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DESCRIPTION AND OPERATION
ENGINE
DESCRIPTIONThe 4.0 Liter (242 CID) six-cylinder engine is anIn-line, lightweight, overhead valve engine.This engine is designed for unleaded fuel. Theengine cylinder head has dual quench-type combus-tion chambers that create turbulence and fast burn-ing of the air/fuel mixture. This results in good fueleconomy.The cylinders are numbered 1 through 6 from frontto rear. The firing order is 1-5-3-6-2-4 (Fig. 1).

The crankshaft rotation is clockwise, when viewedfrom the front of the engine. The crankshaft rotateswithin seven main bearings. The camshaft rotateswithin four bearings.BUILD DATE CODEThe engine Build Date Code is located on amachined surface on the right side of the cylinderblock between the No.2 and No.3 cylinders (Fig. 2).The digits of the code identify:
• 1st Digit—The year (8 = 1998).
• 2nd & 3rd Digits—The month (01 - 12).
• 4th & 5th Digits—The engine type/fuel system/compression ratio (MX = A 4.0 Liter (242 CID) 8.7:1compression ratio engine with a multi-point fuelinjection system).
• 6th & 7th Digits—The day of engine build (01 -31).(1) FOR EXAMPLE: Code * 801MX12 * identi-fies a 4.0 Liter (242 CID) engine with a multi-pointfuel injection system, 8.7:1 compression ratio andbuilt on January 12, 1998.

LUBRICATION SYSTEM
DESCRIPTIONA gear—type positive displacement pump ismounted at the underside of the block opposite theNo. 4 main bearing.
OPERATIONThe pump draws oil through the screen and inlettube from the sump at the rear of the oil pan. The oilis driven between the drive and idler gears andpump body, then forced through the outlet to theblock. An oil gallery in the block channels the oil tothe inlet side of the full flow oil filter. After passingthrough the filter element, the oil passes from thecenter outlet of the filter through an oil gallery thatchannels the oil up to the main gallery whichextends the entire length of the block.Galleries extend downward from the main oil gal-lery to the upper shell of each main bearing. Thecrankshaft is drilled internally to pass oil from themain bearing journals (except number 4 main bear-ing journal) to the connecting rod journals. Each con-necting rod bearing cap has a small squirt hole, oilpasses through the squirt hole and is thrown off asthe rod rotates. This oil throwoff lubricates the cam-shaft lobes, distributor drive gear, cylinder walls, andpiston pins.The hydraulic valve tappets receive oil directlyfrom the main oil gallery. Oil is provided to the cam-shaft bearing through galleries. The front camshaftbearing journal passes oil through the camshaft
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sprocket to the timing chain. Oil drains back to theoil pan under the number one main bearing cap.The oil supply for the rocker arms and bridgedpivot assemblies is provided by the hydraulic valvetappets which pass oil through hollow push rods to a

hole in the corresponding rocker arm. Oil from therocker arm lubricates the valve train components,then passes down through the push rod guide holesin the cylinder head past the valve tappet area, andreturns to the oil pan.
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CYLINDER BLOCK
DESCRIPTIONThe cylinder block is a cast iron inline six cylinderdesign. The cylinder block is drilled forming galleriesfor both oil and coolant (Fig. 3).

CYLINDER HEAD
DESCRIPTIONThe cylinder head is made of cast iron containingtwelve valves made of chrome plated heat resistantsteel, valve stem seals, springs, retainers and keep-ers. The cylinder head and valve seats can be resur-faced for service purposes.The valve guides are integral to the cylinder head,They are not replaceable. However, they are service-able.The cylinder head uses dual quench-type designcombustion chambers which cause turbulence in thecylinders allowing faster burning of the air/fuel mix-ture, resulting in better fuel economy (Fig. 4).

CRANKSHAFT
DESCRIPTIONThe crankshaft is constructed of nodular cast iron.The crankshaft is a crosshaped four throw designwith eight counterweights for balancing purposes.The crankshaft is supported by seven select mainbearings with the number three serving as the thrustwasher location. The main journals of the crankshaftare cross drilled to improve rod bearing lubrication.The select fit main bearing markings are located onthe crankshaft counter weights. The crankshaft rearoil seal is a two piece design. The front oil seal is aone piece design retained in the timing chain cover(Fig. 5).
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PISTON AND CONNECTING ROD
DESCRIPTIONThe pistons are made of a high strength aluminumalloy with an anodized top ring groove and crown.Piston skirts are coated with a solid lubricant(Molykote) to reduce friction and provide scuff resis-tance. The connecting rods are made of ductile iron.A pressed fit piston pin is used to attach the pistonand connecting rod.

CAMSHAFT
DESCRIPTIONThe camshaft is made of gray cast iron with twelvemachined lobes and four bearing journals. When thecamshaft rotates the lobes actuate the tappets andpush rods, forcing upward on the rocker arms whichapplies downward force on the valves.
ROCKER ARM
DESCRIPTIONThe rocker arms are made of stamped steel andhave a operational ratio of 1.6:1. When the push rodsare forced upward by the camshaft lobes the pushrod presses upward on the rocker arms, the rockerarms pivot, forcing downward pressure on the valvesforcing the valves to move downward and off fromtheir seats (Fig. 8).
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VALVES
DESCRIPTIONThe valves are made of heat resistant steel andhave chrome plated stems to prevent scuffing. Allvalves use three bead locks to promote valve rotation(Fig. 9).

VALVE SPRING
DESCRIPTIONThe valve springs are made of high strength siliconchrome spring steel. The springs are common forboth intake and exhaust valves. (Fig. 9).
CYLINDER HEAD COVER
DESCRIPTIONThe cylinder head cover (Fig. 10) is made ofstamped steel and incorporates the Crankcase Venti-lation (CCV) Hoses and the oil fill opening.

HYDRAULIC TAPPET
DESCRIPTIONValve lash is controlled by hydraulic tappetslocated inside the cylinder block, in tappet boresabove the camshaft.
VALVE GUIDE
DESCRIPTIONThe valve guides are integral to the cylinder head,They are not replaceable. However, they are service-able.
OIL PAN
DESCRIPTIONThe oil pan is made of stamped steel. The oil pangasket is a one piece steel backbone silicone coatedgasket.
VALVE STEM SEAL
DESCRIPTIONThe valve stem seals are made of rubber and incor-porate a garter spring to maintain consistent lubrica-tion control (Fig. 9).
INTAKE MANIFOLD
DESCRIPTIONThe intake manifold is made of cast aluminum anduses eleven bolts to mount to the cylinder head. Thismounting style improves sealing and reduces thechance of leaks.
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EXHAUST MANIFOLD
DESCRIPTIONThe two exhaust manifolds are log style and aremade of high silicon molybdenum cast iron. The

exhaust manifolds share a common gasket with theintake manifold. The exhaust manifolds also incorpo-rate ball flange outlets for improved sealing andstrain free connections.
DIAGNOSIS AND TESTING
ENGINE DIAGNOSIS—INTRODUCTIONEngine diagnosis is helpful in determining thecauses of malfunctions not detected and remedied byroutine maintenance.These malfunctions may be classified as either per-formance (e.g., engine idles rough and stalls) ormechanical (e.g., a strange noise).Refer to the Service Diagnosis—Performance chartand the Service Diagnosis—Mechanical chart for pos-sible causes and corrections of malfunctions. Refer toGroup 14, Fuel System for the fuel system diagnosis.Additional tests and diagnostic procedures may benecessary for specific engine malfunctions that cannot be isolated with the Service Diagnosis charts.Information concerning additional tests and diagno-sis is provided within the following diagnosis:

• Cylinder Compression Pressure Test.
• Cylinder Combustion Pressure Leakage Test.
• Engine Cylinder Head Gasket Failure Diagnosis.
• Intake Manifold Leakage Diagnosis.

> ? @ A B | C � � N K e O � N D ? � Q L H e h A i R C D @ ? D E

> ? @ A B B G ? L � N DT U \ m o s X ]Z U \ m o s X ] a Y X m ] s o y n

> ? @ A B I � D O N } E � N D ? � Q L H h A i R C D @ ? D E

9 - 68 4.0L ENGINE XJDESCRIPTION AND OPERATION (Continued)



SERVICE DIAGNOSIS—PERFORMANCEENGINE PERFORMANCE DIAGNOSIS CHART� � 
 � 	 � 	 � 
 
 � � � 	 : 8 � � � 2 � � � � � � � � � � 	 � 
� � � � � � 4 � � � � � � � � � � " 9 � 4 � � � � � � � � � � � � � � � � 9 � � � � � � � � � � � � �   � � � � � � � � � � � ¡ � � � �� � � ¢ � * � £ � � � � � � � £ ¡ � �   � � � �   �� � �   � � ¢ � � ¤ � � � �   �   � � � � ¥ ¦ � ¤ � ¤ � � § �� � ¡ � � � � � � � ¢ � * � £ � � � � � ¥ ¦ �� � ¤ � � § ¤ £ ¡ � �   � � � �   � � � �   � � ¢ � � ¤ �� � � � � � � � � � � � � � � ¤ � � � � � � � �  � ¦ ¦ �   � ¥ � ¦ ¤ � � � � � � ¦ � � ¥ � � � � ¦ ¤ ¢ ¤ � �   � � � � � � � � �¤ � � � � � �   � ¦ ¦ �   � ¥ � ¦ ¤/ � % � ¢ � � � ¤ � � � � � � � � � � � � � � �   ¥ �   ¢ ¥ � 5 ¤ 6 / � � � �   � ¤ � � � � ¥ ¦ � ¤ � ¤ � � § � � � ¡ � � � �� � � ¢ � * � £ � � � � � ¥ ¦ � � � ¤ � � § ¤ £ ¡ � �  � � � �   � � ¥ � � ¦ � ¤ � ¥   ¤ � � � �   � � ¢ � � ¤0 � � ¥ � ¨ � � �     � ¤ ¤ � � � � � ¥ © �  � § � � ¦ � ¦ � 0 � � � § � © � �     � ¤ ¤ � � � � � ¥ © � � � � � � ¦ �� � � � § � � � � ¤ � � � � � ¦ � ¥ ¦ � � � ¡ � ¦ � ¥ ¦ �¤ � � � � ¤ £ � � � � ¥ � � � � � � �   � ¤ ¥ � ¨ � �  � § � � ¦ � ¦ � �# � � ¦ � ¥ ¦ � ¥ ¦ � � � ¦ � � § �   � � ¦ ¥   � �¡ � ¥ � ¢ � � � � � � � � � 3 ¤ � � � ¥   � �   � # � � � ¡ � � � � � � � ¢ � - £ � ¦ � ¥ ¦ � £ ¡ � �  � � � �   � � ¥ � � ¦ � ¤ � ¥   ¤ � � � �   � � ¢ � � ¤� � � � � � � � � � " � � � � 4 � � � � � �� � � � � 9 � � � ¤ � � � � 9 � � � �   � ¡ � � ¤ � � � � � � � ¡ � � � � � � � ¢ �* ! £ � � ¦ ¥ � ¥ � ¦ � � ¤ � � § £ ¡ � �   � � � �   �� � �   � � ¢ � � ¤ �� � � � ¡ ¢ � � � � & � � ¡ � � § ¡ ¢ � � � � � ¤ ¤ ¢ � � � � ¤ � £ � ¦ � ¥ ¡¦ �   � ¤ ¤ � � � £ ¥ ¦ ¤ � �   � ¡ ¢ � � ¥ ¦ ª �   � � � 5 ¤ 6� ¦ � � � ¥ © � �   ¥ �   ¢ ¥ � ¤ � � � ¡ � � � � � � � ¢ �9 0 £ % ¢ � � � � ¤ � � § £ ¡ � �   � � � �   �� � �   � � ¢ � � ¤ �/ � � � « � � ¦ � � ¦ � ¥ ¦ �   � § � � � ¤ ¤ ¥ � ¦ / � & � � ¡ � � §   � � ¥ ¦ � � �   � § � � � ¤ ¤ ¥ � ¦� � � ¤ ¤ ¢ � � � � ¤ � � � � ¡ � � � � � � � ¢ � - £� ¦ � ¥ ¦ � £ ¡ � �   � � � �   � � � �   � � ¢ � � ¤ �� � � � � � � � � � � % & � 4 � � 9 � 4 � � ¦ � � � ¢ � ¦ � � � ¥ ¤ � � ¥ � ¢ � � � � � � � � 9 � � ¦ ¤ � � � � ¦ � « � ¥ ¤ � � ¥ � ¢ � � � � � � � �� � 4 � � ¦ � ¥ ¤ � � ¥ � ¢ � � � ¤ � � ¡ � � � � � § � © � � ¦ � � � � � ¥ � � ¥ ¤ � � ¥ � ¢ � � �5 � � ¡ � � � � � � � ¢ � * ! £ � � ¦ ¥ � ¥ � ¦ � � ¤ � � §/ � 4 � � ¦ � � ¥ ¦   � � � �   � � � � � � � ¤ � � � �� � ¢ � ¤ / � � � � � ¦ � � ¢ � ¤ � ¦ � ¤ � � � � � � 5 � � ¡ � �� � � � � ¢ � * ! £ � � ¦ ¥ � ¥ � ¦ � � ¤ � � § 60 � ! ¥ � � � � « � � � � ¥ ¦ ¡ ¢ � � ¤ � ¤ � � § 0 � � � � � ¦ ¤ � ¤ � � § � ¦ � � � � � �   � ¡ ¢ � �¡ ¥ � � � �# � % � ¢ � � � ¡ ¢ � � � ¢ § � # � � ¦ ¤ � � � � ¦ � « ¡ ¢ � � � ¢ § �� � � ¦   � � � �   � © � � © � � ¥ § ¥ ¦ � � � � � � � �   � © � � © � � ¥ § ¥ ¦ �( � � � � « ¦   � � ¥ ¦ � � � � � � � � � ¤ � � � ( � � ¦ ¤ � � � � ¦ � «   � � ¥ ¦ � � � � � � � � � ¤ � � �* � � � «   � § � � � ¤ ¤ ¥ � ¦ * � � � ¤ �   � � ¥ ¦ � � �   � § � � � ¤ ¤ ¥ � ¦- � � ¢ � ¦ � � £ « � � � � � £ � � � ¥ � � � � © � � © � ¤ - � � ¦ ¤ � � � � � � � ¡ �   � © � � © � ¤ � ¤¦ �   � ¤ ¤ � � �9 . � & � ¢ � � � � � � � � ¤ � � ¥   � � � � ¬ � � ¢ ¤ �¤ � ¤ � � § 9 . � � ¦ ¤ � � � � ¦ � « � � � � ¤ � ¤ ¦ �   � ¤ ¤ � � �9 9 � % � ¢ � � � ¥ � ¦ ¥ � ¥ � ¦   � � � � ¤ 9 9 � � � � � �   � � ¦ �   � �   � � � � � ¤ � � � � � �  � � � � ¤

XJ 4.0L ENGINE 9 - 69DIAGNOSIS AND TESTING (Continued)



� � 
 � 	 � 	 � 
 
 � � � 	 : 8 � � � 2 � � � � � � � � � � 	 � 
9 � � % � ¢ � � � ¥ � ¦ ¥ � ¥ � ¦   � ¥ � 9 � � � � ¤ � � ¦ � � � � � �   � £ � ¤ ¦ �   � ¤ ¤ � � �5 � � ¡ � � � � � � � ¢ � * ! £ ¥ � ¦ ¥ � ¥ � ¦ ¤ � ¤ � � § 6� � � � � � � � � � � � � � � � � � $ � ! � � 9 � � � � � � ¦ � ¢ ¥ � � 3 ¢ � � ¦ � � � � � � � � � � � � � 9 � � � § � © � � � � � � � � � � � � � � ¦ �� � 3   � � � � ¦ � 5 � � ¡ � � � � � � � ¢ � 9 0 ¡ � �  � � � �   � � � �   � � ¢ � � ¤ 6� � � ¦ � ¥ ¦ � ¥ � � � ¤ � � � � � � � � � « � � � � �   � � � � � � ¥ � � � ¦ � � � �   ¥ �   ¢ ¥ � �5 � � ¡ � � � � � � � ¢ � 9 0 £ % ¢ � � � � ¤ � � § 6/ � 4 � � ¦ � � ¥ ¦   � � � �   � � � � � � � � � ¤ � � � �� � ¢ � ¤ / � � � � � �   � � �   � � � ¦ � ¦ � � � 3 � � �¤ � � � � � � ¢ � ¤ 5 � � ¡ � � � � � � � ¢ � * ! £� � ¦ ¥ � ¥ � ¦ � � ¤ � � § 60 � 4 � � ¦ � � � ¢ � ¦ � � � ¥ ¤ � � ¥ � ¢ � � � � � � � � 0 � � ¦ ¤ � � � � ¦ � « � ¥ ¤ � � ¥ � ¢ � � � � � � � �# � � � � � � � � ¢ �   � � � � ¤ � � ¡ �   � ¥ © � � �  � � ¤ ¤ � � # � � � �   � ¡ � �   � � � �   � ¡ ¥ � ¥ ¦ � � � � � � � �� � � � �   � ¤ � � � � � � ¢ �   � � � � ¤ � 5 � � ¡ � � � �� � � ¢ � * ! £ � � ¦ ¥ � ¥ � ¦ � � ¤ � � § ¡ � �  � � � �   � � � �   � � ¢ � � ¤ � 6� � % � ¢ � � �   � ¥ � � � � � ¤ � � ¦ � � � � � �   � £ ¥ ¡ ¦ �   � ¤ ¤ � � �5 � � ¡ � � � � � � � ¢ � * ! £ � � ¦ ¥ � ¥ � ¦ � � ¤ � � § 6( � � ¦ � � � � § � ¦ ¥ ¡ � � � © �   ¢ ¢ § � � � � ( � � ¦ ¤ � �   � ¥ ¦ � � � � § � ¦ ¥ ¡ � � � � � ¤ � � �� ¦ � © �   ¢ ¢ § � � ¤ � ¤ � � � � � �   � ¥ ¡¦ �   � ¤ ¤ � � � 5 � � ¡ � � � � � � � ¢ � 9 9 £� ¬ � � ¢ ¤ � � � ¤ � � § ­ � ¦ � � � �  � ¦ ¥ ¡ � � � 6* � � � � © � � © � � � � � ¥ ¦ � � � ¤ � ¢   � � � � ¦ * � � � ¤ � � ¦ � � � � � �   � £ ¥ ¡ ¦ �   � ¤ ¤ � � �5 � � ¡ � � � � � � � ¢ � � # £ � § ¥ ¤ ¤ ¥ � ¦� � ¦ � � � � � � ¤ � � § ¤ 6� � � � � �  � � � � � � �� � � � � � � � � � � � 9 � 4 � � ¦ � � ¥ ¦   � � � �   � � � � � � � � � ¤ � � � �� � ¢ � ¤ 9 � � � � � �   � ¤ � � � � � � ¢ � ¤ � �   � � � ¦ � ¦ �¤ � � � � � � 5 � � ¡ � � � � � � � ¢ � * ! £ � � ¦ ¥ � ¥ � ¦� � ¤ � � § 6� � � � � � � � � ¢ �   � � � � ¤ � � ¡ �   � ¥ © � � �  � � ¤ ¤ � � � � � � �   � � � � � � ¥ � � � ¦ � � � �   ¥ �   ¢ ¥ � �5 � � ¡ � � � � � � � ¢ � 9 0 £ % ¢ � � � � ¤ � � § 6/ � ! ¥ � � ¥ ¦ ¡ ¢ � � ¤ � ¤ � � § / � � � � � ¦ ¡ ¢ � � ¤ � ¤ � � §0 � � ¢ � ¦ � � £ « � � � � � � � � ¥ � � � � © � � © � ¤ 0 � � ¦ ¤ � � � � ¦ � « © � � © � ¤# � % � ¢ � � �   � ¥ � # � � � ¤ � � ¦ � � � � � �   � � ¤ ¦ �   � ¤ ¤ � � �5 � � ¡ � � � � � � � ¢ � * ! £ � � ¦ ¥ � ¥ � ¦ � � ¤ � � § 6
SERVICE DIAGNOSIS—MECHANICALENGINE MECHANICAL DIAGNOSIS CHART® ¯ ° ± ² ³ ² ¯ ° ´ ¯ µ µ ² ¶ · ¸ ® ¹ º µ ¸ µ ® ¯ » » ¸ ® ³ ² ¯ °¼ ½ ¾ ¿ À Á Â Ã Á Ä ¿ Å Ã ¾ Æ Ç Ä È ¿ É Ê Ë Ì Í Î Ï Ð Ñ Ï Ò Ï Ì Ñ Ñ Ó Ô Ó Ñ Ì Õ Ö Ð × Õ Ø Ö × Ù Ó É Ê Ú Î Ó Ö Ø Û Ï Ð Ö Ï Ð Ð Ó Ö Ü Ï Ì Ñ Ñ Ó Ô Ó Ñ Ê Â Ý Þ ß Ù ÜÏ Ì Ñ Ñ Ó Ô Ó Ñ à á Ý Ð × Ì Õ Ì Õ Í Ï Ð × Ý Ý Ì Õ Í × ÙÕ Ó Ó Ý Ó Ýâ Ê Ç Î Ì Õ Ï Ð Ý Ì Ñ ß Ü Ó Ý Ï Ì Ñ â Ê Ú Î × Õ Í Ó Ï Ì Ñ ã È Ó Û Ó Ð Ü Ï Ä Õ Í Ì Õ Ó ½ Ì Ñ¿ Ó Ð Ô Ì Ö Ó Ì Õ Ü Î Ì Ù Í Ð Ï ß ä åæ Ê Ã Ï Ò Ï Ì Ñ ä Ð Ó Ù Ù ß Ð Ó æ Ê Ú Î Ó Ö Ø Ó Õ Í Ì Õ Ó Ï Ì Ñ Ñ Ó Ô Ó Ñ Ê ¾ Û Ï Ø çè Ó Ð Û Ï Ð é Ï Ì Ñ ä Ð Ó Ù Ù ß Ð Ó Ü Ó Ù Ü Ê È Ó Û Ó Ð Ü ÏÜ Î Ì Ù Í Ð Ï ß ä Û Ï Ð Ó Õ Í Ì Õ Ó Ï Ì Ñ ä Ð Ó Ù Ù ß Ð ÓÜ Ó Ù Ü Å Ù ä Ó Ö Ì Û Ì Ö × Ü Ì Ï Õ Ù

