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Outline 
Exterior design

� The dynamic styling, from front to back and along the body sides, creates a sense of "motion".
� A compact cabin supported by pronounced overfenders, lowers the visual center of gravity, emphasizing a 

sense of "stability".
� A pared-down body shape and a boldly contoured form gives the Mazda RX-8 an aggressive appearance.

Interior design
� Modern, high-quality design

— Vibrant styling from the dashboard to the rear.
— Tight and compact dashboard emphasizes lightness and sophistication by adopting new textures, coloring, 

and metallic-look materials that add to its unique style. 
— Rotor-motif shift-lever knob and sunvisors employing mesh texturing demonstrate the value and attention 

to detail.
� Comfortable interior

— Front and rear console boxes with cup holders.
— Door pockets are provided for road maps or a small bag.
— Sunvisors are equipped with illuminated vanity mirrors.
— Premium audio system with nine BOSE speakers is available, offering an acoustic space of high quality.

� Center pillarless freestyle doors providing 
unhindered access to the cabin have been 
adopted.

� Trunk compartment with a practical capacity
— A storage capacity of approx. 290 L {306 US 

qt, 255 lmp qt}, sufficient for two golf bags or 
two size-67 Samsonite suitcases, has been 
realized by lowering the floor thanks to the 
emergency puncture repair kit which requires 
no spare tire.

CHU0000S018

CHU0000S017
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Engine - the "RENESIS" - a new-generation rotary engine
� Engine

— 13B-multi side port (MSP) (High power and Standard power), new-generation rotary engine has been 
adopted.

— Side exhaust system has been adopted by transferring the exhaust ports from the rotor housing to the side 
housing.

— The intake port area has been in increased by 30% over previous rotary engines. This results in reduced 
intake resistance and increased air flow which makes more power.

— Cut-off seals have been provided between the oil seals and the side seals of the rotors, preventing 
combustion gas from flowing into the intake air process.

— Keystone-shaped (wedge-shaped) side seals have been adopted for increased sealing performance.
— Ribs in the side housing and rotors have been decreased in thickness and weight while maintaining high 

rigidity.
— Spark plugs with iridium tips have been adopted for improved heat resistance and durability.
— Flank cuts on the corners of the rotors provide improved exhaust efficiency by delaying the exhaust-port 

closing timing.

� Intake and control
— Sequential dynamic air intake system (S-DAIS) has been adopted, realizing powerful output at high engine 

speed provides a wide-range of torque in the low and medium-speed ranges through full use of air intake 
pulsating unique to the rotary engine.

— Large, low-resistance air cleaner and variable fresh air duct (VFAD) (High power only) have been adopted.

EXHAUST PORT

EXHAUST PORT

AUXILIARY PORT
(HIGH POWER ONLY)

INTAKE PORT

SIDE EXHAUST
        (RX-8)

PERIPHERAL EXHAUST
              (RX-7)

EXHAUST PORT

CHU0000S020

HIGH POWER

VARIABLE DYNAMIC EFFECT
INTAKE VALVE

THROTTLE VALVE

AUXILIARY PORT VALVE

VARIABLE FRESH AIR DUCT

AIR CLEANER
FRESH AIR DUCT

SECONDARY SHUTTER VALVE

INTAKE MANIFOLD

CHU0000S013
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— Three injectors per rotor have been provided on the High power model (2 per rotor for Standard power). 
Together with the electronically controlled (drive-by-wire) throttle valves and the 32-bit powertrain control 
module (PCM), the injector arrangement has realized fine control of the air-fuel ratio and reduced response 
time.

— New jet air fuel mixing system that promotes 
atomization, vaporization, and mixing of fuel 
has been adopted on the intake port unique to 
the rotary engine, realizing improved 
combustion and reduced fuel consumption.

Advanced front-midship layout
� Combination of state-of-the-art technologies such as a compact rotary engine, a thin engine oil pan, a forward-

located air intake system, a compact air-conditioning unit, has produced a small and light powerplant package.
� Adoption of an advanced front-midship layout, 

saddle-shaped plastic fuel tank, and an 
emergency puncture repair kit requiring no spare 
tire has realized a 50-50 front/rear weight 
distribution, minimal yaw-inertia moment, and 
high roll-rigidity.

JET AIR FUEL MIXING SYSTEM
CHU0000S014

50% 50%

ADVANCED FRONT-MIDSHIP
LAYOUT

NO SPARE TIRE DUE TO
ADOPTION OF EMERGENCY
PUNCTURE REPAIR KIT

FUEL TANK LOCATED
WITHIN WHEELBASE

RX-7

RX-8

RENESIS ENGINE

CHU0000S002
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Suspension and steering
� Tire pressure monitoring system

— The tire pressure monitoring system (TPMS) has been adopted to assist the driver in understanding the tire 
status to improve the safety.

� Front suspension
— Newly developed, in-wheel type double-wishbone suspension has been adopted.
— Relatively long arms promote linear alignment changes during bounce and rebound, realizing excellent 

controllability at the vehicle handling limits in diverse road and driving conditions.

� Rear suspension
— Multi-link suspension employing five links per wheel has been adopted.
— Excellent handling stability, ride comfort, and road noise performance have been realized by optimizing 

each link arrangement in consideration of geometry and compliance in order to maintain the optimum tire 
contact area at any time in the optimal condition against external forces during driving.

LARGE-DIAMETER MONOTUBE
SHOCK ABSORBER

FORGED-ALUMINUM
LOWER ARM

HOT-FORGED-ALUMINUM
UPPER ARM

LIGHT, RIGID SUBFRAME

CHU0000S007

LIGHT, RIGID SUBFRAME

LARGE-DIAMETER MONOTUBE
SHOCK ABSORBER

REAR KNUCKLE MADE OF LIGHTWEIGHT,
HIGHLY RIGID HOT-FORGED-ALUMINUM
FOR IMPROVED REAR TIRE RESPONSE
BY DECREASING WEIGHT UNDER SPRINGS.

LONG-LINK SUSPENSION MOUNTING POINT LAYOUT
FOR IDEAL CHANGE IN GEOMETRY

CHU0000S008
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� Electric power steering (Rack assist type)
— To provide the driver with appropriate road 

feel, the power steering system employs 
computer controlled power assistance 
characteristic based on vehicle speed and a 
rack assist mechanism with a motor installed 
on the same axis as the rack.

Brake
� Large-diameter, 17-inch type front brakes have been adopted on sport-suspension vehicles for consistent 

stopping power.
� 16-inch type front brakes have been adopted on standard-suspension vehicles.
� 16-inch type rear brakes have been adopted on both for sport and standard-suspension vehicles.

Transmission
� Manual transmission

— Cross-ratio six-speed manual transmission has been adopted on the 13B-MSP (High power).
� Automatic transmission (13B-MSP (Standard power))

— Four-speed sport automatic transmission has been adopted that can be shifted up/down by operating the 
one-touch steering-wheel-mounted switches.

— Shift patterns have been adopted that optimize the frequently used operating positions of N-D and manual 
modes by reducing the shift-lever stroke.

Safety
� Lightweight and highly rigid safe body structure developed uniquely for the Mazda RX-8 has achieved high 

international standards of crash safety.
� Reinforcement with high strength has been installed on the area equivalent to the center pillar on the rear 

doors, realizing strength nearly equal to that of a center pillar of a standard sedan.
� Dual-inflator type air bags that control deployment of the air bags in two stages by detecting the scale of an 

impact have been adopted for front-seat passengers.
� Curtain air bags have been adopted that deploy and cover the front and rear windows and protect the heads of 

front and rear passengers.
� Side air bags effective in protecting the upper abdomen of passengers have been adopted and installed in the 

outboard sides of the front seat backs.
� Pre-tensioner and load limiter mechanisms have been adopted for the front seat belts.
� Intrusion minimizing mechanism has been adopted for the brake pedal.
� ISO-FIX anchors and tether straps have been adopted for installing child restraint systems on the rear seats.
� Aluminum hood with a shock-absorbing cone structure has been adopted in consideration of pedestrian 

protection.
End Of Sie

CHU0000S009
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HOW TO USE THIS MANUAL
CHU000000001S02

Vehicle Identification Number (VIN) Code

End Of Sie

J  M 1  F E 1 7 N  * 4  # 1 2 3 4 5 6
Serial No.

0= Hiroshima
1= Hofu

4=2004, 5=2005...

N= 13B-Standard power
3=  13B-High power

FE= Mazda RX-8

1=Drv. & Pass.-A/B,
Side A/B, Curtain A/B 

7= Coupe

JM1= Mazda/passenger car

*=0 to 9, X

Plant

Model year

Check Digit

Engine type

Body style

Restraint system

Vehicle type

World manufacturer identification

CHU0000S001
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UNITS
CHU000000002S01

Conversion to SI Units (Système International d'Unités)
� All numerical values in this manual are based on SI units. Numbers shown in conventional units are converted 

from these values.

Rounding Off
� Converted values are rounded off to the same number of places as the SI unit value. For example, if the SI unit 

value is 17.2 and the value after conversion is 37.84, the converted value will be rounded off to 37.8.

Upper and Lower Limits
� When the data indicates upper and lower limits, the converted values are rounded down if the SI unit value is 

an upper limit and rounded up if the SI unit value is a lower limit. Therefore, converted values for the same SI 
unit value may differ after conversion. For example, consider 2.7 kgf/cm2 in the following specifications:

210—260 kPa {2.1—2.7 kgf/cm2, 30—38 psi}
270—310 kPa {2.7—3.2 kgf/cm2, 39—45 psi}

� The actual converted values for 2.7 kgf/cm2 are 265 kPa and 38.4 psi. In the first specification, 2.7 is used as 
an upper limit, so the converted values are rounded down to 260 and 38. In the second specification, 2.7 is 
used as a lower limit, so the converted values are rounded up to 270 and 39.

End Of Sie

Electrical current A (ampere)
Electric power W (watt)
Electric resistance ohm
Electric voltage V (volt)

Length
mm (millimeter)
in (inch)

Negative pressure
kPa (kilo pascal)
mmHg (millimeters of mercury)
inHg (inches of mercury)

Positive pressure

kPa (kilo pascal)

kgf/cm2 (kilogram force per square 
centimeter)
psi (pounds per square inch)

Torque

N·m (Newton meter)
kgf·m (kilogram force meter)
kgf·cm (kilogram force centimeter)
ft·lbf (foot pound force)
in·lbf (inch pound force)

Volume

L (liter)
US qt (U.S. quart)
Imp qt (Imperial quart)
ml (milliliter)
cc (cubic centimeter)
cu in (cubic inch)
fl oz (fluid ounce)

Weight
g (gram)
oz (ounce)
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SAE STANDARD
CHU000000003S01

� In accordance with new regulations, SAE (Society of Automotive Engineers) standard names and 
abbreviations are now used in this manual. The table below lists the names and abbreviations that have been 
used in Mazda manuals up to now and their SAE equivalents.

#1 : Diagnostic trouble codes depend on the diagnostic test mode.
#2 : Controlled by the PCM
#3 : Device that controls engine and powertrain
#4 : Directly connected to exhaust manifold

End Of Sie

SAE Standard
Remark

SAE Standard
Remark

Abbreviation Name Abbreviation Name
AP Accelerator Pedal MAP Manifold Absolute Pressure
APP Accelerator Pedal Position MAF Mass Air Flow
ACL Air Cleaner MAF sensor Mass Air Flow Sensor
A/C Air Conditioning MFL Multiport Fuel Injection
A/F Air Fuel Ratio OBD On-board Diagnostic System
BARO Barometric Pressure OL Open Loop
B+ Battery Positive Voltage OC Oxidation Catalytic Converter
CMP sensor Camshaft Position Sensor O2S Oxygen Sensor
LOAD Calculated Load Value PNP Park/Neutral Position
CAC Charge Air Cooler PID Parameter Identification
CLS Closed Loop System PSP Power Steering Pressure
CTP Closed Throttle Position PCM Powertrain Control Module #3
CPP Clutch Pedal Position

PAIR Pulsed Secondary Air Injection Pulsed 
injectionCIS Continuous Fuel Injection 

System
CKP sensor Crankshaft Position Sensor

AIR Secondary Air Injection
Injection 
with air 
pump

DLC Data Link Connector
DTM Diagnostic Test Mode #1
DTC Diagnostic Trouble Code(s) SAPV Secondary Air Pulse Valve
DI Distributor Ignition

SFI Sequential Multiport Fuel 
InjectionDLI Distributorless Ignition

EI Electronic Ignition #2 3GR Third Gear
ECT Engine Coolant Temperature TWC Three Way Catalytic Converter
EM Engine Modification TB Throttle Body
EVAP Evaporative Emission TP Throttle Position
EGR Exhaust Gas Recirculation TP sensor Throttle Position Sensor
FC Fan Control TCC Torque Converter Clutch
FF Flexible Fuel

TCM Transmission (Transaxle) Control 
Module4GR Fourth Gear

GEN Generator TR Transmission (Transaxle) Range
GND Ground TC Turbocharger

HO2S Heated Oxygen Sensor With 
heater

VSS Vehicle Speed Sensor
VR Voltage Regulator

IAC Idle Air Control VAF sensor Volume Air Flow Sensor
IAT Intake Air Temperature

WU-TWC Warm Up Three Way Catalytic 
Converter #4

KS Knock Sensor
MIL Malfunction Indicator Lamp WOP Wide Open Throttle
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ENGINE FEATURES
CHU010002000S02

End Of Sie
ENGINE SPECIFICATIONS

CHU010002000S03

Improved power performance

� A side intake and exhaust port system adopted
� 2-piece apex seals adopted
� Keystone shaped side seals adopted
� Cut-off seal adopted
�  A lightweight flywheel adopted

Improved driving performance
� Advanced front mid-ship layout adopted
� Drive-by-wire system, which opens and closes throttle valve by throttle actuator, 

adopted
Improved engine torque and 
output � Sequential dynamic air intake system (S-DAIS) adopted

Improved startability � A reduction type starter adopted

Reduced weight

� Thin walls on the side housings adopted
� Lightweight rotors adopted
� Aluminum rotor housings adopted
� Aluminum engine mount brackets adopted
� A compact oil filter adopted
� A thin oil pan made of steel adopted
� An oil strainer made of plastic adopted
� A down flow type radiator with aluminum core and plastic tank adopted

Miniaturization � A regulatorless generator with built-in power transistor adopted
� A built-in type water pump adopted

Improved fuel economy
� Bathtub shaped combustion chambers adopted
� By-pass valve in the eccentric shaft adopted
� Anti-wet port adopted

Improved idle fuel economy � Jet air fuel mixing system adopted
Reduced engine noise and 
vibration

� Oil-filled engine mount rubber adopted
� A cooling fan with electric motor adopted

Improved reliability
� A degassing type coolant reserve tank adopted
� An independent ignition control system with distributorless ignition coil adopted
� A battery duct adopted

Improved durability � A spark plug with an iridium tip adopted

Improved lubricity � A two-rotor type trochoid oil pump adopted
� An electric type metering oil pump adopted

Improved safety � A starter interlock switch adopted (MT)

Improved serviceability � Nylon tubes adopted for fuel hoses in the engine compartment and around the fuel 
tank, and quick release connectors adopted for joints

Wiring harness simplification � Controller area network (CAN) adopted

Reduction of evaporative gas � Returnless fuel system adopted
� Evaporative purge control adopted

Improved exhaust purification
� Secondary air injection (AIR) system with electric secondary air injection (AIR) pump 

adopted
� TWC system adopted

Item
Specifications

13B-MSP
(Standard power)

13B-MSP 
(High power)

MECHANICAL
Engine type Rotary
Rotor arrangement and number In-line 2-rotor, longitudinal
Combustion chamber type Bathtub
Displacement (ml {cc, cu in}) 654 {654, 40.0}�2
Compression ratio 10.0
Compression pressure (kPa {kgf/cm2, psi} [rpm]) 830 {8.5, 120}[250]
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2004 Mazda RX-8 Service Highlights (3378-1U-03C)

01–00Port timing
IN

Open
Primary port

ATDC
3�

Secondary port 12�
Auxiliary port – 38�

Close
Primary port

ABDC
60� 65�

Secondary port 45� 36�
Auxiliary port – 80�

EX
Open BBDC 40� 50�
Close BTDC 3�

LUBRICATION SYSTEM
Type Force-fed type

Oil pump
Type Trochoid gear

Relief valve opening pressure
(approx. quantity)

(kPa {kgf/cm2,
psi} )

441—490 {4.5—5.0, 64.0—71.0}

Oil filter
Type Full-flow

Relief valve opening pressure
(approx. quantity)

(kPa {kgf/cm2,
psi} )

78—118 {0.8—1.2, 11.4—17.1}

Oil pressure (approx. quantity)
[oil temperature 100� C {212� F}] (kPa {kgf/cm2, psi} [rpm] ) 350 {3.57, 50.8} [3,000]

Oil capacity
(approx. quantity)

Oil replacement 3.3 {3.5, 2.9}
Oil and oil filter replacement 3.5 {3.7, 3.1}

(L {US qt, lmp qt}) Engine overhaul 4.7 {5.0, 4.1}
Total (dry engine) 5.8 {6.1, 5.1} 6.7 {7.1, 5.9}

Recommended oil
API service SL
SAE viscosity  5W–20
ILSAC GF–3

COOLING SYSTEM
Type Water-cooled, forced circulation
Coolant capacity (L {US qt, lmp qt}) 9.8 {10.4, 8.6}
Water pump Centrifugal, V-ribbed belt-driven

Thermostat

Type Wax
Opening temperature (� C {F� }) 80—84 {176—183}
Full-open temperature (� C {F� }) 95 {203}
Full-open lift (mm {in}) 8.5 {0.33} or more

Radiator Type Corrugated fin

Cooling system cap
Cap valve opening pressure

73.3—103.3 {0.748—1.053, 10.63—14.98}
(kPa {kgf/cm2, psi} )

Cooling fan

Type Electronic

Number of blades Cooling fan No.1: 5,
Cooling fan No.2: 7

Outer diameter (mm {in}) 300 {11.8}
FUEL SYSTEM

Injector
Type Multiple hole design
Type of fuel delivery Top-feed
Type of drive Electronic

Pressure regulator control pressure (kPa {kgf/cm2, psi}) Approx. 390 {3.98, 56.6}

Fuel pump type Electric
Fuel tank capacity (approx. 
quantity) (L {US gal, lmp gal}) 60 {15.9, 13.2}

Fuel type Unleaded premium (unleaded high-octane) gasoline
EMISSION SYSTEM
AIR system Air pump, air control valve
Catalyst type Three-way catalyst (monolithic)
EVAP control system Canister design

Item
Specifications

13B-MSP
(Standard power)

13B-MSP 
(High power)
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2004 Mazda RX-8 Service Highlights (3378-1U-03C)

Revised 3/2004 (Ref. No. R014/04)

*1 : MT
*2 : AT
*3 : Cold area
*4 : Standard equipment
*5 : Hot type plug: Available only for customers who often drive their car at very low speed which causes the plugs 

to foul easily.
End Of Sie

PCV system Closed design
CHARGING SYSTEM

Battery

Voltage (V) 12

Type and capacity
(5 hour rate) (A·h) 50D20L (40)*1, 55D23L (48)*2

 75D23L (52)*3, 75D26L (52)*3

Generator
Out-put (V–A) 12—100
Regulated voltage (V)

Controlled by PCM
Self diagnosis function

IGNITION SYSTEM

Ignition system

Type Distributorless ignition (DLI)
Spark advance Electric

Firing order
When idling:T/F-L/F-T/R-L/R

Except for idling: L/F-T/F-L/R-T/R
(Independent ignition control)

Spark plug Type NGK
Leading side RE7A-L*4, (RE6A-L)*5

Trailing side RE9B-T*4

STARTING SYSTEM

Starter
Type Coaxial reduction
Output (kW) AT: 1.8, MT: 1.4

CONTROL SYSTEM
Neutral switch (MT) ON/OFF
CPP switch (MT) ON/OFF
SSV switch ON/OFF
APV position sensor – Hall element
ECT sensor Thermistor
IAT sensor Thermistor
TP sensor Hall element
APP sensor Hall element
MAF sensor (Inside MAF) Hot-wire
Front HO2S Zirconia element (all range air/fuel ratio sensor)
Rear HO2S Zirconia element (Stoichiometric air/fuel ratio sensor)
BARO sensor Piezoelectric element
KS Piezoelectric element
Eccentric shaft position sensor Magnetic pickup
Metering oil pump switch ON/OFF
Brake switch ON/OFF
Throttle valve actuator DC motor
APV motor – DC motor
Fuel injector (primary 1) Multiple hole type (12 holes)
Fuel injector (secondary) Multiple hole type (4 holes)

Fuel injector (primary 2) – Multiple hole type
(4 holes)

Stepping motor (in metering oil pump) Stepping motor

Item
Specifications

13B-MSP
(Standard power)

13B-MSP 
(High power)
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DIAGNOSTIC TEST MODE
CHU010200102S02

� To meet OBD-II regulations, the following diagnostic test modes have been adopted.

Sending Diagnostic Data
PID data monitor

� The PID data monitor items are shown below.
PID data monitor table

—: Not applicable

Diagnostic test mode Item
Mode 01 Sending diagnostic data (PID data monitor/On-board system readiness test)
Mode 02 Sending freeze frame data
Mode 03 Sending emission-related malfunction code (DTC)
Mode 04 Clearing/resetting emission-related malfunction information
Mode 06 Sending intermittent monitoring system test results (DMTR)
Mode 07 Sending continuous monitoring system test results (pending code)
Mode 08 On-board device control (simulation test, active command mode)
Mode 09 Request vehicle information

Full names Unit
Fuel system loop status Refer to list below.
LOAD %
ECT �C �F
Short term fuel trim %
Long term fuel trim %
Engine speed rpm
Vehicle speed km/h mph
Spark advance �
IAT �C �F
MAF g/s
Absolute TP %
AIR control status —
O2S location —
Input voltage from rear HO2S V
Target A/F fuel trim %
OBD requirement according to vehicle design —
Time since engine start s
Distance travelled while MIL is activated km miles
Purge solenoid valve control signal %
Fuel tank level %
Number of warm-ups since DTCs cleared —
Distance travelled since DTCs cleared km miles
BARO kPa
Lambda —
Front HO2S output current mA
Estimated catalyst converter temperature �C �F
PCM power supply voltage V
Absolute load value %
Relative TP %
TP from TP sensor No.2 %
APP from APP sensor No.1 %
APP from APP sensor No.2 %
Throttle actuator control signal %
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Meaning of fuel system loop status
� The following information is displayed on the tester.

— Feedback operating: HO2S being used for feedback is normal.
— Feedback stops: ECT is lower than the determined feedback zone.
— Feedback stops: Open loop due to driving condition.
— Feedback stops: Open loop due to detected system fault.

On-board system readiness test
� The items supported by the on-board system readiness test are shown below.

Continuous monitoring system
— HO2S heater
— Thermostat
— Fuel system
— Misfire
— CCM
Intermittent monitoring system
— HO2S
— AIR system
— Catalyst
— EVAP system

Sending Freeze Frame Data
� The Freeze Frame Data monitor items are shown below.

Freeze Frame Data monitor table
—: Not applicable

Full names Unit
DTC that caused required Freeze Frame Data storage —
Fuel system loop status Refer to list below.
LOAD %
ECT �C �F
Short term fuel trim %
Long term fuel trim %
Engine speed rpm
Vehicle speed km/h mph
Spark advance �
IAT �C �F
MAF g/s
Absolute TP %
AIR control status —
Time since engine start s
Purge solenoid valve control signal %
Fuel tank level %
Number of warm-ups since DTCs cleared —
Distance travelled since DTCs cleared km miles
BARO kPa
Estimated catalyst converter temperature �C �F
PCM power supply voltage V
Lambda —
Absolute load value %
Relative TP %
TP from TP sensor No.2 %
APP from APP sensor No.1 %
APP from APP sensor No.2 %
Throttle actuator control signal %
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Meaning of fuel system loop status
� The following information is displayed on the tester.

— Feedback operating: HO2S being used for feedback is normal.
— Feedback stops: ECT is lower than the determined feedback zone.
— Feedback stops: Open loop due to driving condition.
— Feedback stops: Open loop due to detected system fault.

Sending Emission-related Malfunction Code
� The DTCs are shown below.

