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Measuring Magnetic Actuator Performance 
by Gordon Johnson, Copyright 2002 

The widespread acceptance of the Dynamics Unlimited RFFS-100 system over the past year has 
spurred an increased interest in magnetic actuators, particularly for 1.5 ounce and under models. 
Many people are “winding their own” actuators.   New actuators have recently become available 
like the Selman Std actuators,  four new actuators from Didel weighing between 0.28 and 1.25 
grams, and a kit from Bob Selman Designs to convert the Dynamics Unlimited actuators to 
remote actuators. Other actuators are gaining more widespread use like the Leichty actuators.  
There also seems to be a trend towards remote actuators like the pioneering Micromag actuators 
with control arms operating off the magnets for use with push rods or pull-pull control.  And, 
recently the RFFS-100 has been upgraded to use Matt Keennon’s enhanced PIC code and 
generate more torque.  What has been missing, however, is a comprehensive set of performance 
measures for commonly available actuators.   Further, since the new RFFS-100 software is 
available as an upgrade, there is not a good set of measures of what the torque will be before and 
after the upgrade for various actuators.  In short, there is very little available to help a modeler 
determine the best actuator for a particular application.  To help address this need, in this article I 
show how to measure actuator performance, and provide a set of measures for commercially 
available actuators.  I want to thank Matt Keennon, Dave Lewis [Homefly], Jean-Daniel Nicoud 
[Didel], Rick Ruijsink [Micromag], Bob Selman [Bob Selman Designs], and Graham Stabler 
[Indoor Flyer] for educating me about actuators and giving me valuable advice and suggestions 
as I progressed. 

Actuator Overview 
A magnetic actuator works the same way an electric motor does.  When the actuator coil has 
current passed through it a magnetic field is created.  The opposite poles of the permanent 
magnet and the electromagnet formed by the coil attract.  If the magnet is only allowed to pivot 
around its axis and an arm is attached to the magnet the force can be used to move control 
surfaces.  When the current is reversed, the coil poles reverse and the magnet rotates in the 
opposite direction.  Actuator torque is proportional to current.  So by varying the level of current 
we can vary the torque, and by changing the current direction we can change the direction of the 
torque.  The RFFS-100 has built in circuitry that accomplishes these tasks to control a micro 
plane. 
 
Figure 1 shows crossections of actuators with three variations of the same basic principal.  In a 
typical actuator a magnet, or stack of magnets, is used which has the poles oriented to the two 
flat ends of the magnets.  This is shown by #1 in Figure 1.  The Bob Selman Designs kit for the 
DU actuator spaces the magnets apart, as shown by  #2, to achieve an increase in torque.  The 
Didel actuators employ magnets that, although the same shape, have the poles oriented radially 
to the curved sides rather than to the flat sides.  As is shown in #3 in Figure 1, a larger diameter 
magnet with a closer fit in the coil can be used, also resulting in increased torque. 
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Figure 1:  Actuator Types

#1 #2 #3

Coil

Left to right: (1) single or stacked magnets with poles oriented to flat end; (2) stacked 
magnets with space between the magnets as used in the BSD kit for DU; (3) magnet with 
poles oriented radially, as used in the Didel actuators, which allows a closer fit between 
magnet and coil.  Functionally the different types of actuators are the same. 

 

Measuring Actuator Output 
The actuators commonly used in micro planes have rotary output.  This means we should 
measure their torque.  In this article I measure stall torque at zero deflection.  Stall torque is 
simply the measured force multiplied by the distance from the pivot or axis that the force is 
measured.  This distance is the arm length.  Since the 
torque from actuators is so small, I express torque as g-cm 
(gram centimeters).  The torque from a conventional Hitec 
HS50 servo at 4.8 volts is 640 g-cm.  As an example, for 
comparison purposes and to give a sense of scale, the 
Selman Std actuator’s arm length is 6mm.  At 4.8V the 
measured force is 10.1 grams.  So, the torque in g-cm is  
 
Torque(g-cm)  = Force(g) x ArmLength(cm) 
 = 10g x (6mm/10) 
 = 6.1 g-cm 
 
The Selman’s are the reigning torque champ among 
commercially available actuators, yet they have a torque 
that is less than 1% that of a micro rotary servo! 
 