9 - 70 4.0L ENGINE XJDIAGNOSIS AND TESTING (Continued)



® ¯ ° ± ² ³ ² ¯ ° ´ ¯ µ µ ² ¶ · ¸ ® ¹ º µ ¸ µ ® ¯ » » ¸ ® ³ ² ¯ °ê Ê ë Ì Ð Ü Ì Õ Ü × ä ä Ó Ü Ù Å Ñ × Ù Î × Ý Þ ß Ù Ü Ó Ð Ù ê Ê Ú Ñ Ó × Õ Å Ð Ó ä Ñ × Ö Ó Î á Ý Ð × ß Ñ Ì ÖÜ × ä ä Ó Ü Ù Å Ñ × Ù Î × Ý Þ ß Ù Ü Ó Ð Ùì Ê í Ó Õ Ü ä ß Ù Î Ð Ï Ý ã Ù å ì Ê ¾ Õ Ù Ü × Ñ Ñ Õ Ó Ò ä ß Ù Î Ð Ï Ý Ùî Ê ï Ï Ð Õ Ð Ï Ö Ø Ó Ð × Ð é Ù î Ê ¾ Õ Ù ä Ó Ö Ü Ï Ì Ñ Ù ß ä ä Ñ á Ü Ï Ð Ï Ö Ø Ó Ð × Ð é Ù× Õ Ý Ð Ó ä Ñ × Ö Ó Ò Ï Ð Õ × Ð é Ù × Ù Õ Ó Ó Ý Ó Ýð Ê ï Ï Ð Õ Ü × ä ä Ó Ü Ù Å Ñ × Ù Î × Ý Þ ß Ù Ü Ó Ð Ù ð Ê ¾ Õ Ù Ü × Ñ Ñ Õ Ó Ò Î á Ý Ð × ß Ñ Ì Ö Ü × ä ä Ó Ü Ù Å Ñ × Ù Î× Ý Þ ß Ù Ü Ó Ð Ùñ Ê ï Ï Ð Õ Ô × Ñ Ô Ó Í ß Ì Ý Ó Ù ñ Ê ¾ Õ Ù ä Ó Ö Ü × Ñ Ñ Ô × Ñ Ô Ó Í ß Ì Ý Ó Ù × Õ ÝÐ Ó ä Ñ × Ö Ó × Ù Õ Ó Ö Ó Ù Ù × Ð áò Ê Ä ó Ö Ó Ù Ù Ì Ô Ó Ð ß Õ Ï ß Ü Ï Û Ô × Ñ Ô Ó Ù Ó × Ü ÙÏ Ð Ô × Ñ Ô Ó Û × Ö Ó Ù ò Ê ô Ð Ì Õ Ý Ô × Ñ Ô Ó Ù × Õ Ý Ù Ó × Ü ÙÚ ½ ¼ ¼ Ä Ú Ç ¾ ¼ ô È ½ ë ¼ ½ ¾ ¿ Ä É Ê ¾ Õ Ù ß Û Û Ì Ö Ì Ó Õ Ü Ï Ì Ñ Ù ß ä ä Ñ á É Ê Ú Î Ó Ö Ø Ó Õ Í Ì Õ Ó Ï Ì Ñ Ñ Ó Ô Ó Ñ Ê ã È Ó Û Ó Ð Ü ÏÍ Ð Ï ß ä õ ç Ã ß à Ð Ì Ö × Ü Ì Ï Õ × Õ Ýö × Ì Õ Ü Ó Õ × Õ Ö Ó åâ Ê Ã Ï Ò Ï Ì Ñ ä Ð Ó Ù Ù ß Ð Ó â Ê Ú Î Ó Ö Ø Ó Õ Í Ì Õ Ó Ï Ì Ñ Ñ Ó Ô Ó Ñ Ê ¾ Û Ï Ø çè Ó Ð Û Ï Ð é Ï Ì Ñ ä Ð Ó Ù Ù ß Ð Ó Ü Ó Ù Ü Ê È Ó Û Ó Ð Ü ÏÜ Î Ì Ù Í Ð Ï ß ä Û Ï Ð Ó Õ Í Ì Õ Ó Ï Ì Ñ ä Ð Ó Ù Ù ß Ð ÓÜ Ó Ù Ü Å Ù ä Ó Ö Ì Û Ì Ö × Ü Ì Ï Õ Ùæ Ê Ç Î Ì Õ Ï Ð Ý Ì Ñ ß Ü Ó Ý Ï Ì Ñ æ Ê Ú Î × Õ Í Ó Ï Ì Ñ Ü Ï Ö Ï Ð Ð Ó Ö Ü Ô Ì Ù Ö Ï Ù Ì Ü á ÊÈ Ó Û Ó Ð Ü Ï Ü Î Ì Ù Í Ð Ï ß ä Û Ï Ð Ö Ï Ð Ð Ó Ö Üä Ð Ï Ö Ó Ý ß Ð Ó Å Ó Õ Í Ì Õ Ó Ï Ì Ñ Ù ä Ó Ö Ì Û Ì Ö × Ü Ì Ï Õ Ùê Ê Ä ó Ö Ó Ù Ù Ì Ô Ó Ö Ï Õ Õ Ó Ö Ü Ì Õ Í Ð Ï Ýà Ó × Ð Ì Õ Í Ö Ñ Ó × Ð × Õ Ö Ó ö Ó × Ù ß Ð Ó à Ó × Ð Ì Õ Í Ù Û Ï Ð Ö Ï Ð Ð Ó Ö ÜÖ Ñ Ó × Ð × Õ Ö Ó Ò Ì Ü Î ä Ñ × Ù Ü Ì ÷ Í × Í Ó Ê È Ó ä × Ì Ð× Ù Õ Ó Ö Ó Ù Ù × Ð áì Ê Ú Ï Õ Õ Ó Ö Ü Ì Õ Í Ð Ï Ý Þ Ï ß Ð Õ × Ñ Ï ß Ü Ï ÛÐ Ï ß Õ Ý ì Ê È Ó ä Ñ × Ö Ó Ö Ð × Õ Ø Ù Î × Û Ü Ï Ð Í Ð Ì Õ ÝÞ Ï ß Ð Õ × Ñ Ùî Ê ö Ì Ù × Ñ Ì Í Õ Ó Ý Ö Ï Õ Õ Ó Ö Ü Ì Õ Í Ð Ï Ý Ù î Ê È Ó ä Ñ × Ö Ó à Ó Õ Ü Ö Ï Õ Õ Ó Ö Ü Ì Õ Í Ð Ï Ý Ùö Â ¾ ¼ í Ä Â È ¾ ¼ ô ¼ ½ ¾ ¿ Ä É Ê ¾ Õ Ù ß Û Û Ì Ö Ì Ó Õ Ü Ï Ì Ñ Ù ß ä ä Ñ á É Ê Ú Î Ó Ö Ø Ó Õ Í Ì Õ Ó Ï Ì Ñ Ñ Ó Ô Ó Ñ Ê ã È Ó Û Ó Ð Ü ÏÍ Ð Ï ß ä õ ç Ã ß à Ð Ì Ö × Ü Ì Ï Õ × Õ Ýö × Ì Õ Ü Ó Õ × Õ Ö Ó åâ Ê Ã Ï Ò Ï Ì Ñ ä Ð Ó Ù Ù ß Ð Ó â Ê Ú Î Ó Ö Ø Ó Õ Í Ì Õ Ó Ï Ì Ñ Ñ Ó Ô Ó Ñ Ê ¾ Û Ï Ø çè Ó Ð Û Ï Ð é Ï Ì Ñ ä Ð Ó Ù Ù ß Ð Ó Ü Ó Ù Ü Ê È Ó Û Ó Ð Ü ÏÜ Î Ì Ù Í Ð Ï ß ä Û Ï Ð Ó Õ Í Ì Õ Ó Ï Ì Ñ ä Ð Ó Ù Ù ß Ð ÓÜ Ó Ù Ü Å Ù ä Ó Ö Ì Û Ì Ö × Ü Ì Ï Õ Ùæ Ê Ç Î Ì Õ Ï Ð Ý Ì Ñ ß Ü Ó Ý Ï Ì Ñ æ Ê Ú Î × Õ Í Ó Ï Ì Ñ Ü Ï Ö Ï Ð Ð Ó Ö Ü Ô Ì Ù Ö Ï Ù Ì Ü á ÊÈ Ó Û Ó Ð Ü Ï Ü Î Ì Ù Í Ð Ï ß ä Û Ï Ð Ö Ï Ð Ð Ó Ö Üä Ð Ï Ö Ó Ý ß Ð Ó Å Ó Õ Í Ì Õ Ó Ï Ì Ñ Ù ä Ó Ö Ì Û Ì Ö × Ü Ì Ï Õ Ùê Ê Ä ó Ö Ó Ù Ù Ì Ô Ó é × Ì Õ à Ó × Ð Ì Õ ÍÖ Ñ Ó × Ð × Õ Ö Ó ê Ê ö Ó × Ù ß Ð Ó à Ó × Ð Ì Õ Í Ù Û Ï Ð Ö Ï Ð Ð Ó Ö ÜÖ Ñ Ó × Ð × Õ Ö Ó Ê È Ó ä × Ì Ð × Ù Õ Ó Ö Ó Ù Ù × Ð áì Ê Ä ó Ö Ó Ù Ù Ì Ô Ó Ó Õ Ý ä Ñ × á ì Ê Ú Î Ó Ö Ø Ö Ð × Õ Ø Ù Î × Û Ü Ü Î Ð ß Ù Ü à Ó × Ð Ì Õ ÍÛ Ï Ð Ó ó Ö Ó Ù Ù Ì Ô Ó Ò Ó × Ð Ï Õ Û Ñ × Õ Í Ó Ùî Ê Ú Ð × Õ Ø Ù Î × Û Ü é × Ì Õ Þ Ï ß Ð Õ × Ñ Ï ß Ü Ï ÛÐ Ï ß Õ Ý Ï Ð Ò Ï Ð Õ î Ê ô Ð Ì Õ Ý Þ Ï ß Ð Õ × Ñ Ù Ï Ð Ð Ó ä Ñ × Ö ÓÖ Ð × Õ Ø Ù Î × Û Üð Ê Ã Ï Ï Ù Ó Û Ñ á Ò Î Ó Ó Ñ Ï Ð Ü Ï Ð ø ß ÓÖ Ï Õ Ô Ó Ð Ü Ó Ð ð Ê ¾ Õ Ù ä Ó Ö Ü Ö Ð × Õ Ø Ù Î × Û Ü ç Û Ñ Ó ó ä Ñ × Ü Ó ÅÛ Ñ á Ò Î Ó Ó Ñ × Õ Ý à Ï Ñ Ü Ù Û Ï Ð Ý × é × Í Ó ÊÇ Ì Í Î Ü Ó Õ Ü Ï Ö Ï Ð Ð Ó Ö Ü Ü Ï Ð ø ß Ó
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® ¯ ° ± ² ³ ² ¯ ° ´ ¯ µ µ ² ¶ · ¸ ® ¹ º µ ¸ µ ® ¯ » » ¸ ® ³ ² ¯ °Ã ½ ï ½ ¾ Ã è È Ä ¿ ¿ ù È Ä É Ê Ã Ï Ò Ï Ì Ñ Ñ Ó Ô Ó Ñ É Ê Ú Î Ó Ö Ø Ï Ì Ñ Ñ Ó Ô Ó Ñ × Õ Ý Û Ì Ñ Ñ Ì ÛÕ Ó Ö Ó Ù Ù × Ð áâ Ê Æ × ß Ñ Ü á Ï Ì Ñ ä Ð Ó Ù Ù ß Ð Ó Ù Ó Õ Ý Ì Õ Í ß Õ Ì Ü â Ê ¾ Õ Ù Ü × Ñ Ñ Õ Ó Ò Ù Ó Õ Ý Ì Õ Í ß Õ Ì Üæ Ê Ú Ñ Ï Í Í Ó Ý Ï Ì Ñ Û Ì Ñ Ü Ó Ð æ Ê ¾ Õ Ù Ü × Ñ Ñ Õ Ó Ò Ï Ì Ñ Û Ì Ñ Ü Ó Ðê Ê ï Ï Ð Õ Ï Ì Ñ ä ß é ä ê Ê È Ó ä Ñ × Ö Ó Ò Ï Ð Õ Í Ó × Ð Ù Ï Ð Ï Ì Ñ ä ß é ä× Ù Ù áì Ê Ç Î Ì Õ Ï Ð Ý Ì Ñ ß Ü Ó Ý Ï Ì Ñ ì Ê Ú Î × Õ Í Ó Ï Ì Ñ Ü Ï Ö Ï Ð Ð Ó Ö Ü Ô Ì Ù Ö Ï Ù Ì Ü á ÊÈ Ó Û Ó Ð Ü Ï Ü Î Ì Ù Í Ð Ï ß ä Û Ï Ð Ö Ï Ð Ð Ó Ö Üä Ð Ï Ö Ó Ý ß Ð Ó Å Ó Õ Í Ì Õ Ó Ï Ì Ñ Ù ä Ó Ö Ì Û Ì Ö × Ü Ì Ï Õ Ùî Ê Ä ó Ö Ó Ù Ù Ì Ô Ó à Ó × Ð Ì Õ Í Ö Ñ Ó × Ð × Õ Ö Ó î Ê ö Ó × Ù ß Ð Ó à Ó × Ð Ì Õ Í Ù Û Ï Ð Ö Ï Ð Ð Ó Ö ÜÖ Ñ Ó × Ð × Õ Ö Óð Ê ½ Ì Ñ ä ß é ä Ð Ó Ñ Ì Ó Û Ô × Ñ Ô Ó Ù Ü ß Ö Ø ð Ê È Ó é Ï Ô Ó Ô × Ñ Ô Ó Ü Ï Ì Õ Ù ä Ó Ö Ü ç Ö Ñ Ó × Õ× Õ Ý Ð Ó Ì Õ Ù Ü × Ñ Ññ Ê ½ Ì Ñ ä ß é ä Ù ß Ö Ü Ì Ï Õ Ü ß à Ó Ñ Ï Ï Ù Ó çà Ð Ï Ø Ó Õ ç à Ó Õ Ü Ï Ð Ö Ñ Ï Í Í Ó Ý ñ Ê ¾ Õ Ù ä Ó Ö Ü Ù ß Ö Ü Ì Ï Õ Ü ß à Ó × Õ Ý Ö Ñ Ó × Õ Ï ÐÐ Ó ä Ñ × Ö Ó Ì Û Õ Ó Ö Ó Ù Ù × Ð áò Ê ½ Ì Ñ ä ß é ä Ö Ï Ô Ó Ð Ò × Ð ä Ó Ý Ï ÐÖ Ð × Ö Ø Ó Ý ò Ê ¾ Õ Ù Ü × Ñ Ñ Õ Ó Ò Ï Ì Ñ ä ß é ä½ ¾ Ã Ã Ä Â ú ¿ É Ê ö Ì Ù × Ñ Ì Í Õ Ó Ý Ï Ð Ý Ó Ü Ó Ð Ì Ï Ð × Ü Ó ÝÍ × Ù Ø Ó Ü Ù É Ê È Ó ä Ñ × Ö Ó Í × Ù Ø Ó Üâ Ê Ã Ï Ï Ù Ó Û × Ù Ü Ó Õ Ó Ð ç à Ð Ï Ø Ó Õ Ï Ð ä Ï Ð Ï ß Ùé Ó Ü × Ñ ä × Ð Ü â Ê Ç Ì Í Î Ü Ó Õ ç Ð Ó ä × Ì Ð Ï Ð Ð Ó ä Ñ × Ö Ó Ü Î Ó ä × Ð Üæ Ê Æ Ð Ï Õ Ü Ï Ð Ð Ó × Ð Ö Ð × Õ Ø Ù Î × Û Ü Ï Ì Ñ Ù Ó × ÑÑ Ó × Ø Ì Õ Í æ Ê È Ó ä Ñ × Ö Ó Ù Ó × Ñê Ê Ã Ó × Ø Ì Õ Í Ï Ì Ñ Í × Ñ Ñ Ó Ð á ä Ñ ß Í Ï Ð Ö ß ää Ñ ß Í ê Ê È Ó é Ï Ô Ó × Õ Ý Ð Ó Ù Ó × Ñ Ü Î Ð Ó × Ý Ó Ýä Ñ ß Í Ê È Ó ä Ñ × Ö Ó Ö ß ä Ù Ü á Ñ Ó ä Ñ ß ÍÄ û Ú Ä ¿ ¿ ¾ Á Ä ½ ¾ Ã Ú ½ ¼ ¿ ù ö è Ç ¾ ½ ¼½ È ¿ è Â È ú è Ã ù ô ¿ ½ ¾ Ã Æ ½ ù Ã Ä ë É Ê è Ú Á ¿ á Ù Ü Ó é é × Ñ Û ß Õ Ö Ü Ì Ï Õ É Ê È Ó Û Ó Ð Ü Ï Í Ð Ï ß ä â ì ç Ä é Ì Ù Ù Ì Ï ÕÚ Ï Õ Ü Ð Ï Ñ ¿ á Ù Ü Ó é Û Ï Ð Ö Ï Ð Ð Ó Ö Ü Ï ä Ó Ð × Ü Ì Ï Õâ Ê ë Ó Û Ó Ö Ü Ì Ô Ó Ô × Ñ Ô Ó Ù Ü Ó é Ù Ó × Ñ ã Ù å â Ê È Ó ä × Ì Ð Ï Ð Ð Ó ä Ñ × Ö Ó Ù Ó × Ñ ã Ù åæ Ê ï Ï Ð Õ Ï Ð à Ð Ï Ø Ó Õ ä Ì Ù Ü Ï Õ Ð Ì Õ Í Ù æ Ê Ë Ï Õ Ó Ö á Ñ Ì Õ Ý Ó Ð à Ï Ð Ó Ù Ê ¾ Õ Ù Ü × Ñ Ñ Õ Ó ÒÐ Ì Õ Í Ùê Ê ¿ Ö ß Û Û Ó Ý ä Ì Ù Ü Ï Õ Ù Å Ö á Ñ Ì Õ Ý Ó Ð Ò × Ñ Ñ Ù ê Ê Ë Ï Õ Ó Ö á Ñ Ì Õ Ý Ó Ð à Ï Ð Ó Ù × Õ Ý Ð Ó ä Ñ × Ö Óä Ì Ù Ü Ï Õ Ù × Ù Ð Ó ø ß Ì Ð Ó Ýì Ê Ú × Ð à Ï Õ Ì Õ Ï Ì Ñ Ö Ï Õ Ü Ð Ï Ñ Ð Ì Õ Í Í Ð Ï Ï Ô Ó ì Ê È Ó é Ï Ô Ó Ð Ì Õ Í Ù × Õ Ý Ý Ó ÷ Ö × Ð à Ï Õä Ì Ù Ü Ï Õî Ê ï Ï Ð Õ Ô × Ñ Ô Ó Í ß Ì Ý Ó Ù î Ê ¾ Õ Ù ä Ó Ö Ü Å Ð Ó ä Ñ × Ö Ó Ô × Ñ Ô Ó Í ß Ì Ý Ó Ù × ÙÕ Ó Ö Ó Ù Ù × Ð áð Ê è Ì Ù Ü Ï Õ Ð Ì Õ Í Ù Û Ì Ü Ü Ó Ý Ü Ï Ï Ü Ì Í Î Ü Ñ á Ì ÕÍ Ð Ï Ï Ô Ó Ù ð Ê È Ó é Ï Ô Ó Ð Ì Õ Í Ù × Õ Ý Ö Î Ó Ö Ø Ð Ì Õ Í Ó Õ ÝÍ × ä × Õ Ý Ù Ì Ý Ó Ö Ñ Ó × Ð × Õ Ö Ó Ê È Ó ä Ñ × Ö Ó Ì ÛÕ Ó Ö Ó Ù Ù × Ð á
INTAKE MANIFOLD LEAKAGE DIAGNOSISAn intake manifold air leak is characterized bylower than normal manifold vacuum. Also, one ormore cylinders may not be functioning.

