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HOW TO CHECK YOUR ENGINE
	Introduction - Engine Basics

	The figure to the right is a cartoon cut-away drawing of the inside of an F2D engine, [image: image6.jpg]=
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as viewed from the rear (i.e. through the backplate). For simplicity, ports in the case and liner that allow fuel, air, and exhaust in and out of the combustion chamber are not shown. Variations on this diagram will be used throughout this guide, so take a moment to familiarize yourself with the way each of the pieces is drawn here. The drawing is not intended to be accurate to any kind of scale, and is a fairly generic depiction of the inside of any F2D engine. Note that a few engines, such as the Cyclon PC6, combine the head clamp (1) and head button (3) into a single piece.

As the crankshaft rotates about its axis, the piston is forced to move up and down in the cylinder by the connecting rod. Because the piston and cylinder liner have a tight fit even at operating temperature, raising the piston causes whatever is above it in the combustion chamber to be compressed. By itself this process generates no power, but when there is a combustible mixture of fuel and air in the chamber the story becomes much more interesting.

When the fuel/air mixture in the chamber is quickly compressed by the piston racing upwards, there is no time for heat to dissipate out of the chamber through the walls of the cylinder. As a result, both the pressure and temperature of the mixture are raised during the upward part of the stroke, bringing the mixture right to the edge of combustion. To achieve combustion and release the energy stored up in the chemical bonds of the fuel, however, one more bit of activation is needed; providing this activation is the role of the glow plug.

Unlike the spark plugs in an automobile engine which need an external source of electricity to provide an ignition spark every second revolution [image: image7.jpg]


of the crankshaft, a glow plug needs no external energy source to maintain the combustion cycle once it has started. Inside the glow plug, there is a coil of platinum wire that is exposed to the combustion chamber at its highest point inside the head chamber. To start the engine an electric current is run through the coil, which causes it to heat up and initiate the combustion process. Once the engine is running, however, the heat generated by each cycle of the engine is enough to maintain the temperature of the coil and sustain the cycle.

Additionally, the glow plug coil serves another purpose of which many people are unaware. It is no accident that, of all of the possible materials one could choose to make a heating coil, one of nature's most precious metals -- platinum -- is nearly universally used in glow plug coils. The reason is that platinum acts as a catalyst for combustion. A catalyst is a substance that increases the rate of a chemical reaction, without actually being consumed in the reaction. In effect, the glow plug not only provides the heat needed to bring the fuel/air mixture across the combustion threshold, but alsolowers this threshold.

Ideally, the fuel/air mixture will ignite from the top of the head chamber (by the glow plug coil) just as the piston comes to the top of its stroke. An advancing flame front propagates down through the combustion chamber, burning the remaining fuel/air mixture and causing further heating and expansion of the exhaust and other gases (nitrogen, carbon dioxide, still un-reacted fuel/oxygen mixture, etc.) in the chamber. The pressure from these expanding gases exerts a downward force on the top of the piston as it begins and carries out its downward stroke, supplying the necessary torque to turn the propeller and pull your model through the air.

But what determines the strength of this force and the power output of an engine? While there are many factors involved such as fuel mixture, venturi size, case porting, etc., in this guide we will focus on those factors controlled by the piston/liner and head configuration. The figure below shows the three important quantities that will be the focus of our discussion.
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The configuration on the left, with the piston all the way at the bottom of its stroke, is called Bottom Dead Center (BDC); the configuration on the right is likewise called Top Dead Center (TDC). The quantity DV is called the swept volume or displacement of the engine and is defined as the product of the stroke (the distance traveled by the top of the piston between TDC and BDC) and the bore (the projected area of the top of the piston). As you probably already know, the displacement plays a major role in determining the power-potential of an engine; in F2D, the displacement is regulated by a maximum value of 2.5 cc.

In addition to the swept volume, there are two other important volumes V1 and V2 represented by the shaded areas in the figure. These volumes are the total combustion chamber (including the head chamber) volumes at BDC and TDC, respectively. Note that D V = V1 - V2. By taking the ratio V1/V2, we get an important number called the compression ratio of the engine, which quantifies how much the fuel/air mixture is compressed during each stroke. The higher the compression ratio is, the more vigorous the combustion reaction will be. However, setting the compression ratio to too high results in a detrimental effect on engine performance as will be discussed later.


	

	Measuring the Head Clearance
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In an F2D engine, one typically does not know the exact volumes V1 and V2 shown on the previous page. However, from experience and a little playing around one can develop an intuition about the proper compression ratio setting through a related quantity called the head clearance. The head clearance is the minimum distance between the bottom-most surface of the head button and the top of the piston at TDC. This distance is denoted byHC in the figure to the right.

By inserting or removing shims from the space between the shelf of the head button and the flange of the liner, one can decrease or increase the compression ratio. Even if you are not worried about maximizing your engine's performance, it is still important to learn how to measure the head clearance. Running an engine with an extremely low (or even negative) head clearance can cause severe damage to the piston, liner, rod, and head. For this reason, it is always wise to check the head clearance of a new engine before its first run if you do not already know that it was set up by an experienced mechanic.

