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production. Starting August 2000 production,

All engines built with serial numbers
000818-1043 higher were fitted with
steel liners.
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Engine serial number location was moved to the rear of the block, coincident with changing from
Nikasil to steel lined. All blocks with serial number 0008181043 and later are steel lined.
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eyelets for the cylinder bores. The normally
aspirated head gaskets are mild steel; the
supercharged eyelets are stainless steel.
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AJ27 Main bearing clearance acceptable range 0.022 - 0.0475 mm

AJ33 Main bearing clearance acceptance range 0.022 - 0.040 mm

AJV8 Connecting rod bearing clearance range 0.033 - 0.058 mm

AJV8 Crankshaft endplay 0.027 - 0.070 mm

AJV8 Valve spring free length (min)  45.45 mm
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N2122222 : AJ60 piston selection chart based on cylinder bore code

Cylinder Bore Code 2 1 2 2 2 2 2

Cylinder Number Cylinder Block
Machining Line 4 5 6 1 2 3

2122222 : AJ61/62 piston selection chart based on cylinder bore code

Cylinder Bore Code 2 1 2 2 2 2 2

Cylinder Number Cylinder Block
Machining Line 2 4 6 1 3 5

N2

N2

N
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Note: Do not mix cast iron and steel
tappets. Incorrect application of either
tappet type will cause rapid wear of the
valvetrain components.
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headMain Bearing Clearance:

Connecting Rod Bearing
Clearance:
(0.035-0.065mm) at crown

V6
Main Bearing Ordering Chart

Bearing Number Top Bearing
Part Number

Bottom Bearing 
Part Number

1 C2S 23247 C2S 23250
2 C2S 23248 C2S 23251
3 C2S 23249 C2S 23252

Thrust Bearing 1 C2S 12612 C2S 23253
Thrust Bearing 2 C2S 12612 C2S 23254
Thrust Bearing 3 C2S 12612 C2S 23254
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  Student__________________________________ Date____________ 

   

                 

 
Directions: 
• Complete each step in sequence, following your workshop manual reference book. Fill in all blanks. 
• When you reach an INSTRUCTOR CHECKPOINT, call your instructor who will examine your work and issue further 

instructions.  Do not continue past an INSTRUCTOR CHECKPOINT unless instructed. 
• Ask your instructor for assistance if needed. 
 

1. Locate and record the following engine codes: 

(Refer to your student guide for locations and definitions) 

Engine Number: _________________________________________________________ 

Crankshaft Main Bearing Journal Codes: 1 _____ 2_____ 3_____ 4_____ 5_____ 

Crankshaft Connecting Rod Journal Codes: 1 _____ 2_____ 3_____ 4_____ 

Cylinder Bore / Piston Grade Codes: 

B Bank:     1 _____ 2_____ 3_____ 4_____ 

A Bank:     1 _____ 2_____ 3_____ 4_____ 

Crankshaft Main Bearing Bore Codes: 1 _____ 2_____ 3_____ 4_____ 5_____ 

 
2. Following the procedures documented in your workshop manual, remove the ignition coil 

covers, coils, spark plugs, intake manifold assembly and harnesses. 
 

3. Remove the exhaust manifolds. 

What is the exhaust manifold bolt grade?        
 

4. Remove the coolant outlet pipe. 
 

5. Remove the thermostat housing assembly. 
 

6. Remove the camshaft covers and inspect the sealing surface. 

How many places on the cylinder head show traces of sealant application?   
 

7. Set the engine at 45° ATDC cylinder 1A. 

What special tools are required?     --     
 
 
 
INSTRUCTOR CHECK POINT 1           

168 
AJ27 / AJ28  Engines  
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8. Check the camshaft timing and remove special tool 303-645. 

 

9. What is the acceptable range for intake and exhaust valve clearance: 

 Intake Max.  Intake Min.   Exhaust Max. Exhaust Min. 

 _________  _________   ___________ __________ 

 

10. Measure and record the existing valve clearances. 

Cylinder Intake Front  Intake Rear  Exhaust Front Exhaust Rear 

Cyl. A1 _________  _________  ___________ __________ 

Cyl. A2 _________  _________  ___________ __________ 

Cyl. A3 _________  _________  ___________ __________ 

Cyl. A4 _________  _________  ___________ __________ 

 

Cyl. B1 _________  _________  ___________ __________ 

Cyl. B2 _________  _________  ___________ __________ 

Cyl. B3 _________  _________  ___________ __________ 

Cyl. B4 _________  _________  ___________ __________ 
 

 

11.  Remove the drivebelt. Remove the driveshaft damper bolt. 

 What special tools are required to hold the crankshaft?  --   
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12.  Remove the crankshaft vibration damper using special tool 303-588. 

Note the locking cone which retains the damper.  

 

 
 

13. Remove the crankshaft front oil seal. 

  What special tools are required?         
 

14.  Remove the coolant pump and engine front cover. 

 

 

15.  Prepare to remove the camshaft assemblies by setting the engine to 45 deg ATDC cylinder 1, 

bank 1.  

  What special tools are required to align the camshafts and crankshaft?  

   -   AND    -   

 

 

16.  Remove timing gears, camshaft sprockets, chain tensioners, guides and blades. 
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17.  Remove the camshafts bearing caps, noting markings for each location on the chart: 

 

 
  Are the camshaft bearing caps all correctly marked? 

   

NOTE: Keep camshaft and camshaft bearing caps with their respective cylinder heads! 

   

How can the intake camshafts be quickly identified? _________________________ 
  ______________________________________________________________________ 

18.  Remove the cylinder heads using the following cylinder head removal torque sequence: 
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19.  Remove the oil pump. 

 

20.  Remove the oil pan. 

 

21.  Remove the oil pickup assembly. 

 

22.  Remove the structural pump. 

 

23.  Following the procedure specified in the 'Generic Engine Procedures' section of your reference 

book, measure and record existing crankshaft end float. Write in the allowed specifications: 

 

 Min. allowable end float:     Max. allowable end float:    
  
 
  Existing crankshaft end float: _________________________________________________ 
 
 
 
 
 
 
INSTRUCTOR CHECK POINT 2 ___________________________________________________ 
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24.  Remove drive plate AFTER removing special tool 303-645. Do NOT use 303-645 to hold the 

crankshaft while removing the drive plate. 

 

25.  Remove the rear crankshaft oil seal using the procedure 303-01B-9 for Rear Main Seal found in 

the reference manual, and tool 303-538. 

 

26.  Remove the bed plate. 

  Where are the bed plate / cylinder block separation lugs located? ________________ 

  ________________________________________________________________________ 

 

27.  Write in the bedplate removal torque sequence: 
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28.  Observe the connecting rod and piston assembly orientation. 

  What position on the crankshaft journals are the connecting rods? 

  A bank connecting rods: Front of journal   Rear of journal   

  B bank connecting rods: Front of journal   Rear of journal   
 
29.  Remove the connecting rod and piston assemblies. 

  What special tools are required?         
 

30.  Identify and record connecting rod / piston assembly markings. 

  Rod   Rod thick flange  Wrist pin offset  Piston direction 
Cyl. Matching  direction   direction   arrow 
  number  (Front or Rear)  (Intake or Exhaust) (Front or Rear) 

A1  _______________ ____________________ ____________________ _______________ 

A2  _______________ ____________________ ____________________ _______________ 

A3  _______________ ____________________ ____________________ _______________ 

A4  _______________ ____________________ ____________________ _______________ 

 

B1  _______________ ____________________ ____________________ _______________ 

B2  _______________ ____________________ ____________________ _______________ 

B3  _______________ ____________________ ____________________ _______________ 

B4  _______________ ____________________ ____________________ _______________ 

 

 

 

 

 

INSTRUCTOR CHECK POINT 3 _____________________________________________________ 
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31.  Remove crankshaft. 

  NOTE: Be careful of bearing surfaces. 

 

32.  Measure and record crankshaft journal diameters. 

 

Crankshaft journal     Diameter      

Main bearing number 1    ________________________________ 

Main bearing number 2    ________________________________ 

Main bearing number 3    ________________________________ 

Main bearing number 4    ________________________________ 

Main bearing number 5    ________________________________ 

 

Connecting rod journal cyls. 1   ________________________________ 

Connecting rod journal cyls. 2   ________________________________ 

Connecting rod journal cyls. 3   ________________________________ 

Connecting rod journal cyls. 4   ________________________________ 

 

 

 

 

 

 

INSTRUCTOR CHECK POINT 4 __________________________________________________ 
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33.  Prepare to select main bearing and connecting rod bearings by copying bearing codes recorded 

in step 1 of this worksheet.  

