Re-Assembly

Unit Objective:

After completion of this unit, students will be able to assemble an engine.  This knowledge will be demonstrated by assembly of student engines.  

Specific Objectives and Competencies
After completion of this unit students should be able to:

· Read for technical information and follow written directions (Standard 752.05)
-   Listen for information (Standard 754.01)

· Follow sequential steps to correctly assemble an engine.
Teaching Time:

This unit should take 12 to 16 hours to complete (3 hours for lecture and 9 to 13 hours for students to work) 

Steps for students to complete before the next lesson:

Clean engine again!

Install rings on piston

Assemble block, crankshaft, & sump cover to check crankshaft end play

Disassemble block, crankshaft, & sump after checking end play

Install piston in cylinder

Install crankshaft

Install rod cap

Assemble tappets and cam gear

Have teacher check assembly and install sump cover

Re-check crankshaft end play

Grind valves for tappet clearance

Install valves and springs

Assemble head & shield

Install breather

Install armature

Install flywheel

Install flywheel screen

Adjust armature gap

Install muffler

Install cylinder shield

Clean gas tank

Assemble carburetor

Install Carburetor

Adjust governor

Check spark

Steps for teacher to complete before next lesson:

Check assembly of each engine before sump cover is installed, check for:

Proper oiling during assembly


Proper timing


Rod cap assembled correctly


Rod cap lock bent against bolts


Tappets and oil slinger installed


Mechanical governor installed

Check crankshaft end play
Teaching Materials:
Tools:  


Student tool boxes
Resources:


Briggs & Stratton Repair Manual  

Teaching Activities:

Demonstrate carburetor re-assembly

Demonstrate gas tank cleaning & tank slushing compound
Demonstrate engine re-assembly
Re-Assembly Tips
Do it right the first time, the faster you go the slower you go.  Take your time putting engines back together.  If you forget even the smallest step before moving on to other steps it can cost a lot of time to go back and complete the step.

The rule of implied guarantee – by putting this engine back together, you guarantee it is clean.  If not, you will disassemble, pay for worn parts and re-assemble.

Make sure all parts and tools are clean and free of abrasive grit before beginning re-assembly.  Common places for abrasive grit to accumulate are:


Bolt threads




Sockets


Bearing oil passages



Valve guides


Mechanical governor gears


Dirty hands 


Cam bearings




Dirty rags


Oil plugs




Dirty engine boxes

Use acetone and a rag to remove excess gasket sealer.

Carburetor re-assembly and gas tank cleaning:
See Carburetor sections:

Gasket Sets:
Not all of the gaskets in a new gasket set will be used.  Briggs & Stratton packages gasket sets with extra gaskets so one gasket set will fit several engine models.  The gasket set will include at least 3 gaskets for the sump cover.  Each sump cover gasket is a different thickness which allows crankshaft end play to be changed.  The grey gasket is 0.015" thick, the yellow gasket is 0.010", and the white gasket is 0.005" thick.  The grey gasket should always be used, but if the end play is too little an additional gasket may be used to increase end play.
Engine Re-Assembly:

1. Wipe cylinder and inside of crankcase with 10 weight oil and rags.  Check for grit in head bolt holes with a bolt, check cam bearing hole in sump (use a small rod and a rage to clean cam bearings), remove oil plugs.

2. Clean cylinder, sump, and head with steam cleaner or pressure washer.  Blow dry and scrub cylinder with rags and 10 weight oil.  Re-clean if necessary.  Make final check for hone dust in cylinder with oily rag.  Make sure grey color is gone.
3. Work on a clean table.  Use only clean rags.

4. Clean all internal parts with solvent gun and blow dry:  cylinder, crank, camshaft, piston, rod, tappets, valves, valve springs, sump, head, oil slinger, rod bolt lock, intake tube, breather tube, oil plugs.  Make sure new connecting rod is on piston if a new one was ordered.
5. Check oil seal housings for burrs.  Use gasket sealer (No. 2 Permatex) on outside of oil seal.  Install new oil seals.  Use special oil seal drivers.  Check cylinder section of repair manual for proper depth of oil seal.  Oil seals should be installed with the inner lip pointing toward the inside of the engine.  Install oil plugs.  Install mechanical governor arm.