DTC table
�: Applicable

—: Not applicable

DTC No. Condition MIL DC Monitor item* Memory 
function

P0030 Front HO2S heater control circuit problem ON 2 HO2S heater �
P0031 Front HO2S heater control circuit low ON 2 HO2S heater �
P0032 Front HO2S heater control circuit high ON 2 HO2S heater �
P0037 Rear HO2S heater control circuit low ON 2 HO2S heater �
P0038 Rear HO2S heater control circuit high ON 2 HO2S heater �
P0076 VDI solenoid valve control circuit low OFF 2 CCM �
P0077 VDI solenoid valve control circuit high OFF 2 CCM �
P0101 MAF sensor circuit range/performance problem ON 2 CCM �
P0102 MAF sensor circuit low input ON 1 CCM �
P0103 MAF sensor circuit high input ON 1 CCM �
P0107 BARO sensor circuit low input ON 1 CCM �
P0108 BARO sensor circuit high input ON 1 CCM �
P0111 IAT sensor circuit range/performance problem ON 2 CCM �
P0112 IAT sensor circuit low input ON 1 CCM �
P0113 IAT sensor circuit high input ON 1 CCM �
P0117 ECT sensor circuit low input ON 1 CCM �
P0118 ECT sensor circuit high input ON 1 CCM �
P0122 TP sensor No.1 circuit low input ON 1 CCM �
P0123 TP sensor No.1 circuit high input ON 1 CCM �
P0125 Insufficient coolant temperature for closed loop fuel control ON 2 CCM �
P0126 Insufficient coolant temperature for stable operation ON 2 Thermostat �
P0128 Coolant thermostat problem ON 2 Thermostat �
P0130 Front HO2S circuit problem ON 2 HO2S �
P0131 Front HO2S circuit low voltage ON 2 HO2S �
P0132 Front HO2S circuit high voltage ON 2 HO2S �
P0133 Front HO2S circuit slow response ON 2 HO2S �
P0138 Rear HO2S circuit high voltage ON 2 HO2S �
P0139 Rear HO2S circuit slow response ON 2 HO2S �
P0171 System too lean ON 2 Fuel system �
P0172 System too rich ON 2 Fuel system �
P0222 TP sensor No.2 circuit low input ON 1 CCM �
P0223 TP sensor No.2 circuit high input ON 1 CCM �
P0300 Random misfire detected Flash/ON 1 or 2 Misfire �
P0301 Front rotor misfire detected Flash/ON 1 or 2 Misfire �
P0302 Rear rotor misfire detected Flash/ON 1 or 2 Misfire �
P0327 KS circuit low input ON 1 CCM �
P0328 KS circuit high input ON 1 CCM �
P0335 Eccentric shaft position sensor circuit problem ON 1 CCM �

P0336 Eccentric shaft position sensor circuit range/performance 
problem ON 1 CCM �

P0410 AIR system problem ON 2 AIR system �
P0420 Catalyst system efficiency below threshold ON 2 Catalyst �
P0441 EVAP system incorrect purge flow ON 2 EVAP system �
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01–02

P0442 EVAP system leak detected (small leak) ON 2 EVAP system �
P0443 Purge solenoid valve circuit problem ON 2 CCM �
P0446 EVAP system vent control circuit problem ON 2 EVAP system �
P0455 EVAP system leak detected (large leak) ON 2 EVAP system �
P0456 EVAP system leak detected (very small leak) ON 2 EVAP system �
P0461 Fuel gauge sender unit circuit range/performance problem ON 2 CCM �
P0462 Fuel gauge sender unit circuit low input ON 2 CCM �
P0463 Fuel gauge sender unit circuit high input ON 2 CCM �
P0480 Cooling fan No.1 control circuit problem OFF 2 Other �
P0481 Cooling fan No.2 control circuit problem OFF 2 Other �
P0500 VSS circuit problem ON 2 CCM �
P0505 Idle air control system problem OFF — — —
P0506 Idle air control system RPM lower than expected ON 2 CCM �
P0507 Idle air control system RPM higher than expected ON 2 CCM �
P0562 System voltage low (KAM) ON 1 CCM �
P0564 Cruise control switch input circuit problem OFF 1 Other �
P0571 Brake switch input circuit problem OFF 1 Other �
P0601 PCM memory check sum error ON 1 CCM �
P0602 PCM programming error ON 1 CCM �
P0604 PCM random access memory error ON 1 CCM �
P0610 PCM vehicle options error ON 1 CCM �
P0638 Throttle actuator control circuit range/performance problem ON 1 CCM �
P0661 SSV solenoid valve control circuit low ON 2 CCM �
P0662 SSV solenoid valve control circuit high ON 2 CCM �
P0703 Brake switch No.1 input circuit problem ON 2 CCM �
P0704 CPP switch input circuit problem ON 2 CCM �
P0850 Neutral switch input circuit problem ON 2 CCM �
P1260 Immobilizer system problem OFF 1 Other —
P1574 TP sensor output incongruent ON 1 CCM �
P1577 APP sensor output incongruent ON 1 CCM �
P1686 Metering oil pump control circuit low flow side problem ON 1 Other �
P1687 Metering oil pump control circuit high flow side problem ON 1 Other �
P1688 Metering oil pump control circuit initial check problem ON 1 Other �
P2004 APV stuck open ON 2 CCM �
P2006 APV motor control circuit IC problem ON 2 CCM �
P2008 APV motor control circuit/open ON 2 CCM �
P2017 APV position sensor circuit problem ON 2 CCM �
P2070 SSV stuck open ON 2 CCM �
P2096 Target A/F feedback system too lean ON 2 Fuel system �
P2097 Target A/F feedback system too rich ON 2 Fuel system �
P2101 Drive-by-wire relay control circuit problem ON 1 CCM �
P2106 Throttle actuator control system-forced limited power ON 1 CCM �
P2107 Throttle actuator control module processor error ON 1 CCM �
P2108 Throttle actuator control module performance error ON 1 CCM �
P2109 TP sensor minimum stop range/performance problem ON 1 CCM �
P2112 Throttle actuator control system range/performance problem ON 1 CCM �

P2119 Throttle actuator control throttle body range/performance 
problem ON 2 CCM �

P2122 APP sensor No.1 circuit low input ON 1 CCM �
P2123 APP sensor No.1 circuit high input ON 1 CCM �
P2127 APP sensor No.2 circuit low input ON 1 CCM �
P2128 APP sensor No.2 circuit high input ON 1 CCM �
P2135 TP sensor No.1/No.2 voltage correlation problem ON 1 CCM �

DTC No. Condition MIL DC Monitor item* Memory 
function
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* : Indicates the applicable item in On-Board System Readiness Test defined by CARB.

Sending Intermittent Monitoring System Test Results
� The items supported by the sending intermittent monitoring system are shown below.

Sending Continuous Monitoring System Test Results
� These appear when a problem is detected in a monitored system.

1-drive cycle type
� If any problems are detected in the first drive cycle, pending codes will be stored in the PCM memory, as well 

as DTCs.
� After pending codes are stored, if the PCM determines that the system is normal in any future drive cycle, the 

PCM deletes the pending codes.

P2136 TP sensor No.1/No.3 voltage correlation problem ON 1 CCM �
P2138 APP sensor No.1/No.2 voltage correlation problem ON 1 CCM �
P2195 Front HO2S signal stuck lean ON 2 HO2S �
P2196 Front HO2S signal stuck rich ON 2 HO2S �
P2257 AIR pump relay control circuit low ON 2 CCM �
P2258 AIR pump relay control circuit high ON 2 CCM �
P2259 AIR solenoid valve control circuit low ON 2 CCM �
P2260 AIR solenoid valve control circuit high ON 2 CCM �
P2270 Rear HO2S signal stuck lean ON 2 HO2S �
P2271 Rear HO2S signal stuck rich ON 2 HO2S �
P2401 EVAP system leak detection pump control circuit low ON 2 EVAP system �
P2402 EVAP system leak detection pump control circuit high ON 2 EVAP system �

P2404 EVAP system leak detection pump sense circuit range/
performance problem ON 2 EVAP system �

P2405 EVAP system leak detection pump sense circuit low ON 2 EVAP system �
P2406 EVAP system leak detection pump sense circuit high ON 2 EVAP system �

P2407 EVAP system leak detection pump sense circuit intermittent/
erratic problem ON 2 EVAP system �

P2502 Charging system voltage problem OFF 1 Other �
P2503 Charging system voltage low OFF 1 Other �
P2504 Charging system voltage high OFF 1 Other �

DTC No. Condition MIL DC Monitor item* Memory 
function

Test ID Description Related system
10:01:80 Response lean to rich

HO2S (front HO2S)
10:01:81 Response rich to lean
10:02:01 Rich to lean sensor threshold voltage

HO2S (rear HO2S)
10:02:03 Low sensor voltage for switch time calculation
10:02:04 High sensor voltage for switch time calculation
10:02:05 Rich to lean sensor switching time
10:21:80 Front and rear HO2S switching time ratio Catalyst
10:3A:80 Large leak check

EVAP system
10:3B:80 Small leak check
10:3C:80 Very small leak check
10:3D:80 Purge flow monitor
10:71:80 Secondary airflow test AIR system
10:E1:80 Heat radiation ratio

Thermostat
10:E1:81 ECT
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P0461 Fuel gauge sender unit circuit range/performance problem
� The PCM monitors the fuel tank level difference before and after the PCM-calculated fuel consumption has 

reached more than 21 L {22.2 US qt, 18.5 Imp qt}. If the difference is less than 5 %, the PCM determines that 
there is a fuel gauge sender unit circuit range/performance problem.

P0462 Fuel gauge sender unit circuit low input
� The PCM monitors the fuel tank level and input voltage from the fuel gauge sender unit when the engine is 

running. If the input voltage is less than 2.5 V and fuel tank level is full, the PCM determines that the fuel gauge 
sender unit circuit input voltage is low.

P0463 Fuel gauge sender unit circuit high input
� The PCM monitors the fuel tank level and input voltage from the fuel gauge sender unit when the engine is 

running. If the input voltage is more than 2.5 V and fuel tank level is empty, the PCM determines that the fuel 
gauge sender unit circuit input voltage is high.

P0480 Cooling fan No.1 control circuit problem
� The PCM monitors the cooling fan relay No.1 control voltage when the PCM turns the cooling fan relay No.1 

off. If the control voltage is low, the PCM determines that the cooling fan No.1 control circuit voltage is low.
� The PCM monitors the cooling fan relay No.1 control voltage when the PCM turns the cooling fan relay No.1 

on. If the control voltage is high, the PCM determines that the cooling fan No.1 control circuit voltage is high.
P0481 Cooling fan No.2 control circuit problem

� The PCM monitors the cooling fan relay No.2 control voltage when the PCM turns the cooling fan relay No.2 
off. If the control voltage is low, the PCM determines that the cooling fan No.2 control circuit voltage is low.

� The PCM monitors the cooling fan relay No.2 control voltage when the PCM turns the cooling fan relay No.2 
on. If the control voltage is high, the PCM determines that the cooling fan No.2 control circuit voltage is high.

P0500 VSS circuit problem
� The PCM monitors the input signal from the vehicle speed sensor when the following conditions are met. If the 

input signal is less than 3.7 km/h {2.3 mph}, the PCM determines that there is a VSS circuit malfunction.
MONITORING CONDITION
— Shift lever position: gear is not in neutral position
— Engine speed: more than 2,500 rpm
— LOAD: more than 40.0 %

P0505 Idle air control system problem
� The PCM cannot control idle speed at the target idle speed during the self-test.

P0506 Idle air control system RPM lower than expected
� The PCM compares the actual idle speed with the target idle speed when the engine is running. If the actual 

idle speed is lower than targeted by 100 rpm, the PCM determines that the idle air control system RPM is lower 
than expected.

P0507 Idle air control system RPM higher than expected
� The PCM compares the actual idle speed with the target idle speed when the engine is running. If the actual 

idle speed is higher than targeted by 200 rpm, the PCM determines that the idle air control system RPM is 
higher than expected.

P0562 System voltage low (KAM)
� The PCM monitors the battery voltage when the engine is running. If the voltage is less than 2.5 V, the PCM 

determines that the system voltage is low.
P0564 Cruise control switch input circuit problem

� The PCM monitors the input voltage from the cruise control switch when the engine is running. If the input 
voltage is less than 3.0 V for more than 2 min, the PCM determines that there is a cruise control switch input 
circuit problem.

P0571 Brake switch input circuit problem
� The PCM monitors the input signal from brake switch No.1 and brake switch No.2 when the engine is running. 

If the both input signals remain on or off, the PCM determines that there is a brake switch input circuit problem.
P0601 PCM memory check sum error

� PCM internal memory check sum error.
P0602 PCM programming error

� No configuration data in the PCM.
P0604 PCM random access memory error

� PCM internal random access memory error.
P0610 PCM vehicle options error

� PCM data configuration error.
P0638 Throttle actuator control circuit range/performance problem

� The PCM compares the actual TP with the target TP when the engine is running. If the difference is more than 
the specification, the PCM determines that there is a throttle actuator control circuit range/performance 
problem.

P0661 SSV solenoid valve control circuit low
� The PCM monitors the SSV solenoid valve control voltage when the PCM turns the SSV solenoid valve off. If 

the control voltage is less than 5.8 V, the PCM determines that the SSV solenoid valve control circuit voltage is 
low.
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P0662 SSV solenoid valve control circuit high
� The PCM monitors the SSV solenoid valve control voltage when the PCM turns the SSV solenoid valve on. If 

the control voltage is more than 11.5 V, the PCM determines that the SSV solenoid valve control circuit voltage 
is high.

P0703 Brake switch No.1 input circuit problem
� The PCM monitors the input signal from the brake switch No.2 when the following conditions are met. If the 

input signal does not change while alternately accelerating and decelerating 8 times, the PCM determines that 
there is a brake switch No.2 input circuit malfunction.
MONITORING CONDITION
— Vehicle speed: decelerating more than 30 km/h {19 mph} to 0 km/h {0 mph}
— Deceleration: more than 4 km/h {2 mph} per s

P0704 CPP switch input circuit problem
� The PCM monitors the input signal from the CPP switch when the vehicle speed is more than 30 km/h {19 

mph}. If the input signal does not change while alternately accelerating and decelerating 10 times, the PCM 
determines that there is a CPP switch input circuit malfunction.

P0850 Neutral switch input circuit problem
� The PCM monitors the input signal from the neutral switch when the vehicle is running. If the input signal does 

not change while alternately running more than 30 km/h {19 mph} 8 times, the PCM determines that there is a 
neutral switch input circuit malfunction.

P1260 Immobilizer system problem
� The keyless control module detects an immobilizer system malfunction.

P1574 TP sensor output incongruent
� The PCM compares the TP from TP sensor No.1 with the TP from TP sensor No.2 when the engine is running. 

If the difference is more than the specification, the PCM determines that the TP sensor outputs are 
incongruent.

P1577 APP sensor output incongruent
� The PCM compares the APP from APP sensor No.1 with the APP from APP sensor No.2 when the engine is 

running. If the difference is more than the specification, the PCM determines that the APP sensor outputs are 
incongruent.

P1686 Metering oil pump control circuit low flow side problem
� The PCM monitors the input signal from the metering oil pump switch when the metering oil pump stepping 

motor is more than the standard step. If the input signal is off, the PCM determines that the metering oil pump 
control circuit has a problem on the low flow side.

P1687 Metering oil pump control circuit high flow side problem
� The PCM monitors the input signal from the metering oil pump switch when the metering oil pump stepping 

motor is less than the standard step. If the input signal is on, the PCM determines that the metering oil pump 
control circuit has a problem on the high flow side.

P1688 Metering oil pump control circuit initial check problem
� The PCM monitors the input signal from the metering oil pump switch when the metering oil pump stepping 

motor initial check is operating. If the input signal is on, the PCM determines that there is a metering oil pump 
control circuit initial check problem.

P2004 APV stuck open
� The PCM monitors the input voltage from the APV position sensor when the PCM turns the APV motor off. If 

the input voltage is more than 1.4 V, the PCM determines that the APV is stuck open.
P2006 APV motor control circuit IC problem

� APV motor control IC error.
P2008 APV motor control circuit/open

� The PCM monitors the APV motor control current when the engine is running. If the control current is less than 
0.1 A or more than 10 A, the PCM determines that there is an APV motor control open circuit.

P2017 APV position sensor circuit problem
� The PCM monitors the input voltage from the APV position sensor when the engine is running. If the input 

voltage is less than 0.2 V, the PCM determines that the APV position sensor circuit input voltage is low.
� The PCM monitors the input voltage from the APV position sensor when the engine is running. If the input 

voltage is more than 4.8 V, the PCM determines that the APV position sensor circuit input voltage is high.
P2070 SSV stuck open

� The PCM monitors the input signal from the SSV switch when the PCM turns the SSV solenoid valve on. If the 
input signal is on, the PCM determines that the SSV is stuck open.

P2096 Target A/F feedback system too lean
� The PCM monitors the target A/F fuel trim when under the target A/F feedback control. If the fuel trim is more 

than the specification, the PCM determines that the target A/F feedback system is too lean.
P2097 Target A/F feedback system too rich

� The PCM monitors the target A/F fuel trim when under the target A/F feedback control. If the fuel trim is less 
than the specification, the PCM determines that the target A/F feedback system is too rich.
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P2101 Drive-by-wire relay control circuit problem
� The PCM monitors the input voltage from the drive-by-wire relay when the PCM turns the drive-by-wire relay 

on. If the input voltage is less than 5.0 V, the PCM determines that the drive-by-wire relay control circuit voltage 
is low.

� The PCM monitors the input voltage from the drive-by-wire relay when the PCM turns the drive-by-wire relay 
off. If the input voltage is more than 5.0 V, the PCM determines that the drive-by-wire relay control circuit 
voltage is high.

P2106 Throttle actuator control system-forced limited power
� The PCM monitors the throttle actuator control current when the ignition switch is on. If the control current is 

less than 8 A or more than 11 A, the PCM determines that the throttle actuator control system is under forced 
limited power.

P2107 Throttle actuator control module processor error
� Throttle actuator control module internal processor error.

P2108 Throttle actuator control module performance error
� Throttle actuator control module internal communication error.

P2109 TP sensor minimum stop range/performance problem
� The PCM monitors the minimum TP when the closed TP learning is completed. If the TP is less than 11.5 % or 

more than 24.3 %, the PCM determines that there is a TP sensor minimum stop range/performance problem.
P2112 Throttle actuator control system range/performance problem

� The PCM monitors the throttle actuator control duty ratio when the engine is running. If the duty ratio is more 
than 95 %, the PCM determines that there is a throttle actuator control system range/performance problem.

P2119 Throttle actuator control throttle body range/performance problem
� The PCM compares the TP with default TP when the ignition switch is turned off. If the TP is higher than the 

default TP, the PCM determines that there is a throttle actuator control throttle body range/performance 
problem.

P2122 APP sensor No.1 circuit low input
� The PCM monitors the input voltage from the APP sensor No.1 when the engine is running. If the input voltage 

is less than 0.3 V, the PCM determines that the APP sensor No.1 circuit input voltage is low.
P2123 APP sensor No.1 circuit high input

� The PCM monitors the input voltage from the APP sensor No.1 when the engine is running. If the input voltage 
is more than 4.8 V, the PCM determines that the APP sensor No.1 circuit input voltage is high.

P2127 APP sensor No.2 circuit low input
� The PCM monitors the input voltage from the APP sensor No.2 when the engine is running. If the input voltage 

is less than 0.3 V, the PCM determines that the APP sensor No.2 circuit input voltage is low.
P2128 APP sensor No.2 circuit high input

� The PCM monitors the input voltage from the APP sensor No.2 when the engine is running. If the input voltage 
is more than 4.8 V, the PCM determines that the APP sensor No.2 circuit input voltage is high.

P2135 TP sensor No.1/No.2 voltage correlation problem
� The PCM compares the input voltage from TP sensor No.1 with the input voltage from TP sensor No.2 when 

the engine is running. If the difference is more than the specification, the PCM determines that there is a TP 
sensor No.1/No.2 voltage correlation problem.

P2136 TP sensor No.1/No.3 voltage correlation problem
� The PCM compares the input voltage from TP sensor No.1 with the input voltage from TP sensor No.3 

(calculation value in PCM) when the engine is running. If the difference is more than the specification, the PCM 
determines that there is a TP sensor No.1/No.3 voltage correlation problem.

P2138 APP sensor No.1/No.2 voltage correlation problem
� The PCM compares the input voltage from APP sensor No.1 with the input voltage from APP sensor No.2 

when the engine is running. If the difference is more than the specification, the PCM determines that there is an 
APP sensor No.1/No.2 voltage correlation problem.

P2195 Front HO2S signal stuck lean
� The PCM monitors the front HO2S output current when the following conditions are met. If the average output 

current is more than 1.2 A for 25 s, the PCM determines that the front HO2S signal remains lean.
MONITORING CONDITION
— ECT: more than 70 �C {158 �F}
— Engine speed: 1,000—3,200 rpm
— MAF amount: 6—80 g/s {0.80—10.58 lb/min}
— Target A/F feedback system status: feedback control
— Input voltage from the rear HO2S: more than 0.7 V
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P2196 Front HO2S signal stuck rich
� The PCM monitors the front HO2S output current when the following conditions are met. If the average output 

current is less than 0.8 A for 25 s, the PCM determines that the front HO2S signal remains rich.
MONITORING CONDITION
— ECT: more than 70 �C {158 �F}
— Engine speed: 1,000—3,200 rpm
— MAF amount: 6—80 g/s {0.80—10.58 lb/min}
— Target A/F feedback system status: feedback control
— Input voltage from the rear HO2S: less than 0.2 V

P2257 AIR pump relay control circuit low
� The PCM monitors the AIR pump relay control voltage when the AIR pump is not operating. If the control 

voltage is less than 5.8 V, the PCM determines that the AIR pump relay control circuit voltage is low.
P2258 AIR pump relay control circuit high

� The PCM monitors the AIR pump relay control voltage when the AIR pump is operating. If the control voltage is 
more than 11.5 V, the PCM determines that the AIR pump relay control circuit voltage is high.

P2259 AIR solenoid valve control circuit low
� The PCM monitors the AIR solenoid valve control voltage when the AIR pump is not operating. If the control 

voltage is less than 5.8 V, the PCM determines that the AIR solenoid valve control circuit voltage is low.
P2260 AIR solenoid valve control circuit high

� The PCM monitors the AIR solenoid valve control voltage when the AIR pump is operating. If the control 
voltage is more than 11.5 V, the PCM determines that the AIR solenoid valve control circuit voltage is high.

P2270 Rear HO2S signal stuck lean
� The PCM monitors the input voltage from the rear HO2S when the following conditions are met. If the input 

voltage is more than 0.9 V for 40 s, the PCM determines that the rear HO2S signal remains lean.
MONITORING CONDITION
— ECT: more than 70 �C {158 �F}
— Engine speed: more than 1,500 rpm
— MAF amount: more than 10 g/s {1.32 lb/min}
— Short term fuel trim: -20—20 %
— Long term fuel trim: -15—15 %
— Target A/F feedback system status: feedback control

P2271 Rear HO2S signal stuck rich
� The PCM monitors the input voltage from the rear HO2S when the following conditions are met. If the input 

voltage is less than 0.4 V for 40 s, the PCM determines that the rear HO2S signal remains rich.
MONITORING CONDITION
— ECT: more than 70 �C {158 �F}
— Engine speed: more than 1,500 rpm
— MAF amount: more than 10 g/s {1.32 lb/min}
— Short term fuel trim: -20—20 %
— Long term fuel trim: -15—15 %
— Target A/F feedback system status: feedback control

P2401 EVAP system leak detection pump control circuit low
� The PCM monitors the pump load current (EVAP line pressure) when the evaporative leak monitor is operating. 

If the pump load current is less than the specification, the PCM determines that the EVAP system leak 
detection pump control circuit voltage is low.

P2402 EVAP system leak detection pump control circuit high
� The PCM monitors the pump load current (EVAP line pressure) when the evaporative leak monitor is operating. 

If the pump load current is more than the specification, the PCM determines that the EVAP system leak 
detection pump control circuit voltage is high.

P2404 EVAP system leak detection pump sense circuit range/performance problem
� The PCM monitors the pump load current (EVAP line pressure) when the evaporative leak monitor is operating. 

If the time in which the pump load current reaches the reference current value is not within the specification 
after the PCM obtains the reference current value, the PCM determines that there is an EVAP system leak 
detection pump sense circuit range/performance problem.

P2405 EVAP system leak detection pump sense circuit low
� The PCM monitors the pump load current (EVAP line pressure) when the evaporative leak monitor is operating. 

If the pump load current is less than the specification while the PCM obtains the reference current value, the 
PCM determines that the EVAP system leak detection pump sense circuit voltage is low.

P2406 EVAP system leak detection pump sense circuit high
� The PCM monitors the pump load current (EVAP line pressure) when the evaporative leak monitor is operating. 

If the pump load current is more than the specification while the PCM obtains the reference current value, the 
PCM determines that the EVAP system leak detection pump sense circuit voltage is high.
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P2407 EVAP system leak detection pump sense circuit intermittent/erratic problem
� The PCM monitors the pump load current (EVAP line pressure) when the evaporative leak monitor is operating. 

