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TECH NOTE

Rigging - The Key To Speed
Part One — By John Frank

One of the reasons that people fly airplanes is to get 
somewhere quickly. And no matter what model Cessna 
someone operates they usually wish that it was just a little 
bit faster. To this end they pursue all sorts of drag reduc-
tion devices such as gap seals and speed fairings, even 
more powerful engines. However, in this pursuit of speed, 
many owners and mechanics overlook the most basic item 
necessary for optimum speed and that is proper rigging. If 
the aircraft isn’t rigged properly to begin with, results of 
hanging all sorts of drag reduction devices will be disap-
pointing at best.

When your Cessna left the factory at Wichita it was 
rigged correctly, at least in general terms. After the aircraft 
had come off the assembly line a Cessna factory production 
test pilot flew the aircraft at least a couple of times. During 
these test flights one of the checks that the test pilot would 
make is that the aircraft was properly rigged, would fly 
straight and level without any wing ‘heaviness’ and would 
get approximately ‘book’ performance. If the aircraft didn’t 
perform properly the mechanics in the Cessna delivery 
hangar would make what adjustments were necessary to get 
the aircraft flying in a stable manner. While this procedure 
did not optimize rigging and performance, it did turn out 
an airplane that flew straight pretty much hands off.

While rigged properly to begin with, time and use can 
change an aircraft so that it is no longer rigged properly. 
Cable tensions soften, engine mounts sag, pulleys, rod 
ends and hinges all wear. In addition, incorrect adjustments 
may have been made which effect how the aircraft flies. 
For example, a owner complains to his mechanic that his 
airplane is flying left wing heavy, so the mechanic goes 
out and makes adjustment to the wing by installing a tab, 
adjusting an aileron, trailing the left flap back a little, what-
ever. But was the wing really the source of the problem? 
Let’s think about this for a moment. The wing and aileron 
system really aren’t subject to much that can get them out 
of adjustment except perhaps for cable tension. The rud-
der system on the other hand is interconnected to the nose 
wheel steering and is subjected to a lot more abuse than the 
wing and aileron. Could the rudder system be the source 
of this wing heavy problem? If it was, the adjustment the 
mechanic made may have the airplane flying straight but 

leaves the aircraft with two control systems of rig and the 
resultant unnecessary drag is definitely going to slow the 
airplane down.

So let’s take a look at what steps we go through at the 
CPA Technical Center in Santa Maria, CA to optimize the 
rigging on a single engine Cessna.

The first step we take is the most important of all. We 
bring the aircraft into the shop and set all control systems to 
the factory specifications called out in the service manual. 
The reason that this step is so important is than in order to 
analyze the results of our test flights and make the proper 
adjustments we must have a known starting point, and 
setting the control systems to factory specs is that known 
starting point. Everything is checked and adjusted as nec-
essary including control surface travel and stops, cable 
tensions and lengths, etc. When checking control surface 
travel the CPA mechanics are careful to check both sides, 
that is both ailerons, both sides of the elevator and both 
flaps. Because the two control surfaces of each system 
except the single rudder and single trim tab are intercon-
nected either physically or by cables, you aren’t likely to 
get different amounts of travel but you could easily get 
different ranges of travel. Let me give you an example. Let 
say you put the gauges on the left side of the elevator on 
your 210G Centurion and measure 22 degrees of up travel 
and 16 degrees of down travel. Now one would assume 
that because the left and right elevators are bolted together 
the travel on the right elevator would measure the same. 
But we should never assume anything! So we measure the 
right side and come up with 24 degrees of up travel and 14 
degrees of down travel. What does this mean? Well, both 
measurements are within book tolerances (23 degrees up, 
15 degrees down with a tolerance of + or - one degree) but 
they are different, which means that the elevator assembly, 
left and right bolted together, is twisted and the load ap-
plied to each side of the horizontal stabilizer is different. 
In short the aircraft is trying to corkscrew through the air. 
Now a difference of a couple of degrees from left to right 
is not going to have a very pronounced affect on the aircraft 
but it will have some affect. And on several occasions the 
differences we have found have been in the range of 5 to 
10 degrees, which will have a significant effect on how 
the aircraft flies.
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In the old days to measure control surface travel a shop 

would have to set up devices called ‘travel boards’ over the 
control surfaces to determine with some precision just how 
many degrees of travel there was in each system. Today things 
are much easier, we just use a resettable digital level that is 
available at most hardware stores for around $80.

Control cable tension must be checked using a good cable 
tensiometer. CPA recommends setting tensions at mid-range 
or higher. Cable tension settings for older and smaller Cess-
nas are not listed in the service manuals but are listed in the 
appropriate Owner’s Manual. Any time cable tensions have 
been adjusted the control surface travel must be re-checked. 
Adjusting cable tensions is done by changing the length of 
the cables by tightening or loosening turnbuckles and if each 
cable of a two cable closed system (your rudder system for 
example) isn’t adjusted an equal amount then control surface 
travel will be disturbed. I have seen mechanics adjust cable 
tension by simply removing the safety from one turnbuckle, 
tightening it until the cable tension was correct and then 
safetying the turnbuckle again. This will give the correct 
cable tension but it has now made the control cable that 
was adjusted shorter than the one that wasn’t and will have 
changed the control surface travel positions.

While checking control surface travels and adjusting cable 
tension an individual should be giving the control systems 
a close inspection, looking for such things as broken stops, 
damaged or frozen pulleys, frayed cables, etc. On fixed 
gear aircraft one should pay very close attention to the nose 
gear assembly. This unit must bring the nose wheel back to 
center line as the strut extends on lift off, otherwise it will 
act as a rudder and cause the aircraft to yaw. Most tricycle 
fixed gear Cessnas use a centering lug on the torque links, 
sometimes referred to as the scissors assembly, to return the 
strut to center. This centering lug contacts a boss on the strut 
to bring the nose gear back to center. This mechanism must 
be looked at closely for damage and correct function, which 
will require having the nose of the aircraft elevated so that 
the strut will extend fully. Loose or damaged wheel fairings 
can also cause the aircraft to yaw.

If the aircraft is equipped with fixed trim tabs on either 
the ailerons or rudder, this type of tab being a small metal 
strip attached to the control surface trailing edge which can 
be ground adjusted by bending to make trim corrections, 
these tabs are either removed or set to a neutral position. 
Some Cessnas, like the 210, have an adjustable tab built into 
the aileron, and of course this is set for neutral. If the aircraft 
is equipped with a cockpit adjustable rudder trim our me-
chanics will look these over very closely. On single engine 
Cessnas so equipped, rudder trim systems do not move a tab 
on the control surface but rather adjust the primary rudder 

to ‘bias’ the controls in the direction the pilot has turned 
the specific trim wheel. If these systems are not adjusted 
properly trim input may be given when the indicator shows 
that the trim is in the neutral position. Whatever type of 
rudder and aileron trim is utilized, it should be set to the 
neutral position before the rigging check test flight.

