speed and the intake air volume. Ignition must occur
earlier when the engine speed is higher. In the conventional system, the timing is advanced by the governor advancer.
When the intake air volume per engine revolution is small (high vacuum), ignition must also be advanced, and this
is achieved by the vacuum advancer in the conventional system.

Actually, optimum ignition timing is affected by a number of other factors, such as the shape of the combustion
chamber and the temperature inside the combustion chamber, etc., in addition to the engine speed and the intake ai
volume. Therefore, the governor and vacuum advance do not provide ideal ignition timing for the engine.

With the ESA (Electronic Spark Advance) system, the engine is provided with nearly ideal ignition timing
characteristics.

The ECU determines ignition timing from its internal memory, which contains optimum ignition timing data for each
engine condition, based on signals detected by various sensors, and then sends signals to the igniter.

Since the ESA always ensures optimum ignition timing, both fuel efficiency and engine power output are maintained
at optimum levels.
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Ignition Circuit

1) Principle of Ignition
The ignition timing is determined by the ECU based on signalsGs; Ne) from sensors. When it is determined,
the ECU sends an IGt signal to the igniter at a predetermined timihgi@dkshaft angle) before ignition. The
transistor inside the igniter is turned on by this signal and primary current is supplied from the battery via the
ignition switch to the ignition coil. When the crankshaft position reaches the ignition timing, the ECU stops
supplying the IGt signal. The transistor inside the igniter is turned off and the primary current to the ignition coil
is cut off as a result. At this time, the secondary voltage is induced in the ignition coil. The secondary voltage
is distributed and causes sparks from the spark plug. The counter—electromotive force that is generated when the
primary current is shut off causes an ignition confirmation signal (1Gf), which is sent to the igniter.
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NOTE: Two igniters are used in the engine, one each for four cylinders. No. 1 igniter ignites cylinders 1, 4, 6 and
7 and No. 2 igniter ignites cylinders 2, 3, 5 and 8.

2) Layout of Components
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Construction and Function of Relevant Sensor
Knock Sensor

The knock sensor is provided on the left and right banks of the cylinder block. A piezoelectric ceramic element is
incorporated into the sensor.

If knocking develops in the engine, this piezoelectric element, by resonating with the knocking vibration, generates
a voltage which corresponds with the knocking strength and sends a signal to the ECU.

The ECU uses this signal to retard the ignition timing to prevent the knocking.

lgnilivn 1pruicicn

¥ Slieas ¥
BN

- . W aak
Diaphiaxm A

: P

- Kok, r."ﬂ'",‘ AL 13 _
Signat WT,W_-{IJ’:I]HWMMM]J"{I {IFme

- _; EF " Time

. Vi ."-,

Piesoeleeleic Eiemel

Ly

YA
Kook Sernsor

o, |
E nack Szosor

—REFERENCE—

Excessive knocking may damage the engine.

However, the engine operation in a marginal knocking condition is the most advantageous to the engine output and
fuel economy.
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Function of ECU

1) The function of the ECU in the ESA control is divided into the following three items:
a. Judging Crankshaft Angle

In order to control the ignition timing, it is
necessary for the ECU to know where
compression top dead center is. In this engine,
the ECU judges that the crankshaft has
reached 5 BTDC of the compression cycle
when it receives the first Ne signal following
a G (or &) signal.

Therefore, the ECU calculates the ignition
timing, and advances or retards the timing
accordingly, using 5 BTDC as a reference
point.

If the ignition timing is set to 10BTDC with
terminals g1 and F shorted, the crankshaft
angle wil be 1* BTDC at the time of the next
Ne signal after the {5(or &) signal.

This is known as the initial ignition timing.

. Calculating Ignition Timing

The ECU selects the basic ignition advance
angle from the values stored in its memory
based on the intake air volume and engine
speed, then adds corrections based on signals
from each sensor to determine the actual
ignition timing.
Ignition Timing= Initial Ignition Timing
+ Basic Ignition Advance
Angle
+ Corrective Ignition
Advance (or Retard) Angle

. Igniter Control

The ECU sends an ignition timing signal
(IGty,9) to the igniter based on signals from
each sensor so as to achieve the optimum
ignition timing. This ignition timing signal
goes on just before the ignition timing
calculated irthe ECU, then the ignition timing
signal goes off. The spark plug fires at the
point when this signal goes off.
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2) lIgnition Timing Control

Ignition timing control consists of two basic elements: 1) Ignition control during starting (while the engine is
cranking, ignition occurs at a certain fixed crankshaft angle, regardless of engine operating conditions); and 2)
After—start ignition control, in which various corrections (made by the ECU based on signals from the relevant
sensors) are added to the basic advance angle, which is determined by the intake air volume signal and the engin
speed signal during normal operation.

Starting ignition Fixad ignition advance angle

Canirol
o
: Ignition timing

| control ! i

--Basic igmitien advanee dngle

_ After-start ignition
Gt el
Corractiva lgnitlon agvance angles

“Warm-up cormaction

EGR corractlon

Knacking correction

Targua contral correction
: Maximum and minlmum sdvanca
i angle control
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a. Starting Ignition Control

Since the engine speed is still below a  RELEVANT SIGNALS
specified rpm and unstable during and
immediately after starting, the ECU cannot
accurately determine the correct ignition
timing. For this reason, the ignition timing is
fixed at the initial ignition timing of 5BTDC
until engine operation is stabilized.