If the change in pump load current is more than the specification while the PCM obtains the reference current 
value 28 times, the PCM determines that there is an EVAP system leak detection pump sense circuit 
intermittent/erratic problem.

� The PCM monitors the pump load current (EVAP line pressure) when the evaporative leak monitor is operating. 
If the pump load current is kept less than the maximum pump load current after the PCM obtains the reference 
current value 28 times, the PCM determines that there is an EVAP system leak detection pump sense circuit 
intermittent/erratic problem.

P2502 Charging system voltage problem
� The PCM monitors the generator output voltage and the battery voltage when the engine is running. If the 

generator output voltage is more than 16.9 V and the battery voltage is less than 10.9 V, the PCM determines 
that there is a charging system voltage malfunction.

P2503 Charging system voltage low
� The PCM monitors the generator output voltage when the engine is running. If the generator output voltage is 

less than 8.5 V while the PCM needs more than 19.5 A from the generator, the PCM determines that the 
charging system voltage is low.

P2504 Charging system voltage high
� The PCM monitors the generator output voltage and the battery voltage when the engine is running. If the 

generator output voltage is more than 18.4 V or the battery voltage is more than 15.9 V, the PCM determines 
that the charging system voltage is high.

End Of Sie
KOEO/KOER SELF-TEST

CHU010200102S04
� The self-test function consists of the KOEO (Key On, Engine Off) self-test, performed when the ignition switch 

is turned to the ON position and the engine is stopped, and the KOER (Key On, Engine Running) self-test, 
performed when idling. If an abnormality is detected when either self-test is executed, a DTC is displayed on 
the WDS or equivalent. Using the self-test function, the present malfunction or a successful repair is readily 
confirmed. Refer to the self-test function table for the corresponding DTCs.

KOEO (Key ON, Engine Off) Self-test
� The KOEO self-test is a powertrain control system self-diagnosis, performed when the ignition switch is turned 

to the ON position and the engine is stopped. A KOEO self-test begins when the connected WDS or equivalent 
sends an execute command to the PCM.

� As the KOEO self-test is performed, the PCM performs the inspection for set DTCs and if a malfunction is 
detected the DTC is displayed on the WDS or equivalent.

KOER (Key ON, Engine Running) Self-test
� The KOER self-test is a powertrain control system self-diagnosis, performed when the ignition switch is turned 

to the ON position and the engine is idling. A KOER self-test begins when the connected WDS or equivalent 
sends an execute command to the PCM.

� As the KOER self-test is performed, the PCM performs the inspection for set DTCs and if a malfunction is 
detected the DTC is displayed on the WDS or equivalent.

KOEO/KOER self-test table
�: Applicable

—: Not applicable

DTC No. Condition
Test condition

KOEO KOER
P0030 Front HO2S heater control circuit problem — �
P0031 Front HO2S heater control circuit low — �
P0032 Front HO2S heater control circuit high — �
P0037 Rear HO2S heater control circuit low — �
P0038 Rear HO2S heater control circuit high — �
P0076 VDI solenoid valve control circuit low � �
P0077 VDI solenoid valve control circuit high � �
P0101 MAF sensor circuit range/performance problem — —
P0102 MAF sensor circuit low input � �
P0103 MAF sensor circuit high input � �
P0107 BARO sensor circuit low input � �
P0108 BARO sensor circuit high input � �
P0111 IAT sensor circuit range/performance problem — —
P0112 IAT sensor circuit low input � �
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P0113 IAT sensor circuit high input � �
P0117 ECT sensor circuit low input � �
P0118 ECT sensor circuit high input � �
P0122 TP sensor No.1 circuit low input � �
P0123 TP sensor No.1 circuit high input � �
P0125 Insufficient coolant temperature for closed loop fuel control — —
P0126 Insufficient coolant temperature for stable operation — —
P0128 Coolant thermostat problem — —
P0130 Front HO2S circuit problem — �
P0131 Front HO2S circuit low voltage — �
P0132 Front HO2S circuit high voltage — �
P0133 Front HO2S circuit slow response — —
P0138 Rear HO2S circuit high voltage — �
P0139 Rear HO2S circuit slow response — �
P0171 System too lean — �
P0172 System too rich — �
P0222 TP sensor No.2 circuit low input � �
P0223 TP sensor No.2 circuit high input � �
P0300 Random misfire detected — —
P0301 Front rotor misfire detected — —
P0302 Rear rotor misfire detected — —
P0327 KS circuit low input � �
P0328 KS circuit high input � �
P0335 Eccentric shaft position sensor circuit problem — —
P0336 Eccentric shaft position sensor circuit range/performance problem — �
P0410 AIR system problem — �
P0420 Catalyst system efficiency below threshold — —
P0441 EVAP system incorrect purge flow — �
P0442 EVAP system leak detected (small leak) — �
P0443 Purge solenoid valve circuit problem — �
P0446 EVAP system vent control circuit problem — �
P0455 EVAP system leak detected (large leak) — —
P0456 EVAP system leak detected (very small leak) — �
P0461 Fuel gauge sender unit circuit range/performance problem — —
P0462 Fuel gauge sender unit circuit low input � �
P0463 Fuel gauge sender unit circuit high input � �
P0480 Cooling fan No.1 control circuit problem � �
P0481 Cooling fan No.2 control circuit problem � �
P0500 VSS circuit problem — —
P0505 Idle air control system problem — �
P0506 Idle air control system RPM lower than expected — —
P0507 Idle air control system RPM higher than expected — —
P0562 System voltage low (KAM) � �
P0564 Cruise control switch input circuit problem � �
P0571 Brake switch input circuit problem � �
P0601 PCM memory check sum error � �
P0602 PCM programming error � �
P0604 PCM random access memory error � �
P0610 PCM vehicle options error � �
P0638 Throttle actuator control circuit range/performance problem — —
P0661 SSV solenoid valve control circuit low � �
P0662 SSV solenoid valve control circuit high � �
P0703 Brake switch No.1 input circuit problem — —

DTC No. Condition
Test condition

KOEO KOER
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End Of Sie

P0704 CPP switch input circuit problem — —
P0850 Neutral switch input circuit problem — —
P1260 Immobilizer system problem � —
P1574 TP sensor output incongruent � �
P1577 APP sensor output incongruent � �
P1686 Metering oil pump control circuit low flow side problem — �
P1687 Metering oil pump control circuit high flow side problem — �
P1688 Metering oil pump control circuit initial check problem — �
P2004 APV stuck open � �
P2006 APV motor control circuit IC problem — —
P2008 APV motor control circuit/open � �
P2017 APV position sensor circuit problem � �
P2070 SSV stuck open � �
P2096 Target A/F feedback system too lean — �
P2097 Target A/F feedback system too rich — �
P2101 Drive-by-wire relay control circuit problem — —
P2106 Throttle actuator control system-forced limited power — —
P2107 Throttle actuator control module processor error � �
P2108 Throttle actuator control module performance error — —
P2109 TP sensor minimum stop range/performance problem — —
P2112 Throttle actuator control system range/performance problem — —
P2119 Throttle actuator control throttle body range/performance problem � �
P2122 APP sensor No.1 circuit low input � �
P2123 APP sensor No.1 circuit high input � �
P2127 APP sensor No.2 circuit low input � �
P2128 APP sensor No.2 circuit high input � �
P2135 TP sensor No.1/No.2 voltage correlation problem � �
P2136 TP sensor No.1/No.3 voltage correlation problem � �
P2138 APP sensor No.1/No.2 voltage correlation problem � �
P2195 Front HO2S signal stuck lean — �
P2196 Front HO2S signal stuck rich — �
P2257 AIR pump relay control circuit low � �
P2258 AIR pump relay control circuit high � �
P2259 AIR solenoid valve control circuit low � �
P2260 AIR solenoid valve control circuit high � �
P2270 Rear HO2S signal stuck lean — �
P2271 Rear HO2S signal stuck rich — �
P2401 EVAP system leak detection pump control circuit low � �
P2402 EVAP system leak detection pump control circuit high � �
P2404 EVAP system leak detection pump sense circuit range/performance problem — —
P2405 EVAP system leak detection pump sense circuit low � �
P2406 EVAP system leak detection pump sense circuit high � �
P2407 EVAP system leak detection pump sense circuit intermittent/erratic problem � �
P2502 Charging system voltage problem — �
P2503 Charging system voltage low — �
P2504 Charging system voltage high — �

DTC No. Condition
Test condition

KOEO KOER
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PID/DATA MONITOR AND RECORD
CHU010200102S05

� The PID/DATA monitor items are shown below.
PID/DATA monitor item table

—: Not applicable
Item Definition Unit/Condition PCM terminal

ACCS A/C relay control signal in PCM On/Off 5AA
ACSW Input signal from A/C switch On/Off 4W
AIP RLY AIR pump relay control signal in PCM On/Off 4O
ALTF Generator field coil control signal in PCM % 2I
ALTT V Input voltage from generator V 2T
APP APP % 5C, 5F

APP1
APP from APP sensor No.1 %

5F
Input voltage from APP sensor No.1 V

APP2
APP from APP sensor No.2 %

5C
Input voltage from APP sensor No.2 V

APV APV motor control signal in PCM Opening/Closing 3G, 3J
APV_POS Input voltage from APV position sensor V 3B
ARPMDES Target engine speed RPM —
B+ Input voltage from battery V 5I

BARO
BARO kPa Bar psi

5S
Input voltage from BARO sensor V

BOO Input signal from brake switch No.2 On/Off 4P
CATT11_DSD Estimated catalyst converter temperature �C �F —
CHRGLP Generator warning light control signal in PCM On/Off —
COLP Input signal from refrigerant pressure switch (medium-pressure) On/Off 4Z
CPP Input signal from CPP switch On/Off 4F
CPP/PNP Input signal from neutral switch Drive/Neutral 2O
DEI VDI solenoid valve control signal in PCM On/Off 1W
DTCCNT DTC count (includes those needing no action) — —

ECT
ECT �C �F

2K
Input voltage from ECT sensor V

ECT_DES Estimated ECT �C �F —
EQ_RAT11 Lambda — 2B
ETC_ACT Throttle valve opening angle � 1J, 1M

ETC_DSD
Target throttle valve position %

—
Target throttle valve opening angle �

EVAPCP Purge solenoid valve control signal in PCM % 2P
FAN1 Cooling fan relay No.1 control signal in PCM On/Off 5X
FAN2 Cooling fan relay No.2 control signal in PCM On/Off 5AD
FDPDTC Pending code that caused Freeze Frame Data storage — —
FLI Fuel tank level % —
FP Fuel pump relay control signal in PCM On/Off 5P
FPRR Fuel pump speed control relay control signal in PCM On/Off 4M
FUELPW Fuel injection duration in PCM ms 2J, 2M

FUELSYS Fuel system loop status OL/CL/OL Drive/
OL Fault/CL Fault —

GENVDSD Target generator voltage V —
HTR11 Front HO2S heater control signal in PCM On/Off 1V
HTR12 Rear HO2S heater control signal in PCM On/Off 2A
IAC Throttle actuator control signal in PCM % 1B, 1C
IASV VFAD solenoid valve control signal in PCM On/Off 5Z

IAT
IAT �C �F

5K
Input voltage from IAT sensor V

INGEAR In gear On/Off —
IVS Idle validation Idle/Off Idle 1J, 1M
KNOCKR Spark retard value to prevent knocking � 1T
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01–02

End Of Sie

LOAD LOAD % —
LONGFT1 Long term fuel trim % —

MAF
MAF g/s

5N
Input voltage from MAF sensor V

MIL MIL control signal in PCM On/Off —
MIL_DIS Distance travelled while MIL is activated km mile —
MOP_POS Metering oil pump control status — 2V, 2W, 2Y, 2AB
MOP_SW Input signal from metering oil pump switch On/Off 2N
O2S11 Front HO2S output current mA 2B
O2S12 Input voltage from rear HO2S V 2Q
PACNTV AIR solenoid valve control signal in PCM On/Off 1O
PCM_T Input voltage from PCM temperature sensor V —
PREDELI Delivery mode On/Off —
RO2FT1 Target A/F feedback system status — —
RPM Engine speed RPM —
SC_SET Cruise indicator light control signal in PCM On/Off —
SCCS Input voltage from cruise control switch V 5V
SELTESTDTC DTC count by KOEO/KOER self-test — —
SHRTFT1 Short term fuel trim % —
SHRTFT12 Target A/F fuel trim % —
SPARK-L Spark advance (L/F) in PCM � 2AA
SPARK-T Spark advance (T/F) in PCM � 2AD
SSV SSV solenoid valve control signal in PCM On/Off 1L
test Test mode On/Off —
TIRESIZE Tire revolution per mile — —
TP Input voltage from TP sensor V 1J, 1M
TP REL Relative TP % 1J, 1M

TP1
TP from TP sensor No.1 %

1J
Input voltage from TP sensor No.1 V

TP2
TP from TP sensor No.2 %

1M
Input voltage from TP sensor No.2 V

TPCT Minimum input voltage from TP sensor at throttle closing V 1J, 1M
VSS Vehicle speed KPH MPH —

Item Definition Unit/Condition PCM terminal
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SIMULATION TEST
CHU010200102S06

� The simulation items are shown below.
Simulation item table

�: Applicable
—: Not applicable

End Of Sie

Item Applicable component Unit/condition
Test condition

PCM terminal
KOEO KOER

ACCS A/C relay On/Off � � 5AA
AIP RLY AIR pump relay On/Off � � 4O
ALTF Generator (field coil) % — � 2I
APV APV motor On/Off � � 3G, 3J
ARPMDES Target engine speed RPM � � —
DEI VDI solenoid valve On/Off � � 1W
ETC_DSD Target throttle valve opening angle � � � —
EVAPCP Purge solenoid valve % � � 2P
FAN1 Cooling fan relay No.1 On/Off � � 5X
FAN2 Cooling fan relay No.2 On/Off � � 5AD
FP Fuel pump relay On/Off � � 5P
FPRR Fuel pump speed control relay On/Off � � 4M
FUELPW1 Fuel injector (FP1, RP1) % — � 2J, 2M
GENVDSD Target generator voltage V — � —
HTR12 Rear HO2S heater On/Off � � 2A
IASV VFAD solenoid valve On/Off � � 5Z
MOP_POS Metering oil pump — � � 2V, 2W, 2Y, 2AB
PACNTV AIR solenoid valve On/Off � � 1O
PREDELI Delivery mode On/Off � � —
SSV SSV solenoid valve On/Off � � 1L
test Test mode On/Off � � —
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ENGINE STRUCTURAL VIEW
CHU011001001S02

End Of Sie
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ENGINE FRONT COVER CONSTRUCTION
CHU011010908S01

�  The lightweight, aluminum alloy engine front cover includes a metering oil pump driven gear shaft, metering oil 
pump driven gear and oil cooler with a hydraulic pressure adjusted oil pressure control valve. An internal oil 
passage for a metering type oil pump has also been added.

End Of Sie
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ROTOR HOUSING CONSTRUCTION
CHU011010908S02

� Based on the SIP (Sheetmetal Insert Process) production method utilizing special steel on the inner surface 
and casting aluminum around the steel circumference, the rotor housings employ the benefits of both the 
lightweight feature of aluminum together with the excellent strength of steel. By the addition of MCP (Micro 
Channel Porous) chromium plating to the inner trochoid surface, fine grooves have been made in the surface of 
the chromium plating for improved oil retention.

� A fluorocarbon resin coating has been added to the trochoid surface for improved initial break-in.

End Of Sie
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SIDE HOUSING OUTLINE
CHU011010908S03

� With the adoption of a side intake and exhaust port system, the exhaust ports have been moved from the rotor 
housing to the side housing.

� Intake and exhaust port overlap has been eliminated on the side intake and exhaust port system by way of 
independently set intake and exhaust port size configurations. As a result, stable combustion is achieved due 
to the combustion gas not flowing into the intake process. 

� With 2 exhaust ports per rotor, the current exhaust ports have approximately 2 times the exhaust port surface 
area compared with the previous ports. Because of this, open-timing on the exhaust ports can be retarded 
while maintaining sufficient port size. Therefore, the expansion process period has been increased, improving 
heat efficiency and resulting in high engine output with reduced fuel consumption. 

� Intake air resistance has been largely reduced by the approximate 30% expansion of the intake port surface 
area compared with the previous ports. By retarding the close-timing of the intake ports, intake air volume has 
been increased for higher engine output.

� With the adoption of side exhaust ports, non-combusted gas, which used to be swept by the apex seals, is sent 
to the next combustion process for re-combustion, resulting in reduced exhaust from non-combusted gas. 

End Of Sie
SIDE HOUSING CONSTRUCTION

CHU011010908S04
� To speed catalytic activation during cold-engine start, inserts have been installed in each exhaust port to 

maintain the higher temperatures. Above each exhaust port is a secondary air port, which sends secondary air 
close to the combustion chamber.

� The housing forms the engine outer core with the intermediate housing positioned between the two rotor 
housings, which are further enclosed by front and rear housings. The components of the housing are 
positioned precisely using tubular dowel pins.
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� On the front and rear housings are the installation bosses for the stationary gears that regulate the rotational 
movement of the rotors supporting the eccentric shaft.

� On the front housing are the bosses for installing the oil pump and the oil strainer.
� On the intermediate housing are the bosses for the primary injectors, which are placed near the combustion 

chambers for semi-direct injection. There are also additional bosses for the oil level gauge and the oil filler pipe.
� On the rear housing are the bosses for installing the oil filter and the oil pressure regulator.
� The special cast iron side housings are processed with soft-nitriding for improved wear resistance of the rotor 

friction surfaces. Wall thickness in each area of the side housings has been reduced for weight reduction. 
� Each of the housings are sealed together with rubber seals at the inner and outer circumferences of the water 

jacket surrounding the rotor friction surface.
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� The anti-wet port with a projection is located on the bottom edge of the primary port. With the anti-wet port, jet 
air from the jet air fuel mixing nozzle, located at the primary port outlet of the intake manifold, flows upward, and 
atomization is accelerated under low load when air intake velocity is slow. At the same time, air current is 
formed so that the air-fuel mixture flows to the spark plugs. As a result, stable combustion is obtained.

End Of Sie
TENSION BOLT CONSTRUCTION

CHU011010908S05

� The tension bolts, pointed from the rear to the front housing, are tightened to fix the housings.
� Corrugation at the center of the tension bolts prevents resonance.
� There are two types of tension bolt lengths, with the longer bolts having a hole in the bolt head for 

differentiating between the two types of lengths.

End Of Sie
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STATIONARY GEAR CONSTRUCTION
CHU011010908S06

� The special steel used for the stationary gear is processed with ion nitriding for improved strengthening against 
fatigue on the tooth surfaces.

� The main bearing is pressed into the stationary gear. Rotation lock of this bearing is done with a screw for the 
high power and a rotation lock tab for the standard power.

� A needle bearing and thrust plate have been assembled in the front stationary gear for regulation of the 
eccentric shaft end play.

�

End Of Sie
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ECCENTRIC SHAFT CONSTRUCTION
CHU011011901S01

� The highly durable, forged carbon steel eccentric shaft is processed with induction hardening for improved 
wear resistance.

� The oil passage supplying lubrication for each journal and the rotor cooling oil jet plugs, runs from the front end 
of the eccentric shaft to the rear main journal.

� The rotor cooling oil jet plugs inject oil into the rotor interior.

End Of Sie
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ECCENTRIC SHAFT BYPASS VALVE CONSTRUCTION
CHU011011901S02

� An eccentric shaft bypass valve has been adopted to shorten the engine warm up period. The eccentric shaft 
bypass valve allows engine oil in the oil passage to escape at cold-engine start, maintaining a pressure in the 
eccentric shaft that prohibits injection of rotor cooling engine oil from the oil jet plugs until the engine is warmed 
up.

End Of Sie
BALANCE WEIGHT, COUNTERWEIGHT (AT), FLYWHEEL (MT) OUTLINE

CHU011011901S03
� The flywheel is approximately 20% lighter than the previous flywheel for improved engine response.

End Of Sie
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BALANCE WEIGHT, COUNTERWEIGHT (AT), FLYWHEEL (MT) CONSTRUCTION
CHU011011901S04

� A balance weight and a counterweight (AT) have been installed to prevent dynamic unbalance.
� For MT, a weight has been added to perimeter of the flywheel to obtain the same balancing effect as the 

counterweight on AT.
� The weight of balance weights for both MT and AT changes in accordance with the difference in rotation-

related mass of the transmission that is employed.

End Of Sie
ROTOR OUTLINE

CHU011011910S01
� Lightweight rotors have been adopted that correspond to the high-speed rotation for improved engine 

response.
End Of Sie
ROTOR CONSTRUCTION

CHU011011910S02
� The special cast iron rotors have a hollow interior structure.
� Reduction in rotor weight has been achieved by reducing the thickness of the ribs in the rotor interior.
� The outer surfaces of the rotor include rotor recesses that serve as the combustion chambers. (Bathtub shape)
� A rotor bearing has been installed to the interior wall of the central axial area because the wall rubs against the 

eccentric shaft.
� Flank cuts are located at the corners of the rotor to delay exhaust closing timing by approx. 15 degrees, 

improving exhaust efficiency.

End Of Sie
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APEX SEAL CONSTRUCTION
CHU011011910S03

� The special iron cast apex seals have been electronic beam processed to improve abrasion resistance on the 
trochoid friction surface.

� The apex seal is comprised of two parts including a side piece set on the sharp end of an apex seal. The apex 
seals maintain a gas seal while sweeping the trochoid surface by the combined force of the apex seal springs 
and centrifugal force of the rotor rotation.

End Of Sie
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SIDE SEAL CONSTRUCTION
CHU011011910S04

� The iron sintering system side seals maintain a gas seal while sweeping the side housing by the force of the 
side seal springs.

� With the adoption of keystone-shaped (bulged shape) side seals, scraping and removal of carbon that collects 
in the side seal grooves has been improved. At the same time, gas sealing performance on the friction surface 
and seal performance have been strengthened.

End Of Sie
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CORNER SEAL CONSTRUCTION
CHU011011910S05

� The special cast iron corner seals maintain a gas seal while sweeping the side housing by the force of the 
corner seal springs. In addition, the chrome plating on perimeter side of the corner seals has reduced wear on 
the rotor installation holes.

� There are two types of corner seal diameters to match the inner diameters of the corner seal installation holes 
on the rotor. To aid in the selection of the type of corner seal to be used when replacing corner seals, 
identification marks have been provided on the rotor.

End Of Sie

POSITION OF IDENTIFICATION MARK FOR 
CORNER SEAL INNER DIAMETER
(IDENTIFICATION MARK: S OR L)

CORNER SEAL

CORNER SEAL SPRING

CORNER SEAL PLUG

CHJ0110S015



MECHANICAL 

01–10–15

01–10

OIL SEAL CONSTRUCTION
CHU011011910S06

� To prevent the oil that is supplied to the inner rotor for cooling and for lubrication of the bearings from leaking 
into the combustion chambers from the side surfaces, two oil seals have been added to each side of the rotor.

� The tapered lips press against the housing friction surface to perform oil sweeping and have employed hard-
chrome plating for improved wear resistance. 

� The addition of oil seal springs between the oil seals and the rotor maintain a oil seal against the side housing 
friction surface. Colored marks for identification of the spring have been added on the oil seal spring.

End Of Sie
CUT-OFF SEAL OUTLINE

CHU011011910S07
� New seals have been adopted in accordance with the side exhaust port system for improved combustion 

stability.
End Of Sie
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CUT-OFF SEAL CONSTRUCTION
CHU011011910S08

� The zero-overlap side exhaust port system has structurally reduced the mixing of exhaust gas in the intake air 
process. When the position of the rotor is at top dead center (TDC) of exhaust, the intake ports and exhaust 
ports are closed by the side surfaces of the rotor. However, exhaust gas flows into the intake air port passing 
through the minute gap between the rotor and the side housing. To prevent this, exhaust gas has been blocked 
from flowing into the intake air process by a cut-off seal set between the oil seal and side seal.

� A gas seal is maintained against the housing friction surface by the addition of a spring between the cut-off seal 
and the rotor.

End Of Sie
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01–10

DRIVE BELT CONSTRUCTION
CHU011015800S01

� The V-ribbed drive belts are composed of two belts, one that drives the generator and the water pump, and 
another that drives the A/C compressor. Serviceability has been improved from this simple layout based on the 
motorization of the air pump and P/S pump that were formerly driven by drive belts.

End Of Sie
ECCENTRIC SHAFT PULLEY DESCRIPTION

CHU011011400S01

� The eccentric shaft pulleys are made of carbon steel and are installed to the eccentric shaft through the pulley 
boss.