Because we will be using the aircraft’s instrumentation 
during our test flights it is important that the readings be 
accurate. Instruments that are often subjected to installa-
tion error is the Turn & Bank or the Turn Coordinator, and 
Artificial Horizon. What happens is that a mechanic goes 
out to install a new or overhauled instrument and adjusts 
the installation so that the ball is centered. However if the 
surface the aircraft is sitting on isn’t level or if the aircraft 
doesn’t sit level on it’s landing gear, or if the tire pres-
sures are off or if the weight of the mechanic sitting on 
the left side of the aircraft knocks the aircraft off of level, 
the instrument is just not going to be installed and indicat-
ing properly. The correct way to check and adjust these 
instruments is to level the aircraft left to right by placing a 
level across the seat tracks and adjusting the aircraft with 
jacks, blocks or tire pressure until the level across the seat 
tracks indicates that the aircraft is level and then adjusting 
the Turn and Bank instrument, which can be adjusted a 
few degrees in it’s mounting, so that the ball is centered, 
or airplane symbol is level

Engine instruments should also be checked for accu-
racy as we will be using cruise performance figures gen-
erated during the test flight as one indication of how the 
aircraft is rigged. Manifold pressure gauge accuracy can 
be judged approximately by comparing the gauge indica-
tion with the engine shut down to the ACTUAL baromet-
ric pressure on the field. One thing that must be checked is 
the aircraft tachometer. The tachometer used in the single 
engine Cessna aircraft is an AC magnetic cup type which 
are notorious for indicating low after a few years. Most 
shops now have a digital tach checker which visually mea-
sures the RPM. These devices are highly accurate and are 
relatively inexpensive, around $250, so if your shop does 
not have one you might make a strong suggestion that they 
obtain one. After we know the amount of error in the tach 
we can then make the proper corrections to correspond 
with the power settings called out in the owners manual. 
For the most accurate flight test readings it would also be 
helpful to have an instrument shop check the static system 
and the airspeed calibration.

With the control systems rigged to factory specifications 
and the engine instruments checked for accuracy we are 
now ready for the test flight. It should be pointed out that 
while it is possible to get a properly constructed, undam-
aged and rigged Cessna to fly straight and stable in most of 
the loading situations possible within the design envelope 
of the aircraft, we can only optimize the aircraft’s perfor-Change bar reflects clarification of source of

cable tensions (Rev date 4/4/01)
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mance at one particular weight and c.g. point. So for our 
test flights we want the aircraft loaded to the owner’s most 
common mission requirement. If this particular owner flies 
mainly by himself with a very forward c.g., that is what we 

Part Two — By John Frank

In the last issue our article on aircraft rigging covered 
getting the aircraft ready for the test flight, which basically 
consisted of setting aircraft control surface travels and cable 
tensions to factory specifications and determining that the 
aircraft’s instruments are calibrated properly.  These are very 
important steps because to be able to make rigging adjust-
ments based on the rigging check flight results we must have 
a known point of reference to make those adjustments from. 
Now comes the rigging check  flight.

As with any other flight the key to a successful and 
productive rigging check flight is doing proper pre-flight 
preparation.  Before performing the rigging check flight I 
will talk with the owner/operator of the aircraft to determine 
what is the normal operating condition of the aircraft, that is 
what weight, c.g. range, power settings and altitude does the 
pilot normally operate the aircraft at for his typical mission.  
This is important data as we will try to optimize the aircraft’s 
performance in it’s most common flight profile.  If I did not 
do the rigging I will check with the mechanic who did to 
see if there was anything unusual found during the rigging 
process and also to double check that all trim systems had 
been set to neutral.  Then I will load the aircraft in a similar 
manner as to what the owner says his typical mission loading 
is.  I will pull out the aircraft’s operator’s manual and look 
up the details on the power setting the owner says he most 
often uses and will note the target RPM, manifold pressure, 
fuel flow, altitude and airspeed on the notepad I am using 
for the check flight. I also note the ground temperature and 
barometric pressure so that performance figures can be 
adjusted to the FAA standard day that was used to deter-
mine book figures. During runup I will look for anomalies 
that could affect performance. After take off I climb to an 
altitude that the owner indicates he often operates at.  In the 
absence of any input from the owner I will usually select 
around seven or eight thousand feet for normally aspirated 
aircraft and ten to twelve thousand feet for turbocharged 
aircraft.  My experiences have indicated to me that these 
are the most common operating altitudes for cross-country 
unless weather, winds or short distance dictates otherwise.  In 
the case of the normally aspirated aircraft the seven to eight 
thousand feet generally represents optimum performance 
altitude for power settings in the 65 to 75 percent range.  
While the ten to twelve thousand foot altitude is below the 
optimum altitude for turbocharged aircraft, most operators 
will select that altitude range unless there are strong reasons 
to go higher such as favorable winds or to avoid weather, 

simply to avoid the hassle of getting out the oxygen masks 
and getting the system recharged later.  While pressurized 
aircraft such as the P210 and P337 don’t have this concern, 
they also tend to stay in the low teens in altitude unless there 
are significant reasons to go higher.  It should be noted that 
this climb to altitude is made without any trim input as the 
trim tabs were set for neutral on the ground and we don’t 
want to disturb them till after our tests are performed.  On 
the higher horsepower aircraft this usually means significant 
rudder input during the climb.

Once at cruise altitude I dial in the cruise power settings 
and allow things to stabilize.  After a period of about five 
minutes I lean the mixture to best power, 125 degrees rich 
of peak if the aircraft has EGT equipment.  After another 
five minutes I close  the cowl flaps if so equipped.  Up till 
now there have been no trim adjustments, which may have 
required quite a bit of muscle to hold a level attitude.  I will 
now adjust pitch trim to hold level flight, noting how much 
trim input is required to hold the aircraft level.  Rudder and 
aileron trim, if installed, are still left in their neutral position.  
Next I place the aircraft on a heading and again allow things 
to stabilize while I hold the aircraft on that heading.  After 
the aircraft is stabilized on a heading, trimmed for pitch and 
cruise power dialed in, I remove my hands and feet from the 
controls and note what happens.  The aircraft may want to 
yaw, roll or a combination of both.  It is important to note 
which event occurs first, whether the yaw proceeds the roll 
or vice versa.  There may also be a pitch change but this is 
usually a result of yaw and roll changing the lift vector and 
speed, not a function of the rigging as we had the aircraft 
trimmed for level flight before removing the control input 
necessary to hold a heading.  Detailed notes are made of the 
aircraft’s behavior.

After noting the aircraft’s deviation from a heading I 
return the aircraft to the original heading and use whatever 
control input is necessary to hold that heading WITH THE 
BALL CENTERED!  This is important:  if the ball is not 
centered then whatever control input is used to hold the 
heading is not indicative of the aircraft’s rigging.  Holding 
the aircraft in level flight, on a known heading with cruise 
power and no rudder or aileron trim input,  I note what 
control input is required, and how much rudder pedal travel 
is required along with approximately how many degrees of 
control wheel input.  Often I will take a marker and place 
a mark on the control wheel shaft in line with the hole in 
the support for the control wheel lock so that later on the 
ground I can show exactly how much control wheel input 

want for the test flights. On the other hand if the aircraft 
is mostly used to haul stuff and with a c.g. point near or 
at the aft limit, that is how we want the aircraft set up for 
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was required to hold wings level.  I will also look outside and 
see how much actual deflection of each control surface there 
is and in what direction.  All of this information is carefully 
recorded.  Now comes the speed check.  With the cruise RPM 
and manifold pressure that I had looked up before the flight 
dialed in, I check the aircraft’s performance.  I lean to best 
economy, 25 degrees rich of peak if individual EGT informa-
tion is available, 75 degrees rich of peak if only single probe 
EGT is installed.  While holding a constant heading is the 
aircraft’s true airspeed  within a couple of knots of what the 
book says it should be?  Does the fuel flow match what the 
book says it should be for that RPM and manifold pressure?  
All the performance figures are written down so that they can 
be reviewed later and adjusted to compensate for atmospheric 
conditions that differ from a standard day.