 

Crankshaft Main Bearing Journal Codes: 1 _____ 2_____ 3_____ 4_____ 5_____ 

Crankshaft Main Bearing Bore Codes: 1 _____ 2_____ 3_____ 4_____ 5_____ 

 
 
34.  Using the bearing selection chart found in your course book, record selected bearing color 

codes. 

 

Crankshaft journal   Bearing color  (top)  Bearing color (Bottom) 

Main bearing number 1  ___________________ ___________________ 

Main bearing number 2  ___________________ ___________________ 

Main bearing number 3  ___________________ ___________________ 

Main bearing number 4  ___________________ ___________________ 

Main bearing number 5  ___________________ ___________________ 

Connecting rod bearings cyls. 1  ___________________ 

Connecting rod bearings cyls. 2  ___________________ 

Connecting rod bearings cyls. 3  ___________________ 

Connecting rod bearings cyls. 4  ___________________ 

 

 

35.  Install bearings in block. 

  Which main bearings fit to the block? __________________________________________ 
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36.  What is the allowed range for crankshaft main bearing oil clearance? 

Min. allowable clearance:     Max. allowable clearance:   

 

37.  Using the Plastigage procedure 303-00-11 documented in the 'Generic Procedures' section of 

your reference book, measure and record main bearing oil clearances. 

 

Crankshaft journal    Oil clearance     

 
Main bearing journal number 1  ____________________________ 
 
Main bearing journal number 2  ____________________________ 
 
Main bearing journal number 3  ____________________________ 
 
Main bearing journal number 4  ____________________________ 
 
Main bearing journal number 5  ____________________________ 
 
 
38.  What is the allowed range for piston-to-cylinder clearance? 

 

 Min. allowable clearance:    Max. allowable clearance:   
 
 
 
39.  Measure and record diameter of piston B1       
 
40.  Measure and record diameter of cylinder B1       
 
 What is the piston-to-cylinder clearance?        
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41. What is the allowed range for connecting rod bearing clearance? 
 
 Min. allowable clearance:    Max. allowable clearance:    
 
42.  Measure and record connecting rod bearing oil clearances at each connecting rod. 

 

Crankshaft journal    Oil clearances     

 
Number 1 connecting rod journals ______________________________ 
 
Number 2 connecting rod journals ______________________________ 
 
Number 3 connecting rod journals ______________________________ 
 
Number 4 connecting rod journals ______________________________ 
 
Number 5 connecting rod journals ______________________________ 
 
Number 6 connecting rod journals ______________________________ 
 
Number 7 connecting rod journals ______________________________ 
 
Number 8 connecting rod journals ______________________________ 

 

 

 

 

 

 

INSTRUCTOR CHECK POINT 5 __________________________________________________ 
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43.  Apply 4 drops of EP90 to each con rod bearing, and install piston / connecting rod assemblies. 

 

  Which direction should the arrow on the piston face? ____________________________ 
 
  What is the connecting rod assembly direction? 
  A bank: _________________________________________________________________ 
  B bank: _________________________________________________________________ 
 
  What special tools are required to protect the cylinder bores during piston assembly  

installation?    -    
 
  What is the rod torque specification? __________________________________________ 
 
  Which bolts must not be reused? _____________________________________________ 
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44. Prepare to assemble the bed plate to the block by applying a bead of RTV sealant to the block, 

as shown in the diagram. Do NOT continue until your instructor has signed off within the 20 

minute cure window. 

 

NOTE: * Joint must be closed and peripheral bolts marked by - * snugged down to a torque 
of 7-9 Nm within 7 minutes of starting to apply sealant. All bolts must be tightened to the 
relevant procedure and Crankshaft  Rear Seal fitted within 20 minutes of starting to apply 
sealant. 

 
 
 
 
INSTRUCTOR CHECK POINT 6 __________________________________________________ 
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45.  Apply 2 drops of EP90 to each crankshaft bearing shell. Assemble block, crankshaft bearings, 

thrust washer and bed plate. 

  NOTE: Install new bedplate bolts in all locations. 

 

  Write in the bed plate torque specifications. 

 
Step 1 – Bolts 21 to 32 torque to           

Step 2 – Bolts 33 to 34 torque to           

Step 3 – Bolts 1 to 10 torque to           

Step 4 – Bolts 11 to 20 torque to           

Step 5 – Bolts 1 to 10 torque to           

Step 6 – Bolts 11 to 20 torque to           

Step 7 – Bolts 21 to 32 torque to           

Step 8 – Bolts 33 to 34 torque to           
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46.  Measure and record crankshaft end float and the rotate the crankshaft. The end float procedure 

can be found in the 'Generic Procedures' section of your reference book. Write in the allowed 

specifications: 

 

 Min. allowable end float:     Max. allowable end float:    
 

  Crankshaft end float measurement:       

  Does the crankshaft turn smoothly?        

 

 
 
 
 
 
 
 
 
 
INSTRUCTOR CHECK POINT 7 __________________________________________________ 
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47.  Apply RTV. Do NOT continue until your instructor has signed off within the 20 minute cure 

window. 

 

 

 
 

 

 

INSTRUCTOR CHECK POINT 8 __________________________________________________ 
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48. Assemble and install the structural sump. 

 

49.  If supercharged, apply Vaseline to a new diverter valve o-ring and install the oil diverter valve. 

 

50.  Install oil pump and rear oil seal. 

 

  What special tools are required?          
 

 

51.  Install oil pan. Follow the torque sequence shown below: 

 

  AJ26/AJ27 Upper Oil Pan       

          AJ28 Upper Oil Pan 
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52.  Install drive plate using the following torque sequence: 

Step 1: Tighten bolts to 14 - 16 Nm in order 1, 5, 3, 7, 2, 6, 4, 8 

Step 2: Tighten bolts to 95 – 125 Nm in order 1, 5, 3, 7, 2, 6, 4, 8 

 
 
 
 
 
 
 
INSTRUCTOR CHECK POINT 8 __________________________________________________ 
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53. Remove one intake and one exhaust valve. 

 What is the maximum valve spring free length specification?     

 What is the existing valve spring measurement?       

  

54. Inspect and reassemble cylinder heads. 

 List any head problems found with the cylinder heads.       
               
 

 What is the difference between head gaskets for NA and SC engines?   
               
 

55.  Install cylinder heads. 

 Note: Do not re-use cylinder head bolts. 

 Write in the cylinder head torque sequence: 
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56.  Inspect and install valve gear and camshafts. Use the camshaft procedure from the 'In Vehicle 

Repair' section of your reference guide for detailed assembly instructions. 

  

 What is the crankshaft position before camshaft installation?     
 

  Apply EP90 lubricant on the following components before assembly: 

• Valve lifters 

• Valve adjusting shims 

• Camshaft lobes 

• Camshaft lower bearings 

• Camshaft bearing cap

 

57.  Install secondary tensioners.  

  What is the installed position of the chain tensioners? 

  Bank   Check the correct installation position 

  A bank  Piston up _____ Piston down _____ 

  B bank  Piston up _____ Piston down _____ 

 

58.  Install primary chain guide rails, tensioners and blades. 

 

 

 

 

 

 

INSTRUCTOR CHECK POINT 9 ____________________________________________________ 
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59.  Install chain and sprocket assemblies. 

 

60.  Time camshafts. 

 

61.  Install bush carriers 

 

 

 

 

 

 

 

 

INSTRUCTOR CHECK POINT 10 ____________________________________________________ 
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62.  Install timing cover. 

  Write in the timing cover torque sequence 
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63.  Copy the accepted valve clearance ranges from step 9 of this worksheet: 
 
 Intake Max.  Intake Min.   Exhaust Max. Exhaust Min. 

 _________  _________   ___________ __________ 

  

64.  Rotate engine assembly at least three times.  Measure and record valve clearances. 
 
Cyl. Intake Front  Intake Rear  Exhaust Front Exhaust Rear  

A1  ______________ ______________ ______________ ______________ 

A2  ______________ ______________ ______________ ______________ 

A3  ______________ ______________ ______________ ______________ 

A4  ______________ ______________ ______________ ______________ 

 
B1  ______________ ______________ ______________ ______________ 

B2  ______________ ______________ ______________ ______________ 

B3  ______________ ______________ ______________ ______________ 

B4  ______________ ______________ ______________ ______________ 

If valve clearances required readjustment, adjust, rotate engine at least three times and 
remeasure clearances. Record final valve clearances. 
 
