250 Controversy

The recent release of the Yamaha YZ 250F has been causing some controversy due to its seemingly large displacement. Many people are saying that it is unfair to have a 250cc in the 125cc class. Some are saying that the new YZ 250F has an advantage over a 125cc 2-stroke. It is widely known that 4-stroke engines produce less power than 2-stroke engines (of the same displacement), but many people are wondering if the YZ 250F is comparable to a 125cc 2-stroke.

In order to look at this more closely one must examine the technical differences between the two engine types. To understand the technical aspects of an internal combustion engine a person must be educated. Luckily, the author of this document is a Mechanical Engineer with a background in Internal Combustion Engine design. The purpose of this article is to clarify the differences between 4-stroke and 2-stroke engine design and to educate the public so they can make an informed decision on the YZ 250F controversy.

By looking at the amount of parts that make up the engine one can see that there are many differences between the two engine designs. The 4-stroke design has many more parts. This shows the complexity and the cost of a 4-stroke. There are specific parts of the two engines that prove the torque and power differences. These parts must be looked at separately to understand all the differences.

The engines get their names from the number of times the piston changes direction between spark plug firings. The 4-stroke engine uses only the top of the cylinder to move fuel and air through the engine. To do this the piston must change direction 4 times between each spark plug firing. In order for the piston to change direction four times, the crankshaft must revolve two times, resulting in one spark plug firing for every two crankshaft revolutions. The 2-stroke engine uses the whole cylinder in conjunction with the crankcase to move the fuel through the engine. This process only requires two piston direction changes between spark plug firings. This results in one spark plug firing for every crankshaft revolution.  

Each time the spark plug fires, ignition occurs resulting in an increase in temperature and pressure. This rise in temperature and pressure causes the volume to increase pushing the piston downward. The downward movement of the piston provides the torque output of the engine and the power is a function of the torque and engine speed. Based on this and the previous paragraph a 2-stroke engine has one power stroke for each revolution. In addition, a 4-stroke engine has one power stroke for every two revolutions. Therefore, a 2-stroke engine provides twice as many power strokes than a 4-stroke engine in a given time period. Based on this a 2-stroke engine should have twice as much power as a 4-stroke engine of similar size.

For example:

If two similar sized engines (a 4-stroke and a 2-stroke) are running at 5,000 revolutions per minute (rpm), the 2-stroke engine will produce 5,000 power strokes in one minute. The 4-stroke engine will produce 2,500 power strokes in one minute resulting in half the power.

This would only be true if both engine designs produced the same amount of downward force on the piston. Due to the differences in design and the speed at which fuel is moved through the engine, the 2-stroke engine usually produces a smaller downward force on the piston. This would mean the 2-stroke engine would not quite produce twice as much power as the 4-stroke. With better technology, the 2-stroke engine has become more efficient with respect to downward force on the piston, which makes this force very close to the downward force produced in the 4-stroke engine design.

By examining these technical differences, one can judge the fairness of a larger engine in a smaller class. It would obviously be unfair for a 125cc 2-stroke to compete against a 125cc 4-stroke because the 4-stroke engine would have much less power. Understanding this would show that a larger 4-stroke would be competitive in the 125cc class. The class size was originally made to keep the competition close. When the AMA created classes based on size, the technology limited the power of a 2-stroke engine. This resulted in similar power between the 2-stroke and 4-stroke designs although the 2-stroke engine usually produced slightly more power. In these modern times, it has been recognized that a 2-stroke engine with today's technology can produce almost twice as much power as a 4-stroke. Because of this, the AMA has been intelligent, by changing the rules and letting a larger 4-stroke engine in a smaller class. The AMA rules are set to keep things fair. They want the competition close so that everyone competing has the same chance, whether they choose to participate with a 2-stroke or a 4-stroke.

With the environmentalist breathing down our necks we either need to produce 2-stroke engines that create less pollution or we will all be participating with 4-stroke engines. However, until the manufacturers are prohibited from producing 2-strokes we will have to be fair to those choosing to purchase the cleaner engine. 
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