Let us step aside for a moment and talk about “The Book” 
and “Book Figures”.  Back in the old days, read that to mean 
prior to the 1970s, the marketing department at Cessna had 
a lot to say about book figures.  Selling general aviation air-
planes was a highly competitive business and being able to 
advertise a few MPH advantage over a competitor’s model 
was a distinct advantage.  For this reason when developing 
performance figures every  possible liberty was taken.  If the 
engine in one aircraft seemed to be putting out a little more 
power than the average, then that airplane was used for the 
performance runs, but only after being lightened and fine 
tuned as much as possible.  At one time the ‘base price’ model 
Cessna did not include paint, dual controls or any seat but the 
pilot’s seat.  Not that you could ever buy one that way from 
Cessna but it was a form of this stripped down Cessna that 
was used to generate performance figures.  Of course Cessna 
was no worse than any other aircraft manufacturer in using 
“optimistic” figures; Beech claimed for years that the 285 
hp V35 series Bonanza cruised in excess of 200 MPH, was 
3 MPH faster than the F33A series and 8 MPH faster than 
the A36 series.  None of this was accurate but Beech had to 
back up the claim they had made for many years that one of 
the advantages to the  tail design was speed due to reduced 
weight and drag.

As the 1960s gave way to the 1970s things started to 
tighten up as far as book figures were concerned.  The 
FAA and elements of the aviation media started calling the 
manufacturers to task for inflating performance figures and 
by the time that the Pilot’s Operating Handbook became part 
of the certificated and required equipment on Cessna singles 
in 1975 the book performance figures were accurate and 
could be obtained by any competent pilot flying an aircraft 
in good mechanical condition and properly rigged.  For this 
reason deviation from book figures on later model aircraft 
is an indication of some sort of problem.

After noting performance figures I move on to the final 
test to be performed on this flight, what we refer to as the 
‘stall- break’ test.  In this test a power-off stall is performed 

so that the direction and magnitude of the stall-break can 
be observed.  It should be pointed out that what is being 
performed here is a full stall, not just a stall entry where 
recovery is initiated at the onset of the burble.  With the 
power pulled off and flaps up I increase back pressure to 
maintain altitude while keeping the ball centered until the 
stall occurs.  The fully stalled condition is easily observed 
in that not only is there a significant pitch change but also 
the vertical speed indicator suddenly indicates a very rapid 
descent rate.  Our main observation during this test is how 
the aircraft wants to behave at the stall break.  Most Cessnas 
will have a pretty much straight ahead break, with perhaps 
a slight tendency to drop one wing.  This is normal and it 
should be possible to hold the aircraft in this fully stalled 
condition with only the slightest of aileron input.  

A very pronounced wing drop at stall break is an in-
dication of a problem.  This pronounced drop at the stall 
indicates that the wing on the side of the drop is stalling 
before the other wing.  If this is the case it means that the 
angle of incidence for that wing or the twist built into the 
wing is different from the other wing or perhaps the flaps 
in the up position are not equal, giving one wing more area 
and camber than the other.  However, unequal flap position 
should have been detected during the initial setting of sur-
face travel to factory specifications.  If one wing is stalling 
before the other it also means that the lift produced by that 
wing will be unequal to the lift produced by the other wing 
at the same airspeed.  This asymmetrical lift will cause the 
airplane to be ‘wing heavy’ on one side and needs to be 
corrected if performance is to be optimized.

During this portion of the test I generally will take the 
aircraft in and out of the stall by applying and releasing 
back pressure.  In this manner I can get a good idea of how 
the wings are generating lift at the stall.

WARNING - IF YOU ARE DOING THESE TESTS 
YOURSELF BE SURE OF YOUR ABILITY TO RE-
COVER FROM A SPIN!  On about one of every ten 
aircraft that I run a rigging check on I find that the aircraft 
starts a spin entry at the stall break.  Usually the checks 
performed prior to the stall-break check have indicated to 
me that the particular aircraft has problems so I am ready, 
anticipating spin entry, and ready to initiate immediate 
recovery input (control wheel full forward, then rudder 
opposite rotation) at the indication of spin entry so that a 
spin is never entered into.  Even with this alertness, there 
have been a couple of times that a spin was entered before 
I could release enough back pressure to avoid entry.  No 
big deal really except for the fact that if  the aircraft has 
such a problem that it enters a spin immediately at the stall 
break with no rudder input, the problem could be serious 
enough to hamper spin recovery if recovery input were 
not immediate.  Let me emphasize that this situation is 
rare in single-engine Cessna aircraft and that there has to 
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be something significantly wrong with the aircraft for it to 
have a strong spin entry mode at the stall break.

 To reduce this rigging check flight to it simplest terms, 
we are looking at three things, the aircraft’s tendency (or 
lack of) to hold a heading with neutral controls, it speed 
performance against book figures, and it’s behavior at the 
stall break in clean configuration.

Upon completion of the rigging check flight, the data 

generated is studied by the pilot and the mechanic, and 
decisions are made as to whether the aircraft is correct at 
this point, whether minor adjustments are required or if 
there are problems that require further investigation such 
as conducting a symmetry check.

And it is at this point that we will pick up this subject in 
the next issue when we look at “Analyzing Data and Making 
Rigging Adjustments”.

Part Three — By John Frank

In the last issue our series covered the rigging check test 
flight. After the aircraft has had all control surface travel 
set and cable tensions set to factory specifications it will 
be ready for this next step. In this segment of the series we 
will take the check flight results, analyze them, and decide 
on what additional adjustments or changes need to be made 
based on these check flight results. The initial analysis will 
show that one of three conditions exist. 

The first condition is that the aircraft is now properly 
rigged.  The check flight results that indicate that this is the 
case is that the aircraft, when evenly loaded at cruise altitude 
and cruise power settings, as well as trimmed in pitch and 
with other trim input neutralized, would require no control 
input to stay level and hold a heading.  In addition, cruise 
performance is within five knots of book on older aircraft, 
basically pre-1975, and within two to three knots of book 
on newer aircraft.  Surprisingly our experience at the Cessna 
Pilots Association Technical Center in Santa Maria, CA 
indicates that this is the situation with most Cessna aircraft.  
By just setting up the aircraft to factory specs by a mechanic 
who is familiar with rigging Cessna aircraft will normally 
get the aircraft flying correctly.  We have been amazed at the 
Tech Center at how many Cessna aircraft have simply been 
out of adjustment for a very long time.  In this case, where 
simply setting the aircraft to factory specifications solves 
the rigging problems, the mechanic should make a log book 
entry noting the specifications the aircraft was adjusted to, 
along with the conditions such as temperature and send the 
aircraft on its way.  

The second condition that the rigging check flight may 
indicate is that the aircraft, even when adjusted to factory 
specifications, doesn’t fly quite straight but also doesn’t seem 
to have anything dramatically wrong with it.  The indications 
of this condition can be many fold.  Perhaps the aircraft has 
a slight roll to it with the ball centered but had a clean even 
stall break.  This indicates a slight difference between the 
lift being produced by each wing.  This could be caused by 
the shape or positioning of the ailerons and/or flaps being 
slightly different.  To correct this we will take a close look 
at the aileron and flap systems just to make sure we didn’t 
miss something on the initial rigging. A little trick I use on 

those Cessnas that have corrugated skins on the ailerons 
and flaps, mostly the strut braced wing Cessnas, instead 
of making an adjustment of the aileron tab or flap, that is 
clearly visible, is to take a sheet metal crimping tool and 
SLIGHTLY bend the trailing edges of both flaps, bending 
the trailing edge of the surface on the low wing down and 
the high wing up.  This can also be done with the ailerons, 
but in that case, the bends go in the opposite direction.  The 
reason for this is that when the flaps are up they are locked 
in position.  Bending the trailing edge affects, slightly, the 
camber of the wing and the lift produced.  On the other 
hand, the ailerons are not fixed in position, so adjustments 
to the trailing edge of the aileron causes the aileron trailing 
edge to act sort of like a trim tab, “flying” the ailerons into 
the correct position to eliminate the roll motion that the 
check flight showed.  This little trick doesn’t work on those 
Cessnas with smooth control surfaces, such as the Cardinal 
and Centurion, as bending the trailing edges would be both 
obvious and damaging.  I should note that occasionally 
we have found some oddball causes of wing roll tendency 
with an even stall break, such as something relatively heavy 
mounted internally in one wing outboard.