6. Check end gap of new rings by placing them in cylinder.  End gaps should be 0.007" – 0.030".  Obviously small or large end gaps would indicate incorrect rings.

7. Install rings in proper order on piston (see repair manual section 9) – stagger alignment of ring end gaps.  Check ring land clearance – reject if more than 0.007" clearance.  Make sure rings rotate freely around piston.

8. Use 30 weight oil on all moving parts (except points) while assembling.

9. Install crankshaft make sure the crankshaft is positioned with the rod journal at the lowest point to allow room when installing the piston and rod.
10. Use oil seal protector sleeve to protect oil seal from damage.  Install sump with grey gasket.  Install all 6 sump bolts to correct torque (repair manual section 10).
11. Check crankshaft end play with dial indicator.  End play should be between 0.002" and 0.020".  If end play is too much, a thrust washer will have to be installed.  Check repair manual for proper washer in crankshaft section.  If end play is too little, install an additional gasket or a thicker gasket.

12. Remove sump – On engine models with a ball bearing on the crankshaft, install tappets, cam gear and crankshaft.

13. Oil piston and cylinder.  Install ring compressor on piston with ring compressor flanges down on cast iron cylinders and up on aluminum cylinders.  Make sure rod is aligned correctly before piston is installed.  On some models the rod cap has a machined groove that provides clearance between the cam lobe and rod cap.  On these models the rod cap must point toward the cam gear.  On horizontal crank engines, the rod and rod cap alignment marks should point toward the drive end side of the engine.  On large model engines a mark on top of piston is installed toward the magneto side of the engine.  Cover the top of the piston with a rag and use two thumbs to push the piston into the cylinder.  If the piston does not slide into the cylinder with reasonable force check to make sure the ring compressor was  installed correctly.
14. Assemble rod cap correctly and use proper torque (repair manual page II) to tighten rod cap bolts.  Horizontal shaft engines oil dipper is assembled on the rod cap.  The rod cap is easiest to access if the engine is turned upside down.  Once the rod cap is installed rotate the crankshaft to make sure the rod cap is installed correctly.  
15. Bend rod bolt lock flat against ones side of bolt head using channel lock pliers.  Newer connecting rods use 2 flat washers instead of rod bolt lock.  Some newer rods use bolts that do not require flat washers or rod bolt locks.
16. Assemble tappets, cam gear (make sure timing marks on cam gear align with timing marks on crank gear), oil slinger.  Models 100000 and 130000 vertical shaft engines have a special thrust washer installed on the cam gear.  It is easiest to install the tappets and cam gear if the engine is turned over with the head side down. 

17. Assemble mechanical governor.  The thrust washer goes between the governor and the sump cover.  The metal clip that holds the governor together cannot be purchased separately, don’t lose it.  Once the governor is installed, turn the sump upside down to make sure the governor is installed correctly, it shouldn’t fall off.

18. Have instructor check inside of block before assembling sump.  Items to check for:

a. Proper oiling during assembly

b. Proper timing

c. Rod cap assembled correctly

d. Rod cap lock bent against  bolt heads

e. Tappets and oil slinger/dipper installed

f. Mechanical governor installed

19. Install sump cover.  Use gasket sealer (No. 2 Permatex) on both surfaces and on sump bolt which enters valve spring chamber.  Torque to specifications listed on page II of Repair Manual.  The governor gear must line up with the cam gear when installing the sump cover.  Turn the crankshaft, which will turn the cam gear to line up the teeth between the governor gear and cam gear.
20. Re-check crankshaft end play.

21. Grind tappet clearance (valve clearance).  The piston should be ¼" below top dead center of the compression stroke when measuring tappet clearance.  Make sure valves are in proper position as discussed in the compression section (section 6) of the Repair manual.  Press down firmly on top of the valve while checking tappet clearance to simulate pressure from the valve spring.  Check tappet clearance with a feeler gauge, tappet clearance specifications are on page II of the Repair manual.  Grind the end of the valve stem until proper clearance is obtained.  Be careful, if too much is ground off a new valve is the only way to fix it.
22. Install valve springs:

a. Make sure proper spring is installed on proper valve.  The heavier spring (if they’re different) goes on the exhaust valve.

b. Place the spring and retainer in the valve spring compressor with the bigger part of the retainer hole toward the outside of the engine.

c. After the valve spring compressor is removed, center the spring around the valve stem.

d. Re-check tappet clearance.