How do we measure stall torque?  It is really quite easy.  
The diagram in figure 2 shows the basic relationships.  In 
the case of remote actuators, the coil has a magnet centered 
in it that has a small arm attached with a hole for a push rod 
or pull-pull threads that is some distance from the pivot.  digital scale
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This distance is the arm length.  To measure force, attach the actuator to something like a stick of 
hardwood that mounts it over a digital scale.  3M foam sticky tape works well if there is no 
mounting mechanism.  Connect a thread between the actuator arm and a weight that is at least 
double the force that will be measured.  With power to the actuator full on, adjust the stick up or 
down so the actuator arm is horizontal — i.e., zero deflection.  Turn the power to the actuator off 
and then use the “zero”  or “ tare”  function on the digital scale to reset the measurement to zero.  
Turn the power back on and observe the negative reading on the scale.  This is the force to be 
multiplied times arm length to obtain torque. 
 
The basic pieces are shown in the left picture below.  The Selman Std actuator is mounted on a 
carbon fiber rod that extends vertically from a length of spruce stick. I glued a z-bend of fine 
brass wire to a Kevlar thread, with a loop in the other end to insert the hook on the weight 
through.  I used brass wire so it does not interfere with the actuator magnet.  My weight is simply 
two one-ounce lead weights with a hook CA’d to them.  For a test stand I use a small hobby vice 
and clamp the stick in it.  The picture below on the right shows it all set up.  I use an adjustable 
laboratory power supply so I can set the volts precisely.  For tests from a receiver with actuator 
controller I also power the receiver from the power supply at the same 3.5 volts.  For Bird style 
actuators I mount the main surface to the stick, and then drill a small hole  in the control surface 
the required distance from the center of the actuator and insert the z-bend on the thread through 
it. 
 

 
Left:  These are the basic pieces you need to measure actuator torque:  A spruce stick to mount 
the actuator on, a length of thread with a brass wire z-bend CA’d on one end, and a weight at least 
double the actuator force to be measured. 
Right:  This shows it all hooked up in a hobby vice.  The scale has been zeroed out before 
applying power to the actuator, which is pulling up on the weight and we read the force as a 
negative amount. 
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The Actuators 

Bob Selman Designs/DU Kit  
A very new development is the Bob Selman 
Designs remote actuator kit for the 
Dynamics Unlimited actuator coil and 
magnets (DU/BSD).  The kit consists of 
plastic moldings and a pivot pin that allow a 
DU actuator  to be easily converted into a 
remote actuator that is a smaller version of 
the standard Selman actuator.  The plastic 
moldings weigh 90mg, only slightly more than the wire used in the regular DU actuator to 
connect the magnet to the control surface.  The plastic housing has a hole at one end so the 
actuators can be mounted about one inch apart on a carbon fiber rod and oriented 90-degrees to 
each other to provide centering force for the control surfaces.  The magnets are also spaced 2mm 
apart.  This moves the magnet mass into the stronger magnetic flux lines close to the inside 
surface of the coil.  It also may provide more leverage since the magnets are further out from the 
pivot axis.  It is beyone the scope of this article to separate and measure these effects.  The 
important result is that the same coils and magnets when utilized with the BSD kit generate 40% 
more torque than a set of plain DU actuators! Over 1,000 RFFS-100 systems have been sold 
since they were introduced in January 2002.  As a result, there are probably more DU actuators 
being used than any other.  The recent widespread adoption of very light lithium polymer cells 
for micro planes makes it difficult to balance a semi-scale plane with nearly two grams of 
actuators mounted way back in the tail surfaces.  These kits, at $5 each, allow the DU actuators 
to be easily converted to remote actuators and moved forward near the CG to control the surfaces 
via either light-weight control rods or pull-pull threads. The increase in torque is an added 
benefit. These kits fill a widespread need and should be on the must-have list of anyone flying 
with an RFFS-100 system — along with upgrading the PIC chip to get more torque and other 
enhancements.   