If the check flight indicated a yaw, perhaps accompanied 
by a roll, but able to hold a heading with rudder input alone 
and had an even stall break, this would indicate that the 
rudder system needs to be checked and adjusted.  On fixed 
gear aircraft we will take a very detailed look at the nose 
gear before we make adjustments just to be sure that the 
nose gear isn’t acting as a second rudder and causing the 
aircraft to yaw.  Poor nose wheel centering, a loose wheel 
pant or a wheel pant that isn’t on straight can all cause the 
aircraft to yaw to one side.  The main landing gear should 
also be looked at just to make sure that the wheel pants are 
properly installed and tight.  I have found a couple of cases 
where damage to a main gear wheel pant has caused the 
aircraft to yaw.  This should all have been checked during the 
initial rigging, but it certainly is worth a second look before 
adjustments are made.  On retractable gear aircraft it would 
be wise to jack the aircraft, retract the gear and see if this 
area could be the cause for the yaw.  Most common would 
be a gear door hanging open a bit.  Even a slight opening on 
a nose gear door can cause yaw.  Step back and take a good 
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can be adjusted in flight by an electric survo that is controlled 
from the cockpit.  When you see the thing, it seems rather 
“Mickey Mouse” and I think it uses radio controlled model 
aircraft servos, but it does work and our members who have 
installed them speak very highly of the product.  It is STC’d 
as an aileron trim on most single engine Cessnas and has been 
field approved a s a rudder trim on a number of single engine 
Cessnas.  The device costs $695 and takes approximately 2 
man-hours to install.  Incidentally, Norm is one of general 
aviation’s more interesting characters, ranking in my book 
right up there with Jack Riley as one of those guys you should 
talk to at least once in your life.  While a nice guy he does 
have one really bad trait, that he owns and flies a Mooney.

Another one of the minor conditions that might have 
shown up on the rigging check flight is a roll or yaw tendency 
along with an uneven but not severe stall break.  To correct 
this we are going to try and adjust the amount of lift each 
wing is producing for a given airspeed by adjusting the angle 
of incidence of each wing.  The most common situation is to 
have a roll tendency in one direction at cruise with the stall 
break drop occurring in the opposite direction.  On the strut 
braced Cessnas we can make minor adjustments through a 
few degrees of travel by loosening the aft wing bolts and 
rotating the wing slightly on the aft spar cams. 

In the case mentioned above the adjustment would be to 
flatten or lower the wing on the side of the stall break and 
raise the opposite wing.  Depending on the rigging check 
flight results other adjustments may be indicated.  On the 
cantilever wing Cessnas, the Cardinal and 1967 210G and 
up Centurions, no adjustment on the wing angle of incidence 
is possible, it is built in at the factory and can’t be changed 
without significant disassembly of the aircraft.  Lateral trim 
on cantilever wing Cessnas, i.e., raising a “heavy” wing, is 
done by adjusting the trim tabs installed on the inboard ends 
of the ailerons.

At this point we have completed the basic rigging of 
the aircraft through the three steps.  First, setting to factory 
specifications so that we have a starting point from which to 
make our adjustments, then performing a rigging check flight 
to see what adjustments might be required, and finally mak-
ing the minor adjustments required to get the aircraft flying 
straight and level at cruise power settings without significant 
control input.  It should be noted that if adjustments were 
made that the rigging check flight should be flown again to 
make sure that performance is now correct.

Besides the steps to take in rigging, the other question 
most often asked of the Cessna Pilots Association in regard 
to rigging is how long it should take and/or how much should 
it cost. Before answering that question it must be pointed out 
that there are two man-power requirements that are abso-
lutely essential.  First, the mechanic doing the initial setting 
to factory specifications must be thoroughly experienced 
on Cessna aircraft and second, the pilot flying the rigging 

look at the aircraft.  Is there something that could be installed 
improperly, such as an antenna or an aileron fence that is 
part of a STOL kit installation that could be the cause of the 
yaw?  If after examining all the possible physical causes for 
the yaw some minor adjustment is still indicated there are 
several things that can be done.  It is possible to offset the 
rudder slightly by shortening one of the rudder cables.  I am 
not a real fan of this type of adjustment as airflow in flight 
tends to neutralize this to some degree.  You can also adjust a 
fixed tab on the rudder.  On many Cessnas this would require 
installing a tab on the rudder trailing edge.  Again on those 
Cessnas with a rudder made out of corrugated aluminum 
you can use my trick mentioned above of biasing the trailing 
edge to act as a trim tab.

If the aircraft is equipped with rudder trim and the yaw 
with the rudder trim neutralized is slight to moderate, I would 
recommend not making any fixed adjustments to the system 
because they will produce drag at all airspeeds.  I would 
simply use the rudder trim as necessary.

During the rigging check flight it also will have been 
determined whether excessive pitch trim was required to 
maintain a level attitude.  If excessive pitch trim is required 
it almost always is nose down trim.  Again we will look 
for physical cause such as some heavy piece of equipment 
mounted in the aft fuselage or tail cone of the aircraft which 
usually has an inaccurate weight and balance sheet to go 
with it.  On Centurions I have occasionally found that the 
infamous foam core elevator trailing edge and trim tab can 
increase in weight significantly by moisture absorption to ef-
fect pitch trim.  If the pitch trim deviation is relatively minor 
then I would not make any fixed adjustments to correct this, 
merely use the trim tab system itself to make adjustments.  
If the pitch trim seems moderate, particularly with a center 
of gravity range near the middle, then the cause should be 
determined, possibly by performing the symmetry check 
called out later in this series.  On a few occasions I have 
been concerned enough about a pitch trim situation to run 
a flight test of that specific aircraft against the certification 
requirements.  This is a rather involved series of tests where 
control pressures and degrees of trim travel are measured 
in different configurations and at different center of gravity 
positions.  Because of the complicated nature of these tests, 
I will only perform them if I am very concerned about the 
pitch trim and can find no physical cause.

In this article I have talked about making minor adjust-
ments by moving fixed tabs on control surfaces or using 
the built in trim system.  Unfortunately many single-engine 
Cessnas do not have adjustable rudder trim.  There is a 
device that can be installed that will give adjustable aileron 
trim or adjustable rudder trim.  It is called Aero-Trim and it 
was developed and is marketed by Norm Smith, 1130 102nd 
Street, Bay Harbor, Florida  33154, (305) 864-3336.  This 
is a little tab that is installed on the control surface.  The tab 
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Part Four — By John Frank

The Symmetry Check
In the most recent segment of this series of articles on 

rigging, published last month in the Cessna Pilots Associa-
tion Magazine, we looked at making minor adjustments to 
rigging based on the results of a rigging check flight. How-
ever, sometimes the rigging check flight will reveal out of 
rig flight characteristics so severe that minor adjustments to 
the factory specifications are clearly not going to solve the 
problem. In this situation it will be necessary to determine 
what it is about this particular airframe that is keeping it 
from flying straight. We determine this through a de-tailed 
inspection called a symmetry check. A symmetry check is 
an inspection to see how the aircraft’s individual components 
are positioned in relationship to each other.

