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1 Banjo bolt – turbocharger oil supply
2 Copper washers – banjo bolt (2 off)
3 Cylinder block
4 Dowels – cylinder block to cylinder head (2 off)
5 Plug – coolant jacket
6 Sealing washer 
7 Plug – rear engine block (2 off)
8 Gearbox closure assembly plate
9 Gasket – crankshaft rear seal housing to 

engine block
10 Crankshaft rear seal housing
11 Bolts – crankshaft rear seal housing to engine 

block (4 x M6)
12 Crankshaft rear seal
13 Bolts – crankshaft rear seal housing to engine 

block (2 x M8)
14 Dowel – crankshaft
15 Dowels – cylinder block rear (2 off)
16 'O' ring – crankshaft position sensor
17 Screw – crankshaft position sensor
18 Crankshaft position (CKP) sensor
19 Dowels – cylinder block rear (2 off)
20 Oil pressure switch
21 Oil filter element
22 Sealing ring – oil filter
23 Sealing washers – oil filter head (2 off)
24 Oil filter housing head assembly
25 Bolts – oil cooler assembly to oil filter housing 

(3 off)
26 Oil cooler assembly
27 'O' rings – oil cooler assembly to oil filter 

housing (2 off)
28 Oil filter housing
29 Bolts – oil filter housing to cylinder block (3 off)
30 Gasket – oil filter housing to cylinder block
31 Connecting rod (4 off)
32 Big-end bearing shell (upper)
33 Big-end bearing cap
34 Bolt – big-end bearing cap to connecting rod 

(2 off per connecting rod)
35 Big-end bearing shell (lower)
36 Dowels – big end bearing cap to connecting rod 

(2 off per connecting rod)
37 Small-end bush
38 Circlips (2 off per Gudgeon pin)
39 Gudgeon pin
40 Piston (4 off)
41 Bolts – main bearing cap (2 off per cap)
42 Main bearing cap (5 off)
43 Oil control ring
44 2nd compression ring
45 Top compression ring
46 'O' ring – cylinder block blanking plate
47 Cylinder block (front) blanking plate
48 Bolt – cylinder block blanking plate
49 Pin – cylinder block, front (drive chain guide)
50 Plug – cylinder block (front)

51 Pins – ancillary chain guide to cylinder block 
(2 off)

52 Dowels – cylinder block (front) to lower timing 
chain cover (2 off)

53 Bolts – piston cooling jet (4 off)
54 Piston cooling jets (4 off)
55 Studs – fuel injection pump to cylinder block 

mounting (3 off)
56 Alternator to engine block mounting bracket
57 Bolt (short) – alternator to engine block 

mounting bracket bolt
58 Bolt (long) – alternator to engine block 

mounting bracket (4 off)
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1 Bolt – TV damper/crankshaft pulley
2 Washer – crankshaft pulley bolt
3 TV damper and crankshaft pulley
4 Crankshaft sprocket
5 Woodruff key
6 Crankshaft
7 Main bearing shells (grooved) – upper halves 

(4 off)
8 No. 4 main bearing with integral thrust washers 

(grooved) – upper half
9 Dowel – flywheel to crankshaft

10 Bolts – flywheel to crankshaft (8 off)
11 Bolts – impulse wheel to crankshaft (4 off)
12 Crankshaft timing impulse wheel
13 Cylinder block stiffener plate
14 Main bearing shells (plain) – lower (4 off)
15 No. 4 main bearing shell (plain with integral 

thrust washers) – lower
16 Bolts – stiffener plate to cylinder block (6 off)
17 Bolts – oil pick-up pipe to oil pump assembly

(2 off)
18 Bolt – oil pick-up pipe to stiffener plate
19 Oil pick-up pipe and strainer
20 Gasket – oil pick-up pipe to oil pump assembly
21 Bolts – sump to cylinder block – M6 x 40 mm

(2 off)
22 Dipstick
23 'O' ring – dipstick to dipstick tube
24 Screw – dipstick tube to oil filter housing
25 Dipstick tube
26 Bolts – sump to cylinder block – M8 x 110 mm 

(2 off)
27 'O' ring – dipstick tube to sump
28 Sump bottom plate
29 Bolts – sump bottom plate to sump (16 off)
30 Washer – oil drain plug sealing
31 Plug – sump oil drain
32 Gasket – sump bottom plate to sump
33 Bolts – sump to cylinder block – M8 x 30 mm 

(15 off)
34 Sump
35 Gasket – sump to cylinder block
36 Oil pump sprocket
37 Bolt – oil pump sprocket
38 Bolts – oil pump assembly to cylinder block
39 Oil pump drive chain
40 Oil pump assembly
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1 Bolts – air cleaner cover (3 off)
2 Air cleaner cover
3 Acoustic cover
4 Grommet
5 Air filter
6 Mass air flow (MAF) sensor assembly
7 Grommet – air cleaner upper
8 Fixings – duct to airflow sensor assembly (2 x 

clips + 2 x capscrews)
9 Duct – Air cleaner assembly to turbocharger

10 Screws – mass airflow (MAF) sensor assembly 
to air cleaner assembly (2 off)

11 Grommet – air cleaner lower
12 Turbocharger
13 Bolts – camshaft cover to cylinder head (14 off)
14 Camshaft cover blanking plate
15 Gasket – camshaft cover to cylinder head
16 'O' ring – camshaft sensor
17 Camshaft sensor
18 Screw – camshaft sensor to camshaft cover
19 Camshaft cover
20 Pillar bolts – camshaft cover to cylinder head 

(8 off)
21 Oil depression limiter (filter housing)
22 Screws – oil separator housing to camshaft 

cover (4 off)
23 Oil filler cap
24 Plugs – camshaft cover (3 off)
25 Inlet manifold cover (tangential port side) lower 

adaptors (5 off)
26 Gasket (tangential ports) – inlet manifold (4 off)
27 Inlet manifold assembly
28 Sealing ring – EGR valve to inlet manifold
29 EGR valve
30 Screws – EGR valve to inlet manifold (4 off)
31 Inlet manifold cover (tangential port side) 

inserts (8 off)
32 Inlet manifold cover (tangential port side) top 

adaptors (5 off)
33 Nuts – inlet manifold (tangential port side) to 

cylinder head (4 off)
34 Bolt – inlet manifold to cylinder head
35 Bolts – inlet manifold assembly (swirl port side) 

to camshaft cover (8 off)
36 Gasket (swirl ports) – inlet manifold (4 off)
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1 Bolts – ancillary drive chain automatic 
tensioner (2 off)

2 Timing chain and ancillary drive chain 
automatic tensioner

3 Pin – timing chain guide (2 off)
4 Timing chain guide (lower)
5 Bolts – camshaft sprocket to camshaft (2 off)
6 Exhaust camshaft sprocket
7 Timing chain
8 Timing chain guide (top)
9 Bolts – timing chain guide (top) to cylinder head 

(2 off)
10 'O' ring
11 Intake camshaft sprocket
12 Pin – timing chain guide (upper)
13 Gasket – timing chain lower cover to cylinder 

block
14 Timing chain guide (upper)
15 Fuel injection pump sprocket
16 Pin – ancillary chain guide (lower)
17 Ancillary chain guide (lower)
18 Ancillary drive chain
19 Nut – fuel injection pump sprocket to fuel 

injection pump driveshaft
20 Bolt – ancillary drive chain guide (lower) to 

cylinder block
21 Ancillary drive belt automatic tensioner
22 Nut – ancillary drive belt automatic tensioner to 

timing chain lower cover
23 Screws – ancillary drive belt automatic 

tensioner to timing chain lower cover (2 off)
24 Ancillary drive belt deflection pulley
25 Bolt – ancillary drive belt deflection pulley
26 Sealing washer
27 Ancillary drive belt automatic tensioner pulley
28 Blanking plug – timing chain lower cover
29 'O' ring
30 Crankshaft front oil seal
31 Bolts – timing chain cover to cylinder block

(14 off)
32 Blanking plug – timing chain lower cover
33 Washer
34 Timing chain lower cover
35 Crankshaft Woodruff key
36 Crankshaft sprocket
37 Ancillary drive chain guide (upper)
38 Pin – ancillary drive chain guide (upper)
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1 Bolt – cylinder head fixing
2 Plug – cylinder head oil channel
3 Studs – exhaust manifold to cylinder head 

mounting (8 off)
4 Bolt – cylinder head to cylinder block
5 Valve guides (16 off)
6 Bolt – cylinder head to cylinder block
7 Camshaft bearing caps (10 off, 5 per camshaft)
8 Screws – camshaft bearing cap (20 off; 2 per 

camshaft bearing cap)
9 Cylinder head bolts (10 off)

10 Pillar screws – vacuum pump bracket
11 Vacuum pump bracket
12 Plugs – cylinder head (rear) oil gallery (2 off)
13 Plug – cylinder head (rear) blanking
14 Engine lifting bracket (rear)
15 'O' ring – vacuum pump to cylinder head
16 Vacuum pump
17 Bolts – vacuum pump to cylinder head (2 off)
18 Exhaust camshaft
19 Hydraulic tappets (16 off)
20 Rockers (16 off)
21 Valve spring collets (32 off)
22 Valve spring retainers (16 off)
23 Valve springs (16 off)
24 Valve stem seals (16 off)
25 Valves (8 x inlet, 8 x exhaust)
26 Intake camshaft
27 Bolts – engine lifting bracket to cylinder head 

(rear) (2 off)
28 Screw – oil gallery blanking
29 Studs – intake manifold to cylinder head 

mounting (4 off)
30 Glow plugs (4 off)
31 Bolts – coolant outlet elbow (3 off)
32 Coolant outlet elbow
33 Gasket – coolant outlet elbow to cylinder block
34 Coolant temperature sensor
35 Cylinder head gasket
36 Cylinder head
37 Engine lifting bracket (front)
38 Bolts – engine lifting bracket (front) (2 off)
39 Bolts – cylinder head to lower timing cover

(4 off)
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1 Hydraulic tappet gallery
2 Hydraulic tappet – exhaust side (8 off)
3 Channels to camshaft bearings – exhaust side 

(4 off)
4 Channels to camshaft bearings – intake side 

(4 off)
5 Hydraulic tappet – intake side (8 off)
6 Riser channel to tappet gallery – intake side
7 Cylinder block main gallery feed to lubrication 

jets
8 Piston lubrication jets (4 off)
9 Cylinder block main oil gallery feed for 

crankshaft bearings
10 Oil filter housing to cylinder block main oil 

gallery supply
11 Oil cooler
12 Oil filter element
13 Oil filter housing
14 Oil pump to oil filter housing channel (through 

cylinder block)
15 Oil pick-up pipe
16 Pressure relief valve
17 Oil pump assembly
18 Port to cylinder block main gallery RH side
19 Oil feed channels to crankshaft main bearings
20 Riser channel for chain lubrication jets
21 Pressure supply to chain tensioner
22 Pressure supply channel for turbocharger 

bearing lubrication
23 Output port (banjo connection) for turbocharger 

oil feed
24 Riser channel for upper chain lubrication
25 Pressure supply for upper chain lubrication
26 Riser channel to tappet gallery – exhaust side
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Description

General
The Td4 diesel engine is a 2.0 litre, 4 cylinder, in-line direct injection unit having four valves per cylinder operated by 
twin overhead camshafts. The engine emissions comply with EU-3 (European Commission Directive) legislative 
requirements and employs a catalytic converter, positive crankcase ventilation and exhaust gas recirculation to limit 
the emission of pollutants. The unit is water cooled and turbo-charged and is controlled by an electronic engine 
management system. Fuel injection features common rail technology.

The engine is controlled by a DDE 4.0 engine management system.
  +  ENGINE MANAGEMENT SYSTEM - EDC, DESCRIPTION AND OPERATION, Description.

The cylinder block is of cast iron construction with a cast aluminium stiffening plate bolted to the bottom to improve 
lower structure rigidity. The cylinder head is cast aluminium with a moulded plastic camshaft cover. The engine sump 
is a two-piece cast aluminium assembly. A moulded plastic acoustic cover is fitted over the upper engine to reduce 
engine generated noise.

The engine utilises the following features:
l Direct fuel injection utilising a common rail and high pressure injectors controlled by an engine management 

system for precise fuel delivery under all prevailing operating conditions. A high pressure intermediary fuel pump 
is chain driven from the crankshaft to supply fuel to the common rail

l 4 valves per cylinder with centrally arranged injection nozzle
l Turbocharging which delivers compressed air via an intercooler to the combustion chambers for improved power 

output
l Exhaust gas recirculation to improve emissions through the reduction of NO2
l Oil cooler to keep engine lubrication oil cool under heavy loads and high ambient temperatures

Cylinder Block Components
The cylinder block components are described below:

Cylinder Block
The cylinders and crankcase are contained in a single grey cast iron construction with hollow beam structure. The 
cylinders are direct bored. Lubrication oil is supplied via lubrication jets for piston and gudgeon pin lubrication and 
cooling.

Lubrication oil is distributed throughout the block via the main oil gallery to critical moving parts through channels 
bored in the block which divert oil to the main bearings, and to the big-end bearings via holes machined into the 
crankshaft.

An oil cooler is fitted to the side of the oil filter assembly with ports in the oil cooler mating with ports in the oil filter 
assembly, to facilitate coolant and oil flow from the cylinder block. An oil pressure switch is included in a tapping in 
the oil filter assembly which is used to determine whether sufficient oil pressure is available to provide engine 
lubrication and cooling.

A tapping at the front RH side of the cylinder block connects a pipe to the turbocharger by means of a banjo 
connection. Oil under pressure from the oil pump provides lubrication for the turbocharger bearings.

Cylinder cooling is achieved by coolant circulating through chambers in the engine block casting. Note that the water 
jacket does not have core plugs.

Two hollow metal dowels are used to locate the cylinder block to the cylinder head, one on each side at the front of 
the unit. Two additional hollow metal dowels are used to locate the timing cover to the cylinder block.

Connecting Rods
The connecting rods are machined, H-sectioned steel forgings. The big-end bearing shells are plain split halves. The 
upper half bearing shell fitted to the connecting rod is treated using the sputtering process (cathodic surface coating 
process) to improve its resistance to wear.

The small-end of the connecting rod has a bushed solid eye which is free to move on the gudgeon pin. The small-end 
bushing is a hand-push transition fit.
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Pistons
The four pistons have graphite-compound coated aluminium alloy skirts, which are gravity die cast and machined.

Each of the pistons has a swirl chamber machined in the head which partly contains the inlet air during the combustion 
process and helps provide turbulence for efficient air/fuel mixture to promote complete combustion. The recesses in 
the piston's crown also provide clearance for the valve heads.

The pistons are attached to the small-end of the connecting rods by fully floating gudgeon pins which are retained in 
the piston by circlips.

The pistons incorporate an oil cooling channel for piston and gudgeon pin cooling, oil being supplied under pressure 
from the piston lubrication jets.

Piston Rings
Each piston is fitted with two compression rings and an oil control ring.

The top ring is barrel-edged and chrome plated, the 2nd compression ring is taper-faced and the oil control ring is 
chrome plated and features a bevelled ring with spring.

Piston Lubrication Jets
The four lubrication jets (one for each cylinder) have a long hook-type nozzle and are fitted at the bottom right hand 
side of each cylinder by two socket screws.

The jets provide lubrication to the cylinder walls, and to the piston underskirt for cooling the pistons and lubricating 
the gudgeon pins and small-end bearings. The input port to each lubrication jet mates with a port provided in each 
mounting position, tapped at the underside of the cylinder block from a main gallery on the RH side of the block.

Oil Cooler and Oil Filter Housing
The engine oil cooler assembly is located on the oil filter housing and is connected to the vehicle cooling system. Oil 
from the cylinder block passes through the oil filter housing and partial flow is directed through the oil cooler before it 
is returned to the cylinder block. The oil filter housing has an integral thermostatic valve which controls the amount of 
oil flowing through the oil cooler, dependent on the oil temperature.

The oil filter is a disposable paper type. The filter is removed by unscrewing the cap of the oil filter housing.

Oil Pressure Switch
The oil pressure switch is located in a port in the oil filter housing. It detects when a low oil pressure condition occurs 
and initiates the illumination of a warning light in the instrument pack if the pressure drops below a given value.

High Pressure Fuel Pump
The high pressure fuel pump supplying the common fuel rail is fixed to a flange on the front LH side of the cylinder 
block. The pump is a 3 radial piston type controlled by the DDE 4.0 engine management system and chain driven 
from the crankshaft at 0.75 x engine speed.
  +  ENGINE MANAGEMENT SYSTEM - EDC, DESCRIPTION AND OPERATION, Description.

Crankshaft Position (CKP) Sensor
The crankshaft position sensor is mounted on the rear LH side of the cylinder block. The sensor is a Hall-effect type 
which acts on a profiled target on the flywheel.
  +  ENGINE MANAGEMENT SYSTEM - EDC, DESCRIPTION AND OPERATION, Description.

Sump, Crankshaft and Oil Pump Components
The sump, crankshaft and oil pump components are described below:

Sump
The sump is a two piece aluminium die-cast construction. The sump assembly is sealed to the bottom of the engine 
block by means of a rubber and metal gasket and 19 fixing bolts. The four bolts at the gearbox end of the engine block 
are longer than the remaining 15 bolts. Liquid sealing compound is used to seal the sump to the engine block at 
defined points.
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A thermal oil level sensor is fitted through the bottom plate of the sump and is fixed to the bottom plate by means of 
three studs and nuts. The oil drain plug with sealing washer is also fitted to the RH side of the bottom plate. The bottom 
plate is attached to the upper portion of the sump by means of 16 bolts, and a rubber-metal gasket seals the interface 
between the two components.

A port for the dipstick tube is included in the casting on the LH side of the sump.

An oil pick-up pipe with integral strainer locates in the centre of the sump oil pan to provide oil to the crankshaft driven 
oil pump.

Stiffener Plate
The stiffener plate increases the rigidity of the lower engine block and is secured to the bottom of the cylinder block 
by 6 bolts.

Oil Pump
The oil pump assembly is bolted to the bottom of the cylinder block and is located in front of the engine block stiffener 
plate. The pump is an internal rotor type with sintered rotors and is driven through a chain and sprocket system from 
the crankshaft.

A pressure relief valve is included at the outlet side of the oil pump to restrict oil pressure at high engine speeds by 
recirculating oil through the relief valve back around the pump to the inlet. The relief valve and spring is a plunger type; 
when oil pressure is great enough to lift the plunger, oil is allowed to escape past the plunger to relieve pressure and 
prevent further rise.

Oil is delivered to the pump from the pick-up pipe, and the outlet side of the oil pump delivers pressurised oil flow to 
the engine block main oil delivery gallery.

Crankshaft and Main Bearings
The crankshaft is carried in 5 main bearings, number 4 main bearing having integral thrust washers for controlling 
end-float.

Cross-drillings in the crankshaft between adjoining main and big-end bearings are used to divert oil from the main 
bearings to lubricate the big-end bearings.

The crankshaft seals are made from PTFE. The front end of the crankshaft has a torsional vibration damper with 
integrated pulley attached for driving the ancillary components.

Each of the bearing caps are of cast iron construction and are attached to the cylinder block by two bolts. The bearing 
shells are of the split cylindrical type. The upper half shells are grooved to facilitate the supply of lubrication oil to the 
bearings and fit into a recess in the underside of the cylinder block. The lower half bearing shells are plain and fit into 
the bearing caps.

Cylinder Head Components
The cylinder head components are described below:

Cylinder Head
The cylinder head is of aluminium gravity die casting construction. The cylinder head is bolted to the cylinder block by 
means of M12 cylinder head bolts arranged beneath each camshaft.

The cylinder head gasket is a multi-layer steel type and is available in three thicknesses. The choice of gasket 
thickness is dependent on the maximum piston protrusion.

The cylinder head has four ports machined at each cylinder location, two exhaust ports and two inlet ports. One of the 
inlet ports is helical and functions as a swirl port, the other is arranged laterally as a tangential port and functions as 
a charge port.

The cylinder head cooling system features combined longitudinal/transverse coolant flow. Coolant outlet is through a 
moulded plastic outlet elbow fixed to the cylinder head by three screws at the centre LH side of the cylinder head. The 
coolant thermostat is contained in a cast assembly at the inlet side and is bolted to the water pump which is driven 
from the ancillary drive belt. The coolant temperature sensor is screwed into an aperture at the rear LH side of the 
cylinder head.
  +  ENGINE MANAGEMENT SYSTEM - EDC, DESCRIPTION AND OPERATION, Description.
  +  COOLING SYSTEM - Td4, DESCRIPTION AND OPERATION, Description.
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The four fuel injection nozzles are centrally mounted above each cylinder and each is fixed to the cylinder head by 
means of two stud bolts. The central position of the injectors provides a symmetrical spray pattern to the central 
combustion bowl of the piston.
  +  ENGINE MANAGEMENT SYSTEM - EDC, DESCRIPTION AND OPERATION, Description.

Glow plugs are arranged centrally on the inlet side of the cylinder head, between the tangential port and the swirl port 
of each cylinder.
  +  ENGINE MANAGEMENT SYSTEM - EDC, DESCRIPTION AND OPERATION, Description.

A support bracket for the camshaft driven vacuum pump is located at the rear RH side of the cylinder head.

Vacuum Pump
The vacuum pump is located on a support bracket at the rear RH side of the cylinder head and is driven from the 
exhaust camshaft.

Camshafts
There is one exhaust camshaft and one intake camshaft. Each of the camshafts are located in five bearings and 
maintained in position by five bearing caps. Each of the bearing caps are fixed to the cylinder head by two bolts. The 
camshafts are made using the clear chill casting process and are hollow cast. The cam lobes have a negative cam 
radius. The camshafts are driven from the crankshaft using a simplex chain and sprocket arrangement.

Each camshaft has eight machined lobes for operating the inlet and exhaust valves through lash adjusters and roller-
type finger levers. The exhaust camshaft is machined at the rear end to provide a drive connection for the vacuum 
pump.

Inlet and Exhaust Valves
The inlet and exhaust valves are identical and have ground, solid one-piece head and stems made from Nimonic alloy 
material.

The valve springs are made from spring steel and are of the parallel single-coil type. The bottom end of each spring 
rests on the flange of a spring retainer which has an integral valve stem seal. The top end of the spring is held in place 
by a spring retainer which is held in position at the top end of the valve stem by split taper collets. The taper collets 
have grooves on the internal bore that locate to grooves ground into the upper stems of the valves.

Valve seats and valve guides are an interference fit in the cylinder head.

Hydraulic Tappets and Roller Finger Rockers
The valves are operated through roller-type finger rockers and hydraulic tappets, actuated by the camshaft lobes. 
When the camshaft lobe presses down on the top of a finger rocker, roller mechanism, the respective valve is forced 
down, opening the effected inlet or exhaust port. The use of this type of actuation method helps reduce friction in the 
valve timing mechanism.

The body of the hydraulic tappets contains a plunger and two chambers for oil feed and pressurised oil. The 
pressurised oil is supplied to the tappets via the main oil galleries in the cylinder head and through a hole in the side 
of the tappet body. The oil passes into a feed chamber in the tappet and then through to a separate pressure chamber 
via a one way ball valve.

Oil flow from the pressure chamber is determined by the amount of clearance between the tappet outer body and the 
centre plunger. Oil escapes up the side of the plunger every time the tappet is operated, the downward pressure on 
the plunger forcing a corresponding amount of oil in the tappet body to be displaced. When the downward pressure 
from the camshaft and finger rocker is removed (i.e. after the trailing flank of the camshaft lobe has passed), oil 
pressure forces the tappet's plunger up again. This pressure is not sufficient to effect the valve operation, but 
eliminates the clearance between the finger rocker and top of the valve stem.

Camshaft Cover Components
The camshaft cover and engine cover components are described below:

The cover is of moulded plastic construction and is used to seal off the oil chamber in the cylinder head. It shields the 
oil spray from the camshaft and the chain drive gear and provides the valve gear housing.

An oil separator for the crankcase ventilation system is mounted at the centre top of the cover, which provides 
preliminary oil separation by cyclone, and fine separation using an internal yarn wrap filter. The separator unit also 
contains a pressure control valve.
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The camshaft cover includes an integrated air filter housing which is de-coupled from the cylinder head to absorb and 
minimise the transmission of engine noise. The air cleaner is designed in the form of an oval cartridge. The camshaft 
cover also provides a mounting for the Mass Air Flow (MAF) sensor.

Camshaft Timing Train Components
The timing chain cover and timing chain components are described below:

Timing Chain Cover
The timing chain cover is cast and machined aluminium alloy and is attached to the cylinder block by 14 bolts. Five 
bolts are used to fix the upper flange of the timing cover to the cylinder head casting, and a further four bolts secure 
the front of the sump to the timing cover. The bottom of the timing cover is located to the front face of the cylinder 
block by two metal dowels.

The front of the crankshaft passes through a hole in the timing cover, and an oil seal is used to seal the interface 
between the front of the crankshaft and the timing cover.

Timing Chains
Two chain drives are utilised. The timing chain between the crankshaft sprocket and the fuel injection pump sprocket 
is a simplex type. The timing chain is contained between one fixed and one hydraulically adjustable tensioning rail.

The chain drive from the fuel injection pump sprocket to the two camshaft sprockets is also a simplex type. The chain 
between the camshaft and injection pump runs between one fixed guide rail and a hydraulically adjustable tensioning 
rail to minimise chain flutter. An additional plastic chain guide is located above the two camshaft sprockets.

The adjustable tensioning rails are of aluminium die casting construction with clip-fastened plastic slide linings. The 
fixed guide rails are moulded plastic. The tensioner rails are attached to the front of the cylinder blocks using pivot 
bolts which allow the tensioner rail to pivot about its axis.

The hydraulic tensioner for both chains is provided from a single unit which contains two hydraulically operated 
plungers that operate on the tensioning rails at the slack side of each of the timing chains. Pressurised oil for the 
adjuster is supplied through the back of the unit from an oil supply port in the front of the cylinder block. The lateral 
movement in the tensioner arm causes the timing chain to tension and consequently, compensation for chain flutter 
and timing chain wear is automatically controlled.

The timing chains are oil splash lubricated via the oil pump and chain tensioner. Oil spray is directed to the chain from 
several oil supply ports in the front of the cylinder block and cylinder head.

An additional chain from the crankshaft sprocket connects to the oil pump sprocket for oil pump operation.

Lubrication Circuit
Oil from the sump is drawn up through a fabricated metal pick-up pipe which contains a mesh to filter out any relatively 
large pieces of material which could cause damage to the oil pump. The head of the pick-up is centrally immersed in 
the sump oil and oil is delivered to the inlet side of the eccentric rotary pump.

The oil pump is driven from the crankshaft by a chain and sprocket system. Pressurised oil from the pump is passed 
through a port in the bottom of the cylinder block and is directed up to the oil inlet port of the oil filter housing via a port 
in the RH side of the cylinder block. The oil pump contains an oil pressure relief valve which opens to allow oil to be 
recirculated back around the pump if the oil pressure increases to a high enough level.

The inlet port of the oil filter housing has an integral non-return valve which allows flow into the filter, but prevents 
unfiltered oil draining back out of the filter housing when oil pressure is reduced.

The oil passes through the oil filter element and out to the oil cooler. The percentage of oil flow passed through to the 
oil cooler is dependent on a thermostatic by-pass valve which is integrated into the oil filter housing. An increase in 
oil temperature causes the by-pass valve to open and allow a greater percentage of oil flow to be directed through the 
oil cooler. The remainder of the oil flow from the outlet side of the filter element is directed to the outlet port of the oil 
filter housing where it combines with the oil flow being returned from the oil cooler before being passed back into the 
cylinder block.

An oil pressure switch is included in the outlet port of the oil filter housing to sense the oil pressure level before the oil 
flow enters the main oil gallery in the engine block. A warning lamp in the instrument pack is switched on if the oil 
pressure is detected to be too low.
  +  INSTRUMENTS, DESCRIPTION AND OPERATION, Description.
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The oil entering the cylinder block main gallery passes through drillings to the crankshaft main bearings and cross 
drillings in the crankshaft direct oil to the big-end bearings. An additional four drillings in the cylinder block supply oil 
at reduced pressure to the lubrication jets for piston and cylinder cooling and gudgeon pin lubrication.

A cross channel from the LH main oil gallery crosses to the RH side of the cylinder block where there is an outlet port 
which provides a pressurised oil supply to the turbocharger bearings via a banjo connection and external piping.

Riser channels at the front RH side and rear LH side of the cylinder block are used to channel oil to mating ports in 
the cylinder head and provide a source for cylinder head lubrication and operating pressure for the hydraulic tappets.

Oil is fed through oil galleries at the LH and RH side of the engine and four cross channels from each gallery directs 
oil to the camshaft bearings. Lubrication oil fed to the tappets passes up through the tappet body to the finger rockers 
for lubrication of the surfaces between the finger rockers and the camshaft lobes.

Tapered plugs seal the cylinder head main oil galleries at the rear of the cylinder head, and an additional tapered plug 
is included inside the cylinder head at the front of the RH gallery.