Didel 
Didel has recently introduced a line of 
actuators in 0.28, 0.50, 0.70, and 1.25 gram 
sizes that they call Pico, Nano, Micro, and 
Mini Birds, respectively.  They are unique in 
that a radially oriented magnet is used, 
rather than the traditional magnet where the 
poles are oriented toward the flat sides. This 
allows a larger magnet to be used for a very 
close fit within the coil. The magnet is thus 
closer to the stronger magnetic flux lines from the coil, and more force is generated.   They 
incorporate a molded plastic housing to hold the coil and the magnet.  Coil wires are soldered to 
one end of the molded-in pins and the user solders the wires on the other end to the radio. The 
control arm on the actuator has a range of holes to allow fine tuning the relationship between the 
actuator control arm and the control surface arm. Each size of actuator has its own set of hole 
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spacings.  This is a very well thought out family of actuators and fills a void in the range of 
commercially available actuator sizes.  Best of all, they have good torque to weight performance. 
 

Dynamics Unlimited 
This is the actuator that comes with the RFFS-100 and is a 
variation on the BIRD technique.  The magnet floats in the 
middle of the coil and moves the control surface via a curved 
piece of non-magnetic wire.  The user glues the coil in the tail 
surface and does not have to incorporate a piece of balsa in the 
plane’s tail surface.  Probably more of these actuators are in use 
than any other actuator. 

Bob Selman Designs Std 
A more recent addition to the lineup of 
commercially available actuators are the Bob 
Selman Std actuators.  They feature molded 
plastic housings and plastic control horns that 
allow use of push rods or pull-pull threads.  The 
plastic housing features a hole that allows a pair 
of these actuators to be mounted at 90-degrees 
to each other (as shown) on a carbon-fiber rod.  
The 90-degree mounting provides self-centering 
force.  These actuators also have coils and 
custom magnets that are larger than the Mueller 
or Dynamics Unlimited actuators.  These are the 
most powerful, and also heaviest, actuators commercially available.  They can power control 
surfaces on larger micro planes or applications such as two ailerons from a single actuator. 

Nick Leichty 
The Leichty actuators are generally used with 
the Leichty system, which consists of an AM 
super regen receiver with built in actuator 
driver.  What looks like two coils is in fact one 
continuous wire, that crosses over to the other 
side half-way through the coil winding. There 
are four different weights of actuators in 0.33, 
0.25, 0.16, and 0.11 gram sizes that are called 
the MX, Std, Mini, and Micro, respectively.  
The smaller two Leichty actuators are by far 
the lightest that are commercially available.  All the Leichty actuators are hand-crafted works of 
art. And many of the lightest RC planes in the world fly with Leichty actuators.   
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Fritz Mueller Super BIRD 
This was one of the early commercially 
available actuators.  The term “BIRD” was 
coined by John Worth as an abbreviation 
for  Built In Rudder Device.  This actuator 
comes installed in a few pieces of balsa 
that are already hinged, with the magnet 
glued to a piece of balsa that moves the 
control surface directly.  The user 
integrates the BIRD directly in the plane’s 
tail surface, or in many cases simply uses 
this as the control surface behind the 
regular tail surface. 
 

Actuator Characteristics 
I performed all the tests at 3.5 volts.  One of the most common combinations for the RFFS-100 is 
the M20 motor equipped KP-00 and a single 145mAh Kokam lithium-polymer cell.   After  two 
minutes of running this combination with a typical prop the battery voltage under load will be 
about 3.5 volts.  So, actuator tests at 3.5 volts represent a reasonable approximation of the torque 
that would be obtained in practice.  For a lower amp propulsion setup such as a geared pager 
motor, the volts under load would be higher, and the actuator would produce more torque.   
 
With any set of tests there is measurement error.  I have tried to minimize this, and have double 
and triple checked my results.  Still, without going into detail, the measurment error for actuators 
is about +/– 0.02 g-cm of torque.  For smaller actuators the error can be more problematic as the 
error relative to the torque can be higher.  As a result, some degree of caution should be 
exercised when drawing conclusions from these, or any other, results.  It is also best to compare 
actuators with similar weights. 
 
