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ABOUT THIS BOOK

This Owners’ Edition - Workshop Manual covers the the Volkswagen Transporter range from the end of 1999 (model year 2000) until the end of production and fitted with following engines: 1.9, 2.4 and 2.5 litre diesel engines. It has been specially written for the practical owner who wants to maintain a vehicle in first-class condition and carry out the bulk of his or her own servicing and repairs. Comprehensive step-by-step instructions are provided for service and overhaul operations to guide the reader through what might otherwise be unfamiliar and complicated tasks. Numerous drawings are included to amplify the text.

With the aid of this manual, many aspects of service, overhaul and repair are within the scope of an owner with a reasonable degree of mechanical aptitude. Some operations however demand more skill. Other jobs require the use of special tools and in some cases testing facilities and techniques that are not generally available. Only you can judge whether a job is within your capabilities. We do however try to assist the reader to come to an informed decision. Whilst every effort has been made to ensure that the information provided is correct, it is obviously not possible to guarantee complete freedom from errors or omissions.

Information to be found in the driver’s handbook is not necessarily duplicated here and it is not possible within this volume to cover every aspect to be found in the manufacturer’s own workshop manual which is of much greater size and complexity. However, it should be consulted if more detailed information is needed.

Always remember that you are responsible for your own safety and that of others when working on a vehicle. Take particular care with safety-related systems like the brakes and steering, and seek professional advice if in any doubt. Never work under a vehicle unless it is properly supported (a single jack is not enough). Take care with power tools, also regard as potentially harmful fuel, lubricants, solvents and sealers which should always be and kept in labelled, sealed containers.

With care and common sense, the practical owner can make an excellent job of maintenance and overhaul. The benefits include money saved and the satisfaction of work well done. You will be adding to your knowledge, too: knowing more about the vehicle you own will help you to make logical decisions about what needs to be done, even if it does in some instances have to go into a professional repair shop.

The Volkswagen Transporter T4 is a vehicle that will respond to careful regular servicing and is built to a standard that will ensure a long life if this is remembered.
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	0.0.	General Information



This Manual covers the models in the Volkswagen Transporter range from the end of 1999, generally referred to as Type T4 vehicles, with a choice of three diesel engines. The following engines are covered in this manual:


	The 1.9 litre diesel engine is a four-cylinder engine and has the type designation “ABL”, replacing the engine type “1X”. The engine has a performance of 50 kW at 3700 rpm. Earlier engines of the same capacity were rated at 45 kW at the same speed. There is also a 55 kW diesel engine. Either a diesel or turbo diesel engine is fitted.

	The 2.4 litre diesel engine is a five-cylinder engine and has now the type designation “AJA”, replacing the previously used “AAB” engine. The engine has a performance of 55 kW at 3700 rpm (“AAB” engine 57 kW at 3700 rpm.) The engine is of the conventional type with indirect diesel fuel injection.

	From approx. August 1995 a new engine with a capacity of 2.5 litres has been fitted to T4 models, but the engine types have been changed since introduction. The engine performance is given in Section 1.0. The latest engines have the code letters “AXG”, “AXL” and “AYC”. All engines operate with direct fuel injection (TDI engine). A catalytic converter, exhaust gas recirculation, a turbo charger and a charge air intercooler are used in these vehicles.



The front suspension consists of an upper and lower wishbones, torsion bars and a stabiliser bar (anti-roll bar), together with double-acting, hydraulic shock absorbers. Not all models have the stabiliser bar. The individual parts of the front suspension can be removed from the vehicle without dismantling the complete assembly. All parts of the front suspension are mounted to a strong crossmember, which can be removed as a complete unit in order to remove the individual units, if major repairs are necessary.

The rear suspension consists of suspension arms with coil springs and hydraulic shock absorbers and a stabiliser (antiroll) bar. The suspension arms are rubber-mounted on the chassis. The wheel hub carrier is bolted to the outside of the suspension arm. The connection to the rear drive shafts takes place at the inside of each rear wheel hub carrier.

A rack and pinion steering, fitted with servo-assistance, is used. Disc brakes at the front wheels and rear wheels are fitted and a brake servo unit as standard fitment, make up the brake system, but not all models have the same front disc brake assemblies. Two types of Lucas calipers or Teves/ATE calipers were used during production and irrespective of the models in question will be covered in the relevant section. ABS can now be fitted to the vehicle. The vacuum for the operation of the brake servo unit is supplied by a separate exhauster pump (vacuum pump).

A five-speed manual or an automatic transmission can be fitted to the vehicles covered in this manual.

With regards to the range of models covered in the manual it must be pointed out that not all of these will be available in any particular country and that the manufacturer reserves the right to make modifications to standard equipment, optional extras and trim as may be necessary for any territory.

Since the variations between certain models are only in fittings and trim it will be unnecessary in some parts of this manual to refer to individual model designations.
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Fig. 0.1. - The location of the type identification plate on the passenger side of the vehicle.
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Fig. 0.2. - The location of the vehicle identification number at the bottom of the windscreen.








	0.1.	Identification



The type identification plate can be found near the front door pillar, close to the door striker plate, at the position shown in Fig. 0.1. The chassis number is stamped into the right-hand side, below the windscreen, and is visible from the outside of the vehicle (arrow, Fig. 0.2). The chassis number can have the following appearance:

WVW2 ZZZ 370 Z Y H 00001

which relates to the following data:


	The first three letters with the “2” refer to the code letters of the manufacturer.

	The next three letters are filler letters.

	The number “370” refers to the model designation.

	The single “Z” is a filler letter.

	The letter “Y” refers to the model year, in this case given for a 2000 model. After “Y” you will find “1”, “2” or “3” (2001, 2002, 2003), referring to subsequent model years.

	The “H” refers to the manufacturing plant in Germany.

	The last numbers are the actual serial number of the vehicle.
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Fig. 0.3. – The location of the engine number on the 1.9 litre diesel engine.



The engine number of a 1.9 litre diesel engine is stamped into the cylinder block between the injection pump and the vacuum pump, at the position shown in Fig. 0.3. The engine code of the two five-cylinder engines can be found next to the injection pump on the left-hand side of the cylinder block, at the position shown in Fig. 0.4. The engine code and engine serial number are quoted. A sticker with the engine code and the engine number is attached to the upper timing belt cover.
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Fig. 0.4. – The position of the engine number on the five-cylinder diesel engine.



These numbers are the essential information needed whenever spares or replacement parts are required. The vehicle manufacturer operates a policy of constant improvement and updating and it is only by quoting the vehicle and engine numbers that your dealer can provide you with the correct spares and replacements. The engine code is also included in the details of the vehicle data plate.

Note: If ever in the life of your T4 a replacement cylinder block is fitted, make sure that the original engine number has been transferred to the new cylinder block. This is (a) a legal requirement and (b) will avoid complications whenever you want to sell, part exchange or use the vehicle abroad.

The transmission and the automatic transmission are also identified by a number. As not all transmissions, i.e. gearboxes have the same reduction ratio for the final drive, it will be necessary to refer to these identification numbers (further details in Section 3) when for example a secondhand transmission is fitted. Each transmission has a code and is allocated to a particular engine within the vehicle range.

Section “Brakes” will refer to details where to find the code for the fitted front brake calipers, without the need to remove the front wheels to check their construction.






	0.2.	Dimensions (typical)









	Wheelbase:	2920 mm (116.0 in.) or 3320 mm (131.9 in.)

	Front track:	1598 mm (63.5 in.) or 1607 mm (63.85 in.)

	Rear Track:	1554 mm (61.75 in.) or 1572 mm (62.45 in.)

	Min. ground clearance:	180 mm (7.15 in.), 160 mm (6.36 in.) - with lowered suspension

	Turning circle:

	- Short wheelbase	11.7 metres (38.6 ft.)

	- Long wheelbase	12.9 metres (42.6 ft.)

	0.3.	Capacities

	Engine Oil:

	Four-cylinder diesel engine	– Without filter	4.5 litres (8.0 Imp. pts.)

		– With filter	5.0 litres (8.75 Imp. pts.)

	Five-cylinder diesel engine	– Without filter	5.0 litres (8.75 Imp. pts.)

		– With filter	5.5 litres (9.6 Imp. pts.)

	Manual transmission:

	- Type 02B	2.5 litres (4.5 Imp. pts.)

	- Type 02G	2.3 litres (4.1 Imp. pts)

	Automatic Transmission:

	Initial filling	6.0 litres (10.4 Imp. pts.)

	Fluid change	3.0 litres (5.25 Imp. pts.)

	Differential and Final Drive:	1.25 litres (2.2 Imp. pts.)

	Cooling system:	9.0 litres (2 imp. gall.), all engine

		Depending on equipment different capacities apply








	0.4.	General Servicing Notes



The servicing and overhaul instructions in this Workshop Manual are laid out in an easy-to-follow step-by-step fashion and no difficulty should be encountered if the text and diagrams are followed carefully and methodically. The “Technical Data” sections form an important part of the repair procedures and should always be referred to during work on the vehicle.

In order that we can include as much data as possible, you will find that we do not generally repeat in the text the values already given under the technical data headings.

Again, to make the best use of the space available, we do not repeat at each operation the more obvious steps necessary - we feel it to be far more helpful to concentrate on the difficult or awkward procedures in greater detail. However, we summarise below a few of the more important procedures and draw your attention to various points of general interest that apply to all operations.

Always use the torque settings given in the various main sections of the manual. These are grouped together in separate sub-sections for convenient reference.

Bolts and nuts should be assembled in a clean and very lightly oiled condition and faces and threads should always be inspected to make sure that they are free from damage burrs or scoring. DO NOT degrease bolts or nuts.

All joint washers, gaskets, tabs and lock washers, split pins and “O” rings must be replaced on assembly. Seals will, in the majority of cases, also need to be replaced, if the shaft and seal have been separated. Always lubricate the lip of the seal before assembly and take care that the seal lip is facing the correct direction.

References to the left-hand and right-hand sides are always to be taken as if the observer is at the rear of the vehicle, facing forwards, unless otherwise stated.

Always make sure that the vehicle is adequately supported, and on firm ground, before commencing any work on the underside of the car. A small jack or a make shift prop can be highly dangerous and proper axle stands are an essential requirement for your own safety.

Dirt, grease and mineral oil will rapidly destroy the seals of the hydraulic system and even the smallest amounts must be prevented from entering the system or coming into contact with the components. Use clean brake fluid or a cleaner to wash the hydraulic system parts. An acceptable alternative cleaner is methylated spirit, but if this is used, it should not be allowed to remain in contact with the rubber parts for longer than necessary. It is also important that all traces of the fluid should be removed from the system before final assembly.

Always use genuine manufacturer's spares and replacements for the best results.

Since the manufacturer uses metric units when building the cars it is recommended that these are used for all precise units. Inch conversions are given in most cases but these are not necessarily precise conversions, being rounded off for the unimportant values.

Removal and installation instructions, in this Workshop Manual, cover the steps to take away or put back the unit or part in question. Other instructions, usually headed “Servicing”, will cover the dismantling and repair of the unit once it has been stripped from the vehicle. It is pointed out that the major instructions cover a complete overhaul of all parts but, obviously, this will not always be either necessary and should not be carried out needlessly.

There are a number of variations in unit parts on the range of vehicles covered in this Workshop Manual. We strongly recommend that you take care to identify the precise model, and the year of manufacture, before obtaining any spares or replacement parts.






	Std.:	To indicate sizes and limits of components as supplied by the manufacturer; also to indicate the production tolerances of new unused parts.

	0/S:	Parts supplied as Oversize or Undersize or recommended limits for such parts, to enable them to be used with worn or re-machined mating parts.

	U/S:	O/S indicates a part that is larger than Std. size U/S may indicate a bore of a bushing or female part that is smaller than Std.

	Max.:	Where given against a clearance or dimension indicates the maximum allowable if in excess of the value given it is recommended that the appropriate part is fitted.

	TIR:	Indicates the Total Indicator Reading as shown by a dial indicator (dial gauge).

	TDC:	Top Dead Centre (No. 1 piston on firing stroke).

	MP:	Multi-Purpose grease.








	0.5.	Jacking up of the Vehicle



For small jobs, jack up the vehicle as described in the Owner's Manual, with the jack supplied in the vehicle. If a mobile jack is used, make sure it can be inserted between the lowest point of the vehicle and the ground. If necessary, use the vehicle jack to lift the vehicle slightly, until the mobile jack can be inserted. Due to the construction of the vehicle, a mobile jack and/or chassis stands should only be placed under the vehicle as follows, noting that a piece of rubber or wood should always be inserted between the jack head and the jacking point to protect the part in question.

Never apply a mobile jack or a hydraulic jack underneath the engine oil sump, the transmission, the rear axle, the front axle or underneath the front crossmember, as these parts or surrounding parts can either be damaged or distorted.

The recommendation is to first jack up one side of the vehicle, placing a chassis stand underneath the body and then jacking up the other side.

To jack-up the front of the vehicle, place the jack underneath the crossmember at the position shown in Fig. 0.5. Chock the front and rear wheels on the other side of the vehicle with a brick, to prevent the vehicle from rolling off the jack. Also apply the handbrake.

To jack up the rear end of the vehicle place the jack head underneath the mounting bracket of the rear suspension arm, as shown in Fig. 0.6. Engage a gear and chock the front and rear wheels on the other side. Also apply the handbrake.
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Fig. 0.5. - Jacking up the front end of the vehicle. The illustration shows a garage-type jack, but a mobile or hydraulic jack is applied at the same position.




[image: image]

Fig. 0.6. – Jacking up the rear end of the vehicle. The illustration shows a garage-type jack, but a mobile or hydraulic jack is applied at the same position.
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Fig. 0.7. - “Three-legged” chassis stands are a “must” when supporting the vehicle during operations underneath.



Strong chassis stands must be placed underneath the sides of the body. The bolt used for the height adjustment of the stands (Fig. 0.7) must be strong enough carry the weight of the vehicle - remember this, as make-shift bolts of small diameter will not do.

It is always difficult to raise a vehicle first on one side and then on the other. Take care that the vehicle cannot tip-over when the first side is lifted. Ask a helper support the vehicle from the other side.
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	1.0.	Main Features








	Type:	4- or 5-cylinder, in line, water-cooled diesel engine with indirect or direct (TDI) injection and distributor injection pump

	Valve gear:	Overhead camshaft, timing belt drive to camshaft and injection pump drive gear on 4-cylinder. On five-cylinder engines, the injection pump is driven by separate belt. Camshaft operating directly onto inverted, hydraulically operated bucket-type tappets.








	Engine Codes:	

	- Four-cylinder engine:	ABL (replaces engine 1X)

	- Five-cylinder engine, 2.4 litres	AJA (replaces AAB)

	- Five-cylinder engine, 2.5 litres	ACV, AHY, AJT, AUF, AXG, AXL, AYC

	Swept Volume:	

	- 4-cylinder engine:	1.9 litre

	- 5-cylinder, 2.4 litres:	2.4 litres

	- 5-cylinder, 2.5 litres:	2.5 litres

	Bore:	

	- 1.9 and 2.4 litre engines:	79.5 mm (3.0393 in.)

	- 2.5 litre engine:	81.0 mm (3.218 in.)

	Stroke, all engines:	95.5 mm (3.794 in.)

	Compression Ratio:	

	- Four-cylinder engine:	22.5 : 1

	- Five-cylinder engine,2.4 litres:	23.0 : 1

	- Five-cylinder engine, 2.5 litres:	








	- ACV and AJT engines:	19.5 : 1

	- AUF, AXG, AXL, AYC engines	19.0 : 1








	Output (performance) – DIN:	

	- 4-cylinder engine:	50 kW at 3700 rpm

	- 5-cylinder engine, 2.4 litres:	55 kW at 3700 rpm (AAB engine 57 kW)

	- 5-cylinder engine, 2.5 litres:

	- ACV engine:	75 kW at 3500 rpm

	- AHY engine:	111 kW at 4000 rpm

	- AJT engine:	65 kW at 3800 rpm

	- AUF engine:	75 kW at 3500 rpm

	- AXG engine (from Sept. 2000):	111 kW at 4000 rpm

	- AXL engine (from May 2001):	75 kW at 3500 rpm

	- AYC engine (from May 2001):	75 kW at 3500 rpm

	Max. Torque:	

	- 4-cylinder engine, ABL:	14.0 kgm at 2000 – 3000 rpm

	- 5-cylinder engine, 2.4 litres, AJA:	16.0 kgm at 1900 – 2900 rpm

	- 5-cylinder engine, 2.5 litres:

	- ACV engine:	25.0 kgm at 2300 rpm

	- AHY engine:	29.5 kgm at 1900 – 3000 rpm

	- AJT engine:	19.5 kgm at 1900 – 2500 rpm

	- AUF engine:	25.0 kgm at 1900 – 2300 rpm

	- AXG engine (from Sept. 2000):	29.5 kgm at 1900 – 3000 rpm

	- AXL engine (from May 2001):	25.0 kgm at 1800 – 2500 rpm

	- AYC engine (from May 2001):	25.0 kgm at 1900 – 2300 rpm








	Valve Timing	1.9/2.4 ltr. 5-cyl. (2.5 ltr.)

	Inlet valve opens:	6° A.T.D.C. 8° A.T.D.C.

	Inlet valve closes:	20° A.B.D.C. 28.0° A.B.D.C









	Exhaust valve opens:	25.5° B.B.D.C.	37° B.B.D.C.

	Exhaust valve closes:	6.5° B.T.D.C.	10° B.T.D.C.

	Checking values:	1 mm valve stroke and “0” valve clearance

	BTDC = Before top dead centre	BBDC = Before bottom dead centre

	ABDC = After bottom dead centre	ATDC = After top dead centre








	1.1.	Engine - Removal and Installation



The 1.9 litre engine is removed without the transmission from below the vehicle. The 2.4 litre and the 2.5 litre engines are removed together with the transmission, also from below the vehicle. Proceed as follows for the two engine types:






	1.1.1	1.9 Litre Engine



The engine is removed without with the transmission from below the vehicle. A strong mobile jack must be available. VW workshops use a special device to guide the engine. As this will obviously not be available to the average D.I.Y. man, we recommend that a helper holds the engine on the jack whilst it is lowered. Before the engine is removed, it is necessary to tilt the radiator and the bonnet lock carrier towards the front. This operation will also be necessary for various maintenance and service operations and the following description will be referred to at various stages when required.
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Fig. 1.1. – The arrows show where the noise dampening panel is secured underneath the vehicle.




	From underneath the vehicle unscrew the noise dampening panels. To do this, unscrew the screws and nuts shown in Fig. 1.1, unlock the lower panel assembly and take out of its mountings. Tighten the screws and nuts to 0.9 kgm (7ft.lb.) during installation.

	To tilt the radiator towards the front, in the direction shown by the arrow in Fig. 1.2, remove the two screws (1) on the L.H. and R.H. side and then pivot the radiator and the lock plate towards the front. Lock the lock carrier plate in position. Note that the radiator grille must be removed in the case of certain models.
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Fig. 1.2. - After removal of the screws (1) one each side of the vehicle, tilt the complete front end of the vehicle in the direction of the arrow. Note that on models with extended front end you will have to remove the radiator grille.



The removal of the engine can now proceed as follows:


	Disconnect the battery negative terminal. The battery can be removed from the vehicle since this will avoid any possibility of damage or inadvertent short-circuiting.

	Place the heater operating lever into the “Warm” position and remove the cap from the expansion tank. The engine must be cold. Observe the necessary precautions if the engine is hot.
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Fig. 1.3. - Draining the cooling system. The numbers are referred to in the text.




	Drain the cooling system. To do this, refer to Fig. 1.3 and slacken the hose clips securing the two hoses (2) or unscrew the water pump flange (3). It is also possible to remove the drain plug (1) to drain the cooling system, depending where the work is carried out. As anti-freeze is contained in the cooling system, check the condition of the solution before deciding whether to drain it or to collect it in a suitable container. A pair of pliers for spring-type clamps may be required to open the hose clamps. If not available, cut through the old clamps and use screw-type clamps during installation.

	Slacken the hose clamps on the upper radiator hose and withdraw the hose from the cylinder head. Also disconnect the hose between radiator and water pump and radiator and expansion tank on the engine or the expansion tank. Hoses are either secured by means of spring clamps or screw-type clamps. Spring clamps can be replaced with screw-type clamps during installation.

	Knock the pins out of the spreader clips on the L.H. and R.H. sides of the radiator and remove the spreader clips from the radiator mounting. Fig. 1.4 shows where the pins are located. Disconnect the electrical lead from the temperature switch on the radiator and the connector for the radiator cooling fan motor. Completely remove the radiator. Remove the hoses from their connections to create enough room for the removal of the radiator assembly.

	Disconnect the throttle control cable from the lever on the injection pump, remove the clip from the cable bracket and free the cable from its attachment.

	Disconnect the two fuel lines from the injection pump. Beware of a siphon flow.
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Fig. 1.4. - The radiator is secured on the left-hand and right-hand sides at the positions shown by the arrows.
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Fig. 1.5. – Details for the removal of the cold start operating cable. The numbers are referred to in the text.




	Disconnect the operating cable from the cold start device. To do this, pull the cable in Fig. 1.5 tight, screw in the adjusting screw (1), separate the plugs (2) and (3) and unclip the cable.

	Disconnect the cable connector plug from the rear of the alternator.

	Disconnect all electrical leads from all remaining switches, connections, etc. and all hoses after marking their terminals and/or connections.

	Disconnect the cable connector plug from the rear of the alternator.

	Disconnect all electrical leads from all remaining switches, connections, etc. and all hoses after marking their terminals and/or connections. These include the temperature sender unit for the water temperature. If any of the radiator hoses have been left on the engine connections, remove them now.
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Fig. 1.6. - Unscrew the plug at the position shown from the transmission and secure the clutch release lever by inserting an M8 x 22 mm bolt.




	Remove the rubber plug from the hole in the transmission, shown by the arrow in Fig. 1.6, and secure the clutch release lever with a pin. The illustration shows the special pin used by VW workshops (top right), but an M8 x 22 mm bolt will do.

	Remove the coolant pipe between the thermostat housing and the heat exchanger for the heater.

	Place a mobile jack underneath the centre of the engine. A block of wood must be placed between oil sump and jack head. Operate the jack until the engine is slightly under tension.

	Remove all bolts between engine and transmission from below the vehicle and remove the rear engine mounting.

	Release the steering pump belt tension and unscrew the pump from the engine. Place the pump to one side where it is out of the way.

	Remove the drive shafts (Section 4) and front exhaust pipe.

	Check that engine and transmission are securely supported on the jack and remove the centre bolt securing the engine mounting on the R.H. side. Completely unscrew the engine mounting bracket.

	Remove all bolts connecting the engine to the transmission at the top.

	Withdraw the engine from the transmission, taking care all the time that the engine cannot drop off the jack. A second person must operate the jack slowly. Make sure that none of the connections have been left in position and take care that no damage is done when the engine is lowered from the engine compartment. Also make sure that the engine cannot rest on the clutch shaft.



Install the engine and transmission in the reverse sequence to removal, noting the following points below:


	Check the clutch release bearing before installation of the engine. Slightly coat the contact face of the release bearing and the clutch shaft with grease. The guide sleeve for the release bearing must not be lubricated.

	Check that the two dowel pins, shown in Fig. 1.7, are located in the cylinder block. Sometimes they will remain in the transmission, but must be transferred before the engine is fitted. In this case, fit new dowel pins, as the original ones may be damaged when removed from the transmission.
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Fig. 1.7. – The arrows show where the dowel pins must be fitted to the cylinder block.




	Coat the intermediate plate on the engine side with grease and place it over the two dowel pins and against the engine.

	Lift the engine into position in the engine compartment. Again a helper must operate the jack as the engine is guided in. When level with the clutch shaft, push the engine against the transmission and engage the clutch shaft with the clutch driven plate. If engagement does not take place immediately, move the crankshaft to and fro by pulling on the alternator drive belt. Push the engine fully against the transmission before fitting the upper bolts. The gap must be nearly closed before the bolts and inserted and tightened.

	Refit all engine mountings and tighten the bolts to the following torques:








	Engine mounting bracket to engine mounting:	6.5 kgm (47 ft.1b.)

	Engine support, right, on cylinder block:	5.0 kgm (36 ft.1b.) + 90° angle-tightening

	Engine to Transmission:	

	M8 threads:	2.0 kgm (15 ft.1b.)

	M10 threads:	6.0 kgm (43 ft.1b.)

	M12 threads:	8.0 kgm (58 ft.1b.)

	Engine support, rear, on cylinder block:	4.5 kgm (32.5 ft.1b.)

	Engine support, rear, on transmission:	2.0 kgm (15 ft.1b.)

	Steering pump/cylinder block:	2.5 kgm (18 ft.1b.)




	Re-connect the exhaust pipe to the manifold as described in the relevant section.

	Fill the cooling system as described in Section 1.8. “Cooling”.

	Fill the engine with engine oil. Also check the transmission oil level and correct if necessary.

	Adjust the throttle cable as described in the fuel section.

	Check the headlamp adjustment or have it professionally checked.








	1.1.1.	WITH AUTOMATIC TRANSMISSION



The removal and installation of the engine is carried out in a similar manner as described in Section 1.1.0, but the following differences should be noted:


	Unscrew the complete bracket for the throttle cable from the cylinder head. Do not disconnect the throttle cable from the bracket.

	Place the transmission selector lever into position “P” and slacken the clamp nut in order to release the gearchange cable. Release the throttle cable by pressing the ball joint connection off the pin, carefully using a screwdriver.

	Release the throttle pedal cable from the lever connection and unscrew the bracket.

	Unbolt the torque converter from the drive plate. The converter is secured by three bolts, which will be visible through the opening for the starter motor. Rotate the engine until the bolts appear one after the other, as shown in Fig. 1.8 and unscrew them.
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Fig. 1.8. – The drive plate to torque converter bolts will appear in the starter motor opening when the engine is rotated.




	Refer to Section 1.1.0 when installing the engine. The installation is a reversal of the removal procedure, including the connection of the torque converter to the drive plate.








	1.1.2.	FIVE-CYLINDER ENGINES



The engine is removed towards the bottom together with the transmission.


	Disconnect the battery earth cable, remove the noise dampening panel underneath the vehicle and tilt the front end of the vehicle downwards in the familiar manner or remove the radiator grille, depending on the model. Each side of the lock carrier has two securing bolts. Remove the radiator (refer to Fig. 1.1.). In the case of a vehicle with short front end remove the radiator with fan, air guide and lock carrier as a unit.

	In the case of a 5-cyl. engine with code letters AUF, AYC and ACV refer to Fig. 1.9 and remove the bracket for the charge air cooler. The cooler is now removed together with the charge air hoses. Two securing bolts (2) secure the charge air cooler on each side to the lock carrier.
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Fig. 1.9. – Details for the removal and installation of the charge air cooler of a 2.5 litre engine with the engine codes given in the text.




	Disconnect the throttle cable from the lever on the injection pump and the cold start operating cable as described for the four-cylinder engine (refer to Fig. 1.7).

	Unscrew the clutch release cylinder from the transmission without disconnecting the hydraulic fluid pipe. Some models may have a mechanically controlled clutch. In this case disconnect the clutch operating cable. In the case of the 2.5 litre engine remove the hose/metal pipe from the hydraulic clutch slave cylinder on the transmission.
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Fig. 1.10. – Disconnecting the actuating unit from the transmission. The numbers are referred to in the text.




	Disconnect all electrical cables from engine, transmission, starter motor, etc.
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Fig. 1.11. – The arrows show where the transmission mountings are attached.




	Remove the gear actuating unit as follows, referring to Fig. 1.10. Unscrew the clevis (1) and lever up the gear stick at the front from the gear control lever (2). Unscrew the bearing block with the selector rod (3).

	Disconnect the oil pipes for the steering pump and the storage tank of the cooling system and let the hydraulic oil run out.

	Remove the L.H. and R.H. drive shaft as described in Section 4. In the case of a 4-wheel drive vehicle disconnect the propeller shaft.

	Disconnect the exhaust pipe from the exhaust manifold as described in the relevant section. Clamps are used to connect the two parts.

	Unscrew the pressure and return pipe for the hydraulic fluid from the steering box and carefully bend the pipes to one side, out of the way.

	Refer to Fig. 1.11 and remove the four bolts shown by the arrows. This will free the transmission from the transmission mounting. Note that some vehicles are fitted with a pendulum mounting bracket which must be removed. If this is the case refer to Section “Manual Transmission”.

	Place a mobile jack underneath the transmission (wooden block between jack head and transmission), until the assembly is under slight tension and remove the central bolts for engine and transmission mountings on the L.H. and R.H. side. This is the bolt shown in Fig. 1.12. If no central bolt is fitted as shown, refer to Fig. 1.13 and remove the bolts shown by the arrows. It will be difficult to gain access to the bolts. The engine side is shown with “A”, the transmission side with “B”.
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Fig. 1.12. – Power unit mounting with central bolt. Only remove the bolt shown by the arrow.
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Fig. 1.13. – Power unit mounting without central bolt. In this case remove the nuts shown by the arrows.




	Lower the engine and transmission with the jack until it can be removed. Continuously check that none of the connections, cables, leads, pipes, etc. have been left in position and that none of these can get caught in parts of the engine or transmission. A second person should hold the power unit on the jack as it is lowered.

	After removal of transmission and engine remove the starter motor and separate the transmission from the engine. Take care not to rest the weight of the transmission on the clutch shaft. The transmission must be withdrawn horizontally.



The installation of the transmission is a reversal of the removal procedure. Note the following points:


	Check the clutch release bearing for wear before the engine is connected to the transmission.

	Slightly coat the clutch release bearing and the input shaft splines with graphited grease. The release bearing sleeve must not be lubricated.

	Re-connect the fuel feed and return pipes. The return pipe has a smaller diameter and also is marked with the word “OUT” on the hexagon.

	Adjust the throttle cable as described in the Diesel Fuel System” section.

	Fill the cooling system.

	In the case of a vehicle with short front end adjust the headlamps or even better, have them adjusted.



The following main tightening torques must be observed:






	Engine to Transmission:	

	12 mm bolts:	8.0 kgm (58 ft.lb.)

	10 mm bolts:	6.0 kgm (44 ft.lb.)

	8 mm bolts:	2.0 kgm (14.5 ft.lb.)

	Transmission Mountings:	

	M10 x 60 mm bolts:	6.5 kgm (47.5 ft.1b.)

	M10 x 28 bolts:	4.5 kgm (32.5 ft.1b.)

	Drive shaft bolts:	5.5 kgm (40 ft.1b.)








	1.2.	Engine Dismantling



Before commencing dismantling of the engine, all exterior surfaces should be cleaned, as far as possible, to remove dirt or grease. Plug the engine openings with clean cloth first to prevent any foreign matter entering the cavities and openings. Detailed information on engine dismantling and assembly is given in the sections dealing with servicing and overhaul (sections commencing at 1.4.) and these should be followed for each of the sub-assemblies or units to be dealt with.

Follow the general dismantling instructions given below:


	Dismantling must be carried out in an orderly fashion to ensure that parts, such as valves, pistons, bearing caps, shells, tappets and so on, are replaced in the same positions as they occupied originally. Mark them clearly, but take care not to scratch or stamp on any rotating or bearing surfaces. A good way to keep the valves in order is by piercing them through an upside-down cardboard box and writing the number against each valve. Gather together the tappets, the springs and retainers with collets for each valve, if possible in small plastic bags for each individual valve.

	If a proper engine dismantling stand is not available, it will be useful to make up wooden support blocks to allow access to both the top and bottom faces of the engine. The cylinder head, once removed from the block, should be supported by a metal strap, screwed to the manifold face and secured by two nuts onto the manifold studs.

	The normal order of removal of parts for a complete engine strip-down is given below but this may, of course, be modified if only partial dismantling is required.

	Remove all engine auxiliary parts, i.e. inlet manifold, exhaust manifold, parts of the fuel injection system, as applicable.

	Unscrew the timing belt guards and remove the timing belt as described under the relevant heading further on in the engine section. Remove the timing belt tensioner.

	Remove the crankshaft pulley together with the crankshaft timing wheel from the crankshaft end.

	Remove the cylinder head cover and discard the gasket.
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Fig. 1.14. – The tightening sequence for the cylinder head bolts. Slacken the bolts in the reverse order. Shown for the four-cylinder engine. Refer to Section 1.4.0.2 for the five-cylinder engines.




	Remove the cylinder head together with the gasket. Slacken the cylinder head bolts in reverse order to the one shown in Fig. 1.12 (four-cylinder) and lift off. Remove the cylinder head gasket. Note that a special polygon-socket head wrench is required to remove the cylinder head bolts. Your VW Dealer may have these in stock and no attempt should be made to remove the bolts with make-shift tools.

	Remove the water pump and the oil filter. The oil filter can also be unscrewed together with the filter bracket. To remove the filter use a strap-type tool. Otherwise pierce a screwdriver through the side of the filter and use the handle as lever to unscrew the filter. The filter should be replaced during assembly. Remove the oil cooler, if fitted.
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Fig. 1.15. – Marking connecting rods and bearing caps before removal. A centre punch is ideal for this operation.




	Turn over the engine and remove the oil sump. Check that the engine oil has been drained previously. Unscrew the oil pump from the crankcase and withdraw from the engine.

	Check if there are any markings on the big end bearing caps and if this is not the case, mark the cylinder number with paint on each of the big end bearing caps, starting with number one at the front end of the engine. Fig. 1.15 shows the marking of the connecting rod and bearing cap with a centre punch. Turn over the engine so that two of the connecting rod big end bearings are at the bottom dead centre position and unscrew the bearing caps. Remove the caps and the bearing shells and keep them together, marked with their cylinder number. Push the connecting rod and the piston through the top of the cylinder bore, using a hammer handle. Turn the crankshaft until the other two connecting rod bearings are at the bottom dead centre and remove in the same manner. Note that stretch bolts are fitted to the connecting rods which must not be re-used.

	Straight away after removal, refit the big end bearing caps and the bearing shells to the connecting rods. Make sure that the bearing shells inside the connecting rods have also been removed.

	Remove the crankshaft. The bearing caps are marked with numbers from 1 to 5 (No. 1 is at the crankshaft pulley end). Remove the half thrust washers from the centre crankshaft main bearing.

	Unscrew and remove the intermediate shaft timing gearwheel (1.9 litre engine) and then remove the mounting flange. Carefully pry off the flange and withdraw the shaft from the cylinder block.



Note: The oil seal for the intermediate shaft may be marked with an arrow which must point in the rotating direction of the engine when the oil seal is refitted.

In Section 1.4.6 you will find exploded views of the crankcase for the four- and five-cylinder engines and should be referred to during dismantling and the following assembly. There are, of course, six main bearing caps and no intermediate shaft is fitted to the five-cylinder engines. Otherwise there is a similarity between the crankshaft mounting of all three engines covered in this manual.






	1.3.	Engine - Assembly



Refer to the sections commencing at 1.4 for details of the assembly procedures. Most major component parts are covered and sub-divided between the four-cylinder engine and the five-cylinder engines.


	Take care that parts are assembled in a clean condition.

	Keep tools, benches and hands free from dirt and swarf. Use only lint-free rags to wipe over the parts.

	Apply a thin film of oil to all parts that slide or rotate. Do this BEFORE the parts are assembled so that the lubricant is actually on the bearing surfaces. It will NOT do to apply the oil to a completed assembly.

	Make sure that all parts have been properly inspected for wear and damage before fitting. If the engine has been dismantled and you are not able to carry out certain checks or measurement we advise you that you have the parts in question checked in an engine shop. Renew any parts that are not up to standard, but make sure you only fit genuine VW parts.

	Obtain all spares and replacement parts from an authorised dealer or distributor, quoting the vehicle serial number and the engine number. The manufacturers adopt a policy of continuous updating and improvement and only their official representatives are in a position to advise you of the latest component improvements and their application to your particular engine. This specially applies to the different five-cylinder engines, mainly noting that new engines have been fitted after May 2001.








	1.4.	Engines – Servicing and Overhaul

	1.4.0.	CYLINDER HEAD AND VALVES

	1.4.0.0.	Technical Data








	Valves

	Valve Head Diameters:

	- Inlet valves – 1.9/2.4 ltr.:	36.00 mm (1.4303 in.)

	- Inlet valves – 2.5 ltr.:	36.00 mm (1.4303 in.)

	- Exhaust valves, 1.9/2.4 ltr.:	31.00 mm (1.234 in.)

	- Exhaust valves, 2.5 ltr.:	31.50 mm (1.2515 in.)

	Valve Length:

	- Inlet valves, 1.9/2.4 ltr.:	95.00 mm (3.7772 in.)

	- Inlet valves, 2.5 ltr.:	96.85 mm (3.8468 in.)

	- Exhaust valves, 1.9/2.4 ltr.:	95.00 mm (3.7772 in.)

	- Exhaust valves, 2.5 ltr.:	96.85 mm (3.8468 in.)

	Valve Stem Diameters (all engines):

	- Inlet valves:	7.97 mm (0.314 in.)

	- Exhaust valves:	7.95 mm (0.313 in.)

	Valve seat angle:	45°

	Valve edge thickness:	0.5 mm (0.02 in.) min.

	Valve Seats

	Valve Seat Diameters:

	- Inlet valves – 4-cyl. and 5-cyl.:	37.20 mm (1.4779 in.)

	- Exhaust valves, 4-cyl.:	33.00 mm (1.3121 in.)

	- Exhaust valves, 5-cyl.:	33.20 mm (1.3190 in.)

	Valve Seat Width:

	- Inlet valves, 1.9/2.4 ltr.:	2.7 mm (0.11 in.)

	- Exhaust valves, 2.5 ltr.:	2.05 mm (0.08 in.)

	Valve seat angle:	45°

	Upper correction angle, 4 cyl.	30°

	Correction angle, 5-cyl.	15°

	Valve Guides

	Installation temperature:	Cylinder head cold

	Inner diameter (all engines):	8.013 – 8.035 mm (0.3154 – 0.3163 in)

	Running clearance of valve stems:	1.3 mm (see under “Valves” in text)








	1.4.0.1.	Introduction



The cylinder head can be removed with the engine in position in the engine compartment. Due to the design of the valve gear, tappets and camshaft there are a number of special points arising which the reader is advised to study before attempting any work on the cylinder head.

The overhead camshaft of a four-cylinder engine is supported in five bearings, the shaft of a five cylinder engine in four bearings, the rear one providing axial location. There is a special procedure for removing the camshaft for access to the valve springs and tappets and this must be followed to avoid distortion of the camshaft from the pressure of the valve springs. A number of special tools, or suitably made-up alternatives, will be required for servicing and the reader is advised not to undertake such work unless the proper equipment is available.

Routine adjustment of the tappet clearance is not required, as any clearance will be taken up by the hydraulic tappets.

The valve retainers, springs and stem seals are rather inaccessible, being in pockets in the head. We shall be describing the removal and installation procedures, using the special tools and procedures recommended and will mention those that are essential for the work.

Although there are differences between the two 5-cyl. engines you will find that the instructions given in the following text are applicable to both types. The 4-cyl. engine will be mentioned whenever instructions or description apply to this engine.






	1.4.0.2.	Head Removal - Engine fitted



Only remove the cylinder head when the engine temperature is less than 40° C. Figs. 1.16 and 1.17 shows exploded views of the cylinder heads. The removal of the individual parts takes place in their numbered order.
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Fig. 1.16. – Details for the removal and installation of the cylinder head – 1.9 litre engine.








	1	Oil filter cap

	2	Oil filler tube

	3	To induction tube

	4	Cap

	5	Nut, 1.0 kgm

	6	Dished washer

	7	Upper seal

	8	Cylinder head cover

	9	Crankcase breather hose

	10	Cover gasket

	11	Cylinder head bolts

	12	Lower seal

	13	Injector pipes, 2.5 kgm

	14	Injector, 7.0 kgm

	15	Cylinder head

	16	Glow plug

	17	Cylinder head gasket

	18	Inner timing belt cover

	19	Timing belt

	20	Timing belt tensioner

	21	Nut, 4.5 kgm

	22	Spreader clip

	23	Upper timing belt cover

	24	Camshaft timing gear
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Fig. 1.17. – Details for the removal and installation of the cylinder head. Note the different tightening torque for the 2.4 and 2.5 litre engines.








	1	Timing belt cover

	2	Timing belt

	3	Bolt, observe marking

	4	Camshaft timing gearwheel

	5	Inner belt cover

	6	Cylinder head

	7	Seal

	8	Cap

	9	Nut, 1.0 kgm

	10	Dished washer (AAB)

	11	Sealing washer

	12	Cylinder head cover (AAB*)

	13	Cover gasket

	14	Cylinder head bolts

	15	Injection pump gearwheel

	16	Timing belt cover

	17	Bolt, 2.0 kgm

	18	Bolt, 10 kgm, AAB 16 kgm, ACV

	19	Injection pump belt

	20	Vacuum pump

	21	Push rod

	22	“O” sealing ring

	23	Cylinder head gasket




	Tilt the front end of the vehicle forward, as already described and disconnect the battery earth cable.

	Drain the cooling system and disconnect the coolant hoses from the cylinder head.

	Disconnect the electrical cables from all parts on the cylinder head. Also disconnect the pipes belonging to the fuel injection system between cylinder head and body. Protect the pipe ends against entry of foreign matter.

	Remove the exhaust manifold and the front exhaust pipe.

	Unscrew the cylinder head cover. Carefully remove the gaskets as they can be re-used, if still in good condition.

	Remove the timing belt as described later on under the relevant heading. Also remove the camshaft timing gearwheel from the end of the camshaft. On a five-cylinder engine there is the drive belt for the injection pump. The removal is described in conjunction with the injection pump.

	Using a socket head wrench slacken the cylinder head bolts in reverse order to the one shown in Fig. 1.14 or 1.18, depending on the engine.
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Fig. 1.18. – Tightening sequence for the cylinder head bolts of a five-cylinder engine. Slacken the bolts in reverse order.




	Slacken the bolts in several stages. The cylinder head and the gasket can now be removed.








	1.4.0.3.	Cylinder Head - Overhaul



Remove all auxiliary parts from the cylinder head. Unscrew the four or five injectors from the cylinder head and put them away safely where they cannot suffer damage during the work on the cylinder head. Make up a bracket which can be attached to the studs for the exhaust manifold and clamp the bracket into a vice.

Remove the camshaft as described in Section 1.5. Remove the half-round sealing insert from the bearing cap, if it is still in the cap. Otherwise remove the seal from the cylinder head.
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Fig. 1.19. – Exploded view of the cylinder head (1.9 litre).








	1	Bucket-type tappet

	2	Valve cotter halves

	3	Upper valve spring cup

	4	Outer valve spring

	5	Inner valve spring

	6	Valve stem oil seal

	7	Lower valve spring cup

	8	Valve guide

	9	Camshaft seal

	10	Cylinder head

	11	Swirl chamber

	12	Valves
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Fig. 1.20. – Marking the tappets with notches in accordance with the cylinder numbers.



Carefully lift the camshaft out. Using soft-metal jaws, clamp the camshaft into a vice and remove the bolt securing the camshaft gearwheel. Remove the gearwheel and slide the camshaft oil seal from the end of the shaft.

Remove the tappets. Keep the adjusting disc with its tappets (if applicable) and lay each of the tappets out in order (on a sheet of paper) so that they can be replaced in the same position. Mark the tappets as shown in Fig. 1.20.

A valve lifter is necessary for the removal of the valves and should be as shown in Fig. 1.21 or working with a similar principle. Press down the retainer to allow the collets to be extracted with a pair of thin-nosed pliers. An alternative method is to place a piece of tube over the valve spring retainer and to tap the tube with a short blow of a hammer. The valve cotter halves will be freed and collect in the inside of the tube. If this method is used, support the valve head from the other side. The valve lifter should, however, be available for the installation.
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Fig. 1.21. – Removal of the valve springs and valves with a valve lifter. Shown is the special tool, but a similar device can be used.



The lower valve spring seat can perhaps be removed with a pair of circlip pliers. Special tool 3047 is available for this purpose. The valve stem seal can also be extracted with the same tool (Fig. 1.20).

Valve Guides: Valve guides and valve stems should first be inspected for visible wear. Clean the inside of the valve guides with a rag moistened in petrol, inserting the rag into the guides and move it to and fro to clean the inside of the bore. Valve stems are best cleaned by clamping them into an electric drill and using a wire brush to clean off any carbon deposits.

Valve guides can be checked for wear with the special VW tool VW 387, as shown in Fig. 1.22, which is used in conjunction with a dial gauge. To use this tool with success, the following instructions should be observed:


	Attach the bracket to the side of the cylinder head as shown and lift the valve in question from its guide until the dial gauge feeler can be applied against the valve head edge.
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Fig. 1.22. – Checking the valve stems for wear with the special tool. Rock the valve to and fro and read off the dial gauge.




	Push the valve to one side and set the dial gauge to zero. Move the valve to the opposite side and read the indication of the dial gauge.

	The max. permissible reading is 1.3 mm for both inlet and exhaust valves. If this value is exceeded, either the valves or the valve guides, or both must be replaced.
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Fig. 1.23. – The valve seat re-finishing sizes. The dimensions are given in Section 1.4.0.4



a = Valve seat diameter

b = Valve head diameter

c = Valve seat width

To replace the valve guides, press out the old guides from the cylinder head (from the camshaft side), using a suitable mandrel or carefully drive them out with a drift. Press in the new valve guides from the camshaft side of the cylinder head until the shoulder of the guide touches the head. The pressure must not exceed 1 ton, otherwise the guides can break off. The cylinder head must be cold and the guides must be coated with engine oil before they are pressed in.

After all guides have been pressed in position, use an 8 mm reamer to open them up to the correct diameter, observing the running clearance of the guides. Valve seats must be re-faced after valve guides have been replaced.

Valve Seats: Valve seats can be re-machined to the dimensions given in Fig. 1.23. When valve seats are re-cut, determine the max. permissible re-cutting depth. If this is exceeded there is no guarantee that the tappets can work properly. We recommend to have the valve seats re-cut in an engine shop, should this be necessary.

Valves: Valves with bent or pitted stems should be replaced. Grinding or straightening of valve stems is not permissible. Valves must not be re-machined. Only grinding-in or lapping with lapping paste is allowed. Use the grinding-in tool as shown in Fig. 1.24. Some exhaust valves are sodium-filled and must be taken to a VW workshop to have them scrapped. We recommend to take all exhaust valves to a dealer, irrespective if they are sodium-filled or not.
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Fig. 1.24. – Grinding-in of valves with a suction tool. Move the handle in the direction of the arrows and lift from time to time, rotate by 90° and continue grinding.
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Fig. 1.25. – The principle valve dimensions. Refer to Section 1.4.0.0. for all dimensions.



a = Valve head diameter

b = Valve stem diameter

c = Valve length

Valve Springs: Springs should be compared with new springs and rejected if weak or cracked. Lay each spring on a surface plate and check that the ends of the springs are square. Slide the originally fitted spring and a new spring together over a long bolt (with large washers under bolt head and nut) and screw a nut onto the end of the bolt. Clamp the bolt head into a vice and slowly tighten the nut. If the coils of the original spring close before the coils of the new spring, replace the springs as a set, as the other springs will have similar defects.

Camshaft: If a camshaft is to be replaced, always quote the engine number to obtain the correct camshaft. The camshaft for the five-cylinder engines require special attention. Shafts for the 2.4 litre engine are marked with the letter “W” near the cams for cylinder No. 1 and with the identification “074B” between the cams for cylinders Nos. 4 and 5. The camshaft for the five-cylinder engine (2.5 litres) is marked with the letters “WZO” near the cams for cylinder No. 1 and the numbers “046” near the cams of cylinder No. 2. In the case of a camshaft for the four-cylinder engine quote the engine type and engine number.

Place the camshaft with the two end journals into V-blocks or clamp the shaft between the points of a lathe, as shown in Fig. 1.26 (left) and apply a dial gauge to the centre journal. Slowly rotate the camshaft and read off the dial gauge. if the indication is more than 0.01 mm, replace the shaft, as it is bent.

Check all bearing journals for visible wear. To check the camshaft end float, place the shaft into the cylinder head without fitting the tappets in order to avoid the pressure of the valve springs onto the camshaft.
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Fig. 1.26. – Checking a camshaft for run-out (top drawing) and end float (bottom picture).



Arrange a dial gauge as shown in Fig. 1.26 (right), with the stylus of the gauge resting against the end of the camshaft. Move the camshaft to and fro and read off the dial gauge. The dial gauge reading must not exceed 0.15 mm (0.006 in.). If this is the case, check the bearing cap end face and the camshaft. These are the positions where the camshaft thrust is taken.

Cylinder Head: Thoroughly clean the surfaces of cylinder head and cylinder block. The cylinder head surface must be checked for distortion. To do this, place a straight-edge over the gasket surface as shown in Fig. 1.27 and insert a feeler gauge between the steel ruler and the cylinder head face.
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Fig. 1.27. – Checking the cylinder head surface for distortion, using a steel ruler and a feeler gauge.



Checks must be carried out in longitudinal, diagonal and transverse directions. If a feeler gauge of more than 0.10 mm (0.004 in.) in thickness can be inserted, replace the cylinder head, as it cannot be refaced.






	1.4.0.3.	Cylinder Head Assembly



Re-assemble the cylinder head components in accordance with the notes below, following the dismantling procedure in the reverse sequence. Fig. 1.28 shows an exploded view of the cylinder head for a five-cylinder engine. The cylinder head of the 1.9 litre engine has already been shown earlier on.


	Fit new valve stem seals. A special tool (10-204) is available for this purpose. A plastic sleeve is pushed over the valve guide and the well-oiled seal placed over the sleeve. Place the tool over the sleeve and press firmly in position.

	Lubricate the valve stems and guides before installation of the valves. If valves have been lapped, make sure that each valve is fitted to its correct seat.

	Check the end float of the camshaft as described earlier on.

	Fit the inner and outer valve springs, place the upper spring retainer over the valves and using the valve compressor, compress the springs until the valve cotter halves can be inserted by means of a thin-nosed pair of pliers. Remove the valve compressor and check that the cotters have engaged in their groove by tapping the ends of the valve stems lightly with a hammer.

	Insert the tappets into their bores (well oiled). If the same tappets are used, insert them into their original bores.

	Refit the camshaft. Generously lubricate the camshaft journals and the bearing bores with engine oil. Place the camshaft in position. The two cams for the valves of the first cylinder must be facing upwards. Install the camshaft as follows:
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Fig. 1.28. – Exploded view of the cylinder head of a five-cylinder engine.