An additional riser channel from the cylinder block LH main oil gallery is used to supply lubrication to the timing chain 
system through several outlet ports at the front of the cylinder block and cylinder head.
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ENGINE - K SERIES 1.8DESCRIPTION AND OPERATION

External View

M12 6832
DESCRIPTION AND OPERATION 12-2-1



ENGINE - K SERIES 1.8
Internal View

M12 6833
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Timing Belt Components

1 Screws – upper front to upper rear drive belt 
cover (5 off)

2 Upper front drive belt cover
3 Drive belt
4 Bolt – tensioner to cylinder head
5 Tensioner
6 Bolt – camshaft drive gear to camshaft
7 Washer – camshaft drive gear to camshaft
8 Inlet camshaft drive gear
9 Upper rear drive belt cover assembly

10 Screw (long) – upper rear drive belt cover to 
cylinder block

11 Screws (short) – upper rear drive belt cover to 
cylinder block (4 off)

12 Exhaust camshaft drive gear
13 Seal – lower front drive belt cover
14 Lower front drive belt cover assembly
15 Screw – lower front drive belt cover to oil pump
16 Crankshaft drive gear
17 Screw – lower front drive belt cover to upper 

rear drive belt cover
18 Screw – tensioner index wire stop to cylinder 

head
19 Crankshaft pulley
20 Bolt and washer – crankshaft pulley
21 Seal – upper front drive belt cover
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Cylinder Block Components
12-2-4 DESCRIPTION AND OPERATION



ENGINE - K SERIES 1.8
1 'O' ring – thermostat housing to coolant pump
2 Thermostat housing
3 Screw – dipstick tube and thermostat housing 

to cylinder block
4 Thermostat
5 Seal – thermostat
6 Cover – thermostat
7 'O' ring – thermostat to coolant pipe
8 Bolt – connecting rod (2 off per connecting rod)
9 Big-end bearing cap

10 Big-end bearing shell (lower)
11 Big-end bearing shell (upper)
12 Connecting rod (4 off)
13 Piston (4 off)
14 Oil control ring
15 2nd compression ring
16 Top compression ring
17 Sealing washer – vent screw to coolant pipe
18 Cylinder liner (4 off)
19 Vent screw
20 Coolant pipe
21 Screw – coolant pipe to cylinder block
22 Cylinder head gasket
23 Bolts – thermostat cover to hous-1.200 Tf
F5 93.2(e)- off)
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Crankshaft, Sump and Oil Pump 
Assembly
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1 Oil pump assembly
2 Gasket – oil pump
3 Crankshaft
4 Thrust washers (2 off at No.3 main bearing)
5 Main bearing shells (upper) – (5 off; plain in 

No.1 and 5, grooved in No.2, 3 and 4)
6 Dowel
7 Crankshaft rear oil seal
8 Flywheel assembly
9 Bolts – flywheel to crankshaft (6 off)

10 Main bearing shells (lower) – (5 off)
11 Dowels – bearing ladder to cylinder block
12 Bearing ladder
13 Dowels – bearing ladder to transmission case 

(2 off)
14 Oil rail
15 Studs – bearing ladder to oil rail (2 off)
16 Nuts – bearing ladder to oil rail (2 off)
17 Gasket – oil filter adapter to bearing ladder
18 Screws – oil filter adapter to bearing ladder 

(4 off)
19 Taper plug
20 Oil filter cartridge
21 Oil filter adapter insert
22 Oil filter head
23 Oil temperature sensor
24 Oil pressure switch
25 Sump
26 Bolts (long) – sump to bearing ladder (2 off)
27 Sealing washer – sump plug
28 Plug – sump oil drain
29 Screws (short) – sump to bearing ladder (12 off)
30 Screw – oil suction pipe to bearing ladder
31 Oil suction pipe
32 Seal – oil suction pipe
33 Oil rail core plug
34 Bolts (long) – bearing ladder to cylinder block
35 Bolts (short) – bearing ladder to cylinder block 

(9 off)
36 Bolts – oil pump to cylinder block
37 Crankshaft front oil seal
38 Gasket – dipstick tube to bearing ladder
39 Screws – dipstick tube to bearing ladder (2 off)
40 Dipstick tube
41 Bolt – dipstick tube to thermostat and cylinder 

block
42 Dipstick
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Camshaft Cover, Engine Cover and Inlet 
Manifold
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1 Bolts – spark plug cover to camshaft cover
(3 off)

2 Spark plug cover
3 Bolts – camshaft cover to camshaft carrier 

(15 off)
4 Oil filler cap
5 Oil filler cap seal
6 Bolt – camshaft sensor to camshaft cover
7 Camshaft sensor
8 'O' ring – camshaft sensor
9 Gasket – camshaft cover to camshaft carrier

10 Inlet air temperature (IAT) sensor
11 Nuts – inlet manifold to cylinder head studs 

(3 off)
12 Copper washer – IAT sensor to inlet manifold
13 Studs – inlet manifold to cylinder head (3 off)
14 Gasket – inlet manifold to cylinder head
15 Inlet manifold
16 Bolts – inlet manifold to cylinder head (4 off)
17 Spring clip – vacuum regulator to inlet manifold 

pipe
18 Pipe – vacuum regulator to inlet manifold
19 Cap screws – Manifold Absolute Pressure 

(MAP) sensor to inlet manifold (2 off)
20 Manifold Absolute Pressure (MAP) sensor
21 Camshaft cover assembly
22 Spring clip – breather hose to camshaft cover
23 Hose – camshaft cover to inlet manifold 

breather
24 Spring clip – breather hose to camshaft cover
25 Hose – camshaft cover to throttle body breather
26 Spring clip – breather hose to throttle body
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Cylinder Head Components
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1 Bolts – camshaft carrier to cylinder head 
(26 off)

2 Camshaft carrier
3 Inlet camshaft
4 Oil seal – camshaft (4 off)
5 Exhaust camshaft
6 Cylinder head
7 Cover plate – inlet camshaft
8 Screws – cover plate to camshaft cover (2 off)
9 Cover plate – exhaust camshaft

10 Screws – cover plate to camshaft cover (2 off)
11 Gasket – coolant outlet elbow
12 Coolant outlet elbow
13 Screws – coolant outlet elbow to cylinder head 

(2 off)
14 Washer – coolant temperature sensor
15 Coolant temperature sensor
16 Exhaust manifold
17 Bolts – exhaust heat shield (2 off)
18 Washer – exhaust heat shield
19 Nut – exhaust heat shield
20 Exhaust heat shield
21 Bolts – exhaust manifold to exhaust down pipe
22 Nuts – exhaust manifold to cylinder head studs 

(5 off)
23 Gasket – exhaust manifold to cylinder head
24 Studs – exhaust manifold to cylinder head
25 Valve guides (16 off)
26 Exhaust valves (8 off – 2 per cylinder)
27 Exhaust valve seat inserts (8 off)
28 Inlet valves (8 off – 2 per cylinder)
29 Inlet valve seat inserts (8 off)
30 Valve stem oil seal (16 off)
31 Valve spring (16 off)
32 Valve spring cap (16 off)
33 Collets – cap (16 off)
34 Hydraulic tappets (16 off)
35 Ring dowel – cylinder head to camshaft carrier 

(2 off)
36 Drive pin – camshaft (2 off, 1 per camshaft)
37 Bolts – cylinder head (10 off)
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Operation

General
The 'K' Series engine is built up from aluminium castings bolted together. These consist of three major castings; the 
cylinder head, cylinder block and a bearing ladder, which is line bored to provide the main bearing bores. Attached to 
these are three minor castings; above the cylinder head, the camshaft carrier and the camshaft cover. Below the 
bearing ladder is an oil rail.

Each of the ten cylinder head bolts passes through the cylinder head, cylinder block and bearing ladder to screw into 
the oil rail. This puts the cylinder head, cylinder block and bearing ladder into compression with all the tensile loads 
being carried by the cylinder head bolts.

When the cylinder head bolts are removed; additional fixings are used to retain the bearing ladder to the cylinder block 
and the oil rail to the bearing ladder.

 The cross flow cylinder head is based on a four valve, central spark plug, combustion chamber with the inlet ports 
designed to induce swirl and control the speed of the induction charge. This serves to improve combustion and hence 
fuel economy, performance and exhaust emissions. The twin overhead camshafts operate the valves via hydraulic 
tappets, one camshaft operates the exhaust valves while the other operates the inlet valves. The camshafts are driven 
from the crankshaft by a timing belt, belt tension being maintained by an automatic tensioner. The camshafts are 
retained by the camshaft carrier, which is line bored with the cylinder head.

The plug-top coil ignition system utilises a camshaft sensor located in the camshaft carrier, adjacent to the exhaust 
camshaft. The camshafts have an integral reluctor ring, which provides an input to the camshaft sensor. Twin coils 
are fitted on top of the camshaft cover, each coil supplying HT voltage to one pair of spark plugs.

Self-adjusting hydraulic tappets are fitted on top of each valve and are operated directly by the camshafts. The valve 
stem oil seals are moulded onto a metal base which also act as the valve spring seat on the cylinder head.

Exhaust valves are of the carbon break-type. A machined profile on the valve stem removes any build up of carbon 
in the combustion chamber end of the valve guide thereby preventing valves from sticking.

The stainless steel cylinder head gasket has moulded seals around all coolant, breather and oil apertures and has 
steel cylinder bore eyelets. Limiters at each end of the gasket control compression of the gasket.

The cylinder block is fitted with 'damp' cylinder liners, the bottom, stepped half of the damp liner, being a sliding fit into 
the lower part of the cylinder block. The liners are sealed in the block with a bead of Hylomar. The bead is applied 
around the stepped portion of the liner. The cylinder head gasket effects the seal at the cylinder head with the liner 
top acting as a break between the combustion chamber and gasket.

The aluminium alloy, thermal expansion pistons have a semi- floating gudgeon pin, which is offset towards the thrust 
side and has interference fit in the small end of the connecting rod. Pistons and cylinder liners are supplied in two 
grades. Big-end bearing diametric clearance is controlled by three grades of selective shell bearing.

The five bearing, eight balance weight crankshaft has its end-float controlled by thrust washer halves at the top of the 
central main bearing.  Bearing diametric clearance is controlled by three grades of selective shell bearing. Oil grooves 
are provided in the upper halves of main bearings No. 2, 3 and 4 to supply oil, via drillings in the crankshaft, to the 
connecting rod big-end bearings.
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Engine Lubrication System

The lubrication system is of the full-flow filtration, forced fed type. The oil sump is of either pressed steel or alloy 
manufacture. Pressed steel sumps are sealed to the bearing ladder using a positively located gasket incorporating 
compression limiters. Alloy sumps are sealed to the bearing ladder with a bead of sealant applied to the sump flange.

Oil is drawn, via a strainer and suction pipe (1) in the sump, into the crankshaft driven oil pump (2) of the trochoid type 
which has an integral pressure relief valve (3), excess oil is diverted into the intake (4) of the oil pump. Oil is pumped 
through the full-flow cartridge-type oil filter (5), mounted on an adapter attached to the oil pump housing. The low-oil 
pressure sensor (6) is also screwed into the adapter and registers the oil pressure in the main oil gallery on the outflow 
side of the filter.

The main oil gallery (7) is fed through the oil rail below the main bearing ladder in which drillings direct the oil to the 
main bearings. Cross drillings in the crankshaft from No. 2 and 4 main bearings carry the oil to the big-end bearings. 
A passage in the oil pump housing connects to a drilling (8) in the cylinder block to oil ways (9) in the cylinder head.

Oil is fed through the cylinder head to twin full-length oil ways (10) in the camshaft carrier to supply oil to each 
hydraulic tappet and camshaft bearing.
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Crankcase Ventilation 
A positive crankcase ventilation system is used to vent blow-by gas from the crankcase to the air intake system.

Crankcase gas is drawn through a gauze oil separator in the camshaft cover and passes via hoses into the throttle 
housing.
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KV6 Engine – General View (All Except 
NAS)

M12 6812
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KV6 Engine – General View (NAS)

M12 7452
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KV6 Engine – Internal View

M12 6813
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KV6 Engine – Cylinder Block 
Components

1 Clip – coolant pump to thermostat pipe
2 'O' ring – coolant pump to thermostat pipe
3 Pipe – coolant pump to thermostat
4 'O' ring – coolant pump to thermostat pipe
5 Clip – coolant pump to thermostat pipe
6 Thermostat housing
7 'O' ring – coolant outlet elbow to cylinder block
8 Bolt – coolant outlet elbow to cylinder block
9 Coolant outlet elbow

10 'O' ring – thermostat housing to cylinder block
11 Blanking plate – coolant outlet
12 Seal – blanking plate
13 Screw – blanking plate (2 off)
14 Bolt – engine lifting bracket, rear (2 off)
15 Engine lifting bracket – rear
16 Screw – crankshaft rear oil seal (5 off)
17 2nd compression ring

18 Top compression ring
19 Oil control ring
20 Piston
21 Big-end upper bearing shell
22 Big-end bearing cap
23 Bolt – big-end bearing cap to connecting rod 

(2 off per piston)
24 Big-end lower bearing shell
25 Crankshaft rear oil seal
26 Cylinder liner (6 off)
27 Dowel – cylinder block to cylinder head (4 off)
28 Cylinder block
29 Dowel – cylinder block to lower crankcase

(4 off)
30 Engine coolant pump
31 Screw – coolant pump to cylinder block (7 off)
32 Seal – coolant pump to cylinder block
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ENGINE - K SERIES KV6
KV6 Engine – Crankshaft, Sump and Oil 
Pump Assembly
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1 'O' rings – oil filter housing to oil cooler pipes
2 Oil pressure switch
3 Screw – oil pump to cylinder block (16 off)
4 Oil pump and oil filter housing assembly
5 Gasket – oil pump housing
6 Bearing ladder
7 Crankshaft
8 Dipstick
9 Dipstick tube

10 Baffle plate – lower crankcase extension
11 Lower crankcase extension
12 Screw – dipstick tube to cylinder block
13 'O' ring – oil pick-up pipe
14 Oil pick-up pipe with integral strainer
15 Screw – oil pick-up pipe to lower crankcase
16 Connector (quick fit) – dipstick tube to sump
17 Sump
18 Bolt – sump to lower crankcase (10 off; 

5 x short, 5 x long)
19 Oil cooler
20 Bolt – oil cooler to sump (3 off)
21 Oil drain plug
22 Seal – oil drain plug
23 Pipe – oil cooler to oil filter housing
24 Pipe – oil filter housing to oil cooler
25 Oil filter cartridge
26 Bolt (long) – bearing ladder to cylinder block 

(8 off)
27 Bolt (short) – bearing ladder to cylinder block 

(8 off)
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KV6 Engine – Cylinder Head 
Components

LH cylinder bank shown, RH cylinder bank similar
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1 Rear drive belt inner cover
2 Bolt – camshaft rear drive belt inner cover

(4 off)
3 Camshaft gear – rear inlet
4 Drive belt – rear camshaft
5 Bolt – inlet camshaft gear
6 Bolt – camshaft rear drive belt outer cover 

(3 off)
7 Rear drive belt outer cover
8 Bolt – exhaust camshaft gear
9 Camshaft gear – rear exhaust

10 Seal – inlet camshaft, rear oil
11 Inlet camshaft
12 Seal – inlet camshaft, front oil
13 Stud – cylinder head to intake manifold (2 off)
14 Valve stem oil seal – inlet (6 off)
15 Valve spring – inlet (6 off)
16 Valve spring cap – inlet (6 off)
17 Collet – inlet valve (12 off)
18 Tappet – inlet valve (6 off)
19 Camshaft carrier
20 Bolt – cylinder head (8 off)
21 Bolt – camshaft carrier to cylinder head (22 off)
22 Seal – exhaust camshaft, rear oil
23 Exhaust camshaft
24 Tappet – exhaust valve (6 off)
25 Collet – exhaust valve (12 off)
26 Valve spring cap – exhaust (6 off)
27 Valve stem oil seal – exhaust (6 off)
28 Valve spring – exhaust (6 off)
29 Seal – exhaust camshaft, front oil
30 Bolt – camshaft cover (14 off)
31 Seal – oil filler cap
32 Oil filler cap
33 'O' ring – CMP sensor
34 CMP sensor
35 Bolt – CMP sensor
36 Spark plug (3 off)
37 Camshaft cover
38 Gasket – camshaft cover
39 Inlet valve (6 off)
40 Valve seat insert – inlet (6 off)
41 Valve guide – inlet (6 off)
42 Gasket – cylinder head
43 Exhaust valves (6 off)
44 Valve seat insert – exhaust (6 off)
45 Valve guides – exhaust (6 off)
46 Cylinder head
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KV6 Engine – Manifolds and Engine 
Cover Components (All Except NAS)
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1 Strap – engine acoustic cover
2 Bolt – engine acoustic cover strap to manifold 

chamber
3 Engine acoustic cover
4 Bolt –  manifold chamber to RH inlet manifold 

(4 off)
5 Manifold chamber
6 Screw – IAT/MAP sensor to manifold chamber 

(2 off)
7 IAT/MAP sensor
8 Seal – throttle body assembly to manifold 

chamber
9 Bolt – throttle body assembly to manifold 

chamber (4 off)
10 Throttle body assembly
11 'O' rings – inlet manifold to top cover, RH (3 off)
12 Inlet manifold, RH
13 Seal – manifold chamber to LH inlet manifold 

(3 off)
14 Guide block – HT lead
15 Stud – HT lead guide block/acoustic cover 

fixing
16 Inlet manifold, LH
17 Bolt – inlet manifold to cylinder head, LH (7 off)
18 Bolt – inlet manifold to cylinder head, RH
19 Gasket – inlet manifold to cylinder head, RH
20 Fuel rail
21 Gasket – inlet manifold to cylinder head, LH
22 Gasket – exhaust manifold to cylinder head, LH
23 Stud – exhaust manifold to cylinder head, LH 

(4 off)
24 Nut – exhaust manifold to cylinder head, LH 

(4 off)
25 Exhaust manifold, LH
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KV6 Engine – Manifolds and Engine 
Cover Components (NAS)
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1 Strap – engine acoustic cover
2 Bolt – engine acoustic cover strap to manifold 

chamber
3 Engine acoustic cover
4 Bolt – manifold chamber to RH inlet manifold 

(4 off)
5 Manifold chamber
6 Bolt – throttle body assembly to manifold 

chamber (4 off)
7 Throttle body assembly
8 Inlet manifold, RH
9 Seal - manifold chamber to LH inlet manifold 

(3 off)
10 Guide block – HT lead
11 Stud – HT lead guide block/acoustic cover 

fixing
12 Inlet manifold, LH
13 Bolt – inlet manifold to cylinder head LH (7 off)
14 Gasket - inlet manifold to cylinder head (LH)
15 Fuel rail
16 Bolt – inlet manifold to cylinder head
17 Gasket – inlet manifold to cylinder head, RH
18 'O' ring - inlet manifold to top cover RH (3 off)
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KV6 Engine – Camshaft Drive Belt 
Components

1 Bolt – timing gear to inlet camshaft (RH)
2 Hub – camshaft front timing gear (RH)
3 Camshaft front timing gear (RH)
4 Drive belt (front) backplate cover – RH
5 Engine mounting bracket
6 Bolt – engine mounting bracket to front plate 

(4 off)
7 Cover plate – drive belt
8 Blanking plug
9 Engine front plate

10 Engine lifting bracket – front
11 Cover – lower drive belt
12 Drive belt (front) backplate cover – LH

13 Camshaft front timing gear (LH)
14 Hub – camshaft front timing gear (LH)
15 Idler pulley – drive belt
16 Crankshaft timing gear
17 Drive belt – front
18 Front drive belt outer cover (LH)
19 Screw – front drive belt outer cover to inner 

cover, LH (3 off)
20 Front drive belt outer cover (RH)
21 Screw – front drive belt outer cover to inner 

cover, RH (3 off)
22 Tensioner assembly – front drive belt
23 Bolt – timing gear to inlet camshaft (LH)
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Description

General
The KV6 is of all aluminium construction, with a 90° V configuration. The KV6 uses long cylinder head bolts engaging 
in threads 70 mm below the mating face of the cylinder block to attach the cylinder head to the cylinder block. This 
ensures sufficient structural stiffness to take advantage of the compressive strength of aluminium alloy and minimise 
tensile loadings. There are 8 cylinder head bolts for each cylinder head, located below the camshafts.

The engine features 24 valves, sequential fuel injection, liquid cooling and is transverse mounted. It is controlled by 
a Siemens engine management system utilising a range of sensors to constantly monitor and optimise engine 
performance. 
  +  ENGINE MANAGEMENT SYSTEM - SIEMENS (ALL EXCEPT NAS), DESCRIPTION AND OPERATION, 
Description.
  +  ENGINE MANAGEMENT SYSTEM – SIEMENS (NAS), DESCRIPTION AND OPERATION, Description.

Cylinder Block Components
The cylinder block components are described below:

Cylinder Block and Main Bearing Ladder
The cylinder block is constructed of an aluminium alloy and is cast in three sections:
l Cylinder block.
l Main bearing ladder.
l Lower crankcase extension.

For strength and rigidity, the main bearing ladder is manufactured from special alloy A357TF as used in manufacturing 
components in the aerospace industry. The main bearing ladder is secured to the cylinder block with 16 bolts, thus 
creating a very rigid crankcase 'box'. A separate outer crankcase extension adds further strength to the lower end of 
the cylinder block. The lower crankcase extension is sealed to the underside of the cylinder block, using jointing 
compound, and secured with 10 bolts. Fitted to the lower crankcase is an aluminium alloy sump.

Pistons and Cylinder Liners
The aluminium alloy, thermal expansion, lightweight pistons, with semi-floating gudgeon pins, are offset to the thrust 
side and are carried on forged steel connecting rods. Pistons and cylinder liners are supplied in two grades, 'A' and 
'B' and are also colour coded to assist identification. The pistons are marked to ensure they are correctly oriented in 
the cylinder liner; the 'FRONT' mark should be toward the front of the engine.

The cylinder block is fitted with 'damp' cylinder liners, the bottom stepped half of the cylinder liner being a sliding fit 
into the lower part of the cylinder block. The liners are sealed in the block with a bead of sealant applied around the 
stepped portion of the cylinder liner. The top of the cylinder liner is sealed by a multi-layer steel cylinder head gasket 
when the cylinder head is fitted.

The cylinder liner diameters are smaller than the big-end forging of the connecting rods and need to be removed 
complete with pistons and connecting rods from the cylinder block.

Connecting Rods
The KV6 engine utilises forged steel H-sectioned connecting rods, with the gudgeon pin being an interference fit in 
the small end of the connecting rod. The big-ends are horizontally split.

Big-end bearing diametric clearance is controlled by selective bearing shells with three grades of thickness. The big-
end upper and lower bearing shells are plain with locating tags.

Piston Rings
Each piston is fitted with two compression rings and an oil control ring. The top compression rings are chrome-plated 
steel. The 2nd compression rings are chrome-plated cast iron. The oil control rings have stainless steel top and 
bottom rails and integral expander rings.
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Crankshaft, Sump and Oil Pump Components
The crankshaft and sump components are described below:

Crankshaft
The short, stiff crankshaft is supported on four main bearings, with each pair of crankpins mutually offset by 30° to 
give equal firing intervals. Cast in Spheroidal Graphite (SG) iron, the crankshaft has cold rolled fillets on all journals, 
except the outer mains, for toughness and failure resistance. End-float is controlled by thrust washer halves at the top 
and bottom of the rear main bearing.

Main Bearings
Oil grooves are provided in the upper halves of all the main bearing shells to supply oil, via drillings in the crankshaft, 
to the connecting rod big-end bearings. The lower halves of the bearing shells in the bearing ladder are plain.

Sump
The cast aluminium sump is a wet-type, sealed to the lower crankcase extension using sealant applied to the sump 
flange. The sump is fixed to the lower crankcase extension using 10 bolts. A baffle plate is fitted in the lower crankcase 
extension to minimise the effects of oil slosh.

An oil pick-up with integral strainer is located in the centre of the sump oil well, as a source for the supply of engine 
lubrication oil to the oil pump. Oil is sucked up though the end of the pick–up and strained to prevent solid matter from 
entering the oil pump.

Oil Pump
The oil pump is directly driven from the crankshaft. The oil pump housing includes the oil pressure relief valve, oil filter, 
oil pressure switch and return/supply outlets for the engine oil cooler.

Oil Filter
A full-flow, disposable canister-type oil filter is attached to the oil pump housing at the front of the engine.

Oil Cooler
A liquid cooled oil cooler keeps the engine lubrication oil cool, under heavy loads and high ambient temperatures.

The oil cooler is cooled by the engine cooling system and attached to a bracket secured to the front of the sump by 
three bolts. Oil is delivered to and from the oil cooler through hoses connected to the oil pump housing. Hoses from 
the engine cooling system are connected to two pipes on the oil cooler for the supply and return of coolant.

Oil Pressure Switch
The oil pressure switch is located in a port at the outlet side of the oil filter. It detects when a safe operating pressure 
has been reached during engine starting and initiates the illumination of a warning light in the instrument pack if the 
oil pressure drops below a given value.

Cylinder Head Components
The cylinder head components are described below:

Cylinder Head
The cross-flow cylinder heads are based on a four valve, central spark plug combustion chamber, with the inlet ports 
designed to induce swirl and control the speed of the induction charge. This serves to improve combustion and hence 
fuel economy, performance and exhaust emissions.

LH and RH cylinder heads are identical castings.

Camshafts
Twin camshafts on each cylinder bank are retained by a camshaft carrier, line bored with the cylinder head. The 
camshafts are located by a flange which also controls end-float. A crossover drive for the exhaust camshaft, from the 
rear of the inlet camshaft is by a short toothed belt, which allows for a much shorter and simpler run for the main 
camshaft drive belt at the front of the engine.
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The exhaust camshaft drive gears have dampers integral with the gear to minimise torsional vibration. The inlet 
camshaft for the LH cylinder head incorporates a reluctor which is used in conjunction with the Camshaft Position 
(CMP) sensor to measure engine position. The CMP sensor is bolted to the LH camshaft cover. 
  +  ENGINE MANAGEMENT SYSTEM - SIEMENS (ALL EXCEPT NAS), DESCRIPTION AND OPERATION, 
Description.
  +  ENGINE MANAGEMENT SYSTEM – SIEMENS (NAS), DESCRIPTION AND OPERATION, Description.

Cylinder Head Gasket
The KV6 utilises a multi-layer stainless steel cylinder head gasket. The gasket comprises four stainless steel 
functional layers, and a stainless steel distance layer to maintain fitted thickness. A full embossment profile is 
employed to seal the combustion gases and half embossments are used to provide a durable fluid seal. Sealing 
characteristics are further enhanced by the application of a fluro-elastomer surface coating to all layers of the gasket.

Hydraulic Tappets
Self-adjusting, lightweight, hydraulic tappets are fitted on top of each valve and are operated directly by the camshaft. 
The valve stem oil seals are moulded onto a metal base which also acts as the valve spring seat on the cylinder head.

Valves
The exhaust valves are of the carbon break type. A machined profile on the valve stem removes any build up of carbon 
in the combustion chamber end of the valve guide. All valve seats are machined in three planes, improving valve to 
seat sealing.

Camshaft Cover and Engine Cover Components
The camshaft cover and engine cover components are described below:

Acoustic Cover
A moulded plastic acoustic cover is fitted over the engine to absorb engine generated noise. Foam is bonded on the 
inside surface of the acoustic cover and a rubber seal is fitted around the oil filler cap.

The acoustic cover is located on the engine by two rubber studs on the underside of the acoustic cover. A rubber 
strap, at the rear of the engine, and two quick release fasteners, at the front of the acoustic cover, secure the acoustic 
cover in position.

Resonators and part of the engine intake duct are integrated into the acoustic cover, and the engine air filter is 
installed in a compartment below a lid secured with two Torx bolts.

In NAS markets, a metal foil heatshield is installed on the underside of the acoustic cover.

A rubber duct connects the engine intake duct in the acoustic cover to the RH inner wing. In all except NAS markets, 
engine air is drawn from the space between the inner and outer wings. In NAS markets, a further duct is installed 
between the inner and outer wings to draw engine air from the base of the A post.

Throttle Body Assembly
All markets except NAS

The throttle body is attached to the inlet manifold chamber and comes in one of two variants, with and without cruise 
control. The housing of the throttle body incorporates ports for crankcase ventilation and the idle air control valve.

NAS markets

The throttle body is an electrically actuated unit controlled by the Engine Control Module (ECM). The position of the 
throttle plate is controlled by a DC motor and a return spring integrated into the throttle body. Two feedback 
potentiometers supply throttle plate position signals to the ECM for closed loop control.

Four Torx bolts secure the throttle body to the inlet manifold chamber. A rubber seal, keyed to a groove in the inlet 
manifold chamber, ensures the joint is air tight. 

Inlet Manifold Chamber
The inlet manifold chamber is a sealed plastic assembly. The inlet manifold chamber combines plenum resonance for 
good low speed torque, with variable length primary tracts for optimum mid and high speed torque.
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The throttle body assembly feeds into a 'Y' piece which separates into two secondary inlet pipes. The secondary pipes 
feed into two main plenums, one for each bank of three cylinders. At the closed end of the plenums is a balance valve, 
controlled by an electric actuator, that connects the two plenums together.

The variable intake system uses valves and actuators to vary the overall tract length of the inlet manifold chamber. 
The aluminium alloy inlet manifolds are sealed to each cylinder head with gaskets and to the inlet manifold chamber 
with 'O' rings and seals. 
  +  MANIFOLD AND EXHAUST SYSTEM - K SERIES KV6, DESCRIPTION AND OPERATION, Description.
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Operation

Lubrication Circuit
The lubrication system is of the full-flow filtration, force fed type.

Oil is drawn, via a strainer and pick-up pipe in the sump, through the bearing ladder and into a crankshaft driven oil 
pump which has an integral pressure relief valve. The strainer in the pick-up pipe prevents any ingress of foreign 
particles from passing through to the inlet side of the oil pump and damaging the oil pump and restricting oil drillings. 
The oil pressure relief valve in the oil pump opens if the oil pressure becomes excessive and diverts oil back around 
the pump.

Pressurised oil is pumped through a full-flow cartridge type oil filter, mounted on the oil pump housing.  The lubrication 
system is designed so that a higher proportion of oil flow is directed to the cylinder block main oil gallery while a lower 
proportion of oil flow, (controlled by a restrictor in the oil filter housing), is directed to the engine oil cooler. The 
remainder of the oil flow from the outlet side of the oil filter is combined with the return flow from the oil cooler before 
being passed into the cylinder block main oil gallery.

The main oil gallery has drillings that direct the oil to the main bearings. Cross drillings in the crankshaft main bearings 
carry the oil to the connecting rod big-end bearings.

The oil pressure switch is located at the outlet side of the oil filter housing to sense the oil pressure level before the 
oil flow enters the main gallery in the engine block. A warning lamp in the instrument pack is illuminated if low oil 
pressure is detected.

Oil at reduced pressure is directed to each cylinder bank via two restrictors in the cylinder block/cylinder head locating 
dowels, one at the front on the LH bank and the other at the rear on the RH bank. Oil then passes through a drilling 
in the cylinder head to the camshaft carrier, where it is directed via separate galleries to the camshaft bearings and 
hydraulic tappet housings. Return oil from the cylinder head drains into the sump via the cylinder head bolt passages.

Crankcase Ventilation
A positive crankcase ventilation system is used to vent blow-by gas from the crankcase to the air intake system. The 
blow-by gas passes through a gauze oil separator in the camshaft cover, and then through hoses into the throttle 
housing and inlet manifold. 
  +  EMISSION CONTROL - K SERIES KV6, DESCRIPTION AND OPERATION, Description.
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Crankshaft Oil Supply

1 Cylinder block main oil gallery
2 Cross drillings to crankshaft main bearings
3 Oil pick-up pipe with integral strainer
4 Oil cooler
5 Oil cooler supply pipe

6 Oil filter cartridge
7 Oil cooler return pipe
8 Oil pressure switch
9 Oil pump with integral oil pressure relief valve
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Cylinder Head Component Oil Supply

1 From RH cylinder block main gallery
2 LH cylinder head camshafts

3 From LH cylinder block main gallery
4 RH cylinder head camshafts
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EMISSION CONTROL - Td4DESCRIPTION AND OPERATION

Emission Control Component Layout – 
Crankcase and EGR

1 Depression limiter valve
2 EGR pipe (manual gearbox models)
3 EGR rear pipe (automatic gearbox models)
4 EGR cooler (automatic gearbox models)
5 EGR front pipe (automatic gearbox models)

6 Vacuum pipe from brake servo vacuum to EGR 
solenoid

7 EGR valve
8 EGR solenoid
9 Vacuum pipe from EGR solenoid to EGR valve
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Emission Control Component Layout – 
Exhaust

1 Catalytic converter
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Description

General
The vehicle is fitted with the following control systems to reduce emissions released into the atmosphere:
l Crankcase emission control.
l Exhaust gas recirculation.
l Exhaust emission control.