* Engine speed (Ne)

® |[gnition switch (STA)

— CONDITIONS
Engine speed below specified rpm, or STA on.

NOTE: At engine adjustment time, etc., with the vehicle stopped, confirm the ignition timing by connecting the
Tg1 and g terminals in the check connector or TDCL with the throttle valve fully closed.

Under the above conditions, ignition advance should not be occurring and the ignition timing should be
the initial ignition timing (10 BTDC).
b. After—Start Ignition Control

i) Basic Ignition Advance Angle Control

This corresponds to the vacuum advance and governor advance angles in conventional type ignition system.
The memory in the ECU contains optimum advance angle data for the intake air volume and the engine speed.
The ECU selects the basic ignition advance angle from memory according to the engine speed signals from the
engine speed sensor and the intake air volume signals from the air flow meter.

* |DL Contacts Open (OFF)

When the IDL contacts open, the ECU determines the basic ignition advance angle based upon data stored
in the memory. This data can be shown in the form of a table, as shown in the chart.

— RELEVANT SIGNALS p-Basic Ignition Advance Angle Datag
* Air flow meter (Ks) oo ey —_
LI LI i e aL M X
* Engine speed (Ne) Eg-l olnnjajale ojafaje o
32 [wjeje|sels sieje s
® Throttle position (IDL) == O0BEEQDEOCED
o |mleiincslele wle ale
* Intake air temperature (THA) - & 20 el w8 w(a
oY [# & & |08 sw min|w
* High altitude compensation (HAC) =g, il ML L AL L AL B I
EE o
~ Engine Spcesl — [Mgh

—REFERENCE—
Since the capacity of the ECU’s memory is limited, it cannot hold all possible advance angle data. For this reason,

the ECU selects the value that is the closest to the required value for each particular combination of engine speed
and intake air volume. It then carries out proportional calculations to find the optimum ignition timing for the
given engine speed and the intake air volume.

* |DL Contacts Closed (ON)

When the IDL contacts close, the ignition timing is advanced as shown, in accordance with the engine speed,
whether the air conditioner is on or off, and whether neutral start switch is on or off.

- RELEVANT SIGNALS i
3 0| HEW, A
* Throttle position (IDk) S| Switch AN Switch (N, NSW IFK
| OUF -
* A/C switch (A/C) I ) I
25* i
* Engine speed (Ne) Bal j
* Neutral start switch (NSW) _ﬂ,E NEW ON. A Swilch O3]
= a L e )
&1 oat i
* \khicle speed (SP kFrgine Spad — Hizh
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if) Corrective Ignition Advance Angle Control

Warm-Up Correction

When the coolant temperature is low,
the ignition timing is advanced
according to it to improve drivability.

EGR Correction

When the EGR is operating and the
IDL contacts are turned off, the
ignition timing is advanced according
to the amount of intake air and the
engine rpm to improve drivability.

— RELEVANT SIGNALS
® Coolant temperature (THW)

* Intake air volume (Ks)
* Engine speed (Ne)
* Intake air temperature (THA)

* High altitude compensation (HAC)

~ RELEVANT SIGNALS
* Intake air volume (Ks)

* Engine speed (Ne)

* Intake air temperature (THA)

® Throttle position (IDly, V1a1, VTA2)
* High altitude compensation (HAC)
® Coolant temperature (THW)

* Neutral start switch (NSW)

* Traction control (TRC)*

* Models with optional TRAC system
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~ RELEVANT SIGNALS

* Knocking Correction

The ignition timing at which engine knocking occurs differs according to the fuel octane value. The
ECU controls the ignition timing at the optimum timing to correspond to the fuel octane value.

If engine knocking occurs, the knock sensor converts the vibration from the knocking into voltage
signals and sends them to the ECU. The ECU judges whether the knocking strength is at one of three
levels; strong, medium or weak, according to the strength of the knock signals and changes the
corrective ignition retard angle. That is, if knocking is strong, the ignition timing is retarded a lot, and

if it is weak, it is retarded a little.

When engine knocking stops, the ECU stops retarding the ignition timing and advances it by fixed

angles a little at a time.

If ignition timing advance continues and engine knocking recurs, ignition timing is again retarded.

The ECU feeds back signals from the knock sensor to correct ignition timing as shown below.

r--— K nacking f.'.h:nurs}- -| Retard - = Ma knmcking | —e Advene |

*  The knocking is judged for each cylinder at the time of ignition. But knocking correction is performed

for all cylinders at one time.

Engine speed (Ne)
Intake air volume (Ks)
Coolant temperature (THW)

Engine knocking (KNK) (KNK>)

— CONDITIONS

Intake air volume per engine revolution is largq
than a certain level.

Ignition timing is not retarded at coolan
temperature below 14¢ (60°C).

—

RBetiord Anple

Woak = -— o= S ng
Lnpine Knocking Sieength
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* Torque Control Correction

Each clutch and brake of the planetary gear unit in the transmission generates shock more or less during
shifting. In the 1UZ-FE engine of the Lexus, this shock is minimized by momentarily retarding the
ignition timing when gears are shifted up or down in the automatic transmission.

When the ECU judges a gear shift

timing according to signals from [ RELEVANT SIGNALS
various sensors, it activates the shift * \kehicle speed (S
control solenoid valves to perform
gear shifting. When the gear shifting ® OD direct clutch speed (Nco)
starts, the ECU retards the engine
ignition timing to reduce the engine * Throttle position (\Ma)
torque.