Cyl. Intake Front  Intake Rear  Exhaust Front Exhaust Rear  

A1  ______________ ______________ ______________ ______________ 
A2  ______________ ______________ ______________ ______________ 
A3  ______________ ______________ ______________ ______________ 
A4  ______________ ______________ ______________ ______________ 

 
B1  ______________ ______________ ______________ ______________ 
B2  ______________ ______________ ______________ ______________ 
B3  ______________ ______________ ______________ ______________ 
B4  ______________ ______________ ______________ ______________ 
 

 
INSTRUCTOR CHECK POINT 11__________________________________________________ 
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65.  Install camshaft covers, spark plugs and coils. 

 Write in the camshaft cover torque sequence. 

 
66.  Install coolant pump, thermostat housing and outlet pipes. 

 

67.  Install intake and exhaust manifold assemblies. 

 
68. Continue to assemble the engine in the order outlined in the workshop manual. Notify your 

instructor for the final checkpoint when complete. 

 
 
INSTRUCTOR CHECK POINT 12 ___________________________________________________ 
 
If your instructor signed off on checkpoint 12, then: 
 
Congratulations – you have completed the assembly of the AJ27/28 engine.  
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  Student__________________________________ Date____________ 

   

                 

 
Directions: 
• Complete each step in sequence, following your workshop manual reference book. Fill in all blanks. 
• When you reach an INSTRUCTOR CHECKPOINT, call your instructor who will examine your work and issue further 

instructions.  Do not continue past an INSTRUCTOR CHECKPOINT unless instructed. 
• Ask your instructor for assistance if needed. 
 
1. Locate and record the following engine codes:  

(Refer to your student guide for locations and definitions) 

Engine Number: _________________________________________________________ 

Crankshaft Main Bearing Journal Codes: 1 _____ 2_____ 3_____ 4_____ 5_____ 

Crankshaft Connecting Rod Journal Codes: 1 _____ 2_____ 3_____ 4_____ 

Cylinder Bore / Piston Grade Codes: 

Bank 2:     1 _____ 2_____ 3_____ 4_____ 

Bank 1:     1 _____ 2_____ 3_____ 4_____ 

Crankshaft Main Bearing Bore Codes: 1 _____ 2_____ 3_____ 4_____ 5_____ 

 

2. Following the procedures documented in your workshop manual, remove: 

• Ignition coil covers, coils, spark plugs, intake manifold assembly and harnesses 

• Exhaust manifolds 

• Coolant outlet pipe and thermostat housing assembly 

• Drive belt and water pump 

 

NOTE: Throughout the workshop manual, Bank 1 is sometimes referenced as the 'Right Bank' 
or as 'A Bank', and Bank 2 may be referenced as the 'Left Bank' or 'B Bank'. 
References to the right and left bank will always be from the perspective of the driver's 
seat, as if looking at the engine from inside the car. 

168 
AJ33 / AJ34  Engines  
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3. Remove the driveshaft damper bolt. 

What special tools are required to hold the crankshaft? 

      and       

 

4. Remove the crankshaft vibration damper using special tool 303-588. 

 

 

 
 
 
 
 
 
 
INSTRUCTOR CHECK POINT 1 ___________________________________________ 
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5. Set the engine at 45° ATDC cylinder 1. 

What special tools are required? _________________________________________ 

 

6. Remove the camshaft covers and inspect the sealing surface. 

How many places on the cylinder head show traces of sealant application? __________ 

 

7. Check the camshaft timing and remove special tool 303-645. 

 

8. What is the acceptable range for intake and exhaust valve clearance: 

 Intake Max.  Intake Min.   Exhaust Max. Exhaust Min. 

 _________  _________   ___________ __________ 

 

9. Following the technique explained in the 'General Procedures' section of your AJ33 engine 

workshop manual (section 303-01B-02), measure and record the existing valve clearances. 

Cylinder Intake Front  Intake Rear  Exhaust Front Exhaust Rear 

Cyl. 1  _________  _________  ___________ __________ 

Cyl. 3  _________  _________  ___________ __________ 

Cyl. 5  _________  _________  ___________ __________ 

Cyl. 7  _________  _________  ___________ __________ 

 

Cyl. 2  _________  _________  ___________ __________ 

Cyl. 4  _________  _________  ___________ __________ 

Cyl. 6  _________  _________  ___________ __________ 

Cyl. 8  _________  _________  ___________ __________ 
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10. Following the procedure shown in the 'In-Vehicle Repair' section of your reference book, remove 

the crankshaft front oil seal. 

  What special tools are required? _____________________________________ 

 

11. Remove the engine front cover. 

 

12.  Prepare to remove the camshaft assemblies by setting the engine to 45 deg ATDC cylinder 1, 

bank 1 and re-install special tool 303-645.  

 

13.  Remove the bank 1 and bank 2 VVT oil control unit housings. 

 

14.  Install special tool   -   on both banks to properly align the camshafts for 

timing gear removal. 

 

15.  Remove primary chain tensioners, guides and timing chains in the order explained in your 

workshop manual. 

 

16.  Remove the secondary timing chain tensioner retaining bolts, and then remove the camshaft and 

crankshaft sprockets. Be sure to keep the right and left side assemblies identified and organized 

so that they can be reinstalled on the correct side. 
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17. Remove the camshaft bearing caps, noting markings for each location on the chart: 

 
  Are the camshaft bearing caps all correctly marked? 

   

NOTE: Keep camshaft and camshaft bearing caps with their respective cylinder heads! 

   

How can the intake camshafts be quickly identified?       
                
 
Remove the cylinder heads using the following cylinder head removal torque sequence: 
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18.  Remove drive plate AFTER removing special tool 303-645. Do NOT use 303-645 to hold the 

crankshaft while removing the drive plate. 

 

19.  Remove the rear crankshaft oil seal using the procedure 303-01B-9 for Rear Main Seal found in 

the reference manual, and tool 303-538. 

 

20.  Remove the lower oil pan, strainer (pickup assembly), and upper oil pan. 

 

21.  Remove the oil pump. 

 

22.  Following the procedure specified in the 'Generic Engine Procedures' section of your reference 

book, measure and record existing crankshaft end float.  Write in the allowed specifications: 

 

 Min. allowable end float:     Max. allowable end float:    
 
  Existing crankshaft end float: _________________________________________________ 
 
 
 
 
 
 
 
 
 
INSTRUCTOR CHECK POINT 2 ___________________________________________________



WORKSHEETS – AJ33/34 

July 2005 Student Guide T168      Page 7 of 27 

 

 

23.  What is the bedplate removal torque sequence?  
 

 
 

 

24. Remove the bed plate and install special tool 303-534. 

  Where are the bed plate-to-cylinder block separation lugs located?     
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25.  Observe the connecting rod and piston assembly orientation. 

  In which location on the crankshaft journals are the connecting rods? 

   Bank 1 connecting rods: Front of journal __________ Rear of journal __________ 

   Bank 2 connecting rods: Front of journal __________ Rear of journal __________ 

 

26.  Remove the connecting rod and piston assemblies. 

  What special tools are required? ______________________________________________ 

 

27.  Identify and record connecting rod / piston assembly markings. 

  Rod   Rod thick flange  Wrist pin offset  Piston direction 
Cyl. Matching  direction   direction   arrow 
  number  (Front or Rear)  (Intake or Exhaust) (Front or Rear) 

1  _______________ ____________________ ____________________ _______________ 

3  _______________ ____________________ ____________________ _______________ 

5  _______________ ____________________ ____________________ _______________ 

7  _______________ ____________________ ____________________ _______________ 

 

2  _______________ ____________________ ____________________ _______________ 

4  _______________ ____________________ ____________________ _______________ 

6  _______________ ____________________ ____________________ _______________ 

8  _______________ ____________________ ____________________ _______________ 

 

 

 

 

INSTRUCTOR CHECK POINT 3 _____________________________________________________ 
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28.  Remove crankshaft. 

  NOTE:  Be careful of bearing surfaces while handling the crankshaft. 