CAUTION: In many countries it is against the law for a vehicle owner or an unauthorised dealer to modify or 
tamper with emission control equipment. In some cases, the vehicle owner and/or the dealer may even be 
liable for prosecution.

The emission control systems fitted to the vehicle are designed to keep the emissions within the legal limits, at the 
time of manufacture, provided that the engine is correctly maintained and is in good mechanical condition.

Crankcase Emission Control
Crankcase emissions are vented into the turbocharger inlet duct via a depression limiter valve installed on the 
camshaft cover. A dedicated bore in the cylinder block and cylinder head connect the crankcase to the inlet of the 
depression limiter valve. The outlet of the depression limiter valve is connected to the turbocharger inlet duct by a 
passageway integrated into the camshaft cover and a tube between the camshaft cover and the inlet duct.

Depression Limiter Valve

1 Ambient pressure vent
2 Cap
3 Diaphragm valve
4 Integral passageway
5 Housing

6 Locating arm
7 Oil separator
8 'O' ring
9 Spring
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The housing of the depression limiter valve contains two chambers interconnected by an integral passageway.

One chamber contains an oil separator consisting of  yarn wound onto a cylindrical cage and covered with a fibre 
gauze sleeve. The cage is closed at one end and open at the other. The open end of the cage locates over one end 
of the integral passageway in the housing. An 'O' ring seals the joint between the cage and the housing.

The second chamber contains a diaphragm valve and a spring. The diaphragm valve is installed in the cap of the 
chamber and located, by the spring, over an outlet port into the passageway in the camshaft cover. When the cap is 
installed the diaphragm valve forms a seal between the upper and lower parts of the chamber. A vent in the cap allows 
ambient pressure into the upper part of the chamber, above the diaphragm valve.

Crankcase Emissions Schematic

1 Ambient pressure vent
2 Diaphragm valve
3 Depression limiter valve
4 Oil separator
5 Turbocharger inlet duct

6 Turbocharger
7 Cylinder head
8 Outlet port
9 Camshaft cover

The diaphragm valve is normally held open by the spring. With the engine running, blow-by gases are drawn from the 
crankcase, through the depression limiting valve, by the depression in the turbocharger inlet duct. Any oil in the blow-
by gases is removed by the oil separator and drains back to the sump through the bore in the cylinder block and 
cylinder head. The depression in the turbocharger inlet duct varies with engine speed and load. To limit the depression 
in the crankcase, the diaphragm valve controls the flow of blow-by gases through the depression limiting valve. 
Crankcase pressure is sensed on the underside of the diaphragm valve and, when crankcase pressure reduces to 
the preset limit, ambient pressure acting on the top of the diaphragm valve overcomes the spring and moves the 
diaphragm valve to close the outlet port. As the diaphragm valve closes, so blow-by gases begin to increase the 
pressure in the crankcase again until the diaphragm valve moves to open the outlet port.

Exhaust Gas Recirculation (EGR)
During certain running conditions the EGR system directs exhaust gases into the inlet manifold to be used in the 
combustion process. The principal effect of this is to reduce combustion temperatures, which in turn reduces Nitrous 
Oxide (NOx) emissions.
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A vacuum operated EGR valve on the inlet manifold controls the flow of recirculated exhaust gases. The exhaust 
gases are supplied to the EGR valve through an EGR pipe connected to the LH end of the exhaust manifold. On 
automatic gearbox models, a cooler, cooled by the engine cooling system, is installed between front and rear sections 
of the EGR pipe. From the EGR valve, the gases flow into the inlet manifold and the turbocharger inlet.

The EGR valve is controlled by an EGR solenoid, on the front of the cylinder block, which modulates a vacuum supply 
from the brake servo vacuum pump. The EGR solenoid is controlled by the ECM. The ECM uses the input from the 
air flow meter to monitor EGR operation, using the principle that an increase in EGR decreases the intake air flow.

Exhaust Emission Control
The engine management system provides accurately metered quantities of fuel to the combustion chambers to 
ensure the most efficient use of fuel and to minimise the exhaust emissions. In European Union markets, to further 
reduce the carbon monoxide and hydrocarbons content of the exhaust gases, a catalytic converter is integrated into 
the intermediate pipe of the exhaust system.

In the catalytic converter the exhaust gases are passed through honeycombed ceramic elements coated with a 
special surface treatment called 'washcoat'. The washcoat increases the surface area of the ceramic elements by a 
factor of approximately 7000. On top of the washcoat is a coating containing platinum, which is the active constituent 
for converting harmful emissions into inert by-products. The platinum adds oxygen to the carbon monoxide and the 
hydrocarbons in the exhaust gases, to convert them into carbon dioxide and water respectively.
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EMISSION CONTROL - K SERIES 1.8DESCRIPTION AND OPERATION

Emission Control Component Layout – 
Crankcase and  Exhaust

1 Starter (Upstream) catalytic converter
2 Main (Downstream) catalytic converter

3 Crankcase breather hose to inlet manifold
4 Crankcase breather hose to throttle body
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Emission Control Component Layout – 
EVAP

1 Fuel tank vent lines
2 Two-way valve
3 EVAP purge valve
4 Vent line from fuel tank

5 EVAP canister
6 Vent line to purge valve
7 Vent line to atmosphere
8 Vapour separator
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Description

General
The vehicle is fitted with the following control systems to reduce emissions released into the atmosphere:
l Crankcase emission control.
l Evaporative emissions (EVAP) control.
l Exhaust emission control.

CAUTION: In many countries it is against the law for a vehicle owner or an unauthorised dealer to modify or 
tamper with emission control equipment. In some cases, the vehicle owner and/or the dealer may even be 
liable for prosecution.

The emission control systems fitted to the vehicle are designed to keep the emissions within the legal limits, at the 
time of manufacture, provided that the engine is correctly maintained and is in good mechanical condition.

Crankcase Emission Control System
While the engine is running, blow-by gases from the crankcase are mixed with inlet air and burned in the combustion 
chambers.

The crankcase is vented via the oil drain passages in the cylinder block and cylinder head and two ports in the 
camshaft cover. The larger port in the camshaft cover is connected to the throttle body, on the upstream side of the 
throttle disc, by a plastic pipe and rubber elbow connections. The smaller port in the camshaft cover is connected to 
the inlet manifold by a rubber hose. The smaller port incorporates a restrictor and a gauze oil separator to prevent oil 
being drawn out of the camshaft cover.

When the engine is running with the throttle disc closed, the depression downstream of the throttle disc draws 
crankcase gases into the inlet manifold through the smaller port in the camshaft cover. Clean air, from the upstream 
side of the throttle disc, is drawn into the crankcase through the larger port in the camshaft cover to limit the 
depression produced in the crankcase.

When the engine is running with the throttle disc wide open, the upstream and downstream sides of the throttle disc, 
and thus the two ports in the camshaft cover, are subjected to similar, relatively weak, depression levels. Crankcase 
gases are then drawn out of both ports in the camshaft cover, with the majority being drawn out of the unrestricted 
larger port and into the throttle body.

At interim throttle disc positions the flow of the crankcase gases varies, between those produced at the closed and 
wide open throttle disc positions, depending on the depression levels produced upstream and downstream of the 
throttle disc.

Exhaust Emission Control 
The engine management systems provide accurately metered quantities of fuel to the combustion chambers to 
ensure the most efficient use of fuel and to minimise the exhaust emissions. In European Union markets, to reduce 
the carbon monoxide and hydrocarbons content of the exhaust gases, two catalytic converters are installed in the 
exhaust system. A 'starter' catalytic converter is integrated into the exhaust manifold and a main catalytic converter 
is integrated into the exhaust system front pipe.

In the catalytic converters the exhaust gases are passed through honeycombed ceramic elements coated with a 
special surface treatment called 'washcoat'. The washcoat increases the surface area of the ceramic elements by a 
factor of approximately 7000. On top of the washcoat is a coating containing the elements which are the active 
constituents for converting harmful emissions into inert by-products. The active constituents consist of palladium and 
platinum, which add oxygen to the carbon monoxide and the hydrocarbons in the exhaust gases, to convert them into 
carbon dioxide and water respectively.

The correct operation of the catalytic converters is dependent upon close control of the oxygen content of the exhaust 
gas. The quantity of oxygen in the exhaust gas is monitored by the Engine Control Module (ECM) using an input from 
a Heated Oxygen Sensor (HO2S) upstream of the starter catalytic converter. The ECM also monitors the condition of 
the catalytic converters using an input from a HO2S downstream of the main catalytic converter.
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EVAP Control
The EVAP control system reduces the level of hydrocarbons released into the atmosphere by fuel vapour venting from 
the fuel tank. The system comprises a two way valve, a vapour separator, an EVAP canister, a purge valve and 
interconnecting vent pipes. The vent pipes are connected to the system components and the fuel tank by quick 
release connectors. On the fuel tank, the vent lines are connected to three roll over valves. The roll over valves are 
float valves that prevent fuel from entering the vent pipes due to fuel slosh or if the vehicle overturns.

Fuel vapour, generated in the tank as the fuel heats up, is stored in the tank until the pressure is sufficient to open the 
outward venting side of the two-way valve. When the two-way valve opens, excess pressure is released through the 
vapour separator and the EVAP canister to atmosphere. The vapour separator and the EVAP canister remove fuel 
from the vapour and relatively fuel free air vents to atmosphere. When the fuel tank cools and vapour pressure 
decreases below ambient pressure, the two-way valve opens and outside air is drawn through the EVAP canister and 
vapour separator into the tank.

Some of the fuel removed from the vapour vented from the fuel tank is stored in the EVAP canister. Since there is a 
limit to the volume of fuel that can be stored in the EVAP canister, when the engine is running fuel is purged from the 
EVAP canister, through the purge valve, and burned in the engine.

EVAP System Schematic

1 Vapour separator
2 EVAP canister
3 ECM
4 Throttle
5 Purge valve

6 Fuel tank
7 Roll over valve
8 Two-way valve
9 Fuel filler cap

10 Filler tube

Two-way Valve
The two-way valve is installed in the vent pipe from the tank, next to the fuel tank pump unit. The two-way valve opens, 
to release pressure from the fuel tank, at 0.018 to 0.050 bar (0.26 to 0.73 lbf/in2). Air is allowed to flow back into the 
fuel tank, as the pressure in the tank decreases, through a non return valve within the body of the two-way valve.
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Vapour Separator
The vapour separator is installed at the front of the RH rear wheel arch, behind the wheel arch liner. The vapour 
separator prevents the charcoal in the EVAP canister being saturated with fuel, by condensing out some of the fuel 
in the vapour vented from the fuel tank. Condensed fuel from the vapour separator drains back to the fuel tank through 
the vent pipe.

EVAP Canister 

1 Canister housing
2 Vapour separator connection

3 Atmospheric vent connection
4 Purge valve connection

The EVAP canister is installed at the front of the RH rear wheel arch, behind the wheel arch liner. Charcoal in the 
EVAP canister absorbs and stores fuel from the vapour vented from the fuel tank. When the engine is running, fuel is 
purged from the EVAP canister by outside air being drawn through the charcoal and the outlet to the purge valve.

Purge Valve
The purge valve is installed on the LH suspension turret in the engine compartment, and connected to the EVAP 
canister by a vent pipe installed on the underside of the vehicle, next to the fuel delivery pipe. A second vent pipe 
connects the purge valve to the inlet manifold. The purge valve is controlled by the Engine Control Module (ECM) and 
remains closed below a preset coolant temperature and engine speed, to protect engine tune and catalytic converter 
performance. If the EVAP canister is purged during cold running or at idle, the additional enrichment of the fuel mixture 
delays the catalytic converter light off time and causes erratic idle speed. When engine operating conditions are 
suitable, the ECM opens the purge valve and the depression in the inlet manifold draws fuel vapour from the EVAP 
canister.
DESCRIPTION AND OPERATION 17-2-5



EMISSION CONTROL - K SERIES 1.8
17-2-6 DESCRIPTION AND OPERATION



EMISSION CONTROL - K SERIES KV6

EMISSION CONTROL - K SERIES KV6DESCRIPTION AND OPERATION

Emission Control Component Layout – 
Crankcase and Exhaust (All Except NAS)

1 Crankcase breather hose to throttle body
2 Crankcase breather hose to inlet manifold 

chamber

3 Main (downstream) catalytic converter
4 RH starter (upstream) catalytic converter
5 LH starter (upstream) catalytic converter
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Emission Control Component Layout – 
Crankcase and Exhaust (NAS)

1 Crankcase breather hose to intake duct
2 Crankcase breather hose to inlet manifold

3 Catalytic converters
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Emission Control Component Layout – 
EVAP (All Except NAS)

1 Fuel tank vent lines
2 Two-way valve
3 Purge valve
4 Vent line from fuel tank

5 EVAP canister
6 Vent line to purge valve
7 Vent line to atmosphere
8 Vapour separator
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Emission Control Component Layout – 
EVAP (NAS)
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1 Fuel tank vent pipes
2 Two-way valve
3 Purge valve
4 Recirculation pipe
5 DMTL to air filter vent pipe
6 Fuel tank to vapour separator vent pipe
7 DMTL
8 Canister to DMTL vent pipe
9 Canister support bracket

10 Vapour separator to canister vent pipe
11 EVAP canister
12 Canister to purge valve vent pipe
13 Air filter
14 Vapour separator
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Description

General
The vehicle is fitted with the following control systems to reduce emissions released into the atmosphere:
l Crankcase emission control.
l Exhaust emission control.
l Evaporative emissions (EVAP) control.

CAUTION: In many countries it is against the law for a vehicle owner or an unauthorised dealer to modify or 
tamper with emission control equipment. In some cases, the vehicle owner and/or the dealer may even be 
liable for prosecution.

The emission control systems fitted to the vehicle are designed to keep the emissions within the legal limits, at the 
time of manufacture, provided that the engine and the fuel system components are correctly maintained and in good 
mechanical condition.

Crankcase Emission Control System
The crankcase is vented via the oil drain passages in the cylinder blocks and cylinder heads and two ports in each 
camshaft cover. Plastic pipes connect the larger ports in the camshaft covers to either the throttle body (all except 
NAS) or the intake duct (NAS), on the upstream side of the throttle disc. The smaller ports in the camshaft covers are 
connected to the inlet manifold, downstream of the throttle body, also by plastic pipes. Each of the smaller ports 
incorporate a restrictor and a gauze oil separator to prevent oil being drawn out of the camshaft covers with the blow-
by gases. Quick release locking collars and 'O' rings are used for all of the pipe connections with the camshaft covers, 
throttle body and air intake duct.

When the engine is running with the throttle disc closed, the depression downstream of the throttle disc draws 
crankcase gases into the inlet manifold through the smaller ports in the camshaft covers. Clean air, from the upstream 
side of the throttle disc, is drawn into the crankcase through the larger ports in the camshaft covers to limit the 
depression produced in the crankcase.

When the engine is running with the throttle disc wide open, the upstream and downstream sides of the throttle disc, 
and thus the two ports in each camshaft cover, are subjected to similar, relatively weak, depression levels. Crankcase 
gases are then drawn out of both ports in each camshaft cover, with the majority being drawn out of the unrestricted 
larger ports and into the throttle body.

At interim throttle disc positions the flow of the crankcase gases varies, between those produced at the closed and 
wide open throttle disc positions, depending on the depression levels produced upstream and downstream of the 
throttle disc.

Exhaust Emission Control
The engine management systems provide accurately metered quantities of fuel to the combustion chambers to 
ensure the most efficient use of fuel and to minimise the exhaust emissions. In some markets, to reduce the carbon 
monoxide and hydrocarbons content of the exhaust gases, catalytic converters are installed in the exhaust system. 
Where catalytic converters are fitted:
l In all except NAS markets, a 'starter' catalytic converter is integrated into each exhaust manifold and a main 

catalytic converter is integrated into the exhaust system front pipe.
l In NAS markets, a catalytic converter is integrated into each downpipe close to the exhaust manifolds.

In the catalytic converters the exhaust gases are passed through honeycombed ceramic elements coated with a 
special surface treatment called 'washcoat'. The washcoat increases the surface area of the ceramic elements by a 
factor of approximately 7000. On top of the washcoat is a coating containing the elements which are the active 
constituents for converting harmful emissions into inert by-products. The active constituents consist of platinum and 
rhodium. Platinum adds oxygen to the carbon monoxide and the hydrocarbons in the exhaust gases, to convert them 
into carbon dioxide and water respectively. The rhodium removes oxygen from the Nitrous Oxides (NOx) to convert 
them into nitrogen.
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The correct operation of the catalytic converters is dependent upon close control of the oxygen content of the exhaust 
gas. The quantity of oxygen in the exhaust gas is monitored by the Engine Control Module (ECM) using an input from 
the Heated Oxygen Sensor (HO2S) upstream of the catalytic converters. The ECM also monitors the condition of the 
catalytic converters using an input from the HO2S downstream of the catalytic converters.

EVAP Control
The EVAP control system reduces the level of hydrocarbons released into the atmosphere by fuel vapour venting from 
the fuel tank. On NAS models, a positive pressure leak detection function is incorporated to monitor the integrity of 
the system. The EVAP control system comprises:
l A two way valve.
l A vapour separator.
l An EVAP canister.
l A purge valve.
l A Diagnostic Module for Tank Leakage (DMTL) (NAS only).
l An air filter (NAS only).
l Interconnecting vent pipes.

The EVAP control system is connected to the Onboard Refuelling Vapour Recovery (ORVR) valve (NAS only) and/
or the roll over valves in the fuel tank. The ORVR valve and the roll over valves are float valves that allow inward and 
outward venting of the fuel tank, but prevent the escape of fuel into the vent pipes due to fuel slosh or if the vehicle 
overturns. The ORVR valve is normally closed when the fuel tank is full and normally open at all other fuel levels. The 
roll over valves are normally open at all fuel levels.

On all except NAS vehicles, venting occurs through the roll over valves and the two-way valve with changes of tank 
pressure.

On NAS vehicles, when the fuel tank is less than full, venting is unrestricted through the ORVR valve. Only when the 
fuel tank is full does venting occur, with changes of tank pressure, through the roll over valves and the two-way valve.

Vapour vented from the fuel tank passes through the EVAP control system to atmosphere. The EVAP canister 
absorbs fuel from the vapour and relatively fuel free air vents to atmosphere. Since there is a limit to the storage 
capacity of the EVAP canister, when the engine is running fuel is purged from the EVAP canister and burned in the 
engine.

On NAS vehicles, to reduce the load on the EVAP canister during refuelling, a proportion of the air expelled from the 
tank is recirculated through a pipe connected between the top of the vapour separator and the filler tube. The 
recirculation flow is induced by fuel in the filler tube flowing past a restrictor installed in the recirculation pipe 
connection on the filler tube. With the recirculation flow present, less fresh air enters the tank, which reduces the 
volume of vapour generated and fuel deposited in the EVAP canister.

On NAS vehicles, the DMTL periodically checks the EVAP control system and fuel tank for leaks when the ignition is 
switched off.
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EVAP System Schematic (All Except NAS)

1 Vapour separator
2 EVAP canister
3 ECM
4 Throttle
5 Purge valve

6 Fuel tank
7 Roll over valve
8 Two-way valve
9 Fuel filler cap

10 Filler tube
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EVAP System Schematic (NAS)

1 Vapour separator
2 EVAP canister
3 DMTL
4 Change-over valve
5 0.5 mm (0.020 in) reference orifice
6 Air pump and motor
7 Air filter
8 ECM
9 Throttle body

10 Purge valve
11 Flap valve
12 Fuel tank
13 Roll over valve
14 ORVR valve
15 Two-way valve
16 Restrictor
17 Fuel filler cap
18 Filler tube

Two-way Valve
The two-way valve limits the pressure and depression in the fuel tank and, during refuelling, induces automatic cut-
off in the refuelling nozzle when the fuel in the tank reaches the full level. The two-way valve is installed in the vent 
pipe from the tank, next to the fuel pump assembly.

The two-way valve is a normally closed valve that opens, to release pressure from the fuel tank, at 18 to 50 mbar (0.26 
and 0.73 lbf/in2). Air is allowed to flow back into the fuel tank, as the pressure in the tank decreases, through a non 
return valve within the body of the two-way valve. The nominal opening pressure of the non return valve is 1 mbar 
(0.015 lbf/in2).

During refuelling, if the fuel in the tank reaches the full level outward venting becomes restricted, which creates a back 
pressure in the filler tube and automatically closes the refuelling nozzle. On all except NAS vehicles, the restriction is 
caused by the fuel covering the outlet to the vent pipe connected to the top of the filler tube. On NAS vehicles, the 
restriction is caused by the fuel closing the ORVR valve.

Vapour Separator
The vapour separator is installed at the front of the RH rear wheel arch, behind the wheel arch liner. The vapour 
separator prevents the charcoal in the EVAP canister being saturated with fuel, by separating any liquid from the 
vapour vented from the fuel tank. Separated fuel from the vapour separator drains back to the fuel tank through the 
vent pipe.
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EVAP Canister
The EVAP canister is installed at the front of the RH rear wheel arch, behind the wheel arch liner. Charcoal in the 
EVAP canister absorbs and stores fuel from the vapour vented from the fuel tank. When the engine is running, fuel is 
purged from the EVAP canister when the purge valve opens and clean air is drawn through the charcoal.

EVAP Canister (All Except NAS)

1 Canister housing
2 Vapour separator connection

3 Atmospheric vent connection
4 Purge valve connection

EVAP Canister (NAS)

1 Canister housing
2 Purge valve connection

3 Vapour separator connection
4 DMTL connection

Purge Valve
The purge valve is installed on the inlet manifold chamber, next to the throttle body, and connected to the EVAP 
canister by a vent pipe installed on the underside of the vehicle, next to the fuel delivery pipe.

The purge valve is controlled by the Engine Control Module (ECM) and remains closed below a preset coolant 
temperature and engine speed, to protect engine tune and catalytic converter performance. When engine operating 
conditions are suitable, the ECM opens the purge valve and the depression in the inlet manifold draws fuel vapour 
from the EVAP canister.
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DMTL (NAS Only)
The DMTL is connected to the atmospheric vent of the charcoal canister and incorporates an electric air pump, a 
normally open change-over valve and a 0.5 mm (0.020 in) reference orifice. The DMTL operates only after the ignition 
is switched off and is controlled by the ECM, which also monitors the air pump and the change-over valve for faults.

Air Filter (NAS Only)
The air filter prevents dust being drawn into the EVAP system. A breather tube connects the DMTL to the air filter, 
which is located above the RH rear wheelarch liner, immediately below the fuel filler cap.

Leak Diagnostic Operation (NAS Only)
To check the fuel tank and EVAP system for leaks, the ECM operates the air pump in the DMTL and monitors the 
current draw. Initially, the ECM establishes a reference current by pumping air through the reference orifice and back 
to atmosphere. Having established a reference current, the ECM then closes the change-over valve, which seals the 
EVAP system (the purge valve already being closed), and diverts the output from the air pump around the reference 
orifice and into the EVAP system.

When the change-over valve is first closed, the load on the pump drops to zero, then, provided there are no leaks, the 
pump begins to pressurise the EVAP system and the load and current draw of the pump begin to increase. By 
monitoring the rate and level of current increase, the ECM can determine if there is a leak in the system.

During the leak check, the ECM energises a heating element in the air pump to prevent condensation forming and 
producing an incorrect current reading.

Leaks are classified as minor (equivalent to hole diameter of 0.5 to 1.0 mm (0.02 to 0.04 in) or major (equivalent to 
hole diameter of 1.0 mm (0.04 in) or greater). 

The ECM conducts a check for major leaks each time the ignition is switched off, provided the following baseline 
conditions are met:
l The ECM is in power down mode more than 3 seconds after the ignition is switched off.
l The vehicle speed is zero.
l The engine speed is zero.
l The pressure altitude (derived from engine load calculations) is below 1830 m (6000 ft).
l The engine coolant temperature is more than 2.25 °C (36 °F).
l The ambient temperature is between 0 and 40 °C (32 and 104 °F).
l The EVAP canister load factor is 3 or less (the load factor is a measure, between –1 and +30, of the amount of 

fuel vapour stored in the EVAP canister, where –1 is 0% fuel vapour, 0 is stoichiometric fuel vapour level and 
+30 is 100% saturated with fuel vapour).

l The fuel tank level is valid and between 15 and 85 % of the nominal capacity.
l The engine running time during the previous ignition on cycle was more than 20 minutes.
l Battery voltage is between 10.94 and 14.52 volts.
l The last engine off time was more than 150 minutes.
l No errors with the following functions or components:

l Road speed.
l EVAP system load monitoring.
l Engine coolant temperature.
l Ambient air temperature.
l Fuel level.
l Purge valve.
l DMTL.

A check for minor leaks is only conducted after every 14th major leak check or after refuelling is detected.

At the end of the leak check the ECM stops the air pump and opens the change-over valve.

If the fuel filler cap is opened or refuelling is detected during the leak check, by a sudden drop in the current draw or 
rise in fuel level, the leak check is aborted.

If a leak is detected during the check, the ECM stores an appropriate fault code in memory. If a leak is detected on 
two consecutive checks, the ECM illuminates the MIL on the next drive cycle.

The duration of the leak check is between 40 and 270 seconds, depending on results and the level of fuel in the tank.

A leak test can be invoked using TestBook/T4, which overrides the baseline conditions requirement.
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Leak Check Sequence

A = Pump motor current; B = Time
X = Current draw for tight system; Y =  Current draw for minor leak; Z =  Current draw for major leak

1 Pump motor energised: Air directed through reference orifice to atmosphere, to establish reference current.
2 Reference current.
3 Change-over valve energised: Air directed through EVAP canister into fuel tank.
4 Major leak check completed: If current is above stored value, no major leak present; if current is below stored 

value, major leak present.
5 Minor leak check completed, with no minor leak detected, when current exceeds reference value.
6 Minor leak check completed, with minor leak detected, when current stabilises at or below reference current.
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ENGINE MANAGEMENT SYSTEM - EDC
Engine Management Component Layout

RHD shown, LHD similar
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1 CMP sensor
2 Glow plug
3 MAF/ IAT sensor
4 HP fuel sensor
5 ECM
6 Glow plug ECU
7 Fuel filter
8 LP fuel sensor
9 Main relay

10 A/C compressor clutch relay
11 Secondary low pressure fuel pump
12 EGR control valve
13 EGR modulator
14 CKP sensor
15 Boost pressure sensor
16 HP fuel injection pump
17 Fuel pressure regulator
18 ECT sensor
19 Fuel injector
20 Throttle Position sensor
21 Instrument pack
22 Immobilisation ECU
23 Diagnostic socket
24 EAT ECU
25 Cruise control interface ECU
26 BCU
27 ABS ECU/modulator
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ENGINE MANAGEMENT SYSTEM - EDC
Engine Management Control Diagram

A = Hardwired connection; D = CAN bus; J = Diagnostic ISO 9141-2 K line bus
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1 Instrument pack
2 Fuel pump relay
3 Main relay
4 A/C compressor clutch relay
5 LP fuel sensor
6 MAF/ IAT sensor
7 CMP sensor
8 CKP sensor
9 EGR modulator

10 Glow plug ECU
11 Boost pressure switch
12 HP fuel sensor
13 Fuel pressure regulator
14 ECT sensor
15 Throttle Position sensor
16 Clutch switch
17 Brake switch
18 Immobilisation ECU
19 Diagnostic socket
20 ABS ECU/modulator
21 EAT ECU
22 Cruise control interface ECU
23 ECM
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ENGINE MANAGEMENT SYSTEM - EDC
Description

General
The Td4 engine has an Electronic Diesel Control (EDC) engine management system. The system is controlled by an 
Engine Control Module (ECM) and is able to monitor, adapt and precisely control the fuel injection. The ECM uses 
multiple sensor inputs and precision control of actuators to achieve optimum performance during all driving conditions.

The advantages of the system are:
l Greater fuel economy.
l Reduced exhaust emissions.
l Reduced engine noise.
l More effective cold starting.
l Smoother engine operation.

The ECM controls fuel delivery to all four cylinders via a Common Rail (CR) injection system. The CR system uses a 
fuel rail to accumulate highly pressurised fuel and feed four electronically controlled fuel injectors. The fuel rail is 
located in close proximity to the four fuel injectors, which maintains full system pressure at each injector at all times.

The ECM utilises the drive by wire principle for acceleration control. There are no control cables or physical 
connections between the accelerator pedal and the engine. Accelerator pedal demand is communicated to the ECM 
by the throttle potentiometer, which is installed on the pedal box. A variable reading from the throttle potentiometer, 
enables the ECM to determine the position, and the rate and direction of movement of the accelerator pedal. The ECM 
uses this information to facilitate the correct engine response.

The ECM controls the Exhaust Gas Recirculation (EGR) system which is fitted to reduce the formation of oxides of 
nitrogen (NOx). This group of gases is formed in the combustion chamber under conditions of high temperature and 
pressure. It is not desirable to reduce the compression ratio, so the ECM reduces the combustion temperature by 
introducing a controlled volume of inert gas into the cylinders on the induction stroke.

The inert gas used is exhaust gas, which is freely available. It is directed from the exhaust manifold, via a control valve, 
into the intake manifold. The flow of gas is monitored by the ECM using the MAF sensor. The EGR system is not 
required until the engine is hot, and is turned off during engine idling and wide open 'throttle' to preserve smooth 
operation and driveability.

The ECM processes information from the following input sources:
l Brake switch.
l Clutch switch (manual gearbox models).
l Crankshaft Position (CKP) sensor.
l Camshaft Position (CMP) sensor.
l Anti-lock Brake System (ABS) ECU.

  +  BRAKES, DESCRIPTION AND OPERATION, Description.
l Engine Coolant Temperature (ECT) sensor.
l Boost Pressure (BP) sensor.
l Low side fuel pressure sensor.
l Throttle potentiometer.
l Mass Air Flow/ Intake Air Temperature (MAF/ IAT) sensor.
l Fuel rail pressure sensor.
l Controller Area Network (CAN).

  +  COMMUNICATION DATA BUSES, DESCRIPTION AND OPERATION, Description.
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ENGINE MANAGEMENT SYSTEM - EDC
The input from the sensors constantly updates the ECM with the current operating condition of the engine. Once the 
ECM has compared current information with map information within its memory, the ECM can make any required 
adjustment to the operation of the engine via the following actuators:
l EGR modulator.
l Glow-plug relay.
l Fuel pressure regulator valve.
l Electronic fuel injectors.
l Cooling fan relay.
l A/C compressor clutch relay.
l Vacuum control module

The ECM also communicates with other systems on the vehicle, both receiving information used to influence fuelling 
and transmitting information of importance to the other systems.