Tail Alignment
In this inspection we are going to see how the various 

pieces that are part of the tail are aligned.  First thing is to 
level the aircraft both fore/aft and left/right.  Left/right can 
be done with a level placed across the seat tracks, or across 
the upper door frames as specified in the service manual, 

for fore/aft the service manual needs to be consulted for the 
leveling points for that specific model.  With the aircraft level 
we will place a beam underneath the horizontal stabilizer and 
level the beam (the floor could be used for these measure-
ments if it were perfectly level but floors rarely are.)  With 
the aircraft level and the beam level, a properly installed the 
horizontal stabilizer should be parallel to the beam.  To check 
and see if it is we will take identical points at the left and 
right tips  of the  horizontal stabilizer and measure down to 
the level beam.  the distance should be equal within  a 1/4 of 
an inch.  If the distances are not equal then that tells us that 
the horizontal stabilizer is not parallel.  But at this point we 
don’t know whether the horizontal stabilizer is on crooked 
or whether the whole aft fuselage is twisted.

Next we take a beam and place it vertically along one 
side of the main spar of the vertical stabilizer, using a level 
to make sure the beam is vertical.  With the beam against the 
base of the spar and vertical, take a measurement from a point 
near the top of the vertical stabilizer to the beam.  Repeat the 
procedure on the other side of the vertical stabilizer.  The 
distances from the beam to identical points on each side of 
the top of the vertical stabilizer should be approximately 
equal.  If the distances are not approximately equal then the 
vertical stabilizer is not truly vertical.

The next step is to measure from identical points on the 

check flight should have experience in that area.  A good 
rigging check pilot has a high sensitivity to slight changes 
in flight attitudes and performance.  If these two man-power 
elements are in place then the basic rigging should take 
six to eight man-hours including the rigging check flight 
and minor adjustments.  At the Cessna Pilots Association 
Technical Center in Santa Maria, CA  we occasionally run 
a members special where the basic rigging is $300.  Due to 
the specialized nature of this type of work it may be difficult 
to find a shop that can perform it correctly.  As a general rule 
a shop that has significant experience at rebuilding Cessna 
aircraft ought to be pretty good at rigging.  If a member will 
write CPA with the name, address and phone number of any 
shops they know to be good at rigging Cessna aircraft, the 
Association will compile a list and print it in a future edition 
of the magazine.

Incidentally, for you speed demons out there who have 
the time, interest, and if you are not doing the work yourself, 
the money, with all of these things being equal your aircraft 
will be the fastest for a given power setting at the flattest 
angle of incidence at which wing level can be maintained.  
Trim tabs do not have to be adjusted into the airstream with 
the center of gravity at the aft limit.  (The old wives tale of 
airplanes being load aft being faster is true.  The horizontal 
stabilizer doesn’t need to generate as much download which 
means the wings don’t have to generate as much lift to 

maintain level flight.  This means a lower angle of attack, 
which means less power is required to reproduce lift and thus 
a higher percentage of power for a given power setting is 
available for speed.)  This angle of incidence can be adjusted 
on the strut braced wing.  On the cantilever wing airplanes 
the angle of incidence isn’t adjustable but the same effect 
can be accomplished, to a point, by drooping both ailerons 
slightly, within factory specifications.  Some people will 
even droop flaps a bit to gain the same effect, though CPA 
cannot recommend that procedure.  Of course a point is 
eventually reached where the increase in drag from drooping 
the surface exceeds the decrease in drag from the flattened 
angle of attack.  A great deal of flight testing is required to 
get those last few knots possible out of an airframe/engine 
combination.  It is a matter of making a slight change and 
then testing to see the effect. 

The final situation that we might end up with after 
completion of the rigging check flight is an aircraft so far 
out of whack that minor adjustments are not going to get the 
aircraft flying straight.  To find out what the problem might 
be a detailed inspection of the aircraft must be conducted 
to determine possible damage and how straight the airframe 
is.  This type of inspection is called a symmetry check and 
we will examine this procedure in part four of “Rigging 
— The Key To Speed.”
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left and right tips of horizontal stabilizer to identical point at 
the top of the vertical stabilizer, again looking for approxi-
mately equal distances.

With these measurements in hand, analysis of the tail 
installation can be made.  If the horizontal stabilizer is par-
allel but the vertical stabilizer isn’t truly vertical, then the 
vertical stabilizer isn’t on straight.  If the horizontal stabilizer 
isn’t parallel, the vertical stabilizer measures vertical and 
the distances from the tips of the horizontal stabilizer to the 
vertical stabilizer are not equal, then the horizontal stabilizer 
is not on straight.  And finally if the horizontal stabilizer is 
not parallel and the vertical stabilizer is not truly vertical, 
but the distance between the tips of the horizontal stabilizer 
and the vertical stabilizer are approximately equal, then the 
whole tail cone of the aircraft is on crooked.  I have seen this 
happen occasionally when one airplane is made out of the 
pieces of two, where the tail cone of one aircraft is riveted 
to the front fuselage portion of another aircraft.  I have also 
seen a few cases where the Cessna factory clearly did not 
get the horizontal stabilizer on straight when the aircraft was 
assembled, but these cases are few and far between.  It should 
also be noted that the horizontal stabilizer is constructed with 
a negative angle of incidence to provide a download.  On most 
single engine Cessnas this negative angle of incidence is in 
the area of minus three degrees 30 minutes.  The exact figure 
for each model usually can be found in the service manual.

Airframe/Wing Alignment
This is a check to see that the wings are aligned properly 

with the fuselage.  This has not been shown to be a problem 
generally with Cessnas but can be checked by measuring 
from the same point on each wing tip to a center point on the 
nose cowl (do not use the spinner as the point measuring to 
as engine alignment can effect the measurement) and to the 
tip of the tail cone.  As a rule these dimensions from one side 
to the other will only differ if the aircraft has undergone an 
extensive repair and the proper jigs were not utilized.

Wing Twist (Washout)
Cessna wings have a higher built in angle of incidence 

inboard than outboard.  This is so that when the wing stalls the 
boundary layer separation begins at the root and propagates 
outboard.  In this manner aileron effectiveness is maintained 
clear through the stall break.  This changing of angle of inci-
dence along the wing is referred to as wing twist or washout.  
This twist also contributes to aircraft stability.

On most single engine Cessnas this built in twist is three 
degrees.  On the strut braced wings there is no twist from 
the root to the lift strut station, all twist in the wing occurs 
between the lift strut station  and the tip rib.  On the cantilever 
wing airplanes, that is the Cardinal and the 1967 and up 210 
Centurion, the wing has a uniform twist from the root rib to 
the tip rib.  This wing twist is created by the way the wings 

are assembled in jigs and the twist is held in by the wing 
skins.  Thus if any significant damage is done to a wing that 
necessitates either unriveting of wing skins or replacement of 
wing skins and this work is not performed in the proper jigs 
then it is possible for the twist in the wing to change.

Cessna calls out a method for measuring wing twist in its 
service manuals.  Basically bolts are cut to certain lengths 
that when attached to a straight edge and placed at certain 
points on the wing should have the straight edge in a level 
attitude.