End Of Sie
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01–10–18

ENGINE MOUNT OUTLINE
CHU011039000S01

� With the adoption of a naturally aspirated engine, an ideal engine layout (advanced front-midship layout) has 
been realized by the engine being positioned approximately 60 mm {2.36 in} further rearward and 
approximately 39 mm {1.54 in} further downward than the previous engine. This has been made possible by 
reducing the height the oil pan and placing intake air related parts at the front of the engine.

End Of Sie
ENGINE MOUNT CONSTRUCTION

CHU011039000S02
� The use of mount rubber to support areas under the engine where there is less vibration as well as oil-filled 

mount rubber has reduced engine vibration.
� With the adoption of aluminum engine mount brackets, weight reduction have been achieved.

End Of Sie

BHJ0110N022
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01–11–2

LUBRICATION SYSTEM FLOW CHART
CHU011101008S03

End Of Sie
OIL FILTER CONSTRUCTION

CHU011101008S04
� A full-flow type oil filter, one with an outer diameter of 65 mm {2.56 in} (Denso*), or another with a diameter of 

68 mm {2.68 in} (Tokyo Roki) have been adopted. The oil filter manufacturer (Denso or Tokyo Roki) is indicated 
on the label of the filter.

* : Used on assembly line

End Of Sie

OIL COOLER CONSTRUCTION
CHU011110040S01

� A large-sized, air-cooled type oil cooler has been adopted to handle the heat load resulting from the high 
engine output.

� The oil cooler component is composed of an oil cooler body made of aluminum, and an oil cooler duct made of 
rubber.
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LUBRICATION 

01–11–3

01–11

End Of Sie
OIL PAN CONSTRUCTION

CHU011110040S02
� A thin oil pan made of steel has been adopted to lower the engine height.
� An oil baffle plate has been adopted inside the oil pan to stabilize engine oil slosh or aeration when the vehicle 

rolls and to prevent air suction in the oil strainer. 
� An oil level switch has been adopted on the center of the oil pan. A low oil level warning light in the instrument 

cluster illuminates when the oil level is below the specified amount.
� An oil level switch inputs directly to the PCM. The PCM has an anti slosh circuit similar to the fuel level sensor. 

The PCM turns on the low oil level warning light.
� A silicon sealant with excellent sealing qualities has been adopted. Also, sealing slots have been adopted on 

the oil pan attachment side to improve sealing performance.
End Of Sie
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LUBRICATION 

01–11–4

OIL STRAINER CONSTRUCTION
CHU011101008S05

� A plastic oil strainer with a resin filter in the middle of the strainer has been adopted for weight reduction.

End Of Sie
OIL PUMP CONSTRUCTION

CHU011101008S06
� A trochoid type oil pump has been adopted.
� A two-rotor type oil pump has been adopted for improved oil discharging ability and downsizing. It is also 

beneficial for reducing discharging pulsation.
� An efficient, compact 4-lobe epitrochoid and 5-flank inner envelope type gear has been adopted for the oil 

pump.
� The oil pump consists of oil pump body, shaft, front outer rotor, front inner rotor, middle plate, rear inner rotor, 

and rear outer rotor.
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01–11

� An oil pressure regulator has been adopted on 
the rear side housing to release oil when the oil 
pressure is 538—638 kPa {5.5—6.5 kgf/cm2, 
78.0—92.5 psi} or more.

End Of Sie

METERING OIL PUMP CONSTRUCTION/OPERATION
CHU011101008S07

Construction
� An electric metering oil pump has been adopted to reduce oil consumption by controlling the amount of oil 

discharged.
� The electric metering oil pump is controlled by the PCM.
� The PCM sends a pulse signal controlling the amount of oil discharged to the metering oil pump according to 

the engine rotation, engine coolant temperature, and the amount of intake air.
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LUBRICATION 

01–11–6

� Two oil nozzles are adopted on each rotor in order to improve lubrication in the side housing and side seal in 
accordance with the adoption of the side exhaust system. They are tilted toward the side housing to inject oil 
directly to the side housing.

Operation
� The oil discharging mechanism consists of the plunger and differential plunger driven by the driving worm. The 

driving worm is driven by the eccentric shaft through the driven gear.
� The amount of oil discharged is controlled by change in the stroke of the plunger and the rotation of the control 

pin attached to the stepping motor according to the signal from the PCM. 
� The operation of the stepping motor is monitored by the positioning switch and it ensures the optimum amount 

of oil discharge according to the driving condition.
� The oil nozzle receives the barometric pressure from the air hose to prevent the negative pressure from the 

engine being applied to the oil inlet. Also, a one-way check valve has been adopted to prevent oil from flowing 
out of the air hose side when the engine is under positive pressure.

Fail-safe function
� Fail-safe function operates when the engine senses a failure in the stepping motor and the positioning switch.
� When the fail-safe function operates, the PCM keeps the control pin at the minimum stroke position and the oil 

supply is only in proportion to the engine rotation rate. Thus, the minimum amount of oil at each engine rotation 
rate is supplied. 

� Normal driving is possible when the amount of the oil required by the engine is within the minimum oil 
discharge.

� When the amount of the oil required by the engine is more than the minimum oil discharge, fuel injection is 
restricted, increased engine rotation is suppressed, and seizure of each seal inside the engine is prevented.

End Of Sie
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COOLING SYSTEM 

01–12–2

COOLING SYSTEM FLOW CHART
CHU011201008S03

End Of Sie
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COOLING SYSTEM 

01–12–3

01–12

COOLING SYSTEM CAP, COOLANT RESERVE TANK CONSTRUCTION
CHU011201008S04

� A low-pressure type cap has been adopted for the cooling system cap. It is installed on the coolant reserve 
tank to improve serviceability when adding engine coolant and bleeding air.

� A degassing type coolant reserve tank has been adopted, to integrate the simple airtight sub-tank and the air/
water separating tank, improving the air/water separating function. The integrated and large-size degassing 
tank consists of a labyrinth structure with internal barriers to lengthen the distance to the outlet and reduce the 
flow speed to lengthen the time the engine coolant has to accumulate, improving the air/water separation 
function.

� An orifice has been adopted inside the coolant reserve outlet hose. The orifice minimizes the inner tube space 
and controls the engine coolant amount to stabilize the engine coolant pressure properly when the engine 
output is high. 

� A coolant level switch has been adopted on the side of the coolant reserve tank. A warning light in the 
instrument cluster illuminates when the engine coolant is below the specified amount.

End Of Sie
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COOLING SYSTEM 

01–12–4

RADIATOR CONSTRUCTION
CHU011201008S05

� A corrugated fin type radiator has been adopted.
� The radiator tanks are made of plastic and the 

core is made of aluminum for weight reduction.
� The down-flow direction of water inside the 

radiator causes air to bleed from the cooling 
system easier.

� Four rubber-insulated mounting brackets are 
utilized to decrease vibration. 

� To improve both the cooling ability and the sporty 
design, the radiator is designed to tilt forward to 
reduce the height and to take in the air from the 
inlet installed under the bumper.

End Of Sie

THERMOSTAT CONSTRUCTION/OPERATION
CHU011201008S06

Construction
� A wax-type thermostat with a jiggle-pin has been 

adopted. The thermostat body is made of 
stainless steel with excellent corrosion resistance.

Operation
� When the engine coolant temperature is below 80�C {176�F}, the valve closes and lets the engine coolant 

circulate inside the engine to improve engine warming performance. When the engine coolant temperature is 
between 80 �C {176�F} to 84 �C {183�F}, the thermostat begins to open the valve and engine coolant flows to 
the radiator to stabilize engine coolant temperature. 

End Of Sie
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COOLING SYSTEM 

01–12–5

01–12

WATER PUMP CONSTRUCTION/OPERATION
CHU011201008S07

Construction
� The water pump is composed of a steel water pump pulley, a water pump body made of aluminum alloy, and 

the gasket. The spiral casing is built into the front cover for weight reduction.

Operation
� The water pump is driven by the drive pulley.

End Of Sie
COOLING FAN, COOLING FAN MOTOR, RADIATOR COWLING CONSTRUCTION/OPERATION

CHU011201008S08
Construction

� Plastic cooling fans and radiator cowling have 
been adopted for weight reduction.

� Both cooling fans and cooling fan motors are 
attached to the radiator cowling.

� An electric motor type cooling fans operated by a 
fan control signal from the PCM has been 
adopted.

Operation
� Cooling fans No.1 and No.2 operate simultaneously according to the engine coolant temperature and whether 

the A/C is on or off. Two- stage control has been adopted to the cooling fan with high and low speed rotation 
allowing noise reduction and power savings. (See 01–40–37 ELECTRICAL FAN CONTROL OPERATION.)

End Of Sie
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INTAKE-AIR SYSTEM 

01–13–2

INTAKE-AIR SYSTEM STRUCTURAL VIEW
CHU011300113S02

End Of Sie
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INTAKE-AIR SYSTEM 

01–13–3

01–13

INTAKE-AIR SYSTEM DIAGRAM
CHU011300113S03

End Of Sie
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INTAKE-AIR SYSTEM 

01–13–4

INTAKE-AIR SYSTEM HOSE ROUTING DIAGRAM
CHU011300113S04

End Of Sie
FRESH-AIR DUCT FUNCTION

CHU011313200S01
� Channels air to the air cleaner.
� For 13B-MSP (High Power), the VFAD valve has been adopted, improving torque and output at the medium-

high speed range.
End Of Sie
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INTAKE-AIR SYSTEM 

01–13–5

01–13

FRESH-AIR DUCT CONSTRUCTION
CHU011313200S02

� Composed of the fresh-air duct, VFAD actuator 
(13B-MSP (High Power)), and VFAD valve (13B-
MSP (High Power)).

End Of Sie

AIR CLEANER FUNCTION
CHU011313300S01

� A large-size air cleaner has been adopted, reducing air intake noise and intake resistance.
End Of Sie
AIR CLEANER CONSTRUCTION

CHU011313300S02
� Composed of the air cleaner cover, air cleaner 

element, air cleaner case, and insulator.
� Non-woven fabric (dry type) has been adopted for 

the air cleaner element.
End Of Sie

RESONANCE CHAMBER FUNCTION
CHU011300100S01

Features
� Installed to the air hose to reduce air intake noise.

End Of Sie
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INTAKE-AIR SYSTEM 

01–13–6

THROTTLE BODY FUNCTION
CHU011313640S01

� An electronic throttle valve has been adopted 
which opens and closes the throttle valve with the 
actuator according to a signal from the PCM. It 
enables precise intake air control at all engine 
speed ranges.

End Of Sie

THROTTLE BODY CONSTRUCTION/OPERATION
CHU011313640S02

Construction
� The throttle body construction is as shown in the 

figure.

Operation
� The actuator is driven by a duty signal from the PCM. This driving force is transmitted to the actuator gear, 

middle gear, and valve gear, and the throttle valve opens.
� Conversely, to close the throttle valve, the actuator is reversed by an opposite signal from the PCM, and the 

throttle valve closes.
� The throttle valve opening angle is input to the PCM by the TP sensor.
� The throttle valve body has a control spring. If a malfunction occurs and the actuator cannot be controlled, the 

throttle valve is maintained balanced at an opening angle of 5� by the spring. Due to this, the required amount 
of air for vehicle operation is ensured.

End Of Sie
INTAKE MANIFOLD FUNCTION

CHU011313100S01
� Integrates the SSV, VDI valve, and APV (13B-MSP (High Power)) which are switched according to the engine 

speed and fuel amount required by the engine. Due to this, torque and output in all driving ranges are 
improved.

End Of Sie
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INTAKE-AIR SYSTEM 

01–13–7

01–13

INTAKE MANIFOLD CONSTRUCTION
CHU011313100S02

Construction
� Composed of the SSV, VDI valve, APV (13B-MSP (High Power)), APV motor (13B-MSP (High Power)), jet air 

fuel mixing nozzles, and body.

End Of Sie
SEQUENTIAL DYNAMIC AIR INTAKE SYSTEM (S-DAIS) OUTLINE

CHU011300113S05
� The S-DAIS increases intake air amount and combustion efficiency by controlling the size of the intake ports 

and the air length in the intake pipes according to engine condition. By a combination of the S-DAIS and side 
intake and exhaust port configuration, high torque and high output are obtained at a wide range of engine 
speeds from low to high.

� For a description of S-DAIS control, refer to S-DAIS control (See 01–40–14 SEQUENTIAL DYNAMIC AIR 
INTAKE SYSTEM (S-DAIS) CONTROL OUTLINE.).

End Of Sie
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INTAKE-AIR SYSTEM 

01–13–8

SEQUENTIAL DYNAMIC AIR INTAKE SYSTEM (S-DAIS) STRUCTURE
CHU011300113S06

� The S-DAIS is composed of the SSV, VDI valve, and VFAD valve (13B-MSP (High Power)) which are opened 
and closed by intake manifold vacuum or BARO, and the APV (13B-MSP (High Power)) which is opened and 
closed by motor drive.

End Of Sie
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INTAKE-AIR SYSTEM 

01–13–9

01–13

SEQUENTIAL DYNAMIC AIR-INTAKE SYSTEM (S-DAIS) OPERATION
CHU011300113S07

Operation Outline
� To increase intake air amount and combustion 

efficiency, the S-DAIS controls the size of the 
intake ports and the air length in the intake pipes 
by opening or closing the SSV, VDI valve, APV 
(13B-MSP (High Power)), and VFAD valve (13B-
MSP (High Power)) according to engine speed 
and load condition.

Operation
Low-speed range

� At the low-speed range, the secondary and 
auxiliary ports close, and a high velocity intake air 
amount is fed from only the primary port. Due to 
this, better combustion efficiency is obtained by 
the improved fuel atomization, producing high 
torque output.
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INTAKE-AIR SYSTEM 

01–13–10

Medium-speed range
� When the engine speed reaches the medium 

range, the SSV opens and intake air from the 
secondary port begins. Due to this, the intake air 
amount increases, improving torque at the engine 
medium-speed range.

Medium-to-high-speed range
� When the engine speed reaches the medium-to-

high range, the VFAD and APV open.
� When the VFAD valve (13B-MSP (High Power)) 

opens, intake air resistance is reduced by the 
shortening of air length in the fresh-air duct pipe.

� When the APV (13B-MSP (High Power)) opens, 
air from all intake ports is fed, improving torque at 
the medium-to-high-speed range.
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CHU0113S013
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01–13–11

01–13

High-speed range
� When the engine speed reaches the high range, 

the VDI valve opens, and the actual length of the 
intake air in the pipe is shortened to efficiently 
provide dynamic air charging effect.

� When the intake ports are shut abruptly, the 
intake air does not stop due to the inertia effect 
and it becomes compressed and highly 
pressurized. This pressurized air becomes a 
reflected high-pressure wave that pressurizes the 
intake air in the rotor chambers. This is dynamic 
air charging pressurization. The intake air amount 
is increased by the dynamic air charging effect, 
improving torque at the high-speed range.

End Of Sie

SECONDARY SHUTTER VALVE (SSV) SOLENOID VALVE FUNCTION
CHU011318740S01

� Switches pressure (intake manifold vacuum or BARO) applied to the SSV actuator according to a signal from 
the PCM.

End Of Sie
SECONDARY SHUTTER VALVE (SSV) SOLENOID VALVE CONSTRUCTION/OPERATION

CHU011318740S02

� Composed of a solenoid coil, spring, plunger, and filter.
Energized

� When the solenoid coil is energized, the plunger is pulled back. Pulling the plunger back opens the 
passage between ports A and B. Due to this, intake manifold vacuum is applied to the actuator.

De-energized
� Passage of port A is closed by the reaction force of the spring, and the passage between ports B and C is 

opened. Due to this, BARO is applied to the actuator.
End Of Sie
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SECONDARY SHUTTER VALVE (SSV) ACTUATOR FUNCTION
CHU011320130S01

� Opens and closes the SSV.
End Of Sie
SECONDARY SHUTTER VALVE (SSV) ACTUATOR CONSTRUCTION/OPERATION

CHU011320130S02
� A diaphragm design has been adopted.
� Normally, the rod is pushed by the force of the spring, closing the SSV. When intake manifold vacuum is 

applied to the diaphragm chamber, the rod is pulled, opening the SSV.
End Of Sie

VARIABLE FRESH AIR DUCT (VFAD) SOLENOID VALVE FUNCTION (13B-MSP (HIGH POWER))
CHU011318740S03

� Switches pressure (intake manifold vacuum or BARO) applied to the VFAD actuator according to a signal from 
the PCM.

End Of Sie
VARIABLE FRESH AIR DUCT (VFAD) SOLENOID VALVE CONSTRUCTION/OPERATION (13B-MSP (HIGH 
POWER))

CHU011318740S04
� Composed of a solenoid coil, spring, plunger, and filter.

Energized
� When the solenoid coil is energized, the plunger is pulled back. Pulling the plunger back opens the 

passage between ports A and B. Due to this, BARO is applied to the actuator.
De-energized

� Passage of port A is closed by the reaction force of the spring, and the passage between ports B and C is 
opened. Due to this, intake manifold vacuum is applied to the actuator.

End Of Sie

VARIABLE FRESH AIR DUCT (VFAD) ACTUATOR FUNCTION (13B-MSP (HIGH POWER))
CHU011320130S03

� Opens and closes the VFAD valve.
End Of Sie
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01–13

VARIABLE FRESH AIR DUCT (VFAD) ACTUATOR CONSTRUCTION/OPERATION (13B-MSP (HIGH POWER))
CHU011320130S04

� A diaphragm design has been adopted.
� Normally, the rod is pushed by the force of the spring, opening the VFAD valve. When intake manifold vacuum 

is applied to the diaphragm chamber, the rod is pulled, closing the VFAD valve.
End Of Sie

VARIABLE DYNAMIC EFFECT INTAKE-AIR (VDI) SOLENOID VALVE FUNCTION
CHU011318740S05

� Switches pressure (intake manifold vacuum or BARO) applied to the VDI actuator according to a signal from 
the PCM.

End Of Sie
VARIABLE DYNAMIC EFFECT INTAKE-AIR (VDI) SOLENOID VALVE CONSTRUCTION/OPERATION

CHU011318740S06
� Composed of a solenoid coil, spring, plunger, and filter.

Energized
� When the solenoid coil is energized, the plunger is pulled back. Pulling the plunger back opens the 

passage between ports A and B. Due to this, intake manifold vacuum is applied to the actuator.
De-energized

� Passage of port A is closed by the reaction force of the spring, and the passage between ports B and C is 
opened. Due to this, BARO is applied to the actuator.

End Of Sie

VARIABLE DYNAMIC EFFECT INTAKE-AIR (VDI) ACTUATOR FUNCTION
CHU011320130S05

� Opens and closes the VDI valve.
End Of Sie
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VARIABLE DYNAMIC EFFECT INTAKE-AIR (VDI) ACTUATOR CONSTRUCTION/OPERATION
CHU011320130S06

� A diaphragm design has been adopted.
� Normally, the rod is pushed by the force of the 

spring, closing the VDI valve. When intake 
manifold vacuum is applied to the diaphragm 
chamber, the rod is pulled, opening the VDI valve.

End Of Sie

AUXILIARY PORT VALVE (APV) MOTOR FUNCTION (13B-MSP (HIGH POWER))
CHU011320130S07

� Drives the APV motor to open or close the APV according to a signal from the PCM.
End Of Sie
AUXILIARY PORT VALVE (APV) MOTOR CONSTRUCTION/OPERATION (13B-MSP (HIGH POWER))

CHU011320130S08
� The position sensor is built into the APV motor.
� The motor is driven according to an operation signal from the PCM.
� The motor driving force is transmitted to the drive 

gear, counter gear, shaft, and arm, thereby 
opening or closing the APV.

End Of Sie

CHECK VALVE FUNCTION
CHU011342910S01

� A one-way check valve has been adopted, allowing intake manifold vacuum to be applied to the vacuum 
chamber.

End Of Sie
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01–13

CHECK VALVE CONSTRUCTION/OPERATION
CHU011342910S02

� Composed of the main body and valve.
� Air can only flow from the vacuum chamber to the intake manifold.

End Of Sie

JET AIR FUEL MIXING SYSTEM OUTLINE
CHU011300113S08

� This system flows jet air (high-velocity air) into the primary port.
� Jet air is injected from the nozzle installed to the intake manifold, to blow off fuel adhering to the surface of the 

intake port.
� A projection (anti-wet port) is provided on the bottom edge of the intake port. With this projection, air current is 

formed so that the air-fuel mixture blown off by jet air flows to the intake port efficiently, and ideal air-fuel 
mixture is obtained.

� The air/fuel ratio is lean due to the facilitation of a slow air intake velocity and low load fuel mixture. As a result, 
fuel economy is improved.

End Of Sie
JET AIR FUEL MIXING SYSTEM CONSTRUCTION

CHU011300113S09

End Of Sie
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JET AIR FUEL MIXING SYSTEM OPERATION
CHU011300113S10

� The nozzle is installed on the primary port outlet of the intake manifold. BARO is fed to the nozzle from 
upstream of the throttle valve with the hose.

� Under low load, jet air is injected from the nozzle due to the difference in pressure in the primary port and 
nozzle.

� This jet air flows along the surface of the intake port, and blows off fuel adhering to the surface of the intake 
port. In order to change the direction of the air-fuel mixture flow upward, a guide (anti-wet port) with a step is 
provided on the bottom of the intake port outlet. As a result, atomization is accelerated under low load when air 
intake velocity is slow, and air current is formed so that the air-fuel mixture flows to the intake port.

End Of Sie
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ANTI-WET PORTJET AIR FUEL MIXING NOZZLE

PRIMARY PORT

JET AIR

INTAKE 
MANIFOLD 
VACUUM

CHU0113S025





FUEL SYSTEM 
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FUEL SYSTEM STRUCTURAL VIEW
CHU011401006S02

Engine Room Side

Fuel Tank Side

End Of Sie
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FUEL SYSTEM DIAGRAM
CHU011401006S03

End Of Sie
FUEL TANK CONSTRUCTION

CHU011442110S01
� Fuel tank capacity is 60 L {15.9 US gal, 13.2 lmp gal}.
� Includes two rollover valves, and the fuel shut-off valve that is press-fitted in the evaporative hose above the 

fuel tank. For the fuel shut-off valve and the rollover valves, refer to EMISSION SYSTEM. (See 01–16–10 FUEL 
SHUT-OFF VALVE FUNCTION, 01–16–11 FUEL SHUT-OFF VALVE CONSTRUCTION/OPERATION, 01–16–
11 ROLLOVER VALVE FUNCTION, 01–16–12 ROLLOVER VALVE CONSTRUCTION/OPERATION.)

� Made of hard plastic for weight reduction.
End Of Sie
NONRETURN VALVE FUNCTION

CHU011442270S01
� Prevents fuel from spouting out due to evaporative gas pressure in the fuel tank when removing the fuel-filler 

cap.
End Of Sie
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NONRETURN VALVE CONSTRUCTION/OPERATION
CHU011442270S02

� A single valve type has been adopted.

� The nonreturn valve cannot be removed because it is fixed to the fuel-filler pipe in the fuel tank.
� Under normal conditions, this valve is closed as shown by the dotted line. When refueling, it opens to the 

position shown by the solid line due to the flow of fuel. When refueling is finished, the valve returns to the 
normal valve position due to spring force.

End Of Sie
RETURNLESS FUEL SYSTEM OUTLINE

CHU011413350S01
Features

� The returnless fuel system reduces fuel evaporation in the fuel tank.
� The pressure regulator located in the fuel tank prevents fuel return from the engine compartment side, thereby 

maintaining a low fuel tank temperature. Due to this, formation of evaporative gas produced by a rise in fuel 
temperature is suppressed.

� The pressure regulator is built into the fuel pump unit in the fuel tank.
End Of Sie
RETURNLESS FUEL SYSTEM OPERATION

CHU011413350S02
� Fuel in the fuel tank is pumped out through the fuel filter (low-pressure side) by the fuel pump, filtered by the 

fuel filter (high-pressure side), and then compressed to a specified pressure by the pressure regulator. The 
pressurized fuel passes through the pulsation damper and is sent to the fuel injector.

� The pressure regulator pressurizes fuel to approx. 390 kPa {3.98 kgf/cm2, 56.6 psi}. If the pressure exceeds 
the approx. 390 kPa {3.98 kgf/cm2, 56.6 psi}, the pressure regulator valve in the fuel pump unit opens to 
allow fuel to flow to the fuel tank.

End Of Sie

NONRETURN VALVE
VALVE POSITION DURING 
REFUELING

FUEL-FILLER PIPE

FUELFUEL TANK SIDE

NORMAL VALVE POSITION
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CHU0114S014
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FUEL PUMP UNIT FUNCTION
CHU011413350S03

� The fuel pump suctions fuel from the fuel tank and pumps it to the fuel distributor.