	1	Nuts, 2.0 kgm

	2	Stud, 1.5 kgm

	3	Camshaft bearing cap

	4	Camshaft

	5	Hydraulic tappet

	6	Valve cotter halves

	7	Upper valve cup

	8	Outer valve spring

	9	Inner valve spring

	10	Lower valve spring seat

	11	Valve guide seal

	12	Valve guide

	13	Rear oil seal

	14	Injector

	15	Thermal protection gasket

	16	Glow plug, 3,0 kgm

	17	Cylinder head

	18	Valves

	19	Front oil seal



Four-Cylinder Engine


	Fit Nos. 2 and 4 camshaft bearing caps, referring to Fig. 1.29. The caps are slightly off-centre and must be fitted the correct way round. Fig. 1.30 shows the correct fitting of the caps.

	Tighten the nuts of the fitted bearing caps diagonally a few turns to a final torque reading of 3.0 kgm (14.5 ft.lb.). Check that the bearing caps are flush against the cylinder head face.

	Fit the remaining bearing caps Nos. 5, 1 and 3 and tighten the nuts in a diagonal manner. All nuts are tightened to 2.0 kgm (14 ft.lb.).
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Fig. 1.29. – The camshaft of a four-cylinder engine (top view) and the numbering of the camshaft bearing caps. Tighten the bearing caps bolts in the order given in the text.








	1	Oil seal

	2	Camshaft bearing caps

	3	Nuts, 2.0 kgm

	4	Camshaft




[image: image]

Fig. 1.30. – The correct and wrong fitting of the camshaft bearing caps.



Five-Cylinder engine


	Fit the camshaft bearing caps Nos. 2 and 4 and evenly tighten the four nuts. Again refer to Fig. 1.30 to make sure the off-set is as shown. Fit the remaining bearing caps Nos. 1 and 3 in the same manner.

	Using a piece of tube of suitable diameter fit the camshaft oil seal over the shaft and into the bore. The spring inside the oil seal must be facing towards the cylinder head. Lubricate the oil seal lip and the running area on the camshaft with engine oil before fitting. A second oil seal is fitted to the head of a five-cylinder engine on the other side of the cylinder head. The camshaft oil seals(s) can also be fitted as described later on under “Camshaft and Camshaft Oil Seal(s)”.



All Engines


	Slide the camshaft timing gear over the camshaft (do not forget the Woodruff key) and fit the bolt with the washer. Hold the timing gear against rotation and tighten the bolt to 8.5 kgm (62 ft.lb.) in the case of a five-cylinder engine or 4.5 kgm (32.5 ft.lb.) in the case of a four-cylinder engine. Note: If the camshaft timing gear bolt is marked “8.8”, tighten the gearwheel of a 5-cylinder engine to the torque given. If the bolt head is marked “10.9” the tightening torque is 10.0 kgm (72 ft.lb.). Check the marking of the bolt before applying the torque wrench.

	Refit the inlet and exhaust manifolds to the cylinder head (new gaskets), refit the injectors and the glow plugs. Refit the remaining parts to the cylinder had in reverse order to the removal procedure.



The exploded view(s) of the cylinder head should be used for reference during the assembly operations.






	1.4.0.4.	Installation of the Cylinder Head



Thoroughly clean the cylinder block and cylinder head surfaces. The following points must be noted before installation:


	When ordering the cylinder head gasket the engine type and number must be quoted. Cylinder head gaskets are available in different thickness. The thickness of the gasket depends on the protrusion of the piston above the cylinder block face. Gaskets are marked with 1, 2 or 3 notches and the gasket is selected by Part No., as shown in Fig. 1.31 for the 4-cyl. engine (left) and the 5-cyl. engines (right).
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Fig. 1.31. – View of the cylinder head gasket. The lower arrow points to the notches (2), the upper arrow (1) shows where the Part No. is located.
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Fig. 1.32. – Measuring the projection of a piston above the cylinder block face.




	To establish the thickness of the cylinder head gasket, set one of the pistons to T.D.C. position and with a steel ruler and a depth gauge, or with a dial gauge, as shown in Fig. 1.32, measure by how much the crown of the piston is above the cylinder block face. From the obtained dimension and the table below, select the correct cylinder head gasket, but note that the values are not the same for all engines.








	Four-cylinder AJA (2.4 Litre)

	Piston Projection	No. of grooves

	0.66-0.86 mm	1

	0.87-0.90 mm	2

	More than 0.91 mm	3








	2.5 Litre Five-cylinder (all engines)

	Piston Projection	No. of grooves

	To 0.96 mm	1

	0.97 to 1.01 mm	2

	More than 1.01 mm	3




	Special guide studs are available for the fitting of the cylinder head. These are fitted to the positions shown in Fig. 1.33 on the side of the exhaust manifold. Alternatively studs can be prepared to screw in position.



Fit the cylinder head as follows:


	Thoroughly clean the cylinder head and cylinder block faces. Place the cylinder head gasket over the engine block, the correct way round.

	Place the cylinder head over the block, engaging it with the two guide studs.

	Insert new cylinder heads bolts and tighten them finger-tight. The cylinder head bolts must always be replaced. Remove the two studs and screw the cylinder head bolts in their place.

	Refer to Figs. 1.14 or 1.18 and tighten all bolts in the order shown to a torque reading of 4.0 kgm (29 ft.lb.).

	Tighten all cylinder head bolts in the order shown to a torque reading of 6.0 kgm (45 ft.lb.) A special spline bit is used to tighten the bolts, together with a torque wrench. Your VW dealer or other suppliers may have these in stock and no attempt should be made to tighten the bolts with make shift tools.

	Insert the spline bit into each bolt, in the order shown in the two illustrations, make a note of the position of the torque wrench. Tighten each bolt by exactly one half of a turn, but in two stages (2 x a quarter of a turn, i.e. 90°).

	There is no need to re-tighten the cylinder head bolts after the engine has reached its operating temperature.

	All other operations are carried out in reverse order to the removal procedure. The installation of the timing parts and the adjustment of the timing are described under a separate heading, but note the differences in the timing drives on the various engines. There are also differences in the arrangement of the drive belt for the injection pump drive. The operations are described in the following sections. Replace the cylinder head cover gasket and the half-round rubber seal in the camshaft bearing cap.
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Fig. 1.33. – The two guide pins fitted to the cylinder block of a four-cylinder engine (L.H. view) and the five-cylinder engine (R.H. view) to assist the fitting of the cylinder head gasket.








	1.4.1.	CAMSHAFT AND TIMING DRIVE

	1.4.1.1.	1.9 Litre Engine



The component parts of this engine are shown in Fig. 1.34. The drive to the overhead camshaft is provided by a toothed belt running on toothed sprockets at the camshaft, crankshaft, intermediate shaft and the injection pump shaft. The intermediate shaft is driven by a kind of pulley without teeth. It should be noted that the engine can be fitted with a one-piece or a two-piece drive gear for the injection pump which affects the removal and installation of the timing belt. The tension of the timing belt is adjusted by a pulley with eccentric adjuster. Engines can also have a semi-automatic tensioning roller or are fitted without one. For the purpose of this manual all versions are described. It is needless to say that no mistakes can afford to be made when repairs on the timing drive are carried out, as wrong assembly of the timing belt or timing gearwheels will immediately cause damage to pistons, valves, etc., as open valves would hit the pistons as they are at the top dead centre position, if the relationship between crankshaft and camshaft is not retained.

We would like to point out that certain special tools are necessary to re-time the engine, i.e. to time the injection pump and the camshaft, without which the adjustment should not be undertaken. Also the adjustment of the timing belt tension requires a special tool and the following adjustments should only be carried out, if the special tools can be obtained or hired.

Provided that the belt is not damaged during the operation of the engine, there should be no reason why it should last for at least 60,000 miles.
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Fig. 1.34. – The component parts of the timing gear – 1.9 litre engine.








	1	Bolt, 2.0 kgm

	2	Tensioning lever, grease

	3	Dust cover on inside

	4	Bolt, 4.5 kgm

	5	Belt tensioning roller

	6	Clip, cover fixing

	7	Upper belt cover

	8	Bolt, 4.5 kgm

	9	Camshaft sprocket

	10	Bolt, 1.0 kgm

	11	Nut, 4.5 kgm

	12	Rear belt cover

	13	Injection pump

	14	Tensioning roller

	15	Bolt, 2.5 kgm

	16	Crankshaft pulley

	17	Drive belt

	18	Drive belt

	19	Lower belt cover

	20	Bolt, 9.0 kgm + 90°

	21	Crankshaft gear

	22	Bolt, 4.5 kgm

	23	Intermediate shaft drive gear

	24	Timing belt

	25	Bolt, 2.5 kgm

	26	1-piece drive gear

	27	2-piece drive gear

	28	Bolt, 2.5 kgm

	29	Mounting bracket

	30	Mounting bracket

	31	Bolt 2.5 kgm



Timing Belt - Removal and Installation

The description assumes that the belt is replaced with the engine fitted.


	Remove the protective panel underneath the engine (Fig. 1.1) and the radiator grille. Remove the bolts (1) in Fig. 1.2 on the L.H. and R.H., side of the vehicle and tilt the lock carrier together with the radiator in direction of the arrow towards the front.

	Remove the auxiliary drive belt as described under the relevant heading.

	Remove the timing belt cover and the guard panels at the side and at the bottom.

	Remove the cylinder head cover.



The remaining parts are removed in accordance with the type of injection pump drive gear fitted to the engine.

Timing Belt Drive with one-piece Injection Pump Drive Gear


	If fitted, remove the tensioning roller for the ribbed drive belt, shown with (14) in Fig. 1.34 on the L.H. side.

	The special tool 2065A is now required. This is a setting gauge for the camshaft, and must be placed on the transmission side onto the surface for the cylinder head cover, after the engine has been turned to the top dead centre position for the first cylinder (see Fig. 1.35). Proceed as follows with the removal of the timing belt.
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Fig. 1.35. – Details of the timing adjustment when replacing the timing belt.




	Turn the engine until the mark in the flywheel is in line with the timing pointer (remove the plug from the transmission case opening, with a sawn-of plug spanner). Fig. 1.35 shows the alignment.

	Turn the camshaft until one end of the setting bar in Fig. 1.35 touches the cylinder head. Measure the gap at the other end with feeler gauges.

	Take half of the thickness of the feeler gauges and insert this thickness between the setting bar and the cylinder head.
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Fig. 1.36. – The arrester pin inserted into the injection pump timing wheel to lock it against rotation.




	Now turn the camshaft until the bar rests on the feeler gauges and insert the second feeler gauge of the same thickness between the other end of the bar and the head.

	The next operation also requires the use of a special tool, this time number 2064, which is fitted to the injection pump wheel as shown in Fig. 1.36, to block the wheel against rotation.

	Remove the water pump pulley.

	Remove the crankshaft pulley/vibration damper and the lower timing belt cover. The attachment of the timing belt covers are shown in Fig. 1.37.
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Fig. 1.37. – The component parts of the timing belt covers. A drift can be applied through the hole shown by the arrow to break the cone of the camshaft timing gear.








	1	Bolt, 1.0 kgm

	2	Rear cover

	3	Upper belt cover

	4	Lower belt cover

	5	Bolt, 1.0 kgm

	6	Bolt, 2.0 kgm




	Slacken the timing belt after loosening the nut and turning the tensioner towards the left. Remove the belt pulley and take the timing belt off the pulleys. Mark the direction of rotation into the outside of the belt if it is re-fitted (felt-tip pen).



Timing Belt Drive with two-piece Injection Pump Drive Gear


	Follow the instruction given above for the one-piece drive gear until the camshaft has been set into the correct position as shown in Fig. 1.35 and the engine is at top dead centre position as checked on the flywheel in the lower view.

	The drive gear must now be arrested against rotation, but in this case the arrester pin 3359 is required, which is inserted as shown in Fig. 1.38. After locking the drive gear unscrew the bolts (1).
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Fig. 1.38. – Removal of the two-piece injection pump drive gear. Insert the arrester pin at the position shown and than unscrew the bolts (1).




	Remove the water pump pulley.

	Remove the crankshaft pulley/vibration damper and the lower timing belt cover. The attachment of the timing belt covers are shown in Fig. 1.37.

	Slacken the timing belt after loosening the nut and turning the tensioner towards the left. Remove the belt pulley and take the timing belt off the pulleys. Mark the direction of rotation into the outside of the belt if it is re-fitted (felt-tip pen).



Refitting the Timing Belt and Adjusting the timing – With one-piece pump drive gear


	Before fitting a new belt and also before fitting the original belt, first check that the flywheel is still in the position shown in Fig. 1.35.
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Fig. 1.39. – Checking the timing belt tension with the special tool VW 210. The belt tensioner is shown by the arrow.




	Slacken the camshaft pulley bolt by half a turn, without rotating the camshaft and with a rubber mallet, tap against the end of the pulley to break the tapered seat of the pulley on the shaft. Again take care that the pulley cannot move. A small drift can be inserted at the position shown by the arrow in Fig. 1.37 (through the hole in the belt cover) and hit the drift with a hammer. This will break the tapered seat.



The following operations are different, depending on the engine:

Timing drive without semi-automatic tensioning roller


	Carefully place the timing belt over the pulleys and remove the locking pin (Fig. 1.36) from the injection pump gear. Note the direction of rotation if the original belt is fitted.
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Fig. 1.40. – The tensioning roller is rotated with the special tool given in the text. This is a peg spanner which must be inserted into the to holes of the roller.




	Special tool VW 210 is now required to adjust the tension of the timing belt. Apply the tool as shown in Fig. 1.39 between the camshaft and injection pump timing gearwheels and tension the belt by turning the belt tensioner in a clock-wise direction, until the indication on the tool is between 12 and 13 when pressed down. To rotate the belt tensioner, a special tool (Matra V 159) is used. This tool has two pegs which are inserted into the tensioner as shown in Fig. 1.40.

	Tighten the belt tensioner locknut to 4.5 kgm (33 ft.lb.). Tighten the camshaft pulley bolt to the same torque reading and remove the setting gauge from the other side of the engine.

	Rotate the crankshaft by exactly two revolutions.

	With a rubber mallet hit against the timing belt at the position where the tension checker has been applied and re-check the tension with the special tool. The same reading must be obtained. Otherwise re-adjust if necessary.

	Refit the remaining parts in reverse order to their removal. Fit the crankshaft pulley with the vibration damper to the crankshaft pulley and tighten the 4 bolts to 2.0 kgm (14.5 ft.lb.). The crankshaft must be held against rotation when the bolts are tightened. Fit the timing belt covers in accordance with Fig. 1.37.

	After the timing belt has been replaced, check the injection timing as described in Section Fuel System.



Timing drive with semi-automatic tensioning roller


	Carefully place the timing belt over the pulleys and remove the locking pin (Fig. 1.38) from the injection pump gear. Note the direction of rotation if the original belt is fitted.

	Refer to Fig. 1.41 and turn the tensioning roller with the special tool shown in Fig. 1.40 until the notch and the raised lug are opposite each other. It may also be possible to turn the roller by hand.
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Fig. 1.41. – Tensioning the timing belt if a semi-automatic tensioning roller is fitted.




	In this position tighten the roller securing nut to 2.0 kgm (14.5 ft.lb.). Before carrying out any further work, check the operation of the semi-automatic tensioning roller as described below.

	Once more check that the TDC marks on flywheel and flywheel housing are aligned, hold the camshaft timing sprocket against rotation and tighten the bolt to 4.5 kgm (32.5 ft.lb.). The gauge can then be removed.

	Refit the remaining parts in reverse order to their removal. Fit the crankshaft pulley with the vibration damper to the crankshaft pulley and tighten the 4 bolts to 2.0 kgm (14.5 ft.lb.). The crankshaft must be held against rotation when the bolts are tightened. Fit the timing belt covers in accordance with Fig. 1.37. Radiator, lock carrier and protective panel under the engine must be refitted.

	After the timing belt has been replaced, check the injection timing as described in Section Fuel System.



Refitting the Timing Belt and Adjusting the timing – With two-piece pump drive gear


	Check that the flywheel is still in the position shown earlier on and then slacken the camshaft sprocket bolt by half a turn without rotating the camshaft. From the rear insert a suitable drift as shown in Fig. 1.49 (through the hole in the belt cover) and with a hammer give a short sharp blow against the drift. This will free the tapered seat of the camshaft sprocket. Again take care not to rotate the camshaft.

	Place the timing belt over the crankshaft sprocket, intermediate sprocket, the injection pump drive gear and the belt tensioning roller in this order. Place the belt over the camshaft sprocket without fitting the sprocket.

	Now place the camshaft sprocket with the belt fully over the end of the camshaft and tighten the bolt finger-tight. It must still be possible to just turn the sprocket.

	Turn the tensioning roller with the special tool Matra V159 (see Fig. 1.40) in a clockwise direction until the alignment shown in Fig. 1.41 has been obtained. In this position tighten the tensioning roller nut to 2.0 kgm (14.5 ft.lb.). Before any further work is carried out check the operation of the semi-automatic tensioning roller as described below.

	Check once more that the TDC mark on the flywheel is aligned as shown in Fig. 1.35, hold the camshaft sprocket against rotation and tighten the sprocket bolt to 4.5 kgm (32.5 ft.lb.).

	Tighten the pump drive gear bolts (1) in Fig. 1.38 to 2.5 kgm (18 ft.lb.). The special gauge in Fig. 1.35 can now be removed. Remove the arrester pin from the camshaft sprocket.

	Rotate the crankshaft by two complete revolutions in the direction of rotation until the crankshaft is once more in the TDC position (lower view, Fig. 1.35) and re-insert the arrester pin in Fig. 1.38. If it cannot be inserted slacken the injection pump gear bolts (1) in Fig. 1.38 and slowly turn the drive gear hub until the pin can be inserted. Re-tighten the bolts (2.5 kgm/18.5 ft.lb.).

	Refit the timing belt cover, vibration damper, crankshaft pulley and cylinder head cover. All other operations are carried out in reverse order to the removal procedure.
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Fig. 1.42. – Checking the semi-automatic timing belt tensioning roller. Important are the two marks shown by the arrows.



Checking the semi-automatic tensioning roller

The roller must be checked when a one-piece injection pump drive gear with semi-automatic tensioning roller or a two-piece drive gear is fitted, BEFORE the engine is assembled or the timing belt is fitted. It is assumed that the timing belt has been tensioned as described above (both versions).


	Press with thumb pressure against the timing belt and check that the notch and the raised lug in Fig. 1.42 are no longer in line, i.e. there must be a gap between the two.

	Release the thumb pressure and check that the two marks in Fig. 1.42 are once more in line.

	If this is not the case the belt must be re-tensioned as described for the version in question.








	1.4.3.	Timing Drive – Five-Cylinder



The component parts of the timing drive are shown in Fig. 1.43. Study the illustration before any work is carried out. There are some differences within the engine range, which will be pointed out when necessary. Follow each instruction step-by-step to avoid mistakes, as wrong installation of the timing belt can lead to immediate damage to the engine. Camshaft and crankshaft must not be rotated when the timing belt is removed, as the valves may hit the pistons. The following description assumes that the necessary special tools or other means to counterhold the camshaft timing gear, locking the injection pump gear, etc. are available or can be obtained. If this is not the case, do not attempt the replacement of the timing belt.

The drive of the overhead camshaft is by means of a toothed belt, running on toothed sprockets on the crankshaft, camshaft, water pump and the tensioning roller. The drive gear for the injector pump is located on the opposite side of the timing drive. The injection pump is driven by a separate toothed belt. There are, however, differences between the 2.4 and 2.5 Litre engines, as the belt of a 2.5 Litre engine has a tensioning roller and a separate description will be found for the two engine types.

Timing Belt Removal

Fig. 1.43 should be referred to during the following operations. The front of the vehicle must be tilted down and the noise dampening panels underneath the vehicle and the radiator grille must be removed to gain access to the individual parts. Proceed as follows:


	Remove the ribbed V-belt as described in section “Cooling System”.
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Fig. 1.43. – The component parts of the timing drive.








	1	Upper toothed belt guard

	2	Timing belt

	3	Camshaft sprocket bolt (note torque)

	4	Camshaft sprocket

	5	Toothed belt guard (rear)

	6	Bolts, 2.0 kgm

	7	Coolant pump

	8	“O” sealing ring

	9	Cover

	10	Screw, 1.0 kgm

	11	Tensioning roller

	12	Crankshaft sprocket

	13	Lower toothed belt guard
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Fig. 1.44. – Remove the charge air cooler bracket (1) and the two securing screws (left and right) and then fold the lock carrier and radiator in the direction of the arrow towards the outside.




	Remove the radiator grille. In the case of a 2.5 Litre engine with engine codes ACV, AUF and AYC remove the bracket for the charge air cooler (intercooler). On all models remove the securing bolts on the L.H. and R.H. sides and fold the lock carrier and the radiator forwards in the direction of the arrow in Fig. 1.44.

	Remove both toothed belt guards (timing belt and injection pump belt) and the cylinder head cover. Note that the cylinder head cover of a 2.5 Litre engine is secured with bolts, screwed into the camshaft bearing caps. Nuts are used on the 2.4 litre engine.

	Prevent the crankshaft from rotating in the manner as shown in Fig. 1.45 and slacken the centre bolt of the vibration damper/crankshaft pulley. Rotate the engine until the piston of the No.1 cylinder is at top dead centre position. This is the case when the corresponding marks are aligned, but note the differences between the various engines. Note that this position can only be obtained every second revolution.
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Fig. 1.45. – The restraint lever (1) is used to lock the crankshaft against rotation. Otherwise try to engage a gear.




	In the case of an engine with the code AJA (2.4 litre), AJT, ACV, AUF and AYC rotate the engine until the marks shown in Fig. 1.46 are in line. These are the marks (1) on the clutch bell housing or the mark (2) when an automatic transmission is fitted and the mark (3) on the edge of the injection drive pump gear and the mounting bracket. Applies to a fitted engine.

	In the case of an engine with engine code ACV (with four-wheel drive), AXG and AXL align the marks as shown in Fig. 1.47. Mark (2) in Fig. 1.46 is applicable is valid if an automatic transmission is fitted. Applies to a fitted engine.
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Fig. 1.46. – The shown timing marks must be aligned as shown when the engines mentioned are fitted.
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Fig. 1.47. – Alignment on the pump drive gear and the mounting bracket in the upper view and of flywheel and clutch bell housing in the lower view. Applicable to engines given.



With engine removed


	The workshop uses a special gauge to set the crankshaft to TDC. As this will not be available, proceed as described for a fitted engine.

	Remove the drive belt for the injection pump as described for the two engines.

	Completely remove the bolt from the centre of the vibration damper/crankshaft timing gear and unscrew the four M8-bolts securing the damper to the timing gear. The vibration damper can now be removed.

	Remove the lower timing belt cover and mark the running direction of the toothed belt. Use a felt pen and mark an arrow into the outside of the belt.
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Fig. 1.48. – Locking the camshaft against rotation with the special gauge after removal of the timing belt.




	Slacken the securing bolt of the belt tensioner (11) in Fig. 1.43 and use a ring spanner to release the belt tension until the belt can be removed. Remove the toothed belt.

	Without rotating the camshaft, lock the shaft with the setting bar shown in Fig. 1.48 at the rear of the cylinder head. If this bar is not available (most probably not) make absolutely sure that neither crankshaft nor camshaft are rotated.



Fitting the Timing Belt and Adjusting the Belt Tension

Before the new belt is fitted, on a removed engine, align the flywheel and the injection pump as shown in Fig. 1.46 or 1.47, depending which engine type is fitted. The marks should still be in the set position if the engine is fitted. Remove the injection pump drive sprocket and check that the camshaft is locked with the setting tool as shown in Fig. 1.48. If the special tool is used, it will have to be centred as follows:


	Turn the camshaft until one end of the setting bar touches the cylinder head. Measure the gap at the other end with feeler gauges.
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Fig. 1.49. – To remove the camshaft timing gear from the taper of the shaft, insert a drift at the position shown and hit the drift with a hammer.




	Take half of the thickness of the feeler gauges and insert this thickness between the setting bar and the cylinder head.

	Now turn the camshaft until the bar rests on the feeler gauges and insert the second feeler gauge of the same thickness between the other end of the bar and the head.
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Fig. 1.50. – Details for the installation of the timing belt. The numbers are referred to in the text.



The timing belt is now fitted as follows:


	Slacken the camshaft sprocket securing bolt by half a turn and release the camshaft sprocket from the camshaft taper by tapping with a hammer and a drift through the rear toothed belt guard opening. This can be seen in Fig. 1.49.

	For the next operation refer to Fig. 1.50. Fit the tensioning roller (1) so that the roller tab (2) seats in the lower toothed belt guard moving pin. In this position fit the camshaft timing belt and tighten the roller securing bolt finger-tight.

	Turn the tensioning roller clockwise in the direction of the arrow, using the spanner shown in the illustration, as far as the stop and from this position turn the tensioning roller backwards until the R.H. side of the pointer “A” aligns at position (B) in Fig. 1.51. Retain this position and tighten the bolt in the centre of the roller to 2.0 kgm (14.5 ft.lb.).
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Fig. 1.51. – Details for the installation of the timing belt. “A” and “B” are referred to in the text.



Important Note: The R.H. edge of the indicator “A” must not be turned beyond the R.H. edge of indicator “B”. This could damage the tensioning roller. If this is carried out accidentally, fully release the timing belt tension and start from the beginning. The tensioning roller must not be turned backwards.


	Check once more that the crankshaft is still at the top dead centre position (see relevant illustration). Otherwise correct until the marks are aligned.

	Hold the camshaft timing gear against rotation and tighten the bolt. If the bolt head marking is “8.8” tighten the bolt to 8.5 kgm (61.5 ft.lb.), if the bolt head is marked “10.9”, tighten the bolt to 10.0 kgm (72 ft.lb.). Make absolutely sure that the correct torque is applied.

	Remove the setting bar (Fig. 1.48) from the camshaft.

	Tighten the crankshaft vibration damper/crankshaft timing gear. Hold the damper against rotation and tighten the centre bolt to 16.0 kgm (115 ft.lb.). From the final position tighten the bolt a further 90°, if necessary in several stages. Fig. 1.45 shows how the vibration damper is locked against rotation in the workshop. A similar device must be made-up to lock the shaft. You may be able to engage a gear to lock the crankshaft, but due to the elasticity of the drive it may be difficult to tighten the bolt without having the crankshaft locked solid.

	Fit the damper to the crankshaft timing gear and tighten the 4 M8 bolts to 2.0 kgm. From the final position tighten each bolt a further 90°, proceeding evenly and across.

	Rotate the crankshaft by exactly two revolutions and until the TDC point has been obtained and check that the two indicators in Fig. 1.51 are once more aligned.

	Install the toothed belt for the injection pump drive. Follow the instructions for the two engines.

	Install the two toothed belt guards and the cylinder head cover.

	Install the radiator with the locker carrier and fit the ribbed belt and the insulation panel underneath the vehicle.



Replacing the Injection Pump Drive Belt

The replacement of the injection pump drive belt is different on the 2.4 Litre engine and the 2.5 Litre engine. The 2.4 Litre AJA engine as well as the earlier AAB engine has a drive belt without tensioning roller, a tensioning roller is fitted to tension the belt for the injection pump of all 2.5 Litre engines. Various special tools are recommended and we advise you to read through the text before you attempt the work.
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Fig. 1.52. – The component parts of the injection pump drive (2.4 litre engine).








	1	Injection pump drive gear

	2	Timing belt

	3	Bolt, 10.0 kgm

	4	Timing belt cover

	5	Pump wheel

	6	Nut, 4.5 kgm

	7	Bolt, 2.5 kgm

	8	Injection pump

	9	Nut, 2.5 kgm

	10	Injection pipe

	11	Mounting bracket








	2.4.	Litre Engine




	Tilt the front panel of the vehicle forward as described during the removal of the engine and remove the noise dampening panels underneath the vehicle. Also remove the radiator grille.

	Remove the timing belt cover (4) in Fig. 1.52 and rotate the engine until the piston of No. 1 cylinder is at top dead centre, as shown in Fig. 1.46, i.e. both the flywheel and injection pump marks must be aligned.

	Insert the arrester pin 2064 into the injection pump gear-wheel as shown in Fig. 1.53, to lock the gearwheel against rotation. Also as shown in the same illustration, prevent the drive wheel at the end of the camshaft from rotating and slacken the bolt in the centre of the gearwheel. Mark the direction of running of the belt, if the original belt is to be fitted. Use a felt-tip pen to mark the belt.
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Fig. 1.53. – Arrester pin 2064 inserted into the pump drive gear and locking the camshaft sprocket against rotation with the special lever.
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Fig. 1.54. – Checking the tension of the injection pump drive belt. Apply the checking tool at the position shown.




	Remove the injection pump gearwheel together with the drive belt. Immediately check that the top dead centre mark on the flywheel and the reference mark are still aligned.
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Fig. 1.55. – The arrows show the securing bolts for the injection pump mounting bracket.




	Place the new belt over the injection pump drive gear and the gearwheel on the camshaft and tighten the securing bolt for the injection pump until it can just be rotated by hand. Observe the marking of the belt, if the original one is fitted.

	Fit the belt tension-checking tool as shown in Fig. 1.54 and check the tension by pushing against the tool handle. The indication should be between 12 and 13. If this is not the case the mounting bracket for the injection pump must be moved after slackening the securing bolts. These are located at the positions shown in Fig. 1.55. Move the bracket little by little, re-tighten the bolts and re-check the tension. Once more, check the TDC marks.

	Hold the gearwheel on the camshaft against rotation and tighten the bolt to 10.0 kgm (72 ft.lb.). Remove the arrester pin from the injection pump gearwheel.

	Check the injection timing or have it checked.

	The remaining operations are carried out in reverse order. If the drive gearwheel at the rear end of the camshaft has been removed you will be able to replace the camshaft oil seal in the same manner as described in the next Section. The oil seal has an arrow that must face in the direction of rotation of the camshaft.








	2.5	Litre Engines



Fig. 1.56 shows the parts on the side of the injection pump drive. Two rollers are fitted, one is the tensioning roller (not shown) and the other one an idle roller.

The injection timing must be checked after installation of the drive belt. The following instructions deal with the removal and installation and the tensioning of the drive belt. If not specially mentioned, the instructions refer to all engine types.


	Remove the radiator grille and the insulation panel underneath the engine.

	In the case of engines ACV, AUF and AYC remove the bracket for the charge air cooler and the L.H. and R.H. securing bolts (Fig. 1.44, marked “2”) and fold the lock carrier with the radiator forward, as shown in Fig. 1.44 by the arrow.

	In the case of engines AHV, AXG and AXL remove the connecting hose between the charge air cooler and the air induction tube and remove the bolt securing the coolant pipe to the starter motor.
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Fig. 1.56. – The parts on the rear end of the cylinder head.








	1	Bolts, M6=1.0 kgm,

		M8=2.0 kgm

	2	Cover

	3	Bolt, 9.0 kgm

	4	Drive belt

	5	Pump drive gear

	6	Nut, 2.0 kgm

	7	Idler roller




	Remove the injection pump drive belt guard (2) after removal of screws (1).

	Rotate the crankshaft in direction of rotation until the piston of No. 1 cylinder is at top dead centre position. This can be checked by referring to Figs. 1.46 or 1.47, depending on the engine. This position is only possible every 2nd TDC position.

	Mark the direction of running of the drive belt into the outside of the belt, using a felt-tip pen (if the old belt is to be refitted).

	Counterhold the injection pump drive gear and remove the bolt (3) in the centre. Take off the drive gearwheel (5) and the belt (4). Remove the tensioning roller and the idler roller (7) if required.



The injection timing must be checked after installation of the drive belt. The following description only deals with the installation and tensioning of the drive belt.


	Place the new belt over the injection pump drive gear and the gearwheel on the camshaft and tighten the securing bolt for the injection pump until it can just be rotated by hand. Observe the marking of the belt, if the original one is fitted.

	Check the installation position of the idler roller (7) in Fig. 1.56 in accordance with Fig. 1.57. The idler roller indicator (1) must be in line with the cylinder head flange (arrow). If necessary slacken the securing nut (2) and turn the roller until the alignment is obtained. Tighten the nut to 2.0 kgm (14.5 ft.lb.).
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Fig. 1.57. – Align the idler roller for the injection pump drive belt in accordance with the description in the text.




	Refit the tensioning roller (1) in Fig. 1.58 and adjust it. A tab (A) on the tensioning roller must be positioned in the cut out of the console, shown in the illustration by arrow (B). Turn the roller into the correct position (Allen key required) and tighten the bolt in the centre of the tensioning roller hand-tight when in the position described.
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Fig. 1.58. – Details for the adjustment of the drive belt tension for the injection pump.




	Turn the tensioning roller in Fig. 1.58 in anti-clockwise direction as far as the inner stop and from this position turn it back until both pointers align as shown by (A). Tighten the securing bolt in the centre to a torque setting of 1.5 kgm (11 ft.lb.).

	Counterhold the injection pump drive gear and tighten the securing bolt to 16.0 kgm (115 ft.lb.). Install the toothed belt cover. All other operations are carried out in reverse to the removal procedure.

	Rotate the crankshaft by two complete revolutions and check that the TDC position for the cylinder No. 1 is obtained once more. If this is not the case check where you went wrong.








	1.4.4.	CAMSHAFT

	1.4.4.1.	Camshaft - Removal and Installation



The camshaft on all engines can be removed with the cylinder head fitted. Prepare the vehicle to have access to the engine compartment. The removal and installation is carried out in a similar manner on the four- and five-cylinder engines, the differences being, of course, the number of bearing caps. First remove the cylinder head cover and, of course, the different arrangement of the timing belt and the injection pump timing belt. You must therefore refer to the previous sections to remove the belts for the engine in question.


	Rotate the engine until the piston of No. 1 cylinder is at top dead centre position. Refer to the instructions during the removal of the timing belt.

	Remove the timing belt (four-cylinder engine) or the timing belt and the injection pump drive belt (five-cylinder engine) as described in the last section for the two engine versions.
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Fig. 1.59. – The camshaft bearing caps in their numbered order. The cross-line indicates the No. 2 and No. 4 bearing caps which must be slackened alternatively until the spring pressure is released.




	On a four-cylinder engine refer to Fig. 1.59 and slowly slacken the nuts of the bearing caps 5, 1 and 3 in a diagonal manner. At this stage, do not slacken the nuts of bearing caps Nos. 2 and 4.

	Now unscrew the nuts of bearing caps No. 2 and No. 4 in a diagonal fashion until the spring pressure is released and the two caps are fully free. The pressure will be retained to the last moment, as the springs will push the camshaft upwards. Remove the half-round oil seal from the No. 1 bearing cap, if it is still in the cap. Otherwise, remove the seal from the cylinder head.

	Carefully lift the camshaft out. Using soft-metal jaws, clamp the camshaft into a vice and remove the bolt securing the camshaft gearwheel. Remove the gearwheel and slide the camshaft oil seal from the end at the shaft.

	The tappets can either be removed or left in position (mark where they came from). Refer to a later page before fitting the tappets later on. Tappets must be checked before they are refitted.

	On a five-cylinder engine proceed as described for the four-cylinder engine, but first slacken the nuts of bearing caps No. 1 and 3. After the caps have been removed, slacken the nuts of bearing caps No. 2 and 4 alternatively and diagonally until the caps are free as described above.

	Carefully remove the camshaft and remove the camshaft timing gear from one end and the injection pump drive gear from the other end. The camshaft must be clamped into a vice, using soft-meal jaws. Either remove the tappets or leave them in the cylinder head.



The installation is a reversal of the removal procedure, but the tightening sequence of the bearing caps is important:


	If the tappets have been removed, check them as described in the next section. Then insert each tappet (well oiled) in its original bore (if the same tappets are used), in accordance with the markings.

	Generously lubricate the camshaft bearing journals and the bearing bores with engine oil. Place the camshaft in position. The two cams for the valves of the first cylinder must be facing upwards. On a four-cylinder-engine fit the bearing caps No. 1, 3 and 5, referring to Fig. 1.59. On the five-cylinder engine fit the bearing caps Nos. 2 and 4. The caps are slightly off-centre and must be fitted the correct way round. Fig. 1.30 shows the correct and incorrect installation of the bearing caps and should be referred to.

	Tighten the nuts of the fitted bearing caps diagonally by a few turns until the caps are down on the cylinder head and then to a final torque of 2.0 kgm (14.5 ft.lb.).

	Fit the remaining bearing caps and tighten the nuts in a diagonal manner to 2.0 kgm (14.5 ft.lb.).

	Fit the camshaft oil seal or the two seals as described below.








	1.4.4.2.	Replacing the Camshaft Oil Seal(s)



The oil seal at the camshaft end (four-cylinder) or the oil seals at both ends of the camshaft (five-cylinder) can be replaced with the engine fitted. VW-Workshops use a special tool to remove the oil seal, but it is also possible to remove the bearing cap to remove and install the seal(s). The oil seal is located behind the timing wheel, the second oil seal of a five-cylinder engine is located behind the drive wheel for the injection pump, i.e. the wheel (and drive belt) will have to be removed as described in the section applicable to the engine fitted. Proceed as follows to remove the seal(s):


	Slacken the alternator mountings, push the unit towards the inside and remove the drive belt or remove the ribbed belt, depending on the type fitted.

	Unscrew the three screws securing the timing belt guard. Also remove the cylinder head cover.

	Rotate the engine until the piston of the first cylinder is at top dead centre. This is indicated when both valves of this cylinder are closed. Turn the engine by applying a socket or ring spanner to the crankshaft pulley centre bolt.

	Slacken the timing belt, as described for the respective engine and lift off the timing belt. Tie the belt in position to prevent it from slipping off the other timing wheels.

	Counterhold the camshaft timing wheel and slacken the camshaft timing gear bolt by one turn.

	Insert a small drift into the bore shown by the arrow in Fig. 1.37 (on a four-cylinder engine) or in Fig. 1.49 (on a five-cylinder engine) and hit the end of the drift with a short blow of a hammer. The cone seating of the gearwheel will be split and the gearwheel can be removed after fully removing the bolt and the washer. Using a pair of side cutters remove the Woodruff key.

	Unscrew the rear toothed belt guard from the cylinder head. The bearing cap can now be unscrewed (or both bearing caps in the case of the five-cylinder engine) and the oil seal replaced. The arrow in the oil seal on the injection pump side (5-cyl.) must face in the direction of camshaft rotation.



The installation of the oil seals is a reversal of the removal procedure. Clean the camshaft journal and the inside of the bearing cap and lubricate the oil seal lip and the journal with engine oil. Orientate the spring side of the seal towards the camshaft and place the seal over the shaft and into the bearing cap. Use a suitable piece of tube and carefully knock the oil seal in position until flush.

Fit the Woodruff key, slide the timing wheel over the shaft and the key and fit the bolt and washer. Counterhold the timing wheel and tighten the bolt to the correct torque, noting that on some engines the bolt head is marked with a number which regulates the applicable torque.

Carry out all other operations in reverse order to the removal procedure.






	1.4.4.3.	Hydraulic Tappets



The following points must be observed at all times in order to prevent damage to the engine by the tappets, due to incorrect treatment:


	Always store hydraulic tappets in upright position, with the contact area at the bottom.

	Always replace tappets as complete units as they cannot be adjusted or repaired.

	Valve noises when the engine is started are normal, but excessive noise can be due to the tappets. In this case check the tappets one after the other as follows:

	Start the engine and let it run until the cooling fan cuts-in.

	Increase the engine speed to 2500 rpm for approx. 2 minutes.
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Fig. 1.60. – Checking the tappets (refer to text).



If the tappets are still noisy, stop the engine and remove the cylinder head cover. To find the noisy tappet, turn the engine over until the cam in question is pointing with the tip upwards and using a piece of wood or plastic, as shown in Fig. 1.60, push the tappet downwards. If the play is more than 0.10 mm (0.04 in.) before the valve begins to open, fit a new tappet.

In this case it may be best to replace the complete tappet set, as other tappets could be equally in bad condition.

Note: If new tappets are fitted, do not start the engine for about 30 minutes after assembly, as this may cause the valves to strike the pistons.






	1.4.5.	PISTONS AND CONNECTING RODS

	1.4.1.0.	Technical Data



Piston Diameters:






	1.9 Litre and 2.4 Litre Engines:

	Nominal Diameter:	79.48 mm

	1st oversize:	79.73 mm

	2nd oversize:	79.98 mm

	2.5 Litre Engine:

	Nominal Diameter:	80.96 mm

	1st oversize:	81.21 mm

	Position for checking piston diameter:	10.0 mm (0.40 in.) from bottom edge of skirt, at 90° to piston pin axis

	Max. allowable wear on piston diameter:	0.04 mm (0.0016 in.) from the specified size

	Clearance of piston in cylinder bore:

	Standard:.	0.03 mm (0.0012 in.)

	Maximum:	0.07 mm (0.0028 in.)









	Piston Rings

	Number of rings:	3

	Side clearance - All rings:

	Standard, upper rings:

	1.9 and 2.4 Litre engines:	0.09 - 0.12 mm (0.0001 - 0.0035 in.)

	2.5 Litre engine:	0.07 – 0.11 mm (0.0028 – 0.0437 in.)

	Standard, centre rings:	0.05 - 0.08 mm (0.002 - 0.003 in.)

	Standard, oil control rings:	0.03 - 0.06 mm (0.001 - 0.002 in.)

	Wear limits, compression rings:	0.25 mm (0.01 in.)

	Wear limits, oil control rings:	0.15 mm (0.006 in.)

	Ring Gaps:

	Top and second rings:	0.25 - 0.40 mm (0.01 - 0.016 in.)

	Oil control rings:	0.25 - 0.50 mm (0.01 - 0.02 in.)

	Max. - Upper rings	– 1.9/2.4 Litre:	1.2 mm (0.03 in.)

		– 2.5 Litre:	1.0 mm (0.04 in.)

	Max. - Second rings	– 1.9/2.4 Litre:	0.6 mm (0.024 in.)

		– 2.5 Litre:	1.0 mm (0.04 in.)

	Max. - Oil control rings	– 1.9/2.4 Litre:	1.2 mm (0.03 in.)

		– 2.5 Litre:	1.0 mm (0.04 in.)



Connecting Rods






	Bearing axial play:

	- Standard:	0.05 - 0.31 mm (0.002 - 0.012 in.)

	- Max.:	0.40 mm (0.016 in.)

	Big end journals:	See under “Crankshaft”








	1.4.5.1.	Servicing and Overhaul



The pistons and connecting rods are shown in Fig. 1.61. There are, however, major differences between the engines with indirect injection and with direct (TDI) injection. The pistons for the standard diesel engines with indirect fuel injection have a bowl in the piston crowns. The following points are a summary to be observed when work is carried out on the piston/connecting rod assemblies of a 2.5 Litre TDI engine:

The cylinder head does not have combustion chambers, also known as swirl chambers. Instead the combustion chambers are machined into the piston crowns.

Pistons for the TDI engine are different in shape. They have, what Volkswagen call an Omega recess which forms the combustion chamber.


[image: image]

Fig. 1.61. – View of the cylinder block with the fitted pistons of a TDI engine. Note where the large recess for cylinders 1/2 and 3/4/5 are located.




	After removal of the cylinder head you will see the pistons arranged as shown in Fig. 1.61. Each piston has a larger recess for the inlet valves, but not all are facing towards the same side. The recess on a piston for cylinders Nos. 1 and 2 must be nearer the flywheel end, the recess of a piston for cylinders 3, 4 and 5 must be near the pulley end. New pistons are either marked with 1/2 or 3/4/5 to indicate where they must be fitted. When pistons are removed, mark their fitted position, as wrong installation of pistons will lead to engine damage.
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Fig. 1.62. – Exploded view of pistons and connection rods as fitted to the 1.9 and 2.4 Litre diesel engines.








	1	Piston rings

	2	Retaining rings

	3	Piston pin

	4	Piston

	5	Connecting rods

	6	Bearing shell

	7	Cylinder block

	8	Big end bearing caps

	9	Dowel pins

	10	Oil jet

	11	Screw, 1.0 kgm

	12	Connecting rod bolt




	The pistons of all engines have a recess for the oil spray jets on one side (see Fig. 1.74 at the end of the piston section) to prevent contact of the jets and the pistons at the bottom top dead centre. These sides must be on the same side as the oil jets.



Removal of Pistons and Connecting Rods

The pistons and connecting rods are pushed out from the top of the cylinder block after removing the bearing caps and the lower bearing shells. Before carrying out these operations, note the instructions below regarding marking and identification. Note the references to the TDI engine given above.


	Mark each of the piston centres and connecting rods to the cylinder bore from which it is removed. This can be carried out by numbering the piston crowns with the numbers 1, 2, 3 and 4 (and 5), as shown in Fig. 1.63 and with an arrow each, which should be facing towards the crankshaft pulley. Remember that the arrow marked into the piston crown cannot be seen due to the carbon deposits.
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Fig. 1.63. – Piston identification. The top of the pistons should be marked with their cylinder numbers are arrows.




	Refer to Fig. 1.64 and note the arrows pointing to the cast lugs and their identification marks on the connecting rod and bearing cap. These lugs should face towards the crankshaft pulley.




[image: image]

Fig. 1.64. – The two casting lugs (arrows) on connecting rod and big end bearing cap - these must match when the bearing caps are refitted. Always use new connecting rod bolts and nuts.




	Before removing the connecting rod bearing caps, mark each of the con rods and its cap with a centre punch to ensure assembly in the same position (see Fig. 1.15).

	Mark the bearing shells and the rod to which they belong and mark the upper and the lower shells as soon as they have been removed.
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Fig. 1.65. – Piston pin securing clips can be removed with a pointed drift, inserted into the notch of the piston pin bore.




	If pistons are replaced, make sure that they are of the correct diameter and the correct engine - that is, 4-cyl or 5 cyl.

	Remove the bearing caps and shells to take out the piston assemblies, making sure that there is no ridge of carbon in the bore that might prevent removal.
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Fig. 1.66. – Piston identification. The top of the pistons should be marked with their cylinder numbers and arrows.




	Push out the piston pin after having removed the circlips, by inserting a pointed drift into the notches of the piston pin bore, as shown in Fig. 1.65. Use a suitable mandrel and press to extract the piston pin. if the pin has a tight seat, heat the piston in hot water (at least 60° C/140° F).

	Using a pair of piston ring pliers, as shown in Fig. 1.66, remove the piston rings carefully from the pistons (over the crown) and keep them matched if they are to be re-used. If no piston ring pliers are available, insert some metal strips under the piston ring to be removed, on opposite sides of the piston and lift the ring this way over the piston crown. Clean all parts thoroughly, avoiding abrasive or sharp tools that might scratch the pistons.



Carry out the inspections given below, all data being given in Section 1.5.1. Pistons must always be replaced in sets.


	Check the piston diameter 10 mm (0.4 in.) from the bottom edge of the piston skirt, at right angles to the piston pin. The piston must be replaced if outside the limits given.

	Check the clearance of the piston rings in their grooves as shown in Fig. 1.67. The grooves must be thoroughly cleaned before this check is carried out. Piston ring grooves can be cleaned with a broken off piston ring, which should be ground or filed flat at the broken end. Go around the circumference of the groove, being careful not to lift off any metal.
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Fig. 1.67. – Checking the side clearance of the piston rings by means of a feeler gauge.




	Check the ring gap by inserting the ring into the cylinder bore as shown in Fig. 1.68. Make sure that the ring is inserted squarely - use the crown of a piston to press the ring down. Note that the gap is measured at the bottom end of the cylinder bore. Compare with the values given in Section 1.5.1.
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Fig. 1.68. – Checking the piston ring gaps, rings at bottom of cylinder bore.




	Check the piston pins and the bores of the connecting rods for wear. Connecting rods must be replaced in complete sets.

	If possible have the connecting rods checked for distortion, especially if the wear pattern on the old pistons is more pronounced on one side.

	Replace the connecting rod bolts. The bolts stretch with the tightening of the nuts, i.e. once tightened they are useless.



To install the piston pin into the piston and connecting rod, a proper mandrel must be used with a press, and the piston must be heated to at least 60° C (140° F). The piston can be inserted into hot water to heat it up. The disposition of the connecting rod must be:


	The arrow, marked in the piston crown must point to the crankshaft pulley side of the engine (Fig. 1.63).

	The cast bosses on the rod and cap (Fig. 1.64) must point towards the crankshaft pulley end of the engine.

	The cylinder No. marking on connecting rod and big end bearing cap (Fig. 1.15) must be opposite each other after the cap has been bolted to the connecting rod.

	Push the piston pins into their bores with the use of a mandrel. Allow the assemblies to cool off and check that the pistons can move easily on their piston pins.

	When installing the piston rings, note that the rings are marked on one side with “Top” or “Oben”. This marking must be facing towards the piston crown when the rings have been fitted. Rings can easily break and we suggest to carry out this operation very slowly and with the greatest care.
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Fig. 1.69. – Pushing the piston rings into their grooves with the help of a proper piston ring compressor




	Before fitting the pistons into the cylinder bores, arrange the bottom ring gap so that it faces the front of the engine, with the other two rings arranged at 120° to each other and facing the rear.

	Oil the cylinder bores before inserting the pistons into the cylinders. Use a ring compressor, as shown in Fig. 1.69 to avoid damage to the piston rings. If no ring compressor is available, make up a strip of thin sheet metal, lay it around the piston rings and squeeze together the ends of the strip to push the rings into their grooves. Install the pistons after checking that the piston pin circlips are in position on both sides, as it is very easy to forget one, after the first one has been fitted. The easiest method to install the pistons is to place the cylinder block on its side and turn the crankshaft until two crankpins are at the bottom. Fit these two pistons and connecting rods and then turn the crankshaft until the other two pistons are at the bottom. Fit the remaining assemblies. Check once more that the cylinder markings on connecting rods and big end bearing caps are on the same side of the engine and that the connecting rods are fitted the correct way.

	The connecting rod nuts or bolts must always be replaced. Oil the nut contact faces and tighten the two nuts in turn to 3.0 kgm (22 ft.lb.). From this position tighten the nuts a further 90°.
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Fig. 1.70. – Checking the connecting rod end float by means of a feeler gauge. Insert the feeler gauge between the con rod thrust face and the crankshaft.



After installation of the connecting rod bearings, check with a feeler gauge at the position shown in Fig. 1.70 to make sure that the connecting rod side play is less than 0.40 mm (0.016 in.). Temporarily fit the crankshaft pulley with the bolt, apply a socket to the bolt head and rotate the crankshaft assembly a few times. Any hard spots will be spotted immediately and can be rectified before the engine is further assembled. Do this after each assembly is fitted. After completed installation refit the oil sump to the bottom of the crankcase as described in the relevant Section. All other operations are carried out in reverse order to the removal procedure.

Oil Cooling Jets for Pistons

The pistons have a cut-out (recess) on one side, as shown in Fig. 1.71.

