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Equipment:


4-Cylinder Japanese Engine (16 valves, late 1980’s vintage)
Ratchet

17 mm socket

14mm socket


12mm socket


10mm socket


8 mm socket


Socket wrench


Pliers


Allen Wrench (metric)


12mm wrench

5/8 “ spark plug socket (socket has a rubber boot) with a 3/8” drive and 10” minimum socket extension.


Disposable gloves


Drop cloth and shop towels


Safety Goggles

Shorter bolt so engine can be rotated.
M12 X 80 X 1.25 threads per mm

Introduction:

In this lab you will take apart and identify the primary components of a car engine.  You will explain the purpose and functionality of the main components by answering the lab questions at the end of the lab.  As bolts and nuts are removed, place each group of parts on a separate paper towel.  This will simplify your steps when reassembling the engine.
Wear gloves at all times and keep a tarp under the engine as there is still residual oil left.  If using degreaser or WD-40, always spray into the shop towel first.  Do not stray directly on the engine because doing so causes overspray and back splash that could cause the solvent to get in your eyes.

During assembly, finger-tighten the bolts and nuts when possible unless otherwise indicated.  The engine is only a model and will not be run, therefore tightening the bolts just make disassembly more time consuming for the next group.
The front of the engine is located where the MESA sticker is.  If standing at the front of the engine, the air intake is on the left and exhaust is on the right.

Statements in blue are information needed during engine reassembly.

To assist when answering questions, you may want to photograph parts of the engine during lab.

Dissection Steps:

Tip:  Do not remove washers from bolts when seen together.  This will only complicate the dissection and reassembly.
Step 1:
First you will remove the exhaust manifold.  The exhaust manifold is where waste gases produced during combustion exit the engine.  

Remove the four 14mm purple bolts from the exhaust manifold.  The cable hanging from the manifold goes to a sensor that detects the air/fuel mixture in the exhaust.

Once you remove the nuts the exhaust manifold will pull free.

Next remove the exhaust manifold gasket.  Lay the gasket flat to prevent it from bending or twisting.
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Step 2:

On the opposite side of the engine from the exhaust manifold is the intake manifold.  At the end of this manifold is the throttle body.  Gently remove the thick water hoses that connect the throttle bottle to the water pump.  Next remove the thin vacuum hoses on the top.  They go to the EGR System (Exhaust Gas Recirculation) used for smog purposes.

Remove the throttle body and gasket.  
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Step 3:
Remove the two 12mm nuts and the two 2.5” 12mm bolts from the throttle body.  These nuts and bolts are colored green.
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Below is the water pump located on the front left side of the engine.
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Step 4:

Remove the 14mm nut holding the side bracket as shown.  Nut is gold colored.  The throttle body, gaskets, and brace should all pull free now.
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Step 5:

Remove the two tubes connecting the intake to the valve cover.
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Step 6:

Remove the intake manifold.  This will involve removing the two side nuts and seven bolts.  All 12 mm size, colored green
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Step 7:

Remove the 12mm nuts (green) holding the EGR tube.
Step 8:

Remove the 14mm (orange) bolt at the bottom of the intake manifold support brace.  This bolt has ‘7’ embossed on it.  Your partner should secure the intake manifold to ensure it doesn’t accidentally fall off.
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Step 9:
Remove the intake manifold from the engine.  Then remove the intake gasket.
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Step 10:

Remove the four spark plug cables.
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Step 11:
Remove the spark plugs by reaching down into the cavities with a socket wrench.  Removing the spark plugs will allow the engine to easily turn.  You will need a 5/8 “ spark plug socket (socket has a rubber boot) with a 3/8“ drive and 10” minimum socket extension.  
Do not tighten the plugs when reinserting them during assembly because you can strip their threads.



Spark Plug
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Step 12:

Remove the valve cover by removing the four brown acorn nuts and their seal washers.  These are the nuts that hold the valve cover to the top of the engine head.  This will expose the two cam shafts, the 16 cams, and 16 valves.
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Step 13:

Turn the engine clockwise with a 17 mm socket and wrench.  You will see the cam shafts rotate and the valves opening and closing. 
Skip this step when doing reassembly.
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Step 14:

Remove the 4 10mm (dark red) bolts holding the plastic cover with the MESA sticker.