ü ¹ » ° ² ° ý þ º µ ¸ ¸ ÿ ³ » ¸ � ¸ ® ¹ º ³ ² ¯ ° ü � ¸ ° ³ � ¸¸ ° ý ² ° ¸ ² µ ¯ ´ ¸ » ¹ ³ ² ° ý � ± ¯ ° ¯ ³ µ ³ ¹ ° ± ² ° ¹± ² » ¸ ® ³ · ² ° ¸ ü ² ³ � ³ � ¸ � ¹ ° � ± ¯ ° ¯ ³ ´ º ³ � ¯ º »� ¹ ° ± µ ° ¸ ¹ » ³ � ¸ ´ º · · ¸ � µ � ¶ ¸ · ³ µ ¯ » ³ � ¸ � ¹ ° �± ¯ ° ¯ ³ ü ¸ ¹ » · ¯ ¯ µ ¸ ® · ¯ ³ � ² ° ý �
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(1) Start the engine.(2) Spray a small stream of water at the suspectedleak area.(3) If a change in RPM is observed the area of thesuspected leak has been found.(4) Repair as required.
CYLINDER COMPRESSION PRESSURE TESTThe results of a cylinder compression pressure testcan be utilized to diagnose several engine malfunc-tions.Ensure the battery is completely charged and theengine starter motor is in good operating condition.Otherwise the indicated compression pressures maynot be valid for diagnosis purposes.(1) Clean the spark plug recesses with compressedair.(2) Remove the spark plugs.(3) Secure the throttle in the wide-open position.(4) Disable the fuel system. (Refer to Group 14,Fuel System for the correct procedure)(5) Disconnect the ignition coil.(6) Insert a compression pressure gauge and rotatethe engine with the engine starter motor for threerevolutions.(7) Record the compression pressure on the 3rdrevolution. Continue the test for the remaining cylin-ders.Refer to Engine Specifications for the correctengine compression pressures.
ENGINE CYLINDER HEAD GASKET FAILUREDIAGNOSISA leaking engine cylinder head gasket usuallyresults in loss of power, loss of coolant and enginemisfiring.An engine cylinder head gasket leak can be locatedbetween adjacent cylinders or between a cylinder andthe adjacent water jacket.

• An engine cylinder head gasket leaking betweenadjacent cylinders is indicated by a loss of powerand/or engine misfire.
• An engine cylinder head gasket leaking betweena cylinder and an adjacent water jacket is indicatedby coolant foaming or overheating and loss of coolant.

CYLINDER-TO-CYLINDER LEAKAGE TESTTo determine if an engine cylinder head gasket isleaking between adjacent cylinders; follow the proce-dures outlined in Cylinder Compression PressureTest. An engine cylinder head gasket leaking betweenadjacent cylinders will result in approximately a50-70% reduction in compression pressure.

CYLINDER-TO-WATER JACKET LEAKAGE TESTü ¹ » ° ² ° ý þ º µ ¸ ¸ ÿ ³ » ¸ � ¸ ® ¹ º ³ ² ¯ ° ü � ¸ ° ³ � ¸¸ ° ý ² ° ¸ ² µ ¯ ´ ¸ » ¹ ³ ² ° ý � ± ¯ ° ¯ ³ µ ³ ¹ ° ± ² ° ¹± ² » ¸ ® ³ · ² ° ¸ ü ² ³ � ³ � ¸ � ¹ ° � ± ¯ ° ¯ ³ ´ º ³ � ¯ º »� ¹ ° ± µ ° ¸ ¹ » ³ � ¸ ´ º · · ¸ � µ � ¶ ¸ · ³ µ ¯ » ³ � ¸ � ¹ ° �± ¯ ° ¯ ³ ü ¸ ¹ » · ¯ ¯ µ ¸ ® · ¯ ³ � ² ° ý �
Remove the radiator cap.Start the engine and allow it to warm up until theengine thermostat opens.If a large combustion/compression pressure leakexists, bubbles will be visible in the coolant.If bubbles are not visible, install a radiator pres-sure tester and pressurize the coolant system.If a cylinder is leaking combustion pressure intothe water jacket, the tester pointer will pulsate withevery combustion stroke of the cylinder.

CYLINDER COMBUSTION PRESSURE LEAKAGETESTThe combustion pressure leakage test provides anaccurate means for determining engine condition.Combustion pressure leakage testing will detect:
• Exhaust and intake valve leaks (improper seat-ing).
• Leaks between adjacent cylinders or into waterjacket.
• Any causes for combustion/compression pressureloss.(1) Check the coolant level and fill as required. DONOT install the radiator cap.(2) Start and operate the engine until it attainsnormal operating temperature, then turn the engineOFF.(3) Remove the spark plugs.(4) Remove the oil filler cap.(5) Remove the air cleaner.(6) Calibrate the tester according to the manufac-turer’s instructions. The shop air source for testingshould maintain 483 kPa (70 psi) minimum, 1,379kPa (200 psi) maximum and 552 kPa (80 psi) recom-mended.(7) Perform the test procedures on each cylinderaccording to the tester manufacturer’s instructions.While testing, listen for pressurized air escapingthrough the throttle body, tailpipe and oil filler capopening. Check for bubbles in the radiator coolant.All gauge pressure indications should be equal,with no more than 25% leakage.FOR EXAMPLE: At 552 kPa (80 psi) input pres-sure, a minimum of 414 kPa (60 psi) should be main-tained in the cylinder.Refer to the Cylinder Combustion Pressure Leak-age Test Diagnosis chart.
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CYLINDER COMBUSTION PRESSURE LEAKAGE DIAGNOSIS CHART® ¯ ° ± ² ³ ² ¯ ° ´ ¯ µ µ ² ¶ · ¸ ® ¹ º µ ¸ ® ¯ » » ¸ ® ³ ² ¯ °Â ¾ È Ä ¿ Ú Â è Ä ¿ Ç Ë È ½ ù ô ËÇ Ë È ½ Ç Ç Ã Ä í ½ ë À ¾ Õ Ü × Ø Ó Ô × Ñ Ô Ó à Ó Õ Ü ç à ß Ð Õ Ü ç Ï Ð Õ Ï ÜÙ Ó × Ü Ó Ý ä Ð Ï ä Ó Ð Ñ á ¾ Õ Ù ä Ó Ö Ü Ô × Ñ Ô Ó × Õ Ý Ô × Ñ Ô Ó Ù Ó × Ü ÊÈ Ó Û × Ö Ó Ï Ð Ð Ó ä Ñ × Ö Ó ç × Ù Õ Ó Ö Ó Ù Ù × Ð áÂ ¾ È Ä ¿ Ú Â è Ä ¿ Ç Ë È ½ ù ô ËÇ Â ¾ Ã è ¾ è Ä Ä ó Î × ß Ù Ü Ô × Ñ Ô Ó à Ó Õ Ü ç à ß Ð Õ Ü ç Ï Ð Õ Ï ÜÙ Ó × Ü Ó Ý ä Ð Ï ä Ó Ð Ñ á ¾ Õ Ù ä Ó Ö Ü Ô × Ñ Ô Ó × Õ Ý Ô × Ñ Ô Ó Ù Ó × Ü ÊÈ Ó Û × Ö Ó Ï Ð Ð Ó ä Ñ × Ö Ó ç × Ù Õ Ó Ö Ó Ù Ù × Ð áÂ ¾ È Ä ¿ Ú Â è Ä ¿ Ç Ë È ½ ù ô ËÈ Â ë ¾ Â Ç ½ È Ë Ó × Ý Í × Ù Ø Ó Ü Ñ Ó × Ø Ì Õ Í Ï Ð Ö Ð × Ö Ø Ó ÝÖ á Ñ Ì Õ Ý Ó Ð Î Ó × Ý Ï Ð à Ñ Ï Ö Ø È Ó é Ï Ô Ó Ö á Ñ Ì Õ Ý Ó Ð Î Ó × Ý × Õ Ý Ì Õ Ù ä Ó Ö Ü ÊÈ Ó ä Ñ × Ö Ó Ý Ó Û Ó Ö Ü Ì Ô Ó ä × Ð Üö ½ È Ä Ç Ë Â ¼ ì õ � Ã Ä Â ú Â ô ÄÆ È ½ ö Â ë � Â Ú Ä ¼ Ç Ú À Ã ¾ ¼ ë Ä È ¿ Ë Ó × Ý Í × Ù Ø Ó Ü Ñ Ó × Ø Ì Õ Í Ï Ð Ö Ð × Ö Ø Ì ÕÖ á Ñ Ì Õ Ý Ó Ð Î Ó × Ý Ï Ð à Ñ Ï Ö Ø à Ó Ü Ò Ó Ó Õ× Ý Þ × Ö Ó Õ Ü Ö á Ñ Ì Õ Ý Ó Ð Ù È Ó é Ï Ô Ó Ö á Ñ Ì Õ Ý Ó Ð Î Ó × Ý × Õ Ý Ì Õ Ù ä Ó Ö Ü ÊÈ Ó ä Ñ × Ö Ó Í × Ù Ø Ó Ü ç Î Ó × Ý ç Ï Ð à Ñ Ï Ö Ø × ÙÕ Ó Ö Ó Ù Ù × Ð áö ½ È Ä Ç Ë Â ¼ â ì � Ã Ä Â ú Â ô Ä Â ¼ ëÂ ¾ È Ä ¿ Ú Â è Ä ¿ Ç Ë È ½ ù ô Ë ½ ¾ ÃÆ ¾ Ã Ã Ä È Ú Â è ½ è Ä ¼ ¾ ¼ ô ½ ¼ Ã À ¿ Ü ß Ö Ø Ï Ð à Ð Ï Ø Ó Õ ä Ì Ù Ü Ï Õ Ð Ì Õ Í Ù �Ö Ð × Ö Ø Ó Ý ä Ì Ù Ü Ï Õ � Ò Ï Ð Õ Ð Ì Õ Í Ù × Õ Ý Å Ï ÐÖ á Ñ Ì Õ Ý Ó Ð Ò × Ñ Ñ ¾ Õ Ù ä Ó Ö Ü Û Ï Ð à Ð Ï Ø Ó Õ Ð Ì Õ Í Ù Ï Ð ä Ì Ù Ü Ï Õ Êö Ó × Ù ß Ð Ó Ð Ì Õ Í Í × ä × Õ Ý Ö á Ñ Ì Õ Ý Ó ÐÝ Ì × é Ó Ü Ó Ð ç Ü × ä Ó Ð × Õ Ý Ï ß Ü ÷ Ï Û ÷ Ð Ï ß Õ Ý ÊÈ Ó ä Ñ × Ö Ó Ý Ó Û Ó Ö Ü Ì Ô Ó ä × Ð Ü × Ù Õ Ó Ö Ó Ù Ù × Ð á
ENGINE OIL LEAK INSPECTIONBegin with a thorough visual inspection of theengine, particularly at the area of the suspected leak.If an oil leak source is not readily identifiable, thefollowing steps should be followed:(1) Do not clean or degrease the engine at thistime because some solvents may cause rubber toswell, temporarily stopping the leak.(2) Add an oil soluble dye (use as recommended bymanufacturer). Start the engine and let idle forapproximately 15 minutes. Check the oil dipstick tomake sure the dye is thoroughly mixed as indicatedwith a bright yellow color under a black light.(3) Using a black light, inspect the entire enginefor fluorescent dye, particularly at the suspected areaof oil leak. If the oil leak is found and identified,repair per service manual instructions.(4) If dye is not observed, drive the vehicle at var-ious speeds for approximately 24km (15 miles), andrepeat inspection.(4) If the oil leak source is not positivelyidentified at this time, proceed with the air leakdetection test method.
Air Leak Detection Test Method(1) Disconnect the breather cap to air cleaner hoseat the breather cap end. Cap or plug breather capnipple.(2) Remove the PCV valve from the cylinder headcover. Cap or plug the PCV valve grommet.(3) Attach an air hose with pressure gauge andregulator to the dipstick tube.® ¹ º ³ ² ¯ ° þ ± 	 
 	 � � 
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(4) Gradually apply air pressure from 1 psi to 2.5psi maximum while applying soapy water at the sus-pected source. Adjust the regulator to the suitabletest pressure that provide the best bubbles whichwill pinpoint the leak source. If the oil leak isdetected and identified, repair per service manualprocedures.(5) If the leakage occurs at the rear oil seal area,refer to the section, Inspection for Rear Seal AreaLeak.(6) If no leaks are detected, turn off the air supplyand remove the air hose and all plugs and caps.Install the PCV valve and breather cap hose.(7) Clean the oil off the suspect oil leak area usinga suitable solvent. Drive the vehicle at variousspeeds approximately 24 km (15 miles). Inspect theengine for signs of an oil leak by using a black light.
INSPECTION FOR REAR SEAL AREA LEAKSSince it is sometimes difficult to determine thesource of an oil leak in the rear seal area of theengine, a more involved inspection is necessary. Thefollowing steps should be followed to help pinpointthe source of the leak.If the leakage occurs at the crankshaft rear oil sealarea:(1) Disconnect the battery.(2) Raise the vehicle.(3) Remove torque converter or clutch housingcover and inspect rear of block for evidence of oil.Use a black light to check for the oil leak:(a) Circular spray pattern generally indicatesseal leakage or crankshaft damage.(b) Where leakage tends to run straight down,possible causes are a porous block, distributor seal,camshaft bore cup plugs oil galley pipe plugs, oil
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filter runoff, and main bearing cap to cylinderblock mating surfaces.(4) If no leaks are detected, pressurize the crank-case as outlined in the, Inspection (Engine oil Leaksin general)® ¹ º ³ ² ¯ ° þ ± 	 
 	 � � # � � � $ � � � � � ´ � �  � � � ! �
(5) If the leak is not detected, very slowly turn thecrankshaft and watch for leakage. If a leak isdetected between the crankshaft and seal whileslowly turning the crankshaft, it is possible thecrankshaft seal surface is damaged. The seal area onthe crankshaft could have minor nicks or scratchesthat can be polished out with emery cloth.® ¹ º ³ ² ¯ ° þ º � � � # � � � � � � � 
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(6) For bubbles that remain steady with shaftrotation, no further inspection can be done until dis-assembled.

ENGINE OIL PRESSURE(1) Disconnect connector and remove oil pressuresending unit.(2) Install Oil Pressure Line and Gauge ToolC-3292 or equivalent. Start engine and record pres-sure. Refer to Oil Pressure in Engine Specificationsfor the correct pressures.
SERVICE PROCEDURES
VALVE TIMINGDisconnect the spark plug wires and remove thespark plugs.Remove the engine cylinder head cover.Remove the capscrews, bridge and pivot assembly,and rocker arms from above the No.1 cylinder.Alternately loosen each capscrew, one turn at atime, to avoid damaging the bridge.Rotate the crankshaft until the No.6 piston is attop dead center (TDC) on the compression stroke.Rotate the crankshaft counterclockwise (viewedfrom the front of the engine) 90°.Install a dial indicator on the end of the No.1 cyl-inder intake valve push rod. Use rubber tubing tosecure the indicator stem on the push rod.Set the dial indicator pointer at zero.Rotate the crankshaft clockwise (viewed from thefront of the engine) until the dial indicator pointerindicates 0.305 mm (0.012 inch) travel distance (lift).

The timing notch index on the vibration dampershould be aligned with the TDC mark on the timingdegree scale.If the timing notch is more than 13 mm (1/2 inch)away from the TDC mark in either direction, thevalve timing is incorrect.If the valve timing is incorrect, the cause may be abroken camshaft pin. It is not necessary to replacethe camshaft because of pin failure. A spring pin isavailable for service replacement.
VALVE SERVICEClean all carbon deposits from the combustionchambers, valve ports, valve stems, valve stemguides and head.Clean all grime and gasket material from theengine cylinder head machined gasket surface.Inspect for cracks in the combustion chambers andvalve ports.Inspect for cracks on the exhaust seat.Inspect for cracks in the gasket surface at eachcoolant passage.Inspect valves for burned, cracked or warpedheads.Inspect for scuffed or bent valve stems.Replace valves displaying any damage.
VALVE REFACING(1) Use a valve refacing machine to reface theintake and exhaust valves to the specified angle.(2) After refacing, a margin of at least 0.787 mm(0.031 inch) must remain (Fig. 14). If the margin isless than 0.787 mm (0.031 inch), the valve must bereplaced.
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VALVE SEAT REFACING(1) Install a pilot of the correct size in the valveguide bore. Reface the valve seat to the specifiedangle with a good dressing stone. Remove onlyenough metal to provide a smooth finish.(2) Use tapered stones to obtain the specified seatwidth when required.(3) Control valve seat runout to a maximum of0.0635 mm (0.0025 in.) (Fig. 15).

VALVE STEM OIL SEAL REPLACEMENTValve stem oil seals are installed on each valvestem to prevent rocker arm lubricating oil fromentering the combustion chamber through the valveguide bores. One seal is marked INT (intake valve)and the other is marked EXH (exhaust valve).Replace the oil seals whenever valve service is per-formed or if the seals have deteriorated.
VALVE GUIDESThe valve guides are an integral part of the enginecylinder head and are not replaceable.When the valve stem guide clearance is excessive,the valve guide bores must be reamed oversize. Ser-vice valves with oversize stems are available in 0.076mm (0.003 inch) and 0.381 mm (0.015 inch) incre-ments.Corresponding oversize valve stem seals are alsoavailable and must be used with valves having 0.381mm (0.015 inch) oversize stems.° ¯ ³ ¸ þ ² " � � � & � � & � � 
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VALVE STEM-TO-GUIDE CLEARANCEMEASUREMENTValve stem-to-guide clearance may be measured byeither of the following two methods.
PREFERRED METHOD(1) Remove the valve from the head.(2) Clean the valve stem guide bore with solventand a bristle brush.(3) Insert a telescoping gauge into the valve stemguide bore approximately 9.525 mm (.375 inch) fromthe valve spring side of the head (Fig. 16).