End Of Sie
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FUEL PUMP UNIT CONSTRUCTION/OPERATION
CHU011413350S04

Fuel Pump Unit
� Mainly consists of a fuel filter (high-pressure), pressure regulator, fuel pump, fuel reserve cup, fuel filter (low-

pressure), and fuel pump (transfer).
� A pressure regulator is built-in due to the adoption of a returnless fuel system.
� A hard-plastic fuel pump unit, with an integrated fuel filter (high-pressure) and fuel pump, has been adopted to 

simplify the fuel line.
� The fuel pump unit, located on top of the fuel tank, can be removed and installed through the service hole in the 

bottom of the rear seat.
� The fuel pump unit cannot be disassembled.
� Fuel in the fuel reserve cup is suctioned out through the fuel filter (low-pressure) by the fuel pump, and pumped 

to the fuel filter (high-pressure). Return fuel is sent back to the fuel reserve cup or the fuel tank through the jet 
pump.

� A venturi, located in the path of fuel returning from the pressure regulator, creates negative pressure that is 
used to transfer fuel from the reserve to the main tank.

� If return fuel pressure exceeds the specified value, the relief valve discharges return fuel into the fuel pump unit 
without passing it through the venturi. Due to this, return fuel pressure is maintained below the specified value.

Pressure Regulator
� Built into the fuel pump unit due to adoption of a returnless fuel system.
� Cannot be removed because it is integrated with the fuel pump unit.
� Mainly consists of a spring, release valve and diaphragm.
� Pressurizes fuel discharged by the fuel pump to approx. 390 kPa {3.98 kgf/cm2, 56.6 psi} with the spring, 

diaphragm and release valve, and then pumps it to the fuel distributor.
� If fuel pressure exceeds approx. 390 kPa {3.98 kgf/cm2, 56.6 psi}, the release valve opens to discharge 

unnecessary fuel pressure.
End Of Sie
QUICK RELEASE CONNECTOR FUNCTION

CHU011442692S01
� Quick release connectors that can be connected/disconnected without an SST have been adopted to improve 

serviceability.
End Of Sie
QUICK RELEASE CONNECTOR CONSTRUCTION/OPERATION

CHU011442692S02
� Mainly consists of a retainer and O-ring. The quick release connector is integrated with the fuel hose and 

therefore cannot be disassembled.
� When the quick release connector is connected, the fuel pipe projection is locked at the clamp lock point. If the 

clamp release tab is pushed to expand the clamp, the lock point is released allowing the fuel pipe to be 
disconnected.

� To connect the quick release connector properly, push it into the fuel pipe until a locking click sound is heard.

TAB
LOCK POINT

QUICK RELEASE
CONNECTOR

CHU0114S008
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� New quick release connectors excluding those for the fuel suction pipe, fuel shut-off valve and rollover valve 
are fitted with a checker tab that prevents improper fit. This checker tab cannot be removed under normal 
conditions. When the quick release connector is properly connected to the fuel pipe, the lock is released and 
the checker tab comes off. Due to this, it can be verified that the quick release connector is completely 
connected.

End Of Sie
PULSATION DAMPER FUNCTION

CHU011420180S01
� Reduces pulsation of pressurized fuel between the fuel filter (high-pressure) and the fuel injector.

End Of Sie
PULSATION DAMPER CONSTRUCTION/OPERATION

CHU011420180S02
� Installed to the fuel distributor.
� Mainly consists of a diaphragm and spring.
� Uses spring force in the diaphragm chamber to reduce fuel pressure pulsation produced just after fuel injection 

by the fuel injector.

End Of Sie
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FUEL INJECTOR FUNCTION
CHU011413250S01

� Injects fuel according to fuel injector control signals from the PCM.
End Of Sie
FUEL INJECTOR CONSTRUCTION/OPERATION

CHU011413250S02

Fuel Injector (FP1, RP1)
� Installed on the intermediate housing at an angle of approx. 45����, and injects fuel near the intake port opening.
� Mainly consists of a coil, spring and needle valve.
� Fuel injector with 12 injection holes and injection angle of approx. 30���� adopted to enhance fuel injection 

vaporization.
� When a PCM signal is sent, exciting current passes through the coil, pulling in the needle valve and injecting 

fuel.
� The amount of injection is determined by the open time of the needle valve, i.e. the energization time of the coil.

Fuel Injector (FP2, RP2, FS, RS)
� Installed on the intake manifold.
� Mainly consists of a coil, spring, and needle valve.
� Injects fuel into the intake manifold at an angle of approx. 19����, so that the fuel is drawn into the housing 

together with intake air.
� When a PCM signal is sent, exciting current passes through the coil, pulling in the needle valve and injecting 

fuel.
� The amount of injection is determined by the open time of the needle valve, i.e. the energization time of the coil.

End Of Sie
FUEL PUMP RELAY FUNCTION

CHU011413350S05
� Controls the fuel pump on/off according to control signals from the PCM.
� For fuel pump relay control, refer to CONTROL SYSTEM, FUEL PUMP CONTROL. (See 01–40–23 FUEL 

PUMP CONTROL OUTLINE, 01–40–24 FUEL PUMP CONTROL BLOCK DIAGRAM, 01–40–24 FUEL PUMP 
CONTROL OPERATION.)

� Supplies voltage to the fuel pump via the fuel pump resistor when the fuel pump speed control relay is off.

End Of Sie
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FUEL PUMP SPEED CONTROL RELAY FUNCTION
CHU011413350S06

� Supplies power to the fuel pump according to control signals from the PCM.
� For fuel pump speed control, refer to CONTROL SYSTEM, FUEL PUMP SPEED CONTROL. (See 01–40–23 

FUEL PUMP CONTROL OUTLINE, 01–40–24 FUEL PUMP CONTROL BLOCK DIAGRAM, 01–40–24 FUEL 
PUMP CONTROL OPERATION.)

End Of Sie
FUEL PUMP SPEED CONTROL RELAY OPERATION

CHU011413350S07

� Reduces voltage by routing it through the fuel pump resistor to protect the fuel pump when required fuel 
amount is low due to low engine speed.

End Of Sie
FUEL PUMP RESISTOR FUNCTION

CHU011413350S08

� Supplies voltage to the fuel pump via the fuel pump resistor to protect the fuel pump when the injection amount 
is low (when engine speed is low).

� A fuel pump resistor with a resistance of 0.304—0.336 ohms has been adopted.

End Of Sie
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EMISSION SYSTEM STRUCTURAL VIEW
CHU011601007S02

End Of Sie
CATALYTIC CONVERTER SYSTEM OUTLINE

CHU011620500S01

Features
� Purifies toxic substances in exhaust gas by utilizing the chemical reaction process of the three-way catalyst.

End Of Sie
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CATALYTIC CONVERTER SYSTEM STRUCTURE
CHU011620500S02

� The catalytic converter consists of a three-way catalyst and insulator.
� A 3.01 L {3.18 US qt, 2.65 lmp qt} capacity catalytic converter with a three-way platinum-palladium-rhodium 

based catalyst has been adopted.
System Diagram

End Of Sie
CATALYTIC CONVERTER SYSTEM OPERATION

CHU011620500S03
� Toxic substances (HC, CO, NOX) in exhaust gas are purified by oxidization and reduction while passing 

through the catalytic converter.
— Oxidation

� Combines toxic HC and CO with oxygen to produce non-toxic carbon dioxide and water.
O2 + HC + CO � CO2 + H2O

— Reduction
� Converts toxic NOX (nitrogen oxides) into non-toxic nitrogen and oxygen. Part of the oxygen produced 

in this process is used for oxidation.
NOX � N2 + O2

End Of Sie
SECONDARY AIR INJECTION (AIR) SYSTEM OUTLINE

CHU011600116S01
Features

� Supplies secondary air discharged by the AIR pump to the exhaust ports.
� Rapid activation of the catalytic converter system is achieved by sending secondary air to the exhaust ports 

and causing it to react with unburnt gas to raise exhaust gas temperature.
End Of Sie
SECONDARY AIR INJECTION (AIR) SYSTEM CONSTRUCTION/OPERATION

CHU011600116S02
� The AIR system is controlled by the PCM.
� If the engine is started when the conditions for actuating the AIR system are satisfied, the AIR pump operates, 

pumping air to the AIR control valve. At this point, the PCM turns on the AIR solenoid valve, causing negative 
pressure in the vacuum chamber to open the AIR control valve. Due to this, the air pumped by the AIR pump is 
passed through the secondary air ports and introduced into the exhaust ports in the side housing as secondary 
air. The secondary air reacts with unburnt gas discharged from the rotor housing thereby raising exhaust gas 
temperature and enhancing catalyst activation. When the AIR pump stops, the AIR solenoid valve turns off, 
closing the AIR control valve and preventing the reverse flow of exhaust gas from the exhaust ports to the AIR 
pump.

� The AIR pump only operates for a short period after a cold start. (Except extreme cold engine starts)

PRESILENCER

EXHAUST  MANIFOLD

TWC

CHU0116S003
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System Diagram

End Of Sie
SECONDARY AIR INJECTION (AIR) CONTROL VALVE FUNCTION

CHU011613990S01
� Opens/closes the path of air sent from the AIR pump to the exhaust ports.

End Of Sie
SECONDARY AIR INJECTION (AIR) CONTROL VALVE CONSTRUCTION/OPERATION

CHU011613990S02

� Mainly consists of an actuator and reed valve.
� When the AIR solenoid valve is turned on, negative pressure is applied to the actuator diaphragm, opening the 

inner valve and sending the air from the AIR pump to the exhaust ports.

AIR SOLENOID VALVE

AIR CONTROL VALVE

AIR PORT

AIR PUMP

EXHAUST
PORT

A

A

EXHAUST
PORT

TWC

VACUUM
CHAMBER

AIR PORT

CHU0116S004

ACTUATOR

DIAPHRAGM

FROM SECONDARY
AIR INJECTION
PUMP

TO EXHAUST PORT

REED VALVE

VALVE

SPRING

: SECONDARY AIR FLOW

CHU0116S005



EMISSION SYSTEM 

01–16–5

01–16

� When the AIR solenoid valve is turned off, atmospheric air forms in the actuator and the valve is closed by 
spring force, thereby blocking the path.

� The reed valve provided in the AIR control valve prevents reverse flow of exhaust gas and protects the AIR 
pump.

End Of Sie
SECONDARY AIR INJECTION (AIR) SOLENOID VALVE FUNCTION

CHU011618740S01
� Switches the path of intake manifold negative pressure between the vacuum chamber and the AIR control 

valve.
End Of Sie
SECONDARY AIR INJECTION (AIR) SOLENOID VALVE CONSTRUCTION/OPERATION

CHU011618740S02
� Mainly consists of a coil, spring, plunger, and filter.

When Energized
� The solenoid coil becomes an electromagnet and pulls in the plunger. This opens an airflow path between 

ports A and B, applying intake manifold negative pressure to the actuator of the AIR control valve.
When Not Energized

� The path of intake manifold negative pressure is closed, and the path between B and C is opened, causing 
the actuator of the AIR control valve to be open to the atmosphere.

End Of Sie
SECONDARY AIR INJECTION (AIR) PUMP FUNCTION

CHU011613811S01
� Pressurizes outside air and discharges secondary air.
� Secondary air from the AIR pump is pumped to the exhaust ports through the AIR control valve.

End Of Sie
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SECONDARY AIR INJECTION (AIR) PUMP CONSTRUCTION/OPERATION
CHU011613811S02

� Mainly consists of a DC motor and fan.
� When the AIR pump relay is turned on due to a PCM signal, the motor drives the pump fan to discharge 

secondary air.

End Of Sie
POSITIVE CRANKCASE VENTILATION (PCV) SYSTEM OUTLINE

CHU011613890S01
Features

� A closed system has been adopted.
End Of Sie
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POSITIVE CRANKCASE VENTILATION (PCV) SYSTEM STRUCTURE
CHU011613890S02

� A ventilation hose to the oil filler pipe is provided to send blowby gas to the extension manifold (upper). The gas 
is then introduced into the intake port together with intake air and recombusted.

System Diagram

End Of Sie
POSITIVE CRANKCASE VENTILATION (PCV) VALVE OPERATION

CHU011613890S03

� Forces blowby gas (unburnt gas) that contains CO, HC, and other noxious gas from the rotor housing into the 
intake-air system for combustion in the combustion chamber in order to prevent discharge of blowby gas into 
the atmosphere.

End Of Sie
EVAPORATIVE EMISSIONS (EVAP) CONTROL SYSTEM OUTLINE

CHU011601074S01
Features

� A canister design has been adopted to prevent discharge of evaporative gas into the atmosphere.
� A duty solenoid (purge solenoid valve) has been adopted to provide optimum control according to engine 

conditions.
� For evaporative purge control, refer to ENGINE CONTROL SYSTEM, EVAPORATIVE PURGE CONTROL. 

(See 01–40–30 EVAPORATIVE PURGE CONTROL OUTLINE, 01–40–30 EVAPORATIVE PURGE CONTROL 
BLOCK DIAGRAM, 01–40–31 EVAPORATIVE PURGE CONTROL OPERATION.)

End Of Sie
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EVAPORATIVE EMISSIONS (EVAP) CONTROL SYSTEM STRUCTURE
CHU011601074S02

� Consists of a purge solenoid valve, charcoal canister, catch tank, evaporative chamber, rollover valves, fuel 
shut-off valve, EVAP system leak detection pump, air filter, and fuel-filler cap.

End Of Sie
EVAPORATIVE EMISSIONS (EVAP) CONTROL SYSTEM OPERATION

CHU011601074S03
� When the engine is stopped, evaporative gas in the fuel tank flows from the fuel tank as pressure rises, and is 

absorbed by the charcoal canister. Additionally, liquefied evaporative gas is stored in the catch tank.
� When the engine is running, evaporative gas absorbed by the charcoal canister together with air drawn from 

the atmospheric air port in the charcoal canister passes through the purge solenoid valve and is then inducted 
into the engine in an amount appropriate to engine condition.

� If negative pressure in the fuel tank rises, air is drawn from the charcoal canister atmospheric air port via the 
rollover valves. If the atmospheric air port in the charcoal canister becomes clogged, this malfunction causes 
negative pressure in the fuel tank to rise, applying a load to the fuel tank, and the negative pressure valve in the 
fuel-filler cap opens to draw air into the fuel tank.

End Of Sie
PURGE SOLENOID VALVE FUNCTION

CHU011618740S03
� Adjusts the amount of evaporative gas drawn into the intake-air system.

End Of Sie
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PURGE SOLENOID VALVE CONSTRUCTION/OPERATION
CHU011618740S04

� Installed to the catch tank integrated with the extension manifold (upper).

� Mainly consists of a solenoid coil, spring, and a plunger.
� Opens and closes the solenoid valve path according to purge solenoid valve control signals (duty signals) from 

the PCM in order to adjust the amount of evaporative gas sent to the extension manifold (upper) in accordance 
with engine conditions.

� When the PCM signal is given to the solenoid coil, it energizes and becomes an electromagnet, pulling in the 
plunger. This opens a path between ports, and evaporative gas is drawn into the intake-air system by intake 
manifold negative pressure.

End Of Sie
CATCH TANK FUNCTION

CHU011613978S01
� The catch tank stores liquefied evaporative gas in order to prevent an overly rich air-fuel ratio caused by the 

introduction of this gas in the intake-air system.
End Of Sie
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CATCH TANK CONSTRUCTION/OPERATION
CHU011613978S02

� Integrated with the extension manifold (upper) and cannot be disassembled.

� Evaporative gas between the purge solenoid valve and the charcoal canister is liquefied while being 
transferred to the extension manifold (upper) due to a decrease in temperature and other factors. The catch 
tank holds such liquefied evaporative gas (gasoline).

� Liquefied evaporative gas is held in the catch tank and not supplied to the extension manifold (upper). This 
prevents an overly rich air-fuel ratio.

End Of Sie
CHARCOAL CANISTER FUNCTION

CHU011613970S01
� A canister filled with activated charcoal that absorbs evaporative gas temporarily.

End Of Sie
CHARCOAL CANISTER CONSTRUCTION/OPERATION

CHU011613970S02

� A charcoal canister contains activated carbon.
End Of Sie
EVAPORATIVE CHAMBER FUNCTION

CHU011613988S01
� Prevents flooding of the charcoal canister hose that opens to the atmosphere.

End Of Sie
EVAPORATIVE CHAMBER CONSTRUCTION/OPERATION

CHU011613988S02
� Installed into the rear crossmember.

� A small section with partitions is located in the evaporative chamber. These partitions protect the charcoal 
canister by preventing flooding as atmospheric air enters from the airflow holes.

End Of Sie
FUEL SHUT-OFF VALVE FUNCTION

CHU011642990S01
� The fuel shut-off valve prevents fuel from flowing to the charcoal canister during tight turns or vehicle rollover.
� The fuel shut-off valve releases evaporative gas to the charcoal canister.
� During refueling, it is possible that, due to the built-up pressure caused by evaporative emissions in the fuel 

tank, the fuel could overflow. The shut-off valve closes to prevent such a fuel overflow.
End Of Sie

EXTENSION MANIFOLD (UPPER)

CATCH TANK

PURGE SOLENOID 
VALVE SIDE

CHARCOAL CANISTER SIDE

CHU0116S014

TO CHARCOAL CANISTER

EVAPORATIVE 
CHAMBERROOM

AIRFLOW HOLEPARTITION

CHU0116S016
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01–16

FUEL SHUT-OFF VALVE CONSTRUCTION/OPERATION
CHU011642990S02

Construction
� Since the shut-off valve is press-fit to the top of the fuel tank, it cannot be disassembled.
� The shut-off valve mainly consists of a valve, float, spring, and by-pass valve.

Operation
� During refueling or due to fuel sloshing, the float is flooded with fuel and the floating force causes the valve to 

close. Also, during vehicle rollover, the valve closes due to balance between the float gravity and spring 
pressure.

� The float rises during refueling, locks after refueling is completed, and returns to the original position by its own 
weight when the fuel level decreases. Due to this, the evaporative emissions in the fuel tank can be released 
through the charcoal canister.

End Of Sie
ROLLOVER VALVE FUNCTION

CHU011642720S01

Function
� The rollover valve prevents fuel from flowing to the charcoal canister during tight turns, vehicle rollover or when 

the fuel tank is full.
End Of Sie

OPEN

VALVE

:EVAPORATIVE GAS FLOW

FLOAT

SPRING

TO CHARCOAL
CANISTER

SHUT OFF

TO CHARCOAL
CANISTER

CHU0116S020
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ROLLOVER VALVE CONSTRUCTION/OPERATION
CHU011642720S02

� The rollover valves are welded in two locations in the evaporative gas path on the top of the fuel tank and 
cannot be removed/installed.

� The rollover valve mainly consists of a float and spring.
� When the float is saturated with fuel, the float (valve) closes to shut the sealing surface of the path due to the 

weight of the float, spring force, and flotation relationship.
End Of Sie

OPEN

VALVE

:EVAPORATIVE GAS FLOW

FLOAT

SPRING

FUEL
LEVEL

CLOSE

CHU0116S021
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01–16

EVAP SYSTEM LEAK DETECTION PUMP DESCRIPTION
CHU011618743S01

Function
� The internal pump pressurizes the emission system by pumping air to check clogging and leakage in the 

emission system.

Structure
� Orifice

— Has a 0.5 mm {0.02 in} hole
� Pump

— Force-feeds air to the orifice and the EVAP lines
� Heater

— Removes moisture inside the pump
� Change over valve

— Operated by a solenoid valve to switch air passages

Operation
Evaporative system monitor is not operated

� The passage between the canister and the air 
filter is connected.

B6U0116S028

SOLENOID IS OFF AND PUMP IS NOT OPERATED
DURING PURGE SYSTEM OPERATION

FROM AIR 
FILTER

TO CHARCOAL 
CANISTER

CHANGE OVER VALVE
(CLOSED)

EVAP SYSTEM LEAK 
DETECTION PUMP

: AIR FLOW

B6U0116S017
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Evaporative system monitor is operated
When obtaining the reference current value

�  Air is sent from the pump to the orifice.
Small leak and very small leak determination

� Air taken from the air filter is sent to the charcoal 
canister via the pump.

End Of Sie

AIR FILTER DESCRIPTION
CHU011613988S03

Function
� The air filter filters the dust from the air drawn to the charcoal canister.

Structure
� The air filter is located in the EVAP system leak detection pump on the atmosphere side.

End Of Sie

CHANGE OVER VALVE
(CLOSED)

ORIFICE

EVAP SYSTEM LEAK
DETECTION PUMP : AIR FLOW

SOLENOID IS OFF AND PUMP IS OPERATED

B6U0116S018

B6U0116S029
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BATTERY CONSTRUCTION
CHU011701008S03

� Air that passes through the battery duct when the vehicle is moving is used to cool the battery, improving 
reliability.

End Of Sie

GENERATOR CONSTRUCTION
CHU011701008S04

� The voltage regulator has been eliminated, and generator control is carried out by the PCM.

End Of Sie

BATTERY DUCT

BATTERY

BATTERY COVER

BATTERY TRAY

BATTERY 
BOX

FRONT

INTAKE AIR
CHU0117S002

STATOR COIL

INSTRUMENT
CLUSTER
(WARNING LIGHT)

CAN

B

P

D

POWER TRANSISTOR

BATTERY

PCM

CHU0117S003





IGNITION SYSTEM 

01–18–2

IGNITION COIL CONSTRUCTION/OPERATION
CHU011801008S03

Construction
� Distributorless ignition coils have been adopted, and two ignition coils are installed each on both the trailing 

and leading sides. By adopting the distributorless ignition coil, the distributor has been eliminated in order to 
simplify the parts of the ignition system, and also to prevent voltage reduction occurring between the parts 
improving firing efficiency.

� Independent firing control has been adopted to eliminate firing without spark, increasing firing energy.

Operation
� The firing timing of the coil is controlled by the PCM by means of a built-in igniter for optimum ignition timing 

control.

Terminal layout

End Of Sie

Terminal Signal

3 terminals
A Ignition coil control signal 
B Ground
C Ignition coil power supply

TO  SPARK PLUG

IGNITON COIL 
FRONT VIEW

IGNITION COIL INTERNAL CIRCUIT

IGNITION COIL 
SIDE VIEW

IGNITION COIL 
ELECTRICAL SYSTEM WIRING DIAGRAM 

PCM

IG SW

BATTERY

C

 A

B

C
A

B

SECONDARY
TERMINAL 

A
B
C T/F

T/R

L/F

L/R

IG CONDENSER

2AD2AC

A

A
B
C

A
B
C

A
B
C

2AA2Z

CHU0118S004
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01–18

SPARK PLUG CONSTRUCTION
CHU011801008S04

� Iridium-tipped spark plugs have been adopted on both trailing and leading sides to improve durability.
� A center electrode with a thick insulator and extremely thin tip (diameter of 0.8 mm {0.03 in}) and small single-

ground electrode have been adopted to stabilize firing under a thin fuel-air mixture. At the same time, high-heat 
resistance has been improved by decreasing the temperature of the electrode and the insulator.

� Spark plugs with an internal resister have been adopted to remove noise caused by the ignition system. The 
effect of which prevents ignition noise from mixing with the audio system. 

� White paint (leading side), blue paint (trailing side) is on the the spark plugs to prevent mis-installation. 
(Standard type spark plugs only.)

Specification

*1 : Standard equipment
*2 : Hot type plug: Available only for customers who often drive their car at very low speed which causes the plugs 

to foul easily. 

End Of Sie
HIGH-TENSION LEAD CONSTRUCTION

CHU011801008S05
� Blue and green tapes are on the trailing side of the plug caps to prevent mis-installation.

End Of Sie

GROUND
ELECTRODE

0.8 mm
{0.03 in}

CENTER ELECTRODE
(IRIDIUM)

PAINT LOCATION
 (STANDARD TYPE SPARK PLUGS ONLY)

CHU0118S005

Item Specification

Type NGK
Leading side  RE7A-L*1

(RE6A-L)*2

Trailing side RE9B-T*1

BLUE AND 
GREEN TAPES

(TRAILING SIDE)

GREEN

BLUE  

BLUE

GREEN

CHU0118S006
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STARTER INTERLOCK SWITCH (MT) CONSTRUCTION/OPERATION
CHU011918400S02

Construction
� The starter interlock switch mechanism prevents vehicle surge when the engine is started, enhancing the 

safety. The engine cannot be started unless the clutch is depressed.
� The mechanism is provided with a starter interlock switch on the circuit between the ignition switch and the 

starter.

Operation
� Depressing the clutch pedal presses the starter interlock switch rod. At this time, the starter interlock switch is 

on, and the power circuit to starter closes. Accordingly, the starter operates only when the clutch is depressed 
whereby the engine can be started.