® Gear shift position
As a result, engagement force of the P & =)

clutches and brakes of the planetary e Coolant temperature (THW)
gear unit is weakened and the gear
shift change is performed smoothly. * Battery voltage (+B)

iii) Maximum and Minimum Advance Angle Control

If the actual ignition timing (initial ignition timing + basic ignition advance angle + corrective ignition advance

or retard angle) becomes abnormal, the engine will be adversely affected. To prevent this, the ECU controls the
actual ignition timing so that the sum of the basic ignition and corrective ignition advance or retard angle cannot
be greater or less than certain values.

Maximum advance angle: 38BTDC
Minimum advance angle: °ABTDC

3) Igniter Control
a. During Engine Starting and Immediately After Starting

During engine starting and immediately after M _ﬂl\)'—]\f —(Ll—

starting, the ECU begins sending thelGt

signal to the igniter at 30crankshaft angle ) s lgeeion
before the initial ignition timing angle (5 05t LiN :
BTDC). app-———— L
————— .
CONDITION Crarwsihatt Anale a4 -1
. FRTOC
[ ® STA on or engine speed below 400 rpm.

Clnilzal Lgnilzon liming!

NOTE: The ignition timing is fixed at 170BTDC when the IDL is on and the=Tand g terminals in the check
connector or TDCL are connected.

b. During Engine Running ML
During engine running, the ECU begins [eniticn
sendingthe IGt, » signal to the igniter at 30 e I
crank angle before the ignition point that it IG5 | | ;’_ﬂ."d””“
has just calculated. 1FT

. af . L
* Engine speed above 400 rpm. Crankshaf Argls

. 3
CONDITION I Y
[ ¥ RTIN
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8. ISC (Idle Speed Control)

General

The step motor type ISC valve is used, which controls the idle speed at a target speed based on the signals from the
ECU by adjusting the volume of air by passing the throttle valve. Also, when the engine is cold, the ISC valve is
opened widely corresponding to the coolant temperature and the engine speed is increased, causing fast idle.

A Flrow hl=rzr

Throllle
Yulvz _

S .
.

J Enpine sproed
¢ Coulant Lemnp.
' Thruule EasiLon
Yohicle 3pazd
1A conclicioneT
v Meulral start awitch
% High allilude cumpenzuton

Inlake AT —_
Cluamber

/

System Diagram

This type of ISC valve is connected to the ECU as shown in the following diagram. Target speeds for each coolant
temperature, air conditioner operating state and neutral start switch signal are stored in the ECU’s memory.

When the ECU judges from the throttle valve opening angle and vehicle speed signals that the engine is idling, it
switches on Trto Try in order, in accordance with the output of those signals, sending current to the ISC valve coil,
until the target speed is reached.
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ISC Valve

The ISC valve is provided on the intake air chamber and intake air bypassing the throttle valve is directed to the ISC
valve through a hose.

A step motor is built into the ISC valve. It consists of four coils, the magnetic rotor, valve shaft and valve.

When current flows to the coils due to signals from the ECU, the rotor turns and moves the valve shaft forward or
backward, changing the clearance between the valve and the valve seat. In this way the intake air volume bypassing
the throttle valve is regulated, controlling the engine speed.

There are 125 possible positions to which the valve can be opened.

Tnluke
Air
Chitrae”

M"'\-\.
Vilve Slaft

By-Pass it Volome — Lurue

An Flow YValwe Siep
Molsr

* Rotor—Constructed of a 16—pole permanent
magnet.

e Stator—Two sets of 16-—pole cores, each of
which is staggered by half a pitch in relation to
the other; two coils are wound around each core,
each coil being wound in opposing directions.

Movement of Valve 5 Cinils Grator

L= =—-, . R x T
The valve shaft is screwed into the rotor. It is &, .= ' 1 'I"'::-"' l .-"':"- I"-::-"'I' ; - l'"'.,
prevented from turning by means of a stopper plate 5 _!E : ] st | K )
so it moves in and out as the rotor rotates. This Sf- j '?_F_ , i
causes thdistance between the valve and valve seat - ﬂ ' 1 oS .j- o .-'"i .
to decrease or increase, thus regulating the amount'*: LS B O S
of air allowed through the bypass. 5. = ! > il ': g
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Rotation of Rotor

The direction of rotation of the motor is reversed by At ‘\"T R ™ ] B |
changing the order in which current is allowed to kJ Z} e “:!": &{r" K
pass through the four coils. The rotor rotates about A ;._;, *
11° (13, of a revolution) each time electric current Row frolsm % | N & ]
passes through the coils. ! ! . r-*-l?
|
When the rotor rotates one step, the positional I e e ": ______ e
relationship shown in the figure develops, and the Slmr | M | 5] N [ 5
stator coil is excited. Since the N poles tend to be ——
attracted to the S poles in the stator and rotor, and i o - 1432 Revalulion
since like poles in the stator and rotor tend to repel K orar -"*_fﬁ 5 N 5
each other, the rotor moves one step. mmmm S s el mm e e
L2 »Repel
L Adlracd
Function of ECU

1) Initial Set-Up

When the engine is stopped, the ISC valve is

fully opened to the 125th step to improve TELEEVANT SIGZIAIN'

startability when the engine is restarted. ngine speed (Ne)

* Main Relay (ISC Valve Initial Set—-Up) Control

The supply of power to the ECU and ISC Current to Main Relay Conditions

valve must be continued, even after the

ignition switch is turned off, in order to ON

Ignition switch on

allow the ISC valve to be set—-up (fully
opened) for the next engine start—up.