(4) Remove and measure telescoping gauge with amicrometer.(5) Repeat the measurement with contacts length-wise to engine cylinder head.(6) Compare the crosswise to lengthwise measure-ments to determine out-of-roundness. If the measure-ments differ by more than 0.0635 mm (0.0025 in.),ream the guide bore to accommodate an oversizevalve stem.(7) Compare the measured valve guide bore diam-eter with specifications (7.95-7.97 mm or 0.313-0.314inch). If the measurement differs from specificationby more than 0.076 mm (0.003 inch), ream the guidebore to accommodate an oversize valve stem.
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ALTERNATIVE METHOD(1) Use a dial indicator to measure the lateralmovement of the valve stem (stem-to-guide clear-ance). This must be done with the valve installed inits guide and just off the valve seat (Fig. 17).(2) Correct clearance is 0.025-0.0762 mm(0.001-0.003 inch). If indicated movement exceeds thespecification ream the valve guide to accommodatean oversize valve stem.° ¯ ³ ¸ þ b � � & � � � � � � � 
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VALVE SPRING TENSION TESTUse a universal Valve Spring Tester and a torquewrench to test each valve spring for the specified ten-sion value (Fig. 18).Replace valve springs that are not within specifica-tions.
PISTON FITTING
BORE GAGE METHOD(1) To correctly select the proper size piston, a cyl-inder bore gauge, capable of reading in 0.003 mm(.0001 in.) INCREMENTS is required. If a boregauge is not available, do not use an inside microme-ter.(2) Measure the inside diameter of the cylinderbore at a point 49.5 mm (1-15/16 inches) below top ofbore. Start perpendicular (across or at 90 degrees) tothe axis of the crankshaft at point A and then takean additional bore reading 90 degrees to that at pointB (Fig. 20).(3) The coated pistons will be serviced with thepiston pin and connecting rod pre-assembled. The

coated piston connecting rod assembly can beused to service previous built engines andMUST be replaced as complete sets. Tin coatedpistons should not be used as replacements for coatedpistons.(4) The coating material is applied to the pistonafter the final piston machining process. Measuringthe outside diameter of a coated piston will not pro-vide accurate results (Fig. 19). Therefore measuringthe inside diameter of the cylinder bore with a dialBore Gauge is MANDATORY. To correctly select theproper size piston, a cylinder bore gauge capable ofreading in 0.003 mm (.0001 in.) increments isrequired.(5) Piston installation into the cylinder borerequires slightly more pressure than that requiredfor non-coated pistons. The bonded coating on thepiston will give the appearance of a line-to-line fitwith the cylinder bore.
PISTON RING—FITTING(1) Carefully clean the carbon from all ringgrooves. Oil drain openings in the oil ring groove andpin boss must be clear. DO NOT remove metal fromthe grooves or lands. This will change ring-to-grooveclearances and will damage the ring-to-land seating.(2) Be sure the piston ring grooves are free ofnicks and burrs.(3) Measure the ring side clearance with a feelergauge fitted snugly between the ring land and ring(Fig. 21) (Fig. 22). Rotate the ring in the groove. Itmust move freely around circumference of the groove.(4) Place ring in the cylinder bore and push downwith inverted piston to position near lower end of thering travel. Measure ring gap with a feeler gauge fit-ting snugly between ring ends (Fig. 23).
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(5) The oil control rings are symmetrical, and canbe installed with either side up. It is not necessary touse a tool to install the upper and lower rails. Insertoil rail spacer first, then side rails.(6) The two compression rings are different andcannot be interchanged. The top compression ringcan be identified by the shiny coating on the outersealing surface and can be installed with either sideup. (Fig. 24).
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PISTON SIZE CHART� � � � � �   ¡ ¢ £ ¡   ¤ � ¥   ¦ � ¤ § £ � �   § §   ¡ ¤ � ¥  ¨ © ª « ¬ © ­ ¨ © ª « « © ® ®¯ ¬ ª © ° ± ± ­ ¬ ª © ° ± ¨ ² ³ ª ´ µ¨ © ª « « © ­ ¨ © ª « ± © ® ®¯ ¬ ª © ° ± ¨ ­ ¬ ª © ° ¶ ¬ ² ³ ª ´ ·¨ © ª « ± © ­ ¨ © ª « ¶ © ® ®¯ ¬ ª © ° ¶ ¬ ­ ¬ ª © ° ¶ ° ² ³ ª ´ ¸¨ © ª « ¶ © ­ ¨ © ª « ° © ® ®¯ ¬ ª © ° ¶ ° ­ ¬ ª © ° ° ¹ ² ³ ª ´ º¨ © ª « ° © ­ ¨ © ª « © © ® ®¯ ¬ ª © ° ° ¹ ­ ¬ ª © ° ° ± ² ³ ª ´ »¨ © ª « © © ­ ¨ © ª « ¨ © ® ®¯ ¬ ª © ° ° ± ­ ¬ ª © ° ° ¨ ² ³ ª ´ ¼

{ | } ~ � ½ ¾ | ¿ À � Á Â | Ã � Á ¿ | � Á ¿

9 - 78 4.0L ENGINE XJSERVICE PROCEDURES (Continued)



(7) The second compression ring has a slightchamfer on the bottom of the inside edge and a doton the top for correct installation (Fig. 25).(8) Using a ring installer, install the second com-pression ring with the dot facing up (Fig. 25) (Fig.27).(9) Using a ring installer, install the top compres-sion ring (either side up).Ä | Á } � � Å Æ � | � Á À � À | � Á
• Position the gaps on the piston as shown (Fig.28).
• Oil spacer - Gap on center line of piston skirt.
• Oil rails - gap 180° apart on centerline of pistonpin bore.

• No. 2 Compression ring - Gap 180° from top oilrail gap.
• No. 1 Compression ring - Gap 180° from No. 2compression ring gap.
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FITTING CONNECTING ROD BEARINGS
INSPECTION
BEARINGSInspect the connecting rod bearings for scoring andbent alignment tabs (Fig. 29) (Fig. 30). Check thebearings for normal wear patterns, scoring, grooving,fatigue and pitting (Fig. 31). Replace any bearingthat shows abnormal wear.Inspect the connecting rod journals for signs ofscoring, nicks and burrs.
CONNECTING RODSMisaligned or bent connecting rods can causeabnormal wear on pistons, piston rings, cylinderwalls, connecting rod bearings and crankshaft con-necting rod journals. If wear patterns or damage toany of these components indicate the probability of amisaligned connecting rod, inspect it for correct rod
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alignment. Replace misaligned, bent or twisted con-necting rods.
BEARING-TO-JOURNAL CLEARANCE(1) Wipe the oil from the connecting rod journal.(2) Use short rubber hose sections over rod boltsduring installation.(3) Lubricate the upper bearing insert and installin connecting rod.(4) Use piston ring compressor to install the rodand piston assemblies. The oil squirt holes in therods must face the camshaft. The arrow on the pistoncrown should point to the front of the engine (Fig.32). Verify that the oil squirt holes in the rods facethe camshaft and that the arrows on the pistons facethe front of the engine.

(5) Install the lower bearing insert in the bearingcap. The lower insert must be dry. Place strip of Plas-tigage across full width of the lower insert at the cen-ter of bearing cap. Plastigage must not crumble inuse. If brittle, obtain fresh stock.(6) Install bearing cap and connecting rod on thejournal and tighten nuts to 45 N·m (33 ft. lbs.)torque. DO NOT rotate crankshaft. Plastigage willsmear, resulting in inaccurate indication.(7) Remove the bearing cap and determine amountof bearing-to- journal clearance by measuring thewidth of compressed Plastigage (Fig. 33). Refer toEngine Specifications for the proper clearance. Plas-tigage should indicate the same clearanceacross the entire width of the insert. If theclearance varies, it may be caused by either atapered journal, bent connecting rod or foreignmaterial trapped between the insert and cap orrod.(8) If the correct clearance is indicated, replace-ment of the bearing inserts is not necessary. Removethe Plastigage from crankshaft journal and bearinginsert. Proceed with installation.
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(9) If bearing-to-journal clearance exceeds thespecification, install a pair of 0.0254 mm (0.001 inch)undersize bearing inserts. All the odd size insertsmust be on the bottom. The sizes of the servicereplacement bearing inserts are stamped on thebacks of the inserts. Measure the clearance asdescribed in the previous steps.(10) The clearance is measured with a pair of0.0254 mm (0.001 inch) undersize bearing insertsinstalled. This will determine if two 0.0254 mm(0.001 inch) undersize inserts or another combinationis needed to provide the correct clearance (refer toConnecting Rod Bearing Fitting Chart).

CONNECTING ROD BEARING FITTING CHART� ¡ Ï � û ¤ ü Ï Î § ý £ þ ¡ � Ï � � £ ¡ ¡   ¤ ¦ £ � � � � ÿ ¡ £ � ¢   Ï ¡ � � ÿ � � ¤   ¡ §� � � � � � � � � � � � � � � � � þ 	 	 � � � 
 � � � � ¤ � � � � � 
 � � � 
 � � � � ¤ � � �� � � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � �  � !  � � � � � � � � � � �  � !  " � � � � � � � � � � � # $ % � � &' ( ) * + , � � � � � � � � � � � - � � - � � � � � � � � � � � � �  � !  . � / � � 0 �  � ! 1 % 2 �" � � � � # $ � � � � � # - % � � &� � � - � $ � � " � � � � � � % � � & � � � � � � � " � � � � - % � � &0 �  � ! 1 % 2 �3 4 5 , � � � - � � - � � � � - � � # � � . � / � � 0 �  � ! 1 % 2 � . � / � � 0 �  � ! 1 % 2 �" � � � � # - � � � � � � # % � � &� � � � � 6 � � " � � � � - # % � � & � � � � � � � " � � � � - % � � & � � � � � � � " � � � � - % � � &0 �  � ! 1 % 2 �7 , 8 � � � � � - � � � � � � � � � � � 9 �  � 0 �  � ! 1 % 2 � 9 �  � 0 �  � ! 1 % 2 �" � � � $ � � � � � � $ # $ % � � &� � � � # � � " � � � - � % � � & � � � � # � � " � � � - � % � � & � � � � # � � " � � � - � % � � &0 �  � ! 1 % 2 �
(11) FOR EXAMPLE: If the initial clearance was0.0762 mm (0.003 inch), 0.025 mm (0.001 inch)undersize inserts would reduce the clearance by0.025 mm (0.001 inch). The clearance would be 0.002inch and within specification. A 0.051 mm (0.002inch) undersize insert would reduce the initial clear-ance an additional 0.013 mm (0.0005 inch). Theclearance would then be 0.038 mm (0.0015 inch).(12) Repeat the Plastigage measurement to verifyyour bearing selection prior to final assembly.

(13) Once you have selected the proper insert,install the insert and cap. Tighten the connecting rodbolts to 45 N·m (33 ft. lbs.) torque.
SIDE CLEARANCE MEASUREMENTSlide snug-fitting feeler gauge between the con-necting rod and crankshaft journal flange (Fig. 34).Refer to Engine Specifications for the proper clear-ance. Replace the connecting rod if the side clearanceis not within specification.
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FITTING CRANKSHAFT MAIN BEARINGS
INSPECTIONWipe the inserts clean and inspect for abnormalwear patterns and for metal or other foreign materialimbedded in the lining. Normal main bearing insertwear patterns are illustrated (Fig. 35). In general thelower bearing half will have a heaver wear pattern.
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Inspect the back of the inserts for fractures, scrap-ings or irregular wear patterns.Inspect the upper insert locking tabs for damage.Replace all damaged or worn bearing inserts.

FITTING BEARINGS (CRANKSHAFT INSTALLED)The main bearing caps, numbered (front to rear)from 1 through 7 have an arrow to indicate the for-ward position. The upper main bearing inserts aregrooved to provide oil channels while the lowerinserts are smooth.Each bearing insert pair is selectively fitted to itsrespective journal to obtain the specified operatingclearance. In production, the select fit is obtained byusing various-sized color-coded bearing insert pairsas listed in the Main Bearing Fitting Chart. Thebearing color code appears on the edge of the insert.The size is not stamped on bearing inserts usedfor engine production.The main bearing journal size (diameter) is identi-fied by a color-coded paint mark (Fig. 36) on theadjacent cheek or counterweight towards the rear ofthe crankshaft (flange end). The rear main journal, isidentified by a color-coded paint mark on the crank-shaft rear flange.When required, upper and lower bearing inserts ofdifferent sizes may be used as a pair. A standard sizeinsert is sometimes used in combination with a 0.025mm (0.001 inch) undersize insert to reduce the clear-ance by 0.013 mm (0.0005 inch). Never use a pairof bearing inserts with greater than a 0.025 mm(0.001 inch) difference in size. Refer to theBearing Insert Pair Chart.^ ' _ ` a r g , * ( , p 4 ) h o * + o * j , ( f j l f g , e 8 8 j o s , o * j , ( f jm 5 j f t , , o f g , ( ) 4 4 e * f g , f e p u o * h d 4 o * 8 , ( t 4 e h i v e () 4 4 e * f g , t e f f e m u o * m ) o * t , ) ( o * + h ) p v q
Once the bearings have been properly fitted, pro-ceed to Crankshaft Main Bearing—Installation.

BEARING-TO-JOURNAL CLEARANCE (CRANKSHAFTINSTALLED)When using Plastigage, check only one bearingclearance at a time.Install the grooved main bearings into the cylinderblock and the non-grooved bearings into the bearingcaps.Install the crankshaft into the upper bearings dry.Place a strip of Plastigage across full width of thecrankshaft journal to be checked.Install the bearing cap and tighten the bolts to 108N·m (80 ft. lbs.) torque.^ ' _ ` a w ' ^ ' _ ( e f ) f , f g , h ( ) * i j g ) c f q _ g o j x o 4 4h ) 5 j , f g , y 4 ) j f o + ) + , f e j g o c f l ( , j 5 4 f o * + o * ) * o * ) h h 5 z( ) f , ( , ) 8 o * + q y 4 ) j f o + ) + , m 5 j f * e f t , p , ( m o f f , 8 f eh ( 5 m t 4 , q b c t ( o f f 4 , l e t f ) o * c ( , j g j f e h i q
Remove the bearing cap. Determine the amount ofclearance by measuring the width of the compressedPlastigage with the scale on the Plastigage envelope
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(Fig. 37). Refer to Engine Specifications for theproper clearance.

Plastigage should indicate the same clearanceacross the entire width of the insert. If clearance var-ies, it may indicate a tapered journal or foreignmaterial trapped behind the insert.If the specified clearance is indicated and there areno abnormal wear patterns, replacement of the bear-ing inserts is not necessary. Remove the Plastigagefrom the crankshaft journal and bearing insert. Pro-ceed to Crankshaft Main Bearing—Installation.If the clearance exceeds specification, install a pairof 0.025 mm (0.001 inch) undersize bearing insertsand measure the clearance as described in the previ-ous steps.The clearance indicate with the 0.025 mm (0.001inch) undersize insert pair installed will determine ifthis insert size or some other combination will pro-vide the specified clearance. FOR EXAMPLE: If theclearance was 0.0762 mm (0.003 inch) originally, apair of 0.0254 mm (0.001 inch) undersize insertswould reduce the clearance by 0.0254 mm (0.001inch). The clearance would then be 0.0508 mm (0.002inch) and within the specification. A 0.051 mm (0.002inch) undersize bearing insert and a 0.0254 mm(0.001 inch) undersize insert would reduce the origi-nal clearance an additional 0.0127 mm (0.0005 inch).The clearance would then be 0.0381 mm (0.0015inch).� � � _ b ' ^ a ^ , n , ( 5 j , ) p ) o ( e c o * j , ( f j f g ) f 8 o c c , (m e ( , f g ) * e * , t , ) ( o * + j o s , ) j ) p ) o ( q
FOR EXAMPLE: DO NOT use a standard sizeupper insert and a 0.051 mm (0.002 inch) undersizelower insert.
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If the clearance exceeds specification using a pairof 0.051 mm (0.002 inch) undersize bearing inserts,measure crankshaft journal diameter with amicrometer. If the journal diameter is correct, thecrankshaft bore in the cylinder block may be mis-aligned, which requires cylinder block replacement ormachining to true bore.Replace the crankshaft or grind to accept theappropriate undersize bearing inserts if:
• Journal diameters 1 through 6 are less than63.4517 mm (2.4981 inches)
• Journal 7 diameter is less than 63.4365 mm(2.4975 inches).Once the proper clearances have been obtained,proceed to Crankshaft Main Bearing—Installation.

MAIN BEARING JOURNAL DIAMETER(CRANKSHAFT REMOVED)Remove the crankshaft from the cylinder block(refer to Cylinder Block - Disassemble).Clean the oil off the main bearing journal.Determine the maximum diameter of the journalwith a micrometer. Measure at two locations 90°apart at each end of the journal.The maximum allowable taper and out of round is0.013 mm (0.0005 inch). Compare the measureddiameter with the journal diameter specification(Main Bearing Fitting Chart). Select inserts requiredto obtain the specified bearing-to-journal clearance.Install the crankshaft into the cylinder block (referto Cylinder Block - Assemble and Crankshaft MainBearings - Installation).
MAIN BEARING FITTING CHART� ( ) * i j g ) c f « e 5 ( * ) 4 j ¬ ­ z ® � e ( ( , j p e * 8 o * + � ( ) * i j g ) c f 3 , ) ( o * + b * j , ( f� e 4 e ( � e 8 , w o ) m , f , ( � p p , ( b * j , ( f � o s , ¯ e x , ( b * j , ( f � o s ,° , 4 4 e x 6 � � � � � � � 6 � � # $ � $ � � � � � � � � � � � � �  � !  � � � � � � � � � � �  � !  " � � � � � - � � � # � � 6 % � � &' ( ) * + , 6 � � # $ � $ � 6 � � # � � - � � � � � � � � � � � � �  � !  . � / � � 0 �  � ! 1 % 2 �� � � � � � � " � � � � - % � � &" � � # � � 6 � � � # � � - % � � &� � � - � � � � " � � � � � � % � � &0 �  � ! 1 % 2 �3 4 5 , 6 � � # � � - � 6 � � # 6 # # � � . � / � � 0 �  � ! 1 % 2 �� � � � � � � " � � � � - % � � & . � / � � 0 �  � ! 1 % 2 �� � � � � � � " � � � � - % � � &" � � # � � - � � � # � $ 6 % � � &� � � � � # � � " � � � � - % � � &0 �  � ! 1 % 2 �± ( , , * 6 � � # 6 # # � 6 � � # � - � � � . � / � � 0 �  � ! 1 % 2 �� � � � � � � " � � � � - % � � & ² ! � � � � 0 �  � ! 1 % 2 �� � � � - � � " � � � � � % � � &" � � # � $ 6 � � � # � $ - % � � &� � � � $ - � � " � � � � - � % � � &0 �  � ! 1 % 2 �7 , 8 6 � � � # $ � � 6 � � � � � $ � � 9 �  � 0 �  � ! 1 % 2 �� � � � # � � " � � � - � % � � & 9 �  � 0 �  � ! 1 % 2 �� � � � # � � " � � � - � % � � &" � � # � � - � � � # $ � 6 % � � &� � � � # � � " � � � - � % � � &0 �  � ! 1 % 2 �
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� ( ) * i j g ) c f « e 5 ( * ) 4 ¬ ³ ' * 4 d � e ( ( , j p e * 8 o * + 3 , ) ( o * + b * j , ( f� e 4 e ( � e 8 , w o ) m , f , ( � p p , ( b * j , ( f � o s , ¯ e x , ( b * j , ( f � o s ,° , 4 4 e x 6 � � # $ � � � 6 � � # � # 6 � � � � � � � � � � � � �  � !  � � � � � � � � � � �  � !  " � � # � � � � � � # � � � % � � &' ( ) * + , 6 � � # � # 6 � 6 � � # 6 - � � � � � � � � � � � � � �  � !  . � / � � 0 �  � ! 1 % 2 �� � � � � � � " � � � � - % � � &" � � # � � 6 � � � # � � - % � � &� � � - � � � � " � � � � � � % � � &0 �  � ! 1 % 2 �3 4 5 , 6 � � # 6 - � � 6 � � # # � � � � . � / � � 0 �  � ! 1 % 2 �� � � � � � � " � � � � - % � � & . � / � � 0 �  � ! 1 % 2 �� � � � � � � " � � � � - % � � &" � � # � $ � � � � # � $ � % � � &� � � � � # � � " � � � � - % � � &0 �  � ! 1 % 2 �± ( , , * 6 � � # # � � � 6 � � # � 6 � � � . � / � � 0 �  � ! 1 % 2 �� � � � � � � " � � � � - % � � & ² ! � � � � 0 �  � ! 1 % 2 �� � � � - � � " � � � � � % � � &" � � # � $ � � � � # � � � % � � &� � � � $ - � � " � � � � - � % � � &0 �  � ! 1 % 2 �7 , 8 6 � � � � � � � 6 � � � � � 6 � � 9 �  � 0 �  � ! 1 % 2 �� � � � # � � " � � � - � % � � & 9 �  � 0 �  � ! 1 % 2 �� � � � # � � " � � � - � % � � &" � � # $ � � � � � # $ � � % � � &� � � � # � � " � � � - � % � � &0 �  � ! 1 % 2 �
FORM-IN-PLACE GASKETSThere are several places where form-in-place gas-kets are used on the engine. DO NOT use form-in-place gasket material unless specified. Caremust be taken when applying form-in-place gaskets.Bead size, continuity and location are of great impor-tance. Too thin a bead can result in leakage while toomuch can result in spill-over. A continuous bead ofthe proper width is essential to obtain a leak-freejoint.Two types of form-in-place gasket materials areused in the engine area (Mopar Silicone RubberAdhesive Sealant and Mopar Gasket Maker). Eachhave different properties and cannot be used inter-changeably.
MOPAR SILICONE RUBBER ADHESIVE SEALANTMopar Silicone Rubber Adhesive Sealant, normallyblack in color, is available in 3 ounce tubes. Moisturein the air causes the sealant material to cure. Thismaterial is normally used on flexible metal flanges.It has a shelf life of a year and will not properly cureif over aged. Always inspect the package for the expi-ration date before use.
MOPAR GASKET MAKERMopar Gasket Maker, normally red in color, isavailable in 6 cc tubes. This anaerobic type gasket