Characteristics for all commercially available actuators measured in this article are presented in 
Table 1.  To aid in comparisons, shading in the table is used to group the actuators by similar 
weight.  For the tests in this table the actuators were powered directly from a laboratory power 
supply.  This means there was no loss due to the internal resistance of a receiver or other 
electronics.  Consequently, these measurements represent the torque that an actuator could put 
out in ideal conditions. The arm length in millimeters and measured force in grams are presented 
so the reader can compare other actuators to the ones measured here.  However, raw force should 

Bob Selman Designs users.joplin.com/~bselman BSD, DU/BSD, RFFS-100 Pic upgrade

Cloud 9 RC rcmicroflight.com/cloud9rc/index.htm Mueller, BSD

Didel didel.com Didel

Dynamic Web Enterprises smallrc.com DU, BSD, DU/BSD, RFFS-100 Pic upgrade

Dynamics Unlimited slowfly.com DU

Nick Leichty microflier@aol.com Leichty

ACTUATOR SOURCES
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not be compared across actuators because the arm lengths differ from actuator to actuator.  
Instead actuators should be compared on their torque, which is independent of the arm length.  
Since BIRD style actuators like the Mueller and DU do not have an arm, I measured the force 
6mm from the center of the actuator in the control surface itself. 
 

Clearly the Selman Std’s are the king of the hill with 4.28 g-cm of torque.  This is 2.8 times the 
torque of the DU actuator.  But, the BSD Std also weighs a little more than twice what the DU 
actuator does.  The DU with the BSD remote actuator kit with its spaced apart magnets shines 
with 2.02 g-cm of torque, which is 40% more torque at only 90mg additional weight compared to 
the DU.  The Didel Microbird generates similar torque as the DU, but with a 23% weight 
savings. 

Actuator Efficiency 
Torque is not the only characteristic we might be interested in.  Table 1 also contains three 
measures of efficiency.  The first efficiency measure is torque divided by actuator mass in grams, 
or T/m.  Since we are building micro planes weight matters.  As can be seen in the table, the 
larger actuators have an advantage in this respect.  So, it is more appropriate to compare 
actuators of similar mass.  A stand-out in terms of T/m is the Didel Microbird with a measure of 
2.2.  Another is the DU/BSD that has a torque/mass efficiency that is better than a DU. 
 
The second measure of efficiency is torque/current, or T/I.  However, with the move to LiPoly 
cells for micro planes, we are not constrained as much in terms of current.  In a typical M20 
based system, the motor pulls about 700 mA, the RFFS-100 consumes about 10mA,  and each 
actuator consumes about 50mA.  So, the amp draw of an actuator is about is about 6% of the 
total and will generally not influence the choice of actuator.   
 
The third, and better than the second, measure of efficiency is (torque/current)/mass, or (T/I)/m.  
There is a tradeoff between coil resistance (amp draw) and torque.  The higher the resistance the 
lower the torque.  There are other factors involved like the number of turns of wire in the coil 
and the wire diameter that are beyond the scope of this article.  Overall, larger actuators seem to 
have an advantage in terms of  efficiency.  Among the 0.9 gram and larger actuator the Didel 
Minibird stands out with the highest efficiency, even higher than the much heavier Selman Std.  

Price Mass (m) Resistance Arm Length Force Torque (T) Current (I )
Actuator US$ g ohms mm g g-cm mA T/m T/ I (T/ I )/m
Selman Std 13 2.00 60 6.0 7.13 4.28 58.3 2.1 73.3 36.7
Didel Minibird 30 1.25 73 5.0 4.45 2.23 47.9 1.8 46.5 37.2
Mueller Super Bird 30 1.25 62 6.0 3.87 2.32 56.5 1.9 41.1 32.9
DU/BSD 5 (kit*) 0.97 51 5.0 4.25 2.13 68.6 2.2 31.0 31.9
DU 10 - 19 0.90 51 6.0 2.53 1.52 68.6 1.7 22.1 24.6
Didel Microbird 32 0.70 56 5.8 2.68 1.55 62.5 2.2 24.8 35.4
Didel Nanobird 38 0.50 73 4.0 1.83 0.73 47.9 1.5 15.2 30.5
Leichty MX 100 0.33 58 2.7 0.94 0.25 60.3 0.8 4.2 12.7
Didel Picobird 42 0.28 70 2.5 1.50 0.38 50.0 1.4 7.6 27.1
Leichty Std 75 0.25 61 2.7 0.80 0.22 57.4 0.9 3.8 15.1
Leichty Mini 100 0.16 51 2.0 0.58 0.12 69.3 0.8 1.7 11.1
Leichty Micro 125 0.11 62 1.5 0.38 0.06 56.5 0.6 1.1 10.1