The systems are as follows:
l ABS ECU.
l Electronic Automatic Transmission (EAT) ECU.

  +  AUTOMATIC GEARBOX - JATCO, DESCRIPTION AND OPERATION, Description.
l Glow-plug relay.
l Instrument pack.

  +  INSTRUMENTS, DESCRIPTION AND OPERATION, Description.
l Immobilisation ECU.

  +  SECURITY, DESCRIPTION AND OPERATION, Description.
l Cruise control interface ECU.

  +  ENGINE MANAGEMENT SYSTEM - EDC, DESCRIPTION AND OPERATION, Description.

Engine Control Module (ECM)

The ECM has a steel casing to provide protection from electromagnetic radiation and is located in the E-box.

The ECM contains data processors and memory microchips. The output signals to actuators are in the form of earth 
paths provided by driver circuits contained within the casing. The ECM driver circuits produce heat during normal 
operation and dissipate this heat via the casing. The airflow around the ECM should not be obstructed. There are 
regulated voltage outputs to some sensors which use less than 12 volts to avoid voltage drop during engine cranking.

The ECM cannot be tested directly, diagnosis must be performed by ensuring that inputs and outputs conform to 
specifications. TestBook is available for this purpose. If the ECM is to be replaced, the new ECM will be supplied 
'blank' and must be configured to the vehicle using TestBook. When the ECM is fitted to the vehicle it must also be 
synchronised to the immobilisation ECU using TestBook. Engine control modules cannot be swapped between 
vehicles.

M19 2774A
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ENGINE MANAGEMENT SYSTEM - EDC
Inputs and Outputs
The ECM is connected to sensors fitted to the engine which allow it to monitor engine operating conditions. The ECM 
processes these signals and decides the actions necessary to maintain optimum engine performance in terms of 
driveability, fuel efficiency and exhaust emissions. The memory of the ECM is programmed with instructions for how 
to control the engine, this is known as the strategy. The memory also contains data in the form of maps which the 
ECM uses as a basis for fuelling and emission control. By comparing the information from the sensors to the data in 
the maps, the ECM is able to calculate the various output requirements. The ECM contains an adaptive strategy which 
updates the system when components vary due to production tolerances or ageing

The ECM has an interface of 134 pins via five connectors providing both input information and output control. Not all 
134 pins are used.

ECM Harness Connectors

1 9 pin connector (C0603)
2 24 pin connector (C0604)
3 52 pin connector (C0606)

4 40 pin connector (C0331)
5 9 pin connector (C0332)

M19 2747

1 2 3 4 5
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ECM Harness Connector Pin Details (C0331)

ECM Harness Connector Pin Details (C0332)

Pin No. Description Input/Output
1 Charge check alternator Output

2 and 3 Not used -
4 Engine fan control Output

5 and 6 Not used -
7 Throttle potentiometer earth -
8 Throttle potentiometer signal Input

9 Throttle potentiometer supply Output
10 Fuel pump Output
11 Oil pressure sensor Output

12 Throttle potentiometer earth -
13 Throttle potentiometer signal Input
14 Throttle potentiometer supply Output

15 to 21 Not used -
22 Vehicle speed signal Input
23 Clutch switch Input

24 Brake switch main circuit Input
25 Not used -
26 Ignition voltage Input

27 Cruise control ECU MFL signal Input
28 Brake switch test circuit Input
29 Compressor relay Output

30 and 31 Not used -
32 Diagnostic interface Input/Output
33 Immobilisation Input/Output

34 and 35 Not used -
36 CAN bus high Input/Output
37 CAN bus low Input/Output

38 to 40 Not used -

Pin No. Description Input/Output
1 Supply electronic fuel injector cylinders 2 and 4 Input
2 Not used -

3 Electronic fuel injector cylinder 2 Input
4 Supply electronic fuel injector cylinders 1 and 3 Input
5 Electronic fuel injector cylinder 1 Output

6 Electronic fuel injector cylinder 4 Output
7 Not used -
8 Electronic fuel injector cylinder 3 Output

9 Not used -
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ECM Harness Connector Pin Details (C0603)

ECM Harness Connector Pin Details (C0604)

ECM Harness Connector Pin Details (C0606)

Pin No. Description Input/Output
1 Battery voltage Input

2 and 3 Not used -
4 Earth -

5 Earth -
6 Earth -
7 Ignition voltage Input

8 Main relay supply Input
9 Main relay earth Output

Pin No. Description Input/Output
1 to 8 Not used -

9 Fuel pressure sensor supply Output
10 Fuel pressure sensor earth -

11 to 16 Not used -

17 Fuel pressure sensor signal Input
18 to 24 Not used -

Pin No. Description Input/Output
1 MAF sensor supply Output

2 MAF sensor signal Input
3 MAF sensor earth -
4 CMP signal Input

5 Not used -
6 CKP signal Input

7 to 9 Not used -

10 EGR Output
11 Not used -
12 Glow plug control Output

13 Not used -
14 Boost pressure sensor supply Output
15 Boost pressure sensor signal Input

16 Boost pressure sensor earth -
17 CMP earth -
18 Not used -

19 Speed signal screen earth -
20 Fuel rail pressure sensor earth -

21 to 27 Not used -

28 ECT signal Input
29 IAT signal Input
30 Not used -

31 CKP earth -
32 ECT earth -
33 Fuel rail pressure sensor signal Input

34 Not used -
35 Fuel rail pressure sensor supply Output
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Vehicle Speed Signal
Vehicle speed is an important input to the ECM strategies and comes from the ABS ECU. The ABS ECU derives the 
speed signal for the ECM from the front LH ABS sensor. The frequency of this signal changes in accordance with road 
speed. The ABS ECU transmits the road speed on a hardwired connection to the ECM as a Pulse Width Modulated 
(PWM) signal. The ECM requires this signal to determine the following:
l How much to reduce engine torque during gear changes (automatic gearbox models).
l When to allow cruise control.
l Cruise control operation.
l Implementation of idle strategy when vehicle is stationary.

Communication
The use of digital communication provides advantages in performance and reliability over conventional analogue 
systems. Digital systems transmit information as a series of pulses along a single wire, or twisted pair of wires. The 
wires may be connected to various components in a system, this common information circuit is known as a data bus.

There are two data bus circuits which connect directly to the ECM:
l CAN bus: used for high speed applications such as ECM, EAT ECU and traction control functions.
l ISO 9141-2 K line bus: used for communication with TestBook and other diagnostic tools using Keyword 2000 

protocol.

36 and 37 Not used -

38 Fuel pressure regulator Output
39 and 40 Not used -

41 Oil pressure switch Input

42 to 49 Not used -
50 Charge check alternator Input
51 Not used -

52 Fault status glow plug relay Input

Pin No. Description Input/Output
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Throttle Potentiometer

The throttle potentiometer is located on the pedal box in the driver's footwell. The throttle potentiometer consists of 
two resistance tracks and two sliding contacts, effectively a pair of potentiometers, connected to the accelerator pedal 
assembly. The use of a pair of identical sensing elements ensures a position signal is still provided even if one of the 
sensing elements develops a fault; this is required because there is no mechanical linkage between the accelerator 
pedal and the ECM. As the accelerator pedal is depressed, the sliding contacts move along the resistance tracks to 
change the output voltage of the sensor.

By monitoring the voltage outputs from the throttle potentiometer, the ECM is able to determine the position, rate of 
change and direction of movement of the accelerator pedal. It will also store the voltages which correspond with 
closed 'throttle' and wide open 'throttle' and will adapt to new ones in the event of component wear or replacement.

The ECM uses the throttle potentiometer voltage to determine closed 'throttle' position to instigate idle speed control, 
and to enable the overrun fuel reduction strategy.

The throttle potentiometer signal is also broadcast on the CAN bus, where it is used by the EAT ECU to determine 
the correct point for gearshifts and kickdown.

The connector and sensor terminals are gold plated for corrosion resistance and temperature stability, care must be 
exercised when probing the connector and sensor terminals

The ECM supplies the throttle potentiometer with a regulated 5 volts supply and an earth path for the resistive tracks. 
The output signals vary according to the position of the accelerator pedal. The throttle potentiometer earth also acts 
as a screen to protect the integrity of the signal.

If the throttle potentiometer signal fails, the ECM increases the idle speed to 1,250 rev/min, and the engine speed will 
not increase when the accelerator is depressed.

In the event of an throttle potentiometer signal failure, the following symptoms may be  observed (unless the brake is 
activated): 
l No accelerator response.
l Failure of emission control.
l Automatic gearbox kickdown inoperative.

M19 2761A
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Crankshaft Position (CKP) Sensor 

The CKP sensor is located in the engine block, beneath the starter motor, with its tip adjacent to the outer 
circumference of the crankshaft reluctor ring.

The CKP sensor works on the variable reluctance principle. This uses the disturbance of the magnetic field which is 
set up around the CKP sensor, caused by the rotation of a reluctor 'target' attached to the crankshaft. The reluctor is 
a steel ring with 58 'teeth' and a space where two teeth are 'missing'. The teeth, and spaces between, each represent 
3° of crankshaft rotation. The two missing teeth provide a reference for angular position. As the reluctor rotates 
adjacent to the sensor tip, a sinusoidal voltage waveform is produced which can be interpreted by the ECM into 
crankshaft angular position and velocity.

The signal from the CKP sensor is required by the ECM for the following functions:
l To determine fuel injection timing.
l To enable the fuel pump relay circuit (after the priming period).
l To produce an engine speed message for broadcast on the CAN bus for use by other systems.

The two pins on the sensor are both outputs. To protect the integrity of the CKP signal the cable incorporates a screen. 
The cable screen earth path is via the ECM. Correct CKP sensor outputs are dependent upon the air gap between 
the tip of the CKP sensor and the passing teeth of the reluctor ring. The CKP air gap is not adjustable in this 
application.

In the event of a CKP sensor signal failure any of the following symptoms may be observed:
l Engine cranks but fails to start.
l Engine misfires.
l Engine runs roughly or stalls.

M19 2772A
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Camshaft Position (CMP) Sensor

The CMP sensor is located on top of the engine on the camshaft cover. This sensor is a Hall effect sensor producing 
one pulse for every camshaft revolution. The CMP sensor is only used on start up to synchronise the ECM programme 
with the CKP signal. This is to identify number one cylinder for correct injection timing. Once this has been achieved 
the input from the CMP sensor is no longer used in any of the ECM strategies.

Electrical input to the CMP sensor is supplied via the main relay located in engine compartment fuse box. One output 
is sensor earth, the other is the signal output to the ECM.

In the event of a CMP sensor signal failure the engine will crank but will not start.

Mass Air Flow/ Inlet Air Temperature (MAF/ IAT) Sensor 

The MAF/ IAT sensor is located on the engine intake air manifold, it combines the two functions into one unit.

The MAF sensor works on the hot film principle. The MAF sensor has two sensing elements contained within a film. 
One element is at ambient temperature e.g. 25 °C (77 °F) while the other is heated to 200 °C (392 °F) above this 
temperature e.g. 225 °C (437 °F).  As air passes through the MAF sensor it has a cooling effect on the film. The current 
required to maintain the 200 °C (392 °F) differential provides a precise, although non-linear, signal of the air drawn 
into the engine. The MAF sensor output is an analogue voltage proportional to the mass of the incoming air. The ECM 
utilises this data, together with information from the other sensors and the fuelling maps, to determine the correct fuel 
quantity to be injected into the cylinders. It is also used as a feedback signal for the EGR system.

M19 2762A

M19 2768A
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The IAT sensor incorporates a Negative Temperature Coefficient (NTC) thermistor in a voltage divider circuit. As the 
temperature of the intake air increases, the resistance in the thermistor decreases. As the thermistor allows more 
current to pass to earth, the voltage sensed at the ECM decreases. The change in voltage is proportional to the 
temperature change of the intake air. From the voltage output of the sensor, the ECM can correct the fuelling map for 
intake air temperature. This correction is an important requirement because hot air contains less oxygen than cold air 
for any given volume.

Inputs to the MAF sensor are a 12 volt supply from the engine compartment fuse box and an earth path connection. 
There are two outputs from the MAF sensor, these are in the form of a signal and signal return connection to the ECM. 
The IAT sensor utilises a 5 volt reference input from the ECM and shares the earth path of the MAF.  The output from 
the IAT is calculated within the ECM by monitoring the changes in the reference voltage which supplies the IAT 
voltage divider circuit. The MAF/ IAT sensor connector has gold plated terminals.

Normal operating parameters of the MAF/ IAT sensor are as follows:

MAF

IAT

Air mass, kg/h Current draw, µA
15 1.4255
30 1.7616

50 2.0895
60 2.2270

120 2.8356

220 3.4558
250 3.5942
370 4.0291

480 4.3279
640 4.6601

Temperature, °C (°F) Resistance, kΩ
-30 (-22) 22.960

-20 (-4) 13.850
-10 (14) 8.609
0 (32) 5.499

10 (50) 3.604
20 (68) 2.420
30 (86) 1.662

40 (104) 1.166
50 (122) 0.835
60 (140) 0.609

70 (158) 0.452
80 (176) 0.340
90 (194) 0.261

100 (212) 0.202
110 (230) 0.159
120 (248) 0.127

130 (266) 0.102
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If the MAF sensor fails the ECM implements a back up strategy, which is based on engine speed. In the event of a 
MAF sensor signal failure any of the following symptoms may be observed:
l Difficult starting.
l Engine stalls after starting.
l Delayed engine response.
l Emissions control inoperative.
l Idle speed control inoperative.
l Reduced engine performance.

Should the IAT sensor fail the ECM defaults to an assumed air temperature of -5 °C (23 °F).

In the event of an IAT sensor signal failure any of the following symptoms may be observed:
l Over fuelling resulting in black smoke.
l Idle speed control inoperative.

Boost Pressure (BP) Sensor
The BP sensor is located on the front side of the intake manifold and has a three pin connector. It provides a voltage 
signal relative to intake manifold pressure to the ECM. The BP sensor works on the piezo ceramic crystal principal. 
Piezo ceramic crystals are pressure sensitive and, in the BP sensor, oscillate at a rate dependent on air pressure. 
The BP sensor produces a voltage between 0 and 5 volts proportional to the pressure level of the air in the intake 
manifold. A reading of 0 volts indicates low pressure and a reading of 5 volts indicates high pressure. The ECM uses 
the signal from the BP sensor for the following functions:
l To maintain manifold boost pressure.
l To reduce exhaust smoke emissions while driving at high altitude.
l Control of the EGR system.
l Control of the vacuum control module

 ECM supplies the BP sensor with a 5 volt power supply. The output from the BP sensor is measured at the ECM. 
The earth path is supplied via the ECM.

In the event of a BP sensor signal failure any of the following symptoms may be observed:
l Altitude compensation inoperative (engine will produce black smoke).
l Active boost control inoperative.
l The ECM assumes a default pressure of 0.9 bar (13 lbf/in2).

Engine Coolant Temperature (ECT) Sensor

The ECT sensor is located in the engine block at the front of the engine. It provides the ECM with engine coolant 
temperature information. The ECM uses this ECT information for the following functions:
l Fuelling calculations.
l Temperature gauge.
l To limit engine operation if coolant temperature is too high.
l Cooling fan operation.
l Glow plug operating time.

M19 2773A
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The ECM ECT sensor circuit consists of an internal voltage divider circuit incorporating an external negative 
temperature coefficient thermistor. As temperature rises, the resistance in the thermistor decreases, as temperature 
decreases, the resistance in the sensor increases. The output of the sensor is the change in voltage as the thermistor 
allows more current to pass to earth according to the temperature of the coolant. The ECM compares the signal 
voltage to stored values and compensates fuel delivery to ensure optimum driveability at all times. The engine will 
require more fuel when it is cold to overcome fuel condensing onto the cold metal surfaces inside the combustion 
chamber. To achieve a richer air/fuel ratio the ECM extends the injector opening time. As the engine warms up the 
air/fuel ratio is leaned off.

The inputs and outputs for the ECT are a reference voltage and an earth return circuit, both provided by the ECM. 
The ECT signal is measured at the ECM.

ECT Sensor Resistance

In the event of an ECT sensor signal failure any of the following symptoms may be observed:
l Difficult cold start.
l Difficult hot start.
l Driveability concerns.
l Temperature gauge reading does not accurately represent the coolant temperature.

In the event of ECT signal failure the ECM applies a default value of 80 °C (176 °F) coolant temperature for fuelling 
purposes. The ECM will also run the cooling fan when the ignition is switched on to protect the engine from 
overheating.

Temperature, °C (°F) Resistance, kΩ
-30 (-22) 4.916
-20 (-4) 4.853

-10 (14) 4.745
0 (32) 4.584

10 (50) 4.354

20 (68) 4.046
30 (86) 3.660

40 (104) 3.220

50 (122) 2.751
60 (140) 2.267
70 (158) 1.862

80 (176) 1.490
90 (194) 1.182

100 (212) 0.938

110 (230) 0.738
120 (248) 0.581
130 (266) 0.464
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M19 2826A

Exhaust Gas Recirculation (EGR) Modulator

The EGR modulator is located on the front of the engine at the side of the starter motor. The EGR modulator is a 
solenoid operated valve which regulates the vacuum source to the EGR valve, causing it to open or close. The ECM 
utilises the EGR modulator to control the amount of exhaust gas being recirculated in order to reduce exhaust 
emissions and combustion noise. EGR is enabled when the engine is at normal operating temperature and under 
cruising conditions.

The EGR modulator receives battery voltage from the main relay in the engine compartment fusebox. The ECM 
completes the earth path to the solenoid winding. The ECM controls the EGR valve operation using a PWM signal. 
The duty cycle of the solenoid determines the amount of vacuum supplied to the EGR valve and, therefore, the volume 
of exhaust gas allowed to enter the cylinders.

In the event of an EGR modulator failure the EGR system will become inoperative.

Brake Switch

The brake switch is located on the pedal box assembly, it is a Hall effect switch which detects the position of the brake 
pedal, and therefore when the driver has applied the brakes. The ECM uses the signal from the brake switch for the 
following:
l To limit fuelling during braking.
l To inhibit/ cancel cruise control if the brakes are applied.

The brake switch includes two separate circuits, one normally open and one normally closed, connecting to earth. The 
two circuits are referred to as main brake and brake test.

M19 2956
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Brake Switch Outputs

In the event of a brake switch failure any of the following symptoms may be observed:
l Cruise control will be inactive.
l Increased fuel consumption.

Clutch Switch

The clutch switch is a Hall effect device and is located on the pedal box assembly. The clutch switch is activated when 
the clutch pedal is operated. The ECM uses the signal from the clutch switch for the following functions:
l To provide surge damping during gear changes.
l To inhibit/ cancel cruise control if the clutch pedal is pressed.

Surge damping stops engine speed rising dramatically during gear changes. Surge damping assists driveability in the 
following ways:
l Smoother gear changes.
l Greater exhaust gas emission control.
l Improved fuel consumption.

The clutch switch receives a 12 volts reference voltage from the ECM. With the clutch pedal in the rest position the 
switch is connected to earth. When the clutch pedal is pressed the ECM receives a 12 volt signal.

In the event of a clutch pedal switch failure any of the following symptoms may be observed:
l Surge damping will be inactive
l Cruise control will be inactive

Main Relay
The main relay is located in the E-box in the engine compartment. The relay controls the voltage supplies to the main 
peripheral components of the system under the control of the ECM. The ECM has a feed which allows it to become 
active when it receives an input from the ignition switch position II (ignition on). The ECM will then energise the main 
relay.

The main relay is a standard normally open 4 pin relay.

The main relay contact supplies battery voltage to the following components:
l ECM.
l MAF/ IAT sensor.
l CMP sensor.
l Fuel pressure regulator.
l EGR modulator.
l Glow plug relay.

Switch condition Brake test circuit Main brake circuit
Brake not pressed Open circuit Earth
Brake pressed Battery positive 6 – 8V

M19 2826A
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Voltage input to the relay winding and the contacts comes from the vehicle battery. When the main relay is energised, 
the switching contact closes and power is supplied to various components on the vehicle.

The earth path for the main relay winding is supplied by the ECM. When the earth path is completed, the main relay 
energises.

In the event of a main relay failure any of the following symptoms may be observed:   
l Engine will crank but not start.
l The engine will stop if the relay fails.

Glow Plug Relay And Glow Plugs

The glow plug relay is located next to the ECM in the E-box. The ECM controls all glow plug operations via the glow 
plug relay. The glow plug warning lamp is controlled by the ECM from information received from the glow plug relay.

The 4 glow plugs are located in the cylinder head on the inlet side. The glow plugs form a vital part of the engine 
starting strategy. The glow plugs heat the air inside the cylinder during cold starts to assist combustion. The use of 
glow plugs helps to reduce the amount of extra fuel required on start up, the main cause of black smoke. It also 
requires less injection advance, which reduces engine noise, particularly when idling with a cold engine.

The main part of the glow plug is a tubular heating element that protrudes into the combustion chamber of the engine. 
The heating element contains a spiral filament encased in magnesium oxide powder. At the tip of the tubular heating 
element is the heater coil. Behind the heater coil, and connected in series, is a control coil. The control coil regulates 
the heater coil to ensure that it does not overheat.

Pre-heat is the length of time the glow plugs operate prior to engine cranking. The ECM controls the pre-heat time of 
the glow plugs based on battery voltage and coolant temperature information.

Post-heat is the length of time the glow plugs operate after the engine starts. The ECM controls the post-heat time 
based on ECT information. If the ECT fails, the ECM will operate pre-heat and post-heat time strategies with default 
values from its memory. The engine will be difficult to start.

The glow plug relay is supplied with power directly from the vehicle battery, an earth connection directly to the vehicle 
body from the glow plug relay is used. The glow plug relay also receives a voltage signal from the main relay to 
indicate ignition switch operation. Input information relating to engine temperature and time base calculations comes 
from the ECM. The glow plug relay is able to process this information and then supply output control to the glow plugs 
in the engine.

In the event of a glow plug failure any of the following symptoms may be observed:
l Difficult starting.
l Excessive smoke emissions after engine start.

M19 2769
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Glow Plug Relay Harness Connector (C0215) Pin Details

The glow plug relay is not able to generate fault codes.

Common Rail (CR) Fuel Injection 
The CR system is modular in design and is made up of the following components:
l ECM.
l Primary LP fuel pump.
l Secondary LP fuel pump.
l Fuel filter.
l LP fuel sensor.
l HP fuel pump.
l Fuel rail.
l Fuel rail pressure sensor.
l Four electronic injectors.
l Fuel pressure regulator valve.

The fuel rail is fed with pressurised fuel from the HP fuel pump and acts as an accumulator. The fuel is delivered from 
this intermediate accumulator to the injectors via short, HP fuel pipes. The volume of the fuel rail damps fluctuations 
in pressure caused by the HP fuel pump delivery and injector operation. The fuel pressure sensor is screwed into the 
end of the fuel rail and sends a voltage signal corresponding to rail pressure to the ECM.

The advantages of a CR system are as follows:
l Fuel pressure can be maintained regardless of injection duration and engine speed.
l Reduced smoke emission through more efficient atomisation due to higher injector pressures.
l Fuel pressure can be optimised to produce better idle characteristics, and reduced operating noise.
l Greater control of the starting and finishing point of injection, thereby reducing fuel consumption and smoke 

emissions.

With the CR injection system it is possible to determine injection pressure and injection volume for a wide variety of 
operating conditions. With this flexibility the CR system can be utilised by the ECM to provide the following benefits:
l Pilot fuel injection.
l Smoke limitation.
l Active surge damping.

Pin No. Description Input/Output
1 Battery supply Input
2 Glow plug cylinder 3 Output
3 Glow plug cylinder 4 Output

4 Not used -
5 Module earth Output
6 Not used -

7 Not used -
8 Glow plug cylinder 2 Output
9 Glow plug cylinder 1 Output

10 Glow plug operation control from ECM Input
11 Glow plug heater feedback to ECM Output
12 Switched power ignition position II Input
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Fuel Delivery – High Pressure (HP) Side
The HP fuel pump supplies fuel to the fuel rail. The pump is directly driven by the engine and is located at the front of 
the engine block. Fuel rail pressure is variable to allow for fuelling strategies such as noise limitation and surge control. 
The maximum fuel pressure is 1300 bar (18850 lbf/in2).

Fuel pressure is controlled by the ECM via the fuel pressure regulator valve located at the rear of the HP fuel pump. 
The ECM uses the output signal from the fuel rail pressure sensor, mounted on the end of the fuel rail, to maintain the 
optimum fuel pressure for the current conditions. The fuel pressure regulator reduces pressure by diverting fuel from 
the HP output back to the fuel tank.

The minimum operating pressures are 200 bar (2900 lbf/in2) during cranking and 300 bar (4350 lbf/in2) during idle, 
failure to reach these pressures will result in a non start situation, stalling or erratic idle.

Fuel Pressure Regulator Valve
The pressure regulator valve is mounted on the high-pressure pump and controls the fuel pressure within the fuel rail. 
It is an electrically operated solenoid valve controlled by the ECM with only two states, open and closed. When de-
energised, the valve is opened by a spring, diverting fuel to the return line. This decreases the fuel pressure in the 
fuel rail. In this state fuel rail pressure is approximately 100 bar (1450 lbf/in2). When energised, the valve is closed, 
allowing maximum fuel pressure in the fuel rail. This pressure can reach approximately 1300 bar (18,854 lbf/in2). The 
ECM controls the fuel rail pressure by operating the pressure regulator valve with a pulse width modulated signal. The 
longer the opening time (duty cycle) of the valve, the lower the pressure in the fuel rail. The shorter the opening time 
(duty cycle) of the valve, the higher the pressure in the fuel rail.

The pressure regulator receives a PWM signal of 0-12 volts from the ECM. ECM actuation of the pressure regulator 
is determined by the following:
l Fuel rail pressure.
l Engine load.
l Accelerator pedal position.
l Engine temperature.
l Engine speed.

In the event of a pressure regulator failure, any of the following symptoms may be observed:
l Engine will not start.
l Severe loss of power.
l Engine stalls.

Electronic Fuel Injector 
There are four electronic fuel injectors (one for each cylinder), each located in the centre of a cylinder's four valves. 
The electronic fuel injectors are supplied with fuel from the fuel rail and deliver finely atomised fuel directly into the 
combustion chambers. Each injector is controlled individually by the ECM according to the firing order. The injectors 
are provided with a 12 volt power supply from the main relay. The ECM provides the earth path for the electronic fuel 
injectors. By using an injection/ timing map within its memory, the ECM is able to determine precise pilot and main 
injection timing for each cylinder.

If battery voltage falls to between 6 and 9 volts, the electronic fuel injector operation is restricted, affecting the engine 
maximum speed range and idle speed.

Input to the electronic fuel injectors takes the form of electrical pulses (0 - 12V) from the ECM. The length of each 
pulse determines the amount of fuel injected.

In the event of a fuel injector failure, any of the following symptoms may be observed:
l Engine misfire.
l Idle faults.
l Reduced engine performance.
l Reduced fuel economy.
l Difficult cold start.
l Difficult hot start.
l Increased smoke emissions.
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Fuel Rail Pressure Sensor

The fuel rail pressure sensor is located on the end of the fuel rail. A diaphragm located within the sensor is in contact 
with the pressurised fuel. An electronic resistive element, attached to the diaphragm, distorts as the diaphragm 
changes in shape due to the pressure exerted by the fuel. The resistance values are converted into an analogue 
voltage within the pressure sensor and this signal is processed by the ECM. The ECM compares the signal to stored 
values to calculate current fuel pressure.

The fuel rail pressure sensor consists of the following components:
l Sensor housing with electrical connection.
l Printed circuit board with electrical evaluation switch.
l Diaphragm with integrated sensor element.

Electrical input to the fuel rail pressure sensor is a 5 volts supply from the ECM. Output is an analogue voltage 
between 0.5 - 4.5 volts.

In the event of a fuel rail pressure sensor failure any of the following symptoms may be observed:
l Engine will not start.
l Severe loss of power.
l Engine stalls.

Vacuum Control Module
The Vacuum control module is used by the ECM to control the Variable Nozzle Turbine (VNT) within the turbocharger 
unit.

The variable nozzle turbine improves turbine boost pressure by opening and closing internal vanes. The system uses 
signals from the boost pressure sensor, road speed signal and engine load to calculate a 'setpoint' boost pressure 
from an internal software 'map'. This in turn provides an angle for the vanes to be set to (between open and closed) 
to vary the boost pressure.

M19 2763
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Operation

General
The ECM controls the operation of the engine using information stored within memory in the form of maps. The maps 
contain data which is used to determine the most efficient fuelling for any given driving condition. The ECM also has 
maps for the operation of sub systems such as EGR. The ECM is an adaptive unit which 'learns' the characteristics 
of the vehicle components. This feature allows the ECM to compensate for any variations in components fitted to the 
vehicle in production, and to adapt to changes which may occur in service. The ability to compensate for 'wear and 
tear' and environmental changes during the life of the vehicle ensures that the ECM can comply with the emission 
control legislation over extended periods. The ECM is programmed with a 'strategy', this controls the decisions about 
'when' to turn specific functions on and off. The inputs to this decision making process are supplied by sensors, 
mounted at various locations on the vehicle, which supply information to the ECM.  If a sensor fails to supply 
information, the ECM will use the remaining sensors, and insert a default value for the missing information. This is not 
always possible, in which case the vehicle will be disabled. Where a default is used, this may result in reduced 
driveability, or an increase in fuel consumption and exhaust emissions. The ECM is programmed with vehicle specific 
information known as a 'calibration', this is the data required to calculate the 'outputs'. This information along with 
sensor inputs and interfaced data determines actuator output signals.

The ECM facilitates strategies such as:
l Smoke limitation.
l Active surge damping.
l Automatic gear change.
l Fuel reduction.
l Engine cooling.
l Combustion noise limitation.

 During idle and wide open 'throttle' conditions the ECM uses mapped information to respond to the input from the 
Throttle Position sensor. To implement the optimum fuelling strategy for idle and wide open 'throttle' the ECM requires 
input information from the following:
l CKP sensor.
l Throttle Position sensor.
l ECT sensor.
l MAF/ IAT sensor.
l High pressure fuel sensor.

This information is then compared to mapped information within the ECM to facilitate acceleration using the following 
actuators and controllers:
l EGR modulator - closed for cleaner combustion.
l Fuel pressure regulator - increase fuel pressure to injector rail.
l Electronic fuel injectors - injection duration longer.
l A/C compressor clutch relay - de-energised during wide-open 'throttle' to reduce engine load.
l EAT ECU - kickdown (automatic gearbox models).