End Of Sie

STARTER 
INTERLOCK
SWITCH

STARTER 
INTERLOCK 
SWITCH

CLUTCH PEDAL
CLUTCH PEDAL

ROD

SIDE VIEWEXTERNAL VIEW

CHU0119S003

STARTER 
INTERLOCK 
SWITCH

STARTER INTERLOCK SWITCH

ROD

STARTER
RELAY

IGNITION SWITCH
START

STARTER

BATTERY

CHU0119S004
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End Of Sie

CRUISE CONTROL SYSTEM STRUCTURAL VIEW
CHU012001011S02

End Of Sie

PCM

THROTTLE 
VALVE ACTUATOR

NEUTRAL SWITCH (MT)

CRUISE
CONTROL
INDICATOR
LIGHT

CRUISE CONTROL SWITCH

TCM (AT)

BRAKE SWITCH

CPP SWITCH (MT)

CRUISE
CONTROL
MAIN
INDICATOR
LIGHT

(ILLUSTRATION SHOWS 13B-MSP (HIGH POWER))

CHU0120S001
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01–20

CRUISE CONTROL SYSTEM BLOCK DIAGRAM
CHU012001011S03

End Of Sie
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PCM
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THROTTLE 
VALVE ACTUATOR

NEUTRAL SWITCH (MT)

CRUISE CONTROL INDICATOR
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CRUISE CONTROL SWITCH

BRAKE SWITCH

CPP SWITCH (MT)
CRUISE CONTROL MAIN
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CHU0120S002
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01–40

ENGINE CONTROL SYSTEM OUTLINE
CHU014000140S01

Features

Specification

End Of Sie

Improved driveability � Drive-by-wire control adopted
Improved engine torque and output � Sequential dynamic air intake system (S-DAIS) adopted
Wiring harness simplification � Controller area network (CAN) adopted

Item Specification
Neutral switch (MT) ON/OFF
CPP switch (MT) ON/OFF
SSV switch ON/OFF
APV position sensor (13B-MSP (High Power)) Hall element
ECT sensor Thermistor
IAT sensor (Inside MAF) Thermistor
TP sensor Hall element
APP sensor Hall element
MAF sensor Hot-wire
Front HO2S Zirconia element (Wide-range air/fuel ratio sensor)
Rear HO2S Zirconia element (Stoichiometric air/fuel ratio sensor)
BARO sensor Piezoelectric element
KS Piezoelectric element
Eccentric shaft position sensor Magnetic pickup
Metering oil pump switch ON/OFF
Brake switch ON/OFF
Throttle valve actuator DC motor
APV motor (13B-MSP (High Power)) DC motor
Fuel injector (primary 1) Multiple hole type (12 holes)
Fuel injector (secondary) Multiple hole type (4 holes)
Fuel injector (primary 2) (13B-MSP (High Power)) Multiple hole type (4 holes)
Stepping motor (in metering oil pump) Stepping motor
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ENGINE CONTROL SYSTEM STRUCTURAL VIEW
CHU014000140S02

End Of Sie
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ECT SENSOR
THROTTLE VALVE
 ACTUATOR
TP SENSOR
(MAIN/SUB)

GENERATOR

KS

FRONT HO2S

PRIMARY 1

SECONDARY
PRIMARY 2
(13B-MSP 
(HIGH POWER))

IGNITION COIL
(T/F, T/R, L/F, L/R)

ECCENTRIC SHAFT 
POSITION SENSOR

STEPPING MOTOR 
(METERING OIL PUMP)
METERING OIL PUMP SWITCH

VFAD SOLENOID VALVE
(13B-MSP (HIGH POWER))

APV MOTOR
APV POSITION SENSOR
(13B-MSP (HIGH POWER))

BARO SENSOR

AIR  PUMP

AIR PUMP RELAY

REAR HO2S

PURGE 
SOLENOID 
VALVE

NEUTRAL SWITCH (MT)

CPP
SWITCH
(MT)

SSV SWITCH

SSV 
SOLENOID 
VALVE

AIR 
SOLENOID VALVE

VDI 
SOLENOID 
VALVE

DSC HU/CM
ABS HU/CM

EPS 
CONTROL 
UNIT

INSTRUMENT CLUSTER

CRUISE CONTROL SWITCH

CRUISE CONTROL MAIN 
INDICATOR LIGHT

CRUISE 
CONTROL 
INDICATOR 
LIGHT

IAT SENSOR
MAF SENSOR

MAIN RELAY

MAIN FUSE BLOCK

A/C RELAY

DRIVE-BY-WIRE RELAY

FUEL PUMP RELAY

FUEL PUMP 
SPEED 
CONTROL RELAY

BATTERY

FRONT HO2S HEATER

REAR HO2S HEATER

COOLING FAN RELAY NO.3

COOLING FAN RELAY NO.1

COOLING FAN 
RELAY NO.2

BRAKE SWITCH

APP 
SENSOR
(MAIN/SUB)

FUEL INJECTOR

(ILLUSTRATION SHOWS 13B-MSP (HIGH POWER))

CHU0140S001



CONTROL SYSTEM 

01–40–5

01–40

ENGINE CONTROL SYSTEM DIAGRAM
CHU014000140S03

End Of Sie
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ENGINE CONTROL SYSTEM WIRING DIAGRAM
CHU014000140S04

PCM

4E

5AC

5AF

4Q

5H

4C

4F

2O

4P

4U

5V

2N

1D

4W

4Z

2R

2E

5P

4M

2M

2G

2J

2D

3A

3D

2AD

2AC

2AA

2Z

2W

2AB

2V

2Y

5A

STARTER RELAY

B+

IG1
IG2

ACC

START

MAIN RELAY

IGNITION RELAY

DRIVE-BY-WIRE RELAY
B+

B+

CPP SWITCH *2

NEUTRAL SWITCH *2

BRAKE SWITCH *3

CRUISE CONTROL SWITCH *3

METERING OIL PUMP SWITCH

SSV SWITCH

REFRIGERANT PRESSURE SWITCH

OIL LEVEL SWITCH

OIL PRESSURE SWITCH

HI, LO

MEDIUM

A/C
AMPLIFIER

a b

5J

B+

FUEL PUMP RELAY

FUEL PUMP
SPEED CONTROL RELAY

FUEL PUMP RESISTOR

FUEL INJECTOR (FP)

FUEL INJECTOR (FS)

FUEL INJECTOR (RP)

FUEL INJECTOR (RS)

FUEL INJECTOR (FP2) *1

FUEL INJECTOR (RP2) *1

IG1

IGNITION COIL (T/F)

B+METERING OIL PUMP

EVAP SYSTEM
LEAK DETECTION
PUMP

4H

4D

*1: 13B-MSP (HIGH POWER)
*2: MT
*3: WITH CRUISE CONTROL SYSTEM

4T

COOLANT LEVEL SWITCH

IGNITION COIL (T/R)

IGNITION COIL (L/F)

IGNITION COIL (L/R)

CHU0140S085



CONTROL SYSTEM 

01–40–7

01–40

End Of Sie
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ENGINE CONTROL SYSTEM BLOCK DIAGRAM
CHU014000140S05

End Of Sie

PCM

NEUTRAL SWITCH (MT)

CPP SWITCH (MT)

ECT SENSOR

IAT SENSOR

TP SENSOR

APP SENSOR

MAF SENSOR

ECCENTRIC SHAFT POSITION 
SENSOR

IGNITION SWITCH

P/S SIGNAL (CAN SIGNAL)

VEHICLE SPEED SIGNAL 
(CAN SIGNAL)

CRUISE CONTROL SWITCH

TR SWITCH SIGNAL 
(AT VEHICLES) (CAN SIGNAL)

BRAKE SWITCH NO.1
(CAN SIGNAL)

DSC HU/CM (WITH DSC)(CAN SIGNAL)
ABS HU/CM (WITH ABS)(CAN SIGNAL)

MAIN RELAY

SSV SWITCH

APV POSITION SENSOR
(13B-MSP (HIGH POWER))

FRONT HO2S

REAR HO2S 

BARO SENSOR

KS

METERING OIL PUMP SWITCH

A/C AMPLIFIER 
(A/C SWITCH SIGNAL)

REFRIGERANT PRESSURE SWITCH
(MEDIUM PRESSURE SWITCH)

DRIVE-BY-WIRE RELAY

SSV SOLENOID VALVE

APV MOTOR
(13B-MSP (HIGH POWER))

VDI SOLENOID VALVE

FUEL INJECTOR (PRIMARY 1)

FUEL INJECTOR (SECONDARY)

FUEL PUMP RELAY 

AIR  PUMP RELAY

THROTTLE VALVE ACTUATOR

IGNITION COIL (T/F)

VFAD SOLENOID VALVE
(13B-MSP (HIGH POWER))

FUEL INJECTOR (PRIMARY 2)
(13B-MSP (HIGH POWER))

FUEL PUMP SPEED 
CONTROL RELAY

IGNITION COIL (L/F)

IGNITION COIL (T/R)

IGNITION COIL (L/R)

PURGE SOLENOID VALVE

STEPPING MOTOR 
(IN METERING OIL PUMP)

FRONT HO2S HEATER

REAR HO2S HEATER

A/C RELAY

COOLING FAN RELAY NO.1

COOLING FAN RELAY NO.2

DRIVE-BY-WIRE CONTROL

AIR CONTROL

METERING OIL 
PUMP CONTROL

HO2S HEATER CONTROL

S-DAIS CONTROL

EVAPORATIVE 
PURGE CONTROL

GENERATOR CONTROL

ELECTRICAL FAN 
CONTROL

A/C CUT-OFF CONTROL

MAIN RELAY CONTROL

FUEL INJECTION CONTROL

DRIVE-BY-WIRE 
RELAY CONTROL

FUEL PUMP CONTROL

FUEL PUMP 
SPEED CONTROL

IGNITION TIMING 
CONTROL

BRAKE SWITCH NO.2
(ANALOG SIGNAL)

TCM (AT)
(CAN SIGNAL)

AIR SOLENOID VALVE

COOLING FAN RELAY NO.3

CHU0140S005
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ENGINE CONTROL SYSTEM RELATION CHART
CHU014000140S06

� Each control system and their related input and output parts are as follows.

End Of Sie
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INPUT

NEUTRAL SWITCH (MT)
CPP SWITCH (MT)
SSV SWITCH
ECT SENSOR
IAT SENSOR
TP SENSOR
APP SENSOR
MAF SENSOR
FRONT HO2S
REAR HO2S

FRONT HO2S HEATER
REAR HO2S HEATER

BARO SENSOR
KS
ECCENTRIC SHAFT POSITION SENSOR
METERING OIL PUMP SWITCH
BATTERY POSITIVE VOLTAGE
IGNITION SWITCH
P/S SIGNAL (CAN SIGNAL)
VEHICLE SPEED SIGNAL (CAN SIGNAL)
CRUISE CONTROL SWITCH
TR SWITCH (CAN SIGNAL)

BRAKE SWITCH NO.2 (ANALOG SIGNAL)

DSC HU/CM (CAN SIGNAL)
TCM (AT) (CAN SIGNAL)

A/C RELAY

A/C AMPLIFIER (A/C SWITCH)
REFRIGERANT PRESSURE SWITCH (MEDIUM PRESSURE SWITCH)

OUTPUT
MAIN RELAY
DRIVE-BY-WIRE RELAY
THROTTLE VALVE ACTUATOR
SSV SOLENOID VALVE
APV MOTOR
VDI SOLENOID VALVE
VFAD SOLENOID VALVE
FUEL INJECTOR (PRIMARY 1)

FUEL INJECTOR (PRIMARY 2)
FUEL INJECTOR (SECONDARY)

FUEL PUMP RELAY
FUEL PUMP SPEED CONTROL RELAY
IGNITION COIL (T/F)

IGNITION COIL (T/R)
IGNITION COIL (L/R)

IGNITION COIL (L/F)

AIR PUMP RELAY
AIR SOLENOID VALVE
 PURGE SOLENOID VALVE
STEPPING MOTOR (INTEGRATED IN METERING OIL PUMP)

COOLING FAN RELAY NO.1
COOLING FAN RELAY NO.2
COOLING FAN RELAY NO.3
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BRAKE SWITCH NO.1 (CAN SIGNAL)

GENERATOR (TERMINAL D: FIELD COIL)

GENERATOR (TERMINAL P: STATOR COIL)

x: Applied
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MAIN RELAY CONTROL OUTLINE
CHU014000140S07

� When the ignition switch is turned to the ON position, the main relay turns on.
� When the ignition switch is turned from on to off, the main relay turns on for a few minutes to activate the fully-

closed throttle learning function of the drive-by-wire control, the ignition switch off function of the metering oil 
pump control, the after-cleaning function of the electrical fan control, and EVAP system leak detection function 
of the EVAP control system.

End Of Sie
MAIN RELAY CONTROL BLOCK DIAGRAM

CHU014000140S08
� The PCM controls the main relay on/off, based on commands from the ignition switch or the controls.

End Of Sie
MAIN RELAY CONTROL OPERATION

CHU014000140S09
� When the ignition switch is turned to the ON position, the main relay turns on and power is supplied to sensors 

and devices.
� When the ignition switch is turned from on to off, a main relay on command signal is received the main relay 

turns on and the following actions take place:
1. Throttle valve control: Fully closed throttle learning function (See 01Ð40Ð12 DRIVE-BY-WIRE CONTROL 

OPERATION.)
2. Ignition switch off function of the metering oil pump control (See 01Ð40Ð32 METERING OIL PUMP 

CONTROL OPERATION.)
3. After-cooling function of the electrical fan control (See 01Ð40Ð37 ELECTRICAL FAN CONTROL 

OPERATION.)
4. EVAP system leak detection function of the EVAP control system (See 01Ð16Ð7 EVAPORATIVE 

EMISSIONS (EVAP) CONTROL SYSTEM OUTLINE.)
� When the on request signal from the controls stop, the main relay turns off.

End Of Sie
DRIVE-BY-WIRE CONTROL OUTLINE

CHU014000140S10

� The drive-by-wire control calculates the optimum target throttle valve opening angle at all ranges of engine 
speeds and controls the throttle valve actuator.

� The drive-by-wire control includes idle speed control, accelerator control, traction control, cruise control, and 
vehicle speed limiter.

Control List

End Of Sie

PCM

MAIN RELAYIGNITION SWITCH

CHU0140S007

Control name Control Outline
Idle speed control � Controls the throttle valve opening angle during idling so that the idle speed is at the 

target idle speed.
Accelerator control � Controls the throttle valve opening angle according to the amount of AP depression. 

Has a fully-closed throttle learning function for consistent setting of the optimum 
throttle opening angle according to changes due to age deterioration.

Traction control � Controls the throttle valve opening angle by torque up/down request signals from 
the DSC HU/CM and TCM (AT).

Cruise control � Sets the vehicle speed by operation of the cruise control switch and controls the 
throttle valve opening angle so that it becomes close to the set vehicle speed.

Vehicle speed limiter (AT) � Controls the throttle valve opening angle to lower the vehicle speed when it exceeds 
200 km/h {124.3 mph}.
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DRIVE-BY-WIRE CONTROL BLOCK DIAGRAM
CHU014000140S11

� The PCM calculates a throttle valve opening angle matching the engine operation conditions from the following 
input signals and sends a duty signal to the throttle valve actuator.

End Of Sie

PCM

NEUTRAL SWITCH

CPP SWITCH

ECT SENSOR

IAT SENSOR

TP SENSOR

APP SENSOR

MAF SENSOR

ECCENTRIC SHAFT POSITION 
SENSOR

IGNITION SWITCH

P/S SIGNAL (CAN SIGNAL)

VEHICLE SPEED SIGNAL 
(CAN SIGNAL)

CRUISE CONTROL SWITCH

TR SWITCH (CAN SIGNAL)

BRAKE SWITCH NO.1 
(CAN SIGNAL)

DSC HU/CM (CAN SIGNAL)

TCM (CAN SIGNAL)

THROTTLE VALVE ACTUATOR

BRAKE SWITCH NO.2 
(ANALOG SIGNAL)

REFRIGERANT PRESSURE SWITCH 
(MEDIUM PRESSURE SWITCH)

GENERATOR CURRENT

CHU0140S008



CONTROL SYSTEM 

01–40–12

DRIVE-BY-WIRE CONTROL OPERATION
CHU014000140S12

Idle Speed Control
� Controls the throttle valve opening angle so that it is close to the target idle speed calculated by the PCM.
� The PCM calculates the target throttle opening angle by adding each type of correction to the basic duty value 

which is the basis of the throttle valve opening angle, and then sends a duty signal to the throttle valve actuator. 
The basic duty value is determined by the target engine speed.

� Each type of correction is as follows.
Correction

Accelerator Control
� Controls the throttle valve opening angle through control of the throttle valve actuator, according to the amount 

of AP depression.
� The PCM controls the throttle valve actuator so that the actual throttle valve opening angle is close to the target 

throttle valve opening angle.
� The final throttle valve opening angle is determined by the sum of the target throttle opening angle during idling 

and the target throttle valve opening angle during regular driving.
� The target throttle valve opening angle during regular driving is determined based on the transmission gear 

position, the amount of AP depression and the engine speed. If the target throttle opening angle is at the fixed 
value or less during regular driving, the PCM switches to idle speed control.

� The PCM sets the throttle valve to the fully-closed position when the ignition switch is on or off and executes 
the idle position learning function to learn the throttle valve position. Due to this, changes in the throttle valve 
opening angle due to age deterioration are corrected.

� When the ignition switch is off, a main relay on request is output and the fully-closed learning function is 
executed. (See 01Ð40Ð10 MAIN RELAY CONTROL OPERATION.)

Correction Purpose Condition Amount of Correction
Water temperature 
correction

Corrects changes in engine friction 
resistance based on changes in engine 
temperature.

Determines correction amount 
based on ECT.

Correction amount decreases 
as ECT increases.

Correction at engine 
start

Prevents idle speed dropping off after 
engine start.

Directly after cranking and 
engine-start.

Correction amount increases 
as ECT decreases.

Feedback correction Performs feedback control so that idle 
speed is close to the target idle speed.

� Executes feedback 
conditions when all of the 
following conditions are 
met:
Ñ Vehicle stopped
Ñ AP fully closed

� Correction amount 
decreases when the idle 
speed is higher than the 
target idle speed.

� Correction amount 
increases when the idle 
speed is lower than the 
target idle speed.

Learning correction Corrects air flow amount changes from 
changes in the engine due to aged 
deterioration such as engine friction 
resistance and air leakage from the 
throttle valve.

Determined by the amount of 
feedback correction when 
external load correction and 
purge control stop.

Learning correction executed 
when upper or lower limit of 
feedback correction exceeds 
the fixed value.

Purge correction Increase in air from purge control is 
subtracted from the target throttle 
opening angle. Increases throttle valve 
opening angle to prevent rotation 
fluctuation from changes in air/fuel ratio 
when purge concentration is high.

Determined by the purge flow 
amount and purge 
concentration when purge 
control is executed.

� Correction amount 
decreases as purge flow 
amount increases.

� Correction amount 
increases as purge flow 
concentration increases.

Load correction when 
vehicle accelerates 
from idle (MT)

Prevents engine speed drop after 
vehicle accelerates from idle.

At acceleration from idle The amount of correction 
increases as the idle speed 
depression amount increases.

External load 
correction

� Prevents engine speed drop when 
the A/C and electrical load are 
operating.

� Prevents engine speed revving 
when the A/C and electrical load 
are off.

� When any of the following 
signals are input:
Ñ A/C amplifier (A/C 

switch)
Ñ Refrigerant pressure 

switch (medium-
pressure switch)

Ñ Generator current value

Correction amount increases 
as external load increases.

Fast idle up 
correction

Rapidly activates the catalytic 
converter after cold-engine start.

Synchronizes fast idle 
correction for electric spark 
control. (See 01Ð40Ð28 
ELECTRIC SPARK 
ADVANCE CONTROL 
OPERATION.)

Correction amount increases 
as the ignition timing retard for 
the fast idling correction of the 
ignition timing control 
advances.
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Traction Control
� The PCM calculates the target throttle valve opening angle by the torque up/down request signal from the DSC 

HU/CM and TCM and the engine speed.

Cruise Control
� Calculates the throttle valve opening angle based on the deviation of the actual vehicle speed from the set 

vehicle speed which was set with the cruise control switch and sends a duty signal to the throttle valve 
actuator.

� The PCM controls the actual vehicle speed so that it is close to the set vehicle speed.

� The cruise control includes the cruise control operation condition and the cruise control stop condition.

Cruise control operation condition
� When all of the following conditions are met, execution of the cruise control system is enabled (cruise control 

standby status).
Ñ Cruise control main switch: ON
Ñ Vehicle speed: Exceeds 27 km/h {16.8 mph}

Cruise control stop condition
� When any of the following conditions are met even while in cruise control, the PCM stops the cruise control and 

clears the set vehicle speed.
Ñ Ignition switch: OFF
Ñ Cruise control main switch: OFF
Ñ Cruise control related DTCs (P0564, P0571) detected

� When any of the following conditions are met even while in cruise control, the PCM stops the cruise control 
while storing the set vehicle speed.
Ñ Cancel switch: ON
Ñ Neutral switch (MT) or CPP switch (MT): ON
Ñ Inhibitor switch (AT) P/N position switch: ON
Ñ Vehicle speed: Less than 22.5 km/h {13.9 mph}
Ñ Brake switch: ON
Ñ The actual vehicle speed is 15 km/h {9.3 mph} or more lower than the set vehicle speed during cruise 

control (ascending).
Ñ Condition where actual vehicle speed is 15 km/h {9.3 mph} or more lower than the set vehicle speed 

continues for 60 s or more even when the RESUME/ACCEL switch is on.

STANDBY
ACCELERATION

TAP UP

DECELERATION

ON/OFF

RES ACC

RESUME

SET 
VEHICLE 
SPEED 
CLEAR

SET COAST

CANCEL

VEHICLE
SPEED

0 km/h
{0 mph}

VEHICLE SPEED 
SETTING

TAP DOWN

ACTUAL 
VEHICLE SPEED 

SET 
VEHICLE SPEED

ON OFF

ACC RES

SET COAST

CANCEL

STANDBY

CHU0140S077
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Cruise control function
� The cruise control includes accelerating, coasting, resume, tap-down, tap-up and downshift functions (AT).

Function List

Vehicle Speed Limiter (AT)
� When the actual vehicle speed exceeds 200 km/h {124.3 mph}, the vehicle speed limiter controls the throttle 

valve actuator so that vehicle speed is maintained at 200 km/h {124.3 mph} or less. It also reduces shock when 
the vehicle speed reaches 200 km/h {124.3 mph} and prevents rapid temperature increase of the catalytic 
converter during high speed.

End Of Sie
DRIVE-BY-WIRE RELAY CONTROL OUTLINE

CHU014000140S13

� Supplies power to the drive-by-wire control.
End Of Sie
DRIVE-BY-WIRE RELAY CONTROL OPERATION

CHU014000140S14
� When the main relay is on, the drive-by-wire relay also turns on. (See 01Ð40Ð10 MAIN RELAY CONTROL 

OPERATION.)
End Of Sie
SEQUENTIAL DYNAMIC AIR INTAKE SYSTEM (S-DAIS) CONTROL OUTLINE

CHU014000140S15
� Operates the SSV solenoid valve, the APV motor (13B-MSP (High Power)), the VDI solenoid valve, and the 

VFAD solenoid valve (13B-MSP (High Power)) according to the engine speed range. As a result, torque and 
output at all engine speed ranges have been improved.

End Of Sie

Function Contents
Accelerating � When any of the following conditions are met while driving in cruise control and when the RESUME/

ACCEL switch is continuously pressed, the PCM gradually increases the set vehicle speed.
Ñ Except during resume operation
Ñ The RESUME/ACCEL switch is on one time or more during resume operation.

Coasting � When the SET/COAST switch is continuously pressed, the PCM gradually decreases the set 
vehicle speed.

Resume � When the RESUME/ACCEL switch signal is input to the PCM during regular driving (cruise control 
is stopped) and the previously set vehicle speed is stored in the PCM, the PCM sets the set vehicle 
speed to the previously set vehicle speed and begins control.