Wing skin condition can also have an effect on the 
aircraft’s handling. This will effect some model aircraft more 
than others. Bill Thompson in his book “Cessna - Wings For 
the World” details all the problems Cessna had with the thin 
wing skins that were used on the laminar flow wing on the 
early Cardinals. Thompson states that “Production test pilots 
became aware of a more noticeable waviness in some of the 
leading edges of the wing (on the 177), and occasionally, a 
two foot length of paint overspray that caused wing-dropping 
tendencies at the stall. This had to be corrected by applying 
body filler material on the leading edge or rubbing compound 
to remove the almost invisible overspray.”  CPA once had 
a Cessna 150 in the shop that had a left wing drop in flight.  
Even when properly rigged and no problems shown on the 
symmetry check this aircraft had a left wing drop.  Some-
one finally noticed that the paint on the leading edge of the 
left wing was rougher than the paint on the leading edge 
of the right wing, apparently from some attempt to touch 
up the paint on the leading edge. Taking a buffing wheel to 
the paint on the left wing to smooth the surface made the 
problem go away.

Any sort of unevenness along the leading edge and aft to 
about 30 percent of the chord can cause unusual handling 
characteristics. 

Engine Alignment
The 172 series engines are installed level to the fuselage. 

The Hawk XP (R172K) Cardinal (177, A, B) and Cardinal 
RG (177RG) have the engines installed with a 3 degree nose 
down cant. All other single engine Cessnas have a three and 
a half degree nose down cant. This angle can be checked by 
removing the prop and comparing the crankshaft prop flange 
face angle to the firewall angle. 

The straightness of the engine installation can be checked 
by using a large carpenters square on the firewall and see-
ing how this lines up with the engine case seam.  Down tilt 
of the engine can be checked by placing a level across the 
bank of cylinders on one side of the engine with the aircraft 
leveled in accordance with the service manual.  Age and 
use can cause engine mounts  to sag allowing the engine to 
cant downward slightly.  Minor adjustments to the engine 
alignment can be made using shims on the engine mounts.  
If an engine is more than a few degrees out of alignment in 
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either plane then a close inspection for damage to the engine 
mounts, keel and firewall should be made.

What To Do With Symmetry Check Results
Unfortunately most of the problems that are uncovered 

on a symmetry check are not easy or inexpensive fixes.  
Bent tails and unequal wing twists require placing aircraft 
components in special jigs and rebuilding them, or replacing 
the bad components with used or new components.  Neither 

    WING
 A B C STATION

2.00 1.00 29.50 39.00
2.00 1.00 29.50 100.50
 .59 1.00 24.00 207.00

Measuring Wing Twist as shown in the 1969 thru 1976 182 Service Manual
If damage has occurred to a wing, it is advisable to check the twist. The following method can be used with a 
minimum of equipment, which includes a straightedge (32” minimum length of angle, or equivalent), three modi-
fied bolts for a specific wing, and a protractor head with level.

1. Cheek chart far applicable dimension for bolt length (A or B).

2. Grind bolt to a rounded point as illustrated, checking length periodically.

3. Tape two bolts to straightedge according to dimension C.

4. Locate inboard wing station to be checked and make a pencil mark approximately one-half inch aft of the 
lateral roar of rivets in the wing leading edge spar flange.

5. Holding straightedge parallel to wing station (staying as clear as possible from “cans”). Place longer bolt on 
pencil mark and set protractor head against lower edge of straightedge.

6. Set bubble in level to center and lock protractor to hold this reading.

7. Omitting step 6, repeat procedure for each wing station, using dimensions specified in chart. Check to see that 
protractor bubble is still centered.

8. Proper twist is present in wing if protractor readings are the same (parallel). Forward or aft bolt may be lowered 
from wing .10 inch maximum to attain parallelism.

of these options are inexpensive.  If the aircraft’s flight char-
acteristics are acceptable even if not perfect and the aircraft’s 
speed is within five or six percent of book figures, the most 
practical way to handle the situation is the live with it or sell 
the aircraft and purchase an aircraft which you check very 
thoroughly for rigging before buying.

In the next segment of this series we will begin going 
through the step by step procedures to rig a Cessna 182 
aircraft.

Part Five — By Steve Ells

Wing Flap Rigging On 1977 C-182 
In this, the fifth segment of our rigging  series we are us-

ing procedures for rigging the flap system of a 1977 C-182. 
While many of these procedures are similar to other model 
and year Cessnas the appropriate Cessna Service Manual 
should always be at hand for consultation when following 
any maintenance procedure.

Rigging the wing flaps is the first step in the rigging 
process. Flap rigging is also  the most time-consuming of 
the rigging jobs. This is because there are a lot of adjust-

ments and subsystems in the flap system. The subsystems 
are: electric motor and transmission assembly, left and right 
bellcranks and cable interconnect, push-pull rods, and motor 
control and followup cable mechanism.

When the pilot moves the flap handle a cam attached to 
the handle immediately closes the flap up or flap down mi-
croswitch. These microswitches are mounted on a pivoting 
switchplate, which pivots on the same shaft as the flap lever 
and is located just forward of the sub-panel the flap lever 
sticks through. A return spring pulls the pivoting switchplate 
one direction and one end of the followup cable moves it 
in the other direction.  The other end of the followup cable  
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runs down the console, under the floor, into a housing then up 
the right rear doorframe,  where it comes out of the housing 
and is clamped to the wing flap retract cable. 

As the flap up or flap down microswitch is closed by the 
cam on the flap handle it sends electricity to the flap motor, 
which turns the transmission, which moves the jackscrew, 
which moves the bellcrank, which moves the extend and 
retract cables, which move the followup cable, which moves 
the pivoting switchplate mechanism, which moves the piv-
oting switchplate until it moves far enough for the closed 
(depressed) microswitch to come off the cam, stopping the 
flow of electricity to the motor.

The electric motor can run in either direction depending on 
which microswitch on the pivoting switchplate is depressed 
by the cam attached to the flap select lever. If no switch is 
closed (depressed) by the cam the motor stops. 

The first step in checking flap rigging is to push on the 
trailing edge of both flaps with the flaps up and see if the flaps 
can be pushed forward, or farther into the flap wells. If both 
flaps are tight  with no movement continue on to the travel 
check. If both are loose, check to see that the Switch Actuat-
ing Collar (on the transmission jackscrew) is stopping at the 
dimension shown in view A-A (.12+/-.05”). If the Collar is 
further away from the transmission than the limits of this 
dimension allow, the up switch on the pivoting switchplate 
(behind the flap select lever) is poorly adjusted, or the up-limit 
switch (at the transmission) is mispositioned. In both cases 
the motor is shutting off too early, and not pulling the flaps 
up into the wells. To remedy this it may take an adjustment 
of the upswitch on the pivoting switchplate (slotted holes), 
an adjustment of the switch plate actuating mechanism turn-
barrel, or a re-clamp of the end of the followup cable at the 
flap retract cable above the headliner. 

It may be that the right flap is tight into the well and the 
left is hanging out. This probably means that the cables that 
transfer the motion from the motor/transmission bellcrank 
in the right wing are too loose to move the left bellcrank the 
same amount. Flap cables need to be tensioned to 30 +/-10 
lbs at the average temperature of the plane’s home base. 
Tensioning must be done with the flaps at 20 degrees travel. 
Attempting to tension cables at full up or full down can give 
false readings in excess of 60 lbs. 

It is possible that the switch actuating collar is in the cor-
rect position when the motor shuts off, and the cable tension 
is correct and the flaps still hang a little. If both hang a little, 
the actuating rods will have to be shortened (starting book 
value is 8.83 +/-.12” to center of rod end bearings); if the right 
flap hangs out a little adjust rod length; but if the right is up 
and the left hangs out an angularity check of the left and right 
bellcranks must be done before any other adjustments. 