Ignition switch off, ISC

OFF
valve set-up complete

Therefore, the ECU outputs 12V from the
M-REL terminal until the ISC valve is
set—up in order to keep the main relay on.
Once set—up is complete, it cuts off the
flow of current to the main relay coil.
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- RELEVANT SIGNALS

2) After—Start Control

If the engine is started and the ISC valve were

kept fully open, the engine speed will rise too
high. Therefore, immediately after the engine

is started, the ISC valve is adjusted to a position
which corresponds to the coolant temperature.

This makes the engine speed drop.

Engine speed (Ne)

Coolant temperature (THW)
Ignition switch (STA)

Battery voltage (IGSW)

Intake air temperature (THA)

High altitude compensation (HAC)
Neutral start switch (NSW)

Air conditioner (A/C)

- CONDITIONS

When the engine speed rises to a certain level. (
lower the coolant temperature, the higher this le
becomes.)

~ RELEVANT SIGNALS

3) Warm-Up (Fast-Idle) Control

As the coolant warms up, ISC valve continues

to gradually close from B to C.
When the coolant temperature reaches’E58

(70°C), fast—idle control by the ISC valve ends.

Engine speed (Ne)
Coolant temperature (THW)
Intake air temperature (THA)

High altitude compensation (HAC)

- CONDITIONS
Engine speed above 300 rpm.

The
vel

c

Yalve Slec

A — H:oadey St Contool

b
14

Yalve Ntom

1 L 1
Coolard Tecop 077)

e
- H
- A B atear-Brart Ol L
O - CWaan-Lip Comarnl i
—_——— . L. 1 - 1
Ceala Temp F IR
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4) Feedback Control

If there is a difference between the actual — RELEVANT SIGNALS
engine speed and the target speed stored in the e Throttle position (IDLy)
memory of the ECU, then the ECU sends a

signal to the ISC valve and increases or * \khicle speed (SP
decreases the volume of the air bypass so that )

the actual engine speed will match the target * Engine speed (Ne)

speed. ) ) ) ® Coolant temperature (THW)
The target speeds differ depending on engine

conditionssuch as neutral start switch on or off, * Intake air temperature (THA)

and air conditioner switch on or off.
® Air conditioner (A/C)

* Neutral start switch (NSW)

— CONDITIONS

IDL contacts close, vehicle speed is below a certa
speed, engine speed is ab8@® rpm and coolant tem-
perature above 163 (73°C).

p-Target Idling Speedd

Air Neutral Engine
Conditioner Start S 9 d
Switch Switch pee

ON 900 rpm
ON

OFF 750 rpm

ON 650 rpm
OFF

OFF 580 rpm

5) Engine Speed Change Estimate Control

Immediately after the air conditioner switch or — RELEVANT SIGNALS
automatic transmission shift position is e Enagine speed (Ne
changed, the engine load also changes. g P (Ne)

To prevent the engine speed from changing the * Air conditioner (A/C)

ECU sends signals to the ISC valve to open or )

close it to a fixed amount before changes in the * Neutral start switch (NSW)

engine speed occur. ® Coolant temperature (THW)

* \ehicle speed (SP

— CONDITIONS

When air conditioner switch or neutral start switch i
turned on or off with engine speed above 300 rpm.

v)
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9. EGR (Exhaust Gas Recirculation) Cut-Off Control

This system actuates th&V (Vacuum Switching Valve) to cut the intake manifold vacuum acting on the EGR valve
and thus shut off the EGR to maintain drivability.

1) Purpose of the EGR System

The EGR system is designed to recirculate the exhaust gas, properly controlled according to the driving
condition, back into the intake air—fuel mixture. It helps to slow down combustion in the cylinder and thus lower
the combustion temperature which, in turn, reduces the amount of NOx emission. The amount of EGR is
regulated by the EGR vacuum modulator according to the engine load.

2) Operation of the EGR System

The exhaust gas pressure increases in proportion to the amount of intake air. As the throttle valve opens more
and the amount of intake air increases, a higher exhaust gas pressure applies to the constant pressure chamb
of the EGR valve. It pushes the diaphragm of the EGR vacuum modulator upward to narroy tfigpassage.

Since intake vacuum acts then on E and R ports of the throttle body, the vacuum regulated:; Ry theassage
determined by the EGR vacuum modulator acts on the EGR vacuum chamber via the VSV. It opens the EGR
value which, in turn, leads exhaust gas into the intake air chamber. This also causes the gas pressure inside the
constant pressure chamber to go down which, in turn, lowers the EGR vacuum modulator diaphragm.