Tap down � When all of the following conditions are met while driving in cruise control, the PCM decreases the 
set vehicle speed by 1.6 km/h {1 mph} and controls the throttle valve actuator.
Ñ During cruise control
Ñ RESUME/ACCEL switch off
Ñ The RESUME/ACCEL switch switches from off to on
Ñ When actual vehicle speed is lower (set vehicle speed � 2 km/h {-1.2 mph})

Tap-up � When all of the following conditions are met, the PCM increases the set vehicle speed by 1.6 km/h 
{1 mph} and controls the throttle valve actuator so that the vehicle speed is close to the set vehicle 
speed.
Ñ During cruise control
Ñ The RESUME/ACCEL switch switches from off to on

Downshift (AT) � When the following conditions are met, a downshift signal is sent to the TCM via CAN.
Ñ RESUME/ACCEL switch on
Ñ Target vehicle acceleration is not reached
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SEQUENTIAL DYNAMIC AIR INTAKE SYSTEM (S-DAIS) CONTROL BLOCK DIAGRAM
CHU014000140S16

� The PCM determines the engine conditions based on each input signal and sends signals to the SSV solenoid 
valve, the APV motor (13B-MSP (High Power)), the VDI solenoid valve, and the VFAD solenoid valve (13B-
MSP (High Power)).

End Of Sie
SEQUENTIAL DYNAMIC AIR INTAKE SYSTEM (S-DAIS) CONTROL OPERATION

CHU014000140S17
Operation Outline

� Operates the SSV solenoid valve, the APV motor (13B-MSP (High Power)), the VFAD solenoid valve (13B-
MSP (High Power)), and the VDI solenoid valve according to the engine speed range.

Operation list
Engine speed range and operation conditions for each valve

On: Energization, Off: Non-energization, Open: Valve opens, Closed: Valve closes

*1: 13B-MSP (Standard Power): Approx. 5,800 rpm or more
*2: 13B-MSP (High Power): Approx. 7,300 rpm or more

Operation
SSV solenoid valve

� Turns on at the same time as the injection timing 
of the secondary injector. Due to this, the intake 
manifold vacuum is fed to the SSV actuator 
allowing intake air from secondary port which is 
opened by the SSV valve.

PCM

ECT SENSOR

MAF SENSOR

ECCENTRIC SHAFT POSITION 
SENSOR

TP SENSOR

SSV SOLENOID VALVE

APV MOTOR
(13B-MSP (HIGH POWER))

VDI SOLENOID VALVE

VFAD SOLENOID VALVE
(13B-MSP (HIGH POWER))

BARO SENSOR

CHU0140S010

Item
Engine speed range

Low speed Medium speed Medium-high speed High speed

SSV
Solenoid valve OFF ON (Secondary injector is operating)
Valve Closed Open

VFAD
Solenoid valve OFF ON (Approx. 5,500 rpm or more)
Valve Closed Open

APV
Motor OFF ON (Approx. 6,250 rpm or more)
Valve Closed Open

VDI
Solenoid valve OFF ON *1*2

Valve Closed Open

OFF

OFF

ON

ON

SSV 

SECONDARY 
INJECTOR

SSV 
SOLENOID

OPEN

CLOSE

CHU0140S011
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FUEL INJECTION CONTROL OUTLINE
CHU014000140S18

� The fuel injection control includes the following:
— synchronized injection control, which performs fuel injection at the rotor intake stroke according to 

designated timing.
— non-synchronized injection control, which performs fuel injection only when fuel injection conditions are met 

regardless of rotor intake stroke.
— Fuel cut control, which temporarily stops fuel injection.

� There are primary, secondary and primary 2 (13B-MSP (High Power)) fuel injectors, and the injection timing 
and injection amount varies according to the engine speed range. Due to this, the optimum amount of fuel 
injection is controlled at all ranges.

End Of Sie
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FUEL INJECTION CONTROL BLOCK DIAGRAM
CHU014000140S19

� The PCM determines the engine operation conditions based on input signals and operates the injectors to 
inject fuel with the optimum fuel injection timing and fuel injection time (fuel injection amount).

End Of Sie

PCM

ECCENTRIC SHAFT POSITION 
SENSOR

MAF SENSOR

IAT SENSOR

ECT SENSOR

BARO SENSOR

KS

APP SENSOR

BATTERY POSITIVE VOLTAGE

FRONT HO2S

REAR HO2S 

VEHICLE SPEED SIGNAL 
(CAN SIGNAL)

IGNITION SWITCH

SSV SWITCH

DSC HC/UM (CAN SIGNAL)

TCM (CAN SIGNAL)

CONTROL ITEM CALCULATED ITEM

ENGINE SPEED
FUEL 
INJECTION 
TIMING

BASIC INJECTION TIME 
AT ENGINE START
ENGINE SPEED CORRECTION

THROTTLE OPENING ANGLE 
VOLUME REDUCTION CORRECTION
BAROMETRIC PRESSURE 
CORRECTION
VOLUME REDUCTION 
CORRECTION AT ENGINE START

INEFFECTIVE INJECTION TIME

INEFFECTIVE INJECTION TIME

FAST IDLE CORRECTION
WARM-UP VOLUME INCREASE 
CORRECTION COEFFICIENT
VOLUME INCREASE CORRECTION 
COEFFICIENT AFTER ENGINE START
VOLUME INCREASE CORRECTION 
AT HIGH TEMPERATURE ENGINE 
RESTART
ACCELERATION CORRECTION
DECELERATION CORRECTION
POWER VOLUME INCREASE 
CORRECTION
AIR-FUEL RATIO LEARNING 
CORRECTION

AIR-FUEL RATIO FEEDBACK 
CORRECTION

PURGE CORRECTION
TRACTION VOLUME INCREASE 
CORRECTION

BASE ENGINE 
DEMAND FUEL RATIO

INJECTOR MAX/MIN INJECTION TIME

NON-SYNCHRONIZED INJECTION AT 
ENGINE START

NON-SYNCHRONIZED INJECTION AT
ACCELERATION

NON-SYNCHRONIZED INJECTION TIME AT 
FUEL CUT RECOVERY

TRACTION CONTROL (DSC) FUEL CUT

FUEL CUT AT CONTINUOUS HIGH ENGINE SPEED
(ABOVE 200 KM/H {124.3 MPH})
FUEL CUT AT ABNORMAL ELECTRONIC 
THROTTLE CONTROL

FUEL CUT AT DECELERATION
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FUEL INJECTION CONTROL OPERATION
CHU014000140S20

Fuel Injection Timing
� The PCM calculates the optimum fuel injection timing according to the engine operation conditions and 

operates the injectors.
� The fuel injection timing is controlled at engine start and after engine start.
� At engine start (engine speed is within 500 rpm), fuel injection timing control at engine start is performed and 

after determining that the engine has started (engine speed is 500 rpm or more), injection timing control after 
engine start is performed.
Fuel injection timing at engine start
— The injection timing at engine start operates for a period until engine start has been determined and injects 

at BTDC 455� CA (crank angle position).
Fuel injection timing after engine start
— The injection start position of the fuel injection timing after engine start is determined by the injection end 

position and the final injection pulse width (injection time).
— The injection start position is calculated by: (Injection start position = BTDC 275� CA + Injection end position 

+ Final injection pulse width).

— The injection end position is determined by the engine speed. (The higher the engine speed the lower the 
fuel injection timing.)

Engine speed table

275� CA365� CA455� CA635� CA

(BTDC)

ON

INJECTOR START POSITION

OFF
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POSITION 
SENSOR 
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INJECTOR 
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FINAL INJECTION 
PULSE WIDTH ENGINE 

SPEED TABLE

STANDARD 
POSITION
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Fuel Injection Distribution Control
� There are primary 1, secondary and primary 2 (13B-MSP (High Power)) injectors, and they independently 

control fuel injection amount and timing according to the amount of fuel demand from the engine.
� The amount of fuel demand from the engine is determined by each correction of the charging efficiency and 

injection time after engine start.
� When the amount of fuel demand from the engine 

is low, only the primary 1 injectors inject fuel. 
When the amount of fuel demand from the engine 
increases, fuel injection in the order of secondary 
injector and primary 2 injector (13B-MSP (High 
Power)) begin injection.

Synchronized Injection Control
� The synchronized injection control performs fuel injection according to each timing that has been determined 

by the intake stroke of the rotors.
� The synchronized injection control includes fuel injection control at engine start and fuel injection control after 

engine start. Synchronized injection control performs fuel injection based on injection time (final injection pulse 
width) and fuel injection timing demanded by each rotor.

Injection time at start
� Calculated by adding the engine speed correction to the basic injection time at engine start, the throttle valve 

opening angle correction, the BARO correction, and the volume decrease correction at engine start, and then 
the final injection pulse width is calculated by adding the ineffective injection time to the injection time at engine 
start.

� Basic injection time at engine start is determined based on ECT and shortens as the ECT increases.
� Ineffective injection time is determined according to battery voltage and lengthens as battery voltage becomes 

lower.

Injection time after engine start
� The injection time after engine start is calculated from the charging efficiency, ineffective injection time and 

each type of correction.
Charging efficiency
— The charging efficiency is the ratio of intake air amount that is actually taken in relation to the maximum air 

charging amount (mass) of the operation chamber. This value becomes larger in proportion to the increase 
in engine load.

PRIMARY1 INJECTOR

PRIMARY2 INJECTOR
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FUEL VOLUME
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Correction Condition Amount of Correction
Engine speed correction Determines correction amount based on 

engine speed.
� Correction amount lengthens as the engine 

speed increases.
Throttle valve opening angle 
correction

Determines correction amount based on 
throttle valve opening angle.

� Correction amount shortens as the throttle 
valve opening angle increases.

BARO correction Determines correction amount based on BARO 
sensor.

� Correction amount lengthens (time) as the 
BARO increases.

Volume decrease correction 
at engine start

Determines correction amount based on ECT 
and engine speed at engine start.

� After starter is on for approx. 1 s and any 
one of the following conditions are met, 
injection time gradually decreases:
— ECT at fixed value or more
— Engine speed at target engine speed or 

more
— Approx. 5 s of cranking time elapsed
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Ineffective injection time
— Ineffective injection time at engine start is determined according to the battery voltage and lengthens as the 

battery voltage becomes lower.
Each type of correction
— Includes the following corrections:

Fast idle correction
� Determines the correction amount when the secondary air injection system operates to rapidly heat the 

catalytic converter. The correction amount is determined by estimating the air amount that is sent from 
the secondary air injection pump based on the BARO, battery positive voltage, IAT, charging efficiency 
and the engine speed, and by calculating the target air/fuel ratio.

Warm-up volume increase correction coefficient
� At cold-engine start, warm-up is accelerated by advanced vaporization and atomization. The warm-up 

volume increase correction coefficient is determined by the ECT, water temperature at engine start, 
charging efficiency, and the engine speed.

Volume increase correction coefficient after start coefficient
� The volume increase correction coefficient after engine start coefficient is determined by the ECT and 

IAT at engine start, the time elapsed, and fuel-cut conditions after engine start.
High temperature volume increase correction at engine restart

� At high temperature engine restart, increased fuel volume correction is performed to prevent 
fluctuations in idle speed based on the occurrence of vapor in the fuel pipe. The correction amount is 
determined by the IAT and the ECT.

Acceleration correction
� Improves engine response during acceleration. The correction amount is determined by the rate of 

charging efficiency increase, throttle valve opening angle, engine speed, volume increase after engine 
start, time after engine start, and the ECT.

Deceleration correction
� Stops afterburn within the ranges fuel cut does not operate during deceleration. The correction amount 

is determined by the rate of charging efficiency decrease, throttle valve opening angle, engine speed, 
volume increase after engine start, time after engine start, and the ECT.

Power increase correction
� Volume increase correction is performed to improve output during high load and to inhibit overheating 

of the catalytic converter. The correction amount is determined by the throttle opening angle, charging 
efficiency, engine speed, volume increase after engine start, ECT, gear position (MT: determined by 
engine speed and vehicle speed, AT: determined by signal from the TCM), and BARO.

Fuel learning correction
� Learns the difference between the target air/fuel ratio and the actual air/fuel ratio (front HO2S).

Purge correction
� Performs volume decrease correction of the fuel amount for the portion of evaporative fuel inflowing 

from the charcoal canister. The correction amount is determined by calculating the fuel amount 
inflowing from the charcoal canister caused by the amount of change in air/fuel ratio feedback during 
activation of the evaporative purge control.

Traction volume increase correction
� Ignition timing is retarded by the torque down request signal from the DSC HU/CM and TCM. The 

volume increase correction is performed to prevent the increase of combustion temperature due to the 
ignition timing retard, which causes the combustion temperature to increase resulting in overheating of 
the catalytic converter.

Fuel feedback correction
� Detects the air/fuel ratio in the exhaust manifold at the front HO2S and feeds back to the final injection 

pulse width (final fuel injection amount).
� Fuel feedback begins when all of the following conditions are met:

ECT is 40� C {104� F} or more.
After the engine has started and 3—100 s have elapsed (time period after engine-start lengthens as 
ECT becomes lower).
-Power volume increase correction
-During fuel cut recovery, non synchronized injection control stops.
-Traction correction retard stops.
-Fast idle correction stops.
-Charging efficiency is 78% or less or engine speed is 1,100 rpm or less.
-During activation of front HO2S.
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Non-synchronized Injection Control
� The non-synchronized injection control allows fuel injection when fuel injection conditions are met, regardless 

of the position of the eccentric shaft.
� The non-synchronized injection control includes non-synchronized injection control at engine start, 

acceleration, idle, and fuel cut recovery.

Fuel Cut Control
� The fuel cut control stops fuel injection when the fuel cut conditions are met.
� The fuel cut control includes traction fuel cut control, continuous fuel cut control during high engine speed, fuel 

cut control during drive-by-wire abnormality, fuel cut control during deceleration and dechoke control.

End Of Sie
FUEL PUMP CONTROL OUTLINE

CHU014000140S21
� When the eccentric shaft position sensor signal is input to the PCM, the fuel pump relay turns on and the fuel 

pump operates.
� When input from the eccentric shaft position sensor signal stops, the fuel pump relay turns off and the fuel 

pump turns off.
� For improved startability when the ignition switch is turned from off to on, the fuel pump is operated for several 

seconds. Due to this, fuel pressure increases rapidly for improved startability.
End Of Sie

Control name Purpose Injection condition
Non-synchronized injection 
control at engine start

Improves engine startability. � Performs non-synchronized fuel injection at 
engine start until determining the engine 
has been started (engine speed 500 rpm or 
more).

� Injection pulse width at engine start is 
calculated by adding the injection amount 
at engine start calculated from the following 
signals to the ineffective injection time:
— ECT
— Engine speed
— Throttle valve opening angle
— BARO

Non-synchronized injection 
control at acceleration

Prevents acceleration hesitation and lean air/
fuel ratio due to delay of fuel injection during 
sudden acceleration.

� Performs non-synchronized fuel injection 
when the amount of throttle valve change is 
at the fixed value or more for both rotors 
simultaneously.

� Injection pulse width is calculated from the 
following signals:
— Charging efficiency
— Throttle valve opening angle
— Engine speed
— ECT

Non-synchronized injection 
control at fuel cut recovery

Prevents engine hesitation and lean air/fuel 
ratio due to the delay of fuel injection during 
fuel cut recovery.

� Performs non-synchronized fuel injection 
during fuel cut recovery.

� Injection time is determined by ECT.

Control name Purpose Fuel cut condition
Traction fuel cut control Lowers engine torque based on the torque 

down request from DSC HU/CM and TCM.
Performs fuel cut based on torque down 
request from DSC HU/CM and TCM.

Continuous speed fuel cut 
control during high engine 
speed

Prevents overheating of the catalytic converter. Performs fuel cut during continuous high 
engine speed while vehicle is stopped.

Fuel cut control during 
drive-by-wire abnormality

When there is a malfunction in the drive-by-
wire, fuel cut is activated and excess increase 
in engine speed is prevented.

When there is an abnormality in the drive-by-
wire (when related DTCs are stored in PCM), 
performs fuel cut only on the front rotor.

Fuel cut control during 
deceleration

Prevents overheating of the catalytic converter 
due to misfire for improved fuel economy. 
Performs fuel cut on one rotor for reduced 
deceleration shock.

Performs fuel cut on one rotor when the throttle 
valve is open during deceleration. Performs 
fuel cut on both front and rear rotors when 
throttle valve is fully closed.

Dechoke control Scavenges operation chambers to improve 
engine startability if the spark plugs are 
smoldered.

Performs dechoke control when the throttle 
valve opening angle is 50�  or more.
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FUEL PUMP CONTROL BLOCK DIAGRAM
CHU014000140S22

� The PCM determines the engine starting condition based on each input signal and controls the fuel pump relay 
on/off.

End Of Sie
FUEL PUMP CONTROL OPERATION

CHU014000140S23

Operation condition
� When the ignition switch is turned from off to on, the fuel pump relay turns on for approx. 1 s.

Note
� When the ignition switch is turned from off to on, the operation sound of the fuel pump unit can be heard, 

but this does not indicate an abnormality.

� During cranking (ignition switch: START), the fuel pump relay turns on for approx. 1 s.
� After the engine starts (ignition switch: ON), the fuel pump relay turns on repeatedly each time an input signal 

from the eccentric shaft position sensor is input. Due to this, the fuel pump relay remains on.
� When the engine stalls (ignition switch: ON) and the input signal from the eccentric shaft position sensor stops, 

the fuel pump relay turns on for approx. 2 s, and then turns off.
End Of Sie
FUEL PUMP SPEED CONTROL OUTLINE

CHU014000140S24
� The fuel pump speed control turns the fuel pump speed control relay on/off according to the required fuel 

amount, switching between two fuel pump speed levels.
� Excess load on the fuel pump is reduced by control of the fuel pump speed. Due to this, reliability has been 

improved as well as an assured delivery of the optimum fuel amount according to the engine conditions.
End Of Sie
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FUEL PUMP SPEED CONTROL BLOCK DIAGRAM
CHU014000140S25

� The PCM compares the fuel injection amount with the required fuel amount based on input signals and controls 
the fuel pump speed control relay on/off.

End Of Sie

PCM

FRONT HO2S

REAR HO2S

ECT SENSOR

IAT SENSOR

TP SENSOR

BARO SENSOR

MAF SENSOR
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SENSOR
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FUEL PUMP SPEED 
CONTROL RELAY

SSV SWITCH
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FUEL PUMP SPEED CONTROL OPERATION
CHU014000140S26

� Controls the fuel pump speed control relay according to the fuel amount required by the engine.
� The required fuel amount is determined by the engine speed, battery positive voltage and the ECT.
� When the required fuel amount exceeds the fixed amount, the PCM turns the fuel pump speed control relay on.
� The circuit driving the fuel pump switches by the fuel pump speed control relay turning on or off.

When Fuel Pump Speed Control Relay Off
— Electric current flows from the fuel pump relay to the fuel pump through the fuel pump resistor. Excess load 

on the fuel pump is reduced because voltage to the fuel pump is reduced by the fuel pump resistor.
When Fuel Pump Speed Control Relay On
— Electric current flows from the fuel pump relay to the fuel pump through the fuel pump speed control relay. 

Voltage to the fuel pump flows from the battery because the voltage does not flow through the fuel pump 
resistor. Due to this, the fuel delivery amount increases by the increase of fuel pump drive force.

Operation Conditions
During cranking

� During cranking, the fuel pump turns on for improved startability.
At low engine speed

� As less fuel is required, the fuel pump speed control relay is turned off.
At high engine speed

� At high engine speed, the fuel pump speed control relay turns on because the required fuel amount increases.
End Of Sie
ELECTRIC SPARK ADVANCE CONTROL OUTLINE

CHU014000140S27

� Controls optimum ignition timing according to engine operation conditions.
� The PCM determines the engine conditions based on the input signal from the sensors and calculates the 

optimum ignition timing.
� Independent ignition coils are available for each spark plug.

End Of Sie
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ELECTRIC SPARK ADVANCE CONTROL BLOCK DIAGRAM
CHU014000140S28

� The PCM calculates the optimum ignition timing based on the engine conditions and sends an ignition signal to 
the ignition coils.

End Of Sie
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ELECTRIC SPARK ADVANCE CONTROL OPERATION
CHU014000140S29

Ignition Method
� The PCM controls fixed ignition and regular ignition according to the engine operation conditions.

Determination of Ignition Timing
Control Zone Divisions

� The PCM divides the full range of ignition control into control zones and determines the ignition timing from 
each control zone according to engine speed and throttle valve opening angle to perform optimum ignition 
control at the full range of engine operating conditions.

Fixed Ignition
� At engine start, fixed ignition is performed at BTDC 5�  until the engine speed reaches 500 rpm or more, due to 

ignition timing control difficulty from changes such as low battery positive voltage from start operation and 
fluctuations in engine speed.

Regular Ignition
� The PCM determines the optimum final ignition timing, adding each type of spark advance correction to the 

base spark advance, ECT spark advance correction, and the IAT spark advance correction.

Basic spark advance
� The basic spark advance becomes the basis for the ignition timing control.
� The basic spark advance amount is determined by the engine speed, charging efficiency and the ECT.

Ignition Method Ignition timing
Fixed ignition Ignition fixed at BTDC 5�

Regular ignition Appropriate ignition for engine operation conditions based on input signals.

BTDC 5� BTDC 5�

EXHAUST

EXHAUST

EXHAUST INTAKE
INTAKE

INTAKE

COMPRESSION
COMBUSTION

COMBUSTION

COMBUSTION
COMPRESSION

COMPRESSION

FRONT ROTOR

REAR ROTOR

ECCENTRIC 
SHAFT POSITION 
SENSOR SIGNAL
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Ignition 
Method Zone Condition Ignition timing

Fixed 
ignition Start zone � Engine speed 500 rpm or less

� When MAF sensor has a malfunction.
Fixed ignition

Regular 
ignition

Idle zone When the AP is fully closed (during idle). Determined by addition of each type of 
correction to the basic spark advance.

Regular zone During engine operation other than start zone 
and idle zone

Determined by addition of each type of 
correction to the basic spark advance.
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ECT spark advance correction
� Corrects other than during idling.
� Stabilizes combustion by correction of ignition timing in consideration of friction loss when the engine is at a low 

temperature.
� The correction amount is determined by the ECT and charging efficiency, and increases as the ECT 

decreases.

IAT spark advance correction
� Corrects ignition timing according to the IAT.
� The correction amount is determined by the IAT, idling condition and charging efficiency, and increases as the 

IAT decreases.

Types of spark advance correction
� Spark advance correction is as follows:

Knock feedback correction
� When knocking is detected, ignition timing is retarded, stabilizing the combustion condition.

Idling stabilization correction
� Correction stabilizes engine speed during idling. The correction amount is determined by the actual engine 

speed and the average engine speed.
Fast idle correction

� At cold-engine start, the correction is performed to accelerate secondary air response (reburn), decrease 
unburnt gas, and rapidly activate the catalytic converter.

Low temperature correction
� Performs spark advance correction of ignition timing to stabilize combustion during low temperature. Low 

temperature correction performs advance of ignition timing when ECT is less than 90� C {194� F} and the AP 
is depressed, and is determined by ECT, charging efficiency and engine speed.

Acceleration correction
� Performs retard correction of ignition timing to prevent knocking at acceleration from a standstill. Correction 

amount is determined by the amount of throttle valve change, the charging efficiency and the ECT.
Fuel cut recovery correction

� Performs retard correction of ignition timing during recovery from deceleration fuel cut to prevent shock 
during fuel cut recovery. Correction amount is determined by idling condition, A/C condition and engine 
speed.

Surging correction
� Performs spark retard correction due to acceleration vibration to stabilize acceleration. Correction amount 

is determined by the engine speed and the amount of engine speed change.
Acceleration shock correction

� Gradually restores ignition timing after it is retarded for a fixed period of time to inhibit shock during 
acceleration.

A/C off correction
� The retard correction is performed to prevent engine speed fluctuation due to load decrease when the A/C 

switch is off. The correction amount is determined by the engine speed and the charging efficiency, and 
decreases as the engine speed and the charging efficiency are high.

Traction correction
� The spark timing is retarded following a torque down request from the DSC HU/CM and TCM, reducing 

engine torque.
End Of Sie
SECONDARY AIR INJECTION (AIR) CONTROL OUTLINE

CHU014000140S30
� The AIR control activates the catalytic converter rapidly at cold-engine start.
� The PCM controls the AIR pump relay and the AIR solenoid valve.
� After the catalytic converter reaches the activation temperature, AIR control stops.
� For the construction and operation of the AIR system, refer to the emission system and AIR system. (See 01–

16–3 SECONDARY AIR INJECTION (AIR) SYSTEM OUTLINE.)
End Of Sie
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SECONDARY AIR INJECTION (AIR) CONTROL BLOCK DIAGRAM
CHU014000140S31

� The PCM determines the engine conditions based on input signals and sends an operation signal to the AIR 
solenoid valve and the AIR pump relay.