During installation of the pistons take care that the pistons are inserted so that they are on the same side as the spray jets. The jets must be removed before the piston ring gaps are measured as described earlier on. During installation of the jets at the position shown in Fig. 1.72 coat the threads of the screws (11) in Fig. 1.62 with thread locking compound (VW uses compound with Part No. AMV 188 100 02). Tighten the bolts to 1.0 kgm.
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Fig. 1.71. – The pistons are recessed on one side to prevent contact between the oil spray jets and pistons. The piston side with the recess must be on the same side as the oil jets in the cylinder block.
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Fig. 1.72. – The location of the oil spray jets to cool the pistons at the bottom of the cylinder block. The bolt threads must be coated with thread locking compound.








	1.4.6.	CRANKSHAFT AND FLYWHEEL

	1.4.6.0.	Technical Data








	Number of main bearings:	5 (four-cylinder), 6 (five-cylinder)

	Markings (main bearing caps):	1 to 5 or 1 to 6, commencing at the crankshaft pulley end of the engine

	Axial play taken at:	By means of thrust half washers, at one of the bearings

	Main/big end bearings:	Thin-wall shell type. Shells in block with oil drillings, shells in caps without drillings

	Crankshaft End Clearance:

	Std.:	0.07 - 0.18 mm (0.0028 - 0.0069 in.)

	Wear limits:	0.25mm (0.10 in.)

	Main Bearing Running Clearance:

	Std.:	0.016 - 0.075 mm (0.001 - 0.003 in.)

	Wear limits :	0.16 mm (0.006 in.)

	Big End Bearings:

	Std. running clearance:	0.02 - 0.076 mm (0.0008 - 0.003 in.)

	Max. clearance:	0.08 mm (0.0035 in.)

	Std. axial clearance:	0.05 - 0.31 mm (0.002 - 0.0122 in.)

	Max. clearance:	0.40 mm (0.016 in.)

	Main Journal Diameters (5-cyl.):*

	Basic:	58.00 mm (2.304 in.)

	Undersize 1:	57.75 mm (2.294 in.)

	Undersize 2:	57.50 mm (2.284 in.)

	Undersize 3:	57.25 mm (2.275 in.)

	Main Journal Diameters (4-cyl.):*

	Basic:	54.00 mm (2.147 in.)

	Undersize 1:	53.75 mm (2.135 in.)

	Undersize 2:	53.50 mm (2.126 in.)

	Undersize 3:	53.25 mm (2.116 in.)

	Crankpin Journal Diameters (all engines):*

	Basic:	47.80 mm (1.8819 in.)

	Undersize 1:	47.75 mm (1.8799 in.)

	Undersize 2:	47.30 mm (1.8622 in.)

	Undersize 3:	47.05 mm (1.8523 in.)

	* All diameters are toleranced at -0.022 to -0.042 mm








	1.4.6.1.	Crankshaft – Removal and Installation



The crankshaft of the four-cylinder diesel engine is practically the same as the crankshaft of a four cylinder petrol engine. The component parts together with the bearing shells are shown in Fig. 1.73, Fig. 1.74 shows the parts on the outside of the cylinder block.

The component parts of the five-cylinder engine are shown in Fig. 1.75. The crankshaft end float must be measured before removal in the manner described below. The end float for the diesel engine is 0.07 - 0.18 mm (0.0028 - 0.0069 in.). There is a difference in the end float limit. This can be 0.37 mm (0-015 in.) on the four-cylinder, but is restricted to 0.25 mm (0.01 in.) on the five cylinder engine. New half thrust washers must be used to correct the end float.

The oil pump must be removed from the front of the engine when the crankshaft of a five-cylinder engine is removed. The bearing caps are marked with numbers 1 to 6, commencing at the pulley end. The bearing shells have an oil drilling when fitted in the cylinder block and no oil drillings when fitted on the bearing caps.

A driver for the oil pump is fitted into the end of the crankshaft, but should only be removed if the crankshaft is replaced or the driver damaged. A new driver must be heated to 200° C and driven over the crankshaft end.
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Fig. 1.73. – Crankshaft and crankshaft bearings.








	1	Bearing shells 1,2,4,5

	2	Bolt, 6.5 kgm + 90°

	3	Main bearing cap

	4	Bearing shell No. 3

	5	Thrust half washers

	6	Crankshaft

	7	Thrust half washers

	8	Lower shell, No. 3

	9	Cylinder block
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Fig. 1.74. – Parts fitted to the outside of the cylinder block (1.9 litre).








	1	Oil seal, intermediate shaft

	2	Woodruff key in shaft

	3	Bolt, 2.5 kgm

	4	Oil seal carrier

	5	Carrier gasket

	6	Cylinder block

	7	Bolt, 2.5 kgm

	8	Seal ring flange

	9	“O” sealing ring

	10	Bolt, 1.0 kgm

	11	Intermediate shaft

	12	Oil seal, always replace

	13	Gasket

	14	Oil seal flange with oil seal

	15	Bolt, 1.0 kgm

	16	Intermediate plate

	17	Bolt, 1.0 kgm

	18	Flywheel

	19	Flywheel bolt. 9.0 kgm + 90°
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Fig. 1.75. – Exploded view of the removed crankshaft of a 2.4 litre engine. The flywheel end of the 2.5 litre engine has an impulse sender on the flywheel end.








	1	Gasket

	2	Lock plate

	3	Bolt, 1.0 kgm

	4	Suction pipe

	5	Bearing cap

	6	Thrust half washers

	7	Bearing cap bolts, 6.5 kgm

	8	Flywheel

	9	Flywheel bolt

	10	Oil seal

	11	Oil seal housing

	12	Gasket

	13	Thrust half washers

	14	Cylinder block

	15	Gasket

	16	Oil pump

	17	Bolts

	18	Oil seal

	19	Bearing shell

	20	Oil pump driver

	21	Crankshaft



A further difference will be found in the flywheel. The 2.5 Litre engine has a so-called dual-mass flywheel. The removal of this type is not straight forward and is described in detail later on.

Proceed as follows to remove the crankshaft. The operations are similar for four- and five-cylinder engines.

Measuring the Crankshaft End Float:

It will be more convenient to measure the crankshaft end float before the crankshaft is removed, so proceed as follows:


	Insert a feeler gauge at the centre bearing as shown in Fig. 1.76 and check that the end float is within the max. value given in Section 1.4.5.0.

	Make sure that all of the end float is taken up in each direction by applying a lever (preferably the wooden handle of a tool to avoid damage) and urging the crankshaft as far as it will go in each direction.



To remove the crankshaft of a four-cylinder engine, refer to Fig. 1.74 and remove the securing bolts of the front and rear oil seal flanges and carefully pry off the flanges from the cylinder block. The front oil seal must be removed from the flanges immediately, as they must be replaced, the rear oil seal is replaced together with the seal ring flange. It is assumed that the flywheel has already been removed.
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Fig. 1.76. – Checking the crankshaft end float (axial play) at the centre bearing. Use a feeler gauge as shown. Make sure that all clearance is taken up in each direction.



Remove the oil pump. Remove the bearing caps from the crankshaft, noting that they are marked from 1 to 5 from the front of the engine (No. 1 at the crankshaft pulley end; No. 5 at the flywheel end). Mark the shells and keep them matched with their caps. Remove the thrust half washers for the crank-shaft end float from the centre bearing. It should be noted that all the bearing shells in the caps are without oil drillings.

Remove the crankshaft carefully and place to one side. Now look at the bearing shell halves remaining in the cylinder block. You will see that they have a lubrication groove and these halves must always go into the block (see Fig. 1.77). Also notice the nicks in the shells is which must always align with the locators in the cylinder block and caps.
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Fig. 1.77. – View of the bearing shells in the crankcase. These are the ones with the oil grooves.



Install the crankshaft in the reverse sequence to removal, noting the points already mentioned. The crankshaft and all other parts must be absolutely clean before installation and the journals should be well lubricated. Tighten the bearing caps gradually, finally tightening to the specified torque. Refer to the next section for further information on the fitting of the front and rear oil seals and to Section 1.4.5.3. regarding the crankshaft main bearings.

Note: Check the running clearance of the main and connecting rod bearings before the crankshaft is refitted and recheck the end float after completed installation.

The removal of the crankshaft of the five-cylinder engine is carried out by referring to Fig. 1.75. Note the points already given when checking the crankshaft end float. Refer to Section 1.4.5.4 before removal of the flywheel when a 2.5 Litre engine is dismantled. Section 1.4.5.5. covers the drive plate for an automatic transmission.






	1.4.6.2.	Crankshaft Oil Seals



Four-cylinder Engine

Front and rear oil seals should always be replaced once the crankshaft oil seal flanges have been removed. The rear oil seal is replaced together with the oil seal flange.

Both seals can be replaced with the engine fitted to the vehicle if necessary, but special tools are necessary, mainly for the front oil seal to carry out this operation successfully. In the case of the front seal, “V” belt, timing belt cover, timing belt guards and crankshaft pulley together with the timing gear wheel must be removed. To slacken the crankshaft timing gear bolt, engage 5th gear and apply the handbrake to lock up the engine and undo the bolt with a socket.
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Fig. 1.78. – Special tool for removal of the front crankshaft oil seal. Tighten the bolt as far as it will go (4-cyl).
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Fig. 1.79. – Removal of the rear crankshaft oil seal with the special tool (5-cyl. engines).



To remove the front oil seal use the special tool as used for the removal of the camshaft oil seal (refer to Section 1.4.4.2.) and the tool shown in Fig. 1.78. Screw the socket head bolt of the latter tool into the crankshaft front end as far as possible and then remove the oil seal in the same manner as described for the camshaft oil seal.

In the case of the rear oil seal, remove the transmission, the clutch and the flywheel or the drive plate in the case of automatic transmission, before extracting the oil seal. To remove the oil seal unscrew the complete oil seal carrier (14, Fig. 1.74 in the case of a 4-cyl. engine or, pierce in a sharp-pointed screwdriver and lever the seal out, without damaging the crank-shaft or, if available, use the tool shown in Fig. 1.79 to lever out the seal. Note that certain five-cyl. engines also have a combined oil seal/oil seal carrier and the two items must be replaced as an assembly.

Some special precautions and tools are necessary to replace the oil seals and these are detailed below:


	For both the front and rear seals press out the old seal if the seal flange is removed from the engine. If the engine has been dismantled fit the seal flanges with a new gasket and install the seals as follows:

	For the installation of the rear seal, carefully drive the seal in with a hammer and a drift, without damaging the seal lip (engines with separate oil seal).

	Now press on the seal by using tool 2003/1 as shown in Fig. 1.80 or make up a round plate with two holes in it, which can be bolted to the end of the crankshaft flange. Great care should be taken if the seal is tapped in with a hammer. Oil leaks could develop if the ring is deformed (only engines with separate oil seal). Otherwise fit the new oil seal flange assembly.
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Fig. 1.80. – Fitting the crankshaft oil seal on the flywheel side (4- and 5-cyl.). See text for alternative method.




	A special tool is available to fit the front oil seal. To do this, slide the guide sleeve in Fig. 1.81 over the crankshaft end, coat the inside and the outside of the oil seal with engine oil and push the seal over the sleeve.
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Fig. 1.81. – The special VW guide sleeve for the installation of the front oil seal. Using any other method to install the ring requires the greatest care to avoid damage to the ring.




	Place the thrust sleeve of the tool set over the guide sleeve and tighten the bolt in the centre as shown in Fig. 1.82 until the seal is in position. Remove the tools.



Five-cylinder Engine

The front and rear oil seals of the crankshaft must be replaced any time the crankshaft sealing flange or the oil pump have been removed. The replacement of the rear oil seal of a five-cylinder engine is carried out in the same manner as described for the four-cylinder engine, using the same special tools or respective alternatives. The operation to replace the front oil seal is different on a five-cylinder engine, mainly due to the arrangement of the oil pump. Proceed as described in the following text:
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Fig. 1.82. – Pulling the crankshaft oil seal in position, using the special tools.




	Remove the ribbed belt, the timing belt covers, the vibration damper with the crankshaft timing gear and the steering pump together with the drive belt. To slacken the bolt in the centre of the vibration damper, engage a gear, apply the handbrake and use a socket.
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Fig. 1.83. – Removal of the front crankshaft oil seal with the special extractor lever. See text for alternative (5-cyl.)



To remove the oil seal, use a similar tool as shown in Fig. 1.83. Otherwise screw a self-tapping screw into the metal case and lever the seal out with a screwdriver. If the engine is removed, unscrew the oil pump from the front of the engine and remove the gasket. The oil seal can then be removed as described.

The installation of the oil seal is carried out as follows:


	If the engine is removed, smear the seal lip and the outside of the oil seal with grease and carefully drive the seal into the oil pump. Refit the oil pump as described under “Engine Lubrication” and carry out all other assembly operations in reverse order to the removal procedure.



To fit the oil seal to a fitted engine, use the special tool shown in Fig. 1.84. This is a piece of tube which presses against the outer diameter of the oil seal. A bolt in the end of the tube is screwed into the end of the crankshaft. By tightening the bolt, the oil seal is pulled into the flange. If this tool is not available, use a piece of tube of suitable diameter and place a large washer over the end. Screw a long bolt into the crankshaft end and tighten the bolt until the seal is in position. Alternatively try to drive the oil seal carefully in position with a drift and a hammer, but be careful not to damage it.
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Fig. 1.84. - Installation of the front oil seal with the special fitting tool. See text for alternative (5-cyl.)








	1.4.6.3.	Crankshaft Bearings



Data for the crankshaft main bearings and big end journals and bearings is given in Section 1.4.6.0. together with the allowable clearances. Clean the crankshaft thoroughly and inspect the journals for signs of wear or damage. Measure the journals at two positions around the circumference and along its length. Out-of-round and/or a taper of more than 0.03 mm (0.0012 in.) will mean that the crankshaft will have to be re-ground.

Main bearing and crankpin bearing clearances can be assessed by the use of “Plastigage” as described below. Three types are available, with ranges of:






	PG1 Green	0.025-0.075 mm (0.00098 - 0.0029 in.)

	PR1 Red	0.050-0.150 mm (0.00196 - 0.0059 in.)

	PB1 Blue	0.100-0.230 mm (0.0039 - 0.0090 in.)



To use the “Plastigage”, first remove all dirt and grease from the journals and shells. Place a length of plastic wire along the complete length of the journal and fit the shell and bearing cap. Tighten the cap bolts to a tightening torque of 6.5 kgm (47 ft.lb.) in the case of the main bearing caps or to 3.0 kgm (22 ft.lb.) in the case of the big end bearing caps. Use the original connecting rod bolts and nuts for this check. Take care that the crankshaft cannot rotate once the bearing caps are fitted.

Now remove the bearing cap in question, refer to Fig. 1.85 and compare the width of the compressed 'Plastigage” wire with the scale provided in the kit. If the clearance is excessive, the crankshaft bearing journals must be reground and undersize bearing shells fitted. Your dealer will advise you about availability of bearing shells. We recommend, however, that the crankshaft together with the block is taken to an engine shop to have the shaft reground and re-shelled.
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Fig. 1.85. – Measuring the width of the flattened “Plastigage” wire to determine the bearing running clearance. Main bearings and big end bearings are checked in the same manner.








	1.4.6.4.	Flywheel



The flywheel of the four-cylinder engine and the 2.4 Litre five-cylinder engine is of conventional construction and the clutch pressure plate is secured to the flywheel by six bolts. A dual-mass flywheel is fitted to the 2.5 Litre engine.
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Fig. 1.86. – A flywheel can be locked against rotation with a so-called flywheel brake. Shown is the special tool, but a similar device can be used without problems. Otherwise refer to Fig. 1.85.



To remove the standard flywheel (after removal of the clutch and clutch driven plate), counter hold it in a suitable manner. If the oil sump (pan) has been removed, insert a wooden block between the crankshaft and the side of the crankcase. Otherwise insert a strong screwdriver into the teeth of the flywheel. Fig. 1.86 shows how the special flywheel lock is inserted into the flywheel teeth to lock the flywheel. A similar tool can be used. Otherwise refer to Fig. 1.87 and bolt a strong steel bar to the flywheel as shown (using the clutch bolts). Arrange the bar as applicable to slacken or tighten the flywheel bolts.
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Fig. 1.87. – Bolt a steel bar to the flywheel when slackening or tightening the flywheel bolts. This arrangement shows the bar when the bolts are slackened.



A special procedure must be followed when the flywheel of a 2.5 Litre engine is removed. The flywheel consists of a primary flywheel mass and a secondary flywheel mass. To prevent damage to the flywheel, remove the flywheel bolts as follows, referring to Fig. 1.88.


	Counterhold the flywheel against rotation as described above.
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Fig. 1.88. – Removal of the dual-mass flywheel, fitted to the 2.5 litre five-cylinder engine. The numbers are referred to in the text.




	First remove one of the securing bolts, making sure that the bolt head cannot contact the primary flywheel mass (1) in Fig. 1.88.

	Remove the remaining securing bolts until the bolt heads are flush with the secondary flywheel, as indicated by the arrow in the illustration.

	Take off the flywheel, taking care it cannot drop on the floor.



The flywheel bolts cannot be used a second time. Tighten the bolts of all types of flywheel to a torque reading of 6.0 kgm (43.5 ft.lb.). The flywheel must be locked against rotation as described during the removal. From this final position turn each bolt evenly across by a further quarter of a turn (90°).






	1.4.7.	CYLINDER BLOCK (INC. INTERMEDIATE SHAFT FOR FOUR-CYLINDER ENGINE)

	1.4.7.0.	Technical Data








	Cylinder bores:	Cylinder bores are 0.03 mm (0.0012 in.) larger in diameter than the piston belonging to any one cylinder bore. Full details are given in Section 1.4.1.0.

	Max. cylinder bore wear:	0.04 mm (0.0016 in.) from the specified size

	Measuring points for cylinder bores:	10 mm (0.4 in.) from top edge of bore, 10 mm (0.4 in.) from lower edge of bore and in centre of bore. One measurement to be in axial direction and one in transverse direction and one in transverse direction (see Fig. 1.89).

	Cylinder bore diameter:

	1.9/2.4 Litre engines	79.51 mm (3.2781 in.)

	2.5 Litre engine:	81.01 mm (3.2185 in.)

	1st Oversize:

	1.9/2.4 Litre:	79.76 mm (3.1789 in.)

	2.5 Litre engine:	81.26 mm (3.2284 in.)

	2nd Oversize – 1.9/2.4 Litre:	80.01 mm (3.1788 in.)








	1.4.7.1.	Servicing



Special attention should be given to the cylinder block at each major overhaul of the engine, irrespective of whether the bores are to be re-machined or not. Thoroughly clean all cavities and passages and remove all traces of foreign matter from the joint faces. If any machining or honing of the bores takes place, it is essential that all swarf is removed before assembly of the engine takes place.

To remove the intermediate shaft of a four-cylinder engine, remove the oil pump drive, remove the intermediate shaft timing gear and then take off the bearing flange and the seal at the front of the engine. This will allow the shaft to be removed from the engine block. Inspect the shaft journals and the timing wheel for wear and replace if worn or damaged. The intermediate shaft oil seal must always be replaced. The ring is marked with an arrow, which must be facing in the direction of rotation (the shaft rotates anti-clockwise). The flange bolts should be tightened with 2.5 kgm (18 ft.1b.). Insert the Woodruff key and carefully drive on the timing gearwheel. Tighten the bolt to 4.5 kgm (32 ft.1b.).
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Fig. 1.90. – Measuring a cylinder bore with an internal micrometer.



Measurement of the cylinder bores should be made in conjunction with the data given in Section 1.4.7.0. The original size group of the engine is given by the code number in the block near the alternator mounting. You will, of course, have to check that the engine has not previously been re-bored if you do not know its history from new. If worn in excess of 0.04 mm (0.0016 in.) the bores will have to be honed or machined in accordance with the data given and the appropriate pistons fitted. Bores should be measured in both transverse and longitudinal planes and at the three positions down the bore. An internal micrometer must be applied vertically to the cylinder bore, as shown in Fig. 1.90. Fig. 1.89 shows, by the figures 1, 2 and 3, the positions for measurement. The worst measurement must be taken when deciding on the size for re-machining. The same figure also shows the effect of poor lubrication and if this condition is found, appropriate action must be taken to find out the cause of the trouble.






	1.4.8.	DRIVE PLATE – AUTOMATIC TRANSMISSION



Six bolts secure the drive plate to the crankshaft. A reinforcement washer is fitted between bolts and drive plate. The washer has a chamfer on the outside edge which must be facing towards the drive plate during assembly.

The installation of the drive plate is the same as the installation of the flywheel. The same torque applies. A spacer shim is fitted between drive plate and crankshaft which determines the fitted position of the drive plate, i.e. a certain dimension must be obtained between plate and cylinder block.
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Fig. 1.91. – Measuring the distance between the drive plate and the cylinder block face.



Before tightening the bolts to the full torque value fit the drive plate in the normal manner and tighten the bolts to 3.0 kgm (22 ft.lb.). With a depth gauge measure as shown in Fig. 1.91 between the face of the drive plate and the face of the cylinder block (1). The dimension “a” must be between 10.7 and 12.3 mm. If different, a new shim must be fitted before the drive plate is finally fitted.






	1.5.	Engine Tightening Torques



Four-Cylinder Engine







	Cylinder Head Bolts:	1st stage:	4.0 kgm (29 ft.lb.)

		2nd stage:	6.0 kgm (43 ft.lb.)

		3rd stage:	7.5 kgm (54 ft.lb.)

		4th stage:	Angle tighten by 180° (or 2 x 90°) with torque wrench, without slackening

	Main bearing caps:	6.5 kgm (47.0 ft.lb.)

	Big end bearing caps:	3.0 kgm (22 ft.1b.), then by a further 90°

	Flywheel to crankshaft:	6.0 kgm (43 ft.lb..), then a further 90°

	Clutch plate bolts:	2.5 kgm (18 ft.lb.)

	Camshaft Sprocket:	4.5 kgm (33.0 ft.lb..)

	Camshaft bearing caps:	2.0 kgm (14.5 ft.lb.)

	Crankshaft timing sprocket:	9.0 kgm (65 ft. lb.), then a further 90°

	Crankshaft pulley to damper:	5.0 kgm (37 ft.lb.)

	Injection pump sprocket:	4.5 kgm (33 ft.lb.)

	Belt tensioner locknut:	4.5 kgm (33 ft.lb.)

	Intermediate shaft pulley:	4.5 kgm (33 ft.lb.)

	Injection pump to bracket:	2.5 kgm (18 ft.lb.)

	Injection pump bracket:	2.5 kgm (18 ft.lb.)

	Oil sump (pan):	2.0 kgm (14.5 ft.lb.)

	Timing belt guard:	1.0 kgm (7 ft.lb.)

	Cylinder head cover:	1.0 kgm (7 ft.lb.)

	Exhaust to inlet manifold:	2.5 kgm (18 ft.lb.)

	Vacuum pump retainer plate:	2.5 kgm (18 ft.lb.)

	Oil filter bracket to engine:	2.0 kgm (14.5 ft.lb.)

	Oil cooler to oil filter (nut):	2.5 kgm (18 ft.lb.)

	Water pump:	2.0 kgm (14.5 ft.lb.)

	Pulley to pump:	2.0 kgm (14.5 ft.lb.)

	Engine mounting bracket/engine, rear:	4.5 kgm (33 ft.lb.)

	Engine mountings/bracket, rear to transmission:	2.0 kgm (14.5 ft.lb.)

	Starter motor bolts:	2.0 kgm (14.5 ft.lb.)

	Engine to transmission:

	8 mm thread:	2.0 kgm (14.5 ft.lb.)

	10 mm thread:	6.0 kgm (43 ft.lb.)

	12 mm thread:	8.0 kgm (58 ft.lb.)

	Oil pump to crankcase:	2.0 kgm (14.5 ft.lb.)

	Oil pump cover:

	Long bolts:	2.0 kgm (14.5 ft.lb.)

	Short bolts:	1.0 kgm (7 ft.lb.)

	Oil drain plug:.	3.0 kgm (22 ft.lb.)

	Thermostat housing:	1.0 kgm (7 ft.lb.)

	Intermediate shaft flange:	2.5 kgm (18 ft.lb.)

	Exhaust manifold to head:	2.5 kgm (18.0 ft.lb.)

	Injectors:	7.0 kgm (50.0 ft.lb.)

	Injector pipe union nuts:	2.5 kgm (18.0 ft.lb.)

	Oil pressure switch:	1.0 kgm (7.2 ft lb.)

	Drive shaft to flanges:	5.5 kgm (40.0 ft.lb.)

	Temperature sender unit:	0.7 kgm (5.0 ft.lb.)

	Five-Cylinder Engine

	Cylinder Head Bolts:	1st stage:	4.0 kgm (29 ft.lb.)

		2nd stage:	6.0 kgm (43 ft.lb.)

		3rd stage:	Tighten by 1/2 a turn or 2 x 1/4 of a turn in tightening sequence

		4th stage:	Warm-up engine and tighten each bolt by 1/4 of a turn without slackening in tightening sequence.

	Main bearing caps:	6.5 kgm (47.0 ft.lb.)

	Big end bearing caps:	3.0 kgm (22 ft.1b.), then by a further 90°

	Flywheel to crankshaft:	6.0 kgm (43.5 ft.lb.), then a further 90°

	Clutch plate bolts:	2.5 kgm m (18 ft. lb.)

	Camshaft sprocket:

	Bolt marked 8.8:	8.5 kgm (61.0 ft.lb.)

	Bolt marked 10.9:	10.0 kgm (72 ft.lb.)

	Camshaft bearing caps:	2.0 kgm (14.5 ft.lb.)

	Crankshaft timing sprocket:	46.0 kgm (331 ft.lb.)

	Crankshaft pulley:	2.0 kgm (14.5 ft.lb.)

	Injection pump sprocket:

	- 2.4 litre engine:	5.0 kgm (36 ft.lb.)

	- 2.5 litre:	10.0 kgm (72 ft.lb.)

	Drive sprocket for injection pump on camshaft:

	- 2.4 litre:	10.0 kgm (72 ft.lb.)

	- 2.5 litre:16 kgm (115.2 ft.lb.)

	Idler pulley bolt – 2.5 litre	1.0 kgm (7 ft.lb.)

	Idler pulley bolt – 2.4 litre	1.3 kgm (9 ft.lb.)

	Injection pump to cylinder block:

	Mounting bracket to block:	6.5 kgm (47 ft.lb.)

	Pump to mounting bracket:	2.5 kgm (18 ft.lb.)

	Oil sump (pan):

	M6 bolts:	1.0 kgm (7.2 ft.lb.)

	M8 bolts:	2.0 kgm (14.5 ft.lb.)

	Upper timing belt guard to cylinder block:

	Stud at top:	1.0 kgm (7.2 ft.lb.)

	Bolt at centre:	2.0 kgm (14.5 ft.lb.)

	Bolt at bottom:	1.0 kgm (7.2 ft.lb.)

	Lower timing belt guard:	2.5 kgm (18 ft.lb.)

	Belt guard cover for injection pump belt:	1.0 kgm (7.2 ft.lb.)

	Cylinder head cover bolts (2.5 litre):	1.0 kgm (7.2 ft.lb.)

	Cylinder head cover nuts (2.4 litre):	1.0 kgm (7.2 ft.lb.)

	Rear oil seal flange:	1.0 kgm (7.2 ft.lb.)

	Exhaust manifold to cylinder head:

	6 mm thread:	0.5 kgm (3.5 ft.lb.)

	8 mm thread:	2.3 kgm (17 ft.lb.)

	10 mm thread:	4.0 kgm (30 ft.lb.)

	Exhaust pipe clamps:	Depending on thread size, see above

	Exhaust pipe to silencer:.	Depending on thread size, see above

	Vacuum pump bolts:	2.5 kgm (18.0 ft.lb.)

	Banjo bolt in oil filter bracket:	7.0 kgm (52 ft.lb.)

	Oil cooler to oil filter (nut):	2.5 kgm (18 ft.lb.)

	Water pump:	2.0 kgm (14.5 ft.lb.)

	Engine to transmission:	See 4-cylinder engine

	Oil pump to crankcase:

	8 mm thread:	2.0 kgm (14.5 ft.lb.)

	6 mm thread:	1.0 kgm (7.2 ft.lb.)

	Oil splash jets to cylinder block:	1.0 kgm (7.2 ft.lb.)

	Oil pump cover:	1.0 kgm (7.2 ft.lb.)

	Oil suction pipe to crankcase bottom:	1.0 kgm (7.2 ft.lb.)

	Plug for oil pressure relief valve:	4.0 kgm (30 ft.lb.)

	Oil drain plug:	5.0 kgm (36.0 ft.lb.)

	Thermostat housing:	1.0 kgm (7.2 ft.lb.)

	Water elbow:	1.0 kgm (7.2 ft.lb.)

	Radiator mounting (rubber bearings):	2.0 kgm (14.5 ft.lb.)

	Thermo switch for cooling fan:	2.5 kgm (18 ft.lb.)

	Injectors (2.4 litre):	7.0 kgm (50.0 ft.lb.)

	Injectors (2.5 litre):	2.5 kgm (18 ft.lb.)

	Idler roller for injection pump belt (2.5 litre):	2.0 kgm (14.5 ft.lb.)

	Belt tensioner, injection pump belt (2.5 litre):	1.5 kgm (11 ft.lb.)

	Injector pipe union nuts:	2.5 kgm (18 ft.lb.)

	Glow plugs:	3.0 kgm (22 ft.lb.)

	Oil pressure switch:	1.5 kgm (11 ft.lb.)

	Alternator to mounting bracket:	4.5 kgm (32.5 ft.lb.)

	Oil dipstick guide to block:	2.0 kgm (14.5 ft.lb.)

	Rear toothed belt guard for injection pump belt:

	M6 bolts:	1.0 kgm (7.2 ft.lb.)

	M8 bolts:	2.0 kgm (14.5 ft.lb.)

	Inner timing belt cover:	2.0 kgm (14.5 ft.lb.)

	Crankshaft sender wheel (2.5 litre):	2.5 kgm (18 ft.lb.), always replace

	Stud in camshaft bearing caps (2.4 litre):	1.5 kgm (11 ft.lb.)

	Idler roller for ribbed belt:	2.0 kgm (14.5 ft.lb.)








	1.6.	Lubrication System



The engine lubrication of the four-cylinder diesel engine takes place in the same manner as in a petrol engine. The 0.3 bar oil pressure switch is still fitted, but the second oil pressure switch is only calibrated to 0.9 bar. The drive for the oil pump is taken from the exhauster pump (vacuum pump) which is fitted for the operation of the brake servo unit.

A different oil pump arrangement is used on the five-cylinder engine. The pump is located at the lower front face of the engine and is driven directly by the crankshaft. The pump is removed as a complete unit (also with the engine fitted) and can be dismantled after unscrewing the pump cover. Two ring gears are operating inside the pump and produce the oil pressure. Fig. 1.93 shows an exploded view of the oil pump and its associated parts. The illustration shows the arrangement for all engines but it should be noted that some parts are not fitted to all engines covered.

The removal and installation of the pump of a four-cylinder engine and a five-cylinder engine are described under separate headings.


[image: image]

Fig. 1.92. – The vacuum pump uses the shaft at the lower end to drive the oil pump of a four-cylinder engine.








	1	Cylinder block

	2	“O” sealing ring

	3	Vacuum pump

	4	Bolt, 2.5 kgm

	5	Retaining plate



Four-Cylinder Engine


	Remove the oil sump.

	Unscrew the pump securing bolts at the bottom of the crankcase. Withdraw the pump towards the bottom until the pump shaft is disengaged from the drive gear.

	From the upper part of the engine, remove the bolt (4) in Fig. 1.92 and take off the retainer plate (5). Withdraw the vacuum pump (3) and take off the sealing ring (2) from the bore.



The installation of the oil pump is a reversal of the removal procedure, but the following points must be noted:


	Always replace the “O” sealing ring for the oil suction pipe.

	First install the vacuum pump. It is fitted with a new “O” sealing ring.

	Insert the pump drive shaft from below the engine and into the inside of the exhauster pump drive gear and push the pump against the crankcase. The pump is fitted without a gasket. Tighten the securing bolts to 2.5 kgm (18 ft.lb.).

	Refit the oil sump and fill the engine with the correct quantity of the recommended oil. The two screws at the transmission end must be tightened with a universal joint. Also note that the oil must be suitable for diesel engines. Make sure that the oil drain plug is securely tightened.



Five-Cylinder Engine

We would like to point out that the crankshaft must be prevented from rotating when the bolt in the centre of the vibration damper is slackened and tightened to the very high torque.


	Remove the steering pump together with the drive belt, slacken the alternator belt tensioner adjuster and remove the drive belt and unscrew the upper timing belt cover from the front of the engine. Remove the ribbed belt. The different arrangement of the drive belts for different engines are covered in the “Cooling” section.

	Slacken the bolt in the centre of the vibration damper. VW workshops use the restraining lever shown in Fig. 1.94 (see also Fig. 1.45). If not available, engage a low gear, apply the handbrake and slacken the bolt with a socket. Fully remove the bolt and, using two tyre levers, applied at opposite points, lever off the damper.

	Remove the oil dipstick. The timing drive is now removed as described in the relevant section, noting the differences for the engine in question where applicable. The engine must not be rotated thereafter.

	Remove the oil sump. From the bottom of the crankcase knock back the lockplates securing the oil suction pipe bolts, unscrew the bolts and remove the suction pipe (Fig. 1.95).

	Unscrew the oil pump from the front of the cylinder block and remove it. The crankshaft must not be rotated after removal of the pump.
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Fig. 1.93. – The component parts of the oil pump of a five-cylinder engine. Some parts are different on certain engines.








	1	Bolt, 46 kgm

	2	Crankshaft pulley bolt, 2 kgm+90°

	3	Ribbed drive belt

	4	Vibration damper/pulley

	5	Bolt 2.0 kgm

	6	Upper belt guard

	7	Timing belt

	8	Bolt, 8.5 or 10.0 kgm

	9	Camshaft timing gear

	10	Bolts, 1.0 kgm

	11	Inner belt guard

	12	Special washer

	13	Bolt, 1.0 kgm

	14	Lower belt guard

	15	Bolt, 1.0 kgm

	16	Idler pulley

	17	Bolt, 2.0 kgm

	18	Belt tension roller

	19	Crankshaft sprocket

	20	Bolt 1.0 kgm
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Fig. 1.94. - Holding the crankshaft against rotation when slackening or tightening the bolt in the centre of the vibration damper. The restraining lever (1) is used in a workshop and is engaged as shown.
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Fig. 1.95. – The arrows show the securing screws for the oil suction pipe at the bottom of the crankcase.



The installation of the oil pump is a reversal of the removal procedure. The following points must be noted:


	The oil pump gasket and the crankshaft oil seal in the pump body must always be replaced.

	Tighten the oil pump securing bolts to 2.0 kgm (14.5 ft.lb.) evenly around the body.

	Replace the oil suction pipe gasket, fit the pipe to the crankcase and tighten the bolts shown in Fig. 1.94 to 1.0 kgm (7.2 ft.lb.). New lockplates must be used and knocked over the bolt heads to secure the bolts in position (2.4 litre engine only).

	Refit the timing belt as described for the five-cylinder engine. All timing marks should be in line as the crankshaft has not been rotated. Refit the oil sump and fill the engine with engine oil. Make sure that the selected oil is suitable for diesel engines and is of a good quality.

	Start the engine and check for oil leaks around the oil sump and the oil pump.








	1.6.1.	SERVICING THE OIL PUMP



Four-Cylinder Engine

Dismantle the pump by referring to Fig. 1.96. Remove the two shorter screws from the suction elbow and withdraw the elbow together with the oil strainer. Remove the drive shaft and gear and the driven gear. Using a screwdriver, remove the baffle plate (11) from the pump elbow and lift out the strainer.
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Fig. 1.96. – Exploded view of the oil pump as fitted to a four-cylinder engine.








	1	Driver for vacuum pump

	2	Driver for oil pump

	3	Oil pump body

	4	Gearwheel with shaft

	5	Relief valve plunger

	6	Driven gearwheel

	7	Spring

	8	Pump cover

	9	“O” sealing ring

	10	Oil suction pipe

	11	Oil baffle plate

	12	Bolt

	13	Bolt, M6 thread

	14	Bolt, M8 thread

	15	Spring washer




	Thoroughly clean all parts and dry with a lint-free cloth or with compressed air. Inspect the pump body and components for wear or damage. In view of the importance of the pump to the engine, we recommend that a worn pump should either be completely reconditioned or replaced with a new unit. If reconditioning is called for and the pump housing is not visibly worn, you can replace the two gearwheels. If the engine has covered a high mileage the replacement of the pump is recommended. Also check the pump shaft and the bearing bores in the pump housing for wear or signs of seizure. In most cases the tooth flanks show polished areas if signs of wear or damage to the teeth are visible.



The assembly of the pump is a reversal of the removal procedure. Lubricate the gears and bearings liberally before assembly to provide lubrication for the initial startup of the pump. The faces of pump body and pump cover must be free of foreign matter. Check that the pump can be turned freely without binding.

Five-Cylinder Engine

The oil pump must be replaced as a complete unit. The pump gearwheels can be removed after unscrewing the rear cover (4) in Fig. 1.97. if the gearwheels show wear, there is no need for further investigation.
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Fig. 1.97. – Exploded view of the oil pump (5-cyl.).








	1	Bolt 2.0 kgm

	2	Oil pump housing

	3	Bolt, 1.0 kgm

	4	Cover

	5	Oil pump gear set

	6	Oil seal

	7	Oil pressure relief valve

	8	Bolt, 2.0 kgm



The gearwheels have marks which must be on the outside after the gearwheels have been fitted into the pump housing. If the pump has been removed, unscrew the relief valve plug and withdraw the piston and return spring. The complete pump must be replaced if the piston shows excessive wear. Tighten the plug to 4.0 kgm (30 ft.1b.) on assembly. The cover screws are tightened to 1.0 kgm (7.2 ft.lb.).

If the pump has been dismantled, pour some oil into the gearwheels before the cover is refitted.






	1.6.2.	OIL SUMP



The oil sump can be removed with the engine installed. Remove the undercover from the front of the engine. It may be necessary to lift the engine slightly out of the engine compartment to facilitate the removal of the sump. After draining the oil, unscrew the oil sump and take off the gasket. A small socket wrench is required to undo the M6 bolts on a five-cylinder engine. To remove the bolts on the gearbox side rotate the flywheel until the cut-outs are in line with the bolts.

When installing the oil sump, note the points below:


	The oil sump of a five-cylinder engine is sealed off with silicon sealing compound. Always use a new gasket during installation (applies to the four-cylinder as well). No grease or sealers should be applied to gaskets or facings.

	Take care that the gasket and sump are properly positioned before tightening any bolts.

	Tighten the bolts to 2.0 kgm (14.5 ft. 1b.), working diagonally and taking several steps to reach the final torque reading. On a five-cylinder engine fit the M8 bolts with hex. head on the transmission side.

	Refit the oil drain plug and tighten to the correct torque for the four-cylinder (3.0 kgm/22 ft.lb.) or five-cylinder (5.0 kgm/36 ft.lb.)

	Fill the engine with the correct quantity of the recommended oil. Run the engine and re-check the oil level. The difference between the “Min” and the “Max.” mark on the dipstick is 1 litre (approx. 2 Imp. pints).








	1.6.3.	OIL FILTER



The oil filter should be replaced in accordance with the service intervals given in the Operators Handbook and every time the engine has been overhauled. An ordinary filter wrench is suitable to remove the filter. Otherwise drive the blade of a strong screwdriver through the side of the filter and unscrew it. If the filter base is removed from the engine, use a new gasket when refitting the part. Tighten the filter base bolts to 2.5 kgm (18 ft. 1b.). No grease is used on the gasket. The fitting instructions are printed on the filter and must be followed during Installation. Always use a new sealing ring for the filter. Lubricate the sealing ring with engine oil before Installation.






	1.6.4.	CHECKING THE OIL PRESSURE



The oil pressure of the engine lubrication system can be checked by means of a suitable pressure gauge, which should have provision for the connection of the oil pressure switch. To check the oil pressure, remove the oil pressure switch from the engine and connect to the pressure gauge. These engines are fitted with a second oil pressure switch, the so-called 0.9 bar oil pressure switch. If the oil pressure drops below 2 bar (28.5 psi.) and the engine speed is kept above 2000 rpm for more than 1 second, the contacts of the 0.9 bar switch open and the oil pressure light comes on. The 0.3 bar oil pressure switch indicates when the oil pressure drops below 0.15 – 0.45 bar (approx. 4.5 psi.) and lights up the oil pressure warning light. The checking of the oil pressure should be carried out in a workshop, but the oil pressure switches can be checked for functioning as follows:


	Check the engine oil level and correct if necessary.

	Switch on the ignition. The oil pressure warning light must come on. Start the engine and check that the warning light goes out.

	Pull the cable off the 0.3 bar oil pressure switch (in the side of the cylinder block, brown cable connection) and hold the cable end against earth. The warning light must come on.

	Re-connect the plug to the switch.

	Pull the connector off the 0.9 bar switch (in the side of the cylinder block. The switch with the grey lead).

	Accelerate the engine to more than 2000 rpm for more than 1 second. The oil warning light must light up. Otherwise replace the switch.
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Fig. 1.98. - View of the oil cooler (4-cyl. engine shown).








	1	Plug

	2	Sealing washer

	3	Oil filter bracket

	4	Connector

	5	Seal ring

	6	Oil cooler

	7	Hexagonal nut

	8	Oil filter

	9	Plug

	10	Sealing washer

	11	Bolt

	12	Gasket




	If the above tests show not the required results, have the oil pressure checked professionally by a VW Dealer. A special gauge and a test lamp are required to check the oil pressure during idle speed and under acceleration.
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Fig. 1.99. – The arrangement of the oil filter and oil cooler on a 5-cyl. engine.








	1	Sealing plug, 4.0 kgm

	2	Sealing ring, always replace

	3	Sealing plug, 2.0 kgm

	4	Banjo bolt, 3.0 kgm

	5	Sealing ring, always replace

	6	Oil supply pipe (only 2.5 ltr.)

	7	Banjo bolt, 7.0 kgm

	8	Sealing ring, always replace

	9	“O” sealing ring, replace

	10	Sealing ring, always replace

	11	Oil filter bracket

	12	“O” sealing ring, replace

	13	Oil cooler

	14	Oil collector

	15	Nut, oil cooler, 2.5 kgm

	16	Oil filter








	1.6.5.	OIL COOLER



An oil cooler is fitted between the oil filter bracket and the oil filter, as shown in Fig. 1.98 for the four-cylinder engine. The attachment of the oil cooler on the five-cylinder engine can be seen in Fig. 1.99. You will notice that the oil filter bracket is different. The fitting of the bracket is fixed by dowel pins. Also in the bracket is a nonreturn valve for the hydraulic tappets.

The oil cooler can be removed after removal of the oil filter and disconnecting the hoses and the hose connected to the filter bracket in the case of the five-cylinder engine.

Oil will drop out of the filter/oil cooler connection and a suitable container must be in position to avoid contamination. A nut at the bottom of the oil cooler secures the assembly in position.

The oil cooler is sealed with a sealing ring to the oil filter bracket. Tighten the nut with 2.5 kgm (18 ft. 1b.) when refitting the filter.

Check and, if necessary correct the oil level in the sump before starting the engine to replace the drained oil.






	1.6.6.	OIL LEVEL AND OIL CHANGE



Check the oil level in regular intervals, especially when venturing on longer journeys. Make sure that the vehicle is standing on a level surface when the oil is checked. The difference between the “Min” and “Max” mark on the dipstick is approx 1 litre. It is therefore possible to judge without difficulties the amount of oil that may be missing. Never overfill the engine.

The oil change is a straight-forward operation. To speed up the draining of the oil allow the engine to run a few minutes, but make sure it cannot overheat. Place a container of adequate size underneath the oil drain plug on the oil sump to collect the oil. The five-cylinder engine has more than 5 litres.

Note the different filling capacities for the four- and five-cylinder engines (see Page 8). The tightening torque of the drain plug is also different. Five-cyl. engine = 5.0 kgm/36 ft.lb.), 4-cyl. engine = 3.0 kgm/22 ft.lb.).






	1.7.	Cooling System

	1.7.0.	TECHNICAL DATA








	System type:	Pressurised, with impeller-type water pump, thermostat and separate expansion tank. Electrically operated cooling fan with thermo switch in radiator.

	Water pump drive

	- 4-cyl. engine:	From “V” belt, driven by crankshaft pulley

	- 5-cyl. engine:	Driven by timing belt

	System capacity:	See Section 0.3

	Thermostat:

	Opens at:	87° C

	Fully open at:	102° C

	Anti-freeze capacity:

	- to –25° C:	3.6 ltrs. Anti-freeze, 5.4 ltrs. water

	- to –35° C:	4.5 ltrs. Anti-freeze, 4.5 ltrs. water
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Fig. 1.100. – View of the radiator and associated parts. The charge air cooler is bolted to the radiator in the case of engines with code letters AHY, AGX and AXL.








	1	Bolt 1.0 kgm

	2	Charge air cooler

	3	Bleeder hose for radiator

	4	Upper radiator hose

	5	Radiator

	6	Thermo switch

	7	Connector plug

	8	R.H. fan assembly

	9	2-pin plug

	10	2-pin plug

	11	Fan surround

	12	Bolt, 1,0 kgm

	13	Bracket

	14	Bolt, 1.0 kgm

	15	Radiator shroud

	16	Cap

	17	Bleeder hose

	18	3-way connector

	19	To coolant pipe

	20	Coolant hose

	21	Coolant hose

	22	Expansion tank

	23	Lower radiator hose

	24	L.H. fan assembly
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Fig. 1.101. – Cooling system diagram – 4-cyl.








	1	Expansion tank

	2	Radiator

		a Upper water hose

		b Lower water hose

	3	Circulation pump

	4	Drain plug

	5	Thermostat

	6	Water pump

	7	Oil cooler

	8	Cylinder block

	9	Cylinder head

	10	Solenoid valve (with additional heating)

	11	Regulating valve

	12	Additional heater

	13	1st heat exchanger

	14	2nd heat exchanger

	15	“T” piece connector








	1.7.1.	RADIATOR – REMOVAL AND INSTALLATION



The radiator together with the electrically operated fans and the radiator hoses are shown in Fig. 1.100. The arrangement of the individual parts are similar on all engines, but there are differences in the layout of the pipes and hoses. Study the layouts in Figs. 1.101 and 1.102 to get familiar with the system of your particular vehicle.

To remove the radiator proceed as follows:


	Disconnect the battery.

	Tilt the radiator and the front panel of the vehicle towards the front as described during removal of the engine. Also remove the undercover.

	Drain the cooling system as described in the next section. Remove the expansion tank cap to speed-up the draining operation.

	In the case of engines ACV, AUF and AVC remove the bracket for the charge air cooler and remove the cooler together with the air hoses (see later chapter).

	Disconnect the plug from the temperature switch at the bottom of the radiator and from the cooling fan motor leads.

	Slacken the clamps of the upper and lower radiator hoses. Withdraw the hoses from the connections and push them to one side without kinking them. Also remove the hose between radiator and expansion tank. Hoses can either be secured by spring clamps or screw clamps. Screw clamps can be used during installation.

	Remove the pins from the expansion clips at the positions shown in Fig. 1.103 on the L.H. and R.H. side of the radiator and remove the clips from the radiator.
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Fig. 1.102. – Cooling system diagram – 5-cyl. Engine AJA (2.4 litres) and ACV, AJT, AUF, AXL and AYC (2.5 litres).








	1	Expansion tank

	2	Radiator

	3	Circulation pump

	4	Drain plug

	5	Thermostat

	6	Water pump

	7	Cylinder block

	8	Oil cooler

	9	Cylinder head

	10	Solenoid valve (with additional heater)

	11	Additional heater

	12	Regulating valve

	13	1st heat exchanger

	14	2nd heat exchanger
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Fig. 1.103. – The two arrows point to the retaining pins for the expansion clips.




	Lift the radiator together with the fan assembly out of the vehicle, taking care not to damage the radiator core during removal.

	In the case of the engines mentioned above disconnect the two hoses (3) in Fig. 1.104 from the charge air cooler. Lift out the radiator together with the charge air cooler, the fan assembly and the radiator shroud.

	If necessary unscrew the fan cowling from the radiator or the fan motor(s) from the cowling.

	If an air conditioning system is fitted (do not open the system) remove the retaining clamp (1) in Fig. 1.104, remove the screws (2) securing the condenser and lift out the condenser. Use a piece of wire to tie the condenser to the body. Do not allow it to hang down on pipes and/or hoses.
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Fig. 1.104. – Details for the removal and installation of the radiator in the case of engines AHY, AXG and AXL with A/C system.








	1	Retaining clamp

	2	Condenser bolts

	3	Hoses on charge air cooler



The installation is a reversal of the removal procedure, but the following points should be noted:


	Fit the radiator rubber bushes to the radiator.

	If removed, refit the thermo switch to the bottom of the radiator and tighten to 3.5 kgm (25 ft.lb.), if the fan shroud has been removed, refit and tighten the screws to 1.0 kgm (7 ft.lb.).

	Insert the radiator with the help of a second person. Fit and tighten the bolts to the lock carrier with 1.0 kgm (7 ft.lb.).

	Finally fill the cooling system. The next section describes the draining and refilling of the cooling system and the various instructions must be noted.








	1.7.1.0.	Draining and filling the cooling system




	Set the heater control lever in the dashboard to the “Hot” position and remove the expansion tank filler cap. Careful when the engine is hot.

	Place the front of the vehicle on chassis stands and remove the undercovering.

	Drain the coolant by either removing the lower water hose, unscrewing the water pump flange or unscrewing the drain plug. Fig. 1.3 shows the draining points.



Note: If the anti-freeze mixture is to be re-used, place a container underneath the drain points to collect as much as possible.
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Fig. 1.105. – View of the coolant expansion tank.



To ensure that the cooling system is filled without any air pockets, follow the instructions given below:


	Check that the heater control lever is still in the “Hot” position and re-connect the lower hose to the radiator or refit the water pump flange. Close the drain plug if it has been unscrewed.



Four-cylinder Engine


	Fill the expansion tank to the upper edge with antifreeze solution (see Fig. 1.105 and fit the filler cap. The filling process may take up to 5 minutes. Fit the expansion tank cap.

	Start the engine and run it at idle speed until operating temperature is reached, i.e. the cooling fan will switch on. Check the coolant level in the expansion tank and if necessary fill with additional coolant. The coolant level should be between the “Min” and “Max” marks on the expansion tank (Fig. 1.105), only when the engine is cold.



Five-cylinder Engine


	Refit the drain plug (1), the coolant hose (2) or the thermostat housing flange (3) in Fig. 1.106.
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Fig. 1.106. – Draining points on a five-cylinder engine. The numbers are referred to in the text.




	Open a bleeder screw in the cooling hose leading to the heat exchanger. Carefully press the upper radiator hose downwards and close the bleeder screw.
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Fig. 1.107. – The component parts of the water pump.