Step 15:  
Unscrew the oil pan bolts and remove the oil pan, and observe the cylinders and pistons from the bottom of the engine.  You will have to look up from underneath the bottom of the engine.  You will see the connecting rods that connect the crank to the cylinders.  
Skip this step when doing reassembly because oil pan will be on.
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Step 16: 
Remove the two 12mm bolts holding the distributor. (Lime green colored)
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Remove the distributor.
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Step 17:

Remove the timing belt from the cam shaft pulley.

To do this first loosen the belt tensioner with a 10 mm socket.
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Slide the belt off the cam pulley first before removing the cam shafts.
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During assembly when reattaching the belt to the cam pulley, start at the bottom and work your way up.
Step 18:

The cam shaft bearings are engraved with either the letter “I” (for Intake) or “E” (for Exhaust), followed by a number (1-5) indicating the chronological order.
Remove the Intake and Exhaust cam shaft bearings I2 through I5 and E2 through E5 by removing the 10mm nuts.  Use a 10mm socket as well as a 10mm wrench.  
During reassembly, start at the center and work your way out.  
E2 and I2 are closest to the timing belt, and E5 and I5 are at the back of the engine closest to the flywheel.  The arrows etched on the bearings always point towards the front of the engine.
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The four studs (double sided bolts) are located at the outside of  I2, E2, I5, and E5. 
During assembly moderately tighten cam bearing bolts to reduce play in the cam shafts.  Doing so will allow the next group to turn the engine and see the operation of the pistons and valves.
Remove bearings E1 and I1 last.  After bearings have been removed, remove the two cam shafts and locate the 16 cams.  Locate the 16 valves.
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The starter turns the flywheel when you first turn on the car.  The starter is not on this engine.
During Reassembly you will need to pay attention to the following:
Notice how the cam shafts are oriented.  This ensures that the valves are synchronized with the cylinders.  There are two round indentations marked in red that should be lined up when cam shafts are put back on the head during assembly.
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Step 19:
Remove the two 12mm nuts (green) holding the water pump to the cylinder head.  The water pump ensures that the engine remains at a controlled temperature.  The temperature of the engine must not be too hot such that metals would warp or crack nor should the temperature be too cold to prevent optimum efficiency.
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Step 20:

Remove the cylinder head bolts with the 10mm 12 point socket (the inside profile looks like a star).  

There are five long bolts and five short bolts.  The long bolts are on the exhaust side of the engine and the short bolts are on the intake side.  If you are standing at the front of the engine (facing the MESA sticker) the intake is on the left and exhaust is on the right.

Next remove the head and then remove the head gasket.   Do not turn the head upside down.  Washers will fall out if this happens.

Head
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Head Gasket
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Step 21:

Rotate the whole engine about the stand to see the underside.  To do this you will have to remove the stand pin and turn the stand arm.
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From the bottom you will see the cranks, the connecting rods, and the bottom of the pistons.

Now reattach the oil pan and finger-tighten the bolts.
Rotate the engine back to an upright position before going on and insert the pin to secure the engine.

Next turn the engine in a clockwise direction to observe the operation of the pistons.  You will see water journals around the cylinders.  These cavities are used to transfer heat from the engine to the coolant.
Engine Block
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Reassembly:
Before proceeding with re-assembly, you will need to turn the engine so that piston#1 and piston #4 are in the fully upright position.  When you reattach the cam shafts later the red dots should be lined up as shown in the picture in step 18.  Also on the front of the engine there are timing markers circled in the picture below.  Align the crank pulley as shown below:
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Reverse the steps starting with step 20.  Pay attention to comments in blue, as these relate specifically to reassembly.
Questions:
1. What mechanisms are responsible for staggering the power strokes of the four cylinders?

2. List three or more differences between the Briggs and Stratton engine and the 4-cylinder engine.
3. Explain what a bearing is.
4. What would happen if the timing belt broke?  How would the engine run?

5. What would happen if one or two of the spark plug cables where disconnected?  How would the engine run?

6. What is the purpose of the distributor?

7. Explain three or more differences between a gas engine and a diesel engine.

8. Look inside your own car.  How many cylinders to you have?

9. Why is the engine so heavy?

10. Why is it important to keep engine oil clean?  What happens if you fail to change your oil?  What does it mean when the engine “freezes up”?
Purple Bolts
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