* The DU/BSD is $5 for the remote actuator kit, in addition to the cost of whichever DU actuator has been purchased.

Table 1:  Actuator Performance at 3.5 Volts
Efficiency Measures
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In the middle sized group of 0.5 to 0.7 gram actuators it is the Didel Microbird that comes out on 
top.  In the category of 0.25 to 0.33 grams the Picobird scores well above the rest.  
 

DU Dynamics Unlimited "BIRD" style actuator

DU/BSD Dynamics Unlimited with Bob Selman Designs remote actuator kit

Leichty Nick Leichty:  MX, Std, Mini, Micro

Mueller Fritz Mueller "Super BIRD"

Didel Didel:  Mini, Micro, Nano, Picobirds

ACTUATOR ABBREVIATIONS

 

Getting the Most Torque from the RFFS-100 
The graph below focuses on the DU actuators that most people will probably have some 
experience with given the popularity of the RFFS-100.  The torque obtained directly from a 
laboratory power supply is the maximum that can be obtained from any given actuator.  As can 
be seen, before performing the PIC retrofit or buying one of the new receivers, the actuator 
delivers just 34% of the torque that is possible. But, what level of torque will you get with the 
new PIC chip?  The answer is not a simple one.  It depends on your transmitter.  
 

Figure 3:  Percent of Potential Torque 
for DU Actuators
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50%

100%

Power supply RFFS-100,
w/Retrofit,
125%EPA

RFFS-100,
w/Retrofit

RFFS-100

100% 94%
80%

34%

 
 
First, you need to determine whether you are getting “ full duty cycle”  at full stick on your 
transmitter.  Full duty cycle, for an RFFS-100 type of pulsed actuator controller, is obtained 
when the current to the actuator is not pulsed.  Pulsing the current causes the actuator to hum.  
So, you can test to see if you are getting full duty cycle, and full torque, by listening for actuator 
humming when the transmitter stick for one channel is pushed all the way to its stop.  If you hear 
no humming, the transmitter is receiving full current, and generating full torque. 
 
If your  actuator still hums at full stick deflection, try sliding your trim tab for that channel all the 
way in the same direction as the stick deflection.  If the humming stops, this is full current, but 
you may not be able to achieve it with your transmitter unless it is computer programmable.  If 
your transmitter is programmable, you may be able to obtain full duty cycle by setting your EPA 
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(end point adjustment, sometimes called volume) to its maximum value, often 125%.  The trim 
tab check, unfortunately, cannot be used when flying, so my Focus IV cannot achive full duty 
cycle. 
 
I used a Hitec Eclipse programmable transmitter for the tests from RFFS-100.  I also checked my 
tests with a Hitec Focus IV.  Both transmitters resulted in the same torque when used with 
standard settings with the RFFS-100 with retrofit Pic.  After programming the Eclipse to have 
125% EPA, and sliding the trim tab to its stop on the Focus IV, then both transmitters yielded the 
same, but higher, torque.  The 94% and 80% of possible torque bars in the graph above are for 
the Eclipse with and without the 125% EPA. 
 
To reiterate, some transmitters, programmable or non-programmable, may result in full duty 
cycle and torque without needing any programming.  Other transmitters may not, and if they are 
programmable this may be solveable with EPA programming.  Finally, the reason even full duty 
cycle from the RFFS-100 results in 6% less torque than from a power supply is because of losses 
due to the internal resistance of the RFFS-100 circuitry. 