	1	Bolt, M8

	2	Bolt, M8

	3	Sealing ring

	4	Bolt, M6

	5	Water pump pulley

	6	Bolt, M8

	7	Plug

	8	Water pump

	9	Thermostat

	10	Pump cover gasket

	11	Water pump housing

	12	Sealing washer

	13	Bolt, M8

	14	Thermostat housing




	Fill the expansion tank to the “Max” mark (Fig. 1.105). The filling process may take up to 5 minutes.

	Start the engine and run for about 2 minutes at 1500 rpm, continuously filling the expansion tank. Fit the expansion tank cap when the tank is full. Allow the engine to run at idle speed until operating temperature is reached, i.e. the cooling fan will switch on.

	Check the coolant level in the expansion tank and if necessary add additional coolant. The coolant level should be between the “Min” and “Max” marks on the expansion tank (Fig. 1.105), only when the engine is cold.








	1.7.2.	COOLANT (WATER) PUMP

	1.7.2.0.	Removal and installation



Four-Cylinder Engine

Fig. 1.107 shows the component parts of the water pump. Drain the cooling system as described in the last section. Remove the alternator and drive belt and take off the timing belt guards. Unscrew the water pump pulley. The pulley can be held against rotation by placing an old drive belt into the groove and pressing the belt together. Loosen the clips at the rear of the water pump and pull off the hoses, Three hoses are connected to the pump.

Take off the mounting bolts and remove the complete pump. if the engine is still in the vehicle, the pump will have to be turned slightly before removal. An “O” sealing ring is fitted below the pump and must be removed for inspection. A further “O” sealing ring is fitted to the water inlet pipe where it is engaged in the water pump housing.

The installation of the water pump is a reversal of the removal procedure. Always use a new “O” ring between the pump and the engine face. Tighten the pump bolts and the drive pulley bolts to 2.0 kgm (14.5 ft.lb.). Refit the alternator and tension the drive belt as described in Section 1.7.2.2.

Refill the cooling system as described in Section 1.7.1.0.

Five-Cylinder Engine


	Drain the cooling system as described in Section “Cooling”. Collect the anti-freeze if still in good condition.

	Remove ribbed belt. Remove the steering pump and tie it with a piece of wire somewhere in the engine compartment without disconnecting the hoses.

	Remove the timing belt as described earlier on for the 5-cylinder engine and also the inner timing belt guard and unscrew the pump from the cylinder block.



The installation of the water pump is a reversal of the removal procedure. The timing belt is fitted and adjusted as described in the Engine Section. Before the engine is finally closed off, re-check the setting once more to make sure that crankshaft or camshaft have not been rotated whilst the pump has been out of the engine. Follow the installation and tensioning details step by step to avoid mistakes and consequent engine damage. The water pump cannot be repaired and must be replaced in case of damage.






	1.7.3.	DRIVE BELTS



Ribbed belt – Removal and Installation – 4-cyl.

In all cases a ribbed belt is used, but the belt system can be fitted with an automatic belt tensioner or operated without one. The steering pump is driven by a separate V-belt. If a tensioner is fitted, there is no need to check the belt tension at regular intervals. Only when the belt has been replaced it must be re-tensioned. All versions have a tensioning roller. Proceed as follows in accordance with the version.
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Fig. 1.108. – The arrangement of the drive belts for models without air conditioning (L.H. view) and with air conditioning system (R.H. view) of the four-cylinder engine. The tensioning lever is moved in the direction of the arrow to release the tension of the belt.



With tensioning roller

Fig. 1.108 shows the arrangement of the drive belts with and without A/C system. A tensioning lever is used in the workshop to rotate the tensioning roller to remove and refit the belt.


	Mark the running direction of the belt into the outside (felt-tipped pen) if there is a possibility that it can be re-used. Seen from the front the engine turns in a clockwise direction.

	Lift the tensioning roller with the lever shown in Fig.1.108 until the belt is slack and can be lifted off. First remove the belt from the alternator pulley.

	Remove the steering pump drive belt as described in the respective section.

	Fully remove the belt and check for damage, wear or other faults.

	Place the old or new belt over the crankshaft pulley. Lift the tensioning roller with the lever shown in Fig.1.108 and place the belt over the roller and the alternator pulley. Slowly release the tensioning roller, observing at the same time that the belt enters all pulleys. Rotate the crankshaft a few times to check that the belt is fitted properly.



Without tensioning roller

Again a special lever is required to remove and refit the belt, but this time of the shape shown in Fig. 1.109. Replace the belt as follows:
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Fig. 1.109. – Removal of the drive belt on models without tensioning roller. Bolts (1) and (2) on the left must be slackened in order to push the alternator downwards in the direction of the arrow. A tyre lever can also be used. The bottom view shows how the lever is applied.




	Remove the protective panel underneath the engine and remove the steering pump drive belt as described in the relevant section.

	Mark the running direction of the belt into the outside (felt-tipped pen) if there is a possibility that it can be re-used. Seen from the front, it turns in a clockwise direction.

	Slacken the securing bolts (1) and (2) for the alternator (Fig. 1.109) and push it downwards against the spring tension, using the lever shown or a tyre lever. The R.H. view shows where the lever is applied. The belt can now be lifted off. Check the belt as mentioned above.

	Fit the new or old belt over the crankshaft and water pump pulleys. Observe the marked running direction if the old belt is used.

	Push the alternator at least three times in the direction of the arrow in Fig. 1.109, using the special lever or a tyre lever. This assures that the alternator can move freely.

	Finally push the alternator downwards as far as it will go and place the belt over the alternator pulley. Release the lever, checking at the same time that the belt has engaged properly in all pulleys.

	The belt must now be tensioned. To do this, start the engine and let it run for about 10 seconds (alternator not tightened). The belt will be tensioned through the action of the tensioning spring.

	Tighten the two bolts (1) and (2) in Fig. 1.109 to 2.5 kgm (18 ft.lb.). Bolt (2) is tightened first. Make sure that no pressure is exerted onto the alternator, as this would upset the belt tension.



Note: If the belt is fitted with the engine removed, proceed as described above and rotate the crankshaft about 10 times to settle the belt.

Ribbed Belt – Removal and Installation – Five-cylinder

Fig. 1.110 shows the belt drive. As can be seen in the illustration there are differences within the engine range. Engines AHY and AXG are therefore covered under separate headings. A single ribbed belt is used to drive the various units. A special lever is used in a workshop to move the tensioning pulley. Fig. 1.111 shows the shape of the lever and where it is applied. After the tensioning roller has been moved towards the inside you will be able to lift off the belt. The protective panel underneath the engine compartment must be removed to gain access to the belt.

When fitting the belt take care to locate it in the centre of the pulleys. After the pulley has been released slowly against the belt there are no further operations necessary.
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Fig. 1.110. – Arrangement of the belt drive of the five-cyl. engines. Note the differences between the various engines (given by engine code).








	1	Dust cap

	2	Tensioning roller, AXG

	3	Bolt, 4.0 kgm

	4	Tensioning roller bracket

	5	Tensioning element for tensioning roller, AHY, AXG

	6	Bolt, 2.0 kgm

	7	Tensioning roller bracket

	8	Sealing washer

	9	Tensioning element, ACV, ACV, AJA, AJT, AUF, AXL, AYC

	10	Bolt, 2.0 kgm

	11	Bolt, 1.0 kgm

	12	Bolt, 4.0 kgm

	13	Bolt, 16 kgm + 90°

	14	Bolt, 2.0 kgm + 90°

	15	Vibration damper and pulley

	16	Special washer

	17	Bolt, 2,0 kgm

	18	Tensioning roller, ACV, AJA, AJT, AUF, AXL, AYC

	19	Nut, 2.0 kgm

	20	Tensioning lever

	21	Sealing washer

	22	Idler roller

	23	Dust cap

	24	Bolt, 2.0 kgm

	25	Spacer bush

	26	Ribbed drive belt
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Fig. 1.111. – To slacken the drive belt tension move the special lever in direction of the arrow. At the top without A/C system, at the bottom with A/C system.



Rotate the crankshaft a few times to make sure it has properly engaged.

Engines AHY and AXG


	Remove the protective panel underneath the engine as has been described during the removal of the engine.

	Mark the running direction on the outside of the belt (felt-tipped pen), if the old belt is to be refitted. Seen from the front, the engine rotates in clockwise direction.

	Refer to Fig. 1.112 for the next operations. Grip the belt on the left and right of the steering pump pulley and with a short sharp pull force it in the direction of the arrows off the steering pump pulley (7) in the illustration. Then remove the belt from the remaining pulleys.

	During installation first place the belt over the tensioning roller (1) and then in the order alternator pulley (2), idler roller (3), vibration damper (4), idler roller (5) and compressor roller (6).

	Grip the belt at the positions shown by the arrows in the R.H. view of Fig. 1.112 and slowly pull it towards the bottom until it can be lifted over the edge of the belt pulley.

	Rotate the engine a few times (apply a socket on the centre bolt inside the vibration damper) and check that the belt is engaged in all pulleys.

	Start the engine, runt at idle speed for a while and recheck the belt run.
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Fig. 1.112. – Removal and installation of the ribbed drive belt in the case of engines AHY and AXG. At the top removal details, at the bottom installation details.



Tensioning Element for ribbed Belt

The tensioning element (5) in Fig. 1.110 can be removed, but it should be noted that the engine must be detached from its mountings, lowered and pushed towards the front in order to gain access to the tensioning element. The exhaust pipe could contact the steering, i.e. you will have to observe the movement of the engine during the lowering operation. Also make sure that none of the cables, leads, pipes, etc. can be bent or damaged in any other way. Remove as follows:


	Remove the protective panel underneath the engine compartment as described during the removal of the engine.

	Drain the cooling system as already described.

	Remove the radiator grille. In the case of the 2.5 litre engine with code letters ACV, AUF and AYC unscrew the bracket for the charge air cooler; in the case of all other engines remove the two bolts on the L.H. and R.H. sides and tilt the lock carrier and the radiator towards the front. Refer to the illustration already shown earlier on.

	Disconnect the hydraulic pipes for the servo-assisted steering on the engine side. Attention: Fluid will run out.

	Disconnect the R.H. drive shaft at the inside from the gearbox and tie it to the front suspension in a horizontal position.
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Fig. 1.113. – Insert a piece of wood at the position shown to keep the engine in position.




	Lift the engine and transmission with a suitable lifting tackle until the mountings are free of load or stress. Remove the two bolts securing the gearbox mounting to the subframe. Slacken the centre bolt of the L.H. engine/gearbox mounting in the engine compartment by one turn and fully unscrew the centre bolt(s) of the R.H. engine mounting. In section “Transmission” you will find details of the different transmission mountings (gearbox type 02B for engines AJA and AJT, gearbox type 02G for engines ACV, AUF, AXL and AYC),

	Lower the engine and slowly remove it as far as possible towards the front. Make sure that none of the pipes, leads, cables, etc. are stretched and that the exhaust pipe cannot rest on the steering box. Insert a piece of wood at the position shown in Fig. 1.113 between the rear of the engine and the engine compartment bulkhead, in order to prevent the engine from returning to its fitted position.

	Remove the guide pulley for the ribbed belt and the tensioning pulley and then unscrew the tensioning element together with the engine mounting bracket. The attachment points are shown in Fig. 1.114.



The installation is a reversal of the removal procedure. The following tightening torques must be noted:
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Fig. 1.114. – The arrows show where the tensioning element for the ribbed drive belt is secured.








	Bracket to cylinder block	7.0 kgm (50.5 ft.lb.)

	Tensioning pulley to tensioning lever	2.0 kgm (14.5 ft.lb.)

	Idler roller to bracket	2.0 kgm (14.5 ft.lb.)

	Central bolt of engine mounting	6.5 kgm (47.0 ft.lb.)
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Fig. 1.115. – Checking a thermostat.








	1.8.	THERMOSTAT



The thermostat of a four-cylinder engine is fitted to the inside of the water pump body underneath a cover, sealed-off by means of an “O” sealing ring. The thermostat can be removed after disconnecting the coolant hose at the end of the cover and unscrewing the cover. Remove the sealing ring from the cover and check if it is suitable for re-use.

The thermostat of a five-cylinder engine is located underneath a cover (where the hose is connected) at the side of the engine.

A thermostat must be replaced in case of faulty operation. You can check a thermostat as follows, providing you have a thermometer:


	Suspend the thermostat on a piece of wire in a container filled with cold water. Arrange a thermometer in a similar manner. Fig. 1.115 shows the arrangement.

	Heat up the water and check the opening temperature of the thermostat on the thermometer. This should take place at 85° C (four-cylinder) or 87° C (five-cylinder). In all cases the thermostat should be fully open at a temperature of 105° C.



During installation of the thermostat a new gasket is recommended. Check the hose clamp before it is re-used. Fill the cooling system as already described.

If in doubt about the operation of the thermostat fit a new one, as malfunction can easily lead to overheating of the engine.






	1.8.1.	COOLANT RUN-ON PUMP



The pump is fitted to the four-cylinder engine and the five-cylinder engines and is located on the side of the thermostat on the cylinder block or at the bottom of the radiator (5-cyl.). If the pump requires replacement, pull back the rubber cap, disconnect the cable connector, disconnect the hose and unscrew the pump. Installation is carried out in reverse.






	1.9.	Indirect Diesel Injection System



Absolute cleanliness is essential during any repairs or work on the diesel fuel injection system, irrespective of the nature of the work in question. Thoroughly clean union nuts before un-screwing any of the injection pipes.

The fuel injection pump must be repaired or overhauled by a specialist fuel injection engineer, an exchange pump or a new pump may be fitted in case of malfunction or damage.
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Fig. 1.116. - The location of the bleeder screw at the bottom of the fuel filter.
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Fig. 1.117. – The main component parts of the fuel injection system of a four-cylinder engine.








	1	Fuel filter

	2	“0” Sealing ring

	3	Control valve

	4	Return pipe to tank

	5	Retaining clip

	6	Fuel Supply line

	7	Drain plug

	8	Banjo bolt, 2.5 kgm

	9	Banjo bolt, 2,5 kgm

	10	Electro-magnetic stop control

	11	Fuel injection pump

	12	Injector, 7.0 kgm

	13	Heat shield

	14	Injector pipe, 2.5 kgm

	15	Bolt, 1.5 kgm

	16	Connection

	17	Securing clip

	18	Shock absorber

	19	Bracket

	20	Mounting bracket

	21	Injection pump gear

	22	Bolt, 4.5 kgm



The adjustment of the injection timing and also the removal and installation of the injection pump requires certain special tools and these operations should not be undertaken if these are not available. The following text describes these operations, in case that the listed special tools can be obtained or hired.

1.9.1 Fuel Filter

The fuel filter should be replaced every 20,000 miles (30,000 km), but must be drained approximately every 10,000 miles (15,000 km) or once a year to empty the water collected through condensation. The filter is located at the position shown in Fig. 1.116 in the engine compartment. Fig. 1.117 shows the connections on the top of the filter.

To drain the water, open the drain plug (arrow in Fig.1.116) at the bottom of the filter housing and allow about 100 c.c. to drain off. Then close the drain plug. If no fuel can be seen coming from the plug opening, slacken one of the filter pipes to allow air into the filter.

A control valve is fitted to the top of the filter. This is held in position by a retaining clip (5) in Fig. 1.118. When the filter needs to be replaced, remove the clip and withdraw the control valve together with the hoses towards the top. The filter is held in position by means of a clamp (A, Fig.1.116). The valve can be released from the filter to bleed the fuel system.

To replace the filter, mark the two connecting hoses on both sides and remove them after opening the clamps. Slacken the filter mounting clamp and withdraw the filter upwards.
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Fig. 1.118. – View of the fuel filter (1.9 and 2.4 Litre engines).








	1	Transparent supply line to injection pump

	2	Return pipe, blue, from Injection pump

	3	“O” sealing ring, replace

	4	Control valve, below 15° C flow to filter open, above 31° C flow to filter closed

	5	Retaining clip

	6	Return pipe, blue to fuel tank

	7	Supply pipe, black, from fuel tank

	8	Fuel filter

	9	Securing strap

	10	Sealing washer

	11	Drain plug
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Fig. 1.119. - Connections at the top of the fuel filter.








	1	Hose from fuel tank

	2	Line to injection pump

	3	Return line from fuel pump

	4	Return line to tank (marked with arrow)

	5	Retaining clip



Install the filter in reverse order to the removal procedure. Refer to Fig. 1.118. Also see Fig. 1.119.

Start the engine and accelerate a few times. The fuel should be visible in the transparent hose. The fuel system can be bled by removing the retaining clip for the control valve and withdrawing the valve out of its location. The function of the valve is given under item (4) in Fig. 1.118.






	1.9.2.	FUEL INJECTION PUMP



The following information refers to the 1.9 and 2.4 Litre engines with indirect injection. If your engine is a 2.5 Litre engine refer to the details given at the end of the fuel injection section. The special tools given in the following text must be available to remove and install the injection pump. Required are the puller for the injection pump gear and the arrester pin for the gearwheel. The injection timing must be checked and adjusted after installation of the pump. To preserve the excellent performance of your engine, have the timing checked after installation of the pump, if in any doubt about the running of the engine.






	1.9.2.1.	Removal and Installation - Four-Cylinder Engine



Injection pump with one-piece drive gear


	Turn the engine so that the piston of the No. 1 cylinder is at the top dead centre. This is best done by removing the cylinder head cover and then unscrewing the plug from the transmission housing with a sawn-off plug spanner, in order to observe the marks in the flywheel.

	Apply a socket on the crankshaft pulley bolt and turn the engine over until the mark in the flywheel is aligned as shown in Fig. 1.35 – see Page 27. Place the camshaft setting gauge on the cylinder head and remove the timing belt as described in the relevant section.
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Fig. 1.120. – Removal of the injection pump drive wheel with the special puller. Tap the end of the centre spindle with a hammer to break the seat.




	Remove the injection pump drive wheel. To do this, slacken the pump shaft nut and unscrew the nut until the end face is flush with the end of the shaft. To extract the drive wheel, special puller VW 3032 is required, which is shown in Fig. 1.120 in applied condition. Insert the two claws of the puller into the holes of the drive wheel at right angles to the centre spindle and counterhold the drive wheel with one hand. Tighten the centre spindle and when under tension, tap the end of the centre spindle with a short blow of a hammer. The impact will loosen the drive wheel from its cone seat. Remove the puller, fully unscrew the nut and withdraw the drive gear.

	Unscrew all injection pipe union nuts at the pump end and use suitable caps to close off the pipes, whilst the pump is removed from the engine.



Attention: The union nuts for the fuel feed and return lines have the same diameter, but the union nut for the return line contains a restrictor. The word “Out” is marked into the union nut for identity purposes and this should be observed when the parts are refitted in order to avoid mistakes.


	Disconnect the operating cable for the stop control, also the accelerator control cable and the cold starting device control cable from the pump.

	Referring to Fig. 1.121, remove the three bolts (2) from the mounting and the single screw (1) from the support bracket. Under no circumstances remove the bolts shown by the arrows in the illustration, as this could lead to the breakage of the distributor piston if the pump head is dislocated. Mark the fitted position of the pump in the most convenient fashion to have a reference mark on the pump and the mounting bracket for ease of installation. Even if a new pump is fitted, you will have a guide to the approximate position during installation.
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Fig. 1.121. – When removing the injection pump do not slacken the bolts shown by the arrows. Only loosen bolts (1) and (2).



The installation of the injection pump is a reversal of the removal procedure. The following points must be noted in particular:


	Fit the pump to the mounting bracket and rotate it until the bolt holes are in the centre of the elongated holes. Fit the bolts and tighten them to a torque reading of 2.5 kgm (18 ft.lb.).

	Check that the Woodruff key is in position in the pump shaft and carefully tap the drive wheel over the key and shaft. Fit the shaft nut and tighten to 4.5 kgm (33 ft.lb.) whilst restraining the pump wheel.

	Refit the union nuts of the injection pipes to the pump and tighten them to 2.5 kgm (18 ft.lb.). Read the “Attention” note regards the flow marking (above) before installing the pipes (if present).

	Rotate the pump wheel until the marks on the edge and the mounting bracket are in line. In this position insert the arrester pin (shown in Fig. 1.36, page 27) to block the wheel against rotation. Unscrew the camshaft wheel bolt by 1/2 a turn and with a drift and a rubber mallet tap against the end of the shaft to break the taper seat (Fig. 1.49).

	Re-check that the engine is still at the top dead centre position for the No. 1 cylinder.

	Fit the timing belt as described for the four-cylinder engine and carry out all other operations described in this section; until the timing belt is correctly tensioned.

	Have the injection timing checked as soon as possible.



Injection pump with two-piece drive gear

Note: The description below is only valid if it is possible to have the injection timing dynamically checked and adjusted in a workshop. The final tightening of the pump drive gear (angle tightening of 90°) will also be carried out after any adjustment has taken place.


	Turn the engine so that the piston of the No. 1 cylinder is at the top dead centre. This is best done by removing the cylinder head cover and then unscrewing the plug from the transmission housing with a sawn-off plug spanner, in order to observe the marks in the flywheel.

	Apply a socket on the crankshaft pulley bolt and turn the engine over until the mark in the flywheel is aligned as shown in Fig. 1.35 (lower view – see Page 27). Place the camshaft setting gauge on the cylinder head and remove the timing belt as described in the relevant section.

	Unscrew all injection pipe union nuts at the pump end and use suitable caps to close off the pipes, whilst the pump is removed from the engine.

	Disconnect the operating cable for the stop control and also the accelerator control cable and the cold starting device control cable from the pump.
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Fig. 1.122. – The three bolts (1) secure the drive gear to the hub. Do not slacken or remove the nut (2).




	Remove the three bolts (1) securing the pump drive gear, shown in Fig. 1.122 and remove the drive gear. Under no circumstances slacken or remove the nut (2) in the centre of the drive gear, as this would disturb the basic setting of the injection pump. Even a workshop cannot adjust the pump by normal means.

	Disconnect the cable plug from the injection pump and free the cable holder.

	Remove the bolts securing the pump to the mounting bracket and the bolt from the rear pump bracket. The latter is located near the injection pipe connections. The pump can now be removed.
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Fig. 1.123. – The injection pump drive gear must be locked with the arrester pin (1) against rotation.



The installation of the pump is carried out as follows:


	Fit the pump to the mounting bracket and tighten the bolt on the rear bracket with the cone nut. Then refit the remaining bolts and tighten them to 2.5 kgm (18 ft.lb.).

	Refit the drive gear with new bolts (1) in Fig. 1.122 without tightening them fully.

	Fix the drive gear by inserting the arrester pin (1) shown in Fig. 1.123 and then turn the drive gear until the bolts are in the centre of the elongated holes.

	Counterhold the camshaft sprocket and slacken the sprocket bolt by half a turn. Use a drift and a hammer, as already shown earlier on in Fig. 1.49 (page 32). The taper seat of the sprocket will break and the sprocket will be free of the shaft.

	Check once more that the engine is still at top dead centre (flywheel mark) and refit the timing belt as described for the four-cylinder engine. Finally tighten the drive gear bolts to 2.5 kgm (18 ft.lb.) and the camshaft sprocket bolt (4.5 kgm/32.5 ft.lb.).

	All other operations are carried out in reverse order to the removal procedure, but note that the vehicle must be taken to a workshop to have the timing checked.



Checking the Adjustment

If you have carried out the replacement of the injection pump yourself, carry out the following operations to make sure that the engine is assembled correctly:


	Remove the camshaft setting gauge and the inserted arrester pin.

	Rotate the crankshaft by two revolutions until the piston of No. 1 cylinder is at top dead centre (TDC).

	In this position refit the camshaft setting gauge and reinsert the arrester pin in to the pump drive gear and check that the timing belt tension roller is in the position described during the installation of the timing belt. Otherwise read the instructions relating to the installation of the timing belt to correct the misalignment. Remove the arrester pin and the camshaft setting gauge.

	Rotate the crankshaft once more by two revolutions and re-check the setting.








	1.9.2.2.	Removal and Installation - Five-Cylinder Engine (2.4 Litre)



The front end of the vehicle must be tilted forward to gain access to the pump. Then proceed as follows:


	Turn the engine so that the piston of the No. 1 cylinder is at the top dead centre. This is best done by removing the cylinder head and then un-screwing the plug from the transmission housing with a sawn-off plug spanner, in order to observe the marks in the flywheel. Also check the marks in injection pump drive gear and mounting bracket, which should be aligned as shown in Fig. 1.46 (page 31).

	Remove the belt cover on the injection pump side.

	Insert the arrester pin for the injection pump gear as shown in Fig. 1.53, to keep the gear in the injection position.

	Hold the camshaft timing gearwheel against rotation (see Fig. 1.53) and remove the gear-wheel bolt. Remove the gearwheel together with the toothed belt. Fig. 1.52 (page 33) shows the parts on this side of the engine.

	Remove the injection pump drive wheel. To do this, slacken the pump shaft nut by half a turn and fit the special extractor 3032 in the manner shown in Fig. 1.124. To extract the drive wheel, insert the two claws of the puller into the holes of the drive wheel at right angles to the centre spindle and counterhold the drive wheel with one hand. Tighten the centre spindle and when under tension, tap the end of the centre spindle with a short blow of a hammer. The impact will loosen the drive wheel from its cone seat. Remove the puller, fully unscrew the nut and withdraw the drive gear.

	Unscrew all injection pipe union nuts at the pump end and use suitable caps to close off the pipes, whilst the pump is removed from the engine.



Attention: The union nuts for the fuel feed and return lines have the same diameter, but the union nut for the return line contains a restrictor. Refer to the “Attention” note on page 66. The word “Out” is marked into the union nut for identity purposes.
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Fig. 1.124. – Removal of the injection pump drive gear (2.4 litre, 5-cylinder engine).




	Disconnect the operating cable for the stop control and also the accelerator control cable from the pump. Also remove the shock absorber.

	Unscrew the pump from the flange on the mounting bracket. To reach the two rear bolts between the pump and the engine an extension of at least 180 mm and a 6 mm Allen key will be required. The pump can now be lifted out.



If the pump is removed when the engine is out of the vehicle, unscrew the complete mounting bracket together with the pump and then remove the pump from the bracket, if required.

The installation of the pump is a reversal of the removal procedure. Fig. 1.125 shows the pump of the 2.4 litre engine with connections, fuel pipes, etc and will help to locate the parts.


	Fit the pump to the mounting bracket and align the two parts until the matching marks on pump and bracket are aligned as shown in Fig. 1.126. Tighten the bolts finger-tight.

	Fit the rear support bracket without tension to the cylinder block and the pump and tighten the bolts to 2.5 kgm (14.5 ft.lb.).

	Fit the pump drive gearwheel over the shaft and turn the gearwheel until the alignment marks on pump gear and mounting bracket are in line. The alignment can also be seen in Fig. 1.126.

	Insert the arrester pin (Fig. 1.126) to lock the gearwheel against rotation and tighten the pump shaft nut to 5.0 kgm (36 ft.lb.)

	Refit the timing belt to the gearwheel for the camshaft and place the camshaft gearwheel over the shaft, at the same time engaging the belt with the injection pump gearwheel. Fit the bolt and tighten it until the camshaft gearwheel can just be turned by hand.

	Check the tension of the pump drive belt as described for the 2.4 Litre engine and adjust as required. Tighten the bolts on the mounting bracket to 5.0 kgm (36 ft.lb.) and the bolts on the support bracket to 25 kgm (14.5 ft.lb.) before the belt tension is re-checked. Fig. 1.55 shows the location of the securing bolts with the arrows. Check once more that the engine is still in the position shown in Fig. 1.46, i.e. the alignment marks must be in line.

	Counterhold the gearwheel on the camshaft in suitable manner and tighten the bolt to 10.0 kgm (72 ft.lb.). The arrester pin can now be removed from the injection pump gearwheel.
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Fig. 1.125. – Injection pump and associated parts of the 2.4 litre engine.








	1	Heat shield

	2	Injector, 7.0 kgm

	3	Injector pipes, 2.5 kgm

	4	Bolt, 3.5 kgm

	5	Connection on pump

	6	Electro-magnetic stop control

	7	Banjo bolt, 2.5 kgm

	8	Return pipe to fuel filter

	9	Supply to fuel filter

	10	Banjo bolt, 2.5 kgm

	11	Curved washer

	12	Mounting bracket

	13	Injection pump gearwheel

	14	Nut, 5.0 kgm

	15	Bolt, 5.0 kgm

	16	Securing clip

	17	Shock absorber for load shock absorption

	18	Injection pump

	19	Bolt, 1.5 kgm
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Fig. 1.126. – Aligning the marks in pump gearwheel and mounting bracket (R.H. arrow) and mounting bracket and pump flange (L.H. arrows). The drive gearwheel must be locked with the arrester pin, shown on the right.




	Re-connect the cold start cable. To do this, refer to Fig. 1.127 and slacken the clamp screw (1). Turn the clamp by 90°. Never slacken the screw (2).
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Fig. 1.127. – Details for the re-connection of the cold start cable (refer to text).




	The injection timing of the pump must now be checked. Either carry out the operations described in the next section or complete the installation of the pump and have the setting checked at your dealer. The engine will start to drive the vehicle to the workshop.

	Carry out all other operations in reverse order to the removal procedure. Check the idle speed and the maximum speed after installation of the pump provided that the injection timing has been adjusted. Otherwise have the adjustment seen to in a workshop. Do not break any seals.








	1.9.3.	ADJUSTING THE INJECTION TIMING



The following operations should only be carried out if you are familiar with adjusting the injection timing. The adjustment requires a dial gauge together with the guide 2066. The guide is screwed into the rear of the pump after removal of the closing plug. The timing belt must be correctly tensioned and the operating cable for the cold starting device must be fully pushed in. The lever on the injection pump must be in the rest position. The adjustment is described separately for the two engine types. Proceed as follows:
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Fig. 1.128. – The TDC mark must be aligned in the flywheel housing opening as shown.



Four-Cylinder Engine


	Rotate the engine until the TDC mark in the flywheel is correctly aligned as shown in Fig. 1.128 and the marks on the pump wheel and the mounting bracket are in line.

	If the engine is removed, adjust the adjusting gauge 2068A to a dimension of 98.5 mm and fit the gauge to the flywheel end of the engine as shown in Fig. 1.129.

	Rotate the engine until the TDC mark in the flywheel is in line with the tip of the gauge (R.H. arrow in Fig. 1.129). The marks on pump timing wheel and mounting bracket must be in line.
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Fig. 1.129. – Adjusting gauge fitted to the flywheel side of the engine to adjust the injection timing.




	The next adjustment requires the dial gauge mentioned above. Remove the plug and screw the guide into the threaded bore for the plug. Adjust the dial gauge to a pre-load of 2.5 mm. Now turn the crankshaft in an anticlockwise direction until the dial gauge needle comes to rest. In this position, set the dial gauge to “Zero” with a pre-load of approx. 1.0 mm. Fig. 1.130 shows the gauge in position.




[image: image]

Fig. 1.130. - The dial gauge in position in the pump.




	Now turn the crankshaft slowly clockwise, until the mark in the flywheel is in line with the pointer. The dial gauge should show a reading of 0.93 -1.07 mm. If an adjustment must be carried out, obtain the ideal value of 1.00 +/- 0.2 mm.
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Fig. 1.131. – Slacken one of the mounting bracket bolts through one of the pump wheel holes.




	To adjust the timing, slacken the pump securing bolts. The two upper bolts on the pump flange and the bolt on the rear support bracket can be slackened without difficulties. To slacken the lower bolt, turn the pump wheel until the bolt appears in one of the wheel openings as shown in Fig. 1.131.

	Turn the pump until a value of 1.00 mm is obtained when the check with the dial gauge is repeated. Repeat the measurement several times to make sure you obtain the correct indication. Finally tighten the pump securing bolts to 2.5 kgm (18 ft.lb.).

	Remove the dial gauge and guide, fit the plug and tighten the plug to 1.5 kgm (11 ft.lb.).



Important Note: Carry out the adjustment only if you have some experience with the adjustment of injection timings.
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Fig. 1.132. – Adjusting gauge fitted to the flywheel side of the engine to adjust the injection timing.



Five-Cylinder Engine

We recommend not to carry out any adjustments on the 2.5 litre engine. The following description is therefore only for the 2.4 litre engine.


	Check the tension of the injection pump drive belt as described for the engine in question and make sure that the knob of the cold start cable is pushed fully in, i.e. the lever on the injection pump must be against its stop.

	Remove the engine cover and tilt the front of the vehicle to gain access to the engine. Remove the protective cover for the injection pump drive belt.

	Rotate the engine until the TDC mark in the flywheel and the boss on the clutch housing and the marks on the injection pump gear and the mounting bracket is correctly aligned. The two alignments have already been shown in Fig. 1.46.

	If the engine is removed, adjust the adjusting gauge 2068A to a dimension of 82.0 mm (arrow “A” in Fig. 1.132) and fit the gauge to the flywheel end of the engine as shown.

	Rotate the engine until the TDC mark in the flywheel is in line with the tip of the gauge (B in Fig. 1.132). The marks on pump timing wheel and mounting bracket must be still in line, as shown in Fig. 1.46.

	The next adjustment requires the dial gauge mentioned above. Remove the plug from the injection pump and screw the guide into the threaded bore for the plug. Adjust the dial gauge to a pre-load of 2.0 mm. Now turn the crankshaft in an anti-clockwise direction until the dial gauge needle comes to rest. In this position, set the dial gauge to “Zero”. Fig. 1.130 shows the gauge in position on the four-cylinder engine, but the arrangement is similar on a five-cylinder engine.

	Now turn the crankshaft slowly clockwise, until the mark in the flywheel is in line with the pointer. The dial gauge should show a reading of 0.93 - 1.0 mm. If an adjustment must be carried out, obtain the ideal value of 1.00 +/- 0.2 mm.

	To adjust the timing, one of two methods can be employed. Either slacken the pump securing bolts and adjust by rotating the pump or by rotating the injection pump gearwheel. The latter method is more complicated and we do not recommend it, as a further special tool for the rotation of the gearwheel is required. Turn the pump until a value of 1.00 mm is obtained when the check with the dial gauge is repeated. Repeat the measurement several times to make sure to obtain the correct indication. Finally tighten the securing bolts to 2.5 kgm (18 ft.lb.).



Note: If the above dial gauge and extension or the adjusting gauge are not available, do not attempt to try the adjustment. The description is given all the same, as experience has shown that the “Owner/Repairer” is sometimes able to borrow special tools from workshops, hire them, etc., therefore being able to do the work.
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Fig. 1.133. – The arrow shows the retaining clip for the accelerator cable adjustment.








	1.10.	Adjustment on the Fuel Injection System

	1.10.1.	ADJUSTING THE ACCELERATOR CABLE



The adjustment of the accelerator cable on models with automatic transmission is very complicated and we strongly recommend you have this seen to by a VW Dealer. The adjustment on a model with manual transmission is carried out as follows:


	Have the accelerator pedal pressed to the floor by a second person and check that the lever on the injector pump is resting against the stop without being under tension.

	If necessary remove the retaining clip of the cable at the mounting bracket (Fig. 1.133) and re-insert it into a different groove of the outer sleeve.

	Re-check the adjustment and if necessary carry out further adjustments.








	1.10.2.	ADJUSTING THE IDLING SPEED



The adjustment of the idle speed is rarely necessary. If you feel that an adjustment is required we recommend to seek the advise of a VW dealer. In addition you will need a revolution counter for diesel engines which will not be in every tool box.






	1.10.3.	ADJUSTING THE COLD STARTING DEVICE



Five-Cylinder Engine: If the operating cable has been removed, place the washer (1) in Fig. 1.134 over the cable and insert the cable with the rubber grommet into the support bracket. Secure the outer cable with the lock washer (2). Connect the inner cable to the pin on the injection pump lever without tightening the clamp bolt fully. Move the lever towards the left as shown by the arrow pull the inner cable tight and secure by tightening the clamp screw (3). Check the operation of the lever when the cable is moved in and out.
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Fig. 1.134. – Details for the adjustment of the cold start device (5-cylinder engine). The numbers are referred to in the text.



Four-Cylinder Engine: Move the operating lever to the “on” position. Refer to Fig. 1.135 and screw in the adjusting screw (1) until dimension “x” is between 14 and 15 mm. Clip the bottom of the cold start cable into the shell of the upper plug and connect the plugs (2) and (3).
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Fig. 1.135. – Details for the adjustment of the cold starting device (4-cylinder engine). The numbers are referred to in the text.








	1.11.	Injectors



Note: The injection pressure of the injectors should only be tested in a specialist shop. Never attempt to carry out this operation yourself.

To find a faulty injector, unscrew the union nuts one after the other at the injector connection, with the engine running. Special wrenches are available to unscrew injector pipe union nuts. These have the shape of a ring spanner with a slot to place over the injector pipe. The spanner can then be placed over the union nut. This prevents damage to the hexagon which can occur when an open-ended spanner is used. Run the engine at increased speed. If the engine noise does not change after a certain injection pipe has been disconnected, the faulty injector has been found.
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Fig. 1.136. – Removal or installation of the injection pipes. A special cranked ring spanner, with a slot in the “ring” is used to prevent damage to the hexagon of the union nuts.



To remove an injector, unscrew the pipe union nut and with a spanner of 27 mm A/F unscrew the injector from the cylinder head. When fitting the injector use new heat-protecting washers with the turned-up edge towards the top, as shown in Fig. 1.137. Tighten the injector to 7.0 kgm (50.5 ft.lb.) and the injection pipe union nuts to 2.5 kgm (18 ft.lb.). The system does not need priming after an injector has been replaced.
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Fig. 1.137. – The heat shield must be fitted as shown over the injector, with the arrow pointing to the cylinder head side.








	1.12.	Glow Plugs



The glow plugs are used to pre-heat the combustion mixture during starting. Glow plugs cannot be repaired and must be replaced in case of malfunctioning.

Automatically operating glow plugs are fitted, together with a glow plug relay that controls the automatic operation of the glow plugs. The glow plugs start to operate immediately after the starter key is switched “on” and the preheating period is determined by the temperature of the engine at the moment of starting.

The automatic glow plugs operate as follows:

When the ignition/starter key is switched “on”, the voltage is fed to the glow plug relay and the automatic glowing process commences. A warning light lights up to show you that the glow plugs are operating.

The duration of the glow plug operation and therefore the time the warning light remains “on” depends on the coolant temperature of the engine, which is detected by the temperature sender unit. As soon as the warning light goes “off” the plugs will glow another 15 seconds and it is during this period that the engine must be started.

If one of the glow plugs is faulty, it can normally spotted with the engine cold. As the fuel in the remaining cylinders will ignite, you may notice that the cylinder with the faulty plug cuts in later.






	1.12.1.	GLOW PLUG - REMOVAL AND INSTALLATION



Remove the bus bars and the feed cable (on the L.H. plug, seen in direction of drive). Unscrew the glow plug with an open-ended or ring spanner (12 m). The space behind the injection pump is very limited and the injection pipes should be disconnected.

The installation is a reversal of the removal procedure. Tighten the glow plugs to 3.0 kgm (22 ft.lb.). Do not exceed this torque value to avoid premature failure of the glow plug.






	1.13.	Air Cleaner



The air cleaner is fitted with a dry paper element. The removal and installation are simple. Remove and install the air cleaner element as follows:


	Open the securing clip, push the locking handle downwards and disengage from its location.

	Lift off the air cleaner housing and take out the element. Clean the housing thoroughly.

	Fit the new air cleaner element and refit the air cleaner housing. The plastic tongue on one side of the filter element must engage into the opening of the retainer.

	Secure the filter housing and lock it in position with the securing clip.








	1.14.	TDI Engine – 2.5 Litre



The standard diesel engines use an indirect injection system, i.e. air is drawn into the cylinder and into a secondary chamber above the cylinder, known as the swirl chamber or pre-combustion chamber. The piston of a diesel engine creates a very high pressure and at the right moment diesel fuel is injected into the highly compressed air in the swirl chamber.

The injected fuel is immediately ignited by the compressed air and the combustion gases are forced into the main combustion chambers above the piston, driving the pistons downwards.

In conjunction with Bosch, Audi/Volkswagen have now developed a direct injection system, working together with a turbo charger, i.e. the fuel is injected directly into the cylinders. One new feature in this system is the use of two-stage injectors, which squirt in a small amount of fuel during the first stroke. This has the effect of slightly delaying the firing of the main charge, which is injected by the second stroke.

The complete injection system is controlled by a control unit, which is equipped with a fault memory. If faults occur in any of the sensors or components, they will be stored in the memory together with an indication of the type of fault. Your VW Workshop will have a fault reading instrument and will be able to pin-point the fault immediately.






	1.14.1.	SAFETY PRECAUTIONS



As with an electronic fuel injection system there are certain rules which must always be observed if any work is carried and on the fuel injection system:


	Switch off the ignition before disconnecting or connecting cables from the injection or glow plug system.

	Sometimes the engine must be turned at starter speed (necessary when the ripped drive belt for the alternator has been replaced or when the cylinder compression is checked). To avoid the firing of the cylinders, pull the connector plug off the fuel cut-off valve in the injection pump.

	Only disconnect the battery when the ignition is switched off to avoid damage to the diesel injection system. When disconnecting the battery remember that you may need the security code for the radio, if such a radio is fitted.

	Absolute cleanliness is essential during any repairs or work on the injection system, irrespective of the nature of work in question.

	Most of the component parts are electrically or electronically operated and must be treated with the necessary care.








	1.14.2.	OPERATIONS ON THE INJECTION SYSTEM



Injection Pump - Removal and Installation

The removal and installation of the injection pump is carried out in a similar manner as described for the standard diesel engine, but note the different installation of the timing belt. Mark the precise installed position of the pump before you remove it.

The adjustment of the injection point is only possible by means of the special equipment available to VW Workshops, not as described for an injection pump of a standard diesel engine. We suggest to refit the pump in accordance with the marks made before removal and have the setting checked professionally after installation.

Injectors

The attachment of the injectors is completely different to a standard diesel engine. A nut and a retainer secure each injector. A heat shield is fitted between injector and cylinder head.

Always remove the injection pipes in complete sets. Never alter the shape of any of the pipes.

During installation fit the retainer nut to 2.0 kgm (14.5 ft. 1b.) and the injector pipe union nuts to 2.5 kgm (18 ft.1b.).

A faulty injector can be found as described in section 1.14. Faulty injectors must be replaced as they cannot be dismantled or the pressure setting adjusted.

Fuel Temperature Sender

The fuel temperature sender is located underneath the cover on top of the injection pump. After removal of the cover you will see two screws on the L.H. side of the opening. Replacement is a matter of unscrewing the two screws and fitting the new sender.

Electrical Checks

Electrical checks can be carried out on the engine speed sender, altitude sender, coolant temperature sender, brake light and brake pedal switch, intake manifold sender, fuel temperature sender and needle valve sender. Jobs for a workshop.






	1.15.	Turbo Charger



The attachment of the turbo charger has been changed during the last model years. The following description of the removal and installation refers to engine codes AHY, AXG and AXL. Fig. 1.138 shows the parts of the turbo charger installation. We would like to mention that a cranked ring spanner is required for the removal.


	Remove the connecting hoses between the air cleaner and the turbo charger and between the turbo charger and the charge air cooler.

	Disconnect the front exhaust pipe from the turbo charger.

	Remove the oil cooler.

	Refer to the L.H. view of Fig. 1.139 and disconnect the oil return pipe near the oil dipstick guide tube. Remove the nut (1) from the oil feed pipe and unscrew the three bolts (2) between exhaust manifold and turbo charger. The fourth bolt must be unscrewed with the cranked ring spanner mentioned above, which is applied as shown in Fig. 1.140.

	Remove the turbo charger in an upwards direction. The oil return pipe is still connected to the turbo charger and must be guided accordingly.
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Fig. 1.38. – Turbo charger installation. Engines AHV, AXG and AXLK.








	1	Gasket

	2	Nut, 2.5 kgm

	3	Bolt, 1.5 kgm

	4	To suction tube

	5	Connecting tube

	6	Heat shield

	7	Gasket, replace

	8	Exhaust manifold

	9	Control pipe

	10	Turbo charger

	11	Air hose

	12	From air cleaner

	13	Oil return line

	14	Bolt, 3.0 kgm

	15	Banjo bolt, 3.0 kgm

	16	Gasket, replace

	17	Nut, 4.5 kgm

	18	Oil feed pipe

	19	Dome nut, 2.5 kgm

	20	Front exhaust pipe

	21	To intercooler



The installation is a reversal of the removal procedure, but the following points must be noted:


	Coat the threads and the contact face of the nuts securing the exhaust manifold to the turbo charger with some grease (grease under No. G 000 500 is used in the workshop). Evenly tighten the nuts to 4.5 kgm (32.5 ft.lb.).
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Fig. 1.139. – Details for the removal of the turbo charger (engines AHV, AXG and AXL). The numbers are referred to in the text.




[image: image]

Fig. 1.140. – Using the cranked ring spanner to remove the hidden nut.




	Tighten the oil return pipe to 4.0 kgm (30 ft.lb.).

	Fill the turbo charger through the connecting flange of the oil feed pipe with engine oil and connect the pipe with new sealing rings. Tighten the pipe union nut with 2.5 kgm (18 ft.lb.).

	Re-connect the front exhaust pipe and tighten the connection with 2.5 kgm (18 ft.lb.).

	Start the engine and allow to idle for at least 1 minute. Do not accelerate the engine until you are sure that the installation has been successful.



Engines from Model Year 2001

The following instructions refer to engine type AYC, introduced during 2001, but are also valid for engines ACV, AJT and AUF. The removal of the turbo charger requires the removal of the charge air cooler (intercooler). Also remove the insulation tray underneath the vehicle and the radiator grille. The battery must be disconnected (remember a radio with security code). Fig. 1.141 shows the installation of the turbo charger of these engines. Referring to the illustration note the following:


	The gasket (1) must always be replaced. Tighten the nuts (2) to 2.5 kgm (18 ft.lb.).

	When fitting the connecting tube (3) first tighten all bolts finger-tight and then tighten the nuts free of tension.

	Tighten the bolts (4) to 1.5 kgm (11 ft.lb.).
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Fig. - 1.141. – Turbo charger installation – Engines AYC, ACV, AJT and AUF. Slight differences will be found, but suitable for all engines. The numbers are explained in the text. The letters show where items are connected.




	The connecting pipe (5) is connected to the control valve for the exhaust re-circulation valve, the heat shield (6) is fitted above the inlet manifold.

	The gaskets (7) must always be replaced if the exhaust manifold has been removed.

	The vacuum hose (9) is red; the vacuum hose (10) is black.

	The connection (11) is the entry point for the crankcase breather valve.

	Bolts (12) secure the connecting tube (13) between turbo charger and the connecting hose to the air mass meter (1.0 kgm/7 ft.lb.). Secured together with the oil dipstick guide tube to the inlet manifold.

	The banjo bolt (14) is tightened to 1.5 kgm (10 ft.lb.). The two sealing rings (15) must always be replaced, “O” sealing ring (16) if it is damaged.

	The bracket (17) holds the EGR control valve and the charge pressure limiting valve (18). The connector plug (19) is fitted to the EGR control valve.

	Tighten the union nut (20) to 4.0 kgm (30 ft.lb.). The oil return pipe (21) is connected to the oil dipstick guide tube and secured with bolts (22) to 3.0 kgm (22 ft.lb.). The banjo bolt (23) for the oil feed pipe (24) is tightened to 3.0 kgm (30 ft.lb.). Must be filled with engine oil before installation. The nut (29) at the end of the pipe is tightened to 1.5 kgm (11 ft.lb.).

	The securing nuts (25) for the turbo charger (26) must always be replaced and are tightened to 4.5 kgm (32 ft.lb.). Must be greased with heat-resisting grease.

	Connection (27) leads to the front exhaust pipe, the connecting elbow (28) is attached to the turbo charger.

	The connecting hose (30) is of blue colour. The waste gate valve (31) is part of the turbo charger and cannot be replaced.

	The air inlet hose (32) is connected to the turbo charger and with the other end (33) to the intercooler.



Removal and installation is as follows:


	Remove the radiator grille.

	Remove the charge air cooler bracket and the L.H. and R.H. securing screws. Fold the lock carrier and the radiator forwards in the direction of the arrow in Fig. 1.9.

	Remove the charge air cooler with air hoses.

	Pull off the control pipe from the charge pressure control valve (blue colour).

	Pull off the vacuum hoses on the connecting pipe (black), the exhaust turbo charger (red) and the exhaust re-circulation valve (black).

	Remove the connecting hose between the connecting pipe and the air mass meter.

	Remove the breather hose between crankcase breather valve and connecting pipe. Remove the connecting pipe.

	Remove the connecting pipe between the exhaust gas re-circulation valve and the exhaust manifold.

	Remove the intake pipe with heat shield and the exhaust gas re-circulation valve.

	Remove the oil supply pipe (2) and the oil return pipe (1) from the turbo charger connection (Fig. 1.142, left).
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Fig. 1.142. – Removal and installation of the turbo charger. See text.




	Remove the pipe elbow (1) from the turbo charger (2) and then the securing bolts and securing nuts between exhaust manifold and turbo charger. The installation is shown in Fig. 1.142 on the R.H. side. The turbo charger can now be lifted from the engine, in an upward direction.



The installation is a reversal of the removal procedure. The following points must be noted:


	The contact faces of the securing nuts and bolts must be coated with heat-resisting grease. VW uses G 000 500 grease. Tighten nuts and bolts to 4.5 kgm (32.5 ft.lb.).

	Fit the elbow to the turbo charger and tighten the connection to 2.5 kgm (18 ft.lb.).

	Install the oil return pipe with a new seal and tighten to 3.0 kgm (22 ft.lb.).

	Fill the turbo charger with engine oil via the supply connection, connect the supply line with a new seal and tighten the nut to 2.5 kgm (18 ft.lb.).

	Fit the intake pipe with heat shield and new seal (the coating or seal bead points to the intake pipe) and tighten to 2.5 kgm (18 ft.lb.).
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Fig. 1.143. – Turbo charger installation – 1.9 litre engine. The numbers are referred to below.




	Install the connecting pipe between the exhaust gas recirculation valve and the exhaust manifold. First tighten all bolts finger-tight before tightening them stress-free.

	Fit the vacuum hoses to their respective connections and attach them with hose clamps.

	After installation run the engine for approx. 1 minute at idle speed. Do not rev-up immediately. This ensures adequate lubrication for the turbo charger during initial operation.



Turbo Charger – 1.9 litre Engine

The removal and installation of the turbo charger is carried out in a similar manner as described above.

Fig. 1.143. shows the parts of the installation. The following description refers to the individual items:


	The connection pipe (1) has a cap. The workshop can check the charge pressure after removal of the cap.

	The gasket (2) must always be replaced if the suction pipe assembly (3) has been removed. Note the fitted position of the gasket.

