Beyond Prop Balancing
Propeller balancing is an integral
part of building, operating, and maintaining an experimental aircraft. A properly balance propeller is a propeller that has the center of mass co-located with the rotational axis of the propeller and prop shaft. The most common and easily accomplished
methods of balancing a propeller is using one of many static balance tools. The ($30)
“Buzz Master” prop balancer (Figure: 1) is an example of a low cost and simple tool
that is considered a must have for those aircraft that have a propeller with a 1-inch
diameter center hole (Figure: 2). Using a string, a centering slug, and a simple bubble level allows you to
get extremely accurate “static” balance results. This static balancing is capable ensuring
that the propeller is
within balance. However, what it does not
consider, is any engine, spinner, spinner-bulkhead, and mounting hardware
differences that may cause an engine to vibrate
even after installing a propeller that has been
perfectly balanced. And although the price
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tag for a “dynamic” propeller balancer can run
into the thousands of dollars, addressing all the aforementioned components as well
as the engine and propeller is where the dynamic prop balancer really shows its colors. For several years now, we have been utilizing a Dyna-Vibe GX3 dynamic prop
balancer. This utilizes an accelerometer and an optical tach (mounted to the engine)
to measure vibrations not only in
amplitude, but in
relationship to the
“master blade”.
On a typical direct
drive engine like
a Continental, Lycoming, or Jabiru
engine, the GX3
will spit out a polar
report (Figure: 3)
showing the magnitude and location
of the imbalance.
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But more importantly, it will spit out a
solution custom-designed for the spinner/propeller installation. For example,
if you have 10 mounting screws on the
spinner, it will tell you how many grams
of weight are needed in which locations.
(Figure: 4) Within a couple of runs of the
engine we can balance the complete installation with surprising results.
It is often difficult to explain the real
advantages of having a properly balanced engine and propeller. But to those
that have experienced the transformation, it becomes obvious. The most
observable characteristic after having
a propeller and engine dynamically balanced is simply a physiological reaction
and a general sense that all is right with
the power plant. However, aside from
this visceral and immediate observation,
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let’s look at some of the longer-term consequences associated with these vibrations. We know that vibration will cause fatigue of many types of materials, but in particular, metal fatigue is of constant
concern. The primary purpose of
“Lord” mounts on an engine is
to isolate the engine vibrations
from the airframe. It is interesting
that many aircraft owners don’t
recognize the significance that
old, hard, and ineffective motor
mounts have on airframe related
fatigue. Waiting until the spinner
no longer lines up with the cowling
as justification to replace the motor
mounts is kind of missing the point.
But even with new motor mounts
isolating the engine from the rest
of the airframe we are faced with
all kinds of high-cost maintenance
directly associated with engine vibration. You have probably seen some of
these on your own aircraft. Baffling
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cracks, exhaust system cracking,

control linkage wear
and deterioration, spinner
and spinner
bulkhead
cracking,
chafed hoses
and wiring,
and a whole
host of other
nit-picky items that
continue to chip
away at the maintenance budget.
Aside from these
external items that
can be readily obFigure: 5 Wear on Oil Injection Arm
served over a period of
time, you have to recognize that there is a whole host of other effects that are occurring internally that are
not so easy to spot. There is a whole host of research done to show the increased
wear on roller bearings and plain bearings subject to high vibration environments.
(Figure: 5) shows an example of an oil injection linkage subjected to propeller imbalance for a period of only 94 hours’ time in service. During the first 100 hr. inspection,
it was found that vibration between the oil injection arm and the cable assembly had
nearly worn completely through all the components including the set screw. If we see
this kind of deterioration externally, we know that there will be wear on components
that we can’t see. We constantly see this example on Rotax engines that are running
poorly due to carburetor problems requiring the carburetors to be overhauled: Needle jets and jet needles, worn
“Vibration is, in itself, an indication that there is somefrom hours of operation unthing wrong with the aircraft.”
der higher than normal vibration levels. Needle and seat in the float chamber worn and deteriorated from vibration. Carburetor slides worn from vibration. Throttle and choke cable wear, causing
mis-synchronization of the carbs, and causing additional vibration. Ironically, these
scenarios can be inadvertently propagated by something as simple as an improper
carb synchronization to start with. This in turn leads to vibration which leads to all the
aforementioned deteriorations, which in turn, leads to additional vibration. It is a vicious cycle.
Most of the first-generation dynamic prop balancing equipment available all had
the ability to generate what we call a “one per” (one per revolution) analysis. This was
a big step up in capability over static propeller balancing for the direct drive engines,
but the current generation of full-spectrum analyzers like the GX3 changed everything. This was crucial when we started trying to analyze and troubleshoot non-direct
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drive engines like the Rotax engines. Because the engine and propeller are geared,
(2.43 for the 100 hp engine), (2.27 for the 80 hp engine), and a whole myriad of gear
ratios on the two-stroke engines, there is a vibration signature for the engine that is
separate from the vibration signature for the propeller, spinner, and output side of
the gearbox. These full-spectrum analyzers now provide us a tool for troubleshooting and setting up an engine, that in our shop, has become invaluable. And although
analyzing the Rotax engines could be separate articles for both the 9 series and the
2-stroke engines in themselves, let’s look about some of the things that we can see
using the full spectrum analyzer. We pulled the Rans Coyote out and set up the GX3
on it for this article. This airplane has an 80 hp Rotax with a 2.27 gearbox and a 2
Blade Warp Drive propeller. (Figure: 6) Because the engine is a “boxer” engine, there
is a primary spike that occurs at the 2.27 gear ratio. This is a power stroke on opposing cylinders, 1-2 and 3-4. There is a power pulse that occurs every 360° of rotation
and a completion of the four cycle process every 720° of engine rotation. We can correlate anything that affects the combustion process with this 2.27 spike. (Figure: 7)
We will often use the GX3 in combination with the digital carburetor synchronizer tool
during the carb synchronization process to isolate synchronization issues from other discrepancies. Because the crankshaft and the prop shaft are not “directly” connected on a Rotax engine, at low RPM the position of the crankshaft to the propeller
may vary as much as 30°. This can be tricky to suss out the root cause or “causes”
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of the problem without the vibration analysis. A prop that is out of balance can cause
the engine to vibrate, which can in turn cause the carburetors to shake, which in turn
can cause the fuel inlet needle to unseat within the carburetors, allowing excess fuel,
and causing a rich mixture, which can cause the engine to shake worse. The same
symptoms can occur with a perfectly balanced propeller, but induced by excessive
friction torque on the gearbox. In both cases the excessively rich mixture is the cause
of the shaking. However, this rich mixture is a symptom not the cause. Being able to
identify the root cause of the problem is the goal. Having the proper tools makes the
process of troubleshooting much easier. There are many other problems that can be
identified with a full spectrum analyzer. For example, on a direct drive engine we are
seeing a power pulse every 180° of rotation. It’s easy to spot a dead cylinder as a
1/2 per spike. Odd combinations of vibration frequencies may be associated with an
out of balance alternator or some other accessory running a drive belt and a different
speed ratio. We will often see frequencies that seem to correspond with a propeller,
but are not caused by an out of balance scenario, rather as a result of a ground adjustable propeller blade being pitched slightly different than the other blades. To this
day we are still collecting data on a myriad of different scenarios.
Vibration is, in itself, an indication that there is something wrong with the aircraft.
It is surprising some of the things that we find during the process of “balancing the
propeller”. There is a lot of satisfaction in taking an airplane into the shop, hooking up
all the test equipment, Identifying and fixing the root cause problems, and seeing how
smooth we can make the airplane. Remember, it’s not just about the propeller.