23. Assemble head and head shield.  New head gaskets adhere to the parts once engine runs and heats up adhesive.
a. If engine has a spark plug kill switch it must be assembled at this time.

b. Use graphite grease on head bolts.

c. If head bolts are different lengths, the longer ones go around the exhaust valve.

d. Torque head bolts in proper sequence.  See compression section (section 6) of the Repair Manual, torque specifications are listed on page II.
e. Install old spark plug if engine is to be re-painted.  Install new plug if it is not going to be painted.

24. Install breather.  Straighten the tangs or bend them back slightly beyond straight so the screws flatten it out when tightened.  Choose correct breather gasket if more than one is supplied.

25. Install breather tube on model 92000 and 110000 engines.

26. Install intake tube on models that have them.  A gasket is required between the intake tube and the block.

27. If electronic ignition is used, make sure it is installed on the coil and make sure the point plunger hole is plugged.

28. Install coil:

a. Secondary wire (spark plug wire) goes toward the outside of the engine.

b. Install air vane governor with coil.  Ground coil on opposite side of governor air vane.

c. Push coil all the way to the top of the mounting slots and tighten bolts, to leave room to install the flywheel later.

d. If coil has a kill wire attach the other end to the kill wire switch.

29. Assemble points and condenser if electronic ignition is not used:

a. Test new condenser

b. Condenser may have two wires, one wire will attach to the coil and the other will attach to a remote kill switch.

c. Line up flywheel key slot on crankshaft with point plunger.

d. Point arm spring hooks into hole nearest the pivot and comes out holes nearest points.

e. Tighten condenser and adjust point gap to 0.020" using screwdriver to move condenser.  Make sure condenser hold down clip is clean.

f. Clean points with clean, lint-free paper.

g. Use silicone sealer to seal around the wires before installing breaker cover.

h. Install breaker cover.

30. On models 100000 and 130000 vertical shaft engines, assemble governor linkage and breather tube.

31. Install flywheel and then install flywheel key:
a. Make sure concave side of flywheel washer is installed toward the flywheel.

b. The flywheel key is not square, it should fit tight.
c. Put a few drops of oil in starter clutch ratchet.  Make sure felt washer is in the ratchet.

d. Torque flywheel nut to specifications on page II of Repair Manual.

e. Spin flywheel backward to test compression.

32. Install flywheel screen.

33. Adjust armature air gap, specifications are on page II of Repair manual.  Make sure that air gap is adjusted with the flywheel magnet below the coil.

34. Install muffler.  Make sure that lock nut is installed so it will bite into the block.  Some models do not have a muffler lock nut (92000 and those that use bolt on mufflers).  Use anti-seize on muffler bolts.  Bolt on mufflers should have a bolt lock to bend up against bolt heads.
35. Install cylinder shield.  Shield can be left off on models 92000 and 110000.

36. Make sure gas tank is clean before assembling.  Rusty tanks may be coated with slushing compound.

37. Assemble carburetor.  Adjust to proper specifications (see carburetor sections in this guide and Repair Manual carburetor section).

38. On vertical shaft engines, assemble carburetor to tank than install as a unit to the engine.  Hook up solid linkage between governor and throttle as carburetor is installed.  Gasket is installed between carburetor and tank.  On 5 HP horizontal shaft engines, install carburetor to engine and then tank to carburetor.
39. Adjust mechanical governor according to Repair Manual governor section (section 4).

40. Check spark using spark tester.  Blower housing must be installed in order to crank engine at least 350 rpm for checking spark with electronic ignition.
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Tools for checking crankshaft end play.  Note the red plastic oil seal protector sleeve.
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Tools for installing oil seals (oil seal drivers).
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Cam gear, mechanical governor, and tappets
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Head, head bolts, head shield, breather, graphite grease, spark plug, and kill switch.
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Parts and tools for installing rings and measuring ring land clearance.
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Piston ring compressor
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Tools and parts for assembling rod, rod bolt lock, and oil dipper
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Valve springs, spring retainers and valve spring compressor
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