During cold start conditions the ECM uses ECT information to determine if cold start strategy is required. During cold 
start conditions the ECM will inject more fuel into the cylinders and will initiate glow plug timing strategy for effective 
cold starting.  Normal fuel strategy is used during hot starts.

Injection Control
The purpose of the injection control is to deliver a precise quantity of finely atomised fuel into the combustion 
chambers at the correct times in the engine cycle.

To precisely control fuel injection quantity and timing, the following information must be available to the ECM:
l Crankshaft speed and position: This information enables the ECM to determine the volume of air induced into 

the cylinders and the position of the crankshaft for timing purposes.
l Camshaft position: This information enables the ECM to determine the relative positions of the crankshaft and 

camshaft for timing purposes.
l Injection timing map information: This information provides the basic data which is used by the ECM when 

calculating the injection timing and quantity. 
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l Engine coolant temperature: This information is used, in conjunction with the CKP and the fuelling map, to set 
the injection quantity to the correct value.

l Injector rail pressure: This information is used during fuelling calculations to correct the electrical opening times 
(injector duty cycle) to compensate for variations in fuel pressure.

l Mass air flow: This information is used by the ECM to calculate the mass of air which has entered the cylinders, 
and hence the amount of oxygen available for combustion of the fuel. It also allows the ECM to monitor EGR flow 
when the system is active.

l Intake air temperature: This information is required by the ECM to provide a correction factor for differing intake 
air temperatures. Cold air contains more oxygen than hot air for any given volume, therefore the fuelling must be 
adjusted to suit the prevailing conditions.

l Accelerator pedal position: This information is vital to the operation of the ECM and the vehicle. The ECM 
interprets the electrical signal from the throttle potentiometer as 'throttle' demand and controls the power output 
of the engine accordingly.

Pilot Fuel Injection
Pilot fuel injection helps to reduce engine clatter and vibration. The ECM provides this feature by opening the 
electronic fuel injectors briefly before injecting the main charge of fuel. This makes the flame front propagation through 
the main charge less abrupt, giving reduced levels of diesel knock.

Smoke Limitation
This requires high injection pressure to improve the atomisation of the fuel injected into the cylinders. By maintaining 
high fuel pressures at low engine speeds the ECM maximises the atomisation of the fuel for conditions where 
turbulence in the combustion chamber is reduced. The strategy contained in the ECM does not allow more fuel to be 
injected than there is oxygen available in the cylinders.

Active Surge Damping
Active surge damping is implemented to prevent the engine surging when the EAT ECU changes gear, or the clutch 
switch indicates that the clutch pedal is depressed. The ECM will reduce fuelling to lower the engine torque output, 
thereby preventing engine surge.

Variable Nozzle Turbine
The variable nozzle turbine makes it possible to vary the exhaust gas flow of the turbine by varying the angle that the 
guide vanes are set at. With the guide vanes in a closed position the exhaust gas flow is reduced and the gas flow to 
the turbine wheel is increased. This results in an increase in boost pressure.

The boost pressure sensor provides a feed back a signal relative to inlet manifold pressure to the ECM. The ECM 
also calculates engine load and uses this along with the boost pressure sensor input to send a signal (PWM) to the 
vacuum control module to determine the amount of vacuum supplied to the vacuum control cell. The amount of 
vacuum operates between 0 mBar to 640 mBar depression (640 mBar with the vanes fully closed-maximum boost).

Air Conditioning (A/C) 
The A/C system is dependent on the ECM for actuation of the compressor clutch. While the engine is running, the 
ECM receives a compressor on/off request on the CAN bus every 10 seconds, and each time that the A/C is turned 
on or off. When the request is for the compressor to be turned on, the ECM will engage the compressor clutch 
providing the following conditions exist:
l All engine sensors are functioning.
l The engine is not under heavy load (i.e. accelerator pedal is not fully down).
l The coolant temperature is not more than 118 °C (244 °F).
l Evaporator temperature not less than -7 °C (25 °F).
l Engine speed over 500 rev/min.
l A/C refrigerant pressure within the limits required by the trinary switch.

The ECM engages the compressor clutch by providing an earth path for the A/C compressor clutch relay winding. The 
contacts in the relay close and supply a 12 volt feed to engage the compressor clutch. When the compressor clutch 
request has been granted a confirmation message is broadcast on the CAN bus.

If any of the conditions necessary to engage the compressor clutch cease to exist, the ECM will disengage the 
compressor. The ECM broadcasts a confirmation that the A/C clutch has been disengaged on the CAN bus.
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Cooling Strategy 
The ECM controls cooling fan operation for the engine, automatic gearbox and A/C condenser. With the ECM 
controlling cooling fan operation, it can adjust injection duration and timing to compensate for additional engine load 
imposed by the alternator during cooling fan operation. The ECM can request one of three fan speeds depending on 
coolant temperature, EAT ECU and A/C requests. These fan speeds are:
l Low: 250 rev/min.
l Medium: 800 rev/min.
l High: 1750 rev/min.

Priority will be given to the highest fan speed request. When A/C is requested, fan speed is set to low, unless the EAT 
ECU or ECT requires a higher fan speed. If the cooling request circuit of the trinary switch is open the fan speed is 
then set to medium. High speed fan operation will be selected by one of the following conditions:
l Engine temperature is greater than 119 °C (246 °F).
l EAT ECU request for increased cooling.

The ECM achieves fan speeds by sending a 140 Hz PWM signal to a PWM converter located within the fan relay 
module. The PWM converter is connected to three relays, also located within the fan relay module, and determines 
which relays to energise by the duty cycle of the pulse:
l 13%: Relay one energised to give low fan speed.
l 40%: Relays one and two energised to give medium fan speed.
l 86%: Relays one, two and three energised to give high fan speed.

Electronic Automatic Transmission (EAT) ECU Strategy
On automatic gearbox models, the EAT ECU implements an idle neutral strategy, which is part of the fuel reduction 
strategy. Neutral is selected, reducing engine load and fuel consumption, when all of the following conditions are met:
l ECM confirms engine at idle.
l 'D' selected on gear selector lever.
l Foot brake applied.

Should one of these conditions change, after neutral has been selected, 'D' will be reselected automatically.

When the EAT ECU requests, via the CAN bus, a reduction in engine torque, the ECM reduces engine torque by 
cutting back fuel delivery. This ensures smooth gear changes throughout the engine speed and load ranges, and 
reduces exhaust emissions.

Information sent from the ECM to the EAT ECU using the CAN bus is as follows:
l Accelerator pedal position.
l Engine torque.
l Engine speed.
l Coolant temperature.
l Ignition key position.
l Virtual 'throttle' angle.

Information sent from the EAT ECU to the ECM using the CAN bus is as follows:
l Torque reduction requests.
l Gear lever position.
l Current gear.
l Gear change in progress.
l Additional cooling request.

Immobilisation System
The ECM plays a major role in the immobilisation of the vehicle. The ECM inhibits engine fuelling until the ECM 
receives a valid coded signal from the immobilisation ECU. The coded signal from the immobilisation ECU comes in 
the form of a rolling code. This code cannot be copied or bypassed in any way.

When new, the immobilisation ECU is blank and is programmed with a starting code known as a 'seed'. The seed is 
then used as a base point for the rolling code when the immobilisation ECU is synchronised to the ECM during 
manufacture.

Once synchronised, the ECM and immobilisation ECU are not interchangeable and work as a matching pair.

When a new ECM is fitted to a vehicle during service, the new ECM must be in a blank condition. The blank ECM 
must be re-synchronised to the immobilisation ECU using TestBook.
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When a new immobilisation ECU is fitted to a vehicle during service, the new immobilisation ECU must be supplied 
with a seed that matches the vehicle. This information is held by Rover. The rolling codes in the new immobilisation 
ECU and the existing ECM must then be synchronised using TestBook.

The immobilisation ECU receives engine speed information from the ECM to inhibit starter motor operation when the 
engine is running, to prevent damage to the starter drive pinion and ring-gear. Engine speed information is broadcast 
on the CAN bus by the ECM. The instrument pack converts and broadcasts the engine speed signal on the K bus 
where it is received by the immobilisation ECU.

Cruise Control
The ECM incorporates a cruise control program which is activated and deactivated by an input from the cruise control 
interface ECU. 
  +  ENGINE MANAGEMENT SYSTEM - EDC, DESCRIPTION AND OPERATION, Description.

During cruise control operation, the ECM controls vehicle speed by adjusting fuel injection duration and timing. On 
automatic gearbox models, when the accelerator pedal is released during cruise control the ECM outputs a calculated 
'throttle' angle signal to the EAT ECU in place of the actual 'throttle' angle signal derived from the Throttle Position 
sensor. The calculated 'throttle' angle is derived from fuel demand.
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DESCRIPTION AND OPERATION

Cruise Control Component Layout

RHD shown, LHD similar

1 Master switch
2 Warning lamp

3 Steering wheel switches
4 Interface ECU
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Cruise Control, Control Diagram

A = Hardwired connection; D = CAN bus; J = Diagnostic ISO 9141 K line bus
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1 Rotary coupler
2 Horn relay
3 Instrument pack
4 ABS modulator
5 EAT ECU
6 Fuel injector
7 Diagnostic socket
8 Fuse 35, passenger compartment fusebox
9 Ignition switch

10 Main relay
11 RES switch
12 SET+ switch
13 Fuse 4, engine compartment fusebox
14 Interface ECU
15 ECM
16 Master switch
17 Brake pedal position sensor
DESCRIPTION AND OPERATION 18-1-31



ENGINE MANAGEMENT SYSTEM - EDC
Description

General
The cruise control system is integrated with the engine management system and uses fuelling intervention to 
automatically maintain a set vehicle speed. Once engaged, the system can also be used to accelerate the vehicle 
without using the accelerator pedal. The cruise control system consists of:
l A master switch.
l SET+ and RES steering wheel switches.
l An interface ECU.
l A warning lamp.

The system also uses:
l Inputs from the brake pedal position sensor and the Anti-lock Braking System (ABS) modulator. 

  +  BRAKES, DESCRIPTION AND OPERATION, Description.
l The Engine Control Module (ECM). 

  +  ENGINE MANAGEMENT SYSTEM - EDC, DESCRIPTION AND OPERATION, Description.

The Controller Area Network (CAN) bus is used by the cruise control system for the exchange of data between the 
interface ECU, ECM, EAT ECU, ABS modulator and instrument pack.

Cruise control is enabled when the master switch is pressed. Once enabled, the cruise control system is operated 
using the steering wheel switches. The steering wheel switches output signals to the interface ECU, which then 
signals the ECM. In the cruise control mode, the ECM adjusts the pulse width of the fuel injector signals to adjust the 
fuel supply as necessary to maintain the vehicle at the set speed.

The cruise control warning lamp provides a visual indication of when the system is engaged.

Master Switch
The master switch controls an ignition feed to the interface ECU to enable the system. The switch is a mechanically 
latching push switch installed in the centre console switch panel. A green LED in the switch remains illuminated while 
the switch is latched.

Steering Wheel Switches
The steering wheel switches,  SET+ and RES, are non latching push switches that engage and disengage cruise 
control and adjust the set speed. While pressed, the switches connect a power feed from the battery, via the coil of 
the horn relay and the rotary coupler, to the interface ECU.

Interface ECU
The interface ECU converts the analogue signals from the steering wheel switches into serial data messages, known 
as Multi-Function Logic (MFL) messages, which are interpreted by the ECM to operate cruise control. The interface 
ECU also controls the output of a cruise engaged signal to the EAT ECU. The interface ECU is installed below the 
RH front seat, under a plastic protective cover.

MFL Messages
The ignition power supply from the master switch activates the interface ECU, which then monitors the inputs from 
the steering wheel switches and the cruise control status message from the CAN bus. From these, the interface ECU 
determines when to output one of three MFL messages, RESUME, SET or OFF, on the serial link to the ECM. Each 
time the interface ECU is enabled by the power feed from the master switch, the output of the RESUME message is 
automatically inhibited until after the first engagement of cruise control.

Cruise Engaged Signal
When cruise control is engaged, the interface ECU outputs battery voltage on a connection to the EAT ECU to provide 
a cruise control engaged signal. The EAT ECU uses the signal to switch between normal and cruise control modes 
of operation.
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Interface ECU Harness Connector (C0895)

Interface ECU Harness Connector Pin Details

Warning Lamp
The warning lamp indicates the status of the cruise control system. Located in the instrument pack, the warning lamp 
illuminates when cruise control is engaged, and consists of a motorway graphic on a yellow background.

CAN System
The CAN bus is a serial communications data bus, consisting of two wires twisted together, that allows the high speed 
exchange of digital messages between control units. The following CAN messages are used for control of the cruise 
control system:
l Cruise control status, from the ECM. To advise the interface ECU if the ECM cruise control mode is active or 

inactive. Also used by the instrument pack to operate the cruise control warning lamp.
l Road speed, produced by the ABS modulator from ABS sensor inputs. Used by the ECM for monitoring vehicle 

speed.
l 'Virtual' accelerator pedal position, calculated by the ECM from the amount of fuel used to maintain the set speed. 

Used by the EAT ECU for gear change control, in place of the input from the accelerator pedal position sensor.
l Gear position, from the EAT ECU. Used by the ECM to ensure the vehicle is in drive for cruise control operation.

Brake Pedal Position Sensor
Outputs from the brake pedal position sensor are supplied to the ECM to enable the system to detect when the brakes 
are applied. The brake pedal position sensor is a Hall effect sensor that produces two outputs. Both outputs should 
be 0 to 2 volts while the brake pedal is released, then increase to between 8 and battery volts when the brake pedal 
is pressed.

ECM
The ECM incorporates a software module and associated components to enable cruise control operation by direct 
control of the fuel injectors. In addition to controlling the fuel injectors, the software module monitors hardwired and 
CAN bus inputs to the ECM and prevents or suspends cruise control operation when the vehicle is not in the correct 
driving configuration.

Pin No. Description Input/Output
1 System earth -
2 MFL signal Output

3 SET+ switch Input
4 RES. switch Input
5 CAN bus low (L line) Input/Output

6 CAN bus high (K line) Input/Output
7 Cruise control master switch Input
8 Ignition power supply Input

9 Cruise control engaged signal Output
10 to 12 Not used -
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Operation

General
When the ignition is switched on, the interface ECU receives a power feed from the main relay and initialises the MFL 
serial link to the ECM. The ECM is in the normal fuelling mode and outputs the cruise control inactive message on the 
CAN bus. The interface ECU ignores inputs from the steering wheel switches.

When the master switch is pressed, the LED in the master switch illuminates and a second power feed is connected 
to the interface ECU to enable the system.

Engagement
Cruise control is engaged by pressing the SET+ steering wheel switch. On receipt of the input from the SET+ switch, 
the interface ECU outputs a SET MFL message. Provided the vehicle is in the correct driving configuration, when the 
ECM receives the SET message it stores the current vehicle speed in memory as the set speed. The ECM then 
adjusts the fuel delivery from the injectors as necessary to maintain the vehicle at the set speed, and changes the 
CAN bus message of cruise control status to active.

The vehicle is in the correct driving configuration, when:
l The brakes are off.
l The gearbox is in drive.
l The vehicle is moving at a road speed between 22 and 125 mph (35 and 200 km/h).
l Electronic Traction Control (ETC) is not active.

On receipt of the cruise control active message on the CAN bus, the instrument pack illuminates the cruise control 
warning lamp and the interface ECU outputs the cruise control engaged signal to the EAT ECU. On receipt of the 
cruise control engaged signal, the EAT ECU adopts the cruise control mode, which uses a gear change map less 
sensitive to changes of (virtual) accelerator pedal position to prevent unnecessary gear changes. This improves 
operating refinement for a minor loss of performance.

Acceleration
While cruise control is engaged, the vehicle can be accelerated using either the SET+ switch or the accelerator pedal. 
Each momentary press (less than 0.5 second) of the SET+ switch causes the interface ECU to output a SET MFL 
message to the ECM, which then increments the set speed by 1 mph (1.6 km/h) and accelerates the vehicle to the 
new set speed. If the switch is held on, the interface ECU repeatedly sends the SET MFL message until the switch is 
released. While it receives the messages, the ECM keeps incrementing the stored set speed and accelerating the 
vehicle. When the switch is released and the messages stop, the ECM adopts the increased vehicle speed as the 
new set speed.

If the accelerator pedal is used to accelerate the vehicle, the ECM reverts to normal fuelling control when it detects 
the demand from the accelerator pedal position sensor exceeds that of the virtual accelerator pedal position. Provided 
the demand from the accelerator pedal position sensor does not increase vehicle speed by more than 10 mph (16 km/
h) above the set speed, for more than 30 seconds, cruise control remains engaged and the set speed is resumed 
once the accelerator pedal is released. If the SET+ switch is pressed before the accelerator pedal is released, the 
higher speed is adopted as the new set speed.

Suspend/Resume
Cruise control can be manually suspended and resumed (at the previous set speed) using the RES steering wheel 
switch. The ECM automatically suspends cruise control if one of the conditions required to enable the system is no 
longer present, e.g. the brakes are applied. Cruise control is also automatically suspended by the ECM if:
l The vehicle speed increases to more than 10 mph (16 km/h) above the set speed for more than 30 seconds, e.g. 

when travelling downhill or using the accelerator pedal to override cruise control.
l Engine speed increases too rapidly, e.g. if their is a fault in the gearbox or the gearbox goes into neutral.
l The vehicle decelerates too rapidly, e.g. when the brakes are applied.
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Suspend
When the RES switch is pressed, the interface ECU outputs the OFF MFL message to the ECM. On receipt of the 
OFF MFL message, and when automatically suspending cruise control, the ECM reverts to normal fuelling control 
and changes the cruise control message on the CAN bus to inactive. The set speed is retained in memory by the 
ECM. On receipt of the cruise control inactive CAN bus message, the instrument pack extinguishes the cruise control 
warning lamp and the interface ECU switches off the cruise control engaged signal to the EAT ECU. The EAT ECU 
then returns to its previous operating mode.

Resume
While cruise control is suspended, when the RES switch is pressed the interface ECU outputs the MFL RESUME 
message to the ECM. Provided the vehicle is in the correct driving configuration, on receipt of the RESUME MFL 
message the ECM engages cruise control at the previous set speed and changes the CAN bus cruise control 
message back to active. The instrument pack then illuminates the cruise control warning lamp again and the interface 
ECU outputs the cruise engaged signal to switch the EAT ECU back to the cruise control mode.

Cancelling
Cruise control is cancelled by pressing the master switch. When cruise control is cancelled, the LED in the master 
switch extinguishes and the power feed to the interface ECU is disconnected to disable the system. If cruise control 
is engaged when the master switch is pressed, the interface ECU and the ECM respond in the same way as when 
cruise control is suspended, except that the interface ECU no longer reacts to inputs from the steering wheel switches.

During the same ignition cycle, if the master switch is pressed again, the interface ECU is re-enabled. Since the output 
of the RESUME MFL message is inhibited until after the first engagement of cruise control, the interface ECU will not 
react to an input from the RES switch, and the set speed in the ECM memory is effectively lost to the system. Cruise 
control only re-engages if the SET+ switch is pressed, when, provided the vehicle is in the correct driving 
configuration, the ECM adopts the current vehicle speed as the new set speed.

Diagnostics
Diagnostics are incorporated into the interface ECU for self monitoring and for checking of the CAN bus message 
from the ECM. If a fault is detected, the interface ECU uses the MFL serial link to communicate this to the ECM, which 
disables cruise control for the remainder of the ignition cycle and stores a related fault code in memory.

The MFL signal contains a toggle bit which the interface ECU changes to a different state every second to indicate 
that the interface ECU is operating correctly and receiving a valid CAN bus signal. If a fault occurs with the CAN bus 
signal or the interface ECU, the toggle bit remains unchanged to advise the ECM that a fault exists. If the interface 
ECU fails to output the MFL signal, the ECM also interprets the lack of a signal as a fault. The fault codes can be 
accessed using TestBook, which communicates with the ECM via an ISO 9141-2 K line from the diagnostic socket.

The ECM monitors the two inputs from the brake pedal position sensor and disables cruise control if a fault is detected. 
Both inputs should be 0 to 2 volts while the brake pedal is released, then increase to between 8 and battery volts when 
the brake pedal is pressed. The ECM can detect open circuits and implausible inputs. However, simultaneous short 
circuits to 0 volt in both inputs cannot be detected and, if this occurs, cruise control operates but does not suspend 
operation when the brake pedal is pressed.

The ECM resets the cruise control system at the beginning of each ignition cycle and operates normally if a previously 
detected fault is no longer present.
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Engine Management Component Layout
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1 Fuel pressure regulator
2 Manifold Absolute Pressure (MAP) sensor
3 Fuel rail
4 Injector (4 off)
5 Idle Air Control Valve (IACV)
6 Throttle housing
7 Fuel shut-off switch
8 Engine compartment fusebox
9 Air Conditioning (A/C) relay

10 Main relay
11 Fuel pump relay
12 EVAP purge valve
13 Engine Control Module (ECM)
14 Throttle Position (TP) sensor 
15 Crankshaft Position (CKP) sensor
16 Engine Coolant Temperature (ECT) sensor
17 Intake Air Temperature (IAT) sensor
18 Camshaft Position (CMP) sensor 
19 Upstream oxygen sensor (HO2S)
20 Engine oil temperature sensor
21 Engine oil pressure switch
22 Ignition coils
23 Malfunction Indicator Lamp (MIL)
24 Starter catalyst
25 Main catalyst
26 Downstream oxygen sensor (HO2S)
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1 Evaporator temperature sensor
2 Cooling fan ECU
3 A/C pressure sensor
4 Alternator
5 ABS modulator ECU (road speed signal)
6 MAP sensor
7 Ignition switch
8 IAT sensor
9 EWS3D immobilisation ECU

10 ECT sensor
11 TP sensor
12 IACV
13 Diagnostic socket
14 A/C on/off switch
15 Instrument pack (fuel tank level, MIL and 

tachometer)
16 Engine oil temperature sensor
17 Ignition coils
18 CKP sensor
19 CMP sensor
20 Fuel injector (4 off)
21 HO2S upstream (pre-catalyst)
22 EVAP purge valve
23 HO2S downstream (post catalyst)
24 Fuel pump and level sensor
25 Throttle pedal switch
26 ECM
27 Fuel pump relay
28 Engine compartment fusebox
29 A/C relay
30 Main relay
31 Fuse 5 (10A) ECM permanent feed
32 Fuse 10 (20A) Inertia switch/fuel pump relay
33 Fuse 4 (15A) A/C relay coil feed
34 Fuse 2 (20A) ECM 12V supply from main relay/

fuel injectors supply/ignition coils supply
35 Fuse 1 (15A) HO2S downstream (post 

catalyst)/EVAP purge valve
36 Fuse 3 (15A) HO2S upstream (pre catalyst)/

CMP sensor
37 Fusible link 1 (150A) Alternator
38 Fusible link 2 (60A) Ignition switch
39 Passenger compartment fusebox
40 Fuse 6 (10A) ECM ignition signal
41 Fuse 19 (10A) Alternator ignition feed
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Description

General
The Modular Engine Management System Version 3 (MEMS 3) is a sequential, multiport fuel injection system 
controlled by the Engine Control Module (ECM). 

The ECM controls the operation of the fuel system, ignition system, evaporative emission control, cooling system and 
the air conditioning system.

The ECM uses the speed/density method of air flow measurement to calculate fuel delivery. This method calculates 
the density of the intake air by measuring its pressure and temperature.

The density signal, combined with the engine speed signal, allows the ECM to make a calculation of the air volume 
being inducted and determine the quantity of fuel to be injected to give the correct air/fuel ratio.

MEMS 3 is designed to meet new exhaust emission standard; ECD 3 (European Commission Directive Stage 3), also 
known as OBD (On-Board Diagnostics).

Engine Control Module

The ECM is located in the Environmental box (E-box) on the left hand side of the engine compartment. The ECM is 
accessible by loosening five cap screws to release the lid on the box.

The E-box is a lidded container that provides a protected environment for the ECM and the EAT ECU. An open hub, 
centrifugal fan powered by an electric motor ventilates the E-box with air from the passenger compartment. Exhaust 
air from the E-box is directed back into the passenger compartment. The ventilating and exhaust air is routed between 
the passenger compartment and the E-box through plastic ducting and corrugated rubber hoses. Operation of the 
cooling fan is controlled by a thermostatic switch in the E-box. The thermostatic switch receives a power feed while 
the ignition switch is in position II. If the temperature in the E-box reaches 35 °C (95 °F) the thermostatic switch closes 
and connects the power feed to the fan, which runs to cool the E-box with air from the passenger compartment. When 
the temperature in the E-box decreases to 27 °C (80 °F), the thermostatic switch opens and stops the fan. To prevent 
the fan seizing up in colder climates, where it may not operate for long periods of time, the fan also receives a power 
feed from the starter circuit so that it runs each time while the engine is cranked.

The ECM electronic components are housed in an aluminium case for heat dissipation and protection from electro-
magnetic interference.
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Two harness connectors, C0913 and C0914 are used to connect the ECM to the main harness. The ECM is 
connected to earth using three wires. Pins 59, 66 and 73 of ECM connector C0913 are connected to a body earth at 
connector C1964, C1947 and C1413 respectively. With the ignition off, the ECM is supplied with permanent battery 
voltage to power the memory. The voltage is supplied from the battery positive terminal via the engine compartment 
fusebox fusible link 1 and fuse 5 to pin 80 of ECM connector C0913. 

When the ignition switch is in position II (ignition on), the ECM receives battery voltage, via the engine compartment 
fusebox fusible link 3 and the passenger compartment fusebox fuse 6, to pin 61 of ECM connector C0913. The ECM 
energises the main relay by completing the earth path for the relay coil which is connected to the ECM at pin 54 of 
connector C0913. The main relay provides battery voltage to various peripheral components and also to the ECM at 
pin 19 of connector C0914.

When the ignition switch is turned to position II, the ECM primes the fuel system by running the fuel pump for 
approximately two seconds. This is achieved by completing the earth path for the fuel pump relay coil. The fuel pump 
relay coil is connected to battery voltage from the main relay, the earth being supplied by the ECM at pin 68 of 
connector C0913. The ECM references the sensors and the IACV stepper motor prior to start-up.

Security code information is exchanged between the ECM and the immobilisation ECU via a wire connected from pin 
72 of connector C0913 on the ECM.

When the ignition switch is turned to position III (crank), the ECM communicates with the immobilisation ECU. If it 
receives authority to start, the ECM begins ignition and fuelling when CKP and CMP sensor signals are detected. The 
ECM will run the fuel pump continuously when CKP sensor signals are received (crank turning).

When the ignition switch is turned to position 0 (off), the ECM switches off ignition and fuelling to stop the engine. The 
ECM continues to hold the main relay in the on position until it has completed the power down functions. Power down 
functions include engine cooling and referencing the IACV stepper motor and includes memorising data required for 
the next start up. When the power down process is completed, the ECM switches off the main relay and enters a low 
power mode. During low power mode the ECM will consume less than 1mA.

If the ECM suffers an internal failure, such as a break down of the processor or driver circuits, there are no back up 
systems or limp home capability. If a sensor circuit fails to supply an input, this will result in a substitute or default 
value being adopted where possible. This enables the vehicle to function, but with reduced performance.

Heated Oxygen Sensors (HO2S)

Two HO2S are used on the MEMS 3 system to comply with the requirements of ECD 3. A pre-catalyst HO2S is located 
in the exhaust manifold, upstream of the starter catalyst and a post catalyst HO2S is located in the exhaust system, 
downstream of the main catalyst. The sensors provide feedback signals to the ECM which enable it to control the Air/
Fuel Ratio (AFR). The principal purpose of the sensors is to enable tight control of AFR around the 14.7:1 AFR (by 
weight) which produces the best composition of exhaust gas for peak catalytic converter efficiency.

The upstream (pre-catalyst) sensor is the main sensor used for closed loop fuelling. The downstream (post-catalyst) 
sensor is used to monitor the performance of the main catalyst and to trim the fuelling provided by the pre-catalyst 
sensor.

If an HO2S fails, the ECM adopts an open loop fuelling strategy to minimise emissions, stores fault codes which can 
be retrieved using TestBook and, on vehicles manufactured after the EDC3 compliance date, illuminates the 
Malfunction Indicator Lamp (MIL) in the instrument pack.
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The HO2S consists of a sensing element, the outer surface of which is exposed to exhaust gases, whilst the inner 
surface is exposed to ambient air. The sensor has a ceramic coating to protect the sensing element from 
contamination and heat damage. 

A = Ambient Air; B = Exhaust Gases

1 Protective ceramic coating
2 Electrodes

3 Zirconium Oxide

CAUTION: HO2 sensors are easily damaged by dropping, excessive heat or contamination. Care must be 
taken not to damage the sensor housing or tip.
l The HO2S becomes very hot, take care when working near it.
l Do not measure the resistance of the sensing element.
l Observe the correct torque tightening value when installing the HO2S.
l Do not subject the HO2S to mechanical shocks.
l The HO2S may be contaminated if fuel with added lead is used.

The amount of oxygen in ambient air is constant at approximately 20%. The oxygen content of the exhaust gases 
varies with the AFR with a typical value for exhaust gas of around 2%.

The difference in oxygen content of the two gases produces an electrical potential difference across the sensing 
element. Rich mixtures, which burn almost all of the available oxygen, produce high sensor voltages. During lean 
running, there is an excess of oxygen in the mixture and some of this oxygen leaves the combustion chamber unburnt.

In these conditions, there is less difference between the oxygen content of the exhaust gas and the ambient air, and 
a low potential difference (voltage) is output by the HO2S. The ECM uses the voltage produced in the HO2S sensing 
element to calculate the AFR and thereby control fuelling to a high degree of accuracy.

The material used in the sensing element only becomes active at a temperature of 300°C (572°F), therefore it is 
necessary to provide additional heating via an electrical resistive element. The element uses a 12V supply from the 
main relay when the ECM energises the relay coil and allows a short warm up time and minimises emissions from 
start-up. The resistance of the heating element can be measured using a multimeter and should be 6Ω  at 20°C (68°F).

a Rich AFR
b Lean AFR

c Lambda window (0.97 to 1.03 mV)
d HO2S Output in mV.
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Crankshaft Position (CKP) Sensor
The variable reluctance CKP sensor is mounted at the rear of the engine with the sensor tip facing the engine side of 
the flywheel and is secured in the casting with a single screw. The sensor tip of the CKP sensor is adjacent to a profiled 
target ring formed on the inner face of the flywheel.

The signal produced by the CKP sensor allows the ECM to calculate the rotational speed and angular position of the 
crankshaft. This information is required by the ECM to calculate ignition timing, fuel injection timing and fuel quantity 
during all conditions when the engine is cranking or running. If the CKP sensor signal is missing, the vehicle will not 
run as there is no substitute signal or default value.