 

29.  Measure and record crankshaft journal diameters. 

Crankshaft journal     Diameter      

Main bearing number 1    ________________________________ 

Main bearing number 2    ________________________________ 

Main bearing number 3    ________________________________ 

Main bearing number 4    ________________________________ 

Main bearing number 5    ________________________________ 

 

Connecting rod journal cyls. 2/1  ________________________________ 

Connecting rod journal cyls. 4/3  ________________________________ 

Connecting rod journal cyls. 6/5  ________________________________ 

Connecting rod journal cyls. 7/8  ________________________________ 

 

 

 

 

 

INSTRUCTOR CHECK POINT 4 __________________________________________________ 
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30.  Copy the technical data recorded in step 1 of this worksheet : 

Crankshaft Main Bearing Journal Codes: 1 _____ 2_____ 3_____ 4_____ 5_____ 

Crankshaft Connecting Rod Journal Codes: 1 _____ 2_____ 3_____ 4_____ 

 Crankshaft Main Bearing Bore Codes: 1 _____ 2_____ 3_____ 4_____ 5_____ 

 

31.  Using the technical data from above and referencing the bearing selection chart shown in the 

beginning of your student guide, select main bearings and connecting rod bearings. Record 

selected color codes, as indicated on the selection chart. 

 

Crankshaft journal   Bearing color (top)  Bearing color (Bottom) 

Main bearing number 1  ___________________ ___________________ 

Main bearing number 2  ___________________ ___________________ 

Main bearing number 3  ___________________ ___________________ 

Main bearing number 4  ___________________ ___________________ 

Main bearing number 5  ___________________ ___________________ 

Connecting rod bearings cyl.s 2/1  ___________________ 

Connecting rod bearings cyl.s 4/3  ___________________ 

Connecting rod bearings cyl.s 6/5  ___________________ 

Connecting rod bearings cyl.s 8/7  ___________________ 

 

32.  Install bearings in block. 

  Which main bearings fit to the block? __________________________________________ 
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33.  What is the allowed range for crankshaft main bearing oil clearance? 

Min. allowable clearance:     Max. allowable clearance:   

 

34.  Using the Plastigage procedure 303-00-11 documented in the 'Generic Procedures' section of 

your reference book, measure and record main bearing oil clearances. 

 

Crankshaft journal    Oil clearance     
 
Main bearing journal number 1  ____________________________ 
 
Main bearing journal number 2  ____________________________ 
 
Main bearing journal number 3  ____________________________ 
 
Main bearing journal number 4  ____________________________ 
 
Main bearing journal number 5  ____________________________ 
 

 

35.  What is the allowed range for piston-to-cylinder clearance? 
 
 Min. allowable clearance:    Max. allowable clearance:   
 
  
36.  Measure and record diameter of piston 2          
 
37.  Measure and record diameter of cylinder 2      
 
 What is the piston-to-cylinder clearance?       
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38.  What is the allowed range for connecting rod bearing oil clearance? 
 
 Min. allowable clearance:    Max. allowable clearance:   
 

  

39.  Measure and record connecting rod bearing oil clearances for each connecting rod. 

 

Crankshaft journal    Oil clearances     

 

Cylinder 1 connecting rod ______________________________ 
 
Cylinder 2 connecting rod ______________________________ 
 
Cylinder 3 connecting rod ______________________________ 
 
Cylinder 4 connecting rod ______________________________ 
 
Cylinder 5 connecting rod ______________________________ 
 
Cylinder 6 connecting rod ______________________________ 
 
Cylinder 7 connecting rod ______________________________ 
 
Cylinder 8 connecting rod ______________________________ 
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40.  Apply 4 drops of EP90 to each con rod bearing, and install piston / connecting rod assemblies. 

  Which direction should the arrow on the piston face? ____________________________ 
 (If the arrow marking is lost, the piston grade number should always face the front of the engine) 

 

  What is the connecting rod assembly direction? 
  Bank 1: _________________________________________________________________ 

  Bank 2: _________________________________________________________________ 

 

  What special tools are required to protect the cylinder bores during piston assembly  

installation? _____________________________________________ 

  What is the rod torque specification? __________________________________________ 

 Which bolts must not be reused? _____________________________________________ 

 

 

INSTRUCTOR CHECK POINT 5 __________________________________________________ 
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41.  Prepare to assemble the bed plate to the block by applying a bead of RTV sealant to the block, 

as shown in the diagram. Do NOT continue until your instructor has signed off within the 20 

minute cure window. 

 

NOTE: * Joint must be closed and peripheral bolts marked by ' * ' snugged down to a  

torque of 7-9 Nm within 7 minutes of starting to apply sealant.. All bolts must be 

tightened to the relevant procedure and the Crankshaft Rear Seal fitted  within 20 

minutes of starting to apply sealant. 

 

 
 

INSTRUCTOR CHECK POINT 6 __________________________________________________ 
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42.  Apply 2 drops of EP90 to each crankshaft bearing shell. Assemble block, crankshaft bearings, 

thrust washer and bed plate. 

 NOTE: Install new bedplate bolts in all locations. 

 
  Write in the bed plate torque specifications. 

  Step 1 – “P” bolts torque to _________________________________________________ 

  Step 2 – “F” bolts torque to _________________________________________________ 

  Step 3 – “M” bolts torque to _________________________________________________ 

  Step 4 – “S” bolts torque to _________________________________________________ 

  Step 5 – “M” bolts torque to _________________________________________________ 

  Step 6 – “S” bolts torque to _________________________________________________ 

Step 7 – “P” bolts torque to _________________________________________________ 

  Step 8 – “F” bolts torque to _________________________________________________ 
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43. Measure and record crankshaft end float and then rotate the crankshaft. The end float procedure 

can be found in the 'Generic Procedures' section of your reference book. Write in the allowed 

specifications: 

 

 Min. allowable end float:     Max. allowable end float:    
 
 
  Crankshaft end float measurement:      
 
  Does the crankshaft turn smoothly?       

 
 
 
 
 
 
INSTRUCTOR CHECK POINT 7 __________________________________________________ 
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44.  Install rear oil seal. What special tool is required?        
 

45.  Install the oil pump. 

 

46. Apply RTV as shown below Do NOT continue until your instructor has signed off within the 20 

minute cure window. 

 

 

 
 

INSTRUCTOR CHECK POINT 8 __________________________________________________ 
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47.  Install a new oil pickup tube o-ring seal and pickup tube (oil strainer). 

 

48. Torque the structural sump (upper oil pan) bolts to 21 NM. The following torque sequence is 

recommended: 
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49. Install the upper oil pan. Follow the torque sequence shown below: 

 

  AJ34 Upper Oil Pan       

 
                AJ33 Upper Oil Pan 
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50. Install drive plate using the following torque sequence: 

Step 1: Tighten bolts to 14 - 16 Nm in order 1, 5, 3, 7, 2, 6, 4, 8 

Step 2: Tighten bolts to 95 – 125 Nm in order 1, 5, 3, 7, 2, 6, 4, 8 

 

 

 
 
 
 
 
 
INSTRUCTOR CHECK POINT 9 __________________________________________________ 
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51.  Remove one intake and one exhaust valve. 

 What is the maximum valve spring free length specification? ______________________ 

 What is the existing valve spring measurement? _________________________________ 

  

 

52.  Inspect and reassemble cylinder heads. 

 List any head problems found with the cylinder heads.       

               

 What is the difference between head gaskets for NA and SC engines?     

               

 

53.  Install cylinder heads. 

 Note: Do not re-use cylinder head bolts. 

 
 Write in the cylinder head torque sequence: 
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54.  Set the engine at 45° ATDC cylinder 1, and install special tool 303-645. 

 
55. Inspect and install valve gear and camshafts. Continue using the "AJ33 Engine Assembly" 

section of your reference guide for detailed assembly instructions. 

 

 Apply EP90 lubricant on the following components before assembly: 

• Valve lifters 

• Valve adjusting shims 

• Camshaft lobes 

• Camshaft lower bearings 

• Camshaft bearing caps 

 

56.  Orient camshafts on both banks with special tool 303-530: 

 
57.  Install secondary tensioners. 

 

  What is the installed position of the chain tensioners? 

  Bank   Check the correct installation position    

  Bank 1  Piston pointing up _____ Piston pointing down _____ 

  Bank 2  Piston pointing up _____ Piston pointing down _____ 

 

 

58.  Install primary chain guides and tensioners. 

 

 

INSTRUCTOR CHECK POINT 10 ____________________________________________________ 
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59.  Following the procedure defined in the Engine Assembly section for the AJ33/34, install chain 

and sprocket assemblies. 

 

60.  Time camshafts. 

 

61.  Install bush carrier assemblies. 

What bush carrier components must always be replaced when re-installing bush 

carriers? 

                

 

 

 

 

 

INSTRUCTOR CHECK POINT 11 ____________________________________________________ 
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62.  Apply RTV sealant where appropriate, and install timing cover. 