Actuator Torque from Available Systems 
The torque available at 3.5 volts for larger and medium weight actuators and  various RFFS-100 
setups is given in Table 2.  The RFFS-100 w/Retrofit is from a Hitec transmitter that does not 
give full duty cycle.  The RFFS-100 w/Retrofit 125% EPA is from the Hitec Eclipse transmitter 
with the end point adjustment to deliver full duty cycle.  These are intended to give some idea 
what you can expect if you are able or unable to get full duty cycle from your transmitter.  This 
allows comparisons to be made between particular actuators and actuator driver setups.  Torque 
from a laboratory power supply is included only for reference since this is not achievable in an 
actual airborne system.   
 
One of the results most interesting to the vast number of RFFS-100 owners is that torque can be 
increased from 0.49 g-cm for a DU actuator and a non-retrofit RFFS-100 to 2.02 g-cm torque 
with the DU/BSD kit and a RFFS-100 with a retrofit Pic chip and the 125% EPA technique from 
a programmable radio.  This is slightly more than four times the torque with virtually no increase 
in weight!  The table also shows that for planes that can afford more weight, going to the same 
setup but with Selman Std actuators results in more than eight times the torque.  Similarly, for 
planes that need lighter equipment, going to the Pic retrofit/EPA setup and the Didel Nanobird 
would result in half the actuator weight but nearly 50% more torque at 0.69 g-cm. 

 
 
Table 3 gives torque for the smallest actuators.  Since the smallest actuators are not likely to be 
used with the comparatively heavier RFFS-100 system, only their torque from the Leichty 

BSD Didel Mueller Didel Didel
Source Std Minibird S. Bird DU/BSD DU Microbird Nanobird
Power supply 4.28 2.23 2.32 2.13 1.44 1.55 0.73
RFFS-100, w/Retrofit, 125%EPA 4.06 2.14 2.10 2.02 1.35 1.42 0.69
RFFS-100, w/Retrofit 3.48 1.93 1.73 1.74 1.15 1.33 0.61
RFFS-100 1.52 0.82 0.66 0.75 0.49 0.68 0.26

Table 2:  Large and Medium Actuator Torque
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integrated receiver  and actuator driver system are given.  Torque from a power supply is, again, 
included for reference only.  The Didel Nanobird, at half a gram, clearly generates the most 
torque.  However, it may be on the heavy size for many planes based around the Leichty system.  
The Didel Picobird at 0.28 grams, however, does generate more torque than either the Leichty 
MX or Std actuators.  It is, however, slightly heavier than the Leichty Std actuator.  The Leichty 
Mini and Micro actuators are in a league of their own in terms of weight at 0.16 and 0.11 grams 
each, respectively.  Their torque is also considerably less.  These actuators are probably best used 
on the smallest and lightest of planes.  Tiny Co2 powered planes come to mind as a perfect 
match for these actuators. 
 

Didel Leichty Didel Leichty Leichty Leichty
Source Nanobird MX Picobird Std Mini Micro
Power supply 0.73 0.25 0.38 0.22 0.12 0.06
Leichty system 0.37 0.17 0.23 0.15 0.05 0.02

Table 3:  Micro Actuator Torque

 
 

Conclusion 
In 2003 we have a greater variety of actuators available to us than ever before.  This allows more 
closely matching the actuator to the application.  Actuator development continues to advance.  
The higher torque Bob Selman Designs kit for DU actuators and the efficient family of Didel 
actuators are examples of new advancements in actuator design.  We also have the new Pic chip 
for the RFFS-100 which generates more torque for any actuator.  What all this means is that we 
are entering a golden age for actuator-controlled planes.  If you have not taken the actuator and 
micro plane plunge yet there could not be a better time.  If you already have an RFFS-100, 
upgrading your Pic chip to take advantage of the increase in torque, and upgrading your actuators 
with the DU/BSD remote actuator kit should both be at the top of your “must-have”  list.  If you 
are, or are contemplating, winding your own actuators these results should be useful for 
comparing the actuators you make to others that are commercially available.  When new 
actuators hit the market I hope the manufacturers will give performance statistics like those 
presented here.  In any case, these results should help you match the right actuator to a particular 
application. 
 
 
 
 
 