The CKP sensor is a variable reluctance sensor and provides an analogue voltage output to pins 4 and 30 of ECM 
connector C0914, relative to the speed and position of the target on the flywheel. A permanent magnet inside the 
sensor applies a magnetic flux to a sensing coil winding. This creates an output voltage which is read by the ECM.

As the gaps between the poles of the target pass the sensor tip, the magnetic flux is interrupted and this causes a 
change to the output voltage (e.m.f.).

It is important to note that the ECM is unable to determine the exact position of the engine with its four stroke cycle 
from the CKP sensor alone, the CMP sensor must also be referenced to provide sufficient data for ignition control and 
sequential injection.
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Camshaft (CMP) Sensor
The CMP sensor provides a signal which enables the ECM to determine the position of the camshaft relative to the 
crankshaft. This allows the ECM to synchronise fuel injection for start and run conditions. The CMP sensor provides 
an output to pin 16 of the ECM connector C0914. The ECM provides an earth for the sensor on pin 42 of ECM 
connector C0914.

The CMP sensor is located on the camshaft cover (under the plastic cover) at the opposite end to the camshaft drive 
and reads off a reluctor on the exhaust camshaft.

The sensor is a hall effect sensor which detects the reluctor mounted on the exhaust camshaft. The sensor receives 
a battery supply from the main relay. The sensor operates on the principle of a voltage generated when the sensor is 
exposed to a magnetic flux. This causes a potential difference in voltage as the reluctor passes the sensor which is 
detected as an digital signal by the ECM.

The reluctor consists of a single 'tooth' design which extends over 180 of the camshaft's rotation, for this reason it is 
known as a half moon cam wheel.

The half moon cam wheel reluctor enables the ECM to provide sequential fuel injection at start up, but it cannot 
provide a back-up signal in cases of CKP sensor failure.
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If the CMP sensor signal is missing, the engine will still start and run, but the fuel injection may be out of phase. This 
will be noticeable by a reduction in performance and drivability, together with an increase in fuel consumption and 
emissions.

As the camshaft rotates the signal will switch between the high and low voltages. The position of the half moon cam 
wheel relative to the camshaft is not adjustable. The air gap between the CMP sensor tip and the half moon cam wheel 
is not adjustable.

Manifold Absolute Pressure (MAP) Sensor
The MAP sensor is located on the forward face of the inlet manifold and is secured with two Torx screws.

The output signal from the MAP sensor, together with the CKP and IAT sensors, is used by the ECM to calculate the 
amount of air induced into the cylinders. This enables the ECM to determine ignition timing and fuel injection duration 
values.

The MAP sensor receives a 5V ±4% supply voltage from pin 8 of ECM connector C0914 and provides an analogue 
signal to pin 45 of ECM connector C0914, which relates to the absolute manifold pressure and allows the ECM to 
calculate engine load. The ECM provides an earth for the sensor via pin 31 of ECM connector C0914. Pin 10 of 
connector C0914, although connected is not used by the ECM and is provided for future development.

If the MAP signal is missing, the ECM will substitute a default manifold pressure reading based on crankshaft speed 
and throttle angle. The engine will continue to run with reduced drivability and increased emissions, although this may 
not be immediately apparent to the driver. The ECM will store fault codes which can be retrieved using TestBook.
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Engine Coolant Temperature (ECT) Sensor

The ECT sensor is located in the cooling system outlet elbow from the cylinder head and provides a signal to pin 33 
of ECM connector C0914 which allows the engine temperature to be determined. The ECM provides an earth for the 
sensor via pin 7 of ECM connector C0914.

On vehicles with air conditioning, the A/C compressor clutch will be disengaged if the engine coolant temperature 
reaches a predetermined level, and will not re-engage until it falls to a predetermined level. 
  +  AIR CONDITIONING, DESCRIPTION AND OPERATION, Operation.

The ECT sensor consists of an encapsulated Negative Temperature Coefficient (NTC) thermistor which is in contact 
with the engine coolant. The ECM uses engine coolant temperature to calculate fuelling and ignition timing 
parameters during start up. It is also used to provide a temperature correction for fuelling and ignition timing when the 
engine is warming up, running normally or overheating. The ECT signal is also used by the ECM to control the engine 
cooling fans.

If the ECT sensor fails or becomes disconnected, the ECM will use a default value which is based on values from the 
engine oil temperature sensor. The driver may not notice that a fault is present although a fault code will be stored in 
the ECM which can be retrieved using TestBook. The default value will also include operation of the cooling fans in 
fast mode when the engine is running. 
  +  COOLING SYSTEM - K SERIES 1.8, DESCRIPTION AND OPERATION, Description.

Intake Air Temperature (IAT) Sensor

The IAT sensor is located in the intake manifold near cylinder number four fuel injector. The sensor consists of an 
NTC thermistor mounted in an open housing to allow air flow over the sensing element.

The IAT sensor provides a signal to pin 44 of ECM connector C0914, which enables the ECM to adjust ignition timing 
and fuelling quantity according to the intake air temperature, thus ensuring optimum performance, drivability and low 
emissions. The ECM provides an earth for the sensor via pin 18 of ECM connector C0914.

The IAT sensor is part of a voltage divider circuit which consists of a regulated 5 volt supply, and a fixed resistor (both 
are inside the ECM) and a temperature dependent variable resistor (the IAT sensor).
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If the IAT sensor fails, or is disconnected, the vehicle will continue to run. The ECM will substitute a default value using 
the information from the speed/load map to run the engine, but adaptive fuelling will be disabled.

This condition would not be immediately apparent to the driver, but the ECM will store fault codes which can be 
retrieved using TestBook.

Engine Oil Temperature Sensor

The engine oil temperature sensor is located in the oil filter housing. The oil temperature measured by the ECM is 
used to adjust fuelling values according to engine oil temperature. 

The use of an engine oil temperature sensor allows the ECM to provide optimum engine performance and minimum 
emissions during the engine warm up phase. The sensor provides a signal to pin 32 of ECM connector C0914. The 
ECM provides an earth for the sensor on pin 6 of ECM connector C0914.

The sensor consists of an encapsulated Negative Temperature Coefficient (NTC) thermistor which is in contact with 
the engine oil.

If the sensor fails, the ECM will substitute a default value which is ramped up 90°C (194°F). This condition will not be 
apparent to the driver.

The vehicle will run but may suffer from reduced engine performance and increased emissions as adaptive fuelling is 
disabled. The ECM will store fault codes which can be retrieved using TestBook.
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Throttle Position (TP) Sensor

The TP sensor is mounted on the throttle body and is driven from the end of the throttle spindle. The TP sensor 
consists of a potentiometer which provides an analogue voltage that the ECM converts to throttle position information.

The TP sensor signal is required for the following vehicle functions:
l Idle speed control.
l Throttle damping.
l Deceleration fuel cut off.
l Engine load calculations.
l Acceleration enrichment.
l Full load enrichment.
l Automatic gearbox shift points.

The TP sensor is a potentiometer which acts as a voltage divider in an external ECM circuit. The potentiometer 
consists of a  4kΩ  ±20% resistive track and a wiper arm, driven by the throttle spindle, which sweeps over the track.

The track receives a regulated 5 V ±4% supply from pin 46 of ECM connector C0914, together with an earth path from 
pin 34 of ECM connector C0914. As the wiper arm moves over the track it will connect to areas of different voltage 
ranging from 0 to 5 volts. The 'output' from the wiper arm is connected to pin 20 of ECM connector C0914, to provide 
an analogue voltage signal.

The TP sensor requires no adjustment as the ECM will learn the lower voltage limit which corresponds to closed 
throttle.

If the TP sensor signal is missing the vehicle will continue to run but may suffer from poor idle control and throttle 
response. The ECM will store fault codes which can be retrieved using TestBook.
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Idle Air Control Valve (IACV)

The IACV is located on the inlet manifold. It allows the ECM to control the engine idling speed by regulating the 
amount of air which by-passes the throttle valve. It also allows the ECM to provide a damping function when the 
throttle is closed under deceleration which reduces hydrocarbon (HC) emissions.

The IACV is controlled by the ECM using a stepper motor. This consists of a core which is rotated by magnetic fields 
produced by two electro-magnet bobbins set at 90° to each other.

The stepper motor controls the volume of air passing through a duct which leads from the inlet manifold to a pipe 
connected to the throttle body. The bobbins are connected to the ECM driver circuits.

Each of the four connections can be connected to 12 volts or earth, enabling four 'phases' to be obtained. The ECM 
drives the four phases, known as 'A', 'B', 'C' and 'D', from pins 39, 13, 50 and 24 respectively of ECM connector C0914, 
to obtain the desired idle speed.

When the ignition is switched off the ECM enters a power down routine which includes 'referencing' the stepper motor. 
This means that the ECM will rotate the motor so that it can memorise the position when it next needs to start the 
engine.

The stepper motor referencing procedure can take from three to five seconds. If the ECM cannot reference the 
stepper motor during power down, it will do so at ignition on. If the stepper motor fails, there are no back up idle control 
systems. The idle speed may be too high or too low and if a load is placed on the engine it may stall. The ECM will 
store fault codes which can be retrieved by TestBook.

Ignition Coils
Two ignition coils are mounted on the camshaft cover above the spark plugs for cylinders 1 and 3 and secured with 
screws.

Each coil operates a pair of spark plugs using the wasted spark principle. The coil has a plug connection on its lower 
face and an HT lead which connects to the second plug.
DESCRIPTION AND OPERATION 18-2-15



ENGINE MANAGEMENT SYSTEM - MEMS
Coil No. 1 is connected to earth via pin 52 of ECM connector C0914 and coil No. 2 is connected to earth via pin 26 of 
ECM connector C0914. Each coil receives a battery supply from the main relay, via fuse 2 in the engine compartment 
fusebox. 

Coil No. 1 is fitted above cylinder 1 and is attached to the spark plug for cylinder 1 and the HT lead connects to the 
spark plug for cylinder 4.

Coil No. 2 is fitted above cylinder 3 and is attached to the spark plug for cylinder 3 and the HT lead connects to the 
spark plug for cylinder 2.

WARNING: The HT voltage of the ignition system is in excess of 50 kV and the LT voltage is in excess of 400 
volts. Voltages this high can cause serious injury and may even be fatal. Never touch any ignition 
components while the engine is running or being cranked.

CAUTION: Never crank or run the engine with the HT leads disconnected from the ignition coils; failure of the 
ECM and/or the coil will result. Always disable the ignition system by disconnecting the LT connectors from 
the coil.

Each ignition coil consists of a pair of windings wrapped around a laminated iron core. The primary winding has a 
resistance of  0.7Ω and the secondary winding has a resistance of 10 kΩ.

Fuel Injectors
The fuel injectors are located directly under the fuel rail and connect to the intake manifold runners. Each injector 
delivers fuel to the engine in a targeted, atomised spray (onto the intake valve heads) which takes place once per 
cycle. Each injector opens during the intake stroke of the cylinder it supplies.

An injector consists of a pintle type needle and seat, and a solenoid winding which lifts the needle against a return 
spring. The injector nozzle delivers the fuel spray to precise areas of the intake ports to maximise the benefits of the 
swirl and turbulence in the manifold and head ports.

The solenoid winding has a resistance of 13 - 16Ω at 20°C (68°F). The fuel injectors operate at a regulated pressure 
of 3.5 bar (50 lbf/in2). The regulator is located on the end of the fuel rail and excess fuel is returned to the swirl pot via 
a return line to the tank.

The injectors receive fuel under pressure from the fuel rail and a 12 volts supply from the main relay. To deliver fuel 
to the engine, the ECM has to lift the needle off the injector seat by energising the solenoid.

To energise the solenoid the ECM supplies an earth path from connector C0914 to the winding of each injector on the 
following pins:
l Injector No. 1 - pin 25.
l Injector No. 2 - pin 51.
l Injector No. 3 - pin 14.
l Injector No. 4 - pin 40.
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If an injector fails, the engine may lose power and drivability. The ECM will store fault codes which can be retrieved 
using TestBook.

Evaporative Emissions (EVAP) Purge Valve

The EVAP purge valve is located in the engine compartment, on the LH inner wing, below the E-box. The purge valve 
is connected via a flexible pipe to the inlet manifold. The EVAP canister is located in the RH rear wheel arch, behind 
the liner.

The purge valve consists of a solenoid operated valve which is controlled by the ECM which provides a PWM earth 
signal on pin 48 of connector C0914. The purge valve receives a battery feed from the main relay via fuse 1 in the 
engine compartment fusebox.

The EVAP purge valve controls the flow of fuel vapours from the EVAP canister to the intake manifold of the engine. 
When the vehicle is being driven the ECM will purge the EVAP canister by opening the purge valve, this allows the 
vacuum present in the intake manifold to draw fuel vapour from the canister into the cylinders for combustion.

When fuel vapour is being removed from the canister, fresh air is allowed to enter via an automatic one-way valve, 
this makes the canister ready for the next 'absorption' phase.  The amount of fuel vapour which enters the cylinders 
can affect the overall AFR, therefore the ECM must only open the purge valve when it is able to compensate by 
reducing fuel injector duration.

The purge valve will only operate under the following conditions:
l Engine at normal operating temperature.
l Adaptive fuelling enabled.
l Closed loop fuelling enabled.
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Air Conditioning (A/C) Refrigerant Pressure Sensor

The pressure sensor is located in an A/C pipe from the condensor on the front RH side of the engine compartment. 
For further information on the air conditioning system and pressure sensor switching pressures: 
  +  AIR CONDITIONING, DESCRIPTION AND OPERATION, Description.

The sensor is used by the ECM, in conjunction with the evaporator sensor, to calculate the loads applied to the engine 
by the variable load A/C compressor for engine load calculations and idle speed control. The sensor is connected to 
ECM pins 57, 70 and 71 of connector C0913. Pin 57 is a 5V sensor supply, pin 70 is the return signal from the sensor 
and pin 71 is for the sensor earth.

The ECM uses the signals from the sensor to disengage the compressor electro-mechanical clutch should the 
pressure become too low or too high and to switch the cooling fans to high or low speed at predetermined pressures.
  +  AIR CONDITIONING, DESCRIPTION AND OPERATION, Description.

Air Conditioning (A/C) Evaporator Temperature Sensor

The evaporator temperature sensor is a NTC thermistor located in the evaporator. This is used by the ECM, in 
conjunction with the A/C pressure sensor, to monitor evaporator temperature and calculate the loads applied to the 
engine by the variable load compressor for engine load calculations and idle speed control.

The evaporator temperature sensor is connected to ECM pins 37 and 47 of connector C0914. Pin 37 supplies the 
sensor earth and pin 47 supplies the sensor signal to the ECM.
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If evaporator temperature falls low enough for ice to form on the evaporator fins, the ECM will disengage the 
compressor electro-mechanical clutch until evaporator temperature rises sufficiently. 
  +  AIR CONDITIONING, DESCRIPTION AND OPERATION, Description.

Alternator
The alternator is located on a bracket which is attached to the cylinder block on the front RH side of the engine. The 
alternator is driven by a Polyvee belt from the crankshaft pulley. The alternator converts mechanical energy into 
electrical energy to power the electrical systems and maintain the battery charge.

The alternator outputs a signal to pin 35 of ECM connector C0914 which represents the electrical load on the vehicle 
systems and the mechanical load exerted on the engine by the alternator. The signal output from the alternator is a 
variable PWM signal which is proportional to the load applied to the engine.

The ECM uses the load signal to provide idle speed compensation and to reduce engine speed fluctuations. If the 
load signal fails, the ECM uses a default value and stores a fault code which can be retrieved using TestBook.

Ignition Switch Signal
A hardwired digital input to pin 61 of ECM connector C0913 provides an ignition on signal. When the ECM has been 
idle for a period of time, it goes into 'sleep' (power saving) mode.

When the ECM receives an ignition on signal from the ignition switch, the ECM 'wakes up' and energises the main 
relay.

Main Relay

The main relay is located in the engine compartment fusebox which is located on the LH side of the engine 
compartment.

The main relay is normally open when the ignition is off. When the ignition is switched on to position II, the ECM 
provides an earth path for the relay coil which energises, closing the contacts.

A permanent battery supply is provided direct to the relay contacts. The main relay supplies battery voltage to the 
following components:
l ECM connector C0914 pin 19
l Pre and post HO2S.
l CMP sensor.
l Purge valve.
l Fuel injectors.
l Ignition coils.
l A/C relay coil.
l Fuel pump relay coil.

If the main relay fails, power will not be supplied to the above components and the engine will not start. The ECM will 
store fault codes which can be retrieved using TestBook.
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Fuel Pump Relay

The fuel pump relay is located in the engine compartment fusebox which is positioned on the LH side of the engine 
compartment. The relay is normally open when the ignition is off.

When the ignition switch is in position II (ignition on), the ECM provides an earth path for the relay coil on pin 68 of 
connector C0913. With the ignition on, the relay receives a feed from the main relay which energises the relay coil, 
closing the contacts.

A permanent battery supply is provided to the relay contacts from fuse 10 in the engine compartment fusebox, via the 
fuel shut-off switch. The feed passes through the relay contacts and operates the fuel pump to pressurise the fuel 
system. The relay will be energised for a short time only to pressurise the fuel system.

When the ignition switch is moved to position III (crank), the ECM will energise the relay when the engine starts 
cranking and will remain energised until the engine stops.

If the engine stalls and the ECM stops receiving a signal from the CKP sensor, the ECM will remove the earth path 
for the relay, stopping the fuel pump. 

The fuel shut-off switch, when tripped, cuts off the power supply to the relay contacts, disabling the fuel pump in the 
event of a sudden deceleration. If the fuel pump fails to operate, check that the fuel shut-off switch is not tripped. The 
switch is reset by depressing the rubber cap on the top of the switch.

WARNING: Ensure there are no fuel leaks and confirm the integrity of the fuel system before resetting the fuel 
shut-off switch.

If the fuel pump relay fails, power will not be supplied to the fuel pump and the engine will not start or will stop if already 
running due to fuel starvation. The ECM will store fault codes which can be retrieved using TestBook.
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A/C Compressor Clutch Relay

On vehicles fitted with air conditioning, an A/C relay  is located in the engine compartment fusebox. When the engine 
is running and the driver requests A/C on, the ECM receives an earth signal from the A/C switch to pin 56 of ECM 
connector C0913.

 If conditions are correct, the ECM grants the A/C request by completing an earth path from  pin 53 of ECM connector 
C0913 to the A/C clutch relay coil. The relay coil receives a battery feed from the main relay and, when the earth path 
is granted, the coil will energise closing the relay contacts.

A permanent battery supply, via fusible link 1 and fuse 9 in the engine compartment fusebox, passes through the relay 
contacts and operates the compressor clutch.

The ECM will remove the earth path from the relay coil, disengaging the A/C compressor clutch if:
l Engine coolant temperature exceeds a predetermined level and  will re-engage the A/C compressor clutch when 

the coolant temperature falls to a predetermined level.
l  If the A/C refrigerant pressure becomes too low or too high. For details on refrigerant pressures:

  +  AIR CONDITIONING, DESCRIPTION AND OPERATION, Description.

If the A/C clutch relay fails, A/C will be inoperative and the ECM will store fault codes which can be retrieved using 
TestBook.

Engine Cooling Fans
On vehicles without A/C, a single speed cooling fan is located behind the radiator. The fan is controlled by the ECM 
via a relay located in the E-box.

On vehicles with A/C, a cooling fan is located behind the radiator, adjacent to a second similar cooling fan used by 
the air conditioning system for condensor cooling. For engine cooling and A/C, both fans operate in parallel controlled 
by the ECM via a cooling fan ECU.

Cooling Fan Operation - Vehicles Without A/C
The ECM will energise the cooling fan relay in the E-box at a coolant temperature of 102°C (215°F) and will go off 
when the coolant temperature decreases to less than 96°C (204°F).

When the engine is switched off, the ECM maintains the cooling fan in an active condition for up to eight minutes. If 
the temperature does not reach a predetermined value within four minutes, the ECM will terminate the active period. 
If the fan is active and the temperature falls below a predetermined value, the ECM will terminate further fan operation.
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Cooling Fan Operation - Vehicles With A/C
The engine cooling fan and the condensor fan are operated in parallel by the ECM via a cooling fan ECU. The cooling 
fan ECU, which is located behind the radiator below the bonnet closing panel, receives a Pulse Width Modulated 
(PWM) signal from the ECM. The frequency of the PWM signal, which is varied by the ECM, is used by the cooling 
fan ECU to determine the output voltage supplied to the fan motors.

Fan operation is also dependent on vehicle road speed. The ECM will adjust the required fan speed in relation to the 
road speed using CAN signals received from the ABS ECU.

The ECM varies the duty cycle of the PWM signal between 10% and 90%. At duty cycles of between 10% and 49% 
the cooling fan ECU will not supply any power to the fan motors. At a duty cycle of 50%, the ECU supplies 6 volts to 
the fan motors to operate them at a minimum speed of approximately 1300 rev/min. As the duty cycle increases above 
50%, the ECU increases the voltage, non-linearly, to the fan motors up to 90%. At this point the fan motors are 
supplied with 12 volts and operate at a maximum speed of approximately 3000 rev/min.

When the main relay is energised, the cooling fan ECU requires a PWM signal from the ECM of between 10% and 
90% duty cycle. If this condition is not detected, the ECU will assume a fault condition (open or short circuit) exists 
and operate the fans continuously at full speed when the main relay is energised  to ensure that engine and A/C 
system do not overheat.

The ECM will operate the fans in response to inputs from the ECT sensor and the A/C switch and A/C pressure 
sensor. Refer to A/C system for details 
  +  AIR CONDITIONING, DESCRIPTION AND OPERATION, Description.

When the engine is switched off, the ECM maintains the cooling fans in an active condition for up to 8 minutes. If the 
temperature does not reach a predetermined value within 4 minutes, the ECM will terminate the active period. If the 
fans are active and the temperature falls below a predetermined value, the ECM will terminate further fan operation.

Fuel Tank Level Sensor
The ECM receives a fuel tank level signal on the CAN bus from the fuel tank level sensor via the instrument pack and 
the ABS ECU. This signal is stored in a misfire freeze frame by the ECM for OBD misfire detection when the fuel tank 
level falls to below 15% of maximum capacity.

Malfunction Indicator Lamp (MIL)
The MIL is located in the instrument pack to inform the driver that there is fault with an emission critical part of the 
engine management system. When the ignition is switched to position II, the MIL is illuminated until the engine starts 
to check bulb function.

If a fault occurs on an emission related component, the ECM provides a CAN message to the instrument pack, via 
the ABS ECU, to operate the MIL LED.

Tachometer Drive
The tachometer drive is a CAN message output from the ECM to the instrument pack, via the ABS modulator.

Vehicle Immobilisation
The vehicle immobilisation system operates by the EWS3D immobilisation ECU transmitting a unique code to the 
ECM when the ignition is switched on. If the code is recognised by the ECM it will energise the injectors and allow the 
engine to start.     

If no code is received or the code is incorrect, the ECM will disable the vehicle by not energising the fuel injectors. 

The immobilisation ECU also controls the starter relay and will passively disarm the starter relay when the key is 
removed from the ignition switch. Rearming is performed by switching the ignition on, which activates a coil around 
the ignition key barrel.

The coil transmits a waveform signal which excites the remote handset to transmit a re-mobilisation signal. When the 
signal is received by the anti-theft alarm ECU, the starter relay will be enabled.
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Replacement ECM's are supplied blank and must learn the immobilisation ECU security code for the vehicle to which 
it is fitted. When the ECM is connected to the vehicle, TestBook is required to enable the ECM to learn the 
immobilisation ECU code. If a new immobilisation ECU is fitted, the ECM will need to learn the new security code 
using TestBook. A procedure must be followed when replacing the ECM or immobilisation ECU. This procedure is 
detailed in the Security Description and Operation section.
  +  SECURITY, DESCRIPTION AND OPERATION, Description.

Rough Road Detection
MEMS 3 has a misfire detection facility which is part of the On-Board Diagnostics (OBD) system. Misfire detection is 
disabled when the ECM senses that the vehicle is on a 'rough road'. The system software receives rough road signal 
outputs from the ABS ECU and can disable misfire detection to prevent incorrect faults being logged by the ECM.

The 'rough road' signal is passed from the ABS ECU to ECM pins 65 and 79 on the CAN bus. The CAN message is 
a measure of the maximum wheel acceleration from any one of the four wheel sensors, which is updated by the ABS 
ECU every 20 ms.

Fuel Shut-off Switch

The fuel shut-off switch is located in the engine compartment to the rear of the LH suspension turret. In the event of 
a sudden deceleration the switch removes the power supply to the fuel pump relay, stopping the fuel pump.

The fuel shut-off switch, when tripped can be reset by depressing the rubber top of the switch. The switch receives a 
power supply from fuse 10 in the engine compartment fusebox. The supply is passed through the switch to the 
contacts of the fuel pump relay in the engine compartment fusebox. the supply from the switch is also passed to the 
Central Control Unit (CCU) to unlock the doors in the event of a collision causing the fuel shut-off switch to be tripped.

WARNING: Ensure there are no fuel leaks and confirm the integrity of the fuel system before resetting the fuel 
shut-off switch.

Throttle Pedal Switch
The throttle pedal switch is located at the top of the pedal box and secured in a cut-out hole in the fabrication. The 
switch is a proximity type Hall effect switch which senses a target located on the throttle pedal. The switch is 
connected on a single wire to pin 77 of ECM connector C0913.

The switch is normally open when the throttle pedal is at rest. When the throttle pedal is depressed, the target on the 
pedal moves away from the switch causing the switch to close and complete an earth path from the ECM. This is 
sensed by the ECM which uses the signal as a throttle status to detect for stuck throttle when using Hill Descent 
Control (HDC). The pedal status is compared with the inputs from the TP sensor to confirm that the throttle is being 
depressed.
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Diagnostics
A diagnostic socket allows the exchange of information between the ECM and TestBook or a diagnostic tool using 
Keyword 2000 protocol.

The diagnostic socket is located in the driver's footwell behind the centre console.

A dedicated diagnostic (ISO 9141 K Line) bus is connected between the ECM and the diagnostic socket and allows 
the retrieval of diagnostic information and the programming of certain functions using TestBook.

The ECM uses a 'P' code diagnostic strategy and can record faults relating to the engine management system. P 
codes are accessed via the ECM when TestBook is connected.

On-Board Diagnostics (OBD)
The MEMS 3 ECM software is programmed to meet current emission standard ECD 3. This regulation is being 
introduced throughout Europe from the year 2000 and is similar to the OBD (phase II) regulations in place in North 
America.    

OBD is concerned with the monitoring of certain functions, the failure of which would result in an increase of exhaust 
emissions above legislated thresholds. The OBD is concentrated on the engine management system.

If a fault occurs the ECM will store an applicable 'P' code in its memory and the MIL will be illuminated. The failure 
codes can be accessed with TestBook and the faults stored by the ECM are normally qualified by one of the following 
failure types:
l Min - the minimum expected value has been exceeded
l Max - the maximum expected value has been exceeded.
l Signal - the signal is not present.
l Plaus - an implausible condition has been detected.

The OBD operates in the background, monitoring the operations controlled by the ECM. The systems are monitored 
as the driver operates the vehicle, although the driver will be unaware that any monitoring is being performed. 
Individual system tests take place as the applicable circumstances occur.
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Diagnostic Trouble Codes (DTC)
The following table lists P codes, affected components and fault description.

P Code Component Description
P0106 Manifold pressure input Circuit fault

P0107 Manifold pressure input Circuit fault
P0108 Manifold pressure input Circuit fault
P0111 Inlet Air Temperature (IAT) input Circuit fault

P0112 Inlet Air Temperature (IAT) input Circuit fault
P0113 Inlet Air Temperature (IAT) input Circuit fault
P0116 Coolant temperature input Circuit fault

P0117 Coolant temperature input Circuit fault
P0118 Coolant temperature input Circuit fault
P0121 Throttle Potentiometer (TP) input Circuit fault

P0123 Throttle Potentiometer (TP) input Circuit fault
P0130 Upstream (pre-catalyst) oxygen sensor input Switching frequency too 

low
P0131 Upstream (pre-catalyst) oxygen sensor input Electrical fault
P0132 Upstream (pre-catalyst) oxygen sensor input Electrical fault

P0133 Upstream (pre-catalyst) oxygen sensor input Signal out of range
P0135 Upstream (pre-catalyst) oxygen sensor input Electrical fault
P0136 Downstream (post-catalyst) oxygen sensor input Signal implausable

P0137 Downstream (post-catalyst) oxygen sensor input Electrical fault
P0138 Downstream (post-catalyst) oxygen sensor input Electrical fault
P0140 Downstream (post-catalyst) oxygen sensor input Signal missing

P0141 Downstream (post-catalyst) oxygen sensor input Electrical fault
P0170 Fuel system Adaptions out of range
P0197 Oil temperature input Circuit fault

P0198 Oil temperature input Circuit fault
P0261 Injector 1 drive Circuit fault
P0262 Injector 1 drive Circuit fault

P0264 Injector 2 drive Circuit fault
P0265 Injector 3 drive Circuit fault
P0267 Injector 3 drive Circuit fault

P0268 Injector 3 drive Circuit fault
P0270 Injector 4 drive Circuit fault
P0271 Injector 4 drive Circuit fault

P0301 Cylinder 1 Misfire
P0302 Cylinder 2 Misfire
P0303 Cylinder 3 Misfire

P0304 Cylinder 4 Misfire
P0335 Crankshaft Position (CKP) sensor No signal
P0340 Camshaft Position (CMP) sensor No signal

P0351 Ignition coil 1 Signal missing
P0352 Ignition coil 2 Signal missing
P0420 Main catalytic converter Catalyst general failure

P0444 Purge valve drive Circuit fault
P0445 Purge valve drive Circuit fault
P0462 Fuel tank level input Circuit fault

P0463 Fuel tank level input Circuit fault
P0480 Radiator fan drive Circuit fault
P0481 Condensor fan drive Circuit fault

P0500 Vehicle speed sensor Signal fault
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ECM Harness Connector Details
The following tables give input/output information for the two harness connectors used on the ECM.

Connector C0914 (black) - 52 pin
Connector C0914 is used to provide inputs and outputs from and to the ECM for engine sensor operation.