 

 Write in the timing cover torque sequence and mark the (8) locations that RTV must be applied: 
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63. Copy the accepted valve clearance ranges from step 9 of this worksheet: 

 
 Intake Max.  Intake Min.   Exhaust Max. Exhaust Min. 

 _________  _________   ___________ __________ 

 

64.  Rotate engine assembly at least three times.  Measure and record valve clearances. 

 

Cyl. Intake Front  Intake Rear  Exhaust Front Exhaust Rear  
1  ______________ ______________ ______________ ______________ 

3  ______________ ______________ ______________ ______________ 

5  ______________ ______________ ______________ ______________ 

7  ______________ ______________ ______________ ______________ 

 

2  ______________ ______________ ______________ ______________ 

4  ______________ ______________ ______________ ______________ 

6  ______________ ______________ ______________ ______________ 

8  ______________ ______________ ______________ ______________ 

 

If valve clearances required readjustment, adjust, rotate engine at least three times and 

remeasure clearances. Record final valve clearances. 

 

Cyl. Intake Front  Intake Rear  Exhaust Front Exhaust Rear  
1  ______________ ______________ ______________ ______________ 

3  ______________ ______________ ______________ ______________ 

5  ______________ ______________ ______________ ______________ 

7  ______________ ______________ ______________ ______________ 

 

2  ______________ ______________ ______________ ______________ 

4  ______________ ______________ ______________ ______________ 

6  ______________ ______________ ______________ ______________ 

8  ______________ ______________ ______________ ______________ 

 

 

INSTRUCTOR CHECK POINT 12 ___________________________________________________ 
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65.  Install a new crankshaft front seal. 

What special tool is used to install the front seal?   -    

 

66.  Install the crankshaft pulley, locking ring and retaining bolt AFTER removing special tool 303-

645. Do NOT use 303-645 to hold the crankshaft while tightening the crankshaft pulley retaining 

bolt. 

What is the torque specification for the crankshaft pulley retaining bolt?   

 

67.  Apply silicone gasket sealant where appropriate, and install camshaft covers. 

 Write in the camshaft cover torque sequence and mark the sealant locations. 
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68.  Install spark plugs, ignition coils and camshaft sensor, following the order and methods 

explained in the "AJ33 Engine Assembly" section of your workshop manual. 

 

69.  Install coolant pump, thermostat housing and outlet pipes. 

 

70.  Install intake and exhaust manifold assemblies. 

 

71. Continue to assemble the engine in the order outlined in the workshop manual. Notify your 

instructor for the final checkpoint when complete. 

 

 

 

 
INSTRUCTOR CHECK POINT 13 ___________________________________________________ 

 

If your instructor signed off on checkpoint 13, then: Congratulations – you have completed 
the assembly of the AJ33 or AJ34 engine. 
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Student__________________________________ Date____________ 

   

                
Directions: 
• Complete each step in sequence, following your workshop manual reference book. Fill in all blanks. 
• When you reach an INSTRUCTOR CHECKPOINT, call your instructor who will examine your work and issue further 

instructions.  Do not continue past an INSTRUCTOR CHECKPOINT unless instructed. 
• Ask your instructor for assistance if needed. 
 

1. Locate and record the following engine data codes:  

(Refer to your student guide for locations and definitions) 

Engine Serial Number:            

Emissions ID label (Engine Part Number):         
 

2. Following the disassembly procedures documented in your workshop manual, remove the 

upper and lower intake manifold assemblies and injector harness. 

 

3. Continue disassembly by removing, in the order shown in your workshop manual, the 

following: 

• Serpentine belt, idler and tensioner pulley assemblies 

• Ignition coils and camshaft covers 

• Water pump, power steering pump, and A/C compressor 

• Belt tensioner, Bank 2 idler pulley and generator 

• Exhaust manifolds 
 

NOTE: Throughout the workshop manual, Bank 1 is sometimes referenced as the 'Right Bank', 
and Bank 2 may be referenced as the 'Left Bank'. References to the right and left bank 
will always be from the perspective of the drivers seat, as if looking at the engine from 
inside the car. 

168 
AJ60 Engine 
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4. Remove the flex plate. 

 
5. Locate and record the following engine codes:  

(Refer to your student guide for locations and definitions) 

 

Crankshaft Main Bearing Journal Codes:  1 _____ 2_____ 3_____ 4_____  

Cylinder Block Main Bearing Journal Codes: 1 _____ 2_____ 3_____ 4_____ 

Cylinder Bore / Piston Grade Codes: 

Bank 1:      1 _____ 2_____ 3_____  

Bank 2:      1 _____ 2_____ 3_____  

 

 
 
 
 
 
 
 
 
 
 
 
 
INSTRUCTOR CHECK POINT 1           
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6. Remove the vibration dampener. 

7. Remove the front timing case cover oil seal (front seal) using special tool 303-700. 

8. Remove oil pan and timing case cover. 

9. Prepare to remove the bank 1 camshaft assembly by setting the bank 1 exhaust camshaft 

timing mark to the 10 o'clock position. Verify that the crank key is at the 11 o'clock position. 

 
 

 
 
 
 

 
 
INSTRUCTOR CHECK POINT 2           
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10.  Observe the bank 1 camshaft sprocket markings on both the front and back of the camshafts. 

At what clock position is the front bank 1 exhaust cam mark?    

At what clock position is the front bank 1 intake cam mark?     

 

11.  Verify that ALL bank 1 intake and exhaust valves are closed. If they are not, check that the 

  bank 1 exhaust camshaft timing mark is at the 10 o'clock position, as shown in step 9. 

 

12. Remove the bank 1 (right bank) tensioner, guide, and timing chain. 

  

13. Verify that ALL bank 2 (left bank) intake and exhaust valves are closed. 

 

14. Remove the bank 2 (left bank) tensioner, guide, and timing chain. 

 

15.  Note the camshaft bearing cap codes and remove. 

 

Bank 1 

   Cap 1 (Front) Cap      2     Cap          3    Cap  4 (Rear) 

Exhaust _________  _________  ___________ __________ 

Intake  _________  _________  ___________ __________ 

 

Bank 2 

   Cap 1 (Front) Cap      2     Cap          3    Cap  4 (Rear) 

Intake  _________  _________  ___________ __________ 

Exhaust  _________  _________  ___________ __________ 

 

NOTE: Keep camshafts and camshaft bearing caps with their respective cylinder heads. 
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16.  Remove the bank 1 cylinder head retaining bolts and fill in the appropriate removal sequence. 

 
 

17.  Remove the bank 1 cylinder head. 

   

 

18.  De-torque the bank 2 cylinder head retaining bolts and remove the bank 2 cylinder head. 

 
 
 
 
 
 
INSTRUCTOR CHECK POINT 3 ___________________________________________________ 
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19.  Remove the engine oil separator and coolant housing. 

 

20.  Remove the oil intake (pickup tube) and pan baffle. 

 

21. Remove the oil pump. 

 

22. Remove the rear main oil seal. 

What tool must be used to remove the seal? ________  _________ 
 

NOTE: Special tool 204-269 must also be used with this tool. 

 

23.  Following the procedure specified in the 'Generic Engine Procedures' section of your 

reference book, measure and record existing crankshaft end float. Make sure it is within the 

specification of 0.100 to 0.250 mm.  

Crankshaft end float value:   _________________ mm  

  

 

24.  Note the orientation of each piston/con rod assembly. Label piston tops with appropriate 

cylinder number so that they may be identified, 1-6, to be put back into the original location. 

 Sketch below: 
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25.  Remove all piston assemblies: 

 

 

26.  Identify and record connecting rod / piston assembly markings. 

Cyl. Wrist pin offset   Piston direction 
   direction    arrow 
   (Intake or Exhaust)  (Front or Rear) 

1  ____________________  ____________________  

2  ____________________  ____________________  

3  ____________________  ____________________  

4  ____________________  ____________________  

5  ____________________  ____________________  

6  ____________________  ____________________  
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27.  Remove the bedplate. 

28.  Remove crankshaft. 

  NOTE: Be careful of bearing surfaces. 

 

29.  Inspect cylinder block, cylinder bores, bedplate and sump. Record any problems found: 

 

 

 

30.  What is the allowed range for piston-to-cylinder clearance? 
 
 Min. allowable clearance:    Max. allowable clearance:    

 

31.  Measure cylinder 1 piston clearance by measuring the piston diameter and the cylinder 1 

bore diameter. Use a bore gauge, NOT internal micrometers, to measure the bore diameter. 

   Cyl. 1 bore dia.       

- Cyl. 1 piston dia.    -    

= Piston clearance      mm 
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32.  What is the allowed range for piston ring end gap? 
 