material cures in the absence of air when squeezedbetween smooth machined metallic surfaces. It willnot cure if left in the uncovered tube. DO NOT useon flexible metal flanges.
SURFACE PREPARATIONParts assembled with form-in-place gaskets may bedisassembled without unusual effort. In someinstances, it may be necessary to lightly tap the partwith a mallet or other suitable tool to break the sealbetween the mating surfaces. A flat gasket scrapermay also be lightly tapped into the joint but caremust be taken not to damage the mating surfaces.Scrape or wire brush all gasket surfaces to removeall loose material. Inspect stamped parts to ensuregasket rails are flat. Flatten rails with a hammer ona flat plate, if required. Gasket surfaces must be freeof oil and dirt. Make sure the old gasket material isremoved from blind attaching holes.
GASKET APPLICATIONAssembling parts using a form-in-place gasketrequires care.Mopar Silicone Rubber Adhesive Sealant should beapplied in a continuous bead approximately 3 mm(0.12 inch) in diameter. All mounting holes must becircled. For corner sealing, a 3 or 6 mm (1/8 or 1/4inch) drop is placed in the center of the gasket con-
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tact area. Uncured sealant may be removed with ashop towel. Components should be torqued in placewhile the sealant is still wet to the touch (within 10minutes). The use of a locating dowel is recom-mended during assembly to prevent smearing thematerial off location.Mopar Gasket Maker should be applied sparinglyto one gasket surface. The sealant diameter shouldbe 1.00 mm (0.04 inch) or less. Be certain the mate-rial surrounds each mounting hole. Excess materialcan easily be wiped off. Components should betorqued in place within 15 minutes. The use of alocating dowel is recommended during assembly toprevent smearing the material off location.
ENGINE PERFORMANCEIt is important that the vehicle is operating to itsoptimum performance level to maintain fuel economyand the lowest emission levels. If vehicle is not oper-ating to these standards, refer to Engine Diagnosisoutlined in this section. The following procedures canassist in achieving the proper engine diagnosis.(1) Test cranking amperage draw. Refer to Electri-cal Group 8B, Cold Cranking Test.(2) Check intake manifold bolt torque; Refer toGroup 11, Exhaust System and Intake Manifold.(3) Perform cylinder compression test. Refer toCylinder Compression Pressure Test in the EngineDiagnosis area of this section.(4) Clean or replace spark plugs as necessary andadjust gap as specified in Electrical Group 8D.Tighten to specifications.(5) Test resistance of spark plug cables. Refer toElectrical Group 8D, Spark Plug Cables.(6) Inspect the primary wires. Test coil output volt-age and primary resistance. Replace parts as neces-sary. Refer to Electrical Group 8D, for specifications.(7) Test fuel pump for pressure. Refer to Group 14,Fuel System Specifications.(8) The air filter elements should be replaced asspecified in Lubrication and Maintenance, Group 0.(9) Inspect crankcase ventilation system as outlined in Group 0, Lubrication and Maintenance. Foremission controls see Group 25, Emission Controlsfor service procedures.(10) Road test vehicle as a final test.
HONING CYLINDER BORESBefore honing, stuff plenty of clean shop towelsunder the bores and over the crankshaft to keepabrasive materials from entering the crankshaftarea.(1) Used carefully, the Cylinder Bore Sizing HoneC-823 equipped with 220 grit stones, is the best toolfor this job. In addition to deglazing, it will reducetaper and out-of-round as well as removing light

scuffing, scoring or scratches. Usually a few strokeswill clean up a bore and maintain the required lim-its.� � � _ b ' ^ a w ' ^ ' _ 5 j , ( o + o 8 f d p , g e * , j f e ( , m e n ,h d 4 o * 8 , ( x ) 4 4 + 4 ) s , q
(2) Deglazing of the cylinder walls may be done ifthe cylinder bore is straight and round. Use a cylin-der surfacing hone, Honing Tool C-3501, equippedwith 280 grit stones (C-3501-3810). 20-60 strokes,depending on the bore condition, will be sufficient toprovide a satisfactory surface. Using honing oilC-3501-3880 or a light honing oil available frommajor oil distributors.� � � _ b ' ^ a w ' ^ ' _ 5 j , , * + o * , e ( f ( ) * j m o j j o e * e o 4 lm o * , ( ) 4 j p o ( o f j e ( i , ( e j , * , q
(3) Honing should be done by moving the hone upand down fast enough to get a crosshatch pattern.The hone marks should INTERSECT at 50° to 60°for proper seating of rings (Fig. 38).

(4) A controlled hone motor speed between 200 and300 RPM is necessary to obtain the proper cross-hatch angle. The number of up and down strokes perminute can be regulated to get the desired 50° to 60°angle. Faster up and down strokes increase the cross-hatch angle.(5) After honing, it is necessary that the block becleaned to remove all traces of abrasive. Use a brushto wash parts with a solution of hot water and deter-gent. Dry parts thoroughly. Use a clean, white, lint-free cloth to check that the bore is clean. Oil thebores after cleaning to prevent rusting.

: ; < = > ´ G � H ; E � @ D F } D @ G D } B B L A K I L M A K K @ D EN O X \ Z S S � R T X � P R T T W \ �Y O U � T W \ S W X T R � V Q W

XJ 4.0L ENGINE 9 - 87SERVICE PROCEDURES (Continued)



REPAIR DAMAGED OR WORN THREADS� � � _ b ' ^ a 3 , j 5 ( , f g ) f f g , f ) p p , 8 g e 4 , j m ) o * f ) o *f g , e ( o + o * ) 4 h , * f , ( 4 o * , q
Damaged or worn threads can be repaired. Essen-tially, this repair consists of:
• Drilling out worn or damaged threads.
• Tapping the hole with a special Heli-Coil Tap, orequivalent.
• Installing an insert into the tapped hole to bringthe hole back to its original thread size.

SERVICE ENGINE ASSEMBLY (SHORT BLOCK)A service replacement engine assembly (shortblock) may be installed whenever the original cylin-der block is defective or damaged beyond repair. Itconsists of the cylinder block, crankshaft, piston androd assemblies. If needed, the camshaft must be pro-cured separately and installed before the engine isinstalled in the vehicle.A short block is identified with the letter “S”stamped on the same machined surface where thebuild date code is stamped for complete engineassemblies.Installation includes the transfer of componentsfrom the defective or damaged original engine. Fol-low the appropriate procedures for cleaning, inspec-tion and torque tightening.
HYDROSTATIC LOCKWhen an engine is suspected of hydrostatic lock(regardless of what caused the problem), follow thesteps below.(1) Perform the Fuel Pressure Release Procedure(refer to Group 14, Fuel System).(2) Disconnect the negative cable from the battery.(3) Inspect air cleaner, induction system andintake manifold to ensure system is dry and clear offoreign material.(4) Place a shop towel around the spark plugs tocatch any fluid that may possibly be under pressurein the cylinder head. Remove the plugs from theengine.� � � _ b ' ^ a w ' ^ ' _ 5 j , f g , j f ) ( f , ( m e f e ( f e ( e f ) f ,f g , h ( ) * i j g ) c f q � , n , ( , 8 ) m ) + , h e 5 4 8 e h h 5 ( q

(5) With all spark plugs removed, rotate the crank-shaft using a breaker bar and socket.(6) Identify the fluid in the cylinders (i.e. coolant,fuel, oil, etc.).(7) Make sure all fluid has been removed from thecylinders.(8) Repair engine or components as necessary toprevent this problem from occurring again.

(9) Squirt engine oil into the cylinders to lubricatethe walls. This will prevent damage on restart.(10) Install new spark plugs. Tighten the sparkplugs to 37 N·m (27 ft. lbs.) torque.(11) Drain engine oil. Remove and discard the oilfilter.(12) Install the drain plug. Tighten the plug to 34N·m (25 ft. lbs.) torque.(13) Install a new oil filter.(14) Fill engine crankcase with the specifiedamount and grade of oil (refer to Group 0, Lubrica-tion and Maintenance).(15) Connect the negative cable to the battery.(16) Start the engine and check for any leaks.
ENGINE OIL SERVICEr � 7 ^ b ^ ± a ^ ` r ' 7 � � ` w ` ^ ± b ^ ` ' b ¯ � � ^ 3 `b 7 7 b _ � _ b ^ ± _ ' _ µ ` � ¶ b ^ q � · ' b w y 7 ' ¯ ' ^ ± ` w ' 77 ` y ` � _ ` w � ¶ b ^ � ' ^ _ � � _ r b _ µ ` ^ ± b ^ ` ' b ¯ q� ' ^ _ � ¸ b ^ � ^ _ � b ^ � � ` w ` ^ ± b ^ ` ' b ¯ l � � � � ` w 3 °b ^ _ ` 7 ^ � ¯ � ' ¸ 3 � � _ b ' ^ l � � ^ 3 ` µ � ¹ � 7 w ' � � _ '° ' � 7 µ ` � ¯ _ µ q _ µ ' 7 ' � ± µ ¯ ° r � � µ ` º y ' � ` w� ¶ b ^ r b _ µ � ' � y � ^ w r � _ ` 7 q w ' ^ ' _ r � � µ� ¶ b ^ r b _ µ ± � � ' ¯ b ^ ` l w b ` � ` ¯ » � ` ¯ l _ µ b ^ ^ ` 7 l ' 7� ' ¯ · ` ^ _ � l µ ` � ¯ _ µ y 7 ' 3 ¯ ` ¸ � � � ^ 7 ` � � ¯ _ q w '^ ' _ y ' ¯ ¯ � _ ` l w b � y ' � ` ' » � � ` w ` ^ ± b ^ ` ' b ¯y 7 ' y ` 7 ¯ ° q
ENGINE OIL SPECIFICATION� � � _ b ' ^ a w e * e f 5 j , * e * z 8 , f , ( + , * f e ( j f ( ) o + g fm o * , ( ) 4 e o 4 x g , * ) 8 8 o * + e ( h g ) * + o * + h ( ) * i h ) j ,4 5 t ( o h ) * f q ` * + o * , c ) o 4 5 ( , h ) * ( , j 5 4 f q
API SERVICE GRADE CERTIFIEDUse an engine oil that is API Service Grade Certi-fied. MOPAR provides engine oils that conform to thelatest recommended service grades.Standard engine oil identification notations havebeen adopted to aid in the proper selection of engineoil. The identifying notations are located on the labelof engine oil plastic bottles and the top of engine oilcans (Fig. 39).

: ; < = > ¼ ½ E < ; E @ ¾ ; H G } E K A ; E @ D � K A E � A D � ¿ } K A K ; } E B

9 - 88 4.0L ENGINE XJSERVICE PROCEDURES (Continued)



SAE VISCOSITYAn SAE viscosity grade is used to specify the vis-cosity of engine oil. SAE 10W–30 specifies a multipleviscosity engine oil. Engine oils also have multipleviscosities. These are specified with a dual SAE vis-cosity grade which indicates the cold-to-hot tempera-ture viscosity range. Select an engine oil that is bestsuited to your particular temperature range and vari-ation (Fig. 40).

ENERGY CONSERVING OILAn Energy Conserving type oil is recommended forgasoline engines. The designation of ENERGY CON-SERVING is located on the label of an engine oil con-tainer.
CRANKCASE OIL LEVEL INSPECTIONÀ Á Â Ã Ä Å Æ Ç È É Ê É Ë É Ì Í Î Ï Ð Ñ Ñ Ò Î Ó Ê Ô Ò Ó Õ Í Ö Ð Ë × Í Ê Ø Ð Ê Í É Ð Ñ ÙÉ Ð Ñ Ï É Ó Ú Ð Ê Ø Ó Ê Û É Ð Ñ Ü Î Í Õ Õ Ý Î Í Ñ É Õ Õ Ò Ó Ê Î Í Õ Ý Ñ Ë Þ
The engine oil level indicator (Dipstick) is locatedat the right rear of the 4.0L engine. Inspect engineoil level approximately every 800 kilometers (500miles). Unless the engine has exhibited loss of oilpressure, run the engine for about five minutesbefore checking oil level. Checking engine oil level ona cold engine is not accurate.To ensure proper lubrication of an engine, theengine oil must be maintained at an acceptable level.The acceptable levels are indicated between the ADDand SAFE marks on the engine oil dipstick (Fig. 41).(1) Position vehicle on level surface.(2) With engine OFF, allow approximately ten min-utes for oil to settle to bottom of crankcase, removeengine oil dipstick.(3) Wipe dipstick clean.(4) Install dipstick and verify it is seated in thetube.(5) Remove dipstick, with handle held above thetip, take oil level reading (Fig. 41).(6) Add oil only if level is below the ADD mark ondipstick.

ENGINE OIL CHANGEChange engine oil at mileage and time intervalsdescribed in Maintenance Schedules.Run engine until achieving normal operating tem-perature.(1) Position the vehicle on a level surface and turnengine off.(2) Hoist and support vehicle on safety stands.(3) Remove oil fill cap.(4) Place a suitable drain pan under crankcasedrain.(5) Remove drain plug from crankcase and allowoil to drain into pan. Inspect drain plug threads forstretching or other damage. Replace drain plug ifdamaged.(6) Install drain plug in crankcase.(7) Lower vehicle and fill crankcase with specifiedtype and amount of engine oil described in this sec-tion.(8) Install oil fill cap.(9) Start engine and inspect for leaks.(10) Stop engine and inspect oil level.
ENGINE OIL FILTER CHANGE
FILTER SPECIFICATIONÀ Á Â Ã Ä Å Æ Ç È É Ê É Ë Ý Õ Í É Ð Ñ Ï Ð Ñ Ë Í Î Ö Ð Ë × Ú Í Ë Î Ð Ò Ë × Î Í Ó Û Õ ÞÃ × Í Ü Î É Ü Í Î É Ð Ñ Ï Ð Ñ Ë Í Î × Ó Õ ß Á à Ë á Ü Í â ã ä å æ ç Ë × Î Í Ó Û Õ ÞÁ Ê É Ð Ñ Ï Ð Ñ Ë Í Î Ö Ð Ë × Ú Í Ë Î Ð Ò Ë × Î Í Ó Û Õ Ò Ó Ê Î Í Õ Ý Ñ Ë Ð Ê É Ð ÑÑ Í Ó Ô Õ Ó Ê Û Í Ê Ø Ð Ê Í Ï Ó Ð Ñ Ý Î Í Þ
All Jeep engines are equipped with a high qualityfull-flow, throw-away type oil filter. DaimlerChrysler
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Corporation recommends a Mopar or equivalent oilfilter be used.
OIL FILTER REMOVAL(1) Position a drain pan under the oil filter.(2) Using a suitable oil filter wrench loosen filter.(3) Rotate the oil filter counterclockwise to removeit from the cylinder block oil filter boss or filteradapter housing (Fig. 42).

(4) When filter separates from adapter nipple, tipgasket end upward to minimize oil spill. Remove fil-ter from vehicle.(5) Make sure old gasket comes off with oil filter.With a wiping cloth, clean the gasket sealing surface(Fig. 43) of oil and grime.
OIL FILTER INSTALLATION(1) Lightly lubricate oil filter gasket with engineoil or chassis grease.(2) Thread filter onto adapter nipple. When gasketmakes contact with sealing surface, (Fig. 43) handtighten filter one full turn, do not over tighten.(3) Add oil, verify crankcase oil level and startengine. Inspect for oil leaks.
USED ENGINE OIL DISPOSALCare should be exercised when disposing usedengine oil after it has been drained from a vehicleengine. Refer to the WARNING at beginning of thissection.

REMOVAL AND INSTALLATION
ENGINE MOUNTS—FRONTThe front mounts support the engine at each side.These supports are made of resilient rubber.
REMOVAL(1) Disconnect negative cable from battery.(2) Raise the vehicle.(3) Support the engine.(4) Remove the nut from the through bolt (Fig. 44).DO NOT remove the through bolt.(5) Remove the retaining bolts and nuts from thesupport cushions (Fig. 44).(6) Remove the through bolt.(7) Remove the support cushions.
INSTALLATION(1) If the engine support bracket was removed,position the bracket onto the block and install theattaching bolts (Fig. 44). Tighten the engine supportbracket bolts to 61 N·m (45 ft. lbs.) torque.(2) If the support cushion bracket was removed,position the bracket onto the lower front sill (Fig.45). Install support cushion bracket bolts and nuts.Tighten the bolts to 54 N·m (40 ft. lbs.) torque.Tighten the nuts to 41 N·m (30 ft. lbs.) torque.(3) Place the support cushion into position on thesupport cushion bracket (Fig. 44). Install and tightenthe bolts and nuts to 41 N·m (30 ft. lbs.) torque.(4) Install the through bolt and the retaining nut(Fig. 44). Tighten the through bolt nut to 65 N·m (48ft. lbs.) torque.
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(5) Remove the engine support.(6) Lower the vehicle.(7) Connect negative cable to battery.
ENGINE MOUNT—REARA resilient rubber cushion supports the transmis-sion at the rear between the transmission extensionhousing and the rear support crossmember or skidplate.
REMOVAL(1) Disconnect negative cable from battery.(2) Raise the vehicle and support the transmission.(3) Remove the nuts holding the support cushionto the crossmember (Fig. 46) (Fig. 47). Remove thecrossmember.

MANUAL TRANSMISSION(Fig. 46)a. Remove the support cushion nuts and removethe cushion.b. Remove the transmission support bracket boltsand remove the bracket from the transmission.
AUTOMATIC TRANSMISSION(Fig. 47)a. Remove the support cushion bolts and removethe cushion and the support bracket from the trans-mission (4WD) or from the adaptor bracket (2WD).b. On 2WD vehicles, remove the bolts holding thetransmission support adaptor bracket to the trans-mission (Fig. 47). Remove the adaptor bracket.
INSTALLATION
MANUAL TRANSMISSION:a. Install the transmission support bracket to thetransmission. Install the bolts and tighten to 46 N·m(34 ft. lbs.) torque.
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b. Install the support cushion to the supportbracket. Install the nuts and tighten to 75 N·m (55ft. lbs.) torque.
AUTOMATIC TRANSMISSION:a. On 2WD vehicles, position the transmissionsupport adaptor bracket to the transmission. Installthe bolts and tighten to 75 N·m (55 ft. lbs.) torque.b. Position the transmission support bracket andsupport cushion to the adaptor bracket (2WD) or thetransmission (4WD). Install the bolts and tighten to75 N·m (55 ft. lbs.) torque.(1) Position the crossmember onto the supportcushion studs. Install the stud nuts and tighten to 22N·m (192 in. lbs) torque.(2) Install crossmember-to-sill bolts and tighten to41 N·m (30 ft. lbs.) torque.(3) Remove the transmission support.(4) Lower the vehicle.(5) Connect negative cable to battery.
ENGINE ASSEMBLY
REMOVAL(1) Disconnect the battery cables. Remove the bat-tery.(2) Mark the hinge locations on the hood panel foralignment reference during installation. Remove theengine compartment lamp. Remove the hood.
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(3) Remove the air cleaner assembly.(4) Loosen the radiator drain cock and radiator capto drain the coolant. DO NOT waste usable coolant.If the solution is clean, drain the coolant into a cleancontainer for reuse.(5) Remove the lower radiator hose.(6) Remove the upper radiator hose and coolantrecovery hose (Fig. 48).(7) Remove upper radiator support retaining boltsand remove radiator support.(8) Remove the fan shroud (Fig. 48) and electriccooling fan.(9) Disconnect the transmission fluid cooler tubing(automatic transmission).
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(10) Disconnect radiator fan switch wire connector.(11) Vehicles with Air Conditioning:(a) Discharge A/C system (refer to group 24,Heating and Air Conditioning for proper proce-dures)(b) Disconnect the suction/discharge hose andcap off compressor ports to prevent foreign mate-rial and refrigerant oil loss.(12) Remove the radiator or radiator and con-denser (if equipped with A/C).(13) Remove the fan assembly from the idler pul-ley.(14) Disconnect the heater hoses at the enginethermostat housing and water pump (Fig. 48) (Fig.49).

(15) Disconnect the throttle cable.(16) Disconnect the speed control cable (ifequipped).(17) Disconnect the line pressure cable (if equippedwith automatic transmission).(18) Disconnect the fuel injector harness at theinjectors.(19) Disconnect the distributor electrical connec-tion and the oil pressure switch connector.K Á L Æ Ä Æ M Ç Ã N à O Â à P ß Q ß Ã à R Ä ß Â Æ È à L Á À Å Æ Sß Ã Á Æ Ã T L à ß ß Â L à U à V à Æ K Ä Ã N Ã N à à Æ M Ä Æ àÃ Â L Æ à È Å O O W Þ X à O Å L à È Ä ß À Å Æ Æ à À Ã Ä Æ M O Â à PP Ä Æ à ß Ù Ã N à O Â à P ß Q ß Ã à R T L à ß ß Â L à R Â ß Ã X àL à P à Á ß à È Þ
(20) Perform the Fuel System Pressure Releaseprocedure (refer to Group 14, Fuel System).

