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Secondary Air Injection System

The secondary air injection (SAl) system comprises the following components:

Secondary air injection pump

SAl vacuum solenoid valve

SAl control valves (2 off, 1 for sach bank of cylinders)

SAl pump relay

Vacuum resansodr

Vacuum hamess and pipes

The secondary air injection system is used 1o limit the emission of carbon monoxide (GO} and hydrocarbons (HGs)
that are prevalent in the exhaust during cold starting of a spark ignition engine. The concentration of hydrocarbons
expananced during cold starting at low temperatures are particulary high until the engine and catalytic convertar
reach normal operating temperature. The lower the cold start tempearature, the greater the prevalence of

hydrocarbons emitted from the engine.

There are several reasons for the increase of HC emissions at low cold stard lemperatures, including the tendency for
fuel to be deposited on the cylinder walls, which is then dispiaced during the piston cycle and expunged during the
exhaust stroke. As the engine warms up through operation, the cylinder walls no longer retain a film of fuel and most
of the hydrocarbons will be burnt off during the combustion procass.

The SAl pump is used to provide a supply of air into the exhaust ports in the cylindar head, onto the back of the
exhaust valves, during the cold start parod. The hot unburnt fuel particles leaving the combustion chamber mix with
the air injacied into the exhaust ports and immadiataly combust. This subsaguent combiustion of the unbumt and
partially burnt CO and HC padicles help o reduce the emission of these pollutanis from the exhaust system. The
additional heat generated in the exhaust manifold also provides rapid heating of the exhaust system catalytic
converters. The additional oxygen which is delivered to the catalylic converters also generate an exothermic reaction
which causes the catalyiic converters lo ight off quickly.

The catalytic converters only start to provide effective treatment of emission pollutants when they reach an operating
temperature of approximately 250°C (482°F) and need to be between lemperatures of 400°C (752°F) and 800°C
(1472°F) for oplimum efficiency. Consequently, the heat produced by the secondary air injection “afterbuming”,
raduces the time delay before the catalysts reach an efficient operating temperature.

The ECM checks the engine coolant lemperature when the engine is started in addition to the elapsed time since the
engine was last stafed. The engine coolant temperature must be below 55°C (131°F) for the SAl pump to run.

NOTE: Tha ambiani air lemperaiuvre must also be above 8°C (46 F) for the SAI pump fo run,

Also, depending on the long term ‘'modelied’ ambient temperature determined by the ECM, the minimum elapsed time
required since the last engine start can be up to 8.25 hours. The period of time that the SAl pump runs for depends
on the starding temperature of the engine and vares from approximalely 86 seconds at 8°C (46°F) o 30 seconds at
55°C (131°F).

Air from the SAI pump is supplied to the SAl control valves via pipework and an intermediate T-piece which splits the
air flow avanly o sach bank.

At the same time the secondary air pump is started, the ECM operales a SAl vacuum solenoid valve, which opens o
allow vacuum from the reservoir to be applied to the vacuum operated SAl control valves on sach side of the angine.
When the vacuum is applied to the SAl control valves, they open simullanaously to allow the air from the SAl pump
through to the exhaust ports. Secondary air is injectad info the inner most exhaust ports on each bank.

Whaen the ECM braaks the ground circuit fo de-anergise tha SAI vacuum solenocid valve, the vacuum supply 1o the
SAl control valves is cut off and the valves close to prevent further air baing injected into the exhaust manifold. At the
same time as the SAl vacuum solencid valve is closed, the ECM opens the ground circuit o the SAl pump relay, to

slop the SAl pump.

A vacuum resarvoir is included in the vacuum line batwean the intake manifold and the SAl vacuum solencid vahe.
This pravenis changes in vacuum pressure from the intake manifold being passed on lo cause fluctuations of the
secondary air injection solenoid valve. The vacuum resenoir contains a one way valve and ensures a constant
vacuum is available for the SAl vacuum solenocid valve oparation. This is particularly important when the vehicle is at
high altituda.
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The ECM connector and pins pertinant for secondary air injection are listed in the following table:

[ Connector | Pin Mo. Descripton Signal type Control

[ G0635-23 Wiain relsy oulput CTpLT dnive Swilch 1o ground
CoG36-4 Sacondary alr Byection vacuLm soenoid Output, drive Swilch to ground

valve control

[ COG36-16 Sacondary alr Bjection pump relay control CUtpUt drive Swilch to ground