End Of Sie
SECONDARY AIR INJECTION (AIR) CONTROL OPERATION

CHU014000140S32

Outline
� The AIR relay supplies power to the AIR pump and drives the pump.
� The AIR solenoid valve opens and closes the valve switching to feed intake manifold vacuum and barometric 

pressure which is fed to the actuator in the AIR control valve.
� At cold-engine start, the AIR solenoid valve switches for vacuum feed, and opens the AIR control valve. The 

AIR pump relay also turns on, driving the AIR pump and sending air to the exhaust port through the AIR control 
valve. As a result, the unburnt gas in the air and exhaust gas are mixed and it recombusts to activate the 
catalytic converter rapidly.

Operation
� At cold-engine start and when the catalytic converter temperature is low, the AIR pump relay turns on to drive 

the AIR pump. When the AIR pump relay turns on, an on signal is also sent to the AIR solenoid valve 
simultaneously.

� The ignition timing, the fuel injection amount and the throttle valve opening angle are controlled intentionally so 
that the air mixes with the exhaust gas easily, and the secondary air amount corresponding to the unburnt gas 
amount is discharged for rapid and complete reburn.

End Of Sie
EVAPORATIVE PURGE CONTROL OUTLINE

CHU014000140S33
� The purge solenoid valve operates according to the engine operation conditions, controlling the optimum air/

fuel ratio while feeding evaporative gas to the intake air passage and inhibiting its atmospheric release.
End Of Sie
EVAPORATIVE PURGE CONTROL BL OCK DIAGRAM

CHU014000140S34
� The PCM determines the engine conditions based on input signals and sends an operation signal (duty signal) 

to the purge solenoid valve.

End Of Sie
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EVAPORATIVE PURGE CONTROL OPERATION
CHU014000140S35

Evaporative Purge Control Execution Condition
� When the following conditions are met, the evaporative purge control sends a duty signal to the purge solenoid 

valve.
— During fuel injection control feedback
— Fuel system and MAF sensor are normal
— Approx. 30 s have elapsed since engine start
— ECT is 60� C {140� F} or more

Determination of Purge Solenoid Valve Energization Period
� The duty ratio of the duty signal (ratio of on time per 1 cycle) is calculated based on the amount of purge flow 

and the differential pressures of the injectors. The amount of purge flow is determined by the estimated intake 
air passage pressure and barometric pressure calculated by the engine speed and charging efficiency. The 
differential pressure of the injectors is determined by the BARO and the estimated intake air passage pressure.

End Of Sie
METERING OIL PUMP CONTROL OUTLINE

CHU014000140S36
� Controls the amount of plunger stroke which determines the amount of oil delivery through the stepping motor 

according to the engine operation conditions.
� The plunger opens and closes by the stepping motor in the metering oil pump.
� The PCM determines the target step number of the stepping motor from input signals for engine speed, 

charging efficiency and ECT, and sends an operation signal to the stepping motor. For the construction and 
operation of the metering oil pump, refer to metering oil pump construction/operation. (See 01–11–5 
METERING OIL PUMP CONSTRUCTION/OPERATION.)

� The metering oil pump control includes the energization off function, the initial-set function, the normal drive 
function, the ignition switch off function, the monitor function, and the fail-safe function.

Function List

End Of Sie

Function Purpose
Energization off function Stops control at engine off, lowering the battery current consumption.
Initial-set function Detects the 0-step position and sets to the reference position for regular drive.
Regular drive function Control to calculated target step based on engine operation conditions.
Ignition switch off function Shortens operation time of initial-set function.
Monitor function Verifies that the target step and the actual step correspond.
Fail-safe function Controls engine output to protect the engine if a malfunction in the metering oil 

pump system occurs.
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METERING OIL PUMP CONTROL BL OCK DIAGRAM
CHU014000140S37

� The PCM calculates the optimum amount of oil delivery (stepping motor step number) by determining the 
engine operation conditions based on each input signal, and sends an operation signal to the stepping motor 
(inside the metering oil pump).

End Of Sie
METERING OIL PUMP CONTROL OPERATION

CHU014000140S38

Outline
� The PCM changes the amount of stroke of the plunger by controlling the amount of stepping motor rotation 

(step number), adjusting the amount of oil delivery.
� The stepping motor operates by the combination of coils No.1—No.4, according to the stepping motor step 

number.
Example of energization condition for each coil and step number

On: Energization, Off: Non-energization

� The energization condition of stepping motor coils No.1—No.4 can be verified by verifying the step number 
based on the WDS data monitor function PID (MOP POS).

Energization Off Function
� When the ignition switch is turned to the ON position and the engine is stopped, current flow to stepping motor 

coils No.1—No.4 is stopped, saving on battery consumption.

PCM

ECT SENSOR

IAT SENSOR

STEPPING MOTOR
(IN METERING OIL PUMP)

ECCENTRIC SHAFT POSITION 
SENSOR

METERING OIL PUMP SWITCH

IGNITION SWITCH

BARO SENSOR
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Step number 0 1 2 3 4 5 6 7 8 9 10 30 52
Coil No.1
(PCM terminal 2W) On On Off Off On On Off Off On On Off Off On

Coil No.2
(PCM terminal 2AB) Off On On Off Off On On Off Off On On On Off

Coil No.3
(PCM terminal 2V) Off Off On On Off Off On On Off Off On On Off

Coil No.4
(PCM terminal 2Y) On Off Off On On Off Off On On Off Off Off On
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Initial-set Function
� Reverses the stepping motor 60 steps at engine start, and detects the 0-step position.
� The 0-step position becomes the reference for the 

regular drive function.

Monitor Function
� When the following conditions are met and after the initial-set function is completed, the monitor function 

activates.
— Ignition switch at ON for 12th time.
— When the battery terminals are connected.

� The PCM monitors the stepping motor position when the position switch is on. The monitor method is as 
follows:
— The stepping motor is rotated 60 steps clockwise from the 0-step position after the initial-set function, the 

step number is counted until the position switch turns on.
� The position switch is on above step 52. However, if the on position for the position switch is not detected 

above step 52, a malfunction of the stepping motor is determined and the fail-safe function is activated.

Fail-safe Function
� When the stepping motor is determined to be malfunctioning by the monitor function, the fail-safe function is 

activated.
� The fail-safe function controls fuel injection time, ignition timing, the target step for the stepping motor as 

indicated in the table below, and controls engine output to protect the engine. Due to this, burning of engine 
seals is prevented.

� Ineffective injection time is determined according to battery voltage and lengthens as battery voltage becomes 
lower.

INITIAL-SET 
FUNCTION

REGULAR DRIVE 
FUNCTION

ENGINE SPEED

STEPPING 
MOTOR

APPROX. 
500 RPM

STEP 0
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ON

OFF

INITIAL-SET 
FUNCTION LEARNING FUNCTION

ENGINE SPEED

STEPPING 
MOTOR

APPROX. 
500 RPM

STEP 0

REGULAR DRIVE FUNCTION

ABOVE STEP 52

METERING OIL 
PUMP POSITION 
SWITCH
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Fail-safe for each control

Regular Drive Function
� The PCM always calculates the optimum target step number according to the engine operation conditions, and 

controls the stepping motor step number so that it is close to the actual step number in reference to the target.
� If the actual step number is less than the target 

step number, the amount of stroke of the plunger 
is increased by increasing the stepping motor 
step number, which increases the amount of oil 
delivered. If the actual step number is larger than 
the target step number, the stepping motor step 
number is lowered, the amount of stroke of the 
plunger is reduced, and the amount of oil delivery 
is reduced. (See 01–11–5 METERING OIL PUMP 
CONSTRUCTION/OPERATION.)

Ignition Switch Off Function
� After the ignition switch is turned off, the PCM sets the target step to step 0 and when the actual step reaches 

0, control of the metering oil pump ends.
� After the ignition switch is turned off, a main relay ON request is output and the ignition switch off function 

operates. (See 01–40–10 MAIN RELAY CONTROL OPERATION.)
End Of Sie
HEATED OXYGEN SENSOR (HO2S) HEATER CONTROL OUTLINE

CHU014000140S39
� Stabilized oxygen concentrations, even when the exhaust gas temperature is low, are detected by controlling 

of the HO2S, enabling feedback control of the fuel injection control even during cold-engine starting, improving 
emission performance when cold.

� When the exhaust gas temperature is high, the HO2S is protected from sharp rises in its temperature by 
stopping energization to the O2S heater.

� Emission performance improvement and protection of the HO2S have both been achieved by the duty control 
of the front and rear HO2S according to the engine operation conditions (exhaust gas temperature).

End Of Sie

Control Fail-safe

Fuel injection control (pulse width at last 
injection)

At engine start Regular control
When the throttle 
opening angle exceeds 
13%.

4.50 ms + ineffective injection time

Other 2.65 ms + ineffective injection time

Ignition timing control (ignition timing)
Leading side

Fixed at 4.88� CA
Trailing side

Metering oil pump control
(Step number) Stepping motor fixed at step 7

TARGET STEP NUMBER

ACTUAL STEP NUMBER
S

T
E

P
 N

U
M

B
E

R

CHU0140S030
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HEATED OXYGEN SENSOR (HO2S) HEATER CONTROL BLOCK DIAGRAM
CHU014000140S40

� The PCM determines the engine conditions based on input signals and sends an operation signal to the front or 
rear HO2S.

End Of Sie
HEATED OXYGEN SENSOR (HO2S) HEATER CONTROL OPERATION

CHU014000140S41
Operation Conditions

� The PCM operates the HO2S when the following conditions are met.

End Of Sie
A/C CUT-OFF CONTROL OUTLINE

CHU014000140S42
� The current application (energize/de-energize) to the A/C relay (magnetic clutch) is controlled according to the 

engine operation conditions to prevent deterioration of engine performance, damage to the engine, and 
deterioration of the A/C function.

End Of Sie

PCM

ECT SENSOR

IAT SENSOR

FRONT HO2S HEATER 

BARO SENSOR

ECCENTRIC SHAFT 
POSITION SENSOR

BATTERY

MAF SENSOR

REAR HO2S HEATER

IGNITION SWITCH

CHU0140S031

HO2S Activation condition Drive signal

Front

� After engine start
� After the engine has started and a fixed period 

of time has elapsed (the elapsed time period 
after the engine starts is determined by ECT).

� ECT is 5� C {41� F} or more.
� Battery positive voltage is 9 V or more and less 

than 16 V.
� MAF sensor is normal (no DTC is stored in 

PCM).

� The PCM outputs a duty signal.
� The element temperature is measured by the 

impedance of the HO2S and a duty ratio is 
determined.

Rear

� Starter is off
� After engine start
� After the engine has started and a fixed period 

of time has elapsed (the time period after the 
engine starts lenghtens if the ECT falls below 
0� C {32� F}.

� ECT is 10� C {50� F} or more.
� Battery positive voltage is 9 V or more and less 

than 16 V.
� Charging efficiency is the fixed value or less, or 

during fuel cut.

� The PCM outputs a duty signal. However the 
duty signal is either 100% or 0%.
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A/C CUT-OFF CONTROL BLOCK DIAGRAM
CHU014000140S43

� The PCM determines the engine conditions based on signals from the various input parts and sends an on/off 
control signal to the A/C relay.

End Of Sie
A/C CUT-OFF CONTROL OPERATION

CHU014000140S44
Operation

� The A/C cut-off control includes the following: A/C cut-off at wide throttle valve opening angle and A/C cut-off at 
standing start acceleration.

A/C Cut-off at Wide Throttle Valve Opening Angle
Operation condition

� When the throttle valve opening angle exceeds upper, A/C cut-off is activated for approx. 5 s to improve 
acceleration performance.

� When the throttle valve opening angle is lower or less, A/C cut-off ends.
� When A/C cut-off at wide throttle valve opening angle ends within approx. 5 s and the throttle valve opening 

angle exceeds upper again, A/C cut-off is inhibited to prevent deterioration of the A/C function.

A/C Cut-off at Standing Start Acceleration
� When accelerated from a standing start, A/C cut-off is activated.

PCM

ECT SENSOR

TP SENSOR

A/C RELAY

APP SENSOR

VEHICLE SPEED SIGNAL 
(CAN SIGNAL)

CHU0140S032

ON

OFF

ON

OFF

LOWER

UPPER

A/C INHIBIT

A/C CUT TIME

A/C RELAY SIGNAL

5 s

THROTTLE VALVE 
OPENING ANGLE

5 s 5 s

CHU0140S033
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A/C Cut-off at High ECT
� When the ECT exceeds 110 � C {230� F} during 

the A/C operation, the A/C relay alternately turns 
on and off approx. every 10 s to protect the 
engine and to prevent deterioration of the A/C 
function.

End Of Sie

ELECTRICAL FAN CONTROL OUTLINE
CHU014000140S45

� Cooling fan relays No.1, No.2, and No.3 turn on and off to control operation timing and rotation speed of the 
cooling fan motor according to the engine conditions. Due to this, the radiator and condenser are cooled 
efficiently, preventing overheating and overcooling.

� The electrical fan control includes the regular-driving cooling function and the after-cooling function.
� The regular-driving cooling function operates according to the engine conditions during the engine operation.
� The after-cooling function operates when the vehicle has stopped at high engine temperature (ignition switch 

off).
� After the ignition switch is turned off, a main relay on request is sent to operate the after-cooling function. (See 

01–40–10 MAIN RELAY CONTROL OPERATION.)
End Of Sie
ELECTRICAL FAN CONTROL BLOCK DIAGRAM

CHU014000140S46

� The PCM determines the engine conditions based on input signals and sends an on/off signal to cooling fan 
relay No.1 or No.2/No.3.

End Of Sie
ELECTRICAL FAN CONTROL OPERATION

CHU014000140S47
� When the operation conditions are met for each function, the PCM sends an operation signal to cooling fan 

relay No.1 or No.2/No.3 to operate the cooling fan motors.
� The rotation speed of the cooling fan motor is switched between two levels according to a combination of the 

cooling fan relays.
� When only cooling fan relay No.1 is on, the rotation speed is low and when in addition to No.1, No.2 and No.3 

are on, rotation speed is high.

A/C 
SWITCH

ECT

A/C 
RELAY

ON
OFF

ON
OFF

110 � C
{230 � F}

10 10 (SEC.)10

CHU0140S078

PCM

ECT SENSOR

IAT SENSOR

A/C AMPLIFIER (A/C SWITCH)

COOLING FAN RELAY NO.1

IGNITION SWITCH
COOLING FAN RELAY NO.2
COOLING FAN RELAY NO.3

REFRIGERANT PRESSURE SWITCH
(MEDIUM PRESSURE SWITCH)

CHU0140S035
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Operation Conditions

End Of Sie
GENERATOR CONTROL OUTLINE

CHU014000140S48
� Generator output is optimized according to the engine operation and electrical load conditions, ensuring idling 

stability and anti-load performance.
End Of Sie

Function Operation condition
Cooling fan motor Cooling fan relay
No.1 No.2 No.1 No.2/No.3

Regular-
driving 
cooling

ECT: Less than 97� C {206.6� F} Stop OFF OFF
ECT: 97� C {206.6� F} or more Low speed rotation ON OFF
� When all the following conditions are met:

— ECT: 97� C {206.6�F} or more
— During fuel cut at deceleration

Low speed rotation ON OFF

A/C amplifier (A/C switch): ON Low speed rotation ON OFF
ECT: 101� C {213.8� F} or more High speed rotation ON
� When all the following conditions are met:

— ECT: 101� C {213.8� F} or less
— A/C amplifier (A/C switch): ON
— Refrigerant pressure switch (medium-

pressure switch): ON

High speed rotation ON

After-cooling

� When all the following conditions are met:
— Ignition switch: OFF
— Drive-by-wire relay: OFF
— Metering oil pump: Other than during 

ignition switch off mode
— Engine compartment temperature high.

High speed rotation ON

� When all the following conditions are met:
— Ignition switch: OFF
— Drive-by-wire relay: OFF
— Metering oil pump: Other than during 

ignition switch off mode
— ECT: 110� C {230� F} or more

High speed rotation ON

Forced drive During test mode (during test mode with WDS) 
when the AP is depressed. High speed rotation ON

Fail safe When a failure occurs in the ECT sensor. High speed rotation ON

B+ B+

MAIN RELAY

COOLING 
FAN RELAY 
NO.1

COOLING 
FAN RELAY 
NO.3

COOLING 
FAN RELAY
NO.2

COOLING 
FAN MOTOR 
NO.1

COOLING 
FAN MOTOR 
NO.2

TO PCM TO PCM 

CHU0140S036
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GENERATOR CONTROL BLOCK DIAGRAM
CHU014000140S49

� The PCM determines the engine operation and electrical load conditions based on input signals, and controls 
energization time of the generator field coil.

End Of Sie
GENERATOR CONTROL OPERATION

CHU014000140S50
Determination of Field Coil Excitation Time

� The PCM increases or decreases the field coil excitation current by sending a duty signal to the power 
transistor built into the generator.

� The PCM changes the duty ratio of the duty signal to change the energization time of the power transistor. As a 
result, field coil excitation current is changed. For example, when the battery positive voltage drops, the duty 
ratio of the duty signal sent to the power transistor is larger, increasing the field coil excitation current.

PCM

TCM (LOCK UP CONDITION)

ECT SENSOR

IAT SENSOR

BRAKE SWITCH NO.1 
(CAN SIGNAL)

VEHICLE SPEED SIGNAL
(CAN SIGNAL)

A/C AMPLIFIER (A/C SWITCH)

ECCENTRIC SHAFT POSITION 
SENSOR

BATTERY POSITIVE VOLTAGE

GENERATOR
(TERMINAL P: STATOR COIL)

GENERATOR
(TERMINAL D: FIELD COIL)

CHU0140S037

1 CYCLE

EXCITATION TIME
CHU0140S073
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End Of Sie

Engine coolant 
temperature OUT – IN – – – – IN

Engine torque OUT – IN
–

– – – IN
IN

Torque reduction 
disable OUT – IN

–
– IN – –

IN
Travelled distance OUT – – – – – – IN
Fuel injection amount OUT – – – – – – IN
Engine oil pressure OUT – – – – – – IN
Engine oil level OUT – – – – – – IN
Engine coolant level OUT – – – – – – IN
Fuel pump status OUT – – – – – – IN

MIL on request
OUT – – – – – – IN
IN – OUT – – – – –

Generator warning 
light on request OUT – – – – – – IN

Transmission/axle 
specifications OUT – –

–
– – – –

IN
Tire size OUT – – IN – – – –
Cruise control main 
indicator light on 
request

OUT – IN – – – – IN

Cruise control indicator 
light on request OUT – IN – – – – IN

Downshift request OUT – IN – – – – –
Idle speed increase 
request IN OUT OUT – – – – –

Ignition switch off time IN – – – OUT – – –
Target torque IN – OUT – – – – –
Torque upper limit IN – OUT – – – – –
Turbine shaft speed IN – OUT – – – – –

Target gear position/
selector lever position IN – OUT

–
– – – IN

IN
Gear ratio IN – OUT – – – – –

Brake 
system 
status

ABS/
EBD

IN IN IN

OUT

– – – INEBD/
ABS/
DSC

OUT

Torque down request IN – OUT
–

– – – –
OUT

Wheel speed (LF, RF, 
LR, RR) IN – – OUT – – – –

Wheel speed status 
(LF, RF, LR, RR) IN – – OUT – – – –

Fuel tank level IN – – – – – – OUT

Signal

Multiplex module

PCM
EPS 

control 
module

TCM (AT)

ABS HU/
CM Keyless 

control 
module

TPMS 
control 
module

Steering 
angle 

sensor

Instrument 
clusterDSC HU/

CM
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PCM FUNCTION
CHU014018880S01

Function List
� The control descriptions are as shown below.

End Of Sie

Function Description
Main relay control Turns on the main relay according to requests from the controls, even when the ignition switch 

is off.
Drive-by-wire control Controls the drive-by-wire actuator to obtain the optimum throttle valve opening angle 

according to the engine operation conditions.
Drive-by-wire relay control Controls the drive-by-wire relay according to the ignition switch signal.
Sequential dynamic air intake 
system (S-DAIS) control

Controls the VFAD solenoid valve (13B-MSP (High Power)), SSV solenoid valve, VDI solenoid 
valve, and APV motor (13B-MSP (High Power)) according to the engine speed condition.

Fuel injection control Calculates the optimum fuel injection amount according to the engine conditions, and controls 
injection time and injection timing of the injector.

Fuel pump control Controls the fuel pump relay according to the eccentric shaft position sensor signal.
Fuel pump speed control Controls fuel pump speed control relay according to the fuel amount required by the engine.
Ignition timing control Controls timing of the energization applied to the ignition coils according to the engine 

conditions.
Secondary air injection 
control

Controls the secondary air injection solenoid valve and secondary air injection pump relay at 
startup with the cold engine.

Metering oil pump control Controls the stepping motor in the metering oil pump according to the engine conditions.
Evaporative purge control Controls the purge solenoid valve according to the driving condition.
Heated oxygen sensor heater 
control

Controls the heated oxygen sensor heater when cold.

A/C cut-off control Controls the A/C relay according to the driving condition.
Electrical fan control Controls the cooling fan relays No.1 and No.2/No.3 according to the engine conditions.
Generator control Controls the energization applied to the generator field coil according to the engine operation 

and electrical load conditions.
Controller area network Communicates with the instrument cluster, ABS HU/CM or DSC HU/CM, EPS control module, 

keyless control module, steering angle sensor TPMS control module and TCM via the CAN.
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PCM CONSTRUCTION/OPERATION
CHU014018880S02

� Located in front area of the engine compartment.
� 122-pin connector (13B-MSP (High Power)) or 105-pin connector (13B-MSP (Standard Power)) is used for the 

PCM.

� The fresh air induction duct has been installed to 
cool the PCM. During regular driving, fresh air is 
induced by wind that blows against the vehicle as 
it is running. When the PCM temperature is high 
and the vehicle has stopped, the cooling fan 
operates, inducing additional fresh air.

End Of Sie

NEUTRAL SWITCH FUNCTION (MT)
CHU014017640S01

� The neutral switch detects the neutral position of the gearshift lever.
End Of Sie
NEUTRAL SWITCH CONSTRUCTION/OPERATION (MT)

CHU014017640S02

� When the shift lever is in the neutral position, the contact closes (ON) and the PCM detects a voltage of 0 V. 
When the shift lever is not in the neutral position, the contact opens (OFF) and the PCM detects a voltage of 12 
V.

End Of Sie

1A

1B

1C

1D

1E

1F

1G

1H

1J

1K

1L

1M

1N

1O

1Q

1R

1S

1T

1U

1V

1W

1X

2A

2B

2C

2D

2E

2F

2G

2H

2J

2K

2M

2N

2O

2Q

2R

2P

2T

2U

2V

2W

2X 2I

2Y

2Z

2AA

2AB

2AC

2AD

3A

3B

3C

3D

3E

3F

3G

3H

3J

3K

3M

3N

3O

3Q

3R

3P

3I

4A

4B

4C

4D

4E

4F4L

4H

4J

4K

4M

4N

4O

4Q

4P

4S

4T

4U

4V

4W 4I

4X

4Y

4Z

5A

5B

5C

5D

5E

5F5K

5H

5L

5J

5O

5M

5N

5P

5R

5S

5T

5U

5V

5W 5I

5Z

5X

5AB

5AC

5AA5AD

5AE

5AF

5AG

5AH

13B-MSP (HIGH POWER)

CHU0140S079

PCM

DUCT

BATTERY

CHU0140S040

P C M

CPU

OTHER THAN NEUTRAL
 (OFF)

NEUTRAL
 (ON)

NEUTRAL
 (ON)

EXCEPT ABOVE

NO 
LOAD

LOAD

NEUTRAL SWITCH

PUSH OFF

CHU0140S042
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CLUTCH PEDAL POSITION (CPP) SWITCH FUNCTION (MT)
CHU014018990S01

� This switch determines whether the engine is under a load condition (condition in which the engine output is 
transmitted to the powertrain) or under a no-load condition (condition in which the engine output is not 
transmitted to the powertrain).

� Detects the clutch engagement condition.
End Of Sie
CLUTCH PEDAL POSITION (CPP) SWITCH CONSTRUCTION/OPERATION (MT)

CHU014018660S01
� When the clutch pedal is depressed, the contact closes (ON) and the PCM detects a voltage of 0 V. When the 

clutch pedal is not depressed, the contact opens (OFF) the PCM detects a voltage of 12 V.

End Of Sie
SECONDARY SHUTTER VALVE (SSV) SWITCH FUNCTION

CHU014018990S02
� Detects whether the SSV is open or closed.

End Of Sie

P C M

CPU

CLUTCH PEDAL NOT 
DEPRESSED (OFF)

CLUTCH PEDAL 
DEPRESSED (ON)

CLUTCH PEDAL 
DEPRESSED 
(ON)

EXCEPT ABOVE

NO 
LOAD

LOAD

CPP SWITCH

PUSH OFF

CHU0140S043
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