P0501 Vehicle road speed input Signal implausable

P0505 Idle speed stepper motor (IACV) Short circuit to battery or 
earth or open circuit

P0532 Air conditioning pressure sensor Circuit fault
P0533 Air conditioning pressure sensor Circuit fault
P0562 Battery voltage input Circuit fault

P0563 Battery voltage input Circuit fault
P0650 Malfunction Indicator Lamp (MIL) Circuit fault
P1185 Upstream (pre-catalyst) oxygen heater sensor Electrical fault

P1186 Upstream (pre-catalyst) oxygen sensor heater Electrical fault
P1191 Downstream (post catalyst) oxygen sensor heater Electrical fault
P1192 Downstream (post catalyst) oxygen heater sensor Electrical fault

P1231 Fuel pump relay Circuit fault
P1232 Fuel pump relay Circuit fault
P1300 Main catalytic converter Misfire causing catalyst 

damage
P1316 Cylinder block Misfire causing increased 

emissions
P1506 Idle Air Control Valve (IACV) stepper motor drive Circuit fault

P1507 Idle Air Control Valve (IACV) stepper motor drive Circuit fault
P1508 Idle Air Control Valve (IACV) stepper motor drive Circuit fault
P1537 Air conditioning drive Circuit fault

P1538 Air conditioning drive Circuit fault
P1590 Rough road sensor Signal fault
P1610 Main relay drive Circuit fault

P1611 Main relay drive Circuit fault
P1640 CAN Bus CAN message failure

Pin No. Description Input/Output
1 HO2S (pre-catalyst) heater drive Output

2 Not used -
3 HO2S (post catalyst) positive Output
4 CKP sensor positive Output

P Code Component Description
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5 Not used -

6 Engine oil temperature sensor earth Input
7 ECT sensor earth Input
8 MAP sensor supply +5V Output

9 Not used -
10 MAP sensor intake air temperature signal Not used
11 Not used -

12 Not used -
13 IACV stepper motor phase B Input/Output
14 Injector 3 earth Input

15 HO2S (pre catalyst) positive Output
16 CMP sensor signal Input
17 CKP sensor screened earth Input

18 IAT sensor earth Earth
19 Main relay 12V supply Input
20 TP sensor signal Input

21 Not used -
22 Not used -
23 Not used -

24 IACV stepper motor phase D Input/Output
25 Injector 1 earth Input
26 Ignition coil 2 earth Input

27 HO2S (post catalyst) heater drive Output
28 HO2S (post catalyst) screened earth Input
29 HO2S (post catalyst) negative Input

30 CKP sensor negative Input
31 MAP sensor earth Input
32 Engine oil temperature sensor signal Input

33 ECT sensor signal Input
34 TP sensor earth Input
35 Alternator load signal Input

36 Not used -
37 A/C evaporator temperature sensor earth Input
38 EVAP Purge valve drive Output

39 IACV stepper motor phase A Input/Output
40 Injector 4 earth Input
41 HO2S (pre-catalyst) negative Input

42 CMP sensor earth Input
43 Not used -
44 IAT sensor signal Input

45 MAP sensor signal Input
46 TP sensor supply +5V Output
47 A/C evaporator temperature sensor signal Input

48 Not used -
49 Not used -
50 IACV stepper motor phase C Input/Output

51 Injector 2 earth Input
52 Ignition coil 1 earth Input

Pin No. Description Input/Output
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Connector C0913 (black) - 28 pin
Connector C0913 is used to provide inputs and outputs from and to the ECM for A/C, immobilisation, ABS ECU and 
diagnostic information.

Pin No. Description Input/Output
53 A/C clutch relay coil earth Input
54 Main relay coil earth Input

55 Not used
56 Not used -
57 A/C pressure sensor supply +5V Output

58 Diagnostic ISO 9141 K Line Input/Output
59 Main earth 1 Input
60 Cooling fan relay coil earth (non A/C) Input

61 Ignition switch signal Input
62 Not used -
63 Not used -

64 Not used -
65 CAN Positive Input/Output
66 Main earth 3 Input

67 PWM fan drive (A/C only) Input
68 Fuel pump relay coil earth Input
69 Not used -

70 A/C pressure sensor signal Input
71 A/C pressure sensor earth Input
72 EWS3D Immobilisation coded signal Input

73 Main earth 2 Input
74 Not used -
75 Not used -

76 Not used -
77 Throttle pedal switch Input
78 Not used -

79 CAN Negative Input/Output
80 Battery permanent supply - Engine compartment fusebox 

Fuse 2
Input
18-2-28 DESCRIPTION AND OPERATION



ENGINE MANAGEMENT SYSTEM - MEMS
Operation

Acceleration Enrichment
When the throttle pedal is depressed, the ECM receives a rising voltage from the TP sensor and detects a rise in 
manifold pressure from the MAP sensor. The ECM provides additional fuel by increasing the normal injector pulse 
width and also provides a number of extra additional pulses on rapid throttle openings.

Over-Run Fuel Cut-Off
The ECM implements over-run fuel cut-off when the engine speed is above 1600 rpm with the engine at normal 
operating temperature and the TP sensor in the closed position, i.e. when ECM senses that the vehicle is 'coasting' 
with the throttle pedal released. The ECM indexes the IACV open slightly to increase the air flow through the engine 
to maintain a constant manifold depression to keep emissions low.

Fuel is immediately reinstated if the throttle is opened. If the engine speed drops below 1600 rpm on over-run, fuel is 
progressively reinstated.

Over-Speed Fuel Cut-Off
To prevent damage at high engine speeds the ECM will implement fuel cut-off at engine speeds above approximately 
7000 rpm. Fuel is reinstated as the engine speed falls.

Ignition Switch Off
In the first 10 seconds after the ignition is switched off, the ECM drives the IACV to its power down position (ready for 
the next engine start), and stores any required information.

The ECM also monitors engine coolant temperature using the ECT sensor. Refer to Engine Cooling Fans - 
Description in this section for cooling fan switching temperatures.

Fuel Quantity
The ECM controls fuel quantity by providing sequential injection to the cylinder head intake ports. Sequential injection 
allows each injector to deliver a precise amount of fuel to the cylinder intake ports, during the induction stroke, in 
cylinder firing order.

The CMP sensor and reluctor allows the ECM to synchronise injection at cranking speed for starting. The precise 
quantity of fuel delivered is controlled by adjusting the duration of the injector open time.

To achieve optimum performance the ECM is able to 'learn' the individual characteristics of an engine and adapt the 
fuelling strategy to suit. This capability is known as adaptive fuel strategy.

Adaptive fuel strategy must be maintained under all throttle positions except:
l Cold start.
l Hot start.
l Wide open throttle.

All of the above throttle positions are deemed to be 'open loop'. Open loop fuelling does not rely on information from 
the HO2S, but sets the air/fuel ratio (AFR) according to the stored data in the ECM.

During a cold start, the ECM references the ECT sensor to calculate the appropriate amount of fuel required to support 
combustion and adjusts the idle speed to the correct 'fast idle' value. This strategy is maintained until the HO2S is hot 
enough to provide an accurate feedback signal.

The specific nature of the other open loop conditions means that the HO2S feedback is unsuitable as a control value 
for fuelling. Adaptive strategy also allows the ECM to compensate for wear in engine components and allow for 
production tolerances in mass produced components such as sensors.

To calculate the amount of fuel to be injected into each cylinder, the ECM has to determine the quantity of oxygen 
available in the cylinder to burn it. This can be calculated by processing information from the following sensors:
l MAP sensor.
l CKP sensor.
l ECT sensor.
l TP sensor.
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During one engine revolution, 2 of the 4 cylinders draw in air. The ECM uses the CKP sensor signal to determine the 
potential air intake volume in the cylinders.

The oxygen content of the air contained in the cylinders can be calculated by the ECM using information from the MAP 
sensor and the IAT sensor. The pressure of the air in the intake manifold will vary according to the following factors:
l The position of the throttle valve (driver input).
l The atmospheric pressure (altitude and weather conditions).
l The mechanical condition of the engine (volumetric efficiency).

The pressure in the intake manifold, downstream of the throttle valve, indicates how much air has flowed into the 
cylinders. This will decrease at higher altitudes as the air becomes 'thinner' or less dense. This will also mean that 
there will be less oxygen contained in the air which will be available for combustion of fuel.

The temperature of the air will also affect the oxygen content. Air which is cool has molecules packed closer together 
than hot air, therefore; cooler air contains more oxygen for any given volume than hotter air.

From the above information, the ECM can calculate how much air has been induced into the cylinders. By comparing 
these values to a fuelling map stored in the ECM memory, the amount of oxygen induced into the cylinders can be 
calculated. The values obtained from the ECT sensor, engine oil temperature sensor and TP sensor provide 'fine 
tuning' to the calculations.

To deliver the fuel the ECM completes an earth path to the injector coil, opening the injector for the precise amount 
of time required for the quantity determined. The correct cylinder order is determined by referencing the CMP sensor 
during start up to synchronise the CMP sensor signal to the CKP sensor signal. The fuel is injected into the inlet ports 
of the intake manifold and is drawn into the cylinder as an air and fuel mixture.

The ECM ensures that the amount of fuel injected is not affected by the variations in inlet manifold pressure. The ECM 
corrects the injector duration time, using MAP sensor information.

The ECM references battery voltage to adjust opening times to suit the state of battery charge. This is required 
because low battery voltage will mean slower response from the injectors, and could give a leaner AFR than intended.

Ignition Timing
The ignition timing is an important part of the ECM adaptive strategy. The ignition system consists of two double ended 
coils, mounted on the cam cover directly over the spark plugs, which operate using the wasted spark principle. Each 
coil is connected to a pair of spark plugs, 1 and 4, 2 and 3.

The spark plugs are connected in series with the secondary winding of the coil so a spark occurs in both cylinders at 
the same time. When a spark occurs in the two cylinders which are on the compression stroke the air/fuel charge is 
ignited. The spark has no effect on the two cylinders at the end of the exhaust stroke, hence the term 'wasted spark'.

The major advantage of this system is that a distributor cap and rotor arm are eliminated thereby improving 
performance and reliability. The timing of the spark will affect the quality of combustion and the power produced.

The ECM will reference all relevant sensors to achieve the optimum timing for any given condition. This electronically 
increases the primary coil charging time (dwell angle) as engine speed increases to maintain coil HT voltage at high 
engine speeds.

The ECM calculates ignition timing using inputs from the following:
l CKP sensor.
l TP sensor.
l ECT sensor.
l IAT sensor.

The ECM calculates dwell angle using inputs from the following:
l CKP sensor.
l Battery voltage.
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There is a narrow range of ignition points for all engine conditions which give an acceptable compromise between 
power output and emission control.

The ignition mapping contained within the ECM memory keeps the ignition timing within this narrow band. The ignition 
timing is used to control engine idle speed in conjunction with the IACV stepper motor.

As the MEMS 3 system does not have a knock sensor, ignition timing advance is controlled using different mapping 
at high engine and intake air temperatures in order to avoid detonation (pinking).

Idle Speed Control
The ECM regulates the engine speed at idling. The ECM uses two methods of idle speed control:
l Ignition timing adjustment
l IACV stepper motor.

When the engine idle speed fluctuates and there are no additional loads on the engine, the ECM will vary the ignition 
timing and the IACV to regulate the idle speed. This allows very rapid correction of out of tolerance idle speeds. When 
an additional load is placed on the engine, such as when the power steering is turned on full lock, the ECM uses the 
IACV stepper motor to control the idle speed to specification.

The idle speed is determined from the CKP sensor, but there are also inputs to the ECM from the following:
l Alternator
l A/C system Cooling fan status
l A/C compressor on/off status.

If the ECM receives information from the above inputs that an extra load is being placed on the engine, it can 
immediately compensate and avoid engine poor idle or stall conditions.

The IACV stepper motor is mounted on the inlet manifold and controls a throttle valve air bypass port.  To increase 
the idle speed, the stepper motor allows more air to bypass the throttle and enter the cylinders. To decrease the idle 
speed, the stepper motor allows less air to enter the cylinders.

The stepper motor is a bi-polar type which consists of two windings controlled by Pulse Width Modulated (PWM) 
signals from the ECM.

The position of the stepper motor is always referenced on power down of the ECM, this may take from three to five 
seconds. The stepper motor is also used to reduce manifold vacuum during deceleration to control emissions.

Evaporative Emission (EVAP) Control System
The hydrocarbon vapour given off by petrol is harmful to health and the environment. Legislation limits the amount of 
hydrocarbons (HC) which can be emitted to atmosphere by a motor vehicle.

To meet the limits imposed, a charcoal canister is fitted to the fuel system to absorb fuel vapour from the tank when 
the vehicle is not in use. The charcoal canister has a finite capacity and therefore needs to be purged when the vehicle 
is driven.  

This is achieved by drawing the fuel vapours out of the canister and into the cylinders of the engine. The HC vapours 
are converted into carbon dioxide (CO2) and water (H2O) by the combustion process and catalytic converter.
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Engine Management System Component 
Layout

RHD shown, LHD similar
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1 RH bank ignition coil (x 3)
2 IAT/MAP sensor
3 A/C compressor clutch relay
4 Main relay
5 Fuel pump relay
6 ECM
7 TP sensor
8 IAC valve
9 CKP sensor

10 CMP sensor
11 ECT sensor
12 LH bank ignition coil (x 3)
13 Fuel injector (x 6)
14 Knock sensors 
15 Accelerator pedal position sensor
16 MIL (all except NAS)
17 MIL (NAS)
18 HO2S (x 3)
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1 Ignition switch
2 Fuse 19, passenger compartment fusebox
3 Fuse 6, passenger compartment fusebox
4 Alternator
5 Main relay
6 Fuse 4, engine compartment fusebox
7 A/C compressor relay
8 Cooling fan ECU
9 ECT sensor

10 Cruise control interface ECU
11 Fuse 3, engine compartment fusebox
12 LH front HO2S
13 RH front HO2S
14 CMP sensor
15 TP sensor
16 IAT/MAP sensor
17 Knock sensors
18 A/C evaporator temperature sensor
19 Fuse 5, engine compartment fusebox
20 A/C refrigerant pressure sensor
21 Accelerator pedal position sensor
22 ECM
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1 Fuse 10, engine compartment fusebox
2 Inertia fuel cut-off switch
3 Fuel pump relay
4 Fuel tank unit
5 Fuse 2, engine compartment fusebox
6 Fuel injector (x 6)
7 Ignition coil (x 6)
8 Fuse 1, engine compartment fusebox
9 Rear HO2S

10 VIS balance valve motor
11 VIS power valves motor
12 EVAP canister purge valve
13 CKP sensor
14 IAC valve
15 Diagnostic socket
16 EAT ECU
17 ABS modulator
18 Immobilisation ECU
19 Instrument pack
20 ECM
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Description

General
The KV6 engine is fitted with a Siemens Engine Management System (EMS). The Siemens EMS is an adaptive 
system that maintains engine performance at the optimum level throughout the life of the engine.

The EMS consists of an Engine Control Module (ECM) that uses inputs from engine sensors and from other vehicle 
systems to continuously monitor driver demand and the current status of the engine. From the inputs the ECM 
calculates the Air Fuel Ratio (AFR) and ignition timing required to match engine operation with driver demand, then 
outputs the necessary control signals to the fuel injectors and ignition coils. The ECM also outputs control signals to 
operate the:
l Idle Air Control (IAC) valve.
l Air Conditioning (A/C) compressor. 

  +  AIR CONDITIONING, DESCRIPTION AND OPERATION, Description.
l Cooling fans.
l Evaporative emissions (EVAP) canister purge valve. 

  +  EMISSION CONTROL - K SERIES KV6, DESCRIPTION AND OPERATION, Description.
l Fuel pump. 

  +  FUEL DELIVERY SYSTEM - K SERIES KV6, DESCRIPTION AND OPERATION, Description.
l Variable Intake System (VIS). 

  +  MANIFOLD AND EXHAUST SYSTEM - K SERIES KV6, DESCRIPTION AND OPERATION, 
Description.

The EMS interfaces with the:
l Immobilisation ECU, for re-mobilisation of the engine fuel supply. 

  +  SECURITY, DESCRIPTION AND OPERATION, Description.
l Cruise control interface ECU, to enable the system. 

  +  ENGINE MANAGEMENT SYSTEM - SIEMENS (ALL EXCEPT NAS), DESCRIPTION AND 
OPERATION, Description.

l Electronic Automatic Transmission (EAT) ECU, to assist with control of the gearbox. 
  +  AUTOMATIC GEARBOX - JATCO, DESCRIPTION AND OPERATION, Description.

Sensor inputs and engine performance are monitored by the ECM, which illuminates a Malfunction Indicator Lamp 
(MIL) if a fault is detected.

As part of the security system's immobilisation function, a vehicle specific security code is programmed into the ECM 
and immobilisation ECU during production. The ECM cannot function unless it is connected to an immobilisation ECU 
with the same code. In service, replacement ECM are supplied uncoded and must be programmed using TestBook 
to learn the vehicle security code from the immobilisation ECU.

A 'flash' Electronic Erasable Programmable Read Only Memory (EEPROM) allows the ECM to be externally 
configured, using TestBook, with market specific or new information.

The ECM memorises the position of the crankshaft and the camshaft when the engine stops, which allows immediate 
sequential fuel injection and ignition timing during cranking on the subsequent start. The position data is lost if the 
battery is disconnected or the battery voltage is too low. After battery reconnection or recharging, during the 
subsequent start sequence fuelling and ignition is delayed slightly until the ECM has determined the position of the 
crankshaft and the camshaft from the CKP and CMP sensor inputs.

To achieve optimum performance the ECM is able to 'learn' the individual characteristics of an engine and adjust the 
fuelling calculations to suit. This capability is known as adaptive fuelling. Adaptive fuelling also allows the ECM to 
compensate for wear in engine components and to compensate for the tolerance variations of the engine sensors.

If the ECM suffers an internal failure, such as a breakdown of the processor or driver circuits, there is no back up 
system or limp home capability. If a sensor circuit fails to supply an input, where possible the ECM adopts a substitute 
or default value, which enables the engine to function, but with reduced performance.
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ECM

The ECM is located in the engine compartment, in the Environmental (E) box behind the battery carrier. A dual 
connector provides the interface between the ECM and the vehicle wiring.

The E-box is a lidded container that provides a protected environment for the ECM and the EAT ECU. An open hub, 
centrifugal fan powered by an electric motor ventilates the E-box with air from the passenger compartment. Exhaust 
air from the E-box is directed back into the passenger compartment. The ventilating and exhaust air is routed between 
the passenger compartment and the E-box through plastic ducting and corrugated rubber hoses. Operation of the 
cooling fan is controlled by a thermostatic switch in the E-box. The thermostatic switch receives a power feed while 
the ignition switch is in position II. If the temperature in the E-box reaches 35 °C the thermostatic switch closes and 
connects the power feed to the fan, which runs to cool the E-box with air from the passenger compartment. When the 
temperature in the E-box decreases to 27 °C, the thermostatic switch opens and stops the fan. To prevent the fan 
seizing up in colder climates, where it may not operate for long periods of time, the fan also receives a power feed 
direct from the starter circuit so that it runs each time the engine is cranked.

Inputs and Outputs
The ECM inputs and outputs are detailed in the Table below:
DESCRIPTION AND OPERATION 18-3-9



ENGINE MANAGEMENT SYSTEM - SIEMENS (ALL EXCEPT NAS)
ECM Harness Connector (C0371)

ECM Harness Connector Pin Details

Pin No. Description Input/Output
1 Ignition coil 4 Output
2 Ignition coil 3 Output
3 ECM earth -

4 EVAP canister purge valve Output
5 and 6 Not used -

7 Main relay Output

8 VIS balance valve motor supply Output
9 Fuel pump relay Output

10 Cruise control enable (where fitted) Output

11 Not used -
12 IAT/MAP sensor earth -
13 LH front HO2S signal Input

14 RH front HO2S signal Input
15 ECT sensor earth Input
16 Rear HO2S signal Input

17 A/C pressure sensor signal Input
18 CKP sensor earth -
19 CMP sensor earth -

20 LH knock sensor signal Input
21 and 22 Not used -

23 VIS power valve motor position feedback Input

24 to 26 Not used -
27 CAN bus high Input/Output
28 ECM earth -

29 Ignition power supply Input
30 Permanent battery power supply Input
31 Ignition coil 6 Output

32 Ignition coil 5 Output
33 ECM earth -
34 RH front HO2S heater Output

35 Rear HO2S heater Output
36 LH front HO2S heater Output
37 Not used -

38 VIS power valve motor supply Output
39 to 41 Not used -

42 IAC valve stepper motor (step 3) Output
43 Not used -
44 Throttle position sensor signal Input
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45 ECT sensor signal Input

46 Evaporator temperature sensor signal Input
47 IAT/MAP sensor (IAT signal) Input
48 Not used -

49 Accelerator pedal position sensor Input
50 RH knock sensor signal Input
51 Alternator (engine running signal) Input

52 Mobilisation signal Input
53 Sensor earth (A/C pressure and evaporator temperature 

sensors)
-

54 CKP sensor signal Input
55 Not used -

56 Diagnostic ISO 9141 K line Input/Output
57 CAN bus low Input/Output
58 Fuel injector 4 Output

59 Fuel injector 2 Output
60 Fuel injector 1 Output
61 Ignition coil 1 Output

62 Ignition coil 2 Output
63 ECM earth -
64 A/C compressor relay Output

65 Not used -
66 Power supply from main relay Input
67 ECM earth -

68 Not used -
69 Cooling fan PWM signal Output
70 IAC valve stepper motor (step 2) Output

71 IAC valve stepper motor (step 1) Output
72 IAC valve stepper motor (step 4) Output
73 IAT/MAP sensor (MAP signal) Input

74 Throttle position sensor reference supply Output
75 Throttle position sensor earth -
76 Rear HO2S heater earth -

77 LH and RH front HO2S heater earth -
78 IAT/MAP sensor reference supply Output
79 Not used -

80 Knock sensors earth -
81 A/C pressure sensor supply Output
82 CMP sensor signal Input

83 Not used -
84 VIS balance valve motor position feedback Input

85 to 87 Not used -

88 Fuel injector 3 Output
89 Fuel injector 5 Output
90 Fuel injector 6 Output

Pin No. Description Input/Output
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Controller Area Network (CAN) Bus: The ECM is connected to the Anti-lock Braking System (ABS) modulator, EAT 
ECU and the instrument pack by the CAN bus. The CAN bus is a serial communications data bus, consisting of a pair 
of wires twisted together, that allows the high speed exchange of digital messages between control units.

ECM CAN Messages

Inputs Outputs
A/C request. Instrument pack requests A/C on when A/
C switch and blowers are on. Used for condenser clutch 
and cooling fan control.

Actual engine torque. Current engine torque including 
any torque reduction. Expressed as a percentage of 
maximum engine torque. Used by EAT ECU for gear 
change scheduling.

Cooling request. Request by EAT ECU for additional 
cooling of the transmission fluid. The ECM switches on, 
or increases the speed of, the cooling fans.

Engine coolant temperature. Used by EAT ECU for 
diagnostic functions and to detect when the engine has 
completed a 'warm up' cycle. Used by instrument pack 
to drive engine temperature gauge.

Current/Target gear. EAT ECU informs the ECM what 
gear is currently engaged or, if a gear change is in 
progress, the gear to which the gearbox is changing. 
Used for engine load change prediction.

Engine friction. Informs the EAT ECU of the current 
frictional torque losses within the engine. Expressed as 
a percentage of maximum engine torque. Used for gear 
change scheduling.

Fuel level. Instrument pack informs the ECM of the level 
of fuel in the tank. Used for misfire monitoring.

Engine management fault. Indicates that a non 
emissions related fault has been detected.

Gear selector lever position. EAT ECU informs the ECM 
of the gear selector lever position selected by the driver. 
Used for idle speed control.

Engine speed. Used by EAT ECU to calculate gearbox 
oil pressure to assist with gear change scheduling. Also 
used by instrument pack to drive tachometer.

Gear change in progress. EAT ECU informs the ECM 
when a gear change is in progress. Used at idle speed 
to compensate for engine load changes during the gear 
change.

Engine speed error. Informs the EAT ECU if there is a 
fault with the engine speed calculation. If necessary, the 
EAT ECU adjusts gearbox operation to prevent 
possibility of mechanical damage.

Gearbox fault. EAT ECU informs the ECM there is a 
transmission fault that requires the MIL to be 
illuminated.

Engine torque error. Informs the ABS modulator and 
EAT ECU if there is an engine torque measurement 
error.

Rough road signal. From ABS modulator for use in 
misfire monitoring.

Fuel consumption. Used by instrument pack to 
calculate service intervals. Derived from fuel injection 
dwell times. Broadcast every 10 milli-seconds as 
cumulative volume used. Measured in micro-litres and 
begins counting from zero again when value reaches 
65535 micro-litres.

Torque reduction request. ABS modulator requests the 
ECM to reduce engine torque to assist with traction 
control. Amount of torque reduction required expressed 
as a percentage of maximum engine torque.

Ignition switch status. Used to initiate the EAT ECU 
power-down routine at ignition off.

Torque reduction request. EAT ECU requests the ECM 
to reduce engine torque for a gear change (equivalent 
to lifting off the throttle in manual gearbox models). 
Amount of torque reduction required expressed as a 
percentage of maximum engine torque.

Indexed engine torque. Theoretical maximum engine 
torque for current engine operating conditions. 
Expressed as a percentage of maximum engine torque. 
Used by ABS modulator and EAT ECU for torque 
reduction request calculations and gear change 
scheduling.

Torque increase request. ABS modulator requests a 
minor increase in engine torque when brakes are off 
and ABS function is triggered by engine braking. 
Amount of torque reduction required expressed as a 
percentage of maximum engine torque.

MIL status. Indicates to instrument pack if MIL should 
be on or off. Used by EAT ECU to discontinue 
emissions related OBD.

Vehicle speed. Current vehicle speed as calculated by 
ABS modulator using mean wheel speeds.

Throttle angle. Used by EAT ECU for gear change 
scheduling (kickdown) and ABS modulator for hill 
descent control.

Brake intervention activity status. ABS modulator 
informs ECM when ABS, ETC or HDC functions use 
brake intervention. ECM suspends misfire detection 
during brake intervention.
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Engine Sensors
The EMS incorporates the following engine sensors:
l A Camshaft Position (CMP) sensor.
l A Crankshaft Position (CKP) sensor.
l An Engine Coolant Temperature (ECT) sensor.
l Three Heated Oxygen Sensors (HO2S).
l An Intake Air Temperature/ Manifold Absolute Pressure (IAT/MAP) sensor.
l Two knock sensors.
l A Throttle Position (TP) sensor.
l An accelerator pedal position sensor.

Camshaft Position (CMP) Sensor

The CMP sensor provides a signal which enables the ECM to determine the position of the camshaft relative to the 
crankshaft. This allows the ECM to synchronise fuel injection for start and run conditions.

The CMP sensor is located on the camshaft cover of the LH cylinder bank, at the opposite end to the camshaft drive, 
in line with a 'half moon' reluctor on the exhaust camshaft. The reluctor comprises a single tooth which extends around 
180° of the camshaft circumference.

The CMP sensor operates using the Hall effect principle. A permanent magnet inside the sensor applies a magnetic 
flux to a semiconductor, which receives a power supply from the main relay. The output voltage from the 
semiconductor is fed to the ECM. As the gap in the reluctor passes the sensor tip, the magnetic flux is interrupted, 
causing a fluctuation of the output voltage and producing a digital signal.

If the CMP sensor fails during engine running, the engine will run normally until turned off, but will not restart until the 
CMP sensor input is restored.
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Crankshaft Position (CKP) Sensor

The CKP sensor provides the ECM with a digital signal of the rotational speed and angular position of the crankshaft, 
for use in ignition timing, fuel injection timing and fuel quantity calculations. To determine the exact position of the 
crankshaft in the engine cycle, the ECM must also use the input from the CMP sensor.

The CKP sensor is mounted on the front of the gearbox housing, in line with the outer circumference of the torque 
converter. The sensing tip of the CKP sensor is adjacent to a reluctor ring formed in the periphery of the torque 
converter. The reluctor ring has 58 teeth spaced at 6° intervals. A gap equivalent to two missing teeth, 36° After Top 
Dead Centre (ATDC) of No. 1 cylinder, provides the ECM with a reference point.

The CKP sensor operates using the Hall effect principle. A permanent magnet inside the sensor applies a magnetic 
flux to a semiconductor, which receives a power supply from the main relay. The output voltage from the 
semiconductor is fed to the ECM. As the gaps between the poles of the reluctor ring pass the sensor tip the magnetic 
flux is interrupted, causing a fluctuation of the output voltage and producing a digital signal.

If the CKP sensor fails the ECM immediately stops the engine.

Engine Coolant Temperature (ECT) Sensor

The ECT sensor provides the ECM with a signal voltage that varies with coolant temperature. The ECT sensor is 
located between the cylinder banks, between cylinders 3 and 6.
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The ECT sensor consists of an encapsulated Negative Temperature Coefficient (NTC) thermistor which is in contact 
with the engine coolant. As the coolant temperature increases the resistance across the sensor decreases and as the 
coolant temperature decreases the sensor resistance increases. To determine the coolant temperature, the ECM 
supplies the sensor with a regulated 5 volts power supply and monitors the return signal voltage.

If the ECT signal is missing, or outside the acceptable range, the ECM assumes a default temperature reflecting a 
part warm engine condition. This enables the engine to function, but with reduced driveability when cold and increased 
emissions, resulting from an over rich mixture, when the engine reaches normal operating temperature. The ECM will 
also switch on the cooling fans to prevent the engine and gearbox from overheating.

Heated Oxygen Sensors (HO2S)

The EMS has three HO2S:
l One in each exhaust manifold, upstream of the starter catalytic converter, identified as LH and RH front HO2S.
l One in the exhaust front pipe immediately downstream of the main catalytic converter, identified as the rear 

HO2S.

The LH and RH front HO2S enable the ECM to determine the AFR of the mixture being burned in each cylinder bank 
of the engine. The rear HO2S enables the ECM to monitor the performance of the catalytic converters.

Each HO2S consists of a sensing element with a protective ceramic coating on the outer surface. The outer surface 
of the sensing element is exposed to the exhaust gas, and the inner surface is exposed to ambient air. The difference 
in the oxygen content of the two gases produces an electrical potential difference across the sensing element. With 
a rich mixture, the low oxygen content in the exhaust gas results in a higher sensor voltage. With a lean mixture, the 
high oxygen content in the exhaust gas results in a lower sensor voltage.

During closed loop control the voltage of the two front HO2S switches from less than 0.3 volt to more than 0.5 volt. 
The voltage switches between limits every two to three seconds. This switching action indicates that the ECM is 
varying the AFR within the lambda window tolerance, to maximise the efficiency of the catalytic converters (for 
explanation of lambda window, see Closed loop fuelling in Operation).
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Sectioned View of HO2S

A = Ambient air; B = Exhaust gases 

1 Protective ceramic coating
2 Electrodes

3 Zirconium oxide

The material of the sensing element only becomes active at a temperature of approximately 300 °C (570 °F). To 
shorten the warm up time and minimise the emissions from a cold start, each HO2S contains a heating element 
powered by a supply from the main relay. The earth paths for the heating elements are controlled by the ECM. On 
start up, the current supplied to the heating elements is increased gradually to prevent sudden heating from damaging 
the ceramic coating. After the initial warm up period the ECM modulates the earth of the heating elements, from a 
map of engine speed against mass air flow, to maintain the HO2S at the optimum operating temperature.