[~ CoBae-21 Coolant temperature (EL 1) Sensor Garound ov

[ Cobao-22 Coolant lemperahore (B 1) sensor Input skgnal Analogue 0 - 5W
CoeaT-20 WIL O Output drive Switch to ground

Secondary Alr Injection System Components
The secondary air injection (SAl) system components (where fitted) are described balow:

Secondary Alr Injection (SAI) Pump

AT
1 SAl pump cover 3 SAl pump
2 Foam filter 4 Pressunsed air o exhaus! manifolds

The SAl pump is attached to a bracket at the rear RH side of the engine compartment and is fixed to the brackst by
three studs and nuts. The pump is electrically powered from a 12V battery supply via a dedicated relay and supplies
approximately 3Skg/hr of air when the vehicle is at idle in NeutralPark on a start from 20°C (B8°F).

Air is drawn into the pump through vents in its front cover and is then passed through a foam filter to remove
particulates before air injection. The air is delivered 1o the exhaust manifold on each side of the engine through a
combination of plastic and metal pipes.
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The air dedivery pipe is a flexible plastic type, and is connected to the air pump outlet via a plastic quick-fit connecior.
The other end of the flexible plastic pipe connects to the fixed metal pipework via a short rubber hose. The part of the
flexible plastic pipe which is most vuinerable to engine generated heat is protected by heat reflective sleeving. The
metal delivery pipe has a fabricated T-piece included where the pressurised air is split for delivery to each exhaust

manifold via the SAI contral valves.

The pipes from the T-piece lo each of the SAl control valves are approximately the same langth, so that the pressure

and mass of the air deliverad fo sach bank will ba equal. The ends of the pipas ars conneciad bo tha inlet port of each
SAl control vahve through shor rubber hose connections.

The T-piece is mounted at the rear of the engine (by the ignition coils) and features a welded mounting bracket which
is fixed to the angine by two studs and nuts.

The foam filter in the air intake of the SAl pump provides noise reduction and protects the purmp frorm damage due o
particulate contamination. In addition, the pumg is fitted on rubber mountings to help prevent noise which is genarated
by pump oparation from baing transmitted through the vehicle body into the passanger compartment.

If the secondary air injection (SAl) pump is found to ba malfunctioning, the fallowing fault codes may be stored in the
ECM diagnostic memory, which can ba retrieved using Testbook/T4:

P-code Description

Foa1a TReCONGaTy AT INJECTN System — Relay A CGICUIl MaTunceon (SAl pumg
powerstage fault, e.g. - SAI purmg reley fault or reley not connecied [ open clrcult |
hamesas damage).

NOTE: Refer lo 'SAIl System Faullt Finding' and '‘Checking Mafunclions on SAI System” af the end af this sechion o
determine root cause of faul codeas.

NOTE: Tha electrical test of the SAl pump powerslage only indicales thal theve is a problem wiilly ihe relay or the
power supply lio the relay. It does nol indicate the siate of e SAI pump dsell (Le. broken or nol conneciad).

As a result of a SAl pump powerstage malfunction, other fault codes may also becorne stored in the ECM memory.
These may include the following P codes.

NOTE: A malfunchion of the BAl pump powersiage is logically expected fo result in bolh engine banks reporfing the
same fault.

P-code Descrpuon
Fidi2 TReCOnaary AT INJECIon Sysism — Malunceon Bank 1 LH (Insuficent SAl Tow
during passaive test)

Fiaid SEcOnOany AT INJeCton SySiem — Low air Now Bank 1 LH (Insumcient SAl Tow
during active test)

Fi415 SEcOndany AT INJeCcton Sysiem — Malluncion Gank 2 FiH (INSuMCIent SAl Tow
during passive test)

Fia1r TSBCONGEry AT INJECHON SYSISM — LOw I BoW BENK 2 FH (INSLHGent SAT 0w
during active test)

MOTE: Refar o "SAl Syslem Faull Finding' and ‘CGhecking Mafunctions on SAI System” at the end of this section o
daterming rool causs of Bull codes.

Secondary Air Injection (SAl) Pump Relay

The secondary air injection pump relay is located in the angine comparment fusebax. The angine control module
(ECHM) is used to control the oparation of the SAl pump via the SAl pump relay. Power to the coil of the relay is supplied
from the vehicle battery via the main relay and the ground connection to the coil is via the ECM.