The EGR valve is now under less vacuum and Pp-EGR Operating (VSV OFF)«
the valve moves until the vacuum balances

with the spring tension. The amount of EGR E_ﬂl?lr'{'lmﬂ' Bedy 4 Passare
gas is regulated as a result. As explained above, T I T
the EGR system controls the amount of EGR Thruult-ﬁ-jhad‘wﬁ Turl I-' "
properly according to the exhaust gas pressure Valve ="E Pan :|

and the intake vacuum. 7 [

JLGR Malve ""_ -

4T |

'-_="H. q} ir :._l.]l‘lﬂ"'lTﬂgm
i F

f,;,;.h_qr-* ) 1 Lrar
- ., gL
:E:.-T e ‘[_. E&ﬁ;d'ﬂl Modulater
. Crermhep  EXh3Qar Thamher
3) EGR Cut-Off Operation Qs
When the VSV is turned on by a signal from the PEGR Cut-Off (VSV ON)«
ECU, atmospheric air is led to the EGR valve,
the EGR valve closes and shuts off the exhaust )
gas. This operation (EGR cut-off) is R | ) y '_Ei”'-me Specd
implemented when the following conditions Jﬁﬂ‘ —i
exist: e i Water Tempaouluie
[FAT- Throttle Opaning

1) Coolant temperature below 1346(57°C) L " Inler Aic Vulume
2) During deceleration (throttle valve closed) ca = l—"-=—
3) Light engine load (amount of intake air very small) f...':u-.l: n_a' I -
4) Engine speed over 4000 rpm *f-'l r.__#: A

5) Engine racing (neutral start switch turned on)
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10. Fuel Pump Speed Control

This control system increases the fuel pump output by switching the fuel pump speed to high if a large amount of fuel
is required by the engine. In normal operations where the engine speeds are low, the fuel pump rotates at low speed
to reduce unnecessary consumption of electric power and to maintain fuel pump durability.

Operation

1) During Engine Idling or Cruising
The ECU is constantly calculating the fuel injection duration per fixed period of time. When the engine is idling,
or under normal driving conditions, that is, when the fuel injection duration per fixed period of time is shorter
than the reference value, the ECU turns on the fuel pump control relay coil. When the control relay coil is turned
on, the point contacts side B and the current to the fuel pump flows through a resistor, causing the fuel pump to

run at low speed.

Fuc P
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2) During High Engine Speed and High Load Operation

When the engine is operated at high speeds or under heavy loads, the fuel pump control relay coil is turned off.
The point contacts with side A and the current to the fuel pump flows directly to the pump without passing through

a resistor, causing the fuel pump to run at high speed.
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11. Fuel Pressure Control

When starting engine at high temperature, the ECU turns on a VSV to draw atmospheric pressure into the diaphragm
chamber of the pressure regulator. Thereby, the fuel pressure is increased to prevent fuel vapor lock in order to help

engine start.

Pressare Rogulale

Tix Fucl 'lunk -
HeLlirn:

Froen Fosl Tens

(M)

[
[njoooos

Operation

When the coolant temperature is $1B585°C) or
higher and the intake air temperature is above a
predetermined level, if the engine is cranked, the
ECU turns on the VSV. As the VSV goes on,
atmospheric air is introduced into the diaphragm
chamber of the pressure regulator and the fuel
pressure becomes higher by the amount of the
intake manifold vacuum than the fuel pressure
under normal engine operating conditions.

Even after the engine is started, the VSV remains on
for about 100 seconds.

12. Oxygen Sensor Heater Control

The ECU controls the operation of the oxygen
sensor heater according to intake air volume and
enginespeed. When the engine load is small and the
exhaust gas temperature is low, the heater is
operated to maintain sensor efficiency. Also, when
the engine load becomes large and exhaust gag
temperature becomes high, heater operation is
stopped to prevent deterioration of the sensor.

This system controls both left and right banks
simultaneously.
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Coolant temperature (THW)
* Engine speed (Ne)

Intake air volume (Ks)

Intake air temperature (THA)

Battery voltage (+B)

High altitude compensation (HAC)
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13. Air Conditioner Compressor Delay Control

When the air conditioner compressor is operated during idling, engine load fluctuates and the engine rpm drops
momentarily. The delay control is designed to prevent the engine rpm drop.

Operation

When the ECU detects a signal (A/C) from the air conditioner ECU that the air conditioner switch is turned on, the
ECU output a magnet clutch signal (ACMG) to the magnet clutch relay and turns it on.

The compressor magnetic clutch operation is delayed about 0.5 seconds after the air conditioner switch is turned on.
During this time, the ECU opens ISC (Idle Speed Control) valve to offset the drop in the engine rpm due to the
operation of the air conditioner compressor. This prevents the idle speed from dropping.

belaamest
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14. Diagnosis

General

The ECU contains a built—in self-diagnostic system. The ECU, which is constantly monitoring all sensors, and lights
the “CHECK ENGINE” lamp when it detects a problem in the sensors or their circuitry. At the same time, the ECU
registers the system containing the malfunction into its memory. This information is retained in memory even after
the ignition switch is turned off, even after the malfunction has been corrected. When the vehicle is brought into the
workshop for service because of the problem in the system, the contents of the memory may be checked to identify
the malfunction.

After the problem is repaired, the diagnostic system is cleared by removing the EFI fuse for more than 10 seconds.

The contents of the diagnostic memory can be checked by connecting terminals in the check connector or in the TDCL
and counting the number of times the CHECK ENGINE lamp blinks.

This self-diagnostic system has two types of malfunction detection mode; normal mode and test mode.

In the normal mode, it detects a malfunction if a problem, shown in the diagnostic items on page 154, occurs in the
sensors or circuitry a specified number of times or continues for more than a specified period of time. The ECU lights
the “CHECK ENGINE” lamp.

In the test mode, it has a more sensitive detection accuracy than the normal mode and detects a malfunction even i
it occurs only once.