The nominal resistance of the heating elements is 6 Ω at 20 °C (68 °F).

If a front HO2S fails the ECM adopts open loop fuelling and catalytic converter monitoring is disabled. If the rear HO2S 
fails only catalytic converter monitoring is affected.

Intake Air Temperature/ Manifold Absolute Pressure (IAT/MAP) Sensor

The dual IAT/MAP sensor provides the ECM with temperature and pressure signals for use in mass air flow 
calculations. The IAT/MAP sensor is located on the throttle body, downstream of the throttle plate.

IAT Sensor: The IAT sensor is a NTC thermistor which is exposed to the intake air. As the intake air temperature 
increases the resistance across the sensor decreases and as the intake air temperature decreases the sensor 
resistance increases. To determine the intake air temperature, the ECM supplies the sensor with a regulated 5 volts 
power supply and monitors the output signal voltage. If the IAT sensor fails the ECM adopts a default temperature 
value of 45 °C (113 °F) and disables adaptive fuelling. The fault may not be apparent to the driver.
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MAP Sensor: The MAP sensor is a piezo resistive sensor. The resistance of the sensor varies in proportion to the 
pressure of the intake air. The ECM supplies the sensor with a regulated 5 volts power supply and, from the sensor 
output voltage, calculates the pressure of the intake air. If the MAP sensor signal is missing the ECM will adopt a 
default value based on crankshaft speed and throttle angle. The engine will continue to run with reduced driveability 
and increased emissions, although this may not be apparent to the driver.

Knock Sensors

The knock sensors enable the ECM to operate the engine at the limits of ignition advance, for optimum efficiency, 
without combustion knock damaging the engine. The ECM uses two knock sensors, one for each cylinder bank, 
located between the cylinder banks on cylinders 3 and 4.

The knock sensors consist of piezo ceramic crystals that oscillate to create a voltage signal. During combustion knock, 
the frequency of crystal oscillation increases, which alters the signal output to the ECM. The ECM compares the signal 
to known signal profiles in its memory. If the onset of combustion knock is detected the ECM retards the ignition timing 
for a number of cycles. When the combustion knock stops, the ignition timing is gradually advanced to the original 
setting.

The knock sensor leads are of different lengths to prevent incorrect installation.

Throttle Position (TP) Sensor

The TP sensor provides the ECM with a throttle plate position signal. The TP sensor is located on the throttle body.

The TP sensor is a variable potentiometer that consists of a resistive track and a sliding contact. The sliding contact 
is connected to the spindle of the throttle plate. The sensor receives a regulated 5 volts supply from the ECM. As the 
throttle is opened and closed, the sliding contact moves along the resistive track to change the output voltage of the 
sensor. The ECM determines throttle plate position and angular change rate by processing the output voltage, which 
ranges from approximately 0.14 V at closed throttle to 4.36 V at wide open throttle.
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The TP sensor requires no adjustment in service, since the ECM adapts to any minor changes of the upper and lower 
voltage limits which occur due to normal wear. However, when a new TP sensor or ECM is fitted, a TestBook 
initialisation procedure must be carried out to enable the ECM to 'fast learn' the TP sensor positions and, in the case 
of a new TP sensor, overwrite old data. Without the initialisation procedure, poor throttle response and idle control 
may be experienced until the ECM adapts to the voltage limits of the sensor.

If the TP signal is missing the ECM will substitute a value based on information from the IAT/MAP sensor and CKP 
sensor. The engine will continue to run but may suffer from poor idle control and throttle response.

Accelerator Pedal Position Sensor

The accelerator pedal position sensor enables the ECM to detect when the accelerator pedal is pressed by the driver. 
The ECM uses the accelerator pedal position sensor input to detect a sticking throttle, by ensuring there is genuine 
driver demand from the accelerator pedal when the TP sensor input indicates that the throttle is above idle.

The accelerator pedal position sensor is a Hall effect sensor installed in the pedal box. The sensor consists of an inner 
sensor in an outer mounting sleeve. To ensure correct orientation, the sensor is keyed to the mounting sleeve and 
the mounting sleeve is keyed to the pedal box. Mating serrations hold the sensor in position in the mounting sleeve. 
While the accelerator pedal is at idle, a tang on the upper end of the pedal rests against the end of the sensor. When 
the accelerator pedal is pressed, the tang moves away from the sensor and induces a change of sensor output 
voltage.

If the accelerator pedal position sensor input is missing, or the TP sensor input is implausible, the ECM inhibits the 
throttle angle message on the CAN bus, which disables the Hill Descent Control (HDC) function of the ABS modulator 
and reduces the performance of the automatic gearbox (harsh gear changes and loss of kickdown).
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Fuel Injectors

A split stream, air assisted fuel injector is installed for each cylinder. The injectors are located in the inlet manifolds 
and connected to a common fuel rail assembly.

Each injector contains a pintle type needle valve and a solenoid winding. The needle valve is held closed by a return 
spring. An integral nozzle shroud contains a ported disc, adjacent to the nozzles. 'O' rings seal the injector in the fuel 
rail and the inlet manifold.

The solenoid winding of each injector receives a 12 volt supply from the main relay. To inject fuel, the ECM supplies 
an earth path to the solenoid winding, which energises and opens the needle valve. When the needle valve opens, 
the two nozzles direct a spray of atomised fuel onto the back of each inlet valve. Air drawn through the shroud and 
ported disc improves atomisation and directional control of the fuel. The air is supplied from a dedicated port in the 
IAC valve via a plastic tube and tracts formed in the gasket face of the intake manifolds.

Each injector delivers fuel once per engine cycle, during the inlet stroke. The ECM calculates the open time (duty 
cycle) of the injectors from:
l Engine speed.
l Mass air flow.
l Engine temperature.
l Throttle position.

The fuel in the fuel rail is maintained at a pressure of 3.5 bar (51 lbf/in2) by a pressure regulator incorporated into the 
pump unit in the fuel tank. An accumulator is attached to the fuel rail on the RH inlet manifold to damp out pressure 
pulses from the pump and ensure that the pressure in the fuel rail is constant (the same component functions as the 
pressure regulator on vehicles with a return fuel delivery system). The accumulator is connected by a pipe to the inlet 
manifold from which it receives a vacuum to aid the damping process. A Schraeder valve is installed in the 'fuel return' 
pipe of the accumulator to allow pressure to be released from the fuel rail and fuel feed pipe prior to maintenance.

The nominal resistance of the injector solenoid winding is 13 - 16  Ω at 20 °C (68 °F).
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Ignition Coils

The ECM uses a separate ignition coil for each spark plug. The ignition coils for the LH bank spark plugs are 
positioned on the forward tracts of the inlet manifold and connected to the spark plugs with High Tension (HT) leads. 
The ignition coils for the RH bank spark plugs are of the plug top design, secured to the camshaft cover with 2 screws.

Each ignition coil has 3 connections in addition to the spark plug connection; an ignition feed from the main relay, an 
earth wire for the secondary winding and a primary winding negative (switch) terminal. The switch terminal of each 
ignition coil is connected to a separate pin on the ECM to allow independent switching. The ignition coils are charged 
whenever the ECM supplies an earth path to the primary winding negative terminal. The duration of the charge time 
is held relatively constant by the ECM for all engine speeds. Consequently, the dwell period increases with engine 
speed. This type of system, referred to as Constant Energy, allows the use of low impedance coils with faster charge 
times and higher outputs.

The ECM calculates dwell angle using inputs from the following:
l Battery voltage (main relay).
l CKP sensor.
l Ignition coil primary current (internal ECM connection).

The spark is produced when the ECM breaks the primary winding circuit. This causes the magnetic flux around the 
primary winding to collapse, inducing HT energy in the secondary coil, which can only pass to earth by bridging the 
air gap of the spark plug.

Ignition related faults are monitored indirectly by the misfire detection function.
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Idle Air Control (IAC) Valve

The IAC valve regulates the flow of throttle bypass air and the flow of air to the fuel injectors. The throttle bypass air 
enables the ECM to:
l Control engine idle speed.
l Provide a damping function when the throttle plate closes during deceleration, to reduce Hydrocarbon (HC) 

emissions. 

The IAC valve is located on a port in the throttle body downstream of the throttle plate. A hose, from the duct between 
the air cleaner and the throttle body, is connected to an inlet port on the valve housing to provide a source of air from 
upstream of the throttle plate. A tube supplies air from an outlet port on the valve housing to the intake manifolds, for 
the air assisted fuel injectors. A stepper motor on the valve housing operates a pintle valve to control the flow of air 
through the valve housing.

The stepper motor core is rotated by the magnetic fields of two electro-magnetic bobbins set at 90° to each other. The 
bobbins are connected to driver circuits in the ECM. Each of the four connections can be connected to 12 volts or 
earth, enabling four phases to be produced. The ECM modulates the four phases as necessary to move the motor 
core and pintle valve, and so adjust the flow of air from the inlet port to the throttle bypass and fuel injector outlet ports.

When the ignition is switched off the ECM enters a power down routine which includes referencing the stepper motor. 
During referencing the ECM rotates the stepper motor fully closed to provide a position datum for when it next needs 
to start the engine. The referencing procedure takes from three to five seconds. If the ECM cannot reference the 
stepper motor during the power down, e.g. due to a power failure, referencing is performed the next time the ignition 
is switched on.

There are no back up idle control systems. If the stepper motor fails the idle speed may be too high or too low, the 
engine may stall and/or the engine may be difficult to start.

Malfunction Indicator Lamp (MIL)
The MIL is located in the instrument pack and consists of an engine graphic on a yellow background (all except NAS) 
or a yellow SERVICE ENGINE SOON legend (NAS). The ECM operates the MIL by communicating with the 
instrument pack on the CAN bus.
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Operation

General
Engine Starting

When the ignition switch is in position II a power feed is connected from the ignition switch to the ECM. The ECM then 
initiates 'wake up' routines and energises the main and fuel pump relays. If the ignition switch remains in position II 
without the engine running, the ECM de-energises the fuel pump relay after approximately 2 seconds. When the 
ignition switch is in position II with the engine running, or position III, the fuel pump relay is permanently energised.

When the engine cranks, the ECM initiates fuelling and ignition to start the engine. Provided a valid mobilisation signal 
is received from the immobilisation ECU, the ECM maintains fuelling and ignition control of the engine as necessary 
to meet driver demand. If no mobilisation code is received from the immobilisation ECU, or the code is invalid, the 
ECM stops the engine after 2 seconds.

The electrical circuit from the fuel pump relay to the fuel pump is routed through the fuel cut-off inertia switch, located 
below the E-box in the engine compartment. In the event of a collision the switch breaks the circuit to prevent further 
fuel being delivered to the engine. The switch is reset by pressing down the centre of the rubber cover on the top of 
the switch.

During the start sequence, the ECM also illuminates the MIL, as a bulb check, for 4 seconds after the ignition switch 
turns to position II or until the ignition switch turns to position III.

Engine Stopping

When the ignition switch is turned to position I, the ECM switches off the ignition coils, injectors and fuel pump to stop 
the engine. The ECM continues to energise the main relay until the power down functions are completed. Power down 
functions include engine cooling, referencing the IAC valve stepper motor and memorising data for the next start up. 
When the power down process is completed, the ECM de-energises the main relay and enters a low power mode. In 
the low power mode, maximum quiescent drain is 0.5 mA.

Fuelling Control
The ECM controls the amount of fuel injected into the engine by adjusting the duty cycle of the fuel injectors. The 
amount of fuel required is a rolling process determined from maps of engine speed against mass air flow. The value 
from the map is then corrected for engine coolant temperature, throttle position, vehicle speed and any adaptive value 
stored in memory.

Mass air flow is calculated using engine speed, inlet air temperature and inlet air pressure. The engine speed 
indicates the volume of air flowing into the cylinders; the inlet air temperature and inlet air pressure indicate the density 
of the air. The pressure of the inlet air varies according to the following:
l The position of the throttle valve (driver input).
l The atmospheric pressure (altitude and weather conditions).
l The mechanical condition of the engine (volumetric efficiency).

To ensure the accuracy of the amount of fuel injected, the ECM monitors the fuel injector power supplies and, if 
necessary, adjusts the fuel injector duty cycle to compensate for low battery voltage. At lower voltages, fuel injector 
response is slower and, unless compensated for, results in a leaner AFR than intended.

The ECM operates the fuel injectors during their related cylinder's induction stroke, in cylinder firing order. Fuel 
injector timing is determined from the CMP and CKP sensor inputs.

Fuelling control operates in either closed loop or open loop. 

Closed Loop Fuelling
Closed loop fuelling is used for the following conditions:
l Idle.
l Lower mass air flows.
l Cruise.
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During closed loop fuelling the ECM maintains the AFR within a lambda window of 1.00 ± 0.03, where lambda 1.00 
is equivalent to an AFR of 14.7 : 1 by weight. The ECM uses the inputs from the two front HO2S to monitor the engine's 
AFR and, if necessary, adds a correction to maintain the AFR within the lambda window. If, over a number of ignition 
cycles, a significant correction is consistently applied, the ECM stores the correction as an adaptive value.

The efficient operation of the catalytic converters relies on the ECM cycling the AFR from rich to lean within the lambda 
window, i.e. between lambda 0.97 and 1.03. The continuous cycling within the lambda window allows the catalytic 
converters to absorb and release oxygen for optimum efficiency.

Open Loop Fuelling 
The ECM uses open loop fuelling when it is not possible or desirable to use feedback from the front HO2S to monitor 
the AFR. During open loop fuelling the ECM uses information from the engine sensors and fuelling maps to determine 
the required fuel quantity.

Open loop fuelling is used for the following conditions: 
l Cold start.
l Warm up.
l Maximum mass air flow.
l Wide open throttle.
l Hot start.
l HO2S failure.

Cold Start: During cold starting the engine temperature is low enough to promote fuel condensation on the cold 
surfaces of the inlet manifold and cylinder walls. This would leave the AFR lean and the fuel content too poorly 
distributed to provide a readily combustible mixture. To overcome this the ECM increases the amount of fuel injected 
to produce a rich AFR and adjusts the idle speed to a 'fast idle' value.

Warm Up: Once the engine has fired, the ECM references the ECT, IAT/MAP, TP and CMP sensors to modify the 
fuelling as the engine warms up. As the engine temperature rises, the AFR is leaned off until the HO2S are functional 
and the ECM adopts closed loop fuelling.

Maximum Mass Air Flow/ Wide Open Throttle : For maximum power output on sudden opening of the throttle or 
continuous wide open throttle, the ECM switches to open loop fuelling and enriches the AFR to 12 : 1.

Hot Start: When a hot engine is turned off, the fuel in the injectors and injector rail absorbs heat, which causes the 
characteristics of the fuel to change. A hot start becomes more demanding due to difficulties in achieving the correct 
AFR and an even mixture distribution. To overcome this the ECM references the ECT sensor and enriches the AFR.

HO2S Failure: If the input from one of the front HO2S is missing, or outside tolerances, the ECM adopts open loop 
fuelling.

Overrun Fuel Cut-off
During overrun, if engine speed is sufficiently above stalling speed the ECM temporarily inhibits fuel injection. Fuel 
injection is reinstated when the throttle opens or engine speed approaches stalling speed. The engine speeds at 
which the ECM inhibits and reinstates fuel injection varies with coolant temperature; the lower the coolant temperature 
the higher the engine speeds.

Ignition Timing
The ECM calculates ignition timing using inputs from the following sensors:
l CKP sensor.
l Knock sensors.
l IAT/MAP sensor.
l TP sensor (idle only).
l ECT sensor.

At start up and idle the ECM sets ignition timing by referencing the ECT and CKP sensors. Once above idle the ignition 
timing is controlled according to maps stored in the ECM memory and modified according to additional sensor inputs 
and any adaptive value stored in the memory. The maps keep the ignition timing within a narrow band that gives an 
acceptable compromise between power output and emission control. The ignition timing advance and retard is 
controlled by the ECM in order to avoid combustion knock.
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Knock Control
The ECM uses active knock control to prevent combustion knock damaging the engine. If the knock sensor inputs 
indicate the onset of combustion knock, the ECM retards the ignition timing for that particular cylinder by 3°. If the 
combustion knock indication continues, the ECM further retards the ignition timing, in decrements of 3°, for a 
maximum of 15° from where the onset of combustion knock was first sensed. When the combustion knock indication 
stops, the ECM restores the original ignition timing in increments of 0.75°.

To reduce the risk of combustion knock at high intake air temperatures, the ECM retards the ignition timing if the intake 
air temperature exceeds 55 °C (169 °F). The amount of ignition retard increases with increasing air intake 
temperature.

Idle Speed Control
The ECM controls the engine idle speed using a combination of ignition timing and the IAC valve. 

When the engine idle speed fluctuates the ECM initially varies the ignition timing, which produces rapid changes of 
engine speed. If this fails to correct the idle speed, the ECM also operates the IAC valve stepper motor to vary the 
amount of air allowed to bypass the throttle plate. To increase the idle speed the ECM signals the stepper motor to 
allow more air to bypass the throttle plate. To decrease the idle speed the ECM signals the stepper motor to allow 
less air to bypass the throttle plate. The IAC valve is also opened during deceleration to decrease the manifold 
vacuum and reduce emissions.

Misfire Detection
The ECM uses the CKP sensor input to monitor the engine for misfires. As the combustion charge in each cylinder is 
ignited the crankshaft accelerates, then subsequently decelerates. By monitoring the acceleration/ deceleration 
pulses of the crankshaft the ECM can detect misfires.

Low Fuel Level: When the fuel tank is almost empty there is a risk that air may be drawn into the fuel system, due to 
fuel 'slosh', causing fuel starvation and misfires. If a misfire occurs when the fuel tank content is less than 15% (8.85 
litres; 2.34 US galls), the ECM stores an additional fault code to indicate the possible cause of the misfire.

Rough Road Disable: When the vehicle is travelling over a rough road surface the engine crankshaft is subjected to 
torsional vibrations caused by mechanical feedback from the road surface through the transmission. To prevent 
misinterpretation of these torsional vibrations as a misfire, the misfire monitor is disabled when a road surface 
exceeds a roughness limit programmed into the ECM. The roughness of the road is calculated by the ABS modulator, 
from the four ABS sensor inputs, and transmitted to the ECM on the CAN bus. 

Catalytic Converter Monitoring
The ECM monitors the operating efficiency of the catalytic converters by comparing the input of the rear HO2S with 
the inputs from the two front HO2S.

Cooling Fans
The ECM controls the operation of the variable speed cooling fans via a Pulse Width Modulated (PWM) signal to the 
cooling fan ECU. The cooling fan ECU regulates the voltage of a common power feed to the two fans, and relates the 
voltage to the duty cycle of the PWM signal. The ECM varies the duty cycle of the PWM signal between 10 and 90% 
to vary the fan speed. If the PWM signal is outside the 10 to 90 % range, the cooling fan ECU interprets the signal as 
an open or short circuit and runs the fans at maximum speed to ensure the engine and gearbox do not overheat.

The ECM operates the fans in response to inputs from:
l The ECT sensor, for engine cooling. With the engine running, the fans come on at maximum speed if the coolant 

temperature increases to 105 °C (221 °F). The fans go off when the coolant temperature decreases to 102 °C 
(216 °F).

l The instrument pack and the A/C pressure sensor, for refrigerant system cooling (see Air Conditioning (A/C), 
below).

l The EAT ECU, for gearbox cooling. 
  +  AUTOMATIC GEARBOX - JATCO, DESCRIPTION AND OPERATION, Description.

If there is a conflict between requested fan speeds from the different inputs, the ECM adopts the highest requested 
speed.
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As part of the power down routine, when the ignition is switched off the ECM samples the engine coolant temperature. 
If the coolant temperature is below 102 °C (216), the fans remain off. If the coolant temperature is between 102 and 
105 °C (216 and 211 °F) the fans run at 8% of full speed for 5 minutes and then go off. If the coolant temperature is 
105 °C (221 °F) or above, the fans run at 20% of full speed for 5 minutes and then go off.

Air Conditioning (A/C)
When the CAN bus message from the instrument pack requests A/C, the ECM grants the request by energising the 
A/C compressor clutch relay provided that:
l Driver demand is less than wide open throttle.
l The engine coolant temperature is within limits.
l There is no engine running problem.
l The engine is running below the maximum permitted continuous speed.
l The input from the A/C pressure switch indicates that refrigerant system pressure is within limits.
l The input from the evaporator temperature sensor indicates that the temperature of the air from the evaporator 

is above the minimum limit, i.e. the evaporator is free from ice.

When it energises the A/C compressor clutch relay, the ECM also operates the cooling fans. The fans run 
continuously while the compressor clutch is engaged. The speed of the cooling fans depends on refrigerant system 
pressure, with stepped changes of speed as refrigerant pressure increases and decreases.

Cooling Fan Speed Versus Refrigerant Pressure

While the A/C is on, if the throttle position or engine coolant temperature exceed preset limits the ECM de-energises 
the A/C compressor clutch relay to suspend A/C operation and reduce the load on the engine. When the parameter 
returns within limits the ECM re-energises the A/C compressor clutch relay to restore A/C. Similarly, to protect the 
refrigerant system, the ECM suspends A/C operation if the refrigerant system pressure is not within the high and low 
limits.

A/C Compressor Clutch Switching Points

Refrigerant 
pressure, bar 

(lbf/in2)

Fan speed, % 
of maximum

<16 
(232)

43

16 to <20
(232 to <290)

55

20 to <23
(290 to <334)

63

23 to <30 
(334 to <435)

67

30>
(435>)

100

Input 
component

Compressor clutch
Disengaged Engaged

TP sensor Accelerating at 
maximum load

Stable at 
maximum load 

and below
ECT sensor More than 118 °C 

(244 °F)
Less than 112 °C 

(234 °F)
A/C pressure 
sensor – low 

limit

1.6 bar 
(23.2 lbf/in2)

2.0 bar
(29.0 lbf/in2)

A/C pressure 
sensor – high 

limit

29 bar 
(421 lbf/in2)

23 bar
(334 lbf/in2)
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Evaporative Emissions (EVAP) Canister Purge Valve
The ECM provides a PWM earth path to control the operation of the purge valve. When the ECM is in the open loop 
fuelling mode the purge valve is kept closed. When the vehicle is moving and in the closed loop fuelling mode the 
ECM opens the purge valve.

When the purge valve is open fuel vapour is drawn from the EVAP canister into the inlet manifold. The ECM detects 
the resultant enrichment of the AFR, from the inputs of the front HO2S, and compensates by reducing the duty cycle 
of the fuel injectors.

Variable Intake System (VIS) Valves
The ECM operates the two VIS valve motors to open and close the VIS valves in a predetermined sequence based 
on engine speed and throttle opening. Each VIS valve motor has a permanent power feed from the main relay, 
feedback and signal connections with the ECM, and a permanent earth connection. When the engine starts, the VIS 
valve motors are both in the valve open position. To close the VIS valves, the ECM applies a power feed to the signal 
line of the applicable VIS valve motor. To open the VIS valves, the ECM disconnects the power feed from the signal 
line and the VIS valve motor is closed by the power feed from the main relay.

VIS Valve Operating Strategy

A = Balance valve open; power valves open; B = Balance valve closed; power valves open; C =  Balance valve open; 
power valves closed; D =  Engine speed, rev/min; E =  Throttle opening, degrees

Gear Change Torque Reduction
The ECM retards the ignition timing to reduce engine torque during a gear change. Once the gear change is 
completed the ignition timing is returned to normal control.

Diagnostics
The ECM incorporates On Board Diagnostics (OBD) software that complies with market legislation current at the time 
of manufacture. During engine operation the ECM performs self test and diagnostic routines to monitor the 
performance of the engine and the EMS. If a fault is detected the ECM stores a related diagnostic trouble code (also 
known as a 'P' code) in a non volatile memory and, for most faults, illuminates the MIL. Codes are retrieved using 
TestBook, which communicates with the ECM via an ISO 9141 K line connection from the diagnostic socket.

Diagnostic Trouble Codes

P Code  Component Description  MIL
P0107 Manifold air pressure sensor (IAT/

MAP sensor pressure signal)
Short to battery or open circuit Y

P0108 Manifold air pressure sensor (IAT/
MAP sensor pressure signal)

Short to earth Y

P0112 Air intake temperature sensor (IAT/
MAP sensor temperature signal)

Short to battery or open circuit Y

P0113 Air intake temperature sensor (IAT/
MAP sensor temperature signal)

Short to earth Y

M19 3213

7000

4300

2900

700
0 38 90

E

D

A CB
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P0117 Coolant temperature sensor Short to battery or open circuit Y

P0118 Coolant temperature sensor Short to earth Y
P0122 Throttle position sensor Short to battery or open circuit Y
P0123 Throttle position sensor Short to earth Y

P0131 Upstream O2 sensor odd bank (LH 
front HO2S)

Air leakage, short to earth or open 
circuit

Y

P0132 Upstream O2 sensor odd bank (LH 
front HO2S)

Short to battery Y

P0133 Upstream O2 sensor odd bank (LH 
front HO2S)

Slow response Y

P0135 Upstream O2 sensor heater odd bank 
(LH front HO2S heater)

Short to battery, short to earth or open 
circuit

Y

P0137 Downstream O2 sensor (rear HO2S) Air leakage, short to earth or open 
circuit

Y

P0138 Downstream O2 sensor (rear HO2S) Short to battery Y
P0140 Downstream O2 sensor (rear HO2S) No activity detected Y
P0141 Downstream O2 sensor (rear HO2S) Short to battery, short to earth or open 

circuit
Y

P0151 Upstream O2 sensor even bank (RH 
front HO2S)

Air leakage, short to earth or open 
circuit

Y

P0152 Upstream O2 sensor even bank (RH 
front HO2S)

Short to battery Y

P0153 Upstream O2 sensor even bank (RH 
front HO2S)

Slow response Y

P0155 Upstream O2 sensor heater even 
bank (RH front HO2S heater)

Short to battery, short to earth or open 
circuit

Y

P0171 Fuelling odd bank (LH cylinder bank) Lean limit Y

P0172 Fuelling odd bank (LH cylinder bank) Rich limit Y
P0174 Fuelling even bank (RH cylinder 

bank)
Lean limit Y

P0175 Fuelling even bank (RH cylinder 
bank)

Rich limit Y

P0261 Injector 6 Short to earth or open circuit Y
P0262 Injector 6 Short to battery Y

P0264 Injector 5 Short to earth or open circuit Y
P0265 Injector 5 Short to battery Y
P0267 Injector 4 Short to earth or open circuit Y

P0268 Injector 4 Short to battery Y
P0270 Injector 3 Short to earth or open circuit Y
P0271 Injector 3 Short to battery Y

P0273 Injector 2 Short to earth or open circuit Y
P0274 Injector 2 Short to battery Y
P0276 Injector 1 Short to earth or open circuit Y

P0277 Injector 1 Short to battery Y
P0300 Cylinder banks Misfire, increased emissions Y
P0301 RH cylinder bank Misfire detected cylinder 6 Y

P0302 LH cylinder bank Misfire detected cylinder 5 Y
P0303 RH cylinder bank Misfire detected cylinder 4 Y
P0301 RH cylinder bank Misfire detected cylinder 6 Y

P0302 LH cylinder bank Misfire detected cylinder 5 Y
P0303 RH cylinder bank Misfire detected cylinder 4 Y
P0325 Knock sensor odd bank (RH knock 

sensor)
Noise level too low Y

P0325 Knock sensor odd bank (RH knock 
sensor)

Noise level too low Y

P Code  Component Description  MIL
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P0335 Crankshaft sensor No signal Y

P0336 Crankshaft sensor Signal not plausible Y
P0340 Camshaft sensor No signal Y
P0341 Camshaft sensor Signal not plausible Y

P0351 Ignition control signal coil A - cylinder 
6

Short to battery, short to earth or open 
circuit

Y

P0352 Ignition control signal coil B - cylinder 
5

Short to battery, short to earth or open 
circuit

Y

P0353 Ignition control signal coil C - cylinder 
4

Short to battery, short to earth or open 
circuit

Y

P0354 Ignition control signal coil D - cylinder 
3

Short to battery, short to earth or open 
circuit

Y

P0355 Ignition control signal coil E - cylinder 
2

Short to battery, short to earth or open 
circuit

Y

P0356 Ignition control signal coil F - cylinder 
1

Short to battery, short to earth or open 
circuit

Y

P0420 Catalytic converter Malfunction Y
P0444 Purge valve Open circuit Y
P0445 Purge valve Short to battery or short to earth Y

P0505 Idle speed stepper motor (IAC valve) Short to battery, short to earth or open 
circuit

Y

P0562 System relay Open circuit Y
P0563 System relay Short to battery Y
P1230 Fuel pump relay Open circuit Y

P1231 Fuel pump relay Short to earth Y
P1232 Fuel pump relay Short to battery Y
P1319 Cylinder banks Misfire at low fuel level Y

P1320 CKP sensor Flywheel adaption for misfire 
detection, adaption limit

Y

P1321 CKP sensor Flywheel adaption for misfire 
detection, tooth error

Y

P1470 Variable intake balance valve Always open Y
P1471 Variable intake balance valve Always closed Y
P1472 Variable intake butterfly (power) 

valves
Always open Y

P1473 Variable intake butterfly (power) 
valves

Always closed Y

P1474 Variable intake balance valve Short to battery Y

P1475 Variable intake balance valve Short to earth or open circuit Y
P1476 Variable intake butterfly (power) 

valves
Short to battery Y

P1477 Variable intake butterfly (power) 
valves

Short to earth or open circuit Y

P1510 Cruise control enable (interface ECU) Short to battery Y
P1511 Cruise control enable (interface ECU) Short to earth or open circuit Y

P1537 A/C compressor clutch relay Short to earth or open circuit N
P1538 A/C compressor clutch Short to battery N
P1610 Main relay Short to battery Y

P1611 Main relay Short to earth or open circuit Y
P1630 Immobilisation ECU Security code not received N
P1631 Immobilisation ECU Security code incorrect N

P1641 CAN bus Bus failure Y
P1646 CAN bus Automatic transmission message 

fault
Y

P1775 CAN bus Auto gearbox ECU MIL request Y

P Code  Component Description  MIL
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DESCRIPTION AND OPERATION

Cruise Control System Component  
Layout - Sheet 1 of 2

1 Vacuum actuator
2 Vacuum pump assembly

3 Pipe
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Cruise Control System Component  
Layout - Sheet 2 of 2

RHD shown, LHD similar

1 Master switch
2 Warning lamp (all except NAS)
3 Warning lamp (NAS only)

4 Steering wheel switches
5 Interface ECU
6 Cruise control ECU
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