 Min. allowable end gap:     Max. allowable end gap:     

 

33. Using the sample piston ring provided by your instructor, measure piston ring end gap per the 

procedure listed in the 'general procedures' section of the AJ60 Engine Systems workshop 

manual. 

Piston Ring End Gap:      mm 

 

34.  Measure and record the thickness of the existing crankshaft thrust washer: 

 

Thrust Washer thickness:     mm 

 

 

35.  Measure and record crankshaft journal diameters. 

 

Crankshaft journal     Diameter      
Main bearing number 1    ________________________________ 

Main bearing number 2    ________________________________ 

Main bearing number 3    ________________________________ 

Main bearing number 4    ________________________________ 

 

Connecting rod journal cyl. 1  ________________________________ 

Connecting rod journal cyl. 2  ________________________________ 

Connecting rod journal cyl. 3  ________________________________ 

Connecting rod journal cyl. 4  ________________________________ 

Connecting rod journal cyl. 5  ________________________________ 

Connecting rod journal cyl. 6  ________________________________ 

 
 
INSTRUCTOR CHECK POINT 4 __________________________________________________ 
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36. Prepare to select main bearings by copying bearing data recorded in step 1 of this worksheet: 

 

Crankshaft Main Bearing Journal Codes:  1 _____ 2_____ 3_____ 4_____  

Cylinder Block Main Bearing Journal Codes: 1 _____ 2_____ 3_____ 4_____ 

 

37.  Based on the selection chart shown in your course material, select main bearings and record 

selected bearing codes. 

 

Crankshaft journal   Bearing code   

Main bearing number 1  ___________________ 

Main bearing number 2  ___________________ 

Main bearing number 3  ___________________ 

Main bearing number 4  ___________________ 

 

 

38.  Install main bearing shells into the block. 

  Which main bearing halves fit to the block? _____________________________________ 
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39. What is the allowed range for crankshaft main bearing oil clearance? 
 

 Min. allowable clearance:    Max. allowable clearance:    

  

40. Using the Plastigage procedure 303-00-11 documented in the 'Generic Procedures' section of 

your reference book, measure and record main bearing oil clearances. 

 

Crankshaft journal    Oil clearance    

Main bearing journal number 1  ___________________________ 

 

Main bearing journal number 2  ___________________________ 

 

Main bearing journal number 3  ___________________________ 

 

Main bearing journal number 4  ____________________________ 
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41.  What is the allowed range for connecting rod bearing oil clearance? 
 

 Min. allowable clearance:    Max. allowable clearance:    

 

42. Measure and record connecting rod bearing oil clearances at each connecting rod journal. 

Connecting rod journal    Oil clearances     

Number 1 connecting rod journals ______________________________ 

Number 2 connecting rod journals ______________________________ 

Number 3 connecting rod journals ______________________________ 

Number 4 connecting rod journals ______________________________  

Number 5 connecting rod journals ______________________________  

Number 6 connecting rod journals ______________________________ 

 

 

 

 

INSTRUCTOR CHECK POINT 5 __________________________________________________ 
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43. Apply 4 drops of EP90 to each con rod bearing, and install piston / connecting rod assemblies 

  Which direction should the piston markings face? _______________________________  

Bank 1: _________________________________________________________________ 

  Bank 2: _________________________________________________________________ 

   

  What special tools are required to protect the cylinder bores during piston assembly  

installation?             

  What is the rod torque specification?          

  Which bolts must not be reused?           
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44.  Prepare to assemble the bed plate to the block by applying a bead of RTV sealant to the block, 

as shown in the diagram. Do NOT continue until your instructor has signed off within the 20 

minute cure window. 

 

NOTE: * Joint must be closed and peripheral bolts marked by - * snugged down to a torque of 7-9 

Nm within 7 minutes of starting to apply sealant. 

 * All bolts must be tightened to the relevant procedure and Crankshaft  Rear Seal fitted within 

20 minutes of starting to apply sealant. 

 

 
 
INSTRUCTOR CHECK POINT 6 __________________________________________________ 
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45.  Assemble block, crankshaft bearings, thrust washer and bed plate. Fill in the correct torque 

sequence:
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46.  Measure and record crankshaft end float. The end float procedure can be found in the 'Generic 

Procedures' section of your reference book. Write in the allowed specifications: 

 

 Min. allowable end float:     Max. allowable end float:    
 
  Crankshaft end float measurement: __________________________ 
 

47. Rotate the crankshaft. 

  Does the crankshaft turn smoothly? _______________________ 
 
48.  Install rear oil seal. 

  What special tools are required?                            ________________________________ 
 

49.  Lubricate a new pickup tube O ring with Vaseline before installing pickup tube.  

 

50.  Install oil pump, oil pan baffle and oil pickup tube. 

  Which nuts must not be reused?           

 

51.  Install engine oil separator and water inlet tube. 

 
 
 
 
 
 
 
INSTRUCTOR CHECK POINT 6 __________________________________________________ 
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52.  Remove one intake and one exhaust valve. 

 What is the maximum valve spring free length specification?      

 What is the existing valve spring measurement?        

 Note that the valve spring seat and the stem seal are integrated into a single component. 

 

53.  Inspect and reassemble cylinder heads (valves, valve springs, etc). 

 List any head problems found with the cylinder heads.       

               
 

54.  Position the crankshaft, in preparation to install the cylinder heads. 

What is the proper orientation? (hint – follow your workshop manual)    

 

55.  Install cylinder head gaskets and cylinder heads, carefully following the workshop manual 

torque process. 

 Head bolts must not be reused. 

 Write in the cylinder head torque sequence: 

 



WORKSHEETS – AJ60 

April 2005 Student Guide T168      Page 18 of 24 

 

 

56.  Inspect and install the Bank 2 valve gear and camshafts. Use the camshaft procedure from 
the 'In Vehicle Repair' section of your reference guide for detailed assembly 
instructions. 

 
NOTE: Before installing the camshaft bearing caps, orient the camshafts with the markings on the 

BACK of the camshaft sprockets as shown below (right side of illustration). Be sure that the 

bearing caps are oriented correctly, as they are not symmetric, top to bottom. 

 
57.  Install chain guides and tensioners for bank 2. 
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58.  Install the bank 2 timing chain and align proper timing: 

 
 

 

 

INSTRUCTOR CHECK POINT 7 ____________________________________________________ 
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59.  Continue using the procedure shown in the "In Vehicle Repair" section of your reference 

book. Install the bank 1 camshafts, using the marks on the front of the camshaft sprockets to 

determine proper orientation before installing bearing caps. 

 

60.  Rotate the crankshaft clockwise until the crankshaft keyway is at the 3 o'clock position. 
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61.  Install bank 1 chain guides, tensioner and chain. 

 

 

62.  Adjust and verify camshaft for the specified timing. 

 

 

 
INSTRUCTOR CHECK POINT 8 ____________________________________________________ 
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63.  Install the crankshaft position sensor pulse wheel – Which way do the teeth face? 
              
      

 

64. Install the VVT solenoids. Install the timing cover and front seal. 

 

 

 NOTE: Be sure to apply sealant to the keyway, as noted in the 'In-vehicle repair' section 
 of the workshop manual. Failure to do so may result in an oil leak. 
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65.  What is the acceptable range for intake and exhaust valve clearance: 

 Intake Max.  Intake Min.   Exhaust Max. Exhaust Min. 

 _________  _________   ___________ __________ 

 

66. Measure and record valve clearances. 

Cyl. Intake Front  Intake Rear  Exhaust Front Exhaust Rear  

1  ______________ ______________ ______________ ______________ 

2  ______________ ______________ ______________ ______________ 

3  ______________ ______________ ______________ ______________ 

4  ______________ ______________ ______________ ______________ 

5  ______________ ______________ ______________ ______________ 

6  ______________ ______________ ______________ ______________ 

 

If valve clearances required readjustment, adjust, rotate engine at least three times and re-measure 

clearances. Record final valve clearances. 

 

Cyl. Intake Front  Intake Rear  Exhaust Front Exhaust Rear  

1  ______________ ______________ ______________ ______________ 

2  ______________ ______________ ______________ ______________ 

3  ______________ ______________ ______________ ______________ 

4  ______________ ______________ ______________ ______________ 

5  ______________ ______________ ______________ ______________ 

6  ______________ ______________ ______________ ______________ 

 

INSTRUCTOR CHECK POINT 9___________________________________________________ 
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67.  Install the oil pan. 

68. Continue following the workshop manual, and install camshaft covers, EOP, EOT and CHT 

sensors. 