The cable tensions can be correct and still have the left 
bellcrank out of position. An angularity check  consists of 
measuring the distance from the pushrod arm bolt hole on 

the bellcrank to the rear side of the rear spar, and comparing 
distances for the right and left bellcranks. (I got 3.8 and 3.9” 
for the right and left bellcranks on a local airplane) If they’re 
not the same the left bellcrank must be brought into the 
correct position by give-and-take with the cable turnbarrels 
(flap extend and retract cables) above the headliner.  When 
both bellcranks boltholes are the same distance from the rear 
spar this means the bellcranks are at the same angle. After 
angularity adjustment is done recheck both flaps for tight-
ness at full up and adjust pushrods as necessary to obtain 
full flap up.

Primary control surface cable safetying is an inspection 
item at CPA Technical Center, as at all air taxis and airlines. 
Therefore always get a second set of eyes to verify that cable 
turnbarrels are safetied with the correct gauge safety wire 
and with an approved safetying method. Any 1/8” primary 
control cable turnbarrel on a single engine Cessna can be 
legally safetied with a .041” single wrap method. 

Let’s say everything discussed up to this point is correct, 
or has been corrected. The cable tensions are correct at 20 
degrees travel, the bellcranks are in the same positions, and 
the flaps lay in the wells nice and tight when they’re up. Next 
step it to check uniformity of travel and switch setting. CPA 
Tech Center is now using a SMARTLEVEL to measure con-
trol surface travels. A SMARTLEVEL measures angles and 
displays the readout in digital form and is accurate to 1/10th 
of a degree. It can be indexed so any angle can be established 
as zero. We bought ours at the local large hardware store for 
around $85 or 90. They are also sold with a straightedge the 
SMARTLEVEL can be mounted in but we rarely use the 
straightedge part.

Place the SMARTLEVEL on the bottom of the left  flap 
and push the buttons that make the SMARTLEVEL index 
itself to that position as zero. After zeroing walk the SMART-
LEVEL around to the right flap and take a reading (at the 
same spot on right flap as was used on the left). These read-
ings should be within 1/2 degree of each other. Then select 
the 10 degree detent with the flap select lever and take a left 
and right reading, same at 20 degrees and at 40 degrees. All 
these readings are written down under a “GOING DOWN” 
heading. Then move the flap handle up to select 20 degrees 
on the selector detent and when the flaps stop take a left and 
right reading; this reading is entered in the “COMING UP” 
column  at 20 degrees; same thing after selecting flap detent 
for 10 degrees going up. Enter all readings on a chart like 
the one below. 

       Going Down   Going Up
 Readings: Left   Right          Left     Right
 Flaps Up 0.0 0.5        xxx       xxx
 Flaps 10 11.0 11.5 12.0 12.0
 Flaps 20 21.5 22.0 20.5 21.5
 Flaps 40 38.0 39.5        xxx       xxx
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Let’s interpret these readings. Reading across we see 11.0 

and 11.5 degrees travel when 10 is selected. This is within 
the 10 +/-2 degrees tolerance specified in the maintenance 
manual. In fact all the above flap readings 
are well within specifications. The reason 
for taking readings going up is because 
the rigging part of the flap chapter in the 
maintenance manual tells us that flap 
travel on up cycle may deviate  a maxi-
mum of 4 degrees from selected detent 
positions. “GOING UP” values are also 
well within limits.

Sometimes the flap travel  will be out 
of tolerance limits, or the up travels will 
be more than 4 degrees away from the 
pre-sets. Occasionally you will also en-
counter a flap that will not react immedi-
ately when the flap handle is moved. All 
of these problems can be traced to the flap followup system 
and actuating microswitches on the pivoting switchplate 
behind the instrument panel.

The flap followup system/operating switches is an inge-
nious device which lets the pilot pre-select a desired flap 

setting by moving the flap handle to a detent notch . The 
system then moves the flaps to the pre-selected setting. The 
parts of this system are the actuating cable, cable housing, 
pulleys, and turnbarrels; the pivoting switchplate and plate 
pivot mechanism, and the knob handle and cam assembly.

Adjustments to the flap actuating system usually consist 
of moving the up switch, the down switch, or both in slotted 
holes on the the pivoting switchplate. Another important 
point is to be careful not to dislodge or leave out the thin 

insulator between the switch and pivoting switchplate. It 
can get confusing occasionally when adjusting switches 
or cable lengths. A piece of paper, a pencil and notes save 

many man-hours.
Write the problem, then write in detail exactly what ac-

tion has been taken, then check the result. For instance, if 
your angularity check showed the left bellcrank bolthole 
farther away from the rear side of the rear spar than the right 
bellcrank bolthole, write the distances down. Unsafety the 
turnbarrels above the headliner and give-and-take the cables. 
In this case I would tighten the 3/32” (retract) and loosen 
the 1/8” (extend) cable two turns each. Then I would write 
down exactly what I did and take another measurement of 
the bellcrank bolthole. Of course the flaps will have to be 
ran full up to check the dimension, then to 20 degrees for 
adjustment and tension reading. A homemade flow chart will 
eliminate unnecessary adjustments and save time.

Any discrepancies must be adjusted out with followup 
 system. Last step is to verify all safeties and replace all  
inspection panels.

After the flap system is rigged correctly, and only after 
the flap system is rigged correctly can the aileron system 
be rigged. That will be the topic of our next segment of our 
rigging article.  
  The important points are: checking full flaps ups, check-
ing left and right flap angles at up, intermediate and full down 
positions; and comparing angles to the same positions when 
flaps are coming up; checking cable tensions, and up-limit 
and down limit switches.
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Part Six — By Steve Ells

In Part 5 I wrote about the actual adjustments involved in 
rigging the flaps on a 1977 C-182 since that is the first step 
in the control surface rigging procedure. After the flaps are 
correctly rigged the ailerons can to be rigged.

Rigging adjustments for the aileron system consist of 
marrying the control wheels, centering the wing bellcranks, 
fairing the ailerons, adjusting for cable tension and check-
ing travel.

Many single engine Cessnas have control wheels that 
aren’t “married”; that is, they aren’t both perfectly level at 
the same time. Within reason this is acceptable. In the 1977 
C-182 the cable that connects the left to right yokes to syn-
chronize them is easily checked (relatively easy, anyway) 
for tension but adjustments to synchronize the yokes are 
not easy or cheap. 

Access to make the adjustments is the reason most own-
ers tolerate small mismatches of the yokes in this type of 
aileron control system. Each end of the yoke interconnect 
cable is attached to a  quadrant (pulley drum) at the forward 
end (against the aft firewall face) of each control wheel 
actuating assembly. This attachment is adjustable for length 

by tightening or loosening a nut on the forward side of each 
quadrant, thereby moving the yokes in relation to each other. 
Unfortunately to fine tune the wheels the quadrants have to be 
unbolted from the firewall support bearing, pulled aft and the 
nuts holding the cables turned in or out. With normal behind-
panel routing of wires, cables, and ducting owners sometimes 
elect to spend the manhours that would have “married” the 
yokes performing other more important maintenance.

This isn’t the case in all single engine Cessnas. Parts and 
maintenance manuals provide clear breakdowns of the yoke 
marriage arrangement on different models. Many can be 
married by adjustment of cable turnbarrels.

If yoke “marriage” is acceptable the next step is to tape 
a bar (I use a wooden 2” x 2” and black electrician’s tape) 
across both yokes. This “locks” them into neutral. Then 
check that both aileron bellcranks are centered. This is easily 

done by looking into the bellcrank access hole in the bottom 
of each wing and making sure the aileron stop bushing is 
centered in the slots in the bellcrank. If the bellcranks aren’t 
centered they must be adjusted by giving and taking on the 
direct and carry-thru cables. This is accomplished by tighten-
ing or loosening the turnbarrels located at the bellcranks.