Below is a list of steps that will walk you through checking your engine's head clearance. This can be done with the engine on or off the model, and can even be done on the field in under five minutes once you have the hang of it.



Step 1: With the head tight, remove the glow plug using a 3/8" hex socket or box-end wrench.
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Step 2: With a propeller mounted on the engine, work the piston up and down to find the position of TDC, and leave the piston stuck at this position. The tight fit of the piston in the liner will keep it from leaving this position. If the engine is on a model, TDC can be found by feel. It will take a little time to gain confidence in your ability to find TDC in this manner. If the engine is not on a model, by removing the back plate you can look inside and use your eyes to see when the crank-pin reaches its apex. The fit between the piston and liner of a cold engine can be quite tight, making all of this a little tricky to carry out. Adding a few drops of oil to the cylinder may help.
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This step is critical to ensure an accurate head clearance measurement. Failure to find TDC will always result in a larger than actual value for the measured head clearance.



Step 3: Without bumping the propeller or otherwise disturbing the piston from its position at TDC, use your engine's head wrench to remove the head clamp. Next, gently remove the head button from the liner, making sure not to lose any shims in the process. With a very tight engine, the liner may pop up slightly when the head is removed. If this happens, it means that TDC was not found properly, and the head must be re-tightened and step 2 repeated. Remove any remaining shims from the flange of the liner and place them with the head.
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Now you are ready to measure the head clearance. Our method will be to measure the space between the flange of the liner and the top of the piston at TDC, and how far the head extends into this space. A simple subtraction will then yield the desired result. You are free to choose whatever instruments you may have at your disposal for making these measurements. If one is availabe, a depth micrometer is a good choice. Whatever your choice, it is desirable to have a precision of around 0.02 mm (0.0008") or better.
My personal instrument of choice is the Soviet-made dial indicator shown in the figure to the right. It is marked in 0.01 mm increments both clockwise (black) and counterclockwise (red). The zero-point is adjustable by turning the outer rim. Using this feature, one can avoid having to perform the manual subtraction of the two depths and simply read off the head clearance at the end of the second measurement.

Step 4: Gently, taking care not to move the piston, measure the depth from the flange of the liner down to the top of the piston. Zero your instrument at this value, or write down the number that you measure. Next, measure the depth from the inner surface of the head button down to the flange of the head button. If there were any shims between the head and liner, be sure that they are in place on the head button when taking this measurement as shown in the figure below. Record the value of this measurement and then subtract it from the result of the first measurement to get the head clearance.
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In general, your result should be positive and somewhere around the range 0.2 mm (0.008") to 0.3 mm (0.012"). A negative result indicates an interference fit between the piston and head, which would result in disaster if the engine were forced to run.

That's all there is to it. Should you wish to raise or lower the head clearance compared to the value you have just measured, simply add or remove some shims of the same thickness as the desired change. If ever you have any doubt about the accuracy of your result, don't hesitate to reassemble the engine and start over. On the next page we will discuss a little more about the effects of changing the head clearance and how to go about setting your engines' head clearances.

	Guidelines for Adjusting Head Clearance

	As a general rule, the lower the head clearance is, the harder it is on the engine. Because of this, it is wise to start off with a high head clearance on a new engine. A fairly safe starting point is somewhere around 0.3 mm (0.012"). Once the engine has had a chance to break-in and if it is not blowing glow plugs, then you might consider lowering the head by removing one shim to increase the power a bit. If this results in improved performance without blowing glow plugs, you might try removing another shim. If the engine ever starts blowing plugs, however, you have gone too far and must increase the head clearance back to a level at which the engine did not blow plugs. Furthermore, if pieces of the glow plug's element become detached when it blows, you need to take the entire engine apart to clean out any remaining bits of the plug element before running it again. These pieces could cause further permanent damage to the piston, liner, and bearings.[image: image10.jpg]



Even if you use glow plugs with very thick elements that are less susceptible to breaking under extreme conditions, setting your compression ratio too high (i.e. head clearance too low) can still result in decreased power and possible harm to your engine. On the first page, I mentioned that the upward stroke of the piston compresses and heats the fuel/air mixture, bringing it to the verge of combustion. Under proper conditions, this mixture will not ignite until set off by the heat and catalytic properties of the glow plug coil at just the right moment when the piston reaches the top of its stroke.

If the compression ratio is too high, however, the compression and heating of the upward stroke may set off the combustion reaction before the piston gets all the way to the top. This condition is called pre-ignition. When this happens, the pressure of the burning gases exerts a strong force downward on the piston while it is still traveling upward. This causes the piston to slow down, thus reducing performance, and puts a large stress on the piston and rod. Symptoms of pre-ignition include a characteristic sound, similar to a vibration noise, decreased power, and it can also leave the inner surface of the head button with a peppered, or sand-blasted appearance.

That's about all I have to say about head clearances. This guide is meant to be just that -- a guide. I make no claims or guarantees about the information provided herein, and am not responsible for any injury or loss or damage of property that may occur as a result of following these instructions. 
I have made every effort to make these instructions as clear and accurate as possible, and hope that they have been useful to you.

	

	