Thereby, it detects a poor contact between terminals of the connector or momentary disconnection of the wire, which
is difficult to detect in the normal mode. The diagnostic items in the test mode are also shown on page 154.
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“CHECK ENGINE” Lamp IR
1) Operation ‘{f. A

fy ——n _: 4T e

* When the ignition switch is turned from ¢

OFF to ON, the “CHECK ENGINE” lamp L___ S

goes on. After the engine is started, the

lamp goes out. This is to inform the driver

that the “CHECK ENGINE” Ilamp
circuitry is operating normally.

o

CHECK

* The lamp lights immediately if a problem occurs in engine control system while the engine is operating (both
in normal mode and test mode).

¢ |f the problem is corrected, the lamp goes out five seconds after the problem has been corrected in the normal
mode.

In the test mode, the lamp is kept lit until the ignition switch is turned offzgrafd F terminals are
disconnected.

* In the normal mode, if the problem no longer exists at the time of repair (for example, if it is an intermittent

problem), the “CHECK ENGINE” lamp will not light, even if the malfunction has been recorded in the
memory of the ECU.

Diagnostic Mode and Output of “CHECK ENGINE” Lamp

The diagnostic mode (normal or test) and the output of the “CHECK ENGINE” lamp can be selected by changing

the connections of thegl, Tg> and g terminals in the TDCL (Total Diagnostic Communication Link) or check
connector as shown in the table below.

TerandB | Tepand B Diagnostic Output of “CHECK ENGINE” Lamp
Terminals Terminals Mode
Open Normal Warning to driver of malfunction.
Open ' i ion) i
p Connected Normal Output of d|agr_103_t|c results (content of_malfunctlon)_ in
normal mode, indicated by number of times lamp blinks.
Open Test Warning to technician of malfunction.
Connected ' i i i
Connected Test Output of d!ag_nostlc results (conten_t of malfunctl_on) in
test mode, indicated by number of times lamp blinks.

Diagnostic Procedure

1) Normal Mode pTDCL «
The diagnostic codes are displayed, by the =
. K .. e
procedure listed below, in order from the LENE R
smallest to the largest code with the number of v L
times the lamp blinks indicating the code 'x:ﬁ_ L h'H“‘x
number. e
E Ie, TF
@ Turn the ignition switch ON. ! !
@ Connect terminals g and B. pCheck Connectorq
® IDL contacts ON (throttle valve E
fully closed). e, 7B
r E.- " -'"'.-'
m Bl
lu—'._]

Terminal Tg2 is not provided in the check
connector.
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2) Test Mode

First, connect terminalsgp and g, then turn the ignition switch on to begin the diagnosis in the test mode.
Start the engine.
Simulate the conditions of the malfunction described by the customer.

When a malfunction occurs and the “CHECK ENGINE” lamp lights up, terminaisaiid & should be
connected for outputting the malfunction code. Lighting up of the “CHECK ENGINE” lamp and retention
of the malfunction in the ECU memory continues ungip &nd g terminals are disconnected or the ignition
switch is turned to OFF.

® End the test mode by disconnecting the terminglsahd g or turn the ignition switch OFF.

®OO

NOTE: The test mode will not start if terminalgJdand B are connected after the ignition switch is turned on or
terminals g1 and g are connected before the ignition switch is turned on.

Diagnostic Code Display

In both normal and test modes, the diagnostic

results are displayed in two—digit codes. 0.3 5ec.

(s Cyvele

1) Normal
The “CHECK ENGINE” lamp will blink about {IFH
two times per second as shown in the chart.

M2 Boe
IS Beo. 15 Sec. ;

2) Malfunction 4 5ea_ a4, 25 Bea. 4.3 5-:1:!.
The appropriate diagnostic code(s) will be O | | | '
displayed. I.’JF-F
In this case, codes 13 and 32 are indicated. (.5 e .

" oy ! Repeual
b Seart Dz Cyele g

NOTE: If two or more malfunctions are present at the same time, the lowest—numbered diagnostic code will be
displayed first.
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Diagnostic Items