69.  Install exhaust manifolds and oil level indicator tube. 

70.  Install waterpump and coolant hose assembly. 

71.  Install the accessory drive belt tensioner and accessory drive belt idler. 

 What is the torque specification for the tensioner bolt?   ______________________________ 

72.  Continue to assemble the engine in the order outlined in the workshop manual. Notify your 

instructor for the final checkpoint when complete. 

 

 

 

 
INSTRUCTOR CHECK POINT 10 ___________________________________________________ 

 

If your instructor signed off on checkpoint 11, then: Congratulations – you have completed 
the assembly of the AJ60 engine. 
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Student__________________________________ Date____________ 

   

                
Directions: 
• Complete each step in sequence, following your workshop manual reference book. Fill in all blanks. 
• When you reach an INSTRUCTOR CHECKPOINT, call your instructor who will examine your work and issue further 

instructions.  Do not continue past an INSTRUCTOR CHECKPOINT unless instructed. 
• Ask your instructor for assistance if needed. 
 

1. Locate and record the following engine data codes:  

(Refer to your student guide for locations and definitions) 

Engine Serial Number:            

Emissions ID label (Engine Part Number):         
 

2. Following the disassembly procedures documented in your workshop manual, remove the 

upper and lower intake manifold assemblies and injector harness. 

 

3. Continue disassembly by removing, in the order shown in your workshop manual, the 

following: 

• Serpentine belt, idler and tensioner pulley assemblies 

• Ignition coils and camshaft covers 

 

 

 
 

NOTE: Throughout the workshop manual, Bank 1 is sometimes referenced as the 'Right Bank', 
and Bank 2 may be referenced as the 'Left Bank'. References to the right and left bank 
will always be from the perspective of  the drivers seat, as if looking at the engine from 
inside the car. 

168 
AJ61/AJ62 Engine 
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4. On the AJ62, remove the water pump as shown in the reference book. On the AJ61, remove 

the water pump belt and the (5) bolts retaining the water pump assembly to the head, as 

shown in the illustration below: 

 
 

5. Continuing to follow the workshop manual disassembly procedure, remove: 

• power steering pump and A/C compressor 

• Belt tensioner, Bank 2 idler pulley and generator 

• Exhaust manifolds 

 

6. Remove the flex plate. 
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7. Locate and record the following engine codes:  

(Refer to your student guide for locations and definitions) 

 

Crankshaft Main Bearing Journal Codes:  1 _____ 2_____ 3_____ 4_____  

Cylinder Block Main Bearing Journal Codes: 1 _____ 2_____ 3_____ 4_____ 

Cylinder Bore / Piston Grade Codes: 

Bank 1:      1 _____ 2_____ 3_____  

Bank 2:      1 _____ 2_____ 3_____  

 

 
 
 
 
 
 
 
 
 
 
 
 
INSTRUCTOR CHECK POINT 1           
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8. Remove the vibration dampener. 

9. Remove the front timing case cover oil seal (front seal) using special tool 303-700. 

10. Remove oil pan and valve covers. 

11. Remove the front timing case cover. 

12. Prepare to remove the bank 1 camshaft assembly by setting the bank 1 intake camshaft to the 

1 o'clock position relative to the head orientation (almost straight up and down). Verify that the 

crank key is set to the 7 o'clock position. Be sure that all bank 1 valves are closed. 

 

 
 
INSTRUCTOR CHECK POINT 2           
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13.  Observe the bank 1 camshaft sprocket markings on the front of the camshafts. 

At what clock position is the bank 1 exhaust cam mark?     

At what clock position is the bank 1 intake cam mark?     

 

14.  Carefully following the 'Engine Disassembly' workshop manual procedure, remove the right 

hand (bank 1) tensioner, guide, and timing chain. Note that the bush carrier is part of the 

guide assembly. 

 

15.  Rotate the crankshaft until the crankshaft keyway is at the 11 o'clock position.  

At what clock position is the bank 2 exhaust cam mark?     

At what clock position is the bank 2 intake cam mark?     

 

16.  VERIFY that all bank 2 valves are closed. If they are not, rotate the crankshaft clockwise one 

revolution, such that the crankshaft keyway is at the 11 o'clock position. 

 

17.  Remove the left hand (bank 2) tensioner, guide, and timing chain. 
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18.  Note the camshaft bearing cap codes AND code orientation, and then remove the bearing 

caps in the order of highest to lowest number shown below. 

 

 

Bank 1  Cap 1 (Front) Cap      2     Cap          3    Cap  4 (Rear) 

Exhaust _________  _________  ___________ __________ 

Intake  _________  _________  ___________ __________ 

 

Bank 2  Cap 1 (Front) Cap      2     Cap          3    Cap  4 (Rear) 

Intake  _________  _________  ___________ __________ 

Exhaust  _________  _________  ___________ __________ 
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19.  Remove the camshafts and note their positions. 

NOTE: Keep camshafts and camshaft bearing caps with their respective cylinder heads. 

20.  Remove the engine coolant (thermostat) housing and crossover tubes. 

21.  Remove the bank 1 cylinder head retaining bolts and fill in the appropriate removal sequence. 

 
 

22.  Remove the bank 1 cylinder head. 

   

23.  De-torque the bank 2 cylinder head retaining bolts and remove the bank 2 cylinder head. 

 
 
 
 
INSTRUCTOR CHECK POINT 3 ___________________________________________________ 
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24.  Remove the oil pickup (pump tube) and pan baffle. 

25.  Remove the oil pump. 

26.  Remove the rear main oil seal, using the procedure shown in the 'In Vehicle Repair' section of 

your workshop manual. This procedure is not necessary for full engine disassembly, but allows 

practice of correct seal replacement. 

 
What tool must be used to remove the seal?   -   

 

27.  Following the procedure specified in the 'Generic Engine Procedures' section of your reference 

book, measure and record existing crankshaft end float. Make sure it is within the specification of 

0.100 to 0.250 mm  

Crankshaft end float value:   _________________ mm 

  

28.  Note the orientation of each piston/con rod assembly. Label the top of each piston with the 

appropriate cylinder number, 1-6, so it can be put back into the original location. 

 

29. Sketch below: 
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30.  Remove all piston assemblies: 

 

 

31.  Identify and record connecting rod / piston assembly markings. 

  Wrist pin offset   Piston direction 
 Cyl. direction    arrow 
   (Intake or Exhaust)  (Front or Rear)   

1  ____________________  ____________________  

2  ____________________  ____________________  

3  ____________________  ____________________  

4  ____________________  ____________________  

5  ____________________  ____________________  

6  ____________________  ____________________  
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32.  Remove the bedplate. 

33.  Remove crankshaft. 

  NOTE: Be careful of bearing surfaces. 

 

 

34. Inspect cylinder block, cylinder bores, bedplate and sump. Record any problems found: 

 

 

 

 

35. What is the allowed range for piston-to-cylinder clearance? 
 

 Min. allowable clearance:    Max. allowable clearance:   

  

36. Measure cylinder 1 piston clearance by measuring the piston diameter and the cylinder 1 bore 

diameter. Use a bore gauge, NOT internal micrometers, to measure the bore diameter. 

 

   Cyl. 1 bore dia.       

- Cyl. 1 piston dia.    -    

= Piston clearance       mm 
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37. What is the allowed range for piston ring end gap? 
 

 Min. allowable end gap:     Max. allowable end gap:     

  

38. Using the sample piston ring provided by your instructor, measure piston ring end gap per the 

procedure listed in the 'general procedures' section of the AJ61 Engine Systems workshop 

manual. 

Piston Ring End Gap:      mm 

 

 

39.  Measure and record the thickness of the existing crankshaft thrust washer: 

 

Thrust Washer thickness:     mm 
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40. Measure the crankshaft and record crankshaft journal diameters. 

 

Crankshaft journal     Diameter      
 
Main bearing number 1    ________________________________ 

 

Main bearing number 2    ________________________________ 

 
Main bearing number 3    ________________________________ 

 
Main bearing number 4    ________________________________ 

 

 
Connecting rod journal cyl. 1   ________________________________ 

 
Connecting rod journal cyl. 2   ________________________________ 

 
Connecting rod journal cyl. 3   ________________________________ 

 
Connecting rod journal cyl. 4   ________________________________ 

 
Connecting rod journal cyl. 5   ________________________________ 

 
Connecting rod journal cyl. 6   ________________________________ 

 
 
 
INSTRUCTOR CHECK POINT 4 __________________________________________________ 
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41.  Prepare to select main bearings by copying bearing data recorded in step 1 of this worksheet: 

 

Crankshaft Main Bearing Journal Codes:  1 _____ 2_____ 3_____ 4_____  

 
Cylinder Block Main Bearing Journal Codes: 1 _____ 2_____ 3_____ 4_____ 

 
42.  Based on the selection chart shown in your course material, select main bearings and record 

selected bearing codes. 