(21) Remove the latch clip and disconnect fuel sup-ply line.(22) Remove the power brake vacuum check valvefrom the booster, if equipped.(23) If equipped with power steering :(a) Disconnect the hoses from the fittings at thesteering gear.(b) Drain the pump reservoir.(c) Cap the fittings on the hoses and steeringgear to prevent foreign objects from entering thesystem.(24) Identify, tag and disconnect all necessary wireconnectors and vacuum hoses.(25) Raise and support the vehicle.(26) Disconnect the wires from the starter motorsolenoid.(27) Remove the starter motor.(28) Disconnect the exhaust pipe from the mani-fold.(29) Disconnect the engine speed sensor wire con-nection.(30) Remove the exhaust pipe support.(31) Remove the flywheel and converter housingaccess cover.(32) Vehicles with Automatic Transmission:(a) Mark the converter and drive plate location.(b) Remove the converter-to-drive plate bolts.(33) Remove the upper flywheel and converterhousing bolts and loosen the bottom bolts.(34) Remove the engine mount cushion-to-enginecompartment bracket bolts.(35) Lower the vehicle.(36) Attach a lifting device to the engine.(37) Raise the engine off the front supports.(38) Place a support or floor jack under the con-verter (or flywheel) housing.
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(39) Remove the remaining converter (or flywheel)housing bolts.(40) Lift the engine out of the engine compart-ment.
INSTALLATIONÀ Á Â Ã Ä Å Æ Ç K × Í Ê Ð Ê Õ Ë Ó Ñ Ñ Ð Ê Ø Ë × Í Í Ê Ø Ð Ê Í Ð Ê Ë É Ó Ì Í × Ð Ò Ñ ÍÍ b Ý Ð Ü Ü Í Û Ö Ð Ë × Ó Ê Ó Ý Ë É Ú Ó Ë Ð Ò Ë Î Ó Ê Õ Ú Ð Õ Õ Ð É Ê Ù c Í Ò Ó Î Í SÏ Ý Ñ Ê É Ë Ë É Û Ó Ú Ó Ø Í Ë × Í Ë Î Ð Ø Ø Í Î Ö × Í Í Ñ É Ê Ë × Í Ï Ñ á Ö × Í Í Ñ Þ
(1) Attach a lifting device to the engine and lowerthe engine into the engine compartment. For easierinstallation, it may be necessary to remove theengine mount cushions from the engine mountbracket as an aide in alignment of the engine to thetransmission.(2) Vehicles with Manual Transmission:(a) Insert the transmission shaft into the clutchspline.(b) Align the flywheel housing with the engine.(c) Install and tighten the flywheel housinglower bolts finger tight.(3) Vehicles with Automatic Transmission:(a) Align the transmission torque converterhousing with the engine.(b) Loosely install the converter housing lowerbolts and install the next higher bolt and nut oneach side.(c) Tighten all 4 bolts finger tight.(4) Install the engine mount cushions (if removed).(5) Lower the engine and engine mount cushionsonto the engine compartment brackets. Install thebolts and finger tighten the nuts.(6) Remove the engine lifting device.(7) Raise and support the vehicle.(8) Install the remaining flywheel and converterhousing bolts. Tighten all bolts to 38 N·m (28 ft. lbs.)torque.(9) Vehicles with Automatic Transmission:(a) Install the converter-to-drive plate bolts.(b) Ensure the installation reference marks arealigned.(10) Install the flywheel and converter housingaccess cover.(11) Install the exhaust pipe support and tightenthe screw.(12) Tighten the engine mount-to-bracket bolts.(13) Connect the engine speed sensor wire connec-tions and tighten the screws.(14) Connect the exhaust pipe to the manifold.(15) Install the starter motor and connect thecable.(16) Connect the wires to the starter motor sole-noid.

(17) Lower the vehicle.(18) Connect all the vacuum hoses and wire con-nectors identified during engine removal.(19) Vehicles with Power Steering:(a) Remove the protective caps(b) Connect the hoses to the fittings at the steer-ing gear. Tighten the nut to 52 N·m (38 ft. lbs.)torque.(c) Fill the pump reservoir with fluid.(20) Install the power brake vacuum check valveto the booster, if equipped.(21) Connect the fuel supply hose the fuel rail.Push until a “click” is heard. Install latch clip(22) Connect the fuel injector harness to the injec-tors.(23) Connect the distributor electrical connectorand oil pressure switch connector.(24) Connect the line pressure cable (if equippedwith automatic transmission).(25) Connect the speed control cable, if equipped.(26) Connect the throttle cable.(27) Connect the heater hoses at the engine ther-mostat housing and water pump.(28) Install the fan assembly to the idler pulley.(29) Connect the suction/discharge hose to thecompressor.(30) Connect automatic transmission fluid coolerlines, if equipped.(31) Install the fan shroud, electric cooling fan andradiator and condenser (if equipped with A/C).(32) Connect the electric fan connector.(33) Install upper radiator support.(34) Connect the upper radiator hose.(35) Connect the lower radiator hose.(36) Align the hood to the scribe marks. Install thehood.(37) Install the air cleaner assembly.(38) Install the battery and connect the batterycable.(39) Add the proper amount of engine oil and cool-ant.K Á L Æ Ä Æ M Ç Â ß à à å Ã L à R à À Á Â Ã Ä Å Æ K N à Æ Ã N àà Æ M Ä Æ à Ä ß Å T à L Á Ã Ä Æ M Þ È Å Æ Å Ã ß Ã Á Æ È Ä Æ ÁÈ Ä L à À Ã P Ä Æ à K Ä Ã N Ã N à O Á Æ Þ È Å Æ Å Ã T Â Ã Q Å Â LN Á Æ È ß Æ à Á L Ã N à T Â P P à Q ß Ù X à P Ã ß Å L O Á Æ Þ È ÅÆ Å Ã K à Á L P Å Å ß à À P Å Ã N Ä Æ M Þ
(40) Start the engine, inspect for leaks and correctthe fluid levels, as necessary.(41) Charge the air conditioning system (refer toGroup 24, Heating and Air Conditioning for properprocedures).
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INTAKE AND EXHAUST MANIFOLD
REMOVALÆ Å Ã à Ç Ã N à à Æ M Ä Æ à Ä Æ Ã Á d à Á Æ È à å N Á Â ß Ã R Á Æ Ä SO Å P È R Â ß Ã X à L à R Å V à È Á Æ È Ä Æ ß Ã Á P P à ÈÃ Å M à Ã N à L Þ Ã N à R Á Æ Ä O Å P È ß Â ß à Á À Å R R Å ÆM Á ß d à Ã Á Ã Ã N à À Q P Ä Æ È à L N à Á È Þ
(1) Disconnect the battery negative cable.(2) Remove air cleaner inlet hose from the resona-tor assembly.(3) Remove the air cleaner assembly.(4) Remove the throttle cable, vehicle speed controlcable (if equipped) and the transmission line pres-sure cable.(5) Disconnect the following electrical connectionsand secure their harness out of the way:
• Throttle Position Sensor
• Idle Air Control Motor
• Coolant Temperature Sensor (at thermostathousing)
• Intake Air Temperature Sensor
• Oxygen Sensor
• Crank Position Sensor
• Six (6) Fuel Injector Connectors
• Manifold Absolute Pressure (MAP) Sensor.(6) Disconnect HVAC, and Brake Booster vacuumsupply hoses at the intake manifold.(7) Perform the fuel pressure release procedure.(Refer to Group 14, Fuel Systems for correct proce-dure)(8) Disconnect and remove the fuel system supplyline from the fuel rail assembly. (Refer to Group 14,Quick Connect Fittings for correct procedures)(9) Remove the accessory drive belt (refer to Group7, Cooling System). Loosen the tensioner.(10) Remove the power steering pump from theintake manifold and set aside.(11) Raise the vehicle.(12) Disconnect the exhaust pipes from the engineexhaust manifolds.(13) Lower the vehicle.(14) Remove the intake manifold and engineexhaust manifolds.

INSTALLATIONIf the manifold is being replaced, ensure all the fit-ting, etc. are transferred to the replacement mani-fold.(1) Install a new engine exhaust/intake manifoldgasket over the alignment dowels on the cylinderhead.(2) Position the engine exhaust manifolds to thecylinder head. Install fastener Number 3 and fingertighten at this time (Fig. 50).

(3) Install intake manifold on the cylinder headdowels.(4) Install washer and fastener Numbers 1, 2, 4, 5,8, 9, 10 and 11 (Fig. 50).(5) Install washer and fastener Numbers 6 and 7(Fig. 50).(6) Tighten the fasteners in sequence and to thespecified torque (Fig. 50).
• Fastener Numbers 1 through 5—Tighten to 33N·m (24 ft. lbs.) torque.
• Fastener Numbers 6 and 7—Tighten to 31 N·m(23 ft. lbs.) torque.
• Fastener Numbers 8 through 11—Tighten to 33N·m (24 ft. lbs.) torque.

(7) Install the power steering pump to the intakemanifold.(8) Install the accessory drive belt. (Refer to Group7, Cooling System for the correct procedures)(9) Install the fuel system supply line to the fuelrail assembly. Before connecting the fuel supplyline to the fuel rail inspect the O-rings andreplace if necessary. Refer to Group 14, FuelSystem for the correct procedure.(10) Connect all electrical connections on theintake manifold.(11) Connect the vacuum hoses previouslyremoved.(12) Install throttle cable, vehicle speed controlcable (if equipped).(13) Install the transmission line pressure cable (ifequipped). Refer to Group 21, Transmission for theadjustment procedures.(14) Install air cleaner assembly.(15) Connect air inlet hose to the resonator assem-bly.(16) Raise the vehicle.(17) Connect the exhaust pipes to the engineexhaust manifolds. Tighten the bolts to 31 N·m (23ft. lbs.)
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(18) Lower the vehicle.(19) Connect the battery negative cable.(20) Start the engine and check for leaks.
EXHAUST MANIFOLD—4.0L ENGINEThe intake and engine exhaust manifolds on the4.0L engine must be removed and installed together.The manifolds use a common gasket at the cylinderhead.Refer to Intake Manifold—4.0L Engine in this sec-tion for the proper removal and installation proce-dures.
CYLINDER HEAD COVERThe cylinder head cover is isolated from the cylin-der head via grommets and a reusable molded rubbergasket. The grommet and limiter are retained in thecylinder head cover.There are two cylinder head bolts that have a pinto locate the cylinder head cover gasket, they arelocated at position 8 and 9 (Fig. 52)
REMOVAL(1) Disconnect negative cable from battery.(2) Disconnect the Crankcase Ventilation (CCV)vacuum hose from engine cylinder head cover.(3) Disconnect the fresh air inlet hose from theengine cylinder head cover.(4) Disconnect the accelerator, transmission, andspeed (if equipped) control cables from the throttlebody (Fig. 51).(5) Remove the three bolts that fasten the controlcable bracket to the intake manifold.(6) Remove control cables from cylinder head coverclip.(7) Position control cables and bracket away fromcylinder head cover secure with tie straps.(8) Remove the engine cylinder head cover mount-ing bolts.(9) Remove the engine cylinder head cover andgasket.
INSTALLATION(1) If a replacement cover is installed, transfer theCCV valve grommet and oil filler cap from the origi-nal cover to the replacement cover.(2) Install cylinder head cover and gasket. Tightenthe mounting bolts to 10 N·m (85 in. lbs.) torque.(3) Connect the CCV hoses.(4) Install control cables and bracket on intakemanifold and tighten bolts to 8.7 N·m (77 in. lbs.)torque.(5) Connect control cables to throttle body linkage.(6) Snap control cables into cylinder head coverclip.(7) Connect negative cable to battery.

ROCKER ARMS AND PUSH RODSThis procedure can be done with the engine in orout of the vehicle.
REMOVAL(1) Remove the engine cylinder head cover.(2) Check for rocker arm bridges which are caus-ing misalignment of the rocker arm to valve tip area.(3) Remove the capscrews at each bridge and pivotassembly (Fig. 53). Alternately loosen the capscrewsone turn at a time to avoid damaging the bridges.(4) Remove the bridges, pivots and correspondingpairs of rocker arms (Fig. 53). Place them on a benchin the same order as removed.(5) Remove the push rods and place them on abench in the same order as removed.
INSTALLATION(1) Lubricate the ball ends of the push rods withMopar Engine Oil Supplement, or equivalent andinstall push rods in their original locations. Ensure
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that the bottom end of each push rod is centered inthe tappet plunger cap seat.(2) Using Mopar Engine Oil Supplement, or equiv-alent, lubricate the area of the rocker arm that thepivot contacts. Install rocker arms, pivots and bridgeabove each cylinder in their originally position.(3) Loosely install the capscrews through eachbridge.(4) At each bridge, tighten the capscrews alter-nately, one turn at a time, to avoid damaging thebridge. Tighten the capscrews to 28 N·m (21 ft. lbs.)torque.(5) Install the engine cylinder head cover.
VALVE SPRINGS AND OIL SEALSThis procedure can be done with the engine cylin-der head installed on the block.
REMOVALInspect the valve stems, especially the grooves. AnArkansas smooth stone should be used to removenicks and high spots.Each valve spring is held in place by a retainerand a set of conical valve locks. The locks can beremoved only by compressing the valve spring.(1) Remove the engine cylinder head cover.

(2) Remove cap screws, bridge and pivot assem-blies and rocker arms for access to each valve springto be removed.(3) Remove push rods. Retain the push rods,bridges, pivots and rocker arms in the sameorder and position as removed.(4) Inspect the springs and retainer for cracks andpossible signs of weakening.(5) Remove the spark plug(s) adjacent to the cylin-der(s) below the valve springs to be removed.(6) Connect an air hose to the adapter and applyair pressure slowly. Maintain at least 621 kPa (90psi) of air pressure in the cylinder to hold the valvesagainst their seats. For vehicles equipped with an airconditioner, use a flexible air adaptor when servicingthe No.1 cylinder.(7) Tap the retainer or tip with a rawhide hammerto loosen the lock from the retainer. Use Valve SpringCompressor Tool MD-998772A to compress the springand remove the locks (Fig. 54).(8) Remove valve spring and retainer (Fig. 54).(9) Remove valve stem oil seals (Fig. 54). Note thevalve seals are different for intake and exhaustvalves. The top of each seal is marked either INT(intake/black in color) or EXH (exhaust/brown incolor). DO NOT mix the seals.
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INSTALLATION¬ ­ ® ¯ ° ± ² ³ ° ´ µ ¶ · ¸ ¸ ¹ º ¸ µ » · ¸ µ ¼ · ½ » ¾ ¿ ¸ ¸ À ¶ ¹ Á ½ » Â » ´ ¶ Ã · Ä Å· Æ » ¾ ½ ¹ Ä ¶ Ç » µ Ç · ½ Á » Ã Æ » µ ¹ ¾ ¶ Ç » Â · ¸ Â » µ Á ½ º ´ Æ ¸ ¹ ¼ ÈÆ ½ ¹ Â » É
(1) Lightly push the valve seal over the valve stemand valve guide boss. Be sure the seal is completelyseated on the valve guide boss.(2) Install valve spring and retainer.(3) Compress the valve spring with Valve SpringCompressor Tool MD-998772A and insert the valvelocks. Release the spring tension and remove thetool. Tap the spring from side-to-side to ensure thatthe spring is seated properly on the engine cylinderhead.(4) Release air pressure and disconnect the airhose. Remove the adaptor from the spark plug holeand install the spark plug.(5) Repeat the procedures for each remaining valvespring to be removed.(6) Install the push rods. Ensure the bottom end ofeach rod is centered in the plunger cap seat of thehydraulic valve tappet.(7) Install the rocker arms, pivots and bridge attheir original location.(8) Tighten the bridge cap screws alternately, oneat a time, to avoid damaging the bridge. Tighten thecap screws to 28 N·m (21 ft. lbs.) torque.(9) Install the engine cylinder head cover.

CYLINDER HEADThis procedure can be done with the engine in orout of the vehicle.
REMOVAL(1) Disconnect the battery negative cable.Ê ­ Ë ² ° ² Ì ³ Í ± ² ± ¯ Ë Î Ï ± Ð Î ¯ Ñ Î ¬ Ò Ó ° ² Í Î ËÔ Ó ± ¬ Õ Í Ë ­ ° ² Ö Ó ® Ì × ± Ë Ó ± ± × Î ² ¯ Ñ Î Ë ­ Í ° ­ ¯ ± ËÍ Ë ­ ° ² ¬ ± ¬ Õ Ê ° ¯ Ñ ¯ Ñ Î × Ò × ¯ Î Ï Ñ ± ¯ ­ ² Í Ö Ë Î × Å× ® Ë ° Ø Î Í Ô Î ¬ ­ ® × Î × Î Ë ° ± ® × Ô ® Ë ² × Ù Ë ± Ï ¯ Ñ Î¬ ± ± Ó ­ ² ¯ ¬ ­ ² ± ¬ ¬ ® Ë É
(2) Drain the coolant and disconnect the hoses atthe engine thermostat housing and the water pumpinlet. DO NOT waste reusable coolant. If the solutionis clean and is being drained only to service theengine or cooling system, drain the coolant into aclean container for reuse.(3) Remove the air cleaner assembly.(4) Remove the engine cylinder head cover.(5) Remove the capscrews, bridge and pivot assem-blies and rocker arms.(6) Remove the push rods. Retain the push rods,bridges, pivots and rocker arms in the sameorder as removed.

(7) Loosen the accessory drive belt at the powersteering pump. (Refer to Group 7, Cooling System forthe correct procedure). Slip the belt off of the powersteering pulley.(8) Remove the A/C compressor mounting boltsand secure the compressor to the side.(9) Remove the power steering pump and bracketfrom the intake manifold and water pump. Set thepump and bracket aside. DO NOT disconnect thehoses.(10) Perform the Fuel System Pressure Releaseprocedure. (Refer to Group 14, Fuel System)(11) Disconnect the fuel supply line at the fuel rail.(Refer to Group 14, Quick-Connect Fittings for thecorrect procedures)(12) Remove the intake and engine exhaust mani-folds from the engine cylinder head. (Refer to Group11, Exhaust System and Intake Manifold for theproper procedures)(13) Disconnect the coil rail electrical connectorsand remove the coil rail.(14) Remove spark plugs.(15) Disconnect the temperature sending unit wireconnector.(16) Remove the engine cylinder head bolts. BoltNo.14 cannot be removed until the head is moved for-ward (Fig. 55). Pull bolt No.14 out as far as it will goand then suspend the bolt in this position (tapearound the bolt).(17) Remove the engine cylinder head and gasket(Fig. 55).(18) If this was the first time the bolts wereremoved, put a paint dab on the top of the bolt. If thebolts have a paint dab on the top of the bolt or itisn’t known if they were used before, discard thebolts.(19) Stuff clean lint free shop towels into the cyl-inder bores.² ± ¯ Î ³ ° ¾ ¶ Ç » Â · ¸ Â » µ Ú µ Á ½ º ´ Æ µ Ú ¹ ½ µ » · ¸ µ · ½ » ¶ ¹ Û »º ´ µ Á » ¼ ¶ » Ã Ü ½ » Á ¸ · ¼ » Ã · ¶ ¶ Ç º µ ¶ º Ä » Ú ½ » ¾ » ½ ¶ ¹ Ð · ¸ Â » µ · ´ ÃÐ · ¸ Â » × Á ½ º ´ Æ µ º ´ ¶ Ç º µ µ » ¼ ¶ º ¹ ´ ¾ ¹ ½ Á ½ ¹ Á » ½ º ´ µ Á » ¼ ¶ º ¹ ´Á ½ ¹ ¼ » Ã ¿ ½ » µ É
INSTALLATIONThe engine cylinder head gasket is a compositiongasket. The gasket is to be installed DRY. DO NOTuse a gasket sealing compound on the gasket.If the engine cylinder head is to be replaced andthe original valves used, measure the valve stemdiameter. Only standard size valves can be used witha service replacement engine cylinder head unlessthe replacement head valve stem guide bores arereamed to accommodate oversize valve stems.Remove all carbon buildup and reface the valves.
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(1) Remove the shop towels from the cylinderbores. Coat the bores with clean engine oil.(2) Position the engine cylinder head gasket (withthe numbers facing up) using the alignment dowelsin the cylinder block, to position the gasket.¬ ­ ® ¯ ° ± ² ³ Î ´ Æ º ´ » ¼ À ¸ º ´ Ã » ½ Ç » · Ã Û ¹ ¸ ¶ µ µ Ç ¹ ¿ ¸ Ã Û »½ » ¿ µ » Ã ¹ ´ ¸ À ¹ ´ ¼ » É Ë » Á ¸ · ¼ » ¶ Ç » Ç » · Ã Û ¹ ¸ ¶ µ º ¾ ¶ Ç » ÀÝ » ½ » ¿ µ » Ã Û » ¾ ¹ ½ » ¹ ½ º ¾ ¶ Ç » À Ç · Â » · Á · º ´ ¶ Ã · Û ¹ ´ ¶ Ç »¶ ¹ Á ¹ ¾ ¶ Ç » Û ¹ ¸ ¶ É
(3) With bolt No.14 held in place (tape aroundbolt), install the engine cylinder head over the samedowels used to locate the gasket. Remove the tapefrom bolt No.14.(4) Coat the threads of stud bolt No.11 with Loc-tite 592 sealant, or equivalent.(5) Tighten the engine cylinder head bolts insequence according to the following procedure (Fig.56).¬ ­ ® ¯ ° ± ² ³ Í ¿ ½ º ´ Æ ¶ Ç » ¾ º ´ · ¸ ¶ º Æ Ç ¶ » ´ º ´ Æ µ » Þ ¿ » ´ ¼ » ÚÛ ¹ ¸ ¶ ² ¹ É ß ß Ý º ¸ ¸ Û » ¶ º Æ Ç ¶ » ´ » Ã ¶ ¹ · ¸ ¹ Ý » ½ ¶ ¹ ½ Þ ¿ » ¶ Ç · ´¶ Ç » ½ » µ ¶ ¹ ¾ ¶ Ç » Û ¹ ¸ ¶ µ É Í ± ² ± ¯ ¹ Â » ½ ¶ º Æ Ç ¶ » ´ Û ¹ ¸ ¶² ¹ É ß ß É
(a) Tighten all bolts in sequence (1 through 14)to 30 N·m (22 ft. lbs.) torque.(b) Tighten all bolts in sequence (1 through 14)to 61 N·m (45 ft. lbs.) torque.(c) Check all bolts to verify they are set to 61N·m (45 ft. lbs.) torque.(d) Tighten bolts in sequence:

• Bolts 1 through 10 to 149 N·m (110 ft. lbs.)torque.
• Bolt 11 to 135 N·m (100 ft. lbs.) torque.