“CHECK .
Code ENGINE” Lamp* . . o
No. Item Normal Tost Diagnosis Trouble Area Memory
Mode Mode
® Ne, G sensor circuit
) “Ne” or “G” si ithi ineis| ® Starter signal circuit
12 | RPM signal ON NA. l;lrc;nllzleed or “G” signal to ECU within 2 seconds after engine is ¢}
: ® Ne, G sensor
® ECU
® No “Ne” signal to ECU when the engine speed is above 1080Ne sensor circuit
13 | RPM Signal ON ON rpm. ® Ne sensor
® The phase of thef®r G signal and the Ne signal is shifted md S
than the standard value. ECU
- ® Igniter circuit
146 ls%g'rt]'gln No. 1 ON N.A. No “IGf1” signal to ECU 8-11 times in succession. ® |gniter
® ECU
- ® Igniter circuit
15*6 ls%g'rt]'gln No. 2 ON N.A. No “IGfy" signal to ECU 8-11 times in succession. ® |gniter
® ECU
16 | ECT Control Signall] ON N.A. ECT control program faulty. ® FCcu
® G, sensor circuit
Cam Position S .
17 | Sensor No. 1 Signa) N.A. OFF | Open circuit in G sensor signal (8. ® G; sensor
® ECU
® G, sensor circuit
Cam Position S .
18 | Sensor No. 2 Signa) N.A. OFF | Open circuit in G sensor signal (8. ® G, sensor
® ECU
During air—fuel ratio feedback correction, output voltage of mai® nain oxygen sensor circuit
oxygen sensor remains between 0.35V and 0.7V continuously for
. a certain period (OXD). ® Main oxygen sensor
Main Oxygen
21 %?tngg;ks)'gna' (for [ ON ON ® Oxygen sensor heater circit
Open circuit in oxygen sensor heater signal {HT ® Oxygen sensor heater
® ECU
® \Water temp. sensor circuit
22 \é\grtg:);r%%%él ON ON Open or short circuit in water temp. sensor signal (THW). ® \Water temp. sensor
® ECU
) ® Intakeair temp. sensor circuft
24 Isr}garl](; Alr Temp. ON*3 ON Open or short circuit in intake air temp. sensor signal (THA). | ® |ntake air temp. sensor
® ECU
® |njector circuit
® |njector
® |gnition system
° )
Air—Fuel Fuel line pressure
25*4 | Ratio Lean ® Oxygen sensor circuit
Malfunction . . . .
® When air-fuel ratio feedback correction value continues a ®eOxygen sensor
upper (lean) limit for a certain period of time or adaptive confrgl .
value is not renewed for a certain period of time. Air flow meter
® When air—fuel ratio feedback compensation value or adapt®eWater temp. sensor
ON ON control value feedback frequency is abnormally high dudieg| e ¢y
switch eananddeedaeslooondition.
® When the difference of air—fuel ratio feedback compensati®n Injector circuit
value between right and left banks is more than a ce wnln'ector
percentage. |
° )
Air—Fuel Fuel line pressure
26*4 [ Ratio Rich ® Cold start injector
Malfunction .
® Air flow meter
® \Water temp. sensor
® ECU
° § e
Sub—Oxygen Sub-oxygen sensor circuit
27 | Sensor Signal (for ON ON Open circuit in sub—oxygen sensor signal (QXL ® Sub—oxygen sensor
left bank)
® ECU
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“CHECK .
Code ENGINE” Lamp* . . )
No. Item Normal Tost Diagnosis Trouble Area Memory*
Mode Mode
During air—fuel ratio feedback correction, output voltage|o® nain 0Xygen Sensor circuit
main oxygen sensor remains between 0.35V and 0.7V O
. continuously for a certain period (OXR ® Main oxygen sensor
Main Oxygen
28 rs'ethSg;r?IE)mal (for [ ON ON ® Oxygen sensor heater circuit
i
9 Open circuit in oxygen sensor heater signal {HT ® Oxygen sensor heater O
® ECU
° § e
Sub—Oxygen o _ Sub-oxygen sensor circuit
29 | Sensor Signal (for ON ON Open circuit in sub—oxygen sensor signal (QXR ® Sub-—oxygen sensor O
right bank)

® ECU

® Air flow meter circuit

Air Flow Meter No “Ks” signal to ECU when the engine speed is above BQO

31 | signal ON ON " fypm. Air flow meter O
® ECU
35 | HAC Sensor Signal ON ON Open circuit in altitude HAC sensor signal. ® FCu O

41

® Throttle position sensor circuit

Throttle Position Open or short circuit in throttle position sensor signal
Sensor Signal ON*3 ON (vgr/.\l)_ P g ® Throttle position sensor O

® ECU

43

® Starter signal circuit
No “STA” signal to ECU until engine speed reaches 400 ° " ) ) L X
rpm with vehicle not moving. Ignition switch, main relay circuit

® ECU

Starter Signal N.A. OFF

47

® Sub-throttle position sensor

Sub-Throttle i i :
o~ Open or short circuit in throttle position sensor signal
Position Sensor ON=3 ON (VQFAZ). P g ® Sub-throttle position sensor circfit O

Signal
® ECU

® Knock sensor circuit
Knock Sensor

52 Signal 1 ON N.A. Open or short circuit in knock sensor signal (KK ® Knock sensor O
® ECU
53 giré?\Czli(l Control ON N.A. Knock control program faulty. ® ECu X
® Knock sensor circuit
55 giré?\Czli(l gensor ON N.A. Open or short circuit in knock sensor signal (KK ® Knock sensor O
® ECU
® EGR system components
71%5 EGR System ON ON EGR gas temp. below a predetermined level during EGH ® EGR gas temp. sensor circuit o
Malfunction operation. ® EGR gas temp. sensor
® ECU
® A/C amplifier
® AJ/C switch circuit
® Neutral start switch circuit
51 | Switch Condition NA oFf | No “IDL" signal or No “NSW" signal or “A/C” signal to ® Neutral start switch X
Signal ECU during diagnosis check for test mode. ® Throttle position sensor circuit
® Throttle position sensor
® Accelerator pedal and cable
® ECU

*1: ON in the diagnostic mode column indicates that the “CHECK ENGINE” lamp will light up when a diagnosis
is conducted and a malfunction is detected. OFF indicates that the lamp will not light even if a malfunction is
detected during a diagnosis. N.A. indicates that diagnosis is not performed for that item.

*2: O mark in the memory column indicates that the code for a malfunction is stored in the ECU memory if that
malfunction occurs once. X mark indicates that the code is not stored in the memory even if that malfunction
occurs. For this reason, lamp indication of the malfunction code is limited to those times when the diagnostic
results are output in accordance with the normal or test mode procedures.