	The bolts (4) are tightened to 2.5 kgm, bolts (5) to 4.5 kgm. Threads and bolt head contact faces must be coated with heat-resistant grease before installation.

	Gasket (6) must always be replaced if the exhaust manifold (7) has been removed. Note the fitted position of the gasket. Tighten the bolts (8) to 2.5 kgm (also secures the heat shield (23).

	The air hose (9) is connected to the turbo charger. The hose end (10) is connected to the crankcase breather valve.

	The air hose (11) is connected with the hose end (12) to the air cleaner.

	The oil feed pipe (15) is secured with the union nut (13) to the turbo charger. The pipe is fitted with bolt and nut (14), tightened to 1.0 kgm.

	Bolt (16) are tightened to 2.5 kgm and secure the elbow (17).

	The turbo charger (18) is fitted with the oil return pipe (20). The union nut (19) is tightened to 4.0 kgm, the one at the other end (21) with 5.0 kgm. The seal (22) must always be replaced.



The following operations must be carried out during removal:


	Free the front end of the vehicle as described during removal of the engine. Also remove the protective panel underneath the engine compartment.

	Disconnect the air hose (10) between suction pipe and turbo charger and the air hose (11) between turbo charger and air cleaner. Also remove the heat shield (23).

	Disconnect the oil feed pipe (15) from the turbo charger and the retaining clamp from the suction pipe. Unscrew the oil return pipe (20) from the turbo charger (union nut 19).

	Disconnect the connecting pipe for the EGR system between the EGR valve and the exhaust manifold (7).

	Unscrew the elbow (17) from the turbo charger and the exhaust pipe from the catalytic converter and push the assembly to one side. Remove the suction pipe assembly (3).

	Unscrew the exhaust manifold (7) and lift the assembly upward and away from the engine. The turbo charger can then be unscrewed from the exhaust manifold (7),



Installation is carried out in reverse. Note the tightening torques in Fig. 1.143 and also read the special instructions given for certain parts of the assembly.

Before the turbo charger and the manifold are fitted to the engine pour some engine oil into the open end of the oil feed pipe. This may take some while but must be carried out to make sure that the turbo charger receives a certain amount of oil during the initial start-up of the engine before the lubrication system supplies the oil under correct pressure.
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	2.0.	Technical Data









	Type:	Single dry plate diaphragm clutch

	Operation - Four-cylinder engine:	Hydraulic system

	All others:	Hydraulic system or mechanical by cable (see note below)

	Clutch Diameter:	1.9 Litre:	215 mm

		2.4 Litre:	228 mm

		2.5 Litre:	219 mm

	Clutch Pedal Adjustment:

	With cable operation:	Automatic adjustment

	Other models:	No adjustment required



Note: Models with 1.9 Litre and 2.4 Litre (5-cyl.) engine can also be fitted with a clutch cable operation. The clutch diameter is not the same for all engines, as it depends on the performance of the engine.






	2.1.	Removal and Installation



To remove the clutch unit, it will be necessary to separate the engine from the transmission, as has been described in Section Engine or remove the transmission from the vehicle, as described in Section Transmission.

Mark the clutch in its fitted position on the flywheel if there is a possibility that the clutch unit is to be re-used. To remove the clutch, unscrew the six bolts securing the pressure plate to the flywheel, lift from the flywheel followed by the driven plate, which will now be free. Before removing the driven plate, note the position of the longer part of the driven plate hub, as the driven plate must be refitted in the same way.

Install in the reverse sequence to removal, noting the following points:


	If the old clutch unit is fitted, align the marks made before removal. A new clutch can be fitted in any position.
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Fig. 2.1. – The component parts of the clutch assembly.








	1	Flywheel

	2	Clutch driven plate

	3	Clutch pressure plate

	4	12-point bolt, 2.0 kgm

	5	Dowel pin




	A centering mandrel is required to centre the clutch driven plate inside the flywheel. Tool hire companies normally have sets of mandrels for this purpose. An old transmission (clutch) shaft, which you may be able to obtain from a VW workshop, can also be used. Experienced D.l.Y. mechanics will also be able to align the clutch plate without the help of a mandrel.

	Fit and tighten the six bolts to flywheel (12-point bolt) to a torque reading of 2.0 kgm (14.5 ft.lb.). The flywheel must be locked against rotation when the clutch bolts are tightened. Fig. 2.2 shows the centering mandrel and the flywheel brake in position.
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Fig. 2.2. – Using the special VW tools to lock the flywheel and to centre the clutch driven plate.








	2.2.	Servicing



The cover assembly-pressure plate and diaphragm spring must not be dismantled. Replace, if necessary, with a complete assembly from your dealer or parts supplier.
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Fig. 2.3. – To check the driven plate for run-out, clamp it between the centres of a lathe and check with a dial gauge.



Inspect the driven plate and the linings, replacing the complete plate if the linings are worn down close to the rivets. A driven plate with the linings contaminated with grease or oil cannot be cleaned successfully and should also be replaced. All rivets should be tight and the torsion springs should be sound and unbroken. Check the condition of the driven plate splines. Clamp the driven plate between the centres of a lathe and apply a dial gauge to the outside of the plate as shown in Fig. 2.3, at a diameter of approx. 175.0 mm (6.4 in.). The max. run/out of the driven plate should be no more than 0.4 mm (0.016 in.).

Check the rivet fastening of the clutch pressure plate and replace the plate if loose rivets can be detected.

Place a straight edge (steel ruler) over the friction face of the pressure plate and insert feeler gauges between the ruler and the surface. If the gap at the innermost spot of the friction face is no more than 0.03 mm (0.012 in.), the plate can be re-used. Fig. 2.4. shows this check.
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Fig. 2.4. – Checking the clutch pressure plate.








	2.3.	Clutch Release



The clutch release bearing is fitted with a ball bearing. Fig. 2.5 shows the transmission case with the release mechanism inside the transmission in the case of a 1.9 Litre and 2.4 Litre engine. A different arrangement is used for the 2.5 Litre engine. In this case the release bearing can be found inside the transmission bell housing and cannot be seen from the outside. The bearing must not be cleaned in grease-dissolving liquids if it is to be refitted. Replace the clutch release bearing of a 1.9 and 2.4 Litre model as follows:


	Remove the transmission.

	Remove the retaining clips for the release bearing (9) and withdraw the bearing.

	To remove the clutch release lever (8), use a screwdriver and pry it of the ball-headed stud (2).

	Coat all contact areas of the release bearing and the release lever with graphited grease, fit the bearing and position the new retaining clips.

	Refit the transmission as described in the relevant section.




[image: image]

Fig. 2.5. – The component parts of the clutch release mechanism for models with mechanical and hydraulic clutch operation, fitted to models with 1.9 and 2.4 Litre engine.








	1	Transmission

	2	Ball stud, 2.5 kgm

	3	“O” sealing ring

	4	Oil seal, clutch shaft

	5	Guide sleeve

	6	Retaining clips

	7	Bolt, 2.0 kgm

	8	Clutch release lever

	9	Release bearing

	10	Combi-bolt, 2.5 kgm

	11	Clutch slave cylinder

	13	Push rod

	12	Mechanical clutch release

	14	Fitting pin








	2.4.	Hydraulic Clutch System (if fitted)



The clutch is released by means of a clutch master cylinder and a slave or operating cylinder. The master cylinder is fitted to the pedal bracket, held by two bolts and is connected via a push rod by means of a clevis pin. Fig. 2.6 shows the attachment of the cylinder and a view of the parts belonging to the hydraulic system. The master cylinder attachment is the same on all models, but there are differences in the transmission of a 2.5 Litre engine. The slave cylinder and the clutch release bearing are in this case fitted inside the transmission bell housing. The cylinder has, as in the case of the other version, its own bleeder screw. Cylinders cannot be repaired or overhauled. Removal and installation is, of course, different.

The removal of the master cylinder can be carried out by referring to the exploded view. The removal of the slave cylinder of a vehicle fitted with 1.9 or 2.4 Litre engine is described in detail below. We would point out that the transmission must be lowered to gain access to the slave cylinder. The workshop uses various lifting brackets to accomplish this operation. In “DIY mode” you will have to make the necessary arrangements, for example you may use a small hand crane or similar, to lower the power unit. The front of the vehicle must be supported on chassis stands.
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Fig. 2.6. – The component parts of the hydraulic system.








	1	Fluid reservoir

	2	Fluid hose

	3	Mounting plate

	4	Clevis

	5	Clutch master cylinder

	6	Clutch pedal

	7	Pivot pin for (4)

	8	Locking clip

	9	Bolt, 2.0 kgm

	10	Union nut, 2.0 kgm

	11	Clutch slave cylinder

	12	Rubber dust cap

	13	Bleeder screw

	14	Bolt, 2.5 kgm

	15	Hose retainer

	16	Transmission

	17	Hose retainer

	18	Fluid pressure hose

	19	“O” sealing ring, replace after separation

	20	Retaining clip

	21	Connecting piece

	22	“O” sealing ring, replace after separation

	23	Fluid pressure pip

	24	Securing clip

	25	Rubber dust cap



Slave Cylinder Removal – 1.9 and 2.4 Litre Engines


	Refer to Fig. 2.7 and remove the bolts securing the selector housing. The selector housing must be able to move. If necessary undo the frame for the gearchange lever rubber gaiter.
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Fig. 2.7. – The arrows where the selector housing must be unbolted.
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Fig. 2.8. – Removing the transmission mounting. Only remove the bolt (1) on the side shown. Bolt (2) remains in position.




	Remove the noise-dampening panel underneath the engine/transmission.

	Suspend the power unit on a hoist and lift it until the mountings are free of tension. The transmission must now be separated from the mountings. First remove the bolt (1) in Fig. 2.8. Bolt (2) remains in position. Then remove the two bolts shown in Fig. 2.9 to separate the mounting bracket from the transmission. The transmission can now be lowered until the slave cylinder bolts can be reached. Unscrew the bolts securing the pipe/hose bracket and the slave cylinder (see also Fig. 2.10). Take care not to damage any cables, pipes, etc. when lowering or lifting the power unit. Undo clamps or clips if you feel that parts come under tension.
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Fig. 2.9. – Unbolt the mounting bracket (1) at the position shown by the arrows.
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Fig. 2.10.- The arrow shows where the bleeder hose (A) is connected.



The installation of the slave cylinder is a reversal of the removal procedure. The clutch system must be bled of air as described below. Note the tightening torques below:






	L.H. mounting to gearbox	6.5 kgm

	Rubber/metal pad to carrier	4.5 kgm

	Rear mounting to carrier	2.0 kgm

	selector housing bolts	0.9 kgm

	Slave cylinder bolts.	2.5 kgm

	Hose/pipe to cylinder	2.0 kgm



Slave Cylinder Removal – 2.5 Litre Engine

The transmission must be removed to remove the slave cylinder and the clutch release bearing. Fig. 2.11 on the following page shows the individual parts of the cylinder and the release bearing. The release bearing is levered out with a screwdriver, the slave cylinder is secured by two screws.

Three rubber caps (15) are fitted onto the slave cylinder flange during installation. Tighten the screws (14) to 1.2 kgm. The union nuts are tightened to 2.0 kgm.
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Fig. 2.11. – The clutch slave cylinder and clutch release bearing inside the transmission case (gearbox type “02G”).








	1	To hose connection

	2	“O” sealing ring

	3	Clip, remove with screwdriver

	4	Valve

	5	Transmission

	6	Connecting bolt

	7	“O” sealing ring

	8	Rubber dust cap

	9	“O” sealing ring

	10	Fluid pressure pipe onto slave cyl. flange

	11	Union nut, 2.0 kgm

	12	Clutch slave cylinder

	13	Release bearing

	14	Screw, 1.2 kgm

	15	Rubber cap (3), fit onto slave cylinder flange.

	16	Fluid pipe



After installation bleed the clutch system as described below, but note the position of the bleeder screw below the transmission.






	2.4.1	Bleeding the Hydraulic System



The bleeding of the hydraulic clutch system is carried out in the same manner as described for the brake system in the relevant section, with the difference that the bleeding hose must be used on the slave cylinder. The bleeder screw on the cylinder is shown in Fig. 2.10, if a 1.9 or 2.4 Litre engine is fitted. On the gearbox “02G” the bleeder screw is fitted below the transmission.

The system must be bled of air if hydraulic connections have been slackened or air has entered the system through a leaking pipe or low brake fluid level. The pedal must show a firm pressure when depressed.






	2.5.	Mechanical Clutch Operation



Fig. 2.12 shows the parts belonging to the mechanical clutch operation with self-adjusting mechanism and all necessary operations can be carried out by referring to the drawing.

The clutch is operated via a cable, attached with one end to an abutment bracket at the top of the transmission and with the other end to the clutch pedal. The clutch cable has a self-adjusting mechanism, i.e. no regular adjustments of the clutch cable play is necessary. Before any operations on the release mechanism are carried out, check the operation of the adjusting mechanism as follows:


	Depress the clutch pedal at least 5 times fully to its stop.

	Refer to Fig. 2.13 and pull the clutch cable outer sleeve at the plastic holder (arrow 1) in the direction of the arrow (2). The cable sleeve must move freely.
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Fig. 2.12. – Arrangement of the clutch operating cable and other parts of’ the clutch release mechanism.








	1	Clutch cable with adjusting mechanism

	2	"0” sealing ring

	3	Mounting bracket

	4	Clutch pedal

	5	Rubber cap

	6	Support with gearbox mounting bracket

	7	Plunger

	8	Spring

	9	Washer

	10	Toothed ring (star washer)

	11	Washer

	12	Housing with operating lever

	13	Securing bolts, 2.5 kgm

	14	Sealing boot

	15	Circlip

	16	Hexagonal nut

	17	Retainer

	18	Cable clip




	If the cable cannot be moved in the manner described, replace the clutch operating cable, but note that the replacement of the type of clutch cable fitted is not straight forward, as the cable must be pre-tensioned before installation.
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Fig. 2.13. – Checking the function of the self-adjusting mechanism. Move the outer sleeve (1) in the direction of the arrow (2). The sleeve must move freely.




	A retaining strap must be attached to the upper end of the clutch cable, to tension the cable. A strap is supplied with the new clutch cable. In the centre ring you will see a mark and the ring will have to be cut from the outside towards the inside. Also note that the cable must not be kinked or deformed in any other manner during installation, as this will destroy the adjusting mechanism. Fig. 2.12 also shows the attachment of the clutch cable.
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Fig. 2.14. – Push the retaining strap eye above the protective sleeve over the clutch cable as shown, with the slot in the retainer facing the bulkhead.



Replace the clutch cable as follows:


	Fully depress the clutch pedal at least 5 times to its stop.

	Place the retaining strap in the manner shown in Fig. 2.14 over the clutch cable, with the open slot facing the engine compartment bulkhead. Grip the clutch cable on the plastic holder (1) in Fig. 2.13 and pull it in the direction of the arrow (1). The adjustment mechanism is now compressed. If the mechanism cannot be compressed, you will have to cut the old clutch cable in order to remove it.
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Fig. 2.15. – Pre-tensioning the clutch operating cable.




	Slide the two ends of the retaining strap over the pins on each side of the clutch cable, as shown in Fig. 2.15. You will need a helper for this operation, as the adjustment mechanism must be held in the compressed state to attach the strap.

	Disconnect the clutch cable from the attachment on the clutch release lever and withdraw it from the vehicle.



The installation of the clutch cable is a reversal of the removal procedure, noting the following points:


	Lubricate the clutch cable attachment points at the clutch pedal end with a little graphited grease.

	Guide the clutch cable through the bulkhead and attach the end to the clutch release lever. Press the rubber buffer into the support.

	Hook the clutch cable into the clutch pedal and press into the retainer and the cable clip.

	After installation, remove the retaining strap from the clutch cable. Keep the strap for future use, in case you need one again.

	Operate the clutch cable a few times and then check the function of the adjusting mechanism, as already described at the beginning of this section.



Special attention must be given to the star washer (10) in Fig. 2.12. The washer must be replaced if it has been removed. The push rod (7) must be removed first. When fitting the washer, refer to Fig. 2.16 and carefully drive the washer in position, with the convex side facing the housing. The washer (2) must be free to move after the star washer (1) has been fitted.
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Fig. 2.16. – Fitting details for the star washer on models with mechanical clutch release. Drive the star washer (1) in position, using a hollow drift over the washer (2).



Note: Under no circumstances open the adjuster mechanism. The inner mechanism contains small parts, which cannot be refitted by ordinary means.


3. Transmission and final drive






	3.0.	Technical Data
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	3.2.	Transmission Oil Level

	3.3.	Transmission Tightening Torques








	3.0.	Technical Data








	Type code:

	1.9 and 2.4 Litre engines:	02B

	2.5 Litre engine:	02G

	Construction:.	Five-speed transmission

	Gear Ratio – 1.9 and 2.4 Litre (depending on Engine)

	1st gear:	3.778 : 1

	2nd gear:	2.118 : 1, 2.063 : 1

	3rd gear:	1.429 : 1, 1.345 : 1, 1.458 : 1, 1.360 : 1

	4th gear:	1.029 : 1, 0.971 : 1

	5th gear:	0.837 : 1, 0.756 : 1

	Reverse gear:	3.800 : 1, 3.600 : 1

	Gear Ratio – 2.5 Litre Engine

	1st gear:	3.909 : 1

	2nd gear:	2.118 : 1

	3rd gear:	1.346 : 1

	4th gear:	0.972 : 1

	5th gear:	0.729 : 1

	Reverse gear:	3.700 : 1

	Final drive ratio:	4.611, 4.941, 4.611: 1, 2.5 Litre 3.905 : 1

	Transmission lubricant:	G 50 SAE 75W90 (synthetic oil)

	Capacity:

	Transmission 02B:	2.5 litres (4.5 Imp. pts.)

	Transmission 02G:	2.3 litres (4.1 Imp. pts.)



Note. The gearbox is filled for life, i.e. no regular oil changes are necessary. The oil level should, however, be checked at regular intervals.






	3.1.	Introduction



A new five-speed transmission, type 02B has replaced the previously fitted transmission type 02A in models with 1.9 and 2.4 litre engine. The cable gearchange mechanism fitted to earlier T4 models has now been replaced by a linkage and rod mechanism. A modified transmission, type 02G, also with linkage and rod gearchange mechanism, is used in models with 2.5 litre TDI engine. The transmission and final drive are contained within one housing and thus dismantling and servicing procedures on one can only be carried out with some disturbance of the other.
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Fig. 3.1. - The location of the transmission code (1) and the transmission type (2). In the upper view for the transmission type “02B”, the identification for the transmission type “02G” is shown in the lower view. Make sure you find out which transmission type is fitted.




[image: image]

Fig. 3.2. - The transmission number, seen from the side of the transmission.



The overhaul and setting of the final drive needs several special tools and cannot be recommended. The gearbox (transmission) for the various models is identified by a code letter, which is stamped into the transmission case at the position shown in Fig. 3.1. The upper illustration shows where the identification can be found when a transmission of type “02B” is fitted. The lower view shows the identification when a transmission of type “02G” is fitted. The arrow (2) in the same illustration shows where the transmission type (02B or 02G) can be found, but you will note that the location is completely different. Looking at the side of the transmission you will see the transmission number, as illustrated in Fig. 3.2 and identified by (2).






	3.2.	Removal and Installation



The transmission will come out only from below the vehicle, therefore, access will be required together with a substantial jack, preferably one of the trolley type. Whichever method of raising and support for the vehicle is used, be sure that it is safe to work below the car before commencing any operations.


	Disconnect the earth (ground) cable from the battery terminal, to avoid short-circuiting the system.

	Remove the vehicle undercover and tilt the front end of the vehicle forward as described during the removal of the engine, if this possible. On other models (TDI engine for example) remove the radiator grille with the grille frame and fold the lock carrier and radiator forward as already described.

	Place a jack underneath the transmission. It is even better if the engine can be lifted out of the mounting, using a suitable hoist and ropes.

	Disconnect the electrical leads from the transmission.

	Before the vehicle is jacked up, slacken the wheel bolts and the drive shaft nut on both sides of the vehicle. The vehicle can then be jacked up.
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Fig. 3.3. – Mark the adjustment of the torsion bar and then unscrew the nut. Must be carried out before any other operations are proceeded with.




	To remove the suspension arm from the lower suspension ball joint it is necessary to release the tension of the torsion bar. To assure that the bar is refitted with the same tension refer to Fig. 3.3 and mark the nut on the thread in suitable manner (paint) and measure the protruding length of the thread between the end of the thread and the nut face. Write down this dimension, as you will need it later on. Then release the torsion bar tension as described in section “Front Suspension”.

	Remove the two drive shafts as described in the next Chapter.

	Disconnect the earth cable from the gearbox and the mounting bracket. Also disconnect the starter motor cables at the rear of the starter motor. Make sure that all other cables (leads) are free. Certain electrical leads may be fastened to other parts on the engine/transmission. Make sure they are free.
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Fig. 3.4. – Details for the removal of the gear selector mechanism from the gearbox (refer to text).




	Unscrew the speedometer cable from the transmission or withdraw the cable connector from the transmission and unscrew the sender (depending on the version).

	Detach the coolant pipes from the starter motor (2 bolts). These are the ones routed from the coolant expansion tank to the coolant pump. Free electrical leads from the metal pipes and remove the starter motor.

	Remove the selector mechanism from the gearbox by referring to Fig. 3.4:



1. Unscrew the clevis (1).

2. Lever up the gearchange lever at the front from the gear control lever (2)

3. Unscrew the bearing block to together with the selector rod (3).


	On models with mechanical clutch operation, disconnect the clutch cable from the clutch release lever and the gearbox attachment.

	If a 5-cyl. engine with A/C system is fitted, remove the ribbed “V”-belt as described in the Section “Cooling System” from the alternator and the compressor. On this model also remove the alternator. Unscrew the compressor from its mounting bracket and place it to one side without stretching any of the hoses. The A/C system must not be opened. The refrigerant hoses must, however, be detached from the front R.H. longitudinal member at the position shown in Fig. 3.5. (remove the clamp).
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Fig. 3.5. – The refrigerant pipe (1) is secured by a clamp and screw (2) to the longitudinal member.
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Fig. 3.6. – The pendulum mounting for the gearbox.








	1	Bolt, 8.0 kgm + 90°

	2	Bolt, 20 kgm




	The rear gearbox mounting is different on the latest models and is a pendulum mounting, inserted between the transmission and the subframe. Note that the tightening torque of the horizontally inserted bolt is fairly high. Fig. 3.6 shows the mounting together with the torque values.

	Disconnect the lead connector from the Lambda probe and remove the Lambda probe from the front exhaust pipe. Also remove the front exhaust stop plate and separate the front pipe at the catalytic converter, if a five-cylinder engine is fitted.

	If a hydraulic system is fitted, unscrew the clutch slave cylinder from the gearbox (only gearboxes with externally fitted cylinder) and use a piece of wire to attach it in suitable position. Make sure it is not in the way when the gearbox is lifted out. Make sure that the clutch pedal is not depressed.
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Fig. 3.7. – View of the L.H. transmission mounting.








	1	Nuts, 55 kgm

	2	Bolts, 5.0 kgm + 90°




	Place a jack underneath the transmission to remove the gearbox mountings. First remove the mounting shown in Fig. 3.7. To do this, remove the nuts (1) and the bolts (2) and remove the complete mounting. Tightening torques are given in the illustration.

	In the case of a five-cylinder engine remove the bolt shown by the arrow in Fig. 3.8 (left) and then remove the upper bolts between engine and transmission. These are the bolts shown by the arrows in Fig. 3.8 on the R.H. side. Take off the cover plate when the bolts (3) and (4) are removed. The lower bolts between engine and transmission can also be removed.

	The power unit should now be moved carefully forward and downward until the V-belt pulley contacts the longitudinal member, at the same time guiding the mounting around the forward area. When doing this, ensure that the R.H. drive shaft has sufficient clearance. Do not damage the cooling system hoses and cable pipes on the crossmember when swinging the engine and transmission forwards.

	Check once more that all connections between the engine and the transmission and the transmission and the body/chassis, as there might be some connections on certain models which have been overlooked. Use a tyre lever to lever the transmission off the engine, but take care that the gearbox remains on the jack. Carefully lower the gearbox and withdraw it from the engine as soon as it is free. A second person should hold the gearbox on the jack whilst it is removed out of the vehicle. Continuously observe that none of the cables or pipes, etc. can get caught in the transmission. Finally remove the transmission from under the vehicle.
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Fig. 3.8. – Remove the bolt shown by the arrow (upper view) when a five-cylinder engine is fitted. Then bolts between the engine are shown in the lower view. Bolts 1 to 4 must be removed, bolts 2 and 3 secure the cover plate.



The installation of the transmission is carried out in reverse order to the removal procedure. Observe the following points:


	If parts of the gearbox mounting are to be replaced, order them in accordance with the model year and the chassis number, as they have been replaced several times.
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Fig. 3.9. – Insert a pin or bolt of the dimension given in the text to arrest the clutch operating lever.




	Thoroughly clean the splines of the clutch shaft and coat them with a little graphited grease.

	Before fitting the gearbox to the engine, press the clutch release arm towards the gearbox housing and secure the assembly with a bolt (M8 x 35 mm), as shown in Fig. 3.9. Remember to remove the bolt after installation. The illustration shows the special guide bolt used in the workshop, which can, however, be substituted with the mentioned bolt.

	Check that the dowel sleeves are fitted to the cylinder block and that the intermediate plate is well positioned. Then engage the gearbox with the engine. Fit the bolts between engine and gearbox. All bolts are tightened in several stages to a final torque of 8.0 kgm (58 ft.lb.). The cover panel with a 4-cyl. engine is tightened to 2.5 kgm (18 ft.lb.). If a five-cyl. engine is fitted, attach the cover with two of the gearbox-to-engine bolts (8.0 kgm). After the units are bolted together, remove the guide bolt in Fig. 3.13.

	Fit all gearbox mountings and tighten them finger-tight. First fit the gearbox carrier to the engine and mounting housing securing bolts. In similar manner fit the mounting nuts bolts in Fig. 3.6 and 3.7 before the gearbox is lifted in position. Check that the guide lug of the bonded rubber mounting engages with the hole in the mounting bracket.

	After gearbox and engine are in the correct position, tighten the bolts and nuts to the specified torque. On the pendulum mounting mounting tighten the bolt (1) in Fig. 3.6 to 8.0 kgm (58 ft.lb.) and from the final position by a further quarter of a turn. The bolt (2) is tightened to 20 kgm (145 ft.lb.)

	If a mechanical clutch release system is fitted, operate the clutch pedal at least 5 times to its stop. Pull back the clutch release lever approx. 10 mm (0.4 in.) against the normal direction of travel, checking that it can be moved without problems. On models with hydraulic clutch operation bleed the system if any of the connections have been separated.

	Note the following tightening torques for the different parts:








	Slave cylinder to gearbox	2.5 kgm (18 ft.lb.) – except 2.5 litre

	Selector housing to gearbox	2.0 kgm (14.5 ft.lb.)

	Speedometer sender unit	1.0 kgm (7 ft.lb.)




	Finally, check the gearbox oil level as described below.








	3.2.	Transmission Oil Level



The checking of the oil level in the transmission can only be described as a rather complicated operation, as you will have to prepare a piece of wire to the dimensions shown in Fig. 3.10.

To check the oil level, remove the plug from the oil filler opening in Fig. 3.11 and insert the wire as shown in the illustration. The leg “A” must rest against the inner gearbox wall. Carefully remove the wire from the transmission and check the oil level on the wire. From the bottom of the angled wire “leg” there must be at least 10 mm of oil clearly visible. If necessary fill in additional oil, using oil can filled with the recommended oil. A frequent check with the wire prevents overfilling.
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Fig. 3.10. – Wire to check the gearbox oil level. Bend the “leg” (a) to a length of 15 mm and length (b) to 22 mm.



To change the transmission oil, remove the drain plug and allow all oil to drain out. Clean and refit the plug. Prepare an exact quantity of the recommended gearbox oil and fill it through the filler hole in Fig. 3.11 into the transmission. Refit the plug.
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Fig. 3.11. – Insert the homemade wire into the gearbox oil filler hole as shown. When the wire is removed. you will see the oil on the “wire leg” and can determine the exact oil level.



Start the engine and allow transmission to warm up for at least 2 minutes.

Stop the engine and remove the filler plug. Check the oil level in the manner described above and correct if necessary. Finally refit the filler plug and tighten it to 3.0 kgm (22 ft.lb.)






	3.3.	Transmission Tightening Torques








	Engine to transmission:

	8 mm thread:	2.0 kgm (14.5 ft.lb.)

	10 mm thread:	6.0 kgm (42.2 ft.lb.)

	12 mm thread:	8.8 kgm (58.0 ft.lb.)

	Engine/transmission mounting brackets:	See relevant illustrations

	Drive shaft flanges:	5.5 kgm (40 ft.lb.)

	Starter motor to transmission:	6.0 kgm (43.3 ft.lb.)

	Slave cylinder to transmission:	2.5 kgm (18 ft.lb.)

	Oil drain plug:	3.0 kgm (22 ft.lb.)




4. Drive Shafts






	4.0.	Removal and Installation of a Drive Shaft

	4.1.	Drive Shafts - Servicing

	4.2.	Tightening Torque Values



The drive shafts are the same on both sides. The front suspension is fitted with torsion bars. These bars are under tension and the upper wishbone is pushed down by the tension of these bars. If you are familiar with earlier T4 models, you may know that special support struts were required to release the tension of the torsion bar. This is no longer required on models covered in this manual. A few additional operations are required to remove the drive shafts, if an automatic transmission is fitted.

Note: The wheel bearings must not be placed under load when the drive shaft is removed, i.e. never lower the vehicle back onto its wheels after you have removed a drive shaft. From model year 2001 new wheel bolts are fitted. Section “Front Suspension” gives details.






	4.0.	Removal and Installation of a Drive Shaft



Proceed as follows to remove a drive shaft from a model with manual transmission, but note that some of the operations are only referred to, but not described in detail. Detailed descriptions of these operations can be found in the “Front Suspension” section.


	Remove the wheel embellisher.

	Loosen the axle bolt with the wheel on the ground (this bolt will be very tight, tightening torque of 15 kgm/108 ft.lb. plus).

	Jack up the front of the car and support on stands - there is no need to remove the wheel for this operation, but more working space will be created when the wheel is removed. Select a spot where the vehicle can remain for the duration of the repair, as it cannot be moved when the drive shaft is out of the steering knuckle. Remove the noise dampening panel from underneath the vehicle.

	Release the tension of the torsion bar on the side in question as described during the removal of the “Transmission” or “Front Suspension”.
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Fig. 4.1. - The connection between the lower end of the steering knuckle and the suspension arm is removed as shown. A multispline socket (1) is required to undo the two bolts. See alternative method in text.




	Separate the suspension ball joint from the wheel bearing housing (steering knuckle). To do this, use a 14 mm multi-point socket in the manner shown in Fig. 4.1 and unscrew the two bolts. The suspension arm can also be separated from the ball joint (nut at bottom), but a puller will be required to separate the connection. The choice is yours.

	Remove the bolt and nut for the shock absorber and the stabiliser bar linkage from the suspension arm.

	Loosen the bolts securing the inner ends of the shafts to the transmission drive flange. A splined insert, similar to an Allen key, but with 12 points, must be used for this operation.

	Completely compress the shock absorber until the drive shaft can be disengaged from the steering knuckle (wheel bearing housing). The vehicle must not be moved after a drive shaft has been removed, as the wheel bearing will be damaged (see note earlier on).



If an automatic transmission is fitted:

Proceed in the manner described above until the tension of the torsion bar has been released. Then remove the L.H. shock absorber from the suspension arm and compress it fully. The connection shown in Fig. 4.1 can now be separated.
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Fig. 4.2. - The component parts of a drive shaft. Note that certain shafts are fitted with the parts shown in Fig. 4.3.








	1	Gaiter clamp

	2	Gaiter, outer CV joint

	3	Gaiter clamp

	4	Outer CV joint

	5	Axle shaft bolt, 15 kgm + 15°

	6	Drive shaft

	7	Dished washer

	8	Thrust washer

	9	Circlip must always be replaced

	10	Gaiter, inner CV joint

	11	Gaiter clamp

	12	Multi-point socket head bolt, 60 kgm

	13	Reinforcement plate

	14	Inner CV joint

	15	“Stick-on” gasket

	16	Circlip, must be replaced



Disconnect the multi-plug from the transmission and separate the drive shaft flange from the transmission outlet flange.

Remove the pendulum mounting in Fig. 3.6 from the transmission side and withdraw the drive shaft. Push the engine and transmission slightly towards the front until the shaft can be removed.

Never heat up the wheel bearing housing in order to facilitate the removal of a drive shaft, as the wheel bearings will be destroyed. When a new drive shaft is ordered, quote the model and year of manufacturer and also the side where the shaft is to be fitted to, as experience has shown that alterations to drive shafts are sometimes made to new vehicles.
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Fig. 4.3. – On vehicles with 111 kW engine you will find the parts shown on the inner end.








	1	Cover

	2	Inner CV joint

	3	Snap ring, always replace

	4	Gasket, bonded to CV joint

	5	Closing cap



The installation of the drive shaft is a reversal of the removal procedure. Thoroughly clean the serration at the end of the drive shaft and the inside of the wheel hub before inserting the shaft. Insert the drive shaft into the steering knuckle and tighten the drive shaft bolt when the vehicle is resting with its wheels on the ground. Tighten the bolts at the inner end to 8.0 kgm /58 ft.lb. – M10 bolts) or 10.0 kgm/72 ft.lb. – M12 bolts). A lock plate is used for a set of two bolts (3 in all).

Note the tightening torques given at the end of Section “Front Suspension”.






	4.1.	Drive Shafts - Servicing

	4.1.0.	INNER JOINT



Fig. 4.2 shows an exploded view of a drive shaft and the following description refers to this illustration. The outside of the inner CV joint is, however, different on some models and Fig. 4.3 shows the parts if this type is fitted. The inner CV joint cannot be repaired and must be replaced if worn or damaged. Different size CV joints are used within the VW vehicle range. Remember this when ordering a new joint at some time in the life of your vehicle. It is always best to quote the chassis number and engine when a new CV joint is purchased. Proceed as follows to replace a joint:
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Fig. 4.4. – Removing the inner joint circlip from the drive. Take the inner joint from the drive shaft only if it is to be replaced.




	Clamp the drive shaft into a vice and remove the rubber boot clips (11) and the one on the other side. A wire cutter must be used to cut the clips. A pair of special pliers is normally used to tension the new clips (see later on). Push the rubber boot along the shaft, away from the joint.

	Depending on the version there may be a gasket (15) glued to the joint. In this case remove the gasket and stick a new one onto the joint housing face during installation. If a 111 kW engine is fitted you will find the arrangement shown in Fig. 4.3, i.e. there is no gasket, but a cover is fitted.

	With a pair of circlip pliers (if possible the special tool shown in Fig. 4.4), remove the circlip from the end of the inner constant velocity (CV) joint.

	Carefully remove the cap (1) in Fig. 4.3 with a small drift. During installation clean the cap of oil or grease and coat the sealing face with sealing compound (D 454 300 A is used in the workshop).

	Place the shaft under a press and press it through the joint in the manner shown in Fig. 4.5. The press plates are placed underneath the inner CV joint (14). Remove the rubber boot from the shaft and thoroughly clean the axle shaft before the new joint is fitted.



The installation of a new CV joint is carried out as follows:


	Support the shaft from below and press the joint in position. This is easy if the joint on the other end has been removed. If the joint is in position, it will be far better to clamp the drive shaft into a vice and knock the joint over the shaft, using a plastic mallet, until the groove for the circlip is free. Fit a new circlip to the shaft groove. If necessary, use a pair of pliers to press the circlip in position.
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Fig. 4.5. – Pressing the drive shaft out of the CV joint. Support the joint from below as shown.
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Fig. 4.6. – Fitting a CV joint rubber boot to the joint. The special pair of pliers is used by VW workshops to tension the clip.




	Fill the joint with 120 grams of G.6.3 grease. The grease must be obtained from your VW dealer. Fill half of the grease into each side of the joint. If only the rubber boot is replaced, without cleaning, you will have to judge how much grease must be replaced. Fit the rubber boot to the joint.

	Depending on the version fit the gasket (15) in Fig. 4.2 to the joint face, after removal of the protective folio or screw the cover (5) in Fig. 4.3 in position.

	Fit a new boot clip to the joint. VW workshops use a pair of special tensioning pliers to tighten the joint. The pliers have the shape shown in Fig. 4.6 and grip each end of the clip, at the same time engaging the ends when the clip is tensioned.








	4.1.1.	OUTER CV JOINT



The outer CV joint must be replaced as a complete unit in case of damage, as it cannot be overhauled.

To remove the outer CV joint, undo the clamps at both ends of the rubber boot and slide the boot along the shaft. Clean out the inside of the joint. Clamp the shaft into a vice (soft-metal jaws) and remove the circlip (9) in Fig. 4.2 from the inside of the joint, using a pair of external circlip pliers. If the joint is difficult to remove, clamp the shaft into a vice (soft-metal jaws) and with a copper or aluminum mallet, drive the joint off the shaft until it is free of the retaining clip.

Remove the thrust ring (8) and the dished washer (1) from the shaft, noting which way the concave side of the washer is facing (against the thrust ring “8”). It is best to mark the relationship between washer and thrust ring to avoid mistakes.

Check the condition of the CV joint as described for the inner joint and if necessary renew the complete assembly. Note the differences during the assembly of the outer joint:


	Slide the rubber boot (2) over the shaft, all the way down.

	Fit the dished washer (7) and the thrust ring (8) over the shaft with the curved side of the washer facing towards the thrust ring, i.e. fit the parts together as marked during removal.

	Fit a new snap ring (9) into the groove of the shaft. Use a pair of pliers to press the ring well into the groove.

	Slide the CV joint over the shaft end and clamp the shaft into a vice. Use copper or aluminum mallet and drive the joint over the shaft until the snap rings springs in position into the groove inside the joint. Grip the joint and try to pull it back and forth. It should be held by the circlip.

	To assemble, pack approx. 80 grams of the 120 grams of the required amount of grease through the internal splines of the bell hub into the joint housing. The remaining 40 grams are smeared to the inner side of the joint.

	Fit the rubber boot over the joint and secure with a new clamp (clip). Again the special pliers shown in Fig. 4.6 are best to tension the clamp properly. Press the rubber boots together to push out enclosed air before the clamp band is tightened.



Note: If the rubber boot has been damaged for some time and dirt has entered the joint, call at your VW, dealer, as he may be able to dismantle the outer joint to clean it out of old grease and assemble it to the shaft, ready for reinstallation of the shaft. Provided that no wear has taken place on the joint balls, cages and races, there may be no need to replace the complete joint.






	4.2.	Tightening Torque Values








	Drive shaft flange bolts:	8.0 kgm (58 ft.lb.)

	Axle shaft bolts:	15.0 kgm + 90° (108 ft.lb. + 90°)

	Suspension arm to steering knuckle:	9.0 kgm + 90° (65 ft.lb. + 90°)

	Shock absorber to suspension arm:	16.0 kgm (115 ft.lb.)

	Pendulum mounting to transmission:	8.0 kgm + 90° (58 ft.lb. + 90°)

	Wheel bolts:	16.0 kgm (115 ft.lb.)




5. Steering






	5.0.	Technical Data

	5.1.	Steering Gear

	5.2.	Track Rods - Replacement

	5.3.	Operations on the Hydraulic System

	5.4.	Steering Pump

	5.5.	Front Wheel Alignments

	5.6.	Tightening Torque Values








	5.0.	Technical Data








	Type and column:	Rack and pinion steering with fixed ratio. Safety column and intermediate shaft. Power-assistance fitted as standard

	Steering Ratio:

	- Short wheelbase:	24.0 :1

	- Long wheelbase:	19.3 : 1



Front Wheel Geometry:

Note: Transporter models are graded in vehicle groups, depending on wheelbase and other criteria. There are also differences in the settings on an empty, half-laden vehicle and a fully laden vehicle. Only a workshop or a wheel alignment centre should carry out any checks on the vehicle.






	5.1.	Steering Gear

	5.1.1.	REMOVAL AND INSTALLATION



The power-assisted steering is fitted with a cylinder, the piston of which is secured with one end to the steering. Depending which way the steering is turned, the piston receives fluid pressure on one side or the other, thereby reducing the effort necessary to turn the steering wheel. The fluid used in the steering is identical to the fluid used in automatic transmissions. A vane pump is used to suck the fluid out of a fluid reservoir and deliver it to a sliding valve.

Before removal of the steering refer to Section 5.3, as certain rules must be observed when working on the hydraulic system is carried out. Proceed as follows to remove the complete steering, referring to the exploded view in Fig. 5.3:


	Remove the noise dampening panels from underneath the vehicle as described during the removal of the engine.

	Disconnect the front exhaust pipe from the exhaust manifold and completely remove the pipe from the system.
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Fig. 5.1. The banjo bolt (arrow) connects the hydraulic hose with the steering pump.




	Slacken the wheels bolts, jack up the front end of the vehicle and place chassis stands under the sides of the body.

	Remove both wheels.

	If a four-cylinder engine is fitted, slacken the banjo bolt shown in Fig. 5.1 and disconnect the fluid hose. Collect any fluid running out of the connection. Seal the hose ends with a small plastic bag, secured with sticky tape. Also close off the connection holes in the steering box in suitable manner.




[image: image]

Fig. 5.2. - Apply the ball joint extractor (a) as shown and tighten the extractor bolt until the joint shank is free of the steering lever. Hit the bolt end with a hammer to free a tight ball joint.




	Remove the self-locking nuts from the track rod ball joints on both sides of the vehicle and use a suitable puller, shown in Fig. 5.2 to separate the track rod ball joints from the steering levers.

	Release the tension of the torsion bars as described in Section 6.3.

	Disconnect the propeller shaft on a vehicle with four-wheel drive.

	Disconnect the track rods from the steering rack as described later on.

	Unscrew the stabiliser bar mounting clamps from the sub-frame.

	Remove the universal joint (20) in Fig. 5.3 from the steering column after removal of nut (1) and bolt (19).

	The steering can now be removed from the sub-frame. First remove bolts (4), (5) and (6) in Fig. 5.3. The bolt heads are, however, not the same, i.e. you will need a socket for the bolts (6) and a “Torx” insert (size T50) for the bolts (5).

	Push the stabiliser bar towards the top, push the steering slightly towards the left until the steering pinion disengages from the universal joint and then guide the steering towards the rear until it can be removed.



The installation is a reversal of the removal procedure. If the track rod ball joints have been replaced, refer to Section 5.2. Tighten the bolts in accordance with the tightening torques specified in Fig. 5.3.
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Fig. 5.3. – Details for the removal and installation of the power-assisted steering.








	1	Self-locking nut, 3.0 kgm + 90°

	2	“O” sealing ring

	3	Pressure pipe, 3.0 kgm

	4	Return pipe, 3.0 kgm

	5	Bolt, 1.0 kgm

	6	Torx bolt, 6.0 kgm

	7	Rubber mounting

	8	Threaded hole in subframe

	9	R.H. track rod, 7.0 kgm (marked “R”)

	10	Cable tie

	11	Steering gaiter

	12	L.H. track rod, 7.0 kgm (marked “U')

	13	Nut, 5.5 kgm

	14	Track rod ball joint

	15	Bolt, 6.5 kgm

	16	Control pipes, 1.4 kgm

	17	“O” sealing ring

	18	Power-assisted steering

	19	Hexagonal bolt

	20	Intermediate shaft with universal joint



Insert the track rod ball joint studs into the steering lever and fit new self-locking nuts. Tighten the nuts to 6.5 kgm (47 ft. lb.). Note that the torque has been substantially increased compared with earlier vehicles (produced before 1996 for example). The track rod locknuts are tightened to 5.5 kgm (40 ft.lb.) after the front wheel alignment has been checked and adjusted. The hydraulic system must be filled and bled of air after Installation.






	5.2.	Track Rods - Replacement



The steering should be removed to replace one of the track rods or both. The steering rack can be damaged if the track rod is replaced with the steering fitted, if the correct special tools are not used. The steering rack can be clamped into a vice. Use soft-metal jaws, but take care not to over-tighten the vice jaws to prevent damage to the steering rack. You will need special grease from your VW dealer to refit the new track rod.


	Remove the steering rubber gaiter from the steering housing and slide it towards the outside, away from the ball joint connection. Remove all visible grease.

	Extend the steering rack towards the side where the track rod is to be replaced and clamp this end of the steering rack into the vice, noting the comment above
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Fig. 5.4. – The attachment of the steering shaft to the steering pinion.








	1	Self-locking nut

	2	Self-locking nut

	3	Clamp bolt

	4	Steering pinion

	5	Clamp bolt

	6	Lower steering shaft

	7	Centre steering shaft




	Use a large open-ended spanner and unscrew the track rod ball joint from the steering rack end. The thread inside the steering rack will have thread-locking compound, which must be cleaned out carefully in order to clean the threads.

	Coat the threads of the new track rod with “D6” locking compound and screw it into the end of the steering rack. Use the large spanner and tighten the ball joint to 7.0 kgm (50 ft. lb). It will obviously be difficult to obtain this torque without the use of a torque spanner, which cannot be applied to an open-ended spanner. You must therefore estimate the torque setting. VW workshops use a special wrench to which a torque wrench can be applied, as shown in Fig. 5.5.
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Fig. 5.5. – Tightening a track rod ball joint to the steering rack. The special spanner “a” and the torque wrench “b” is used.




	Generously grease both sides of the steering rack. Use the grease available under VW Part No. AOF 063 000 04. Refit the rubber gaiter, making sure it cannot come off.

	Refit the steering box and check and/or adjust the front wheel toe-in as described later on. Tighten the two track rod joint locknuts to 5.5 kgm (40 ft.lb.).








	5.3.	Operations on the Hydraulic System



Before any operations are carried out on the hydraulic system including the removal of the steering box, read the following to prevent entry of dirt or other matter:


	Before disconnecting any of the fluid lines or hoses, clean the unit nuts, banjo bolts, etc. and the surrounding area of the connection.

	Place removed parts onto a clean working place and immediately cover with a sheet of paper, plastic or rag. Rags must be free of fluff.

	If the repair is not carried out immediately, try to close off open connections. Even a piece of chewing gum pushed carefully into an opening is better than an open connection.

	Only fit clean parts. Parts stored in a toolbox should not be refitted. New parts must be taken out of their packing just before installation.

	Never use compressed air to clean any part of the engine or other parts when connections of the steering system are open. If at all possible try not to move the vehicle whilst the repairs to the hydraulic system are carried out.

	Use only fresh hydraulic fluid to refill or top-up the system. Fluid could deteriorate if it has been kept in a tin or bottle for a long time. Remember this.








	5.3.1.	FILLING THE HYDRAULIC SYSTEM



Fill the fluid reservoir to the upper edge with hydraulic fluid as used in automatic transmissions (VW recommends fluid under their Part No. G 002 000) after the steering has been removed and refitted, or if fluid is missing in the system. Do not re-use the fluid you have drained from the system. Also remember to replace the filter if the steering box has been replaced or the fluid has been changed. Fill the system as follows:
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Fig. 5.6. – View of the fitted fluid reservoir.




	Fill the fluid reservoir to the “Max” mark. Fig. 5.6 shows the reservoir, showing the “Min” and “Max” marks on the outside of the container.

	Start the engine and switch off immediately when it fires. This method will fill the complete system. The fluid level in the reservoir will sink rapidly during this operation and must top up continuously. Do not allow the fluid level to drop to the bottom of the reservoir, as fresh air will be sucked in. When the fluid level remains steady, start the engine, run at idle speed and place the front wheels in the straight-ahead position. The fluid level should be between the “Min” and “Max” marks on the reservoir. The system will take approx. 1.0 Litre.








	5.3.2.	BLEEDING THE SYSTEM



With the system filled as described above, jack up the front end of the vehicle, start the engine and allow it to run at idle speed. Turn the steering wheel from lock to lock to expel the air from the hydraulic cylinder. The steering wheel must not be forced against the locks; it is sufficient to turn the wheel just to its stop.

Check the fluid level in the reservoir and replenish as necessary. If the level drops during the bleeding operation, correct it to the “Max” mark. Check that no air bubbles are visible when the steering wheel is turned from lock to lock.






	5.3.3.	CHECKING THE SYSTEM FOR LEAKS



If fluid is continuously missing from the fluid reservoir, it is sometimes difficult to trace the leak. The following check may help you to do just this:


	Ask a helper to turn the steering wheel from lock to lock, each time to the stop and have the steering wheel held in this position. This will create the max. pressure in the system and it will be possible to trace any dripping fluid.

	Jack up the vehicle and from underneath check the area surrounding the steering pinion (rotary valve). Remove the rubber gaiters at the end of the steering rack and check the ends of the rack (rack oil seals), check the steering pump (hose connections) and check the pipe connections on the steering box. One of these locations will most probably show a fluid leak.



If a leak can be spotted you will have to seek the advice of your dealer, as steering boxes cannot be overhauled.






	5.3.4.	CHECKING AND ADJUSTING THE DRIVE BELT TENSION



If a ribbed “V”-belt is fitted, i.e. to the five-cylinder engine and the later four-cylinder engine, there is no need to pay attention to the steering pump drive belt tension, as the belt is continuously re-tensioned by means of the fitted adjusting mechanism. This section therefore only applies to engines with separate belt drive for the steering pump.

The drive belt is correctly tensioned when it can be deflected in the centre of its run between the two pulleys by no more than 5 mm, when gripped between thumb and forefinger and moved to and fro. The adjustment of the belt tension is different on 4- and 5-cylinder engines.

Adjusting shims between the two halves of the drive pulley are used on the 4-cylinder engines; 5-cylinder engines use a tensioning pulley. When a drive belt is replaced, quote the engine number and model to obtain the correct belt.

Four-Cylinder Engine (with V-belt)

• Remove the three screws, shown by the arrows in Fig. 5.7 and lift off the outer half of the drive pulley. Remove one shim at a time from between the pulley halves and place the outer pulley half in position.
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Fig. 5.7. – Remove the three screws shown by the arrows to change the adjusting shims for the drive belt tension.
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Fig. 5.8. - Details for the removal and installation of the power steering pump if fitted to a five-cylinder engine.








	1	Mounting clamp

	2	Bolt, 1.0 kgm

	3	Steering rack

	4	Sealing ring

	5	Bolt, 3,0 kgm

	6	Return line

	7	Pressure pipe

	8	Suction hose

	9	Screw clamp, 0.5 kgm

	10	Pressure pipe

	11	Bolt, 1.0 kgm

	12	Bolt, 0.8 kgm

	13	Bracket

	14	Steering pump

	15	Sealing washers

	16	Banjo bolt, 4.0 kgm




	Place the removed shim on the outside of the pulley and refit the three screws.