Power to the SAl pump relay contacts is via fusible link FL2 which is located in the engine compartment fusabox.
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Secondary Air Injection [SAl) Vacuum Solencid Valve

T @
1 Vacuum port lo intake manifold 4 Vacuum port lo vacuum operaled SAI control
(via vacuum reservoir) valves
2 SAl vacuum solencid valve & Purge valve clip
3 Elecincal connacior & Mounting bracket

The SAl vacuum solenoid valve is located at the rear LH side of the angine and is electrically operated under the
contral of the ECM. The SAl vacuum solenoid vahlve is mounted on a bracket logethar with the EVAP system purge
valve.

Vacuum to the SAI vacuum solenoid valve is provided from the infake manifold deprassion via a vacuum resenvoir. &
small bora vacuum hoss wilh rubbear albow connactions at each end provides the vacuum routs batwasan the vacuum
raservoir and SAI vacuum solencid valve. A further small bore vacuum hose with a larger size elbow connector is
used to connect the SAI vacuum solencid valve to the SAI contral valves on each side of the enging via an
intermediate connection. The SAl vacuum solancid valve port to the SAl control valves is located at a right angle to
the port to the vacuum resanair.

The intermadiate connection in the vacuum supply line is used to spiit the vacuum equally betwean the two SAl control
valvas. The vacuum hoss inlermeadiate connection is located midpoint in front of the inlet manifold. All vacuum hosa
lines are pratecied by flexible plastic sleeving.

Electrical connection to the SAI vacuum solenoid valve is via a 2—pin connecior. & 12V electrical power supply to the
SAl vacuum solenoid valve is provided via the Main relay and Fuse 2 in the engine compartment fusebox. The ground
connaction is via the ECM which controls the SAl vacuum solenoid valve operation. Mote that the hamess
connector to the SAl solenoid valve is grey, and must not be confused with the harness connector to the
EVAP system purge valve which is black.

The ECM swilches on the SAl vacuum solenoid valve at the same time as initiating SAI pump operation. When the
SAl vacuum solencid valve is open, a steady vacuum supply is allowed through to open the two vacuum operated
SAl control valves. When the ECM breaks the earth path to the SAl vacuum solencid valve, the valve closes and
immediately shuts off the vacuum supply to the two SAI control valves at the same time as the SAl pump operation
i leminaied.

DESCRIPTION AND OPERATION 17-2-29
PDF Creator - PDF4Free v2.0 http://www.pdf4free.com


http://www.pdfpdf.com/0.htm

EMISSION CONTROL - V8

If the SAl vacuum solenoid valve malfunclions, the following fault codes may be stored in the ECM diagnostic
memary, which can be retrieved using TesiBook/T4:

P-code Descrpton

Foa12 TRAl VACULETI S0IBN0ND VAVE POWETSIEQE 8L - NAMess damage, SNOf CINCUIL 1o
battery supply voltage

Foai1a Al vacuum solenoid valve not connecied, open cincult

[ZITE] Al vacuLem solenold valve shor Greult 1o ground

NOTE: Refar to '5A1 Systemn Faull Finding' and '‘Chacking Mafunctions on 541 System” at the end of this sachion o
datermning rood cause of lault codes.

Ag a result of the SAI vacuum solenoid malfunction, other fault codes may also be stored in the ECM diagnostic
memory. These may include the fallowing:

NOTE: A maffunction of the valve is logically expected o reswlf in both anging banks reparting the same faull

F-code Description

Fiaiz Secondary Ar Injection System — Maltunction Bank 1 LH (Insutficient SAI fiow
during pasaive fest)

Fia13 Secondary Alr Injection System — Alr control walve alweays open Bank 1 LH
(Excesaive SAI flow during actve leak test)

Fiaid Secondary Ar Injection System — Maltunction Bank 1 LH (Insutficient SAI fiow
during pasaive fest)

F1415 Secondary A Injection System — Maluncion Bank 2 RH (Insuicent SAT Tow
during passive fest)

Pid16 Secondary Alr Injection System — Al control valwe always open Bank 2 RH
(Excesaive SAI flow during actve leak test)

P1417 Secondary Alr Injection System — Low alr fiow Bank 2 RH {Insufficlent SAI fiow
during active test)

NOTE: Refar lo 'SAI Sysfemn Faull Finding' and 'Checking Mafunclions on SAI System” at the end of this section o
datermming rood cavse of fault codes.
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SAl Control Valves

1T S
1 Pressurised air from SAI pump 4 Pressunsed air lo axhaust manifold
2 Vacuum operated SAl control vakve 5 Protactive heat skeaving
3 Vacuum hose from SAl vacuum solenoid valve B Air delivery pipe to axhaust manifold

The SAl control valves are located on brackets at each side of the angine.