*3: In the normal mode, when a malfunction occurs in code Nos. 24, 41 and 47, the “CHECK ENGINE” lamp will
light up only in California specification vehicles.

*4: |f the circuit of the main oxygen sensor is open or shorted in California specification vehicles, only code No. 25
is stored in the ECU memory. If malfunctions occur with items other than the main oxygen sensor, code Nos. 25
and 26 are stored simultaneously in memory for all items.

*g: Code No. 71 is used only for California specification vehicles.

* 0O-

If diagnostic code “14” is displayed, check No. 1 igniter connected with harness wrapped with yellow tape.
If diagnostic code “15” is displayed, check No. 2 igniter connected with harness not wrapped with yellow tape.
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15. Fail-Safe

Fail-Safe Function

When a malfunction is detected by any of the sensors, there is a possibility of an engine or other malfunction occurring
if the ECU were to continue to control the engine control system in the normal way. To prevent such a problem, the
fail-safe function of the ECU either relies on the data stored in memory to allow the engine control system to continue
operating, or stops the engine if a hazard is anticipated.

The following table describes the problems which can occur when trouble occurs in the various circuits, and the

responses of the fail-safe function:

Circuit with Abnormal
Signals

Necessity of Fail-Safe Function

Fail-Safe Function

Ignition Confirmation
Signal (IGf;,2) Circuit

If trouble occurs in the ignition system and
ignition cannot take place (the ignition
confirmation signal (IGf,2) is not input to the
ECU), the catalyst could overheat due to
misfiring.

Fuel injection is stopped.

* Water Temp. Sensor
Signal (THW) Circuit
* Intake Air Temp.

Sensor Signal (THA)
Circuit

If an open or short circuit occurs in the water
temperature or intake air temperature signal
circuit, the ECU senses that the temperature ig
below —58F (-5C°C) or higher than 274°F
(139°C). This results in the air—fuel ratio
becoming too rich or too lean, which leads to
engine stall or rough engine running.

Fixed values (standard values)
are used, standard values are
176°F (80°C) for coolant
temperature and 68 (20°C) for
intake air temperature.

Transmission Control
Signal

If trouble occurs in the transmission control
program in the ECU, transmission does not
operate properly.

Torque control correction by thg
ESA is prohibited.

Air Flow Meter Signal
(Ks) Circuit

If an open or short circuit occurs in the air flow|
meter signal circuit, it becomes impossible to
detect the intake air volume and calculation if
basic injection duration cannot be done. This
results in engine stalling or inability to start the
engine.

Fixed (standard) values
determined by the STA signal

d IDL contacts conditions arg
used for the fuel injection
duration and the ignition timing
(10° BTDC), making engine
operation possible.

High Altitude
Compensation Sensor
Signal (HAC) Circuit

If an open or short circuit occurs in the HAC
sensor signal circuit, the atmospheric pressure
corrective value is either the maximum or the
minimum value.

This causes the engine to run rough or reduce
drivability.

A fixed value of 760 mmHg is
used.

U7

Main and Sub-Throttle
Position Sensor Signal
(VTA1,2) Circuit

When an open or short circuit occurs in the
throttle position sensor signal circuit, the ECU
detects the throttle valve as being either fully
open or fully closed to prevent engine stall.

A fixed value of 0 throttle valve
opening angle is used.

* Knock Sensor Signal
(KNK1,2) Circuit

* Knock Control
System

If an open or short circuit occurs in the knock
signal circuit, or if trouble occurs in the knock
control system inside the ECU, whether knock
occurs or not, ignition timing retard control will
not be carried out by the knock control system

Nthe corrective retard angle val
is set to the maximum value.

which could lead to damage to the engine.

e
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Back-Up Function

If there is trouble with the program in the ECU and the ignition signals (IGt) are not output, the ECU controls fuel
injection and ignition timing at predetermined levels as a back—up function to make it possible to continue to operate

the vehicle.

Furthermore, the injection duration is calculated from the starting signal (STA) and the throttle position signal (IDL).
Also, the ignition timing is fixed at the initial ignition timingy BTDC, without relation to the engine speed.

NOTE: If the engine is controlled by the back—up function, the “CHECK ENGINE” lamp lights up to warn the
driver of the malfunction but the diagnostic code is not output.
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W EMISSION CONTROL SYSTEM

1. System Purpose

System Abbreviation Purpose
Positive crankcase ventilation PCV Reduces HC by eliminating blow—by gas
Exhaust gas recirculation EGR Reduces NOx
Three—way catalyst TWC Reduces HC, CO and NOx
Evaporative emission control EVAP Reduces evaporative HC
Air—fuel ratio feedback control AlF Reduces HC, CO and NOx
Electronic fuel injection EFI Regulates all engine conditions for reduction of
exhaust emissions.
High altitude compensator HAC Reduces HC and CO
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2. Component Layout and Schematic Drawing
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*  Applicable only to the California specification vehicles.
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3. Diagonal Flow Type Three—Way Catalyst (TWC)

A new type of high—performance catalyst converter developed by improving the shape and container construction
is used.

It has monolithic catalysts and is diagonally arranged in relation to the flow of exhaust gas reducing the length and
the exhaust resistance with wider cross section area.

s -
| 1.
b riaLusl : LEshawst ; + — e o
Giaz .

L7437

Idiagonal Flaw Type TWC Conventivnal Trpe TWC