	Tighten the screws evenly to 2.0 kgm (14.5 ft.lb.). To increase the belt tension move shims from the outside of the pulley to the inside of the two pulley halves.



Four- and Five-Cylinder Engines with ribbed V-belt

The relevant operations are described in Section “Cooling System”, dealing with the single belt drive. Note the differences between the four-cylinder and five-cylinder engines.






	5.4.	Steering Pump



The arrangement, attachment, etc. of the steering pump is different on four- and five-cylinder engines. Shown in Fig.5.8 is the installation on a vehicle with 5-cyl. engine. If pipes must be disconnected, refer to Fig. 5.9. The same applies to the connections on the fluid reservoir which are shown in Fig. 5.10.
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Fig. 5.9. – Connection diagram, return pipe to cooling pipe.








	1	Return pipe

	2	Spring-type clip

	3	Rubber grommet

	4	Bolt, 0.8 kgm

	5	Cooling pipe

	6	Return hose

	7	Bracket (5-cyl.)

	8	Suction hose
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Fig. 5.10. – Arrangement of hoses and pipes from and to the fluid reservoir.








	1	Return pipe

	2	Screw-type clip

	3	Suction hose

	4	Hose retainer

	5	Hose/pipe holder (4-cyl.)

	6	Spring-type clip

	7	Return hose



The attachment of the steering pump together with the connections on the five-cylinder engine are shown in Fig. 5.11.

Removal and installation can be carried out by referring to the exploded views. Note the tightening torques in the illustrations when fitting parts. Removed spring washers, self-locking nuts, etc. must always be replaced during installation. Fit the single ribbed V-belt (see Section “Cooling System). Fill the steering pump with oil before installation.
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Fig. 5.11. – Details for the removal and installation of the steering pump of a five-cylinder engine. The pulley (2) must be removed before removal of the steering pump.








	1	Bolt, 2.0 kgm

	2	Pulley

	3	Banjo bolt, 3.0 kgm

	4	“O” sealing ring

	5	Mounting clamp

	6	Bolt, 2.0 kgm

	7	Steering pump

	8	Socket head bolt, 2 kgm

	9	Bolt, 4.0 kgm

	10	Bracket, different version

	11	Bolt, 4.0 kgm

	12	Bolt, 4.0 kgm

	13	Socket head bolt

	14	Bolt, 4.0 kgm

	15	Bracket, different version

	16	Ribbed belt



After installation fill and bleed the hydraulic system. (Section 5.3.1 and 5.3.2 respectively).






	5.5	Front Wheel Alignments



Front wheel alignments are to be checked with the vehicle at curb (kerb) weight. Section “Front Suspension” gives further details about the vehicle groups under the heading “Front Vehicle Height”. We must, however, stress that the owner should not attempt these alignments. Since the values are different for the vehicles covered and depend on the weight condition of the vehicle it must be left to a VW workshop or a specialised wheel alignment centre to check the castor and camber angles. Only the toe-in adjustment can be checked with some confidence.






	5.5.0.	WHEEL ALIGNMENT ADJUSTMENTS



Toe-in: Toe-in is adjusted equally on the two track rods. It should be noted that the toe-in settings are given in degrees and minutes. Depending on the vehicle group there are also differences in the values. Further differences apply to the load condition of the vehicle, but it is assumed that in most cases the checks and/or adjustments will be carried out on an empty vehicle. Before any checks can be carried out, it is necessary to set the front wheels in the straight ahead position. To do this, proceed as follows:


	Turn the steering wheel to the full lock on one side and then turn it slowly to the other lock, at the same time counting the number of turns necessary.

	Turn the steering back by half the number of counted turns and check that the lug on the rubber washer and the notch in the steering box housing are opposite each other. This alignment is shown in Fig. 5.12. The steering pinion is now in the centre position, irrespective of the position of the front wheels.
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Fig. 5.12. – The steering (and hopefully the front wheels) are in the straight-ahead position when the lug shown by the arrow is aligned with the notch in the steering housing.



The front wheels can either have toe-in setting (+) or toe-out setting (-). In case of doubt: toe-in setting, the wheels are closer together at the front than at the rear, toe-out setting the wheels are closer together at the rear than at the front. Measure the toe-in/toe-out in the conventional manner, noting that values are given for “wheels unpressed”, i.e. they must be free standing. A tracking gauge with a millimetre scale can be used in emergency. The degree values given are very small and the values indicated on the gauge must be just above zero. This will enable you to drive to the nearest dealer to have the toe-in checked with an electronic or optical instrument.

To adjust the toe-in, slacken the locknuts of both track rods near the track rod ball joint ends (see Fig. 5.13) and, using a pair of grips or pliers, turn the track rod in the direction of the arrows to increase or decrease the setting. Both track rods must be rotated by the same amount. If this precaution is not observed, you will find that the steering wheel spokes are out of alignment.
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Fig. 5.13. – After slackening the track rod locknut, turn the track rod in the direction of the arrow as required.



Also check that the steering is still in the centre position before adjustments are carried out.

Tighten the locknuts provisionally and re-check the setting. Tighten the nuts to 5.5 kgm (40 ft.1b.) when no further adjustments are necessary.

Check the position of the two rubber gaiters on the steering box, as these may have twisted together with the track rods. Straighten them out before using the vehicle. Twisted gaiters will soon be damaged.

Note: To fix the centre position of the steering wheel and front wheels, it is also possible to drive the vehicle on a straight road. You can then use a pencil and mark a line across the steering column cover and the steering wheel hub. Return to the place of work and turn the steering wheel so that the two pencil marks are aligned. Remove the wheel and replace it so that the spokes are in the horizontal position.

The toe-in difference angle is not adjustable and if this cannot be met then it points to some distortion of the front suspension. The setting for ALL models is 2° 10’ ± 30’ on one wheel when the other wheel is set exactly to 20°. Obviously turntables are required for this check.

Camber: The camber of the models covered in this Workshop Manual can be adjusted, but you will find there is no need to alter the setting. Having said that, we must point out that a special tool is required to alter the camber setting. An eccentric washer, fitted to the upper wishbone is used to move the upper end of the steering knuckle towards the outside or inside, thereby changing the camber. The camber values are different for the different vehicle groups.

Castor: The castor is adjustable on these vehicles, but again it may be very unlikely that changes have taken place. If the vehicle pulls to one side or there is wheel “wobble” when driving in a straight line, there may be a case to have the setting checked. An eccentric bolt is used for the adjustment, but be advised that a new bolt must be fitted it the castor adjusting nut has been slackened.






	5.6.	Tightening Torque Values








	Clamp bolt for universal joints:	3.0 kgm (21.6 ft.lb.) + 90°

	Steering wheel nut:	7.0 kgm (50 ft.lb.)

	Steering column switch housing:	1.0 kgm (7.2 ft.lb.)

	Track rod end locknut:	5.5 kgm (40.0 ft.lb.)

	Track rod ball joint nuts:	6.5 kgm (47 ft.lb.)

	Steering gear to body nuts:	6.0 kgm (43.0 ft.lb.) - refer to Fig. 5.3
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	6.0	Technical Data








	Type:	Independent suspension with upper and lower wishbones and torsion bars.

	Shock absorbers:	Hydraulic, two-way acting. Upper end with special mounting, lower end together with stabiliser bar.

	Stabiliser bar:	Fitted between chassis and lower wishbone. Connected by means of linkages.

	Torsion Bars:

	Identification (side allocation):

	Location of identification:	R.H. bar marked with blue paint spot, L.H. bar marked with yellow paint spot in end face (bars of of earlier models were marked with “R” and “L” respectively.








	Identification (tension):

	Location of identification:	approx. 75 mm (3 in.) from flange

	White colour code:	23.8 mm diameter

	Green colour code:	25.3 mm diameter

	Brown colour code:	26.4 mm diameter

	Dimensions:

	- Wheelbase - Short:	2920 mm (116.01 in.)

	- Wheelbase - Long:	3320 mm (131.90 in.)

	- Front track, 6J x 15 rims:	1598 mm (63.5 in.)

	- Front track, 7J x 15 rims:	1607 mm (63.85 in.)

	- Turning circle, between kerb stones:	10.75 metres

	- Turning circle, between walls:	11.7 metres (short wheelbase), 12.2 metres (long wheelbase)

	- Ground clearance:	180 mm (lowered suspension 160 mm)








	6.1.	General



The front suspension consists of an upper and a lower wishbone, torsion bars and a stabiliser bar. Hydraulic shock absorbers are used to dampen the movement of the front suspension. All parts of the front suspension can be removed individually.

The front suspension assembly is fitted as a complete unit to a strong sub-frame. In the case of larger repair work, it is possible to remove the complete sub-frame which can then be dismantled. The removal of the sub-frame is only described briefly near the end of this section, as it will be rarely necessary.
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Fig. 6.1. – The attachment of the front shock absorber. Note that the collar of washer (2) must face downwards.








	1	Nut, 2,5 kgm

	2	Washer (see above)

	3	Upper rubber bush

	4	Shock absorber bracket

	5	Bolt, 10.0 kgm

	6	Lower rubber bush

	7	Spacer sleeve

	8	Shock absorber

	9	Nut, 16.0 kgm

	10	Nut, 16.0 kgm

	11	Front wishbone bush

	12	Air deflector plate

	13	Nut, 6.0 kgm + 90°

	14	Nut, 10.0 kgm

	15	Bump stop








	6.2.	Front Shock Absorbers - Removal and Installation



Fig. 6.1 shows the attachment of a shock absorber at the upper and lower ends. A single nut secures the shock absorber at the lower end, whereas a special mounting bracket is used at the upper end. Remove a shock absorber as follows:


	Release the torsion bar tension as described in Section 6.3.

	Undo the shock absorber from its bottom mounting.

	Unscrew the upper shock absorber mounting from the body and take out the complete assembly. Clamp the shock absorber into a vice (Fig. 6.2) and remove it from the bracket. The special tool shown in the illustration is used to hold the shock absorber against rotation, but after a study of the upper shock absorber end you will be able to use an alternative tool.



Faulty shock absorbers make a rumbling noise, even when the vehicle is driven over a fairly level road. If this is the case, there is no need to check the shock absorber. Replace it immediately.

Removed shock absorbers should always be given a quick check. To do this, clamp the shock absorber with the inner end into a vice and extend and compress the piston rod. There should be equal resistance over the complete working travel of the piston rod, without free play. If the shock absorber has been stored in a horizontal position, clamp it into a vice before installation and pump the piston rod a few times up and down to remove any trapped air.
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Fig. 6.2. – The shock absorber is removed together with the upper mounting bracket and must be removed as shown.



Slight fluid leaks i.e. moist areas around the entry of the piston rod, do not require the replacement of the shock absorber.

The installation of the shock absorber is a reversal of the removal procedure. First attach the shock absorber to the bracket. Fit the spacer sleeve (7) and the rubber bush (6) over the piston rod, followed by the mounting bracket. Fit the upper bush (3) and the washer (collar downwards). Hold the piston rod against rotation as shown in Fig. 6.2 and tighten the nut (1) to 2.5 kgm (18 ft.lb.).

Fit the shock absorber into the vehicle and attach the mounting bracket with the bolt and nut to the chassis. Tighten bolt and nut to 10.0 kgm (72 ft.lb.). Do not tighten the nut at the lower end at this stage.

Lower the vehicle to the ground and “bounce” the front end of the vehicle a few times up and down. This will settle the rubber bush in the lower mounting. Tighten the nut to 16.0 kgm (115 ft.lb.).






	6.3.	Torsion Bars - Removal and Installation



Torsion bars are selected for each side of the vehicle and are therefore marked accordingly. A coloured paint spot, blue for the R.H. bar and yellow for the L.H. bar, is marked in the end of the bar. If a torsion bar is replaced, always fit one with the same colour code, which in this case identifies its tension, as the code determines the diameter of the bar. If ever a torsion bar is replaced, you will find that it is supplied together with the tension arm. We would like to point out that the replacement of a torsion bar is not a quick job, as the fuel tank must be removed to reach some of the attachment points. If a bar must be removed, proceed as follows, referring to Fig. 6.3 for details involving the fuel tank. We recommend to first read the instructions before you attempt the removal.


	Disconnect the battery earth cable and drain the fuel tank before any other work.

	Remove the tensioning ring (10) from the rubber elbow (11) on the filler tube. Slacken the screw (12).

	Slide a mobile jack underneath the fuel tank (wooden plank between jack and tank) and slightly lift it up until just under tension.

	Remove the tank clamp bands (6) and the bolts (5). The tank can now be lowered on the jack. Disconnect the return hose (16) and the suction hose (15) after slackening the hose clamps. Also withdraw the connector plug from the fuel tank sender unit (2). Completely remove the tank from underneath the vehicle.
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Fig. 6.3. – Details for the removal and installation of the fuel tank and associated parts.








	1	Screw cap

	2	Fuel tank gauge

	3	Sealing ring

	4	Fuel tank

	5	Securing bolts

	6	Tank clamp bands

	7	Clamp

	8	Fuel pipe

	9	Breather valve

	10	Tensioning ring

	11	Rubber elbow

	12	Screw

	13	Pipe

	14	Hose clamp

	15	Suction hose

	16	Return hose



For the remaining operations refer to Fig. 6.5.


	Remove the heat shield for the exhaust system, if one is fitted. If necessary remove the exhaust system from its suspension brackets and lower it towards the ground.
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Fig. 6.4. – The arrow shows where the thread and nut can be marked with paint before removal of the torsion bar.




	Find the lever (27) on the side in question. At the bottom of the lever is a nut (26), which is screwed onto the adjusting bolt (25) for the torsion bar. This bolt determines the height of the vehicle at the front and must therefore be marked before it is disturbed. This can either be carried out by marking the threaded end and the nut as shown in Fig. 6.4 or even better measure the length of the thread protruding out of the nut with a good steel ruler, as shown in Fig. 6.6.

	Slowly unscrew the nut (26). VW workshops use a special tool to release the tension of the torsion bar. As this is most probably not available, you can use a large pair of grips to hold the bar against the tension. Any paint damage to the bar during this operation must be made good by painting the affected areas before the same bar is installed.

	After the lever is free of tension, remove the nut (29) and the bolt (28) and remove the torsion bar.



The installation of the torsion bar is a reversal of the removal procedure. You will find that a new torsion bar is supplied together with the tensioning lever, i.e. the original lever can be discarded. If the nut shown in Fig. 6.4 is screwed in its original position (if the old parts are used), in accordance with the marks made, there should be no need to check the front vehicle height. Otherwise check the height as described in the next section and adjust accordingly. If a new bar (with lever) is fitted, adjust the height as described below.
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Fig. 6.5. – The component parts of an upper wishbone together with the torsion bar on one side.








	1	Welded nut

	2	Bolt, 15 kgm + 90°

	3	Subframe

	4	Pendulum mounting

	5	Bolt, 8 kgm + 90°

	6	Shock absorber

	7	Nut, 16 kgm

	8	Stabiliser, 23.5 mm

	9	Rubber bearing, stabiliser

	10	Bolt, 5.5 kgm

	11	Mounting clamp

	12	Nut, 2.5 kgm

	13	Washer

	14	Bolt, 10 kgm

	15	Lower bearing bush

	16	Stabiliser, 27 mm

	17	Bolt, 10 kgm, M12

	18	Bolt, 16 kgm, M14

	19	Upper bearing bush

	20	Damper mounting

	21	Nut, 10 kgm

	22	Rebound rubber

	23	Distance bush

	24	Rubber bearing

	25	Adjusting screw for torsion bar

	26	Nut, always replace

	27	Torsion bar

	28	Bolt, 10 kgm

	29	Nut, 13 kgm

	30	Bolt

	31	Upper wishbone
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Fig. 6.6. – Measure the length of the protruding thread “a” as shown. Write down the dimension for each side.








	6.4.	Front Vehicle Height



The various models in the new Transporter range have different vehicle heights at the front. The models are categorised in vehicle groups 1 to 4, but first you must establish to which group your particular vehicle belongs. For this reason there is a sticker attached to the door pillar at the position shown in Fig. 6.7, approx. at the level of the fuse/relay box. If no sticker is attached, then the vehicle comes under vehicle group 1. To list the height of every individual vehicle would be too complicated, but the vehicle height can be measured as described below.
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Fig. 6.7. - The arrow shows where the sticker is attached to the door pillar, giving the vehicle group.



First measure the vehicle height when the vehicle is resting on its wheels. The vehicle must be empty. Measure as shown in Fig. 6.8, from the bolt head of the upper shock absorber mounting to the centre of the lower shock absorber bolt. Write the obtained dimension on a piece of paper and measure the other side in the same manner, as the dimension could be different.
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Fig. 6.8. - Measuring the vehicle height “a”’ (see Text).



The nut shown in Fig. 6.5 is now tightened until the correct vehicle height has been obtained. The exact dimension can only be obtained by several attempts, i.e. measure, adjust and measure again. After each adjustment “bounce” the front end of the vehicle up and down to bring the torsion bar in the new position.

Note: The vehicle will have to be lowered onto its wheels after each adjustment if it is still resting on chassis stands. Only trial and error will assure a correct adjustment.
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Fig. 6.9. - The component parts of an upper wishbone and ball joint. The wishbone is bolted to the suspension sub-frame.








	1	Nut, 10.0 kgm

	2	Rear suspension arm bush

	3	M14 bolt, 42 mm long

	4	Ball joint circlip

	5	Upper ball joint

	6	M12 bolt, 6.0 kgm

	7	Eccentric bush

	8	M14 bolt, 80 mm long

	9	M14 bolt, 80 mm long

	10	Upper suspension arm

	11	Front suspension arm bush

	12	Nut, 10.0 kgm

	13	Steering knuckle

	14	Eccentric washer

	15	Nut, 6.0 kgm + 90°



The upper suspension arms (wishbones) can only be removed when the sub-frame has been removed from the vehicle. Mainly for this reason, it is possible to replace the upper suspension ball joints, as these may be the parts that suffer most wear. Fig. 6.9 shows the attachment of the upper ball joint to the wishbone and the steering knuckle (wheel bearing housing). Note the eccentric adjuster (7) which is used to adjust the camber and is clamped by means to a bolt to the wishbone. The eccentric adjusters are, however, not the same on both sides and for this reason the letters “L”’ or “R” are stamped at the position shown by the arrow into the eccentric face. An eccentric washer (14) is fitted to the bottom of the ball joint. This washer is used to adjust the camber, but the special tool, already mentioned in Section 5.5.1, is required to do the adjustment. Replace a ball joint as follows:


	Release the tension of the torsion bar as described in Section 6.3 (mark the nut or measure the threaded end of the stud).

	Slacken the bolt in the centre of the drive shaft and the wheel bolts as long as the wheels are on the ground and jack up the front of the vehicle.

	Unscrew the brake caliper and, using a piece of wire, tie it to some part of the front suspension to prevent the caliper from hanging down on the brake hose.

	Separate the connection between the wheel bearing housing (steering knuckle) and the suspension ball joint in the manner shown in Fig. 4.1 during the removal of the drive shaft (14 mm Torx insert required).

	Remove the nut from the lower shock absorber/stabiliser connecting link mounting and drive out the bolt. On the other side the linkage for the stabiliser bar will be freed.



Important: - Mark the fitted position of the eccentric adjuster (7) on the steering knuckle. If ignored, you will have to have the camber re-adjusted.


	Remove the ball joint nut (15) at the bottom, but before mark the exact position of the eccentric washer (14). The nut must be replaced (self-locking). Remove the eccentric washer securing bolt from the steering knuckle.

	Separate the track rod ball joint from the steering lever, using a suitable puller and in a similar manner disconnect the suspension ball joint from the steering knuckle (see Fig. 5.2).

	Push the upper wishbone upwards as far as it will go and remove the steering knuckle. The ball joint must be replaced in a vice.
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Fig. 6.10. - The eccentric adjuster must be pulled off with a two-arm puller (A) and is pressed over the ball joint during installation.




	Refer to Fig. 6.10 and pull the eccentric adjuster off the ball joint stud. The claws of the two-arm puller (A) are placed underneath the adjuster. Tighten the extractor bolt until the adjuster is free.

	Remove the retaining ring (4) in Fig. 6.9 with a screwdriver from the wishbone ball joint connection. The ball joint must now be pressed out of the wishbone. This again is carried out with a two-arm puller, this time as shown in Fig. 6.11. The illustration also shows the securing bolt for the eccentric adjuster.
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Fig. 6.11. – Use a two-arm puller (A) to remove and refit the upper ball joint. The bolt (1) for the eccentric adjuster is tightened to 6.0 kgm (46 ft.lb.).




	Fit the new ball joint in the wishbone and use the puller shown in Fig. 6.11, but from the other side. Insert a new retaining ring (9) when the ball joint is in position. In a similar manner press the eccentric adjuster in position.

	Insert the steering knuckle into the front suspension and connect the upper suspension ball joint. Wipe the ball joint shank clean of grease. The position of the eccentric adjuster is not important at the moment.

	Push the eccentric washer over the ball joint stud in accordance with the marks made before removal and screw on a new nut finger-tight.

	Now rotate the eccentric adjuster (7) to align the marks made before removal and fit and tighten the bolt (6) to 6.0 kgm (46 ft.lb.). This is also the bolt (1) in Fig. 6.11.



Tighten the ball joint nut to a torque of 6.0 kgm (48 ft.lb.) and from this position by a further 90° (quarter of a turn) without using the torque wrench.
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Fig. 6.12. - Clamping a ball joint in position to prevent it from rotating.



The nut must always be replaced. Sometimes it is possible that the ball joint stud turns when the nut is tightened. This can be prevented by using the two-arm puller as shown in Fig. 6.12, i.e. the stud is pushed into its conical seat and cannot rotate. Tighten the puller bolt just sufficiently enough to stop the nut from rotating. Otherwise it is possible to to insert a 7 mm Allen key into the end of the ball joint stud to hold it against rotation. This operation is shown in Fig. 6.13.


	Re-connect the ball joint to the steering knuckle (wheel bearing housing) and tighten as shown in Fig. 4.1.

	Fit the connecting linkage for the stabiliser bar in position, insert the long bolt through the linkage and the wishbone and fit the shock absorber to the other side. Fit and tighten the nut to 16.0 kgm (115 ft.lb.).

	Refit the brake caliper. Tighten the bolts to 16.0 kgm (115 ft.lb.).

	Re-connect the track rod ball joint to the steering lever and tighten a new self-locking nut to 6.5 kgm (47 ft.lb.).

	Refit the wheels, lower the vehicle to the ground and tighten the axle shaft bolt to the correct torque (Section 6.12).

	Set the torsion bar to its original setting, as described in Section 6.3 (either align the marks on the nut and the thread or fit the nut until the original dimension has been obtained - Figs. 6.5 and 6.6).
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Fig. 6.13. – Tightening the nut of the upper suspension ball joint. A 7 mm Allen key (1) can be inserted into the end of the ball joint.




	The camber angle must be checked if you are in doubt about the fitting of the eccentric adjuster and the eccentric washer. Otherwise the camber adjustment should have remained. We recommend to have the wheel alignment checked professionally.








	6.6.	Lower Wishbone Ball Joints



There is no need to remove the steering knuckle (wheel bearing housing) completely to replace a lower suspension ball joint. Instead separate the connection between ball joint and steering knuckle (wheel bearing housing) as shown in Fig. 4.1.
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Fig. 6.14. – Using a two-arm puller (A) to separate a lower ball joint from the steering knuckle.




	Release the tension of the torsion bar on the side in question as described in Section 6.3 (mark the nut or measure the protruding thread).

	Remove the nut from the bottom of the ball joint.

	At the bottom of the suspension remove the nut in front of the shock absorber and carefully knock out the long bolt. The connecting linkage for the stabiliser bar can be taken off on the other side.

	Separate the connection between the ball joint and the steering knuckle as shown in Fig. 4.1.

	Use a two-arm puller as shown in Fig. 6.14 and press the ball joint out of the wishbone.

	Fit the new ball joint into the wishbone and pull the stud in position. The two-arm puller must again be used, but this time apply the claws to the mounting plate. Otherwise try to knock the ball joint in position, until the thread is protruding on the other side.
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Fig. 6.15. – Exploded view of a lower wishbone (“*” and “**”) see note on next page)








	1	Steering knuckle

	2	Eccentric washer

	3	Nut, always replace

	4	Rear suspension arm bush

	5	Bolt, 10 kgm

	6	Nut, 13.0 kgm

	7	Connecting linkage **

	8	M14 bolt

	9	Bush for linkage*

	10	Connecting linkage*

	11	Suspension arm bush

	12	Bush

	13	Eccentric bolt

	14	M14 bolt

	15	Front arm bush

	16	Nut, 16 kgm

	17	Lower ball joint

	18	Lower suspension arm

	19	Nut, 6 kgm + 90°

	20	Bolts, 9.0 kgm + 90°




	Re-connect the ball joint connection to the steering knuckle and tighten with the special “Torx” insert to kgm (65 ft.lb.). From the final position and without using the torque wrench, tighten the bolt a further 90° (quarter of a turn).

	Screw a new nut onto the ball joint stud and tighten to 6.0 kgm (43 ft.lb.). From the final position tighten the nut a further 90°. The nut is self-locking and must always be replaced.



Note: The linkage (10) is used with a stabiliser bar of 23.5 mm diameter, the linkage (7) is used with a stabiliser bar of 27.0 mm diameter.


	Fit the shock absorber and the linkage for the stabiliser bar to the lower wishbone and tighten the nut to 16.0 kgm (115 ft.lb.).

	Carry out all other operations in reverse order to removal.








	6.7.	Lower Wishbones



Fig. 6.15 shows the attachment of a lower wishbone. As you can see, two different connecting linkages for the stabiliser bar are used depending on the diameter of the bar. The linkage (7) is fitted by means of a ball joint connection. A special note should be made of the rear mounting, as provision is made for the adjustment of the castor. An M12 eccentric bolt (13) on one side and an eccentric washer (5) on the other side are used to correct the castor. If the nut of bolt (13) is slackened for any reason, as will be the case when the wishbone is removed, a new bolt must be fitted. Tighten the nuts and bolts of the wishbone mountings when the unladen weight of the vehicle is resting on the wheels. This will set the rubber mountings to their correct tension. Removal and installation can be carried out as follows.


	Release the tension of the torsion bar as described in Section 6.3 (either mark the position of the nut or measure the length of the thread – Fig. 6.5 and 6.6), jack up the front end of the vehicle and remove the wheel on the side in question.

	Remove the two bolts securing the lower ball joint to the steering knuckle. Remove the nut (19) when the wishbone is to be replaced. Otherwise leave the ball joint in position.

	Remove the nut and carefully knock out the long bolt (8). This will release the shock absorber and the connecting linkage (10) or (7) for the stabiliser bar. Push the wishbone downwards to free it of the steering knuckle.

	Mark the head of the eccentric bolt (13) at the rear wishbone mounting and the eccentric washer (5) on the other side. This will give the castor setting which should not be disturbed if at all possible. As the bolt must be removed, transfer the mark to the new bolt before installation. After removal of the nut (6), knock out the bolt and take off the parts.

	At the front of the wishbone mounting remove the nut (16) and knock out the bolt (14). The wishbone can now be lifted out.



The installation is a reversal of the removal procedure. All tightening torques are given in Fig. 6.15 and at the end of Section “Front Suspension”. Tighten the nuts of the front and rear mountings when the wheels are back on the ground.

After tightening the rear mounting check that the mating marks on eccentric bolt and eccentric washer are as originally found. If the steering pulls to one side or the wheels “wobble” during a road test, have the castor setting checked.






	6.7.0.	REPLACING THE WISHBONE BUSHES



The bushes at the front and rear of a lower wishbone can be replaced under a press. Driving them out and in with a hammer and a mandrel is pointless, as the bushes will be damaged during installation. VW Workshops obviously use special press mandrels to remove and install the bushes and the bushes must be fitted in a certain position. We highly recommend to have the bushes replaced in a workshop after the suspension arm has been removed.






	6.8.	Upper Wishbones



The suspension sub-frame must be removed to replace an upper wishbone (Section 6.11). This is a fairly complex operation and should only be carried out if the wishbone bearing bushes must be replaced. Figs. 6.4 and 6.9 show details of the attachment. The wishbone(s) can be removed after the sub-frame has been separated. The torsion bar must also be removed before a wishbone can be freed from its mountings. All necessary operations are described in Section 6.3 as is the removal of the wishbone ball joint from the steering knuckle (Section 6.5). After carrying out these operations, unbolt the wishbone from the sub-frame.

The installation is a reversal of the removal procedure. Follow the tightening torques in the two illustrations. Note that the torque values for the front and rear mountings are not the same. Both must be tightened when the unladen weight of the vehicle is resting on its wheels. After installation of the sub-frame, have the front height of the vehicle checked. Section 6.4 describes the necessary operations. The front wheel alignment should also be checked.






	6.8.1.	Replacing the Wishbone Mounting Bushes



Both mounting bushes of the upper wishbones can be replaced, but again we recommend to have them replaced in a workshop.






	6.9.	Stabiliser (anti-roll) Bar



Fig. 6.16 shows the attachment of the stabiliser bar on the suspension sub-frame using rubber bushes and mounting clamps. The ends of the stabiliser bar have a connecting linkage which is attached together with the lower mounting bolt for the shock absorber to the lower wishbone. Fig. 6.15 shows how this connection takes place, but as already mentioned there is a difference in the shape of the connecting linkages, depending on the diameter of the stabiliser bar. Remove and install as follows:

Stabiliser Bar Diameter of 23.5 mm

Jack up the front end of the vehicle and remove the wheels. On both sides of the vehicle remove the nut of the lower shock absorber mounting, knock out the long bolt and take off the two linkages. The linkages are pressed over the stabiliser bar and come way with the latter.
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Fig. 6.16. – The component parts of the stabiliser bar.








	1	Bolt, 5.5 kgm

	2	Mounting clamp

	3	Sub-frame

	4	Stabiliser bar

	5	Rubber bush

	6	Stabiliser bush

	7	Bolt, 5.5 kgm

	8	Mounting clamp



Remove the bolts (1) and (7) on both sides of the vehicle, take off the mounting clamps (2) and (8) and take out the bar.

To remove the linkages, place the stabiliser bar under a press, as shown in Fig. 6.17 and press the bar through the linkage bushes.

The mounting bushes of the stabiliser bar can easily be replaced.
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Fig. 6.17. - Place the stabiliser bar onto a press plate (2) and use a mandrel (1) to press the bar ends out of the bushes.



The linkages are also fitted with rubber bushes, but new linkages must be fitted if the bushes are worn.

The installation of the stabiliser bar is a reversal of the removal procedure. The tightening torques are given in Figs. 6.4 and 6.9 and must be followed. The mounting clamp bolts are tightened to 5.5 kgm (40 ft.lb.).

Bar Diameter of 27 mm

The removal is carried out in a similar manner as described above, with the difference that the connecting linkage is fitted and is screwed into the end of the stabiliser bar end as shown in Fig. 6.15.

The installation of the stabiliser bar is a reversal of the removal procedure. Again the tightening torques given in Fig. 6.16 apply. The connecting linkage in Fig. 6.18 is tightened to 10.0 kgm (72 ft.lb.).
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Fig. 6.18. – The connecting linkage ball joint (2) is fitted into the end of the anti-roll bar (1).
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Fig. 6.19. – Exploded view of the steering knuckle, wheel bearing and wheel hub.








	1	Reinforcement plate (111 kW)

	2	Multi-point socket head bolt, 10 kgm

	3	Reinforcement plate

	4	Multi-point socket head bolt, 8 kgm

	5	Drive shaft

	6	Splash guard panel

	7	Bolt, 0.8 kgm

	8	Brake disc

	9	Wheel bolt (old type)

	10	Wheel bolt (new type)

	11	Bolt, 15 kgm + 90°

	12	Bolt, 1.5 kgm

	13	Bolt, 35.5 kgm

	14	Bolt, 28 kgm

	15	Steering knuckle

	16	Wheel bearing

	17	Bearing circlip

	18	Wheel hub

	19	Tensioning pin

	20	Brake caliper








	6.10.	Front Wheel Bearings



Fig. 6.19 shows an exploded view of the wheel bearing housing (steering knuckle), the wheel bearing and the wheel hub. The steering knuckle must be removed to replace the wheel bearing. Refer to Section 6.5, describing the removal of the upper suspension ball joint. Before removal of the steering knuckle carry out the following operations:


	Release the tension of the torsion bar on the side in question as described in Section 6.3.

	Slacken the drive shaft bolt and the wheel nuts, jack up the front of the vehicle and remove the wheel on the side in question.

	Remove the brake pads as described in Section “Brakes” and remove the brake caliper. Suspend the caliper on a piece of wire to prevent it from hanging down on the brake hose.

	Unscrew the brake caliper mounting bracket from the steering knuckle.

	Remove the brake disc securing screw and take off the disc. Also remove the splash guard panel. The steering knuckle can now be removed as described in Section 6.5.

	Place the wheel hub together with the steering knuckle under a press and slowly press the hub carefully out of the steering knuckle, using a suitable mandrel.

	Unscrew the splash shield from the steering knuckle and remove the circlip from the outside of the steering knuckle.

	Press the bearing from the inside towards the outside out of the steering knuckle.
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Fig. 6.20. – The inner wheel bearing race remains on the wheel hub and must be removed as shown.




	The inner bearing race remains on the wheel hub and must be removed with a puller, in the manner shown in Fig. 6.20.

	Fit the circlip into the outside of the steering knuckle and coat the inside of the bearing bore with grease.

	Place the wheel bearing housing under a press and press the wheel bearing from the inside into the housing. Arrange the steering knuckle as shown in Fig. 6.21 and press the bearing into the steering knuckle until it rests against the circlip on the other side.

	Now press the wheel hub in position. To do this, place the wheel hub onto the press table and place the steering knuckle/bearing over the hub. The arrangement is shown in Fig. 6.22. The press tube must be applied to the inner bearing race.

	Refit the splash guard.

	Refit the steering knuckle as described in Section 6.5.

	Refit the brake disc, the brake caliper mounting bracket, the brake caliper and the brake pads in reverse order to the removal procedure. Details of the operations connected with the brake system will be found in Section “Brakes”. Observe all tightening torques. Lower the vehicle to the ground and tighten the wheels. The drive shaft bolt in the end of the shaft is tightened to 15.0 kgm (108 ft.lb.) and from the final position by a further 90° (quarter of a turn). A new bolt must always be used. Only tighten the bolt when the wheels are back on the ground.
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Fig. 6.21. – The new wheel bearing is pressed into position.








	6.11.	Front Suspension Sub-Frame



The complete sub-frame must be removed, when for example the upper wishbones must be removed for any reason. The following only describes the operations to be carried out. All relevant information can be taken from the section in question. The sub-frame must be lowered on a mobile jack, well supported, after the operations given below have been carried out.
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Fig. 6.22. – Pressing the wheel hub into the bearing and steering knuckle.



Release the torsion bar tension, disconnect the steering box from the steering shaft, disconnect the power steering hoses and the brake pipe connections, unscrew the drive shafts from the transmission, remove the bolts securing the rubber/metal mountings, remove the sub-frame mounting bolts and lower the sub-frame as described.

Install the sub-frame in reverse order to removal. Tighten the rubber/metal bearings with 5.5 kgm (40 ft.lb.) and the sub-frame mounting bolts with 10.0 kgm (72 ft.lb.).






	6.12.	Front Suspension - Tightening Torques









	Upper suspension arm to chassis:	10.0 kgm (72 ft.lb.) – nuts, front and rear

	Upper suspension ball joint to steering knuckle:	6.0 kgm + 90° (43.5 ft.lb. + 90°)

	Eccentric adjuster to steering knuckle:	6.0 kgm (43.5 ft.lb.)

	Torsion bar to suspension arm, bolt:	16.0 kgm (115 ft.lb.)

	Torsion bar to suspension arm, nut:	13.0 kgm (94 ft.lb.)

	Lower suspension arm to chassis:	Front mounting:	16.0 kgm (115 ft.lb.)

		Rear mounting:	13.0 kgm (94 ft.lb.)

	Suspension ball joint to steering knuckle, bolts:	9.0 kgm + 90° (65 ft.lb. + 90°)

	Suspension ball joint to suspension arm, nut:	6.0 kgm + 90° (43.5 ft.lb. + 90°)

	Shock Absorbers:	Upper mounting, nut, to bearing:	2.5 kgm (18 ft.lb.)

		Upper bearing to body:	10.0 kgm (72 ft.lb.)

		Lower shock absorber mounting, nut	16.0 kgm (115 ft.lb.)

	Stabiliser Bar (anti-roll Bar):

	Mounting clamps:	5.5 kgm (40 ft.lb.)

	Connecting linkage (with shock absorber) to suspension arm:	16.0 kgm (115 ft.lb.)

	Connecting linkage to stabiliser bar (bar dia. 27 mm):.	10.0 kgm (72 ft.lb.)

	Drive Shaft Bolts:	15.0 kgm + 90° (108 ft.lb. + 90°)

	Splash guard to steering knuckle:	0.8 kgm (6 ft.lb.)

	Brake calipers:	See Section “Brakes”

	Drive Shafts to Transmission Flanges:	- M10 thread:	8.0 kgm (58 ft.1b.)

		- M12 thread:	10.0 kgm (72 ft.lb.)




7. Rear suspension axle






	7.0.	Technical Data

	7.1.	Rear Shock Absorbers

	7.2.	Coil Spring

	7.3.	Rear Trailing Arms

	7.4.	Rear Wheel Hubs and Wheel Bearings

	7.5.	Rear Stabiliser Bar

	7.6.	Modified Wheel Bolts

	7.7.	Rear Wheel Adjustment

	7.8.	Tightening Torque Values - Rear Suspension



The rear suspension consists of trailing arms, coil springs, hydraulic telescopic shock absorbers and a stabiliser (anti-roll) bar. The wheel hubs are fitted to the trailing arms and have wheel shafts with the wheel bearing inserted into the arm.

Note that the coil springs are not the same for all models. As many models are available, some with heavy-duty springs at the rear, some with heavy-duty suspension front and rear, it will be confusing to list them all. As a basic rule, always fit a spring with the same colour code if ever there is need to change one of the springs, or both.

Various special tools are used to carry out work on the rear suspension. An extensive tool kit is for example necessary to replace the rear wheel bearings, i.e. to remove the rear wheel hub out of the wheel bearing and to remove the rear wheel bearing out of the trailing arm. Various illustrations show the shape of these tools so that you may be able to substitute them with corresponding make-shift tools.






	7.0.	Technical Data








	Type:	See above. Stabiliser bar not for all models. Subsequent fitting is possible.

	Rear wheel hubs:	Wheel bearings fitted to trailing arms, held in position with through bolt and nut at the inside.

	Rear track, 6J x 15 rims:	1554 mm (61.74 in.)

	Rear track, 7J x 15 rims:	1572 mm (62.45 in.)

	Note. Above rear track dimensions are valid for models with short and long wheelbase.

	Wheel bearing adjustment:	Not required

	Coil springs:	Colour coded, depending on model

	Rear wheel alignment:	See Section 7.6








	7.1.	Rear Shock Absorbers



A large open-ended spanner may be required to hold the shock absorber against rotation when the bolt inserted from the bottom. Apply the spanner as shown in Fig. 7.1.

Sometimes it may be possible to remove the bolt without the use of the spanner, as the shock absorber is tight enough not to rotate. Try and find out. The mounting bolt is fitted from below, not horizontally, as is the conventional design.
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Fig. 7.1. – Hold the shock absorber against rotation with a large spanner when the mounting bolt is removed.
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Fig. 7.2. – The attachment of a rear shock absorber.








	1	Bolt, 10.0 kgm

	2	Upper rubber bearing

	3	Shock absorber

	4	Trailing arm

	5	Rear wheel hub

	6	Lower rubber bearing

	7	Dished washer

	8	Bolt, 4.5 kgm (32.5 ft.lb.)



Remove the bolt shown in Fig. 7.3 as long as the wheels are still on the ground. If access to the bolt is denied, lift the rear end of the vehicle until the bolt is visible above the wheel and slacken it with a socket and an extension. Do not remove the bolt at this stage.


	Place the rear end of the vehicle on chassis stands and place a jack underneath the trailing arm. Jack up the trailing arm until the shock absorber is just commencing its compression stroke. Remove the bolt at the bottom with a socket and ratchet. Use the spanner shown in Fig. 7.1 if the damper shows tendencies to rotate.
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Fig. 7.3. – The upper shock absorber mounting bolt (arrow).




	Remove the dished washer. The collar of the washer is facing against the rubber bush (6).

	Remove the washer (6) and remove the upper shock absorber bolt.

	Slowly lower the jack until the shock absorber is free of the upper and lower mounting brackets and remove it. The rubber bush (2) can be removed from the bottom.



Check a shock absorber for proper functioning, as described for the front dampers. Shock absorbers cannot be repaired or refilled and must be replaced if their action is sluggish or “dead” travel is encountered.

The installation is carried out in reverse order. Replace the two rubber bearings if they are excessively deformed. If necessary hold the shock absorber against rotation and tighten the bolt to 4.5 kgm (32.5 ft.lb.). Use a socket and a torque wrench. The bolt at the upper end is tightened with the vehicle standing on its wheels (unladen). Tighten the bolt to 10.0 kgm (72 ft.lb.).






	7.2.	Coil Springs



Fig. 7.4 shows the trailing arm together with the coil spring. As already mentioned, coil springs are colour-coded to indicate the spring classification. To find the colour-code look at the rear spring, in the direction of drive where a coloured mark will be visible at the position shown in Fig. 7.5, but remember, dirt will cover up the spring and the area must be cleaned first to identify the colour. The springs are “clamped” between body and trailing arm, but cannot dislodge because of the movement restrictions imposed by the shock absorbers. Replace a coil spring as follows:


	Slacken the wheels bolts and remove the bolt shown in Fig. 7.3 (refer to description on page previous page).

	Jack up the rear end of the vehicle and remove the wheel. Place the jack underneath the trailing arm and lift the arm until the shock absorber is compressed.

	Remove the mounting bolt from the upper damper mounting. Slowly lower the jack until the trailing arm is low enough for the coil spring to be free to be taken out. Remove the upper spring seat. The rebound rubber can be unscrewed if no longer in good condition.



The installation of the coil spring is a reversal of the removal procedure, but the following points must be noted:


	Fit the spring seat (10) so that the spring end engages into the shape of the seat.

	Turn the spring until the colour-code is at the rear of the spring, as can be seen in Fig. 7.5.
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Fig. 7.4. – View of the coil spring and trailing arm without shock absorber.








	1	Trailing arm bush

	2	Inner rubber/metal bush

	3	Nut, 10.0 kgm

	4	Trailing arm bolt

	5	Trailing arm

	6	Self tapping screw

	7	Outer rubber/metal bush

	8	Nut, 16.0 kgm

	9	Rebound rubber

	10	Upper spring seat

	11	Coil spring

	12	Bolt, 10.0 kgm

	13	Speed sensor (ABS)

	14	Screw, 0.7 kgm

	15	Rear wheel hub

	16	Handbrake cable bracket
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Fig. 7.5. – The arrow shows where the colour-code of the rear spring is marked (seen from the rear.




	Hold the spring and the spring seat in position and ask a helper to operate the jack until the spring is correctly fitted between trailing arm and body.

	Continue to operate the jack, at the same time engaging the upper end of the shock absorber into its mounting. Insert the bolt without tightening.

	Refit the rear wheel, lower the vehicle to the ground and tighten the upper mounting bolt to 10.0 kgm (72 ft.lb.). Tighten the wheel nuts to 16.0 kgm (115 ft.lb.).








	7.3.	Rear Trailing Arms



The rear mounting of the trailing arm determines the wheel alignment of the rear wheels. It is therefore necessary to mark the position of the bolt (1) in Fig. 7.4 exactly to avoid the adjustment of the rear wheels. A trailing arm can be removed by referring to Fig. 7.4:

Remove the coil springs as described in the last section, with the difference that the shock absorber must be removed from the lower mounting in order to lift it out at a later stage.


	Mark the head of the bolt (1) and the mounting on the body in suitable manner. We recommend centre punch to mark the bolt head near the outside and the mounting bracket exactly opposite.

	Remove the nut (3) at the inside and the nut (8) at the outside. If a stabiliser bar is fitted, remove it from the trailing arm and the body and lift it out.

	Remove the bolt securing the handbrake cable bracket to the trailing arm and take off the bracket.

	Disconnect the springs for the brake pressure regulator from the horizontal beam. A new trailing arm requires the brake pressure regulator to be adjusted.

	If ABS is fitted, remove the screw securing the wheel speed sensor (13) and withdraw the sensor. Wrap some tape around the end of the sensor to protect it from contamination.

	Remove the brake disc and the splash guard as described in Section “Brakes”.

	Knock out the two bolts securing the trailing arm and remove it from the inside.



The rubber/metal bushes of the trailing arm can be replaced, but as special tools are required, you may be able to have the bushes replaced at a VW dealer.

The installation is a reversal of the removal procedure. Fit the brake parts as described in section “Brakes”. Shock absorber and coil spring are refitted as described under the corresponding heading in this section. Tighten the two nuts and bolts of the trailing arm mountings initially finger-tight. They are tightened to their torque when the vehicle is standing on its wheels. A garage-pit or ramps would be ideal to tighten the mountings. Tighten as follows:


	Turn the head of the bolt on the inner mounting until the centre punch marks stamped in before removal are once more opposite each other. Counterhold the bolt head in this position and tighten the nut on the other side to 10.0 kgm (72 ft.lb.). Re-check the alignment marks if necessary slacken the bolt once more and repeat the operation.
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Fig. 7.6. – The component parts of a rear wheel hub and the wheel bearing for models with front wheel drive and rear wheel drive.








	1	Bolt, 11 kgm

	2	Suspension arm

	3	Wheel bearing

	4	Bearing circlip

	5	Wheel hub

	6	Spring pin

	7	Brake caliper

	8	Wheel bolt, 16 kgm

	9	Shaft bolt, 15 kgm + 90°

	10	Washer

	11	Allen head bolt, 1 kgm

	12	Brake disc

	13	Bolt, 0.8 kgm

	14	Splash guard

	15	Tensioning disc (2WD)

	16	Self-locking nut, 20 kgm

	17	Tensioning disc rotor

	18	Multi-point bolt, 4 kgm

	19	Reinforcement plate

	20	Drive shaft

	21	Drive shaft with rotor




	Hold the head of bolt (4) with a ring spanner and tighten the nut (8) to 16.0 kgm (115 ft.lb.).

	Tighten the stabiliser bar mountings (if a bar is fitted) to 3.0 kgm (21.5 ft.lb.).

	If the trailing arm has been replaced, have the brake pressure regulator adjusted as soon as possible or adjust it as described in Section “Brakes”. Otherwise re-connect the two springs to the horizontal beam.








	7.4.	Rear Wheel Hubs and Wheel Bearings



Fig. 7.6 above shows a dismantled trailing arm with the attachment of the wheel hub and the arrangement of the wheel bearing. Wheel hub and bearing are held in position by means of a long bolt with a washer and nut on the inside of the trailing arm.

The removal and installation of the wheel hub and wheel bearing is normally carried out using extensive special tools, but on studying you will find that the parts can be removed with a hammer and some suitable mandrels. It is also possible to remove the trailing arm from the vehicle to replace the hub and bearing under a press. The following description is based on the instructions issued by VW:


	Jack up the rear of the vehicle and place on secure chassis stands.

	Remove the brake caliper and the brake disc as described in Section “Brakes”. Use a piece of wire and tie the caliper to a suitable point on the rear suspension. In the case of a 4WD vehicle remove the drive shaft in a similar manner as described for the front drive shafts.

	Hold the bolt on the outside of the wheel hub with a ring spanner and at the inside slacken the nut (16) in Fig. 7.6. Remove the clamp plate washer. As can be seen from the illustration, different plates are used for models with and without ABS, but only in the case of 2WD vehicles. The rotor (toothed ring) for the wheel speed sensor in the case of a 4WD vehicle is incorporated into the drive shaft, shown in Fig. 7.6 as item (21).

	Extract the wheel hub out of the trailing arm and the wheel bearing, using a suitable puller. Otherwise try to apply a soft-metal drift from the inside against the wheel hub and drive it out. Make sure that the vehicle is well supported on the chassis stands before knocking out the hub.

	Remove the large circlip (4) in front of the wheel bearing and remove the bearing. Again the puller must be used, but this time the claws are placed underneath the wheel bearing. The wheel bearing must always be replaced if it has been removed, irrespective of its condition. Don’t be tempted to refit the bearing.

	Remove the inner bearing race from the wheel hub. The puller shown in Fig. 6.20 is also suitable for the rear wheel bearing.

	If ABS is fitted to a vehicle with front-wheel drive, there is a toothed rotor (17) at the outside of the clamping plate washer (also referred to as tensioning disc).

	Thoroughly clean all parts of the trailing arm without contaminating the brake shoes. The brake back plate (14) can easily be removed, if this is preferred.

	Fit the new wheel bearing from the rear of the trailing arm and pull into the trailing arm. Professionally the fitting tool is used. A large washer, placed against the outside of the bearing, pulls it in position when the bolt of the fitting tool is tightened. The bearing can also be fitted with a large piece of tube, a long bolt, two large plane washers and a nut. To do this, start the bearing in the bore, place the plate washer over the bearing and insert the long bolt from the rear. On the outside place the tube against the trailing arm, place another plate washer over the tube and fit the nut to the bolt. Tighten the nut until the bearing is fully in position. The other alternative is to drive the bearing in position with a soft metal drift.

	In the outside of the trailing arm bore fit the circlip. Make sure it is entered properly.

	The next operation is the installation of the wheel hub. The same tools as for the wheel bearing are used, with the difference that the pressure must be applied against the outside of the wheel hub. If the alternative method described above is used, place the tube against the outside of the inserted hub and tighten the hub until it is fully drawn into the wheel bearing.



In the case of a 2WD model


	Fit the long bolt (9) in the front of the wheel bearing and at the rear fit the clamp plate washer (15) or (17), depending on the version. Use a new nut (16) and fit it over the bolt.

	Hold the head of bolt (9) and tighten the nut on the inside to 20.0 kgm (145 ft.lb.). As the torque is fairly high, make sure that the vehicle is well supported on the jack.



In the case of a 4WD Vehicle.

• Refit the drive shaft in a similar manner as described for the front drive shafts. The drive shaft-to-transmission flange bolts are tightened to 4.0 kgm (30 ft. 1b.). Do not forget the reinforcement plates underneath two of each of the bolts. Tighten the drive shaft bolt to 15.0 kgm (108 ft.lb.).

• All other operations are carried out in reverse order to the removal procedure. Any required tightening torques can be taken from Fig. 7.6.






	7.5.	Rear Stabiliser Bar



Four mounting clamps, two on each side, are used to secure the stabiliser bar to the body and the trailing arms. Removal and installation is straight forward. Tighten the mounting clamp bolts to 3.0 kgm (22 ft.1b.).