• Bolts 12 through 14 to 149 N·m (110 ft. lbs.)torque.

(e) Check all bolts in sequence to verify the cor-rect torque.(f) If not already done, clean and mark each boltwith a dab of paint after tightening. Should youencounter bolts which were painted in an earlierservice operation, replace them.

(6) Install the spark plugs and tighten to 37 N·m(27 ft. lbs.) torque.(7) Connect the temperature sending unit wireconnector.(8) Install the ignition coil rail and coil rail electri-cal connectors.(9) Install the intake and engine exhaust mani-folds (refer to procedures in this section).(10) Install the fuel line and the vacuum advancehose.(11) Attach the power steering pump and bracket.(12) Install the push rods, rocker arms, pivots andbridges in the order they were removed (refer toRocker Arms and Push Rods in this section).(13) Install the engine cylinder head cover.(14) Attach the air conditioner compressor mount-ing bracket to the engine cylinder head and block.Tighten the bolts to 40 N·m (30 ft. lbs.) torque.(15) Attach the air conditioning compressor to thebracket. Tighten the bolts to 27 N·m (20 ft. lbs.)torque.

g h i j k k m n i h n o p q r h n s o t u o v s � � � o � � r qy z � � � � ~ � � | � � } � � � � { �� z � � � � ~ � � | � � } � ¡ } � � � {� z � � � � ~ � � | � � } �

CYLINDER HEAD BOLTSà á â ã ä ã á å æ ç â è é ã à ä ã á åê ë ì ë í ë ê î ë ê ï ê ð î ñ ò ó ô ê ï õ á ö ä÷ ë ø ê ð î ñ ò ó ô ê ï õ á ö ä ù ã ä ú æ á ù ç öà á ã å äî ë ï ë û ü ý ü þ ÿ ü þ þ ü þ � þ � � � � � � þ � ù � 	 
 ý � þ û � � � � þ � � 	 � 
� � 
� � � � � � � � � � � þ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�  ! " # $ % & !  & ' ( ) *  & + ' , - ' . + / 0 * 1 2  ! 3 1 ' &  & !4 ' 5 6 ' & 7 '

XJ 4.0L ENGINE 9 - 99REMOVAL AND INSTALLATION (Continued)



8 9 : ; < = > ? ; @ A B A C D A E F G E A H C G I A J A K F L M B F J A C N M F A HO N C C A O F K P Q < E O N C C A O F C N M F G E R O S E O S M B A F @ A T S F A CD M L D F N F M C E G E F @ A N D D N B G F A H G C A O F G N E O S M B G E R F @ AA E R G E A F N N I A C @ A S F Q
(16) Install the serpentine drive belt. (refer toGroup 7, Cooling System for the proper procedure).(17) Install the air cleaner and ducting.(18) Connect the hoses to the engine thermostathousing and fill the cooling system to the specifiedlevel (refer to Group 7, Cooling Systems for theproper procedure).(19) The automatic transmission throttle linkageand cable must be adjusted after completing theengine cylinder head installation (refer to Group 21,Transmissions for the proper procedures).(20) Install the temperature sending unit and con-nect the wire connector.(21) If equipped with air conditioning, install A/Ccompressor and charge A/C system (refer to Group 24Heating and Air Conditioning).(22) Connect negative cable to battery.U 9 V > < > W ? : X Y Y Z ; V Y [ Y 8 9 : ; < = > U \ Y > ; \ YY > W < > Y < X = ] Y V 9 ; < > W Q ^ = > = ; X ; 9 > ^ < > ^ < V Y 8 ;_ < > Y U < ; \ ; \ Y ` 9 > Q ^ = > = ; ] : ; \ 9 > ^ X > Y 9 V; \ Y ] : _ _ Y a X b c Y _ ; X = V ` 9 > Q ^ = > = ; U Y 9 V_ = = X Y 8 _ = ; \ < > W Q
(23) Operate the engine with the radiator cap off.Inspect for leaks and continue operating the engineuntil the engine thermostat opens. Add coolant, ifrequired.

VALVES AND VALVE SPRINGSThis procedure is done with the engine cylinderhead removed from the block.
REMOVAL(1) Remove the engine cylinder head from the cyl-inder block.(2) Use Valve Spring Compressor ToolMD-998772A and compress each valve spring.(3) Remove the valve locks, retainers, springs andvalve stem oil seals. Discard the oil seals.(4) Use a smooth stone or a jewelers file to removeany burrs on the top of the valve stem, especiallyaround the groove for the locks.(5) Remove the valves, and place them in a rack inthe same order as removed.
INSTALLATION(1) Thoroughly clean the valve stems and the valveguide bores.(2) Lightly lubricate the stem.(3) Install the valve in the original valve guidebore.

(4) Install the replacement valve stem oil seals onthe valve stems. If the 0.381 mm (0.015 inch) over-size valve stems are used, oversize oil seals arerequired.(5) Position the valve spring and retainer on theengine cylinder head and compress the valve springwith Valve Spring Compressor Tool MD-998772A.(6) Install the valve locks and release the tool.(7) Tap the valve spring from side to side with ahammer to ensure that the spring is properly seatedat the engine cylinder head. Also tap the top of theretainer to seat the valve locks.(8) Install the engine cylinder head.
HYDRAULIC TAPPETSRetain all the components in the same order asremoved.
REMOVAL(1) Remove the engine cylinder head (Refer to cyl-inder head r&i in this section).(2) Remove the push rods.(3) Remove the tappets through the push rod open-ings in the cylinder block with a Hydraulic ValveTappet Removal/Installation Tool (Fig. 57).

INSTALLATIONIt is not necessary to charge the tappets withengine oil. They will charge themselves within a veryshort period of engine operation.(1) Dip each tappet in Mopar Engine Oil Supple-ment, or equivalent.(2) Use Hydraulic Valve Tappet Removal/Installa-tion Tool to install each tappet in the same bore fromwhere it was originally removed.(3) Install the cylinder head assy (Refer to cylinderhead r&i in this section).(4) Install the push rods in their original locations.
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(5) Install the rocker arms and bridge and pivotassemblies at their original locations. Loosely installthe capscrews at each bridge.(6) Tighten the capscrews alternately, one turn ata time, to avoid damaging the bridges. Tighten thecapscrews to 28 N·m (21 ft. lbs.) torque.(7) Pour the remaining Mopar Engine Oil Supple-ment, or equivalent over the entire valve actuatingassembly. The Mopar Engine Oil Supplement, orequivalent must remain with the engine oil for atleast 1 609 km (1,000 miles). The oil supplementneed not be drained until the next scheduled oilchange.(8) Install the engine cylinder head cover.
VIBRATION DAMPER
REMOVAL(1) Disconnect negative cable from battery.(2) Remove the serpentine drive belt and fanshroud. Refer to Group 7, Cooling Systems for theprocedures.(3) Remove the vibration damper retaining boltand washer.(4) Use Vibration Damper Removal Tool 7697 toremove the damper from the crankshaft (Fig. 58).

INSTALLATION(1) Apply Mopar Silicone Rubber Adhesive Sealantto the keyway in the crankshaft and insert the key.With the key in position, align the keyway on thevibration damper hub with the crankshaft key andtap the damper onto the crankshaft.(2) Install the vibration damper retaining bolt andwasher.

(3) Tighten the damper retaining bolt to 108 N·m(80 ft. lbs.) torque.(4) Install the serpentine drive belt. (Refer toGroup 7, Cooling Systems for the proper specifica-tions and procedures).(5) Connect negative cable to battery.
TIMING CASE COVER
REMOVAL(1) Disconnect negative cable from battery.(2) Remove the vibration damper.(3) Remove the fan and hub assembly and removethe fan shroud.(4) Remove the accessory drive brackets that areattached to the timing case cover.(5) Remove the A/C compressor (if equipped) andgenerator bracket assembly from the engine cylinderhead and move to one side.(6) Remove the oil pan-to-timing case cover boltsand timing case cover-to-cylinder block bolts.(7) Remove the timing case cover and gasket fromthe engine.(8) Pry the crankshaft oil seal from the front of thetiming case cover (Fig. 59).

INSTALLATIONClean the timing case cover, oil pan and cylinderblock gasket surfaces.(1) Install a new crankshaft oil seal in the timingcase cover. The open end of the seal should be towardthe inside of the cover. Support the cover at the sealarea while installing the seal. Force it into positionwith Seal Installation Tool 6139.(2) Position the gasket on the cylinder block.
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(3) Position the timing case cover on the oil pangasket and the cylinder block.(4) Insert Timing Case Cover Alignment and SealInstallation Tool 6139 in the crankshaft opening inthe cover (Fig. 60).

(5) Install the timing case cover-to-cylinder blockand the oil pan-to-timing case cover bolts.(6) Tighten the 1/4 inch cover-to-block bolts to 7N·m (60 in. lbs.) torque. Tighten the 5/16 inch frontcover-to-block bolts to 22 N·m (192 in. lbs.) torque.Tighten the oil pan-to-cover 1/4 inch bolts to 9.5 N·m(84 in. lbs.) torque.(7) Remove the cover alignment tool.(8) Apply a light film of engine oil on the vibrationdamper hub contact surface of the seal.(9) Apply Mopar Silicone Rubber Adhesive Sealantto the keyway in the crankshaft and insert the key.With the key inserted in the keyway in the crank-shaft, install the vibration damper, washer and bolt.Lubricate and tighten the bolt to 108 N·m (80 ft. lbs.)torque.(10) Install the A/C compressor (if equipped) andgenerator bracket assembly.(11) Install the engine fan and hub assembly andshroud.(12) Install the serpentine drive belt.(13) Connect negative cable to battery.
TIMING CHAIN AND SPROCKETS
REMOVAL(1) Disconnect negative cable from battery.(2) Remove the fan and shroud.(3) Remove the serpentine drive belt.(4) Remove the crankshaft vibration damper.(5) Remove the timing case cover.

(6) Rotate crankshaft until the “0” timing mark isclosest to and on the center line with camshaftsprocket timing mark (Fig. 61).

(7) Remove the oil slinger from the crankshaft.(8) Remove the camshaft sprocket bolt and washer(Fig. 62).

(9) Remove the crankshaft sprocket, camshaftsprocket and timing chain as an assembly.
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(10) Installation of the timing chain with the tim-ing marks on the crankshaft and camshaft sprocketsproperly aligned ensures correct valve timing. A wornor stretched timing chain will adversely affect valvetiming. If the timing chain deflects more than 12.7mm (1/2 inch) replace it.
INSTALLATIONAssemble the timing chain, crankshaft sprocketand camshaft sprocket with the timing marksaligned (Fig. 61).(1) Apply Mopar Silicone Rubber Adhesive Sealantto the keyway in the crankshaft and insert the key.With the key in the keyway on the crankshaft, installthe assembly on the crankshaft and camshaft.(2) Install the camshaft sprocket bolt and washer(Fig. 62). Tighten the bolt to 68 N·m (50 ft. lbs.)torque.(3) To verify correct installation of the timingchain, rotate the crankshaft 2 revolutions. The cam-shaft and crankshaft sprocket timing mark shouldalign (Fig. 61).(4) Install the crankshaft oil slinger.(5) Replace the oil seal in the timing case cover.(6) Install the timing case cover and gasket.(7) With the key installed in the crankshaft key-way, install the vibration damper, washer and bolt.Lubricate and tighten the bolt to 108 N·m (80 ft. lbs.)torque.(8) Install the serpentine drive belt. (refer toGroup 7, Cooling System for the proper procedure).(9) Install the fan and hub assembly. Install theshroud.(10) Connect negative cable to battery.
CAMSHAFT
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(1) Disconnect negative cable from battery.(2) Drain the cooling system. DO NOT waste reus-able coolant. If the solution is clean, drain it into aclean container for reuse.(3) Remove the radiator or radiator and condenser,if equipped with A/C (refer to Group 7, Cooling Sys-tem for the proper procedure).(4) Remove the engine cylinder head cover.(5) Remove the rocker arms, bridges and pivots.(6) Remove the push rods.(7) Remove the engine cylinder head and gasket.(8) Remove the hydraulic valve tappets from theengine cylinder block.

(9) Remove the vibration damper.(10) Remove the timing case cover.(11) Rotate the crankshaft until the crankshaftsprocket timing mark is aligned on centerline withthe camshaft sprocket timing mark (Fig. 64).(12) Remove the timing chain and sprockets.(13) Remove the front bumper and/or grille, asrequired.(14) Remove the two thrust plate retaining screws,thrust plate and camshaft (Fig. 63).

INSTALLATION(1) Inspect the cam lobes for wear.(2) Inspect the bearing journals for uneven wearpattern or finish.(3) Inspect the bearings for wear.(4) Inspect the distributor drive gear for wear.(5) If the camshaft appears to have been rubbingagainst the thrust washer, examine the oil pressurerelief holes in the rear cam journal. The oil pressurerelief holes must be free of debris.(6) Lubricate the camshaft with Mopar Engine OilSupplement, or equivalent.(7) Carefully install the camshaft to prevent dam-age to the camshaft bearings (Fig. 63).(8) Position thrust plate and install retainingscrews. Tighten screws to 24 N·m (18 ft. lbs.).(9) Install the timing chain, crankshaft sprocketand camshaft sprocket with the timing marksaligned.(10) Install the camshaft sprocket bolt/cup washer.Tighten the bolt to 68 N·m (50 ft. lbs.).
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(11) Install the timing case cover with a replace-ment oil seal (Fig. 65). Refer to Timing Case CoverInstallation.(12) Install the vibration damper (Fig. 65).

(13) Install the hydraulic valve tappets.(14) Install the cylinder head gasket with thenumbers facing up.

(15) Install the cylinder head and head bolts(Refer to cylinder head R&I in this section for torquevalues and tightening sequence).(16) Install the push rods.(17) Install the rocker arms and pivot and bridgeassemblies. Tighten each of the capscrews for eachbridge alternately, one turn at a time, to avoid dam-aging the bridge (Refer to Rocker Arms and PushRods in this section).(18) Install the engine cylinder head cover.(19) Install the serpentine drive belt. (refer toGroup 7, Cooling System for the proper procedure).> = ; Y ? ^ M C G E R G E B F S K K S F G N E b K M J C G O S F A F @ A @ P H C S M K G OI S K I A F S D D A F B S E H S K K I S K I A O N L D N E A E F B T G F @ [ N D S CY E R G E A = G K X M D D K A L A E F b N C A � M G I S K A E F Q ; @ A [ N D S CY E R G E A = G K X M D D K A L A E F b N C A � M G I S K A E F L M B F C A L S G ET G F @ F @ A A E R G E A N G K � N C S F K A S B F � � � �   L ¡ � b � � �L G K A B ¢ Q ; @ A N G K B M D D K A L A E F E A A H E N F J A H C S G E A H M E F G KF @ A E A £ F B O @ A H M K A H N G K O @ S E R A Q
(20) Install the radiator, connect the hoses and fillthe cooling system to the specified level (refer toGroup 7, Cooling System for the proper procedure).(21) Check the ignition timing and adjust as nec-essary.(22) Install the grille and bumper, if removed.(23) Connect negative cable to battery.

CAMSHAFT BEARINGS
REMOVALThe camshaft rotates within four steel-shelled, bab-bitt-lined bearings that are pressed into the cylinderblock and then line reamed. The camshaft bearing boresand bearing diameters are not the same size. They arestepped down in 0.254 mm (0.010 inch) increments fromthe front bearing (largest) to the rear bearing (smallest).This permits easier removal and installation of the cam-shaft. The camshaft bearings are pressure lubricated.Camshaft end play is maintained by the thrust plate.(1) Remove the camshaft. Refer to Camshaft inthis section for procedure.¤ ¥ ¦ § ¨ © ª « ¬ ­ ® ª ¯ ° ± « ¬ ¯ ² ³ ´ ª ® ¯ ª ª ´ µ ¶ ª ª ® · ´ ¶ ³ ¯ ¸ ´ ¸ ¯ µ ¹¬ º ¯ » ª ² ´ ¯ · « ­ ¼ ¬ ½ ­ ³ ´ ¬ ¬ ¬ ¶ ´ ¸ « ¯ ³ · ´ µ ® ± ¯ ³ ¯ ­ ° « ­ ¬ ª ¯ ³ ³ ¯ ¹ª « ® ­ ª ® ® ³ ¬ ¯ · ´ ¯ ± ¯ « ³ ¯ ² ³ ´ ¾ ¬ ½ ¸ º ¯ ¬ · ´ ¸ ® µ µ ´ ­ ° ´ ° ª ® ® ³¿ À Á Á Â ¯ µ ¬ º ¯ » ª Ã ½ ¬ º « ­ ¼ Ä ´ µ ® ± ´ · © ­ ¬ ª ¯ ³ ³ ´ · Å
(2) Using Special tool, remove the camshaft bear-ings.

INSTALLATION(1) Inspect the camshaft bearing journals foruneven wear pattern or finish.(2) Inspect the camshaft lobes and distributor gearfor wear.

�  ! " $ Æ ( , . & � l 3 . � 1 Ç ( . i l 3 . � 1 4 g , 0 7 � ' 1 2  i  & ! È . , �� *  ! & i ' & 1m n w s { � o s � x � y r | w � z x~ n x v { v � � { s r � �� n w r s � � � o s � x � y r | w � z x

�  ! " $ # 2  i  & ! ( . l ' ( 0 f ' , ( 0 i g 0 & ' & 1 lm n x v { v � � w s � z w | } z r~ n | v u � u v � � z r� n w r s � � � o s � x | v u � z s u� n } v � r s x v | � q s { y z r y t u u z p

9 - 104 4.0L ENGINE XJREMOVAL AND INSTALLATION (Continued)
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(4) Using special tool, install new camshaft bear-ings.(5) Lubricate the camshaft with Mopart engine oilsupplement, or equivalent.(6) Carefully install the camshaft to prevent dam-age to the camshaft bearings(7) Position the thrust plate and install the tworetaining screws. Tighten screws to 24 N·m (18 ft.lbs.).(8) Install the camshaft sprocket, crankshaftsprocket and timing chain with the timing marksaligned. Install the sprocket bolt.(9) Tighten the camshaft sprocket bolt and washerto 68 N·m (50 ft. lbs.).(10) To verify correct installation of the timingchain, turn the crankshaft two full revolutions thenposition the camshaft sprocket timing mark as shownin (Fig. 66).(11) Install the timing chain cover refer to the pro-cedure in this section.

CRANKSHAFT MAIN BEARINGS
REMOVAL(1) Disconnect negative cable from battery.(2) Remove the spark plugs.(3) Raise the vehicle.(4) Remove the oil pan and oil pump.(5) Remove main bearing cap brace (Fig. 67).(6) Remove only one main bearing cap and lowerinsert at a time (Fig. 68).(7) Remove the lower insert from the bearing cap.(8) Remove the upper insert by LOOSENING (DONOT REMOVE) all of the other bearing caps. Nowinsert a small cotter pin tool in the crankshaft jour-nal oil hole. Bend the cotter pin as illustrated to fab-ricate the tool (Fig. 69). With the cotter pin tool inplace, rotate the crankshaft so that the upper bear-ing insert will rotate in the direction of its lockingtab. Because there is no hole in the No.3 main jour-nal, use a tongue depressor or similar soft-faced toolto remove the bearing insert (Fig. 69). After movingthe insert approximately 25 mm (1 inch), it can beremoved by applying pressure under the tab.

(9) Using the same procedure described above,remove the remaining bearing inserts one at a timefor inspection.
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INSTALLATION(1) Lubricate the bearing surface of each insertwith engine oil.

(2) Loosen all the main bearing caps. Install themain bearing upper inserts.(3) Install the lower bearing inserts into the mainbearing caps.(4) On the rear main cap, apply Mopart GasketMaker sealer on both sides of cylinder block asshown in (Fig. 70). The dab of sealer should be 3 mm(0.125 in.) in diameter.(5) Apply Mopart Gasket Maker on the rear bear-ing cap. The bead should be 2.3 mm (0.09 in.) indiameter. DO NOT apply sealer to the lip of the seal.

