What is this thing called Exponential ?
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any club members have ask me about exponential rate and how it works.  This will be an attempt to explain what exponential rates are and how to use them.  To explain exponential I am going to start with something more familiar to all of us known as dual rate.  All but the most basic entry level transmitters now days have dual rate on at least the elevator and ailerons,  and most on the rudder too.  Whether dual rate on your radio is adjusted digitally or with a small screwdriver on a trim pot,  the end results are the same.  You can adjust the total amount of throw a servo has and then select full throw rate or reduced throw rate with the simple flip of a switch.  When the reduced throw rate is selected the control surface will not deflect as far for the same stick movement which makes the plane feel slower or smoother to react to your inputs.   The good news is the plane flies nice and smooth with more time to think.  The bad news is if we were to get into a situation low to the ground and need FULL deflection to correct it,  we would not have enough control authority without first flipping the dual rate switch back to the high rate position.  Now this doesn’t sound like a very big deal until you try to find that flippen switch in what is by now a panic or an emergency state.  Then to add insult to injury, unless you have more arms and hands than I do,  you have to at least partially let go of the stick to find the dual rate switch and flip it which can make the situation even worse.





What if somehow the radio could give you the smooth, slow feel of low rate for let’s say the first half of the stick or so but, if you needed it, could still give you the full rate maximum control surface deflection at full stick deflection WITHOUT having to find and flip a rate switch?  Would we call this automatic dual rates?  Impossible you say?  There is a name for just such a function and, as you have probably already guessed, it is “Exponential Rate”.





There are several variations of exponential rates.  The new radio I just bought which is from the species dial-a-crashamus-extreamus has six variations not counting point curve programming and multiple-mix mixing that I have found so far, but for this article we will stick to the most common two which is positive expo and negative expo.





I am including 4 Figures to graphically show how stick movement and servo movement relate to each other.  Figure 1 will be the relation when there is no dual rate or expo and the rate switch is in the high rate position.  Figure 2 will be the relation when the dual rate is set to about 50% and the dual rate switch is in the low rate position.  Figure 3 will be the relation with about +50 exponential and the rate switch in the high rate position.  Figure 4 will be the relation with about -50 exponential and the rate switch in the high rate position.  Negative exponential values are just the opposite of positive exponential values and causes the control to be more sensitive near center stick and softer at greater stick deflections.  I have never personally used or found an instance where negative expo would be desirable but I am sure there must be an application where it would be.  It should be noted also that when you have exponential dialed into any channel,  the exponential value is applied to the low rate as well which can really slow down the airplanes’ response.  My advise when experimenting with exponential rates is to go slow and gradually find the feel that is best for you,  and always be ready to switch back to high rate to get yourself out of trouble if needed.  At half rate, your usual 1 mistake high altitude can become only 1/2 of a mistake high!  Be careful to not make your control system so soft that you cannot maintain control authority at all times.  








High rate full throw:  -100 to +100 stick movement yields full linear servo output
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Dual rate half throw:  -100 to +100 stick movement yields 50% linear servo output
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+50 Exponential :  -100 to +100 stick movement yields full servo throw but soft at the center like dual rate.
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-50 Exponential :  -100 to +100 stick movement yields full servo throw but soft at the outer range of stick movement like dual rate.  Be Careful with this one!!
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Programmable radios are really great for a lot of things.  Programmable radios can also get you into a lot of trouble if you do not take the time to understand the functions and how to properly use them.  When used properly,  you can significantly reduce pilot work load and find your maneuvers become a lot easier to perform. Exponential rate is sorta like automatic dual rates and is one of the basic functions which can increase your enjoyment of our great h