	7.6.	Modified Wheel Bolts



As already mentioned earlier on, new wheel bolts are used from model year 2001 onwards. The difference between the old and the new bolts can be seen in Fig. 7.7. The tightening torque remains at 17 kgm (122 ft.lb.).
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Fig. 7.7. – The old-type wheel bolt to the end of 2000 (1) and the new type (2) thereafter.



The following points must be noted when wheel bolts are obtained (if for example lost one).


	Do not use the new wheel bolts on vehicles build to the end of model year 2000.

	Wheel rims as fitted to vehicles to the end of model year 2000 must be be fitted to vehicles from model year 2001 onwards.

	The bolts (1) in Fig. 7.7 (to the end of model year 2000) has a black surface.

	The bolt (2) in Fig. 7.7 (from model year 2001 onwards) shows a shoulder ring with the arrow. The ring is in this case not integral with the wheel bolt. The surface of the wheel bolts are of silver colour.








	7.7.	Rear Wheel Adjustment



As already mention several times, you will have to know to which vehicle group your particular Transporter belongs. As in the case of the front suspension you will need a VW dealer or alignment centre to have the caster or camber checked and/or adjusted.






	7.8.	Tightening Torque Values - Rear Suspension








	Rear wheel bolt:	17.0 kgm (122 ft.lb.)

	Lower shock absorber bolt:	  4.5 kgm (32.4 ft.lb.)

	Upper shock absorber mounting:	10.0 kgm (72 ft.lb.)

	Inner trailing arm mounting, nut:	10.0 kgm (72 ft.lb.)

	Outer trailing arm mounting:	16.0 kgm (115 ft.lb.)

	Wheel hub/bearing nut:	20.0 kgm (144 ft.lb.)

	Handbrake cable clamp, bolt:	  0.7 kgm (5 ft.lb.)

	Bolt for wheel speed sensor:	  3.0 kgm (22 ft.lb.)

	Stabilisator mounting clamps:	  3.0 kgm (22 ft.lb.)

	Brake disc retaining screw:	  1.0 kgm (7 ft.lb.)

	Bolt of rear drive shaft (4WD):	15.0 kgm + 90° (108 ft.lb. + 90°)

	Brake caliper mounting bolts:	11.0 kgm (80 ft.lb.)




8. Wheels and Tyres

Tyre pressures and the condition of the tyres should be checked once a week. Remember that the tyre is the only contact with the road surface.

Inspect the tyre walls for cracks, splits or bad damage. If the tyres are worn on one side, in most cases on the outside, check the front wheel alignment. Normally the toe-in setting will need adjustment.

Excessive wear on both sides of the tyre indicates driving with an under-inflated tyre. Excessive wear in the centre of the tread indicates an over-inflated tyre.

Damage can also be caused by sharp objects or contact with kerb stones. A clear tread pattern should always be visible.

Do not drive with tyres if the depth of the tread is less than 1.6 mm (0.06 in.).

Check the tyre pressures once a week in accordance with the figures given in your Owners Manual and on a sticker attached to the vehicle. If the tyres lose more than 2 psi. per week, then the tyre has a puncture or the seal on the wheel rim is damaged. Take the faulty wheel to a tyre specialist. Always keep the valve caps in place as these will prevent leakage of air from the valves. Do not forget to replace them after you have checked the tyre pressures.

Note: Use a warning triangle a good distance behind the vehicle when changing a wheel on a public road. Also switch on the hazard warning light. Do not forget to collect the warning triangle after the wheel change.


9. Brakes






	9.0.	Introduction

	9.1.	Technical Data

	9.2.	Adjusting the Foot Brakes

	9.3.	Front Disc Brakes

	9.4.	Rear Disc Brakes

	9.5.	Brake Master Cylinder

	9.6.	Brake Servo Unit

	9.7.	Bleeding the Brakes

	9.8.	Brake Pressure Regulating Valve

	9.9.	Handbrake

	9.10.	Tightening Torques








	9.0	Introduction



Disc brakes are fitted to the front wheels of all models, but different brake calipers are used in vehicles covered in this manual. In the vehicle data plate you will find a code, commencing with “1L”', with an additional letter behind. The code refer to the fitted disc brakes and can be interpreted as follows:


	1LU	=	ATE/Teves floating-type calipers, type FN3/57 ITT

	1LP	=	Lucas floating-type calipers, type Lucas C54

	1LE	=	Lucas floating frame-type calipers, type RC 54

	1LB	=	ATE/Teves floating-type calipers, type FN3 or FNR, with 16 in. wheels



Ventilated brake discs are used, but there are different brake disc thicknesses and diameters, depending on the fitted engine. For convenience, all brake systems are covered, irrespective if they are fitted to diesel models or not.

The rear wheels have disc brakes. A dual-line brake circuit is employed. A brake servo unit is standard fitting. A separate vacuum pump is used to feed the vacuum system for the brake servo unit. There is a brake pressure regulator fitted to some models only. Most models are fitted with an ABS system, which for reasons of road safety should not be tampered with.

The master cylinder cannot be repaired or overhauled and must be replaced as a complete unit if faulty.






	9.1.	Technical Data




	Type:	See introduction

	Handbrake:	Acting on rear wheels through cables

	Front Brakes:	 

	Disc diameter:	 

	With 1LU and 1LE brake calipers:	280.0 mm (11.12 in.)

	With 1LP brake calipers:	282.0 mm (11.20 in.)

	With 1LB brake calipers:	313.0 mm (12.44 in.)

	Disc thickness:	 

	With 1LU and 1LE brake calipers:	24.0 mm (0.954 in.)

	With 1LP brake calipers:	18.0 mm (0.715 in.)

	With 1LB brake calipers:	26.0 mm (1.032 in.)

	Min. Disc Thickness:	 

	With 1LU and 1LE brake calipers:	20.0 mm (0.80 in.)

	With 1LP brake calipers:	15.0 mm (0.60 in.)

	With 1LB brake calipers:	22.0 mm (0.87 in.)

	Permissible re-grinding:	 

	Max. run-out of discs:	0.5 mm (0.02 in.) per side

	Max. difference in thickness at any point:	0.01 mm

	Pad material thickness:	6.3 mm (0.25 in.)

	Min. brake pad thickness with plate:	7.0 mm (0.278 in.)

	Min. pad material thickness:	2.0 mm (0.08 in.)

	Pad thickness, metal plate and lining:	13.0 or 13.5 mm, 14,0 mm, depending on type

	Wheel cylinder diameter	 

	Except 1LU/1LB brake calipers:	54.0 mm (2.145 in.)

	1LU/1LB brake calipers:	57.0 mm (2.265 in.)

	Rear Brakes	 

	Disc Diameter:	280.0 mm (11.12 in.)

	Disc thickness:	12.0 mm (0.48 in.)

	Min disc thickness:	10.0 mm (0.39 in.)

	Wheel cylinder diameter:	38.0 mm (1.51 in.)

	Master Brake Cylinder	 

	Diameter - With 1LA and 1LB brake calipers:	25.4 mm (1 in.)

	- With 1LE and 1LP brake calipers:	23.81 mm (0.948 in.)

	Diameter of brake servo unit:	9 in.

	Handbrake adjustment:	See Section 9.10








	9.2.	Adjusting the Foot Brakes



The front and rear brakes require no adjustment for the wear of the pads since the pistons automatically bring the pad surfaces inwards as the pad material wears down. Any loss of brake performance must therefore be attributed to some other fault in the brake system.






	9.3.	Front Disc Brakes








	9.3.0.	BRAKE PAD REPLACEMENT



ATTENTION! If it is possible that the brake pads can be re-used, mark them in relation to the side of the car and to the inside or outside position of the caliper. On some brake caliper types it will not be possible to inter-change the inner and outer brake pads. Never interchange brake pads from left to right or from the inside to the outside (if possible) or visa versa, as this could lead to unequal braking.

Lucas C54 Brake Calipers

These brake calipers are fitted when the identification in the type identification plate is given with “1LP”. With the wheel removed, you will find a caliper of the shape shown in Fig. 9.1.

Self-locking bolts with separate guide bolts are used to secure the brake calipers to their mounting brackets. To check the thickness of the remaining pad material, remove the wheel on one side and measure the thickness of the visible brake pad with a ruler or estimate it.
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Fig. 9.1. – View of a Lucas C54 brake caliper. The letters refer to the following:








	A	Symmetric balance mass

	B	VW symbol behind projection “C”

	C	Projection

	D	Reinforcement ribs extent to end



If the thickness of the remaining pad material approaches 2 mm (approx. the thickness of two matchsticks), replace the brake pads as a set. Remove this type of brake calipers as follows. Fig. 9.2 shows an exploded view of the caliper and can be referred to. A ring spanner and an open-ended spanner are required to remove the caliper cylinder from the mounting bracket.


	Jack up the front end of the vehicle, support on chassis stands and remove both road wheels.

	Remove the lower cylinder bolt. To do this, counterhold the hexagon at the inside of the guide bolt with an open-ended spanner and slacken the bolt with a ring spanner. Fig. 9.3 shows how the two spanners are used.
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Fig. 9.2. – Details for the brake pad removal and installation on a Lucas C54 caliper.




	1	Bolt, 2.7 kgm

	2	Mounting frame

	3	Brake pads

	4	Rubber boot

	5	Guide bolt

	6	Bolt, 3.5 kgm

	7	Brake caliper cylinder

	8	Bolt, 1.0 kgm

	9	Brake disc, 18 mm

	10	Bolt, 0.8 kgm

	11	Splash guard

	12	Brake pipe

	13	Bolt, 1.0 kgm

	14	Brake hose/pipe bracket

	15	Brake hose
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Fig. 9.3. – Removal of the caliper mounting bolt by means of a ring spanner. Note the open-ended spanner.




	Swing the cylinder housing towards the top (Fig. 9.4) and remove the brake pads from the sides of the brake disc.

	Using a piece of wood and carefully push the piston into its bore. This will displace the brake fluid inside the system. Take care not to overflow the master cylinder reservoir (ask a helper to keep an eye on the fluid level). Either empty out some fluid or alternatively release the bleeder screw to allow some fluid to escape.
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Fig. 9.4. – Lift the caliper housing towards the top to expose the brake pads.




	Thoroughly clean the caliper opening with a clean rag. Check the rubber dust seal in the cylinder for good condition. Damaged or brittle dust seals must always be replaced. Check the condition of the brake disc before the pads are fitted. If grooves are visible, remove the brake disc and have the disc refaced or fit a new disc.



The thickness of the pad material can now be measured exactly. If the remaining material thickness of one of the pads is below 2.0 mm, replace the complete set.

Refit the brake pads as follows, referring to Fig. 9.2 for details:


	Fit the brake pads to the side of the brake disc, grip the caliper as shown in Fig. 9.4 and carefully lower it in position over the brake pads and the brake disc. If necessary push the piston further towards the inside (with a hammer handle) if the caliper housing cannot be placed fully downwards. If a piston re-setting clamp is available, of the shape shown in Fig. 9.5, insert the legs between the caliper and the case of the piston and push the piston into the bore by tightening the handle.
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Fig. 9.5. – Pushing the piston into the caliper cylinder, using a special clamp.




	Secure the guide bolt with the self-locking bolts. A new bolt is normally included in the repair kit and must be used at all times. Tighten the bolts to 3.5 kgm (25 ft.1b.).

	Check, and if necessary correct the fluid level in the master cylinder reservoir and depress the brake pedal several times. This will bring the brake pads to their correct operating position.

	Refit the wheels, tighten the wheel bolts to 17.0 kgm (122 ft.1b.) and road test the vehicle.



Lucas RC54 Brake Calipers with Floating Frame

Fig. 9.6 shows the shape of this caliper type. The brake pads of this caliper can be seen from above. The identification code “1LE” will be specified in the type identification plate. Retaining pins and spring clips are used to secure the brake pads on this type of caliper. The remaining lining thickness is checked in the same manner as described for the other type. Also see Fig. 9.7. Remove the brake pads as follows:


	Slacken the wheel nuts, place the front end of the vehicle on chassis stands and remove the two wheels.

	Remove the spring clips (9) in Fig. 9.6 on both sides of the vehicle (see also Fig. 9.8).

	Use a suitable drift, applied as shown in Fig. 9.9 and knock the two pins out of the brake pads and caliper housing (from the outside towards the inside). Now push the frame to one side and detach the outer brake pad from the bridge pad holding surface with a screwdriver or a similar instrument. If difficult to remove, insert a wire hook into one of the pad holes and pull them out with a sharp pull.
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Fig. 9.6. – Details for the brake pad removal and installation on a Lucas RC 54 caliper.




	1	Bolt, 2.7 kgm

	2	Brake backplate

	3	Bridge

	4	Brake disc

	5	Socket head bolt, 1 kgm

	6	Outer brake pad

	7	Inner brake pad

	8	Locating pins

	9	Securing spring

	10	Guide pins

	11	Metal ring

	12	Protective cap

	13	Multi-point head bolt

	14	Nut, 7.0 kgm

	15	Bleeder screw

	16	Brake pipe

	17	Bracket

	18	Bolt, 1 kgm

	19	Bracket for brake hose

	20	Brake hose

	21	Brake caliper housing
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Fig. 9.7. – The remaining material thickness is measured at the position “a”. The thickness is measured in a similar manner on all calipers.
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Fig. 9.8. – The spring clip (1) and the retaining pins (2) secure the brake pads (3) in position, if 15 in. wheels are fitted.
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Fig. 9.9. – Brake pads retaining pins are driven out with a small cylindrical drift (arrow) from the side shown.




	Push the piston into the caliper bore, using a piece of hardwood or use a piston re-setting clamp, as shown in Fig. 9.5. Take care not to overflow the master cylinder reservoir (ask a helper to keep an eye on the fluid level). Either empty out some fluid or alternatively release the bleeder screw to allow some fluid to escape.



Clean the caliper opening with compressed air, or if not available, with a rag. Petrol or sharp tools must not be used to clean off dirt. Check the dust seal in the brake caliper for damage. Damaged or brittle dust seals must always be replaced. Check the condition of the brake disc before new pads are fitted. The installation of the brake pads is a reversal of the removal procedure. First fit the inner brake pad and insert the retaining pins far enough to hold the pad in position. Then remove the protective foil off the outer brake pad and carefully inserted the outer pad.

Push the two pad retaining pins fully through the pad and the brake caliper and secure both pins with the securing spring (1) in Fig. 9.8. The following should be noted during the installation of the outer brake pads:


	When fitting the brake pads, make sure it cannot stick to the brake caliper housing before it is in the correct position. Under no circumstances damage the adhesive surface.

	After installation of the brake pads check the fluid level in the master cylinder reservoir and correct if necessary. Operate the brake pedal a few times to set the brake pads against the brake disc. This will also ensure that the outer pad is firmly bonded to the brake caliper housing. Tighten the wheel bolts to 17.0 kgm (122 ft.lb.). Remember that new pads must “bed” in and that the full performance of the brakes is not immediately available.



Important Note: The bonding surface for the outer brake pad must be completely free of adhesive or other impurities before the new pad is installed.

Teves/ATE Brake Calipers

This type of brake caliper can be identified by the retaining spring (1) in Fig. 9.10. The identification code “1LU” can be found in the type identification plate. The attachment of the brake calipers differs from the calipers already described.
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Fig. 9.10. – An ATE/Teves brake caliper can be identified by means of the retaining spring (1).



The brake pad wear is checked in the manner already described (Fig. 9.7). A minimum of 2 mm (0.08 in.) of pad material must remain on the backing plates of the pads. Otherwise replace the pads as a set. Fig. 9.11 shows the attachment of the pads. The brake pad with the retaining spring is fitted to the piston side, the pad with the adhesive foil to the caliper carrier side.

Remove the pads as follows:


	Jack up the front end of the vehicle and place on secure chassis stands.

	Remove the two rubber caps from the openings for the guide pins at the positions shown in Fig. 9.12 and unscrew the upper and lower guide bolts with an Allen key, as shown in Fig. 9.12 on the R.H. side.
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Fig. 9.11. – Details of the pad removal and installation in the case of an ATE/Teves brake caliper.




	1	Protective rubber cap

	2	Guide pins, 2.5 kgm

	3	Brake caliper housing

	4	Brake caliper spring

	5	Retaining spring

	6	Brake pads




	Remove the retaining spring for the brake pads (see Fig. 9.10) with a screwdriver. When fitting the spring after installation of the brake pads, note the special instructions given later on.
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Fig. 9.12. – Remove the rubber caps (Top view). After removal of the two guide pins (Allen key), as shown at the bottom, lift off the brake caliper and suspend it to the front suspension with a piece of wire.




	Lift off the caliper cylinder and use a piece of wire or string to attach it to a suitable part of the front suspension. The brake pads can now be removed from the brake caliper housing or the brake caliper carrier.



Thoroughly clean the caliper opening with compressed air, or if not available with a rag. Make sure that the bonding surface for the brake pad is free of old adhesive, grease or other matter, before the new pads are fitted. Petrol or sharp tools must not be used to clean off dirt. Check the dust seal in the brake calipers for damage. Damaged or brittle dust seals must be replaced. Check the condition of the brake discs before new pads are fitted.

Refit the brake pads as follows:


	Push the piston to the bottom of the caliper cylinder bore. Normally a re-setting clamp, as shown in Fig. 9.5 is used. If the master cylinder reservoir is fairly full, brake fluid may be pushed out. Remove some fluid, if necessary.

	Insert the brake pad with the retaining spring in the brake caliper housing (piston side).
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Fig. 9.13. – Fitting the retaining spring. Follow the instructions in the text.




	Remove the protective foil from the outer brake pad and fit the pad to the brake caliper carrier. To make sure that the brake pad is properly bonded to the brake caliper housing, follow the instructions given for the Lucas caliper.

	Carefully lift the caliper cylinder over the two brake pads and insert the two guide pins. Tighten the pins to 2.5 kgm (18 ft.lb.), using a suitable Allen key, as shown in Fig. 9.12 (R.H. side). Push the two rubber caps over the guide pin openings.



The retaining spring must now be fitted. Refer to Fig. 9.13. Insert one spring arm under the brake caliper carrier and insert one spring end into the housing retaining hole (1).


	Tension the second spring arm under the caliper carrier and insert the second spring end into the housing retaining hole (2).

	Operate the brake pedal a few times, each time holding the pressure between 5 and 10 seconds. This will set the brake pads against the brake disc. At the same time the outer brake pad (with the adhesive face) will be pressed fully against the brake caliper housing, ensuring proper bonding between brake pad and housing. Any noises which may be appearing during braking can be attributed to badly bonded brake pads. Remember that new brake pads will take a while to “bed-in”. Treat the brakes with caution during the initial mileage.








	9.3.1.	SERVICING THE CALIPER UNITS



If the caliper shows leaks or has developed other faults we recommend to fit a new caliper or have the caliper overhauled in a workshop.






	9.3.2.	BRAKE DISCS



Brake discs can be re-ground if their surfaces are corroded, grooved or slightly worn. The min. thickness of the discs, fitted to the different models/brake calipers are given in Section 9.0. If the thickness is less than specified, new discs must be fitted.

A brake disc can be checked for run-out with the brake disc fitted AND SECURED TO THE HUB. The brake pads should be removed to allow the disc to rotate freely. Arrange a dial gauge with a suitable holder and place the stylus against the outer edge of the disc. Slowly rotate the disc and read the dial gauge indication. If more than 0.10 mm (0.004 in.), the disc may have to be replaced, as it is distorted.

Important Note: If you have removed the brake disc and refitted it, there is always the possibility that foreign matter has entered between the disc and hub faces. If you measure the run-out and find it to be excessive, remove the disc, clean the surfaces and then refit the disc to check once more.






	9.4.	Rear Disc Brakes








	9.4.0.	CHECKING THE BRAKE PAD MATERIAL THICKNESS



The rear wheels should be removed to check the thickness of the remaining lining material. If the thickness of the material is approaching 2 mm (0.08 in.), replace the brake pads.






	9.4.1.	BRAKE PAD REPLACEMENT



Brake pads must always be replaced in sets. As for the front pads, mark pads to be re-used immediately after removal and refit them to their original location. A special tool is normally used to reset the pistons to their basic position if new brake pads have to be fitted. One way out is to remove the caliper as described later on and take it to a brake specialist to have it overhauled. Remove the brake pads as follows, referring to Fig. 9.14 for details. Fig. 9.15 and 9.16 must also be referred to:


	Jack up the rear of the vehicle, support on suitable stands and remove both wheels. Carry out the operations on both sides of the vehicle.
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Fig. 9.14. – Details for the removal and installation of rear brake pads.




	1	Splash guard

	2	Bolt, 1.0 kgm

	3	Brake carrier, cpl.

	4	Brake pads, 12 mm

	5	Bolt, 3.5 kgm

	6	Guide pin

	7	Rubber dust sleeve

	8	Brake caliper cylinder

	9	Spring clip for (10)

	10	Handbrake cable

	11	Brake disc

	12	Bolt, 1.0 kgm

	13	Plain washer

	14	Bolt, (4WD), 15 kgm + 90°
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Fig. 9.15. – Compress the return spring and disconnect the handbrake cable from the lever on the caliper.




	Jack up the rear of the vehicle, support on suitable stands and remove both wheels. Carry out the operations on both sides of the vehicle.

	Disconnect the handbrake cable from the operating lever on the brake caliper. To do this, compress the return spring, shown in Fig. 9.15 and disconnect the cable end from the lever on the caliper.
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Fig. 9.16. - Removal of a rear brake caliper. At the bottom the ring spanner (2) and open-ended spanner (1) are attached to the guide pin and securing bolt. The upper arrow shows the location of the second bolt.




	Remove the two brake caliper mounting bolts from the positions shown in Fig. 9.16. The guide bolts must be held at the inside to prevent them from rotation, by applying an open-ended spanner to the hexagon. Use a ring spanner to unscrew the bolts on the outside.



Note: The open-ended spanner must be thin enough to be entered. You may have to grind down a suitable spanner.

Lift off the complete caliper and attach it with a piece of wire to a suitable part of the rear suspension. Never allow the caliper to hang down on its hose without support (always tempting).


	The brake pads are now free and can be removed.

	Check the component parts of the brake calipers in similar manner as described for the front disc brakes. The thickness of the brake pad material must be measured with a steel ruler. Replace pads if the material thickness is less then 2.0 mm or approaches this value. Otherwise judge the thickness of the brake pad linings. The height of approx. two matchsticks should still be left on the pads in order to re-use them.



The piston emerges from the bore as the brake pad linings wear and the adjusting mechanism operates. There will not be enough space to fit the new, thicker brake pads if the piston is not returned to the bottom of the bore. As this will push up the fluid level in the master cylinder reservoir, either remove some brake fluid or open the bleeder screw at the same time as the piston is screwed in. This must be compensated before the brake pads are fitted.

Refit the brake pads as follows:


	Use the special re-setting tool shown in Fig. 9.17 to bring the piston to the bottom of its bore by turning the tool clockwise. There are a few precautions to observed if you use the tool: take care not to damage the protective cap. The collar of the tool (centre arrow) must be seating against the brake caliper. If the piston is difficult to move apply a 13 mm AF open-ended spanner on the flats (arrow 1) and rotate the tool. Resetting the piston by any other means could destroy the adjusting mechanism inside the caliper
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Fig. 9.17. - Using the special tool to screw the piston into the cylinder bore. The same tool must be used to unscrew the piston from its bore during the overhaul of a rear caliper. Also refer to the description in the text.



Attention. Brake fluid will be pushed through the brake lines/hoses from the caliper to the fluid reservoir, leading to overflow. To prevent this, remove some fluid from the reservoir, but never use a hose to suck it out with the mouth. Brake fluid is poisonous.


	Insert both brake pads into the opening. If necessary screw the piston in a little further if the pads are difficult to insert.

	Place the cylinder housing over the brake disc and secure with the new self-locking bolts. Tighten the bolt evenly to 3.5 kgm (25 ft.1b.). Hold the hexagon at the inside with an open-ended spanner as shown in Fig. 9.16. Use a socket and a torque wrench on the outside.

	With the engine switched off, operate the brake pedal at least 40 times with moderate foot pressure to set the adjusting mechanism in operation.

	All other operations are carried out in reverse order. If necessary correct the fluid level in the master cylinder reservoir. Tighten the wheels to 17.0 kgm (122 ft.lb.). After completed installation adjust the handbrake as follows:

	Release the handbrake.

	Tighten the adjuster on the handbrake cable equaliser bracket in Fig. 9.18 until the lever on the brake caliper just lifts off the brake caliper stop. Where this takes place is shown by the arrow in Fig. 9.19. The max. gap between lever and stop must not exceed 1.0 mm (0.04 in.).
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Fig. 9.18. – The adjuster for the handbrake cables is located between the equaliser bracket below the floor panel.




	Apply the handbrake lever and release it. The handbrake is now properly adjusted and there is no need to check the setting, apart from rotating both rear wheels to make sure they can turn without binding. Also apply the handbrake and check that both wheels are locked when the lever is pulled between 3 to 6 notches.
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Fig. 9.19. – Details for the basic adjustment of the handbrake operating levers. The arrow shows where the gap mentioned in the text is to be measured.




	If the complete handbrake mechanism has been slackened for any reason, a different procedure must be followed to adjust the handbrake mechanism.

	Unscrew the adjuster in Fig. 9.17 until the operating levers on the brake calipers rest against the stop.

	Use a scriber or a small, sharp screwdriver and mark a line into the operating lever and the caliper. The two lines must face each other. Both levers/calipers must be marked.

	Ask a helper to tighten the adjuster in Fig. 9.18 slowly. Observe the operating levers. The two lines will now move apart. When the resulting gap is approx. 1.0 mm, pull the handbrake lever in the vehicle to compensate the tension in the two cables.

	Check the position of the operating levers once more on both sides. If correct, tighten the adjuster in Fig. 9.18 a little more to lock the wheels when the lever is pulled by 3 to 6 notches.

	Release the handbrake lever and check that both wheels can be rotated freely. There should be no grinding noises from the brake pads.

	Lower the vehicle to the ground and tighten the wheels. Check the fluid level in the reservoir and correct if necessary.



Operate the brake pedal a few times to set the brake pads fully against the brake discs. New brake pads will need a while to bed-in. Handle the brakes with care at the beginning.






	9.4.1.	BRAKE CALIPER - OVERHAUL



Overhaul of a rear caliper, as in the case of the front calipers, should left to a specialist workshop.






	9.4.2.	REAR BRAKE DISCS



Everything that has been written about the front brake discs also applies to the rear discs. Section 9.0 gives the minimum thickness of the discs.






	9.5.	Brake Master Cylinder








	9.5.0.	INTRODUCTION



The brake master cylinder is of the tandem type, with a twin reservoir so that both of the brake lines have a separate supply of brake fluid. The brake lines are split diagonally so that the primary piston (the one nearest the push rod) supplies the left-hand side front brake and the right-hand side rear brake and the secondary piston supplies the right front and the left rear brakes.

The cylinder cannot be repaired or overhauled and must be replaced if it no longer serves its function.






	9.5.1.	REMOVAL AND INSTALLATION



The master cylinder is attached to the front of the servo unit and is removed from the engine compartment. Fig. 9.20 shows the attachment of the cylinder and the brake servo unit. Disconnect the fluid lines and the electrical lead for the brake warning light switch (if fitted) and unscrew the cylinder. Take care not to spill brake fluid over painted surfaces when the cylinder is lifted out. A sealing ring is fitted to the cylinder mounting face.
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Fig. 9.20. – Details for the removal and installation of the brake master cylinder and the brake servo unit.




	1	Reservoir cap

	2	Fluid reservoir

	3	Rubber grommets

	4	Nut, 2.0 kgm

	5	Master cylinder

	6	“O” sealing ring

	7	Bolt, 2.5 kgm

	8	Brake servo unit

	9	Push rod with clevis

	10	Clevis pin

	11	Engine compartment bulkhead



Install in the reverse sequence to removal. Tighten the cylinder securing nuts to 2.0 kgm (14.5 ft.lb.). Make sure that the sealing ring is still in good condition. If a brake fluid waming indicator is fitted, check its function. To do this, switch on the ignition, release the handbrake and push the contact pin on the cap towards the inside. The light in the dashboard should come on.






	9.5.1.	CYLINDER REPAIRS



If the cylinder is replaced it will be necessary to remove the fitted reservoir from the old one. The two rubber grommets (3) in Fig. 9.20 are inserted in the cylinder body and, if still in good condition, must be transferred to the new unit. Replace the grommets if they have deteriorated. Coat the grommets with brake fluid before fitting.






	9.6.	Brake Servo Unit



It is not recommended that the owner should attempt to repair the servo unit. This is best left to your dealer who has special tools to deal with renovating. Remember that a failure of the servo unit to act will not affect the efficiency of the braking system but, of course, additional effort will be required for the same braking distance to be maintained. The vacuum for the operation is taken from the vacuum pump, fitted to the engine.

ATTENTION! If you coast downhill, for whatever reason, remember that the vacuum in the unit will be used up after a few applications of the brake pedal and the brake system will from then onwards operate without power-assistance. Be prepared for this.

The operation of the brake servo unit can be checked in a simple manner: With the engine switched off, operate the brake pedal until the vacuum is exhausted.

Depress the brake pedal with moderate pressure and start the engine. If the servo unit is operating properly you will feel the brake pedal going down.

The servo unit is removed by taking off the four attachment nuts from the mounting studs, (from within the vehicle), disconnecting the vacuum hose and disconnecting the brake servo push rod at the clevis fork. Fig. 9.20 shows the mounting details of the brake servo unit.

The hose leading to the brake servo unit is fitted with a non-return valve. If there is a possibility that no vacuum enters the unit, remove the valve and blow through it in the direction of the arrow, marked in the valve. There should be no through flow from the other side.

If a new servo unit is fitted, adjust the length of the push rod to the same length as the original dimension. To do this, screw the push rod into the new servo until the dimension is obtained from the end of the threaded rod to the brake servo surface. Then screw on the clevis fork and the distance between the centre of the bore for the clevis pin and the brake servo face again the same as the original dimension.






	9.7.	Bleeding the Brakes



Bleeding of the brake system should be carried out at any time that any part of the system has been disconnected, for whatever reason. Bleeding must take place in the order left- hand rear side, right-hand rear, left-hand front and right-hand front. The procedure given below should be followed and it should be noted that an assistant will be required, unless a so-called “one-man” bleeding kit is available. In this case follow the instructions of the manufacturer.

Always use clean fresh brake fluid of the recommended specification and never re-use fluid bled from the system. Be ready to top up the reservoir with fluid (a brake bleeding kit will do this automatically) as the operations proceed. If the level is allowed to fall below the minimum the operations will have to be re-started.

Obtain a length of plastic tube, preferably clear, and a clean container. Put in an inch or two of brake fluid into the container and then go to the first bleed point. Take off the dust cap and attach the tube to the screw, immersing the other end of the tube into the fluid in the container.
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Fig. 9.21. – The brake pressure regulating valve and associated parts.




	1	Pressure regulating valve

	2	Securing clip

	3	Nut, 2.0 kgm

	4	Bolt, 2.0 kgm

	5	Nut

	6	Spring mounting

	7	Spring

	8	Clip

	9	Horizontal beam

	10	Buffer stop

	11	Trailing arm



Open the bleed screw about three quarters of a turn and have your assistant depress the brake pedal firmly to its full extent while you keep the end of the tube well below the fluid level in the container. Watch the bubbles emerging from the tube and repeat the operation until no more are seen. Depress the brake pedal once more, hold it down and tighten the bleed screw firmly.

Check the fluid level, go to the next point and repeat the operations in the same way. Install all dust caps, depress the brake pedal several times and finally top up the reservoir.






	9.8.	Brake Pressure Regulating Valve



This valve is fitted to the underfloor of the body and is connected by means of two springs to a horizontally fitted beam. Fig. 9.21 shows the individual parts associated with the regulating valve. The pressure regulating valve must always be adjusted if one of the trailing arms has been replaced, if one of the spring mountings (6) in Fig. 9.21 is not marked or have been removed and one has omitted to mark their fitted position. The minimum requirement is the adjustment of the valve in its basic setting.

Although at first glance the adjustment may look complicated, there is less to it than appears. Some makeshift tools will do the job, without using the special tools used in a VW Workshop. The setting can, if required, be checked in a workshop after the initial adjustment.

Remove the rear shock absorber as described in Section 7.1. Make up a metal rod of the same length as the shock absorber, with a mounting eye at one end and a thread at the other end and fit it into the rear suspension in place of the removed shock absorber. One of the rubber bushes, removed from the shock absorber must be fitted at the bottom between a washer and the trailing arm. The installed assembly will be in the position shown in Fig. 9.22.
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Fig. 9.22. – The special VW tool inserted into the rear suspension. An alternative tool is described in the text.



The trailing arm must now be pre-tensioned, i.e. a certain dimension must be established between the steel plate in the spring mounting (arrow “A' in Fig. 9.23) and the upper edge of the mounting hole in the trailing arm (arrow “B”). The dimension “X” is different on the various vehicle groups and can be found on the sticker, attached to the door pillar (see Fig. 6.7) at the height of the fuse/relay unit. Some vehicles, however, were produced without the sticker. If your vehicle is one of them, adjust dimension “X” in accordance with the spring colour, given in the following table.
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Fig. 9.23. – Measuring the height for the adjustment of the brake pressure regulating valve. Measure between “A” and “B” as described in the text.
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Fig. 9.24. – Details for the adjustment of the brake pressure regulating valve (refer to text).




	Spring Colour Code	Dimension “X” in Fig. 9.23

	green	285 mm

	orange	260 mm

	white	250 mm

	violet	275 mm

	brown	285 mm

	blue	240 mm



To establish the required dimension, tighten the nut at the bottom of the inserted metal rod until the trailing arm is lifted to the correct height.

Align the beam (4) in Fig. 9.24 horizontally by looking at it. This is part (9) in Fig. 9.21. To do this, turn both buffer stops (1) towards the top until they just touch the beam, but there must be no load on the buffer stops.

Move one of the spring mountings (2) down until there is a gap of approx. 2 mm between the buffer stop (1) and the beam (4) on the opposite side. This is shown by the arrow in Fig. 9.24. Now move the second spring mounting (2) down in the same manner until the beam is once more in horizontal position.

Screw both buffer stops (1) fully back so that there is the largest possible gap between the beam (4) and the buffer stops (1).

A fine adjustment of the brake pressure regulating is now required. Two pressure gauges are necessary for the adjustment which your VW workshop will have. The front brakes must have a pressure of 50 bar, whereas the rear brakes only have 20 bar. The difference in brake pressure will ensure that the front axle is braked before the rear axle. The brake regulating valve, together with the springs and the horizontal beam, controls this brake pressure. The brake pressure is measured on the R.H. front caliper and the L.H. rear wheel brake cylinder. A VW workshop will adjust the brake pressure regulator as follows:


	The two buffer stops (1) in Fig. 9.24 are screwed fully back.

	The position of the spring mounting (2) is marked with a felt pen or adhesive tape on the trailing arm.
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Fig. 9.25. – The difference in the gaps at the positions shown by the arrows must not exceed 4 mm. The numbers are referred to in the text.



The bolt (3) is slackened and the spring mounting (2) is moved. Moving the mounting downwards will increase the pressure, moving the mounting upwards will decrease the pressure. Sometimes it is only necessary to adjust the second spring mounting when the horizontal beam is excessively inclined at the positions shown by the arrows in Fig. 9.25 (by more than 4 mm). A movement of 1 mm of the spring mounting (2) corresponds to a pressure change of approx. 4 bar at the rear axle. If necessary adjust the regulator setting on the second spring mounting in the manner described.

The screw (3) is tightened without moving the position of the spring mounting.

The metal rod inserted in place of the shock absorber can now be removed and the shock absorber refitted as described in Section 7.1. Note the tightening torques.

The removal and installation of the regulating valve is straight forward, but remember to mark the fitted position of both spring mountings in a precise manner, to avoid the immediate adjustment of the regulating valve. We recommend to have the setting checked at your dealer, if not happy with the front brake/rear brake balance. The brake system must be bled of air after installation. Take care not to mix-up the brake pipe connections.






	9.9.	Handbrake








	9.9.0.	HANDBRAKE ADJUSTMENT



The adjustment of the handbrake cables is carried out underneath the vehicle at the cable equaliser bracket, at the position shown in Fig. 9.18. A routine adjustment of the handbrake is normally not required, as any wear in the brake pad linings is continuously taken up by the automatic adjusting mechanism inside the rear brake calipers, thereby retaining the travel of the brake pads and handbrake cables. The adjustment is therefore only necessary, if brake calipers, brake pads, brake discs or handbrake cables have been replaced. The complete adjustment procedure has already been described earlier on during the replacement of the rear brake pads.






	9.9.1.	HANDBRAKE CABLES



The component parts of the handbrake assembly is shown in Fig. 9.26. The following points must be observed when parts are removed, replaced and refitted:


	To remove the handbrake lever grip (3), press the lugs underneath the grip downwards and pull the grip forwards.

	The nut (12) is self-locking and must be replaced if removed.

	The toothed segment (13) is only fitted to R.H. drive models. L.H. drive models are fitted with the handbrake lever carrier, which in the case of a R.H.D. vehicle is welded to the body.

	The cable (19) is not fitted to all models (dropside vehicles only).
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Fig. 9.26. – The component parts of the handbrake mechanism.




	1	Handbrake lever cover

	2	Handbrake lever trim

	3	Handbrake lever grip

	4	Push button

	5	Return spring

	6	Spring seat

	7	Pawl rod

	8	Pawl

	9	Pin

	10	Retainer

	11	Handbrake lever

	12	Nut

	13	Toothed segment

	14	Self-locking nut

	15	Handbrake lever carrier

	16	Rivet

	17	Contact switch

	18	Handbrake cable

	19	Cable

	20	Pull rod

	21	Nut

	22	Locknut

	23	Cable end

	24	Return spring

	25	Retainer








	9.10.	Tightening Torques




	Front Disc Brakes - General Torque Values:	See Figs. 9.2, 9.6 and 9.11

	Brake caliper mounting bracket to steering knuckle:	27.0 kgm (197 ft.lb.)

	Multi-socket head bolts Lucas (RC 54):	9.0 kgm (65 ft.lb.)

	Nuts for guide pins (Lucas RC 54):	7.0 kgm (50.5 ft.lb.)

	Brake disc to hub:	1.0 kgm (7.2 ft.lb.)

	Splash guard to steering knuckle:	1.0 kgm (7.2 ft.lb.)

	Brake hose bracket, bolt:	1.0 kgm (7.2 ft.lb.)

	Wheel speed sensor to steering knuckle (ABS):	1.0 kgm (7.2 ft.lb.)

	Union nuts, brake pipes:	1.7 kgm (12.5 ft. lb.)

	Rear Disc Brakes:	 

	Splash guard to trailing arm:	1.0 kgm (7.2 ft.lb.)

	Brake disc to wheel hub:	1.0 kgm (7.2 ft.lb.)

	Nut for spring bracket (brake pressure regulating valve):	2.0 kgm (14.5 ft.lb.)

	Brake caliper to trailing arm:	11.0 kgm (80 ft.lb.)

	Wheel hub nut (2WD)	20 kgm (144 ft.1b.)

	Bolt for drive shaft (4WD):	15.0 kgm (108 ft.lb.) + 90°

	Brake caliper to caliper mounting bracket:	3.5 kgm (25 ft.lb.)

	Master Cylinder and Brake Servo Unit.	 

	Master cylinder nuts:	2.0 kgm (14.5 ft.lb.)

	Brake servo nuts	2.5 kgm (18 ft.lb.)

	Wheel bolts:	17.0 kgm (122 ft.lb.)




10. Electrical Systems






	10.0.	Battery

	10.1.	Alternator

	10.2.	Starter Motor

	10.3.	Headlamps








	10.0.	Battery




	Voltage:	12 volts

	Polarity:	Negative earth (ground)

	Capacity:	36, 45, 54 or 63 Ah, depending on equipment

	State of Charge:	 

	Fully discharged:	1.120, specific gravity

	Fully charged:	1.280, specific gravity








	10.1.	Alternator








	10.1.0.	ROUTINE PRECAUTIONS



The vehicles covered in this manual employ an alternator with an output of either 65 or 90 amps, depending on the equipment. This equipment contains polarity sensitive components and the precautions below must be observed to avoid damage.


	Check the battery polarity before connecting the terminals. Immediate damage will result to the silicon diodes from a wrong connection - even if only momentarily.

	Never disconnect the battery or alternator terminals whilst the engine is running.

	Never allow the alternator to be rotated by the engine unless ALL connections are made.

	Disconnect the alternator multi-pin connector before using electric welding equipment anywhere on the vehicle.

	Disconnect the battery leads if a rapid battery charger is to be used.

	If an auxiliary battery is used to start the engine, take care that the polarity is correct. Do not disconnect the cables from the vehicle battery.








	10.1.1.	DRIVE BELT



The checking and tensioning of the drive belt for the alternator has already been described in Section “Cooling System”, note the different arrangements. The alternator pulley is driven together with the other units with one single belt. A torn belt can be taken to the supplier, to obtain the correct belt.






	10.1.2.	TECHNICAL DATA








	Manufacturer:	Bosch or Valeo

	Part No (as available):

	65 amps, Bosch make:	026 905 015A

	90 amps, Bosch make:	026 905 015B

	65 amps, Valeo make:	026 903 015E

	Length of Brushes:

	- Bosch:	10.0 mm (0.4 in.)

	- Valeo:	9.0 mm (035 in.)

	Wear limit:	5.0 mm (0.2 in.)








	10.1.3.	REMOVAL AND INSTALLATION



A different mounting arrangement is used on the various engines.


	Disconnect the battery earth cable.

	Disconnect the cables by withdrawing the plug at the rear end of the alternator and unscrew the single cable connection.

	Remove the single ribbed “V” belt as described for the four- or five-cylinder engine. Lift off the drive belt.

	Remove the long bolt at the bottom of the alternator after removing the self-locking nut and lift out the alternator.



Install in the reverse sequence to removal. The following points should be noted when alternator and bracket are refitted:


	Loosely attach the bracket and secure the alternator with the long bolt. Make sure that the spacer bushes inserted.

	Tighten the long mounting bolt to 3.5 kgm (25 ft.lb.). Tighten the bracket securing bolts.

	Fit the ribbed “V” belt as described for the four- or five-cylinder engine. Check for correct fitting of the ribbed belt as described before you start the engine.

	Start the engine and check the charge warning light for proper operation. Otherwise check the cable connections.








	10.1.4.	SERVICING



Either a Bosch or a Valeo alternator can be fitted, having an output of 60, 90 or 120 amps, depending on the engine and equipment.

We do not recommend that the alternator or control unit should be adjusted or serviced by the owner. Special equipment is required in the way of test instruments and the incorrect application of meters could result in damage to the circuits.

The alternator is fitted with sealed-for-life bearings and no routine attention is required for lubrication. Keep the outside of the alternator clean and do not allow it to be sprayed with water or any solvent.






	10.2.	Starter Motor








	10.2.0.	TECHNICAL DATA




	Make:	Bosch

	Min. brush length:	13.0 mm (0.52 in.)








	10.2.1.	REMOVAL AND INSTALLATION




	Disconnect the battery earth (ground) cable and jack up the front end of the vehicle.

	Release the two cable clamps for securing the wiring from the alternator and the wiring from the alternator terminal “50” from the ignition/starter switch, Remember to attach the cables with the clamps after installation of the starter motor.

	At the back of the starter motor take off the cables and wires, taking care from where each cable is disconnected. Disconnect the wire from the alternator “B+” terminal and the wire from the battery positive terminal from the starter motor terminal after removal of the nut.

	Loosen the starter motor bolts and nuts (and support bracket, if fitted). Hold the starter motor while the bolts are completely removed. Withdraw the unit from the vehicle.

	Install in the reverse sequence to removal. If a support bracket is fitted, tighten the bolts to 1.6 kgm (11 ft.lb.) and secure the cover plate (if fitted) with the hose clip. Tighten the starter motor bolts to 6.0 kgm (43.5 ft.lb.). Make sure that the mating faces are clean before bolting up. Re-connect the wires and the battery terminals.








	10.2.2.	SERVICING



We recommend to take the removed starter motor to an electrical workshop for repairs/overhauls or to fit an exchange starter motor.






	10.3.	Headlamps








	10.3.0.	REMOVAL



The replacement of the headlamp bulbs is described in the Owner's Manual and is not described in the following text. The bulb is replaced from the engine compartment side. Do not touch the bulb glass with the fingers during installation. Fit the bulb with the lug engaging into the cutoff of the bulb holder. The headlamps must be adjusted when a headlamp bulb has been replaced. We strongly recommend to have this carried out in a workshop dealing with car electrics, service station, or your dealer.






	10.3.1.	HEADLAMP ADJUSTMENT



The adjustment of the headlamps should be carried out with an optical Instrument. Only in emergency should you adjust the headlamps in accordance with the following description.


[image: image]

Fig. 10.1. – The position of the adjusting screws. In the L.H. view for a vehicle with long front end. L.H. arrow for the horizontal adjustment, R.H. arrow for the vertical adjustment. The R.H. view shows the horizontal adjusting screw (1) and the vertical adjusting screw (2) on the R.H. headlamp in the case of vehicles with a short front end.




	Make sure the tyres have the correct pressures and clean the headlamp lenses. The vehicle must be weighted down, i.e. a person of average weight (11 stone?) must sit in the drivers seat or the relevant weight must be placed on the seat. Otherwise the vehicle must be empty, in the condition used on the road, ie. with spare wheel, tools, etc. The tank, however, must be 90 % full. If not fill the tank before proceeding with the adjustment.

	Drive the vehicle in front of a dark wall or the garage door, positioning it square to the wall/garage door. Push the car backwards or forward to obtain a distance of 10 meters between wall/door and headlamp fronts. Transfer the headlamp centres to the wall/door. To do this, measure the height from the floor to the headlamp centres.

	Switch on the headlamps and change to low beam. Check where the light beams are in relation to the markings on the wall/door.

	Use the adjusting screws shown in Fig. 10.1 and adjust as necessary. Have the alignment checked at a dealer or workshop dealing with headlamp adjustments.




11. Bodywork






	11.1.	Front Doors

	11.2.	Tailgate

	11.3.	Front Bumper

	11.4.	Rear Bumper

	11.5.	Instrument Panel








	11.1.	Front Doors








	11.1.1	INNER DOOR TRIM PANELS



Fig. 11.1 shows details of the inner door trim panel. A trim panel is removed as follows. A version with window winder handle is shown.


	Crank down the window and remove the window winder (9). To do this, carefully lift the cover off the handle. Underneath you will find a cross-headed screw. Unscrew it and take off the star washer. The handle can now be pulled off.

	Unscrew the locking button (5) and lever out the surround (6).

	Unscrew the inner part of dip (8), using a socket.

	Lever off the trim cover (4), remove the screws (3) and take off the handle (2).

	Unscrew the cross-headed screw (10) and take off the trim (1).

	Lift the door trim together with the inner window slot seal towards the top, tilt it away from the door panel and lift it out of mounting holes.



The installation of the door trim is a reversal of the removal procedure.






	11.1.2	DISMANTLING A FRONT DOOR MECHANISM



Fig. 11.2 shows a dismantled front door. The following notes give additional information when removing the various parts from the inside of the front door:


[image: image]

Fig. - 11.1. - Details for the removal and installation of the front door trim panel. The numbers are referred to in the text.



Front Door (1) — Removal

The description also refers to models with central locking, electric window lifters, heated outside mirrors and/or door loudspeakers:


	Remove the door trim as described above.

	Find all electrical leads, separate the connector plugs and pull the leads out of the door.

	Open the door and locate a nut in the centre between the two hinges. Remove the nut and take out the pin. These parts are shown with (24) and (25) in Fig. 11.2. Ask a helper to hold the door in position and unscrew the upper and lower door hinge bolts. The door can now be lifted away.
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Fig. - 11.2. - Details for the removal and installation of the various parts on the inside of a front door. The numbers are referred to in the text.



The installation is a reversal of the removal procedure. The door can be adjusted in the elongated holes of the hinges. The front door is correctly adjusted when an even gap exists all around in the opening when the door is closed. The hinge securing bolts allow an adjustment up and down and in and out. Slacken the hinges as required by trial and error until the gap is obtained. Then tighten the screws without moving the door. Tighten the two hinge bolts to 5.5 kgm (40 ft.lb.) after installing the pin (25) and the nut (24) in Fig. 11.1. The nut must be tightened carefully (0.5 kgm).

The inner window slot seal (2) is removed together with the door trim panel as already described.

The outer window slot seal (3) is pushed into the flange.

The door window (5) is removed as follows:


	Remove the door trim panel as already described.

	Fully lower the window and unscrew the window lifter rail (6) from the window lifter (16).

	Tilt the door window forward and lift it out of the window slot.



During installation insert the window in the door slot, align it to its fitted position and provisionally screw the window lifter rail to the window lifter with the two bolts.

Raise the window fully, using the window lifter and tighten the two bolts to 0.7 kgm (5 ft.lb.)

The window lifter rail (6) can be removed after removal of the window.

The outside door handle (7) is removed as follows:


	Refer to Fig. 11.3 and remove the two screws (1). Withdraw the handle in the direction of the arrow. The installation is a reversal of the removal procedure.



The countersunk screw (8) is tightened to 0.8 kgm (6 ft.lb.)

The locking button (9) is screwed onto the locking rod (11).

To remove the door lock (12), remove the door trim panel and the outside door handle as already described. Raise the window fully and unclip the pull rod (14) from the clips (15) on the inner door panel. Unscrew the screws (1) in Fig. 11.4 and remove the door lock together with the pull rod and the locking rod. The installation is a reversal of the removal procedure.
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Fig. - 11.3. - The two screws (1) secure the outside door handle. Remove the handle in the direction of the arrow.



The countersunk screw (13) is tightened to 0.8 kgm (6 ft.lb.).

The clips (15) secure and guide the pull rod (14) on the door panel.

The window lifter (16) can be removed as follows:


	Remove the door trim panel as already described.

	Unscrew the lifter rail (6) with the door window from the window lifter.

	Slide the window door upwards and secure in this position with sticky tape.



The window lifter can now be removed as follows:


	If a mechanical lifter is fitted, unscrew a bolt at the top and one at the bottom and carefully remove the window lifter with the crank mechanism out of the top opening.

	If an electrical window lifter is used, separate the connector plug from the lifter motor and unscrew the securing bolts. There is one at the top and one at the bottom of the window lifter. Three bolts secure the lifter motor. Remove the lifter and the motor as an assembly.



The installation is a reversal of the removal procedure.

The hexagonal bolts (17), (18) and (19) are tightened to 0.7 kgm (6 ft.lb.).