 

Crankshaft journal   Bearing code   

 

Main bearing number 1  ___________________ 

 

Main bearing number 2  ___________________ 

 

Main bearing number 3  ___________________ 

 

Main bearing number 4  ___________________ 

 

 

43.  Install main bearing shells into the block. 

 

  Which main bearing halves fit to the block? _____________________________________ 
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44.  What is the allowed range for main crankshaft bearing clearance? 
 

 Min. allowable clearance:    Max. allowable clearance:    
 

45.  Using the Plastigage procedure 303-00-11 documented in the 'Generic Procedures' section of 

your reference book, measure and record main bearing oil clearances. 

 

Crankshaft journal    Oil clearance    

 

Main bearing journal number 1  ___________________________ 

 

Main bearing journal number 2  ___________________________ 

 

Main bearing journal number 3  ___________________________ 

 

Main bearing journal number 4  ____________________________ 
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46. Prepare to assemble the bed plate to the block by applying a bead of RTV sealant to the block, 

as shown in the diagram. Do NOT continue until your instructor has signed off within the 20 

minute cure window. 

 

NOTE: * Joint must be closed and peripheral bolts marked by - * snugged down to a torque of 7-9 

Nm within 7 minutes of starting to apply sealant. 

 * All bolts must be tightened to the relevant procedure and Crankshaft  Rear Seal fitted within 

20 minutes of starting to apply sealant. 
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47. Assemble block, crankshaft bearings, thrust washer and bed plate. Fill in the correct torque 

sequence:
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48. Measure and record crankshaft end float. The end float procedure can be found in the 'Generic 

Procedures' section of your reference book. Make sure it is within the specification of 0.100 to 

0.250 mm  

 

  Crankshaft end float measurement:       
 

49. Rotate the crankshaft. 

  Does the crankshaft turn smoothly?       
 

50.  Install rear oil seal. 

  What special tools are required?       
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51.  What is the allowed range for connecting rod bearing clearance? 

 

 Min. allowable clearance:    Max. allowable clearance:    
 

52.  Measure and record connecting rod bearing oil clearances at each connecting rod journal. 

 

Crankshaft journal    Oil clearances     

 
Number 1 connecting rod journal ______________________________ 

 
Number 2 connecting rod journal ______________________________ 

 
Number 3 connecting rod journal ______________________________ 

 
Number 4 connecting rod journal ______________________________  

 
Number 5 connecting rod journal ______________________________  

 
Number 6 connecting rod journal ______________________________ 

 

 

 

 

 

 

INSTRUCTOR CHECK POINT 5 __________________________________________________ 
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53.  Apply 4 drops of EP90 to each con rod bearing, and install piston / connecting rod assemblies 

  Which direction should the piston marking         

Bank 1:             

  Bank 2:             

   

  What special tools are required to protect the cylinder bores during piston assembly  

installation?             

  What is the rod torque specification?         

  Which bolts must not be reused?         
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54.  Lubricate the pickup tube O ring with Vaseline. 

 

55. Install oil pump, oil pan baffle and oil pickup tube.  

 

 NOTE: Oil pan baffle nuts are torque-to-yield, and must not be reused. 
  

56.  Install water inlet tube. 

 
 
 
 
 
 
 
 
INSTRUCTOR CHECK POINT 6 __________________________________________________ 
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57.  Remove one intake and one exhaust valve. 

 What is the maximum valve spring free length specification?     

 What is the existing valve spring measurement?       

Note that the valve seat and the valve stem seal are a single piece. 

 

58.  Inspect and reassemble cylinder heads (valves, valve springs, etc). 

 List any head problems found with the cylinder heads. _________________________ 

 ________________________________________________________________________ 

 

59.  Position the crankshaft, in preparation to install the cylinder heads. 

At what clock position is the crankshaft key? (hint – follow your workshop manual)  
 
   o'clock 
 

60.  Install new cylinder head gaskets and cylinder heads, carefully following the workshop manual 

torque process. 

 NOTE: Head bolts must not be reused. 
 
 Write in the cylinder head torque sequence: 
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61.  Apply EP90 lubricant on the following components before assembly: Valve lifters, Valve 
adjusting shims, Camshaft lobes, Camshaft lower bearings, Camshaft bearing caps. 

 
62.  Inspect and install the Bank 2 valve gear and camshafts. Use the camshaft procedure from the 

assembly' section of your reference guide for detailed assembly instructions, following proper 
torque sequence. 

 
NOTE: Before installing the camshaft bearing caps, orient the camshafts such that all valves will be 

closed once the bearing caps are secured. 

 Be sure that the bearing caps are oriented correctly, as they are not symmetric, top to bottom. 
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63.  Install chain guides, bush carrier and tensioner for bank 2. 

 

64.  Install the bank 2 timing chain and align proper timing: 

 

 
 

 

 

INSTRUCTOR CHECK POINT 7          
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65.  Position the crankshaft keyway to the 3 o'clock position in preparation to install the bank 1 

camshafts as shown below: 

 
66.  Install the bank 1 camshafts, using the marks on the front of the camshaft sprockets to 

determine proper orientation before installing bearing caps. 

 
67.  Install bank 1 chain guides, bush carrier, tensioner, and chain. Adjust and verify camshaft for the 

specified timing. 

 

 

INSTRUCTOR CHECK POINT 8           
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68.  Install the crankshaft position sensor pulse wheel. 

Which keyway is used for AJ61?        

Which keyway is used for AJ62?        

Do the teeth face the front or rear of the engine?     

 

69.  Install the timing cover. Fill in the appropriate torque sequence, and mark the proper location for 

sealant application. 

 

70. Install the front seal following the process described in the 'In-vehicle repair' section of your 

workshop manual.  

 NOTE: Be sure to apply sealant to the keyway, as noted in the 'In-vehicle repair' section 
 of the workshop manual. Failure to do so may result in an oil leak. 
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71. Install vibration damper, using special tools 303-335/1 and 303-335/2. Do NOT use 303-542, as 

shown in the 'In-vehicle repair' section of the workshop manual. 

 

72.  What is the acceptable range for intake and exhaust valve clearance: 

 Intake Max.  Intake Min.   Exhaust Max. Exhaust Min. 

              

 

73. Measure and record valve clearances. 

Cyl. Intake Front  Intake Rear  Exhaust Front Exhaust Rear  

1  ______________ ______________ ______________ ______________ 

2  ______________ ______________ ______________ ______________ 

3  ______________ ______________ ______________ ______________ 

4  ______________ ______________ ______________ ______________ 

5  ______________ ______________ ______________ ______________ 

6  ______________ ______________ ______________ ______________ 

 

If valve clearances required readjustment, adjust, rotate engine at least three times and re-measure 

clearances. Record final valve clearances. 

Cyl. Intake Front  Intake Rear  Exhaust Front Exhaust Rear  

1  ______________ ______________ ______________ ______________ 

2  ______________ ______________ ______________ ______________ 

3  ______________ ______________ ______________ ______________ 

4  ______________ ______________ ______________ ______________ 

5  ______________ ______________ ______________ ______________ 

6  ______________ ______________ ______________ ______________ 

 

 

INSTRUCTOR CHECK POINT 9___________________________________________________ 
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74.  On AJ61, install the water pump assembly, following the torque sequence shown below: 

 



WORKSHEETS – AJ61/AJ62 

April 2005 Student Guide T168      Page 28 of 28 

 

75. Install the oil pan. 

 

76. Continue following the workshop manual, and install camshaft covers, EOP, EOT and CHT 

sensors. 

 

77.  Install exhaust manifolds and oil level indicator tube. 

 

78.  Install waterpump (AJ62) and coolant hose assembly. 

 

79.  Install the accessory drive belt tensioner and accessory drive belt idler. 

 What is the torque specification for the tensioner bolt?      

 

80.  Continue to assemble the engine in the order outlined in the workshop manual. Notify your 

instructor for the final checkpoint when complete. 

 

 

 

 

 
INSTRUCTOR CHECK POINT 10 ___________________________________________________ 

 

If your instructor signed off on checkpoint 11, then: Congratulations – you have completed 
the assembly of the AJ61 or AJ62 engine. 