(6) Install the main bearing cap(s) and lowerinsert(s).(7) Tighten the bolts of caps 1, 2, 4, 5, 6, and 7 to54 N·m (40 ft. lbs.) torque. Now tighten these bolts to95 N·m (70 ft. lbs.) torque. Finally, tighten thesebolts to 108 N·m (80 ft. lbs.) torque.(8) Push the crankshaft forward and backward.Load the crankshaft front or rear and tighten capbolt No.3 to 54 N·m (40 ft. lbs.) torque. Then tightento 95 N·m (70 ft. lbs.) torque and finally tighten to108 N·m (80 ft. lbs.) torque.(9) Rotate the crankshaft after tightening eachmain bearing cap to ensure the crankshaft rotatesfreely.(10) Check crankshaft end play. Crankshaft endplay is controlled by the thrust bearing which isflange and installed at the No.2 main bearing position.
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(a) Attach a magnetic base dial indicator to thecylinder block at either the front or rear of theengine.(b) Position the dial indicator rod so that it isparallel to the center line of the crankshaft.(c) Pry the crankshaft forward, position the dialindicator to zero.(d) Pry the crankshaft forward and backward.Note the dial indicator readings. End play is thedifference between the high and low measurements(Fig. 71). Correct end play is 0.038-0.165 mm(0.0015-0.0065 inch). The desired specifications are0.051-0.064 mm (0.002-0.0025 inch).(e) If end play is not within specification, inspectcrankshaft thrust faces for wear. If no wear isapparent, replace the thrust bearing and measureend play. If end play is still not within specifica-tion, replace the crankshaft.

(11) If the crankshaft was removed, install thecrankshaft into the cylinder block (refer to CylinderBlock - Assemble).(12) Install main bearing cap brace tighten nuts to47 N·m (35 ft. lbs.) torque.(13) Install oil pump assy. and tighten attachingbolts to 23 N·m (17 ft. lbs.)(14) Install the oil pan.(15) Install the drain plug. Tighten the plug to 34N·m (25 ft. lbs.) torque.(16) Lower the vehicle.(17) Install the spark plugs. Tighten the plugs to37 N·m (27 ft. lbs.) torque.(18) Fill the oil pan with engine oil to the fullmark on the dipstick level.(19) Connect negative cable to battery.

OIL PAN
REMOVAL(1) Disconnect negative cable from battery.(2) Raise the vehicle.(3) Remove the oil pan drain plug and drain theengine oil.(4) Disconnect the exhaust pipe at the exhaustmanifold.(5) Disconnect the exhaust hanger at the catalyticconverter and lower the pipe.(6) Remove the starter motor.(7) Remove the engine flywheel and transmissiontorque converter housing access cover.(8) If equipped with an oil level sensor, disconnectthe sensor.(9) Position a jack stand directly under the enginevibration damper.(10) Place a piece of wood (2 x 2) between the jackstand and the engine vibration damper.(11) Remove the engine mount through bolts.(12) Using the jack stand, raise the engine untiladequate clearance is obtained to remove the oil pan.(13) Remove transmission oil cooling lines (ifequipped) and oxygen sensor wiring supports thatare attached to the oil pan studs.(14) Remove the oil pan bolts and studs. Carefullyslide the oil pan and gasket to the rear. If equippedwith an oil level sensor, take care not to damage thesensor.
INSTALLATION(1) Clean the block and pan gasket surfaces.(2) Fabricate 4 alignment dowels from 1 1/2 x 1/4inch bolts. Cut the head off the bolts and cut a slotinto the top of the dowel. This will allow easierinstallation and removal with a screwdriver (Fig. 72).
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(3) Install two dowels in the timing case cover.Install the other two dowels in the cylinder block(Fig. 73).

(4) Apply Mopart Silicone Rubber Adhesive Seal-ant on cylinder block to rear main bearing cap cor-ners and cylinder block to front cover joints (fourplaces) (Fig. 74).(5) Slide the one-piece gasket over the dowels andonto the block and timing case cover.(6) Position the oil pan over the dowels and ontothe gasket. If equipped with an oil level sensor, takecare not to damage the sensor.(7) Install the 1/4 inch oil pan bolts. Tighten thesebolts to 9.5 N·m (84 in. lbs.) torque. Install the 5/16inch oil pan bolts (Fig. 75). Tighten these bolts to 15N·m (132 in. lbs.) torque.

(8) Remove the dowels. Install the remaining 1/4inch oil pan bolts. Tighten these bolts to 9.5 N·m (84in. lbs.) torque.(9) Lower the engine until it is properly located onthe engine mounts.(10) Install the through bolts and tighten the nuts.(11) Lower the jack stand and remove the piece ofwood.(12) Install the engine flywheel and transmissiontorque converter housing access cover.(13) Install the engine starter motor.(14) Connect the exhaust pipe to the hanger and tothe engine exhaust manifold.(15) Install transmission oil cooling lines (ifequipped) and oxygen sensor wiring supports thatattach to the oil pan studs.(16) Install the oil pan drain plug (Fig. 75).Tighten the plug to 34 N·m (25 ft. lbs.) torque.(17) Lower the vehicle.(18) Connect negative cable to battery.(19) Fill the oil pan with engine oil to the specifiedlevel.� � � � � � � �  ! " " # $ � " % " & �  $ � ' � � ( " � $ ( "" � � � � " � ! ' ) " � � $ � � � * + ' � ' $ ! $ � � + � � �+ � � " & $ , � � " � � $ ( $ ( " - � � * + ' � ' $ )  $ . '  �( � � + ! � " � � $ ( " )  , , " . ! / 0 " , $ ! ' � - � � * + '� ' $ � " � � , ' ' ! " & , ' $ ( � � � *
(20) Start the engine and inspect for leaks.

PISTONS AND CONNECTING RODS
REMOVAL(1) Remove the engine cylinder head cover.(2) Remove the rocker arms, bridges and pivots.(3) Remove the push rods.(4) Remove the engine cylinder head.(5) Position the pistons one at a time near the bot-tom of the stroke. Use a ridge reamer to remove the
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ridge from the top end of the cylinder walls. Use aprotective cloth to collect the cuttings.(6) Raise the vehicle.(7) Drain the engine oil.(8) Remove the oil pan and gasket.(9) Remove main bearing cap brace (Fig. 76).

(10) Remove the connecting rod bearing caps andinserts. Mark the caps and rods with the cylinderbore location. The connecting rods and caps arestamped with a two letter combination (Fig. 77).
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(12) Have an assistant push the piston and con-necting rod assemblies up and through the top of thecylinder bores (Fig. 78).

INSTALLATION(1) Clean the cylinder bores thoroughly. Apply alight film of clean engine oil to the bores with a cleanlint-free cloth.(2) Install the piston rings on the pistons ifremoved.(3) Lubricate the piston and rings with cleanengine oil.& �  $ � ' � � " 6 7 8 9 : ; < = ; > ? 6 6 : > ; @ 6 A 9 ? B C ? D ; 7 + '� ' $ 7 > 9 = ; > < ; < : > 9 = 6 E 7 < = F ; G ? 8 9 6 = D 7 ? 9 > H D @ 6 B : 9I = D D 7 * ! < ? 9 ; J @ : > : 7 ? F 9 8 C C : 9 < ? 7 : 7 D @ J J : B ? K : 9 ; < :> ? 6 6 : > ; @ 6 A 9 ? B C ? D ; 7 I @ D D J 9 ? K @ B : J 9 ? ; : > ; @ ? 6 B 8 9 @ 6 A@ 6 7 ; = D D = ; @ ? 6 *
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(4) Use a piston ring compressor to install the con-necting rod and piston assemblies through the top ofthe cylinder bores (Fig. 79).(5) Ensure the arrow on the piston top points tothe front of the engine (Fig. 79).

(6) Raise the vehicle.(7) Each bearing insert is fitted to its respectivejournal to obtain the specified clearance between thebearing and the journal. In production, the select fitis obtained by using various-sized, color-coded bear-ing inserts as listed in the Connecting Rod BearingFitting Chart. The color code appears on the edge ofthe bearing insert. The size is not stamped on insertsused for production of engines.(8) The rod journal is identified during the engineproduction by a color-coded paint mark on the adja-cent cheek or counterweight toward the flange (rear)end of the crankshaft. The color codes used to indi-cate journal sizes are listed in the Connecting RodBearing Fitting Chart.(9) When required, upper and lower bearinginserts of different sizes may be used as a pair (referto Connecting Rod Bearing Fitting Chart). A stan-dard size insert is sometimes used in combinationwith a 0.025 mm (0.001 inch) undersize insert toreduce clearance 0.013 mm (0.0005 inch).& �  $ � ' � � + ' � ' $ @ 6 ; : 9 L @ M C : = 9 @ 6 A > = J 7 * " = > <> ? 6 6 : > ; @ 6 A 9 ? B = 6 B C : = 9 @ 6 A > = J = 9 : 7 ; = L J : B I @ ; <; < : > H D @ 6 B : 9 6 8 L C : 9 * $ < : 7 ; = L J @ 7 D ? > = ; : B ? 6 =L = > < @ 6 : B 7 8 9 F = > : = B G = > : 6 ; ; ? ; < : ? @ D 7 N 8 @ 9 ; < ? D :; < = ; F = > : 7 ; < : > = L 7 < = F ; 7 @ B : ? F ; < : > H D @ 6 B : 9 C D ? > E *
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(11) Install main bearing cap brace (Fig. 76).Tighten nuts to 47 N·m (35 ft. lbs.).

(12) Install the oil pan and gaskets as outlined inthe installation procedure.(13) Lower the vehicle.(14) Install the engine cylinder head, push rods,rocker arms, bridges, pivots and engine cylinder headcover.(15) Fill the crankcase with engine oil.
CRANKSHAFT OIL SEALS—REARThe crankshaft rear main bearing oil seal consistsof two half pieces of viton with a single lip that effec-tively seals the rear of the crankshaft. Replace theupper and lower seal halves as a unit to ensure leak-free operation.
REMOVAL(1) Remove transmission inspection cover.(2) Remove oil pan. Refer to procedure in this sec-tion(3) Remove main bearing cap brace.(4) Remove rear main bearing cap (No.7).(5) Push upper seal out of the groove. Ensure thatthe crankshaft and seal groove are not damaged.(6) Remove lower half of the seal from the bearingcap.
INSTALLATION(1) Wipe the seal surface area of the crankshaftuntil it is clean.(2) Apply a thin coat of engine oil.(3) Coat lip of the seal with engine oil.(4) Carefully position the upper seal into thegroove in the cylinder block. The lip of the seal facestoward the front of the engine.(5) Apply Mopart Gasket Maker sealer on bothsides of cylinder block as shown in (Fig. 80). The dabof sealer should be 3 mm (0.125 in.) in diameter.(6) Apply Mopart Gasket Maker on the rear bear-ing cap (Fig. 80). The bead should be 2.3 mm (0.09in.) in diameter. DO NOT apply sealer to the lip ofthe seal.(7) Position the lower seal into the bearing caprecess and seat it firmly. Be sure the seal is flushwith the cylinder block pan rail.(8) Coat the outer curved surface of the lower sealwith soap and the lip of the seal with engine oil.(9) Install the rear main bearing cap. DO NOTstrike the cap more than twice for proper engage-ment.(10) Tighten all main bearing bolts to 108 N·m (80ft. lbs.) torque.(11) Install the main bearing cap brace. Tightennuts to 47 N·m (35 ft. lbs.).(12) Install the oil pan gasket and oil pan. Tighten1/4 – 20 screws to 14 N·m (120 in. lbs.). Tighten 5/16– 18 screws to 18 N·m (156 in. lbs.)
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(13) Apply Mopart Silicone Rubber Adhesive Seal-ant on cylinder block to rear main bearing cap cor-ners and cylinder block to front cover joints (fourplaces) (Fig. 81)

(14) Install transmission inspection cover.
OIL PUMPA gear-type oil pump is mounted at the undersideof the cylinder block opposite the No.4 main bearing.

The pump incorporates a nonadjustable pressurerelief valve to limit maximum pressure to 517 kPa(75 psi). In the relief position, the valve permits oil tobypass through a passage in the pump body to theinlet side of the pump.Oil pump removal or replacement will not affectthe distributor timing because the distributor drivegear remains in mesh with the camshaft gear.
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INSTALLATION(1) Install the oil pump on the cylinder block usinga replacement gasket. Tighten the bolts to 23 N·m(17 ft. lbs.) torque.(2) Install the oil pan.(3) Fill the oil pan with oil to the specified level.
TIMING CASE COVER OIL SEALThis procedure is done with the timing case coverinstalled.
REMOVAL(1) Disconnect negative cable from battery.(2) Remove the serpentine drive belt.(3) Remove the vibration damper.(4) Remove the radiator shroud.(5) Carefully remove the oil seal. Make sure sealbore is clean.
INSTALLATION(1) Position the replacement oil seal on TimingCase Cover Alignment and Seal Installation Tool6139 with seal open end facing inward. Apply a lightfilm of Perfect Seal, or equivalent, on the outsidediameter of the seal. Lightly coat the crankshaft withengine oil.(2) Position the tool and seal over the end of thecrankshaft and insert a draw screw tool into SealInstallation Tool 6139 (Fig. 83). Tighten the nutagainst the tool until it contacts the cover.

(3) Remove the tools. Apply a light film of engineoil on the vibration damper hub contact surface ofthe seal.

(4) Apply Mopar Silicone Rubber Adhesive Sealantto the keyway in the crankshaft and insert the key.With the key inserted in the keyway in the crank-shaft, install the vibration damper, washer and bolt.Lubricate and tighten the bolt to 108 N·m (80 ft. lbs.)torque.(5) Install the serpentine belt and tighten to thespecified tension (refer to Group 7, Cooling Systemsfor the proper specifications and procedures).(6) Install the radiator shroud.(7) Connect negative cable to battery.
DISASSEMBLY AND ASSEMBLY
CYLINDER BLOCK
DISASSEMBLYRefer to the applicable sections for detailedinstructions.(1) Drain the engine oil. Remove and discard theoil filter.(2) Remove the water pump from the cylinderblock.(3) Remove the vibration damper.(4) Remove the timing case cover and lay the coverupside down.(5) Position a drift punch into the slot in the backof the cover and tap the old seal out.(6) Remove the oil slinger from crankshaft.(7) Remove the camshaft retaining bolt andremove the sprockets and chain as an assembly.(8) Remove the camshaft.(9) Remove the oil pan and gasket.(10) Remove the front and rear oil galley plugs.(11) Remove the oil pump.(12) Remove the connecting rods and the pistons.Remove the connecting rod and piston assembliesthrough the top of the cylinder bores.(13) Remove the crankshaft.
ASSEMBLYRefer to the applicable sections for detailedinstructions.(1) Install the crankshaft.(2) Install the connecting rods and the pistonsthrough the top of the cylinder bores.(3) Install the oil pump.(4) Install the oil pan and gasket.(5) Install the camshaft.(6) Install the sprockets and chain as an assembly.(7) Install the oil slinger from the crankshaft.(8) Install the timing case cover seal.(9) Install the timing case cover.(10) Install the vibration damper.(11) Install the water pump. Tighten the mountingbolts to 31 N·m (23 ft. lbs.) torque.
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(12) Lubricate the oil filter seal with clean engineoil. Tighten oil filter to 18 N·m (156 in. lbs.) torque.(13) Install the engine into the vehicle.(14) Fill the engine with clean lubrication oil (referto Group 0, Lubrication and Maintenance).(15) Fill the cooling system.
CLEANING AND INSPECTION
CYLINDER HEAD
CLEANINGThoroughly clean the engine cylinder head and cyl-inder block mating surfaces. Clean the intake andengine exhaust manifold and engine cylinder headmating surfaces. Remove all gasket material and car-bon.Check to ensure that no coolant or foreign materialhas fallen into the tappet bore area.Remove the carbon deposits from the combustionchambers and top of the pistons.
INSPECTIONUse a straightedge and feeler gauge to check theflatness of the engine cylinder head and block matingsurfaces.
CYLINDER HEAD COVER
CLEANINGRemove any original sealer from the cover sealingsurface of the engine cylinder head and clean thesurface using a fabric cleaner.Remove all residue from the sealing surface usinga clean, dry cloth.
INSPECTIONInspect the engine cylinder head cover for cracks.Replace the cover, if cracked.The original dark grey gasket material shouldNOT be removed. If sections of the gasket materialare missing or are compressed, replace the enginecylinder head cover. However, sections with minordamage such as small cracks, cuts or chips may berepaired with a hand held applicator. The new mate-rial must be smoothed over to maintain gasketheight. Allow the gasket material to cure prior toengine cylinder head cover installation.
ROCKER ARMS AND PUSH RODS
CLEANINGClean all the components with cleaning solvent.Use compressed air to blow out the oil passages inthe rocker arms and push rods.

INSPECTIONInspect the pivot surface area of each rocker arm.Replace any that are scuffed, pitted, cracked orexcessively worn.Inspect the valve stem tip contact surface of eachrocker arm and replace any rocker arm that is deeplypitted.Inspect each push rod end for excessive wear andreplace as required. If any push rod is excessivelyworn because of lack of oil, replace it and inspect thecorresponding hydraulic tappet for excessive wear.Inspect the push rods for straightness by rollingthem on a flat surface or by shining a light betweenthe push rod and the flat surface.A wear pattern along the length of the push rod isnot normal. Inspect the engine cylinder head forobstruction if this condition exists.
HYDRAULIC TAPPETS
CLEANINGClean each tappet assembly in cleaning solvent toremove all varnish, gum and sludge deposits.
INSPECTIONInspect for indications of scuffing on the side andbase of each tappet body.Inspect each tappet base for concave wear with astraightedge positioned across the base. If the base isconcave, the corresponding lobe on the camshaft isalso worn. Replace the camshaft and defective tap-pets.After cleaning and inspection, test each tappet forspecified leak-down rate tolerance to ensure zero-lashoperation (Fig. 84).Swing the weighted arm of the hydraulic valve tap-pet tester away from the ram of the Leak-DownTester.(1) Place a 7.925-7.950 mm (0.312-0.313 inch)diameter ball bearing on the plunger cap of the tap-pet.(2) Lift the ram and position the tappet (with theball bearing) inside the tester cup.(3) Lower the ram, then adjust the nose of the ramuntil it contacts the ball bearing. DO NOT tightenthe hex nut on the ram.(4) Fill the tester cup with hydraulic valve tappettest oil until the tappet is completely submerged.(5) Swing the weighted arm onto the push rod andpump the tappet plunger up and down to remove air.When the air bubbles cease, swing the weighted armaway and allow the plunger to rise to the normalposition.(6) Adjust the nose of the ram to align the pointerwith the SET mark on the scale of the tester andtighten the hex nut.
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(7) Slowly swing the weighted arm onto the pushrod.(8) Rotate the cup by turning the handle at thebase of the tester clockwise one revolution every 2seconds.(9) Observe the leak-down time interval from theinstant the pointer aligns with the START mark onthe scale until the pointer aligns with the 0.125mark. A normally functioning tappet will require20-110 seconds to leak-down. Discard tappets withleak-down time interval not within this specification.

CYLINDER BLOCK
CLEANINGThoroughly clean the oil pan and engine block gas-ket surfaces.Use compressed air to clean out:

• The galley at the oil filter adaptor hole.
• The front and rear oil galley holes.
• The feed holes for the crankshaft main bearings.Once the block has been completely cleaned, applyLoctite PST pipe sealant with Teflon 592 to thethreads of the front and rear oil galley plugs. Tightenthe plugs to 34 N·m (25 ft. lbs.) torque.

INSPECTION(1) It is mandatory to use a dial bore gauge tomeasure each cylinder bore diameter (Fig. 85). Tocorrectly select the proper size piston, a cylinder boregauge, capable of reading in 0.003 mm (.0001 in.)INCREMENTS is required. If a bore gauge is notavailable, do not use an inside micrometer.

(2) Measure the inside diameter of the cylinderbore at three levels below top of bore. Start perpen-dicular (across or at 90 degrees) to the axis of thecrankshaft and then take two additional reading.(3) Measure the cylinder bore diameter crosswiseto the cylinder block near the top of the bore. Repeatthe measurement near the middle of the bore, thenrepeat the measurement near the bottom of the bore.(4) Determine taper by subtracting the smallerdiameter from the larger diameter.(5) Rotate measuring device 90° and repeat stepsabove.(6) Determine out-of-roundness by comparing thedifference between each measurement.(7) If cylinder bore taper does not exceed 0.025mm (0.001 inch) and out-of-roundness does notexceed 0.025 mm (0.001 inch), the cylinder bore canbe honed. If the cylinder bore taper or out- of-roundcondition exceeds these maximum limits, the cylindermust be bored and then honed to accept an oversizepiston. A slight amount of taper always exists in thecylinder bore after the engine has been in use for aperiod of time.
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