The window lifter crank mechanism (21) is removed together with the window lifter (see above description).

The sleeve (21) is clipped in position of the door check strap (22).

Door closing by itself? Replace the door check strap. The door check strap (22) is secured with the two screws (23) to the inner face of the door. The screws are tightened to 0.7 kgm (6 ft.lb.). Nut (24) and pin (25) secure the door check to the body.

The cover (26) is fitted to doors with mechanical window operation. On models with electric window operation, central locking, etc., a rubber boot is fitted.
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Fig. - 11.4. - The screws (1) secure the door lock to the closing face of the front door.








	11.2.	Tailgate








	11.2.1.	TAIL GATE TRIM PANEL



Fig. 11.5 shows the trim panel removed from the tail gate. The clips (5) are made of two parts. To remove the inner part of the clips, use a socket wrench. To refit the clips, press the outer part and inner part in turn into the mounting holes.


[image: image]

Fig. - 11.5. - Removal and installation of the tailgate trim panel




	1	Tailgate

	2	Trim panel

	3	Strap

	4	Cross-headed screw

	5	Two-part clip








	11.2.2.	TAILGATE — REMOVAL (See Fig. 11.6)




	Open the tailgate and remove the trim panel as already described (Fig. 11.5).

	Disconnect the leads for rear window heater, number plate lights, rear window wiper motor and central locking motor (depending on the version) and pull the cables out of the tail gate.

	Ask a helper to support the tail gate and lift the locking tab (1) with a screwdriver. Pull the gas-filled struts on both sides out of the ball-head pins. The locking tabs must not be removed completely (damage).




[image: image]

Fig. - 11.6. - Removal of the tailgate.




	1	Locking tabs

	2	Securing screws




	Unscrew the two screws (2) from the hinges and take off the tail gate.



The installation is a reversal of the removal procedure. There is no need to adjust the tailgate if the original tailgate is fitted.






	11.2.2.	DISMANTLING THE TAILGATE



Fig. 11.7 shows the parts fitted to the inside of the tailgate. Replacing any of the parts is fairly straight forward and needs no further explanation, except for the following:


	The cross-headed screw (2) is tightened to 2.0 kgm (14.5 ft.lb.)

	The spacer plate (5) must not drop into the roof member, when the hinge (3) is removed.

	The nuts (6) are tightened to 3.0 kgm (22 ft.lb.).

	The guide pin (12) is made for the L.H. and R.H. side and must not be interchanged.
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Fig. - 11.7. - The parts fitted to the inside of the tailgate.




	1	Tailgate

	2	Cross-headed screw

	3	Hinge

	4	Sealing plate

	5	Spacer plate

	6	Bolt 3.0 kgm

	7	Inside door opener

	8	Motor, central locking

	9	Tailgate lock mechanism

	10	Tailgate lock

	11	Countersunk screw

	12	Guide pin, L.H. and R.H.

	13	Plug

	14	Crosshead screw, 0.8 kgm

	15	Motor, rear window winder








	11.3.	Front Bumper



The parts of the front bumper are shown in Fig. 11.8. The bumper is attached at the centre with the two bolts (2). The two caps (1) must be removed to reach the bolts. To remove the bumper, knock the pins (4) out of their location and pull the bumper straight out of the guides (5).

During installation push the bumper straight into the guides (5) and knock the pins (4) into position until flush. Tighten the two bolts (2) to 1.0 kgm (7.2 ft.lb.) and fit the caps (1).
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Fig. - 11.8. - Attachment of the front bumper. The numbers are referred to in the text.








	11.4.	Rear Bumper



Fig. 11.9 shows the fitting details of the rear bumper. Note the following details.
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Fig. - 11.9. – Fitting details of the rear bumper.




	1	Rear bumper

	2	Cover cap

	3	Bolt with washer. Tighten to 1.5 kgm (10 ft.lb.).

	4	Bolt with washer. Tighten to 1.5 kgm

	5	Pin. Replacement part consists of items 5 and 6.

	6	Spreader clip. Replacement part consists of items 5 and 6.

	7	Bracket

	8	Combi bolt, 11 kgm (80 ft.lb.)

	9	Pin

	10	Guide. When removing and installing bumper, pull out or push in straight on L.H. and R.H. sides.

	11	Washer








	11.5.	Instrument Panel








	11.5.1.	REMOVAL OF COMPLETE INSTRUMENT PANEL




	Disconnect the battery earth cable.

	Unscrew the bolt (1) in Fig. 11.10 from the air duct and cross panel.

	Remove the steering wheel. To do this, remove the cap in the centre and then unscrew the steering wheel nut. The nut is tightened to 7.0 kgm (50.5 ft.lb.).

	Refer to Fig. 11.11 to remove the steering wheel column switch and the switch covers. Remove the screws (1) and take off the lower cover (2). Pull the connectors off the steering column switch (4), unscrew the slotted screw (5) and remove the steering column switch (4). Finally remove the upper cover (3).

	Remove the instrument trim. Refer to Fig. 11.12 and unscrew the self-tapping screws (1). Pull the instrument trim (2) out of the spring clips (3).




[image: image]

Fig. - 11.10.
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Fig. - 11.11.
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Fig. - 11.12.




	Remove the L.H. heater and fresh air outlet.

	Unscrew the swivel fitting (1) and unscrew the cross-headed screw (2). Press down the retaining lugs (points indicated by the arrows) and lever out the heater/fresh air outlet (3). The numbers refer to Fig. 11.13.
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Fig. - 11.13.




	Remove the L.H. switch console by referring to Fig. 11.14. Lever out the light switch (1), separate the connector plug and unclip the trim (2). Separate the connector plug for the L.H. speaker (if fitted).
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Fig. - 11.14.




	If a diesel engine is fitted, remove the handle for the cold start device. To do this, remove the clip (1) in Fig. 11.15 twist the handle (2) off the operating cable and unscrew the nut (3).
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Fig. - 11.15.




	Refer to Fig. 11.16 and remove the cover of the relay plate. To do this, turn the quick-latch by 90°, flip down the cover (2) and lift out the mounts (3). Lever off the closing cap (4) and unscrew the bolt (5).
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Fig. - 11.16.




	Remove the centre heater/fresh air outlet by referring to Fig. 11.17. Unclip the swivel fittings (2) and unscrew the screws (1). Press down the retaining lugs at the points shown by the arrows and lever out the heater/fresh air outlets (3).
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Fig. - 11.17.




	Remove the controls in the centre of the instrument panel by referring to Fig. 11.18. Pull off the lever (1) and the knob (2). Unclip the trim plate (3) and separate the connector plug at the blower switch (4). Unscrew the cross-head screws (5). The radio must be removed if one is fitted. Separate the aerial and electrical connectors. Unplug all switches in the centre section of the instrument panel, cigarette lighter, etc. Unscrew the securing screws shown by the arrows to free the instrument panel.

	The next item to be removed is the glove box. Details are shown in Fig. 11.19. First pull out the inside light (arrow), if a glove box with lockable lid is fitted and unplug the electrical connector. Unscrew the seven cross-head screws and take out the glove box.
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Fig. - 11.18.
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Fig. - 11.19.




	Remove the R.H. heater/fresh air outlet (Fig. 11.20). Unclip the swivel fitting (1). Then proceed as described on the previous page (bottom right).

	Take out the instrument panel.
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Fig. - 11.20.




Fault Finding Section

The following section lists some of the more common faults that can develop in a motor car; both for petrol and diesel engines. For the purpose of this manual, references to diesel engines are of course, first and foremost. The section is divided into various categories and it should be possible to locale faults or damage by referring to the assembly group of the vehicle in question.

The faults are listed in no particular order and their causes are given a number. By referring to this number it is possible to read off the possible cause and to carry out the necessary remedies, if this is within the scope of your facilities.






	ENGINE FAULTS	

	Engine will not crank:	1, 2, 3, 4

	Engine cranks, but will not start:	5, 6, 7, 8

	Engine cranks very slowly:	1, 2, 3

	Engine starts, but cuts out:	5, 6, 9, 10

	Engine misfires in the lower speed ranges:	5, 6, 9, 11

	Engine misfires in the higher speed ranges:	5, 6, 11, 12

	Continuous misfiring:	5, 6, 7, 10 to l5, 21, 22

	Max. revs not obtained:	5, 6, 12, 22

	Faulty idling:	5, 6, 8 to 11, 13, 15, 16, 21 and 22

	Lack of power:	3, 5 to 11, l3 to 15, 22

	Lack of acceleration:	5 to 8, 12, 14 to 16

	Lack of max. speed:	5 to 8, 10, 12, 13 to 15, 22

	Excessive fuel consumption:	3, 5, 6, 15, 16

	Excessive oil consumption:	16 to 19

	Low compression:	7, 11 to 13, 16, 20 to 22



CAUSES AND REMEDIES


	1.	Fault in the starter motor or its connection. Refer to “Electrical Faults”.

	2.	Engine oil too thick. This can be caused by using the wrong oil, low temperatures or using oil not suitable for the prevailing climate. Depress the clutch whilst starting (models with manual transmission). Otherwise refill the engine with the correct oil grade suitable for diesel engines.

	3.	Moveable parts of the engine not run-in. This fault may be noticed when the engine has been overhauled. It may be possible to free the engine by adding oil to the fuel for a while.

	4.	Mechanical fault. This may be due to seizure of the piston(s), broken crankshaft, connecting rods, clutch or other moveable parts of the engine. The engine must be stripped for inspection.

	5.	Faults in the glow plug system. Refer to “Glow Plug Faults”.

	6.	Faults in the fuel system. Refer to “Fuel Faults”.

	7.	Incorrect valve timing. This will only be noticed after the engine has been re-assembled after overhaul and the timing belt has been replaced incorrectly. Re-dismantle the engine and check the timing marks on the timing gear wheels.

	8.	Compression leak due to faulty closing of valves. See also under (7) or leakage past worn piston rings or pistons. Cylinder head gasket blown.

	9.	Entry of air at inlet manifold, due to split manifold or damaged gasket.

	10.	Restriction in exhaust system, due to damaged exhaust pipes, dirt in end of exhaust pipe(s), kinked pipe(s), or collapsed silencer. Repair as necessary.

	11.	Worn valves or valve seats, no longer closing the valves properly. Top overhaul of engine is suggested.

	12.	Sticking valves due to excessive carbon deposits or weak valve springs. Top overhaul is suggested.

	13.	Cylinder head gasket blown. Replace gasket and check block and head surfaces for distortion.

	14.	Camshaft worn, not opening or closing one of the valves properly, preventing proper combustion. Check and if necessary fit new camshaft.

	15.	Incorrect valve (tappet) clearance. There could be a fault in the hydraulic tappets.

	16.	Cylinder bores, pistons or piston rings worn. Overhaul is the only cure. Fault may be corrected for a while by adding “Piston Seal Liquid” into the cylinders, but will re-develop.

	17.	Worn valve guides and/or valve stems. Top overhaul is suggested.

	18.	Damaged valve stem seals. Top overhaul is suggested.

	19.	Leaking crankshaft oil seal, worn piston rings or pistons, worn cylinders. Correct as necessary.

	20.	Loose glow plugs, gas escaping past thread or plug sealing washer damaged. Correct.

	21.	Cracked cylinder or cylinder block. Dismantle, investigate and replace block, if necessary.

	22.	Broken, weak or collapsed valve spring(s). Top overhaul is suggested.



GLOW PLUG FAULTS

Check a suspect glow plug as follows (except TDI Engine):


	Remove the glow plug lead from the rear glow plug and from the remaining plugs remove the bus bars.

	Connect a 12 volt test lamp to the plus terminal of the battery and with the other lead of the lamp touch in turn the connecting threads of each glow plug. The faulty plug is detected when the test lamp does not light up.



Further faults in the glow plug system can develop in the glow plug relay. Check as follows:


	Disconnect the electrical lead from the glow plug on the flywheel end and connect a test lamp between the lead and a good earthing point.

	Disconnect the electrical lead from the coolant temperature sender unit and move away from the earth.

	Turn the ignition key to the “glowing” position and observe the test lamp. The lamp should light up for approx. 25 - 30 sec. and then switch off.

	Turn the ignition switch “off” and then again to the “glowing” position. The test lamp must light up once more.

	Hold the disconnected lead from the temperature sender unit against earth. The test lamp must switch off.

	Turn the ignition switch “off” and then again to the “glowing” position. The test lamp should light up.

	Operate the starter motor and check that the test lamp remains “on”.

	If the above tests cannot be carried out satisfactory, have the glow plug relay replaced.



LUBRICATION SYSTEM FAULTS

The only problem the lubrication system should give is excessive oil consumption or low oil pressure, or the oil warning light not going off.

Excessive oil consumption can be caused by worn cylinder bores, pistons and/or piston rings, worn valve guides, worn valves stem seals or a damaged crankshaft oil seal or leaking gasket on any of the engine parts. In most cases the engine must be dismantled to locate the fault.

Low oil pressure can be caused by a faulty oil pressure gauge, sender unit or wiring, a defective relief valve, low oil level, blocked oil pick-up pipe for the oil pump, worn oil pump or damaged main or big end bearings. In most cases it is logical to check the oil level first. All other causes require the dismantling and repair of the engine. If the oil warning light stays on, switch off the engine IMMEDIATELY, as delay could cause complete seizure within minutes.

COOLING SYSTEM FAULTS

Common faults are: Overheating, loss of coolant and slow warming-up of the engine:

Overheating:


	1.	Lack of coolant: Open the expansion tank cap with care to avoid injuries. Never pour cold water into an overheated engine. Wait until engine cools down and pour in coolant whilst engine is running.

	2.	Radiator core obstructed by leaves, insects, etc.: Blow with air line from the back of the radiator or with a water hose to clean.

	3.	Cooling fan not operating: Check fan for proper cut-in and cut-out temperature. If necessary change the temperature switch or see your VW Dealer.

	4.	Thermostat sticking: If sticking in the closed position, coolant can only circulate within the cylinder head or block. Remove thermostat and check as described in section “Cooling”.

	5.	Water hose split: Identified by rising steam from the engine compartment or the front of the vehicle. Slight splits can be repaired with insulation tape. Drive without expansion tank cap to keep the pressure in the system down, to the nearest service station.

	6.	Water pump belt torn: Replace and tension belt (if possible).

	7.	Water pump inoperative: Replace water pump.

	8.	Cylinder head gasket blown: Replace the cylinder head gasket.



Loss of Coolant:


	1.	Radiator leaks: Slight leaks may be stopped by using radiator sealing compound (follow the instructions of the manufacturer). In an emergency, an egg can be cracked open and poured into the radiator filler neck.

	2.	Hose leaks: See under 5, “Overheating”.

	3.	Water pump leaks: Check the gasket for proper sealing or replace the pump.



Long Warming-up periods:


	1.	Thermostat sticking in the open position: Remove thermostat, check and if necessary replace.



DIESEL FUEL SYSTEM FAULTS






	Engine is difficult to start or does not start:	1 to 13

	Engine starts, but stop soon afterwards:	14 to 20

	Engine misfires continuously:	1 to 13

	Bad idling:	14 to 20

	Black, white or blue exhaust smoke:	21 to 29

	Lack of power:	30 to 39

	Excessive fuel consumption:	40 to 47



CAUSES AND REMEDIES


	1.	Fuel tank empty. Refuel.

	2.	Pre-glowing time too short. Operate until warning light goes “off”.

	3.	Cold starting device not operated. Pull cable and push in after approx. 1 mm.

	4.	Glow plug system inoperative. Refer to “Glow Plug Faults”.

	5.	Electro-magnetic cut-off device loose or no current. Check cable to cut-off at top of injection pump. Ask a second person to operate ignition key and check if a “click” is heard. Either interrupted current supply or defective cut-off device.

	6.	Air in fuel system. Operate starter motor until fuel is delivered.

	7.	Fuel supply faulty. Slacken the injection pipes at injectors, and check if fuel is running out. Other faults: kinked, blocked or leaking injection pipes blocked fuel filter, tank breathing system blocked. Wrong fuel for cold temperatures.

	8.	Injection pipes refitted in wrong order after repair.

	9.	Injection timing of pump out of phase: Have the adjustment checked and corrected.

	10.	One or more injectors faulty, dirty or incorrect injection pressure. Have injectors repaired or replace them.

	11.	Injection pump not operating properly. Fit an exchange pump or have it repaired.

	12.	Valves not opening properly.

	13.	Compression pressures too low. See item “8” under “Engine Faults”.

	14.	Idle speed not properly adjusted. Adjust.

	15.	Throttle cable not properly adjusted or sticking. Readjust or free-off.

	16.	Fuel hose between filter and pump not tightened properly. Tighten connections.

	17.	Rear mounting of injection pump loose or cracked. Tighten or replace.

	18.	See items 6, 7, 9, 11, 12 and 13

	19.	Engine mounting not tightened properly or worn. Tighten or replace.

	20.	Sticking accelerator pedal. Free-off pedal.

	21.	Engine not at operating temperature. Check exhaust smoke colour again when engine is warm.

	22.	Too much acceleration at low revs. Use individual gears in accordance with acceleration.

	23.	Air cleaner contaminated. Clean or replace.

	24.	Fuel filter contaminated. Replace.

	25.	Max. speed adjustment incorrect. Re-adjust.

	26.	Injectors are dripping. Have them checked or replace faulty ones.

	27.	Injector nozzles sticking or broken. Replace injector.

	28.	Injection pressure too low. Have injectors checked and adjusted.

	29.	See items 9, 11, 12 and 13

	30.	Throttle cable travel restricted. Re-adjust. Check that floor mats cannot obstruct pedal movement.

	31.	Throttle cable not correctly adjusted. Re-adjust.

	32.	Operating lever loose on pump. Re-tighten.

	33.	Max. speed not obtained. Re-adjust max. speed or have it adjusted.

	34.	Injector pipes restricted in diameter (near connections). Disconnect pipes and check that diameter is at least 2.0 mm (0.08 in.).

	35.	Heat protection sealing gaskets under injectors not sealing or damaged. Remove injectors and check. Replace if necessary. Fit the washers correctly.

	36.	Injection pressure of injectors wrong. Have them readjusted.

	37.	See items 6, 7, 9, 11 and 13

	38.	See item 20.

	39.	See items 23, 24, 26 and 27.

	40.	Road wheels dragging. Brakes seized or wheel bearings not running freely.

	41.	Engine not running “free”. Refers to new or overhauled engine.

	42.	Fuel system leaking. Check hoses, pipes, filter, injection pump, etc. for leaks.

	43.	Fuel return line blocked. Clean with compressed air if possible.

	44.	Idle speed too high. Re-adjust.

	45.	Max. speed too high. Re-adjust.

	46.	See items 10, 11, 12 and 13.

	47.	See items 24, 26, 27 and 28.



CLUTCH FAULTS






	Clutch slipping:	1, 2, 3, 4, 5

	Clutch will not disengage fully:	4, 6 to 12, 14

	Whining from clutch when pedal is depressed:	13

	Clutch judder:	1, 2, 7, 10 to 13

	Clutch noise when idling:	2, 3

	Clutch noise during engagement:	2



CAUSES AND REMEDIES


	1.	Insufficient clutch free play at pedal. Adjust in accordance with instructions in section “Clutch” (if applicable).

	2.	Clutch disc linings worn, hardened, oiled-up, loose or broken. Disc distorted or hub loose. Clutch disc must be replaced.

	3.	Pressure plate faulty. Replace clutch.

	4.	Air in hydraulic system (only applicable to models with hydraulic clutch control). Low fluid level in clutch cylinder reservoir.

	5.	Insufficient play at clutch pedal and clutch release linkage (the latter in the case of mechanical operation). Adjust as described.

	6.	Excessive free play in release linkage (only for cable operated clutch). Adjust or replace worn parts.

	7.	Misalignment of clutch housing. Very rare fault, but possible on transmissions with separate clutch housings. Re-align to correct.

	8.	Clutch disc hub binding on splines of main drive shaft (clutch shaft) due to dirt or burrs on splines. Remove clutch and clean and check splines.

	9.	Clutch disc linings loose or broken. Replace disc.

	10.	Pressure plate distorted. Replace clutch.

	11.	Clutch cover distorted. Replace clutch.

	12.	Fault in transmission or loose engine mountings.

	13.	Release bearing defective. Remove clutch and replace bearing.

	14.	A bent clutch release lever. Check lever and replace or straighten, if possible.




	The above faults and remedies are for hydraulic and mechanical clutch operation and should be read as applicable to the model in question, as the clutch fault finding section is written for all types of clutch operation.



STEERING FAULTS






	Steering very heavy:	1 to 6

	Steering very loose:	5, 7 to 9, 11 to 13

	Steering wheel wobbles:	4, 5, 7 to 9, 11 to 16

	Vehicle pulls to one side:	1, 4, 8, 10, 14 to 18

	Steering wheel does not return to centre position:	1 to 6, 18

	Abnormal tyre wear:	1, 4, 7 to 9, 14 to 19

	Knocking noise in column:	6, 7, 11, 12



CAUSES AND REMEDIES


	1.	Tyre pressures not correct or uneven. Correct.

	2.	Lack of lubricant in rack and pinion steering.

	3.	Stiff steering linkage ball joints. Replace ball joints in question.

	4.	Incorrect steering wheel alignment. Correct as necessary.

	5	Steering needs adjustment. See your dealer for advice.

	6.	Steering column bearings too tight or seized or steering column bent. Correct as necessary.

	7.	Steering linkage joints loose or worn. Check and replace joints as necessary.

	8.	Front wheel bearings worn, damaged or loose. Replace bearing.

	9.	Front suspension parts loose. Check and correct.

	10.	Wheel nuts loose. Re-tighten.

	11.	Steering wheel loose. Re-tighten nut.

	12.	Steering gear mounting loose. Check and tighten.

	13.	Steering gear worn. Replace the steering gear.

	14.	Steering track rods defective or loose.

	15.	Wheels not properly balanced or tyre pressures uneven. Correct pressures or balance wheels.

	16.	Suspension torsion bars (front) or springs (rear) weak or broken. Replace bar or spring in question or both.

	17.	Brakes are pulling to one side. See under “Brake Faults”.

	18.	Suspension out of alignment. Have the complete suspension checked by a dealer.

	19.	Improper driving. We don't intend to tell you how to drive and are quite sure that this is not the cause of the fault.



BRAKE FAULTS

Brake Failure: Brake shoe linings or pads excessively worn, incorrect brake fluid (after overhaul), insufficient brake fluid, fluid leak, master cylinder defective, wheel cylinder or caliper failure. Remedies are obvious in each instance.

Brakes Ineffective: Shoe linings or pads worn, incorrect lining material or brake fluid, linings contaminated, fluid level low, air in brake system (bleed brakes), leak in pipes or cylinders, master cylinder defective. Remedies are obvious in each instance.

Brakes pull to one side: Shoes or linings worn, incorrect linings or pads, contaminated linings, drums or discs scored, fluid pipe blocked, unequal tyre pressures, brake back plate or caliper mounting loose, wheel bearings not properly adjusted, wheel cylinder seized. Rectify as necessary.

Brake pedal spongy: Air in hydraulic system. System must be bled of air.

Pedal travel too far: Linings or pads worn, drums or discs scored, master cylinder or wheel cylinders defective, system needs bleeding. Rectify as necessary.

Loss of brake pressure: Fluid leak, air in system, leak in master or wheel cylinders, brake servo not operating (vacuum hose disconnected or exhauster pump not operating). Place vehicle on dry ground and depress brake pedal. Check where fluid runs out and rectify as necessary.

Brakes binding: Incorrect brake fluid (boiling), weak shoe return springs, basic brake adjustment incorrect (after fitting new rear shoes), piston in caliper of wheel cylinder seized, push rod play on master cylinder insufficient (compensation port obstructed), handbrake adjusted too tightly. Rectify as necessary. Swelling of cylinder cups through use of incorrect brake fluid could be another reason.

Handbrake ineffective: Brake shoe linings worn, linings contaminated, operating lever on brake shoe seized, brake shoes or handbrake need adjustment. Rectify as necessary.

Excessive pedal pressure required: Brake shoe linings or pads worn, linings or pads contaminated, brake servo vacuum hose (for brake servo) disconnected or wheel cylinders seized. Exhauster pump not operating (diesel engines). Rectify as necessary.

Brakes squealing: Brake shoe linings or pads worn so far that metal is grinding against drum or disc. Inside of drum is full of lining dust. Remove and replace, or clean out the drum(s). Do not inhale brake dust.

Note: Any operation on the steering and brake systems must be carried out with the necessary care and attention. Always think of your safety and the safety of other mad users. Make sure to use the correct fluid for the power-assisted steering and the correct brake fluid.

Faults in an ABS system should be investigated by a dealer.

Change the brake fluid in regular intervals (approx. every 2 years).

ELECTRICAL FAULTS






	Starter motor failure:	2 to 5, 8, 9

	No starter motor drive:	1 to 3, 5 to 7

	Slow cranking speed:	1 to 3

	Charge warning light remains on:	3, 10, 12

	Charge warning light does not come on:	2, 3, 9. 11, 13

	Headlamp failure:	2, 3, 11, 13, 14

	Battery needs frequent topping-up:	11

	Direction indicators not working properly:	2, 3, 9, 13, 14

	Battery frequently discharged:	10, 11, 12



CAUSES AND REMEDIES


	1.	Tight engine. Check and rectify.

	2.	Battery discharged or defective. Re-charge battery or replace if older than approx. 2 years.

	3.	Interrupted connection in circuit. Trace and rectify.

	4.	Starter motor pinion jammed in flywheel. Release.

	5.	Also 6, 7 and 8. Starter motor defective, no engagement in flywheel, pinion or flywheel worn or solenoid switch defective. Correct as necessary.

	9.	Ignition/starter switch inoperative. Replace.

	10.	Drive belt loose or broken. Adjust or replace.

	11.	Regulator defective. Adjust or replace.

	12.	Generator inoperative. Overhaul or replace.

	13.	Bulb burnt out. Replace bulb.

	14.	Flasher unit defective. Replace unit.




Wiring diagrams







	Diagram 1	Battery, X contact relief relay, ignition switch, fuses	Page 152

	Diagram 2	Heater blower, blower switch, two-way valve and switch for fresh air and recirculating air flap, glove-box light	Page 152

	Diagram 3	Immobiliser, junction box for data bus, self-diagnosis connection	Page 153

	Diagram 4	Dash panel insert, oil pressure and coolant temperature warning, fuel gauge, rev. counter	Page 153

	Diagram 5	Dash panel insert, multi-function display, rear wiper switch, outside temperature switch	Page 154

	Diagram 6	Dash panel insert, distance recorder, turn signal warning lamps, charge warning lamp, main beam warning light, rear fog light warning light	Page 154

	Diagram 7	Dash panel insert, brake pad wear indication	Page 155

	Diagram 8	Dash panel insert, handbrake warning light, brake fluid level warning switch, brake warning light, speedometer	Page 155

	Diagram 9	Dash panel insert, radio connection	Page 156

	Diagram 10	Interior lights, door contact switches	Page 156

	Diagram 11	Headlamp range control, hazard warning light switch	Page 157

	Diagram 12	Headlamps (long front end), direction indicators, front, side lights	Page 157

	Diagram 13	Turn signal switch, headlamp dipped beam/flasher switch, side light switch	Page 158

	Diagram 14	Cigarette lighter, brake light switch, reversing light	Page 158

	Diagram 15	L.H. rear turn signal light, tail light, reversing light, brake light, rear fog light, raised brake light	Page 159
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	A	Battery

	B	Starter motor

	D	Ignition/starter switch

	J59	X contact relief relay

	J339	X contact relief relay II

	SA1	Fuse 1 in fuse box

	SA2	Fuse 2 in fuse box

	SA3	Fuse 3 in fuse box

	SA4	Fuse 4 in fuse box

	SA5	Fuse 5 in fuse box

	SA6	Fuse 6 in fuse box

	SA7	Fuse 7 in fuse box

	SA8	Fuse 8 in fuse box

	T2t	2-pin connector, behind relay plate

	T3	3-pin connector

	In circles:

	1	Earth strap, battery to body

	2	Earth strap, gearbox to body

	30	Earth point, next to relay plate

	C10	Positive connection (30) in headlamp Cable harness



Battery, X contact relief relay, ignition switch, fuses
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	E9	Fresh air blower switch

	E159	Switch for fresh air and

	J	Engine control unit

	K114	Warning light, fresh air and recirculating air flap

	L16	Bulb, fresh air controls

	N24	Series resistor, blower

	N63	Two-way valve for

	T2u	2-pin connector, behind dashboard, R.H.

	T4a	4-pin connector

	T5f	5-pin connector

	T8a	8-pin connector

	V2	Fresh air blower motor

	W6	Glove box light

	In circles:

	33	Earth point, behind dash

	110	Earth connection -2- in dashboard cable harness

	A20	Connection (15a), in dashboard cable harness

	A61	Positive connection (X), in instrument harness

	i

	Cable Colour Code:

	ws = white

	sw = black

	ro = red

	gn = green

	ge = yellow

	bl = blue

	gr = grey

	br = brown

	li = : violet



Heater blower, blower switch, two-way valve and switch for fresh air and recirculating air flap, glovebox light
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	D2	Reading coil for immobiliser

	J	Engine control unit

	J362	Control unit for immobiliser

	T1c	1-pin connector, behind relay plate

	T1f	1-pin connector, behind relay plate

	T2n	2-pin connector

	T2o	2-pin connector

	T2p	2-pin connector

	T2q	2-pin connector

	T2r	2-pin connector

	T2s	2-pin connector

	T10c	10-pin connector (T8c to August 1999 only)

	T16	16-pin-connector, behind steering column

	TV4	Terminal 15, above relay plate

	TV14	Cable distributor for self-diagnosis, white

	TV16	Cable distributor for data bus

	In circles:

	32	Earth point, behind dashboard, left

	80	Earth connection -1-, in instrument harness

	110	Earth connection -2-, in instrument harness

	A76	Connection, in instrument cable harness

	_**_	only vehicles from Sept. 1999

	*	Not on all engines



Immobiliser, cable distributor for data bus, self-diagnosis connection
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	F1	Oil pressure switch

	G1	Fuel gauge

	G2	Coolant temperature sender

	G3	Coolant temperature gauge

	G5	Revolution counter

	G32	Sender for coolant coolant shortage

	H3	Buzzer/gong

	*	not for all engines

	J285	Control unit with display in dashpanel

	J533	Diagnosis interface

	K3	Oil pressure warning light

	K28	Coolant temperature/shortage warning lamp

	T32	32-pin connector, blue

	T32a	32-pin connector, green

	Cable Colour Code:

	ws = white

	sw = black

	ro = red

	gn = green

	ge = yellow

	bl = blue

	gr = grey

	br = brown

	li = violet



Dash panel insert, oil pressure and coolant temperature warning, fuel gauge, revolution counter
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	E34	Switch, rear screen wiper

	E86	Re-call button for multi-function display

	E109	Storage switch for multi-function

	G	Fuel tank sender unit

	G17	Outside temperature sender unit

	J119	Multi-function display

	J285	Control unit with display, in dash panel insert

	T5d	5-pin connector, behind steering column covers

	T32	32-pin connector, blue

	T32a	32-pin connector, green

	Y2	Digital clock

	Cable Colour Code:

	ws = white

	sw = black

	ro = red

	gn = green

	ge = yellow

	bl = blue

	gr = grey

	br = brown

	li = violet



Dash panel insert, multi-function display, rear wiper switch, outside temperature switch
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	C	Alternator

	J285	Control unit with display, in dash board

	Kl	Main beam warning light

	K13	Rear fog light warning lamp

	K65	Flasher lamp warning light, left

	K94	Flasher lamp warning light, right

	T1	1-pin connector, behind relay plate

	T1b	1-pin connector, near starter motor

	T1g	1-pin connector, behind relay plate

	T2g	2-pin connector, behind relay plate

	T6a	6-pin connector, behind relay plate

	T32	32-pin connector, blue

	T28	28-pin connector, in dash panel insert

	Cable Colour Code:

	ws = white

	sw = black

	ro = red

	gn = green

	ge = yellow

	bl = blue

	gr = grey

	br = brown

	li = violet



Dash panel insert, distance recorder, turn signal warning lamps, charge warning lamp, main beam warning lamp, rear fog light warning lamp
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	G34	Pad wear indicator, front, left**

	G37	Pad wear indicator, rear, right**

	J104	Control unit for ABS with EDL

	J285	Control unit with display in dash board

	K32	Brake pad wear warning light

	K47	ABS warning light

	T1i	1-pin connector, behind relay plate

	T2c	2-pin connector

	*	only with ABS

	**	only with 16 in. Tyres

	T2f	2-pin connector control unit

	T31	31-pin connector, on ABS control unit

	T32a	32-pin connector, green

	In circles:

	C45	To pad wear indicator, cable harness, L.H. front

	C6	Same as C45

	45	Earth point, behind dashboard, centre

	–	only without ABS

	Cable Colour Code:

	ws = white

	sw = black

	ro = red

	gn = green

	ge = yellow

	bl = blue

	gr = grey

	br = brown

	li = violet



Dash panel insert, brake pad wear indication
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	F9	Switch on handbrake lever

	F34	Warn contact, brake fluid level

	G21	Speedometer

	G22	Sender unit for speedometer

	J234	Air bag control unit

	J285	Control unit with display in dash

	K75	Airbag warning light

	K118	Warning light, brake system

	T1v	1-pin connector, behind relay plate

	T2i	2-pin connector, behind relay plate

	T32	32-pin connector, blue

	T32a	32-pin connector, green

	T50	50-pin connector, on airbag unit

	TV13	Speed signal junction box, blue

	In circles:

	30	Earth point, near relay plate

	81	Earth connection (with ABS)



Dash panel insert, handbrake warning light, brake fluid warning switch, brake warning light, speedometer

[image: image]






	L285	Control unit with display in dash

	L75	Illumination for digital display

	R	Radio

	T1s	1-pin connector, behind relay plate

	T2	2-pin connector, behind relay plate

	T2z	2-pin connector, behind relay plate

	T6a	6-pin connector, behind relay plate

	T8	8-pin connector, on radio

	T32	32-pin connector, blue

	T32a	32-pin connector, green

	In circle:

	45	Earthing point, behind dash, centre








	Cable Colour Code:

	ws = white

	sw = black

	ro = red

	gn = green

	ge = yellow

	bl = blue

	gr = grey

	br = brown

	li = violet



Dash panel insert, radio connection

[image: image]






	F2	Door contact switch, driver side

	F3	Door contact switch, passenger side

	F7	Door contact switch, R.H. rear, sliding door

	F160	Door contact switch, tail gate

	T1e	1-pin connector, behind relay plate

	T1h	1-pin connector, being dash, left

	Tlk	1-pin connector, near R.H. tail light

	T2j	2-pin connector, near centre lamp

	TV17	Cable distributor for door switches,

	TV25	Cable distributor for door switches

	Wl	Front interior lamp

	W7	Centre interior lamp

	W13	Reading lamp, passenger side

	W15	Interior lamp with switch off delay

	In circles:

	30	Earth point, next to relay plate

	128	Earth connection, in interior light

	R4	Connection in interior lamp harness

	Cable Colour Code:

	ws = white

	sw = black

	ro = red

	gn = green

	ge = yellow

	bl = blueli = violet

	gr = grey

	br = brown



Interior lights, door contact switches
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	E3	Hazard warning light switch

	E102	Headlamp range control regulator

	J1	Flasher relay

	K6	Hazard warning light warning lamp

	T2	2-pin connector, behind relay plate

	T3a	3-pin connector

	T3b	3-pin connector

	T6a	6-pin connector, behind relay plate

	T8b	8-pin connector

	V48	Positioning motor, L.H. range control

	V49	Positioning motor, R.H. range control

	In circle:

	224	Earth connection, in light switch cable harness

	Cable Colour Code:

	ws = white

	sw = black

	ro = red

	gn = green

	ge = yellow

	bl = blue

	gr = grey

	br = brown

	li = violet



Headlamp range control, hazard warning light switch
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	L1	L.H. headlamp bulb

	L2	R.H. headlamp bulb

	Ml	Bulb, L.H. side light

	M3	Bulb, R.H. side light

	M5	Bulb, L.H. front direction indicator

	M7	Bulb, R.H. front direction indicator

	T2b	2-pin connector, behind relay plate

	T4c	4-pin connector

	T4d	4-pin connector

	In circles:

	119	Earth connection, headlamp cable harness

	120	Earth connection, headlamp cable harness

	C28	Connection (56b), in headlamp cable harness

	Cable Colour Code:

	ws = white

	sw = black

	ro = red

	gn = green

	ge = yellow

	bl = blue

	gr = grey

	br = brown

	li = violet



Headlamps (long front end), direction indicators front, side lights
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	E2	Turn signal switch

	E4	Headlamp dipped beam, flasher switch

	E19	Side light switch

	T5b	5-pin connector, behind relay plate

	T7b	7-pin connector, behind steering column switch trim

	Cable Colour Code:

	ws = white

	sw = black

	ro = red

	gn = green

	ge = yellow

	bl = blue

	gr = grey

	br = brown

	li = violet



Turn signal switch, headlamp dipped beam/flasher switch, side light switch
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	F1	Brake light switch

	F4	Reversing light switch

	F28	Bulb, cigarette lighter lighting

	TV5	Terminal 15a, junction box above relay plate

	U1	Cigarette lighter

	In circle:

	A53	Connection (58b), in instrument panel cable harness

	Cable Colour Code:

	ws = white

	sw = black

	ro = red

	gn = green

	ge = yellow

	bl = blue

	gr = grey

	br = brown

	li = violet



Cigarette lighter, brake light switch, reversing light
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	L20	Bulb, rear fog light

	M6	Bulb, L.H. brake light

	M16	Bulb, L.H. reversing light

	M21	Bulb, L.H. brake and tail light

	M25	Bulb, raised brake light

	T2k	2-pin connector

	T7b	7-pin connector

	In circles:

	59	Earth point, near L.H. tail light

	63	Earth point, L.H. tail light

	Cable Colour Code:

	ws = white

	sw = black

	ro = red

	gn = green

	ge = yellow

	bl = blue

	gr = grey

	br = brown

	li = violet



L.H. rear turn signal light, L.H. tail light, L.H. reversing light, L.H. brake light, rear fog light, raised brake light
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	M8	Bulb, brake light

	M17	Bulb, R.H. reversing light

	M22	Bulb, R.H. brake and tail light

	T1w	1-pin connector, behind relay plate

	T5	5-pin connector

	T7	7-pin connector

	In circles:

	60	Earth point, near R.H. tail light

	64	Earth point, R.H. tail light

	Q22	Connection, tail light cable harness

	Cable Colour Code:

	sw = white

	sw = black

	ro = red

	gn = green

	ge = yellow

	bl = blue

	gr = grey

	br = brown

	li = violet



R.H. rear turn signal light, R.H. tail light, reversing light, number plate light
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	El	Lighting switch M8

	E18	Rear fog light switch

	E20	Switch and instrument illumination regulator

	L9	Bulb, lighting switch illumination

	T1m	1-pin connector, behind relay plate

	T1n	1-pin connector, near R.H. tail light

	T3d	3-pin connector, behind relay plate

	T17	17-pin connector

	Cable Colour Code:

	ws = white

	sw = black

	ro = red

	gn = green

	ge = yellow

	bl = blue

	gr = grey

	br = brown

	li = violet



Lighting switch, rear fog light switch, switch and instrument illumination regulator
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	E15	Heated rear window switch

	K10	Heated rear window warning lamp

	L39	Bulb, heated rear window switch lighting

	SB12	Fuse 12, in fuse holder below relay plate

	T1r	1-pin connector, behind relay plate

	T1t	1-pin connector, behind relay plate

	T3d	3-pin connector, behind relay plate

	T4e	4-pin connector, near R.H. tail light

	T6	5-pin connector

	TV8	Terminal 58b junction box, grey

	Zl	Heated rear window

	Cable Colour Code:

	ws = white

	sw = black

	ro = red

	gn = green

	ge = yellow

	bl = blue

	gr = grey

	br = brown

	li = violet



Heated rear window
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	E22	Heated rear window switch

	J31	Automatic interval wipe/wash relay

	T4b	4-pin connector, behind steering column column switch trim

	T5c	5-pin connector, behind steering column switch trim

	V	Windscreen wiper motor

	In circles:

	30	Earth point, next to relay plate

	C51	Positive connection (X), in wind-screen wiper motor wiring harness

	Cable Colour Code:

	ws = white

	sw = black

	ro = red

	gn = green

	ge = yellow

	bl = blue

	gr = grey

	br = brown

	li = violet



Windscreen wiper/wash system
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	J30	Rear window wipe/wash relay

	Tld	1-pin connector, on relay

	Tly	1-pin connector, on tail gate

	T21	2-pin connector, on bulkhead, right

	T4e	4-pin connector, near, R.H. tail light

	TV18	Terminal Xa junction box, violet

	V12	Rear window wiper motor

	V59	Washer pump, windscreen/rear screen

	Z20	L.H. washer jet heater element

	Z21	R.H. washer jet heater element

	In circles:

	60	Earth point, near R.H. tail light

	98	Earth connection, tail gate cable harness

	261	Earth connection, in washer jet cable harness

	C53	Positive connection, in jet wiring

	Cable Colour Code:

	ws = white

	sw = black

	ro = red

	gn = green

	ge = yellow

	bl = blue

	gr = grey

	br = brown

	li = violet



Rear window wipe/wash system (tail gate), heated windscreen washer jets
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	F138	Coil spring for airbag/horn operation

	H	Horn push

	HI	Horn/dual-tone horn

	J4	Dual-tone horn relay

	T2h	2-pin connector, engine compartment, left

	T4g	4-pin connector, behind steering column covers

	T5g	5-pin connector

	T7a	7-pin connector, behind steering column covers

	In circles:

	129	Earth connection, in dual-tone cable harness

	C13	Positive connection, in dual-tone cable harness

	Cable Colour Code

	ws = white

	sw = black

	ro = red

	gn = green

	ge = yellow

	bl = blue

	gr = grey

	br = brown

	li = violet



Dual-tone horn, horn operation


Bentley Professional Workshop Manuals
for Volkswagen Vehicles

These manuals have been written for professional repairers and are the most

comprehensive books on the subjects, ranging from 400 to 1900 large pages.

Full details of their coverage and contents can be obtained by referring to the website below.







	VW59WP	9780837603896	Volkswagen Types 11, 14 & 15 Beetle & Karmann Ghia Workshop Manual 1952-1957

	VW61WP	9780837603926	Volkswagen Types 11, 14 & 15 Beetle & Karmann Ghia Workshop Manual 1958-1960

	VW62WP	9780837603902	Volkswagen 1200 Beetle & Karmann Ghia Workshop Manual 1961-1965

	VW10WP	9780837604169	Volkswagen Beetle and Karmann Ghia Official Service Manual Type 1 1966-1969

	VW22WP	9780837600963	Volkswagen Super Beetle, Beetle & Karmann Ghia Service Manual Type 1 1970-1979

	VWBTWP	9780837616407	Volkswagen New Beetle Service Manual 1998-2010 Service Manual

	VW38WP	9780837601830	VW Rabbit Scirocco Jetta Service Manual 1980-1984

	VW49WP	9780837603421	Volkswagen GTI, Golf, Jetta Service Manual 1985-1992

	VW40WP	9780837616360	Volkswagen Cabriolet Rabbit Scirocco Service Manual 1985-1993

	VW52WP	9780837603667	Volkswagen Jetta, Golf, GTI 1993-1999 Cabrio Service Manual 1995-2002

	VW56WP	9780837612515	Volkswagen Jetta, Golf, GTI Service Manual 1999-2005

	VW57WP	9780837616162	Volkswagen Jetta (A5) Service Manual 2005-2010

	VW06WP	9780837615608	Volkswagen Rabbit, GTI Service Manual 2006-2009 (VW Golf)

	VW63WP	9780837611921	Volkswagen Type 3 Workshop Manual 1961-1967

	VW14WP	9780837600574	Volkswagen Fastback and Squareback Type 3 Service Manual 1968-1973

	VW24WP	9780837603872	Volkswagen Corrado Official Repair Manual 1990-1994

	VW28WP	9780837603780	Volkswagen Passat Service Manual 1990-1993

	VW99WP	9780837614830	Volkswagen Passat Service Manual 1998-2005

	VW39WP	9780837603827	Volkswagen Transporter Workshop Manual 1950-1962

	VW41WP	9780837603919	Volkswagen Transporter Workshop Manual 1963-1967

	VW18WP	9780837616353	Volkswagen Station Wagon/Bus Service Manual Type 2: 1968-1979

	VW43WP	9780837603360	Volkswagen Vanagon Repair Manual 1980-1991



www.brooklands-books.com

From specialist booksellers or, in case of difficulty, direct from the distributors:

Brooklands Books Ltd., PO Box 146, Cobham, Surrey KT11 1LG, England.

Phone: 01932 865051 Fax: 01932 868803

E-Mail: sales@brooklands-books.com www.brooklands-books.com

Brooklands Books Australia, 3/37-39 Green Street, Banksmeadow, NSW 2019, Australia.

Telephone: 2 9695 7055 Fax: 2 9695 7355
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ABOUT BROOKLANDS BOOKS

For over 40 years Brooklands Books have been preserving motor and motorcycling literature for enthusiasts. Some 800 titles are currently in print and cover various aspects of motoring. A guide to each series is given below.

BROOKLANDS ROAD TEST COLLECTIONS. Our well-known test collections appear in a variety of series, as described below. We aim, with these books, to provide a full and wide-ranging collection of road tests, comparison tests, new model descriptions, long-term tests and other articles, taken from the world’s leading motoring magazines. Filled with informed and reliable test comment, specifications, performance data and photos, these books furnish all the essential information on the car you own, are thinking of buying, or perhaps simply admire.

ULTIMATE PORTFOLIO SERIES. The most comprehensive of our several road test book series, containing about 208-220 pages with appproximately 400-450 illustrations. The more recent titles are on heavy art paper and have many articles in colour.

GOLD PORTFOLIO SERIES. These books have 172-180 pages, with about 300 illustrations. (NOTE: this series includes motorcycle as well as car books). The more recent titles are on heavy art paper and have many articles in colour.

PERFORMANCE PORTFOLIOS, MILITARY PORTFOLIOS, MUSCLE PORTFOLIOS AND RESTORATION PORTFOLIOS. Books in these four series have between 136 and 140 pages, with about 250 illustrations. The more recent titles are on heavy art paper and have many articles in colour.

REGULAR ROAD TEST SERIES. Each 100 pages, with about 200 illustrations.

LIMITED EDITION & LIMITED EDITION EXTRA SERIES. These books deal mostly with specialised subjects and are printed in smaller quantities. They contain 92 & 136 pages respectively and are profusely illustrated.

‘TAKES ON THE COMPETITION’. These books focus on individual models but contain tests in which they are compared with other cars in the same market category. Each 140 pages, about 250 illustrations.

ROAD & TRACK ‘ON’ SERIES. Tests, comparisons and other material from the prestigious American monthly, “Road & Track”. Each about 90 pages, 200 illustrations.

ROAD & TRACK ‘PORTFOLIO’ SERIES. This new series is similar to the above but in the main dedicated to a single model. Printed on high quality matt art paper each is about 130 pages with a high proportion in colour.

CAR AND DRIVER SERIES. Similar collections from “Car & Driver” magazine, USA. Each about 90 pages, 200 illustrations.

CYCLE WORLD SERIES. Collected material on different motorcycle marques taken from the leading American motorcycle magazine, “Cycle World”. Each about 80 pages, with over 180 illustrations.

BROOKLANDS RACING BOOKS SERIES. Collected contemporary race reports, with summaries, results and 100s of photographs, tell the stories “as they happened” of some of the greatest motor races in the world. These books are designed to meet the needs of motorsport enthusiasts, historians and statisticians alike, giving them several years coverage within a single volume. Each about 172 pages, over 300 illustrations. The more recent titles are on heavy art paper and have many articles in colour.

HOT ROD ON GREAT AMERICAN ENGINES SERIES. Musclecar and high performance material drawn from “Hot Rod”, “Car Craft”, and other Petersen (USA) publications on how to maintain, tune, repair, restore and modify the popular powerplants of the muscle car era.

S-A DESIGN SERIES. Informative, fully illustrated and extremely popular American books devoted mainly to tuning and modifying for increased performance.

BROOKLANDS OFFICIAL TECHNICAL LITERATURE. These are all originals or reprints of the service manuals, parts catalogues and handbooks produced by the manufacturers. Far more detailed than the “condensed” manuals often seen, they are essential possessions for restorers, mechanics and DIY owners.

ROBERT BENTLEY OFFICIAL MANUALS. These comprehensive manuals, each running to several hundred pages and used widely by dealers in the USA, contain detailed chapters on all components and procedures.

OWNERS’ WORKSHOP MANUALS. These include manuals specially commissioned by Brooklands Books, reprints of original “Autobooks” manuals and some manuals from other sources. Many are now reissued in larger format with an additional all-new chapter on buying used. Also in this category are a handy series of “Glovebox Manuals”.

BROOKLANDS GENERAL RESTORATION AND TECHNICAL BOOKS. Practical guides covering a variety of topics from painting and restoring to tuning and modifying. Many of these titles fall into our “Restoration Tips & Techniques” or “Performance Tuning” categories. All contain fully explanatory text and numerous illustrations.

E-mail us at info@brooklands-books.com for catalogue & price list, visit our website www.brooklands-books.com or contact your nearest distributor:

Brooklands Books Ltd., P.O. Box 146, Cobham, Surrey, KT11 1LG, England Phone: 01932 865051 Fax: 01932 868803 Brooklands Books Australia, 3/37-39 Green Street, Banksmeadow, NSW 2019, Australia. Phone: 2 9695 7055 Fax: 2 9695 7355 CarTech, 39966 Grand Avenue, North Branch, MN 55056, USA Phone: 800 551 4754 & 651 277 1200 Fax: 651 277 1203 Motorbooks International, P.O. Box 1, Osceola, Wisconsin 54020, USA Phone: 800 826 6600 & 715 294 3345 Fax: 715 294 4448


Brooklands Volkswagen Titles
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From specialist booksellers or, in case of difficulty, direct from the distributors:

Brooklands Books Ltd., PO Box 146, Cobham, Surrey KT11 1LG, England.

Phone: 01932 865051 Fax: 01932 868803

E-Mail: sales@brooklands-books.com www.brooklands-books.com

Brooklands Books Australia, 3/37-39 Green Street, Banksmeadow, NSW 2019, Australia.

Telephone: 2 9695 7055 Fax: 2 9695 7355

CarTech, 39966 Grand Avenue, North Branch, MN 55056, USA.

Phone: 800 551 4754 & 651 277 1200 Fax: 651 277 1203

Motorbooks Interational P.O. Box 1, Osceola, Wisconsin 54020, USA.

Phone: 800 826 6600 & 715 294 3345

www.brooklands-books.com
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