The air injection supply pipes connect to a large bore port on the side of each SAl conftrol valve via a short rubber
connection hosa. A small bore vacuum port is located on each SAl control valve al the opposite side to the air injaction
supply port. The vacuum supply 1o sach vacuum operated SAl control valve is through small bore nylon hoses from
the SAl vacuum solenoid vake. An intermediate connector is included in the vacuum supply line to split the vacuum
applied to each vacuum operated valve, so that both valves open and close simultaneously.

When a vacuum is applied to the SAl contral valves, the valve opens io allow the pressurised air from tha SAl pumg
through to the exhaust manifolds. The injection air is output from each SAl control valve through a port in the baottorn
of sach unil. A metal pipe connects between the oufput port of each SAl control valve and each exhaust manifold via
an intarmediate T-piace. The T-piece splits the pressurisad air deliverad 1o ports at the outer side of the two centra
exhaust ports on each cylinder haad. The pipas batwean the T-piece and the exhaust manifold are enclosed in
thermal sleeving to protect the surrounding components from the very high heat of the exhaust gas, particulardy at

high engine speads and loads.
When the SAl vacuum solenoid valve is de-enengised, the vacuum supply line opens to atmasphere, this causes the
vacuum operated valves 1o close automatically and completaly to prevent further air injection.

As a result of SAl control valve malfunction, cartain fault codes may ba stored in the ECM diagnostic memorny, which
can ba retneved using Teslbook/T4. These may includsa the following::
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F-cooe Descrpton

Fia12 Tecondary Al INecon Sysiem — METLNCIon Bank 1 LH [INSLINCENT SAI Tow
during passive test)

Fia13 TeCcOnGary Al INECTon SySIEMm — AT CONIrOl valve ahways open Dank 1 LH
(Excassive SAl fiow during acthve leak test)

Fiaid Tecondary Al INecion Sysiem — METLNCIon Bank 1 LH [INSUINCENT SAI Tow
during passive test)

F1415 TeCcOndary Al INECIon SySiEm — METUNCOon Bank 2 FH (INsurncent SAT Tow
during passive test)

P1416 Secondary Alr Injecton System — Alt control valve always open Bank 2 RH
(Excassive SAl fiow during acthve leak test)

Fid17 Secondany AT INecion Sysiem — Low air ow Bank 2 FRH (INSUBcient Sl iow
during active 18sl)

MNOTE: Refer o '5AI System Faull Finding' and 'Checking Malfunctions on SAI System’ at the end of the Secondary
Air Injection System Operabion’ sechion o delerming roof cause of fau! codss.

The system diagnostics monitor the whole SAI system for correct operation. Malfunction of any one of the SAI
components can cause the above fault codes to be stored.

Theratore, cormect fault finding methods and imvestigation are essantial io deferming the root cause of the fault
code(s) TestBookT4 must be used to parform active SAl diagnostics.
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Vacuum Resarvolr

T @z

1 Vacuum port to SAl vacuum solenoid valve 3 Vacuum reservoir
2 Vacuum port fo intake manifold
{one-way valve and)

A VECUUM resenoir is included in the vacuum supply line beteween the intake manifold and the SAl vacuum solenoid
valve. Tha vacuum rasenwoir contains a one-way valve, o stop depression leaking back towards the inlake manifold
side. The reservair holds a constant vacuum so that the SAl contral valves open instantansously as soon as the SAl
solanoid valve is enargised.

The vacuum resamnvoir is a plastic canister construction located on a bracket at the LH side of the engine comparntment
an vehiches up to 2003 model year and on the AH side of the anging compartment, near the bulkhead, on vehiclas
from 2003 model year. It is imporiant to ansura the resanoir is fitted in the comeact arientation, and tha cormact vacuum

hoses are attached to their corresponding ports. The one-way valve and of the vacuum resenvoir (cap end, to inlet
manitold) is fitted towards the rear of the vahicle.

A small bore nylon hose is usad o connect the one-way vahwe end of the vacuum resarvair to a porl on the RH side
of the inlet manifold. A further hose connacts batweaan the othar port on the vacuum resarvair and a por on tha front
of the SAl vacuum solenoid vale.
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