Two cables run to each bellcrank. The forward one 
(called the direct cable because it goes directly from the 
yoke to the control surface) comes from the quadrant  that 
the control wheel turns and the aft one (called the carrythru 
because it carries the motion through the cabin) connects to 
the bellcrank in the opposite wing. The cables, bellcranks, 
and quadrants form a closed loop. One of the “Gotchas” of 
aileron rigging is that cable tensions in the system are valid 
only if taken on the carry-thru cable.  

What we usually see in the CPA Tech Center is an aileron 
system that been adjusted in a hit-and-miss method. Adjust-
ments are attempted without realizing the affect tightening 
one cable will have on the rest of the system.  For instance, 
if cable tensions are taken on a direct cable they will read 
low. In an attempt to tighten up the tension the turnbarrel 
on that direct cable is tightened. The result is the bellcrank 
on that side is pulled out of position and the tension on the 
carry-thru cable is raised until it’s too tight.  The usual result 
is a system where one or both ailerons don’t fair with the 
flaps or bellcranks that aren’t centered, and don’t hit the up 
or down stops.

I always draw myself a little map and write on the map 
which turnbarrel was turned which way; i.e. left direct tighten 
two turns and carry-thru loosen two turns. This method helps 
me  follow adjustment progress without backtracking or go-
ing the wrong direction. 

Sometimes prior mis-adjustments can be quickly spotted 
by checking which turnbarrel has had its inspection putty 
dislodged. If this is evident it’s often merely a matter of 
loosening or tightening that turnbarrel to return the system 
to correct tension and bellcrank position. Usually  all three 
turnbarrels in the system must be manipulated to get tension 
and bellcrank position correct. 
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of the left and right elevators with the left and right hands. 

Then one hand attempts to push down and the other at-
tempts to pull up (or vice versa) on the trailing edges. There 
should be NO movement between the left and right eleva-
tors. If there is any movement felt or heard it’s because the 
rivets holding the flanges onto the torque tubes are loosen-
ing up. Removing the elevators and resetting the rivets or 
installing oversize rivets on the torque tube flanges solves 
the problem.

Rudder and Rudder Trim Rigging
Rudder rigging is also straight fairly straight forward 

but needs to be understood. Three systems are tied to the 
rudder pedals. These are nosewheel steering, rudder control 
and rudder trim. The pilots and copilots left rudder pedals 
are mounted on a pivoting tube that is secured to the floor 
in plastic bushings and runs across the fuselage behind the 
console. There’s also a pivoting tube for the right rudder ped-
als laying alongside the left pedal tube. Welded interlocking 
gears tie the two tubes together, i.e. push one forward the 

Step three comes after the bellcranks are centered and 
tensions correct. Untape the wheels and while turning the 
yoke from limit to limit listen to  make sure both bellcranks 
hit the stops in the wing. It’s possible to get stop contact by 
moving the aileron by hand and still not have it when mov-
ing the yoke. The rule is: the stops at the control surface 
(aileron and elevator) must hit before the stops behind the 
panel when moving the yoke. They should be o.k. if tensions 
and centering are correct. Travels will also fall into place if 
tensioning and centering is right. 

Step four is to adjust the pushrods to fair the INBOARD 
trailing edge of the ailerons with the OUTBOARD trailing 
edge of the flaps when the flaps are full up. Now you can 
see why the flaps have to be rigged before the ailerons. 
The outboard ends of the ailerons will not fair up with the 
wingtips.  

Step five is to make sure all turnbarrels are safetied with 
.041” stainless safety wire and that all rod end jam nuts are 
tight. Make sure the witness holes in the actuating rods are 
not uncovered. A “witness hole” is a very small hole drilled 
through the threaded part of an actuating rod. To guarantee 
that the rod end is threaded far enough onto the rod to ensure 
security  a piece of safety wire is pushed into the witness 
hole. If it hits the rod there’s enough engagement. If the 
safety wire doesn’t hit the rod the installation isn’t safe and 
must be adjusted. A second set of eyes is the best insurance 
possible to guarantee the safeties are done and in place. 

Elevator Rigging
Since aileron rigging is fairly short we will finish up 

the actual adjustments of the elevators and rudder in this 
article. The up and down elevator cables connect to the 
yoke actuating mechanism behind the panel, travel down 
under the floor and aft to connect to a bellcrank mounted 
on the bulkhead 209 inches aft of the firewall. This “209” 
bulkhead, also known as Fuselage Station 209 (or F.S. 209) 
is the bulkhead the forward attach points of the horizontal 
stabilizer and the front spar of the vertical stabilizer bolt onto. 
It’s also the subject of several service bulletins, an A.D. and 
three service kits relating to cracking.

The first check during elevator rigging is to make sure 
the elevator bellcrank hits the  stops at Fuselage Station 209 
before the stops are hit behind the instrument panel. This can 
be checked by moving the yoke fully back and forward and 
listening for stop contact.  If the stops are hit at the panel 
first it means the cables aren’t tensioned correctly. Usually 
tightening up the cables will set everything right. At CPA 
Tech Center we feel that elevator cable tensions will only 
read correctly if a helper holds the elevator (not the yoke) 
in mid-travel while tension checks are performed. 

The second check is to verify (with an inclinometer) that 
the left and right elevators are not twisted. This ties in with 
the third check we always do consisting of standing behind 
the rudder reaching forward and grasping the trailing edge 
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At this point in our rigging series we’ve printed six 
articles ranging from the general to the specific. RIGGING-
THE KEY TO SPEED started on page 2212 in Vol. 11, No 
2 (Feb/Mar. 1994) and addressed general factors in rigging 
Cessnas. Part two came in the Vol 11, No. 3 issue (April/
May 1994) on page 2244-45 and broke down the test flight 
and what it reveals. Part three was printed in Vol. 11, No. 
4 (June/July, 1994) and talked further about ways to make 
Cessnas fly straight.

Part four (Vol. 11, No. 5 Aug/Sept. 94, pages 2296-2298) 
went into tail twist, airframe/wing alignment and wing twist 
(washout) which are the gross alignment check items that can 
occur in Cessna single engine aircraft. Part five was printed 
in Vol. 11, No. 6 (Oct./Nov. 1994) on pages 2332 and 2333 
and was step-by-step procedure for rigging the wing flap 
system on a 1977 C-182. 

Part six covered rigging ailerons, elevators and rudders 
to factory specifications on the 1977 C-182. This part was 
printed in Vol. 11, No. 7 (Dec./Jan. 1995) on pages 2363-
2365. This concluded the actual settings necessary to set the 

other is moved back by the gears. A welded arm sticks down 
from each tube and connects the rudder pedal tubes (through 
adjustable length rods) to the whiffletree.

The whiffle tree is the part that ties the nosewheel steering 
bungee, rudder trim, and rudder pedals together. When the 
C-182 nose strut extends a cam on the upper torque links 
(scissors) is forced against a flat area of the strut housing. 
This locks the nose gear in a straight position. The steering 
bungee is connected on one end to the steering collar on 
the nose gear and the other end is bolted to the whiffletree.  
The steering bungee is the spring connected component of 
the steering and rudder system that allows the rudders to be 
used normally even though the nose strut is locked straight 
ahead. When a rudder pedal is pushed in flight the spring in 
the bungee is compressed or stretched depending on which 
pedal is pushed.

A clever engineer at Cessna also figured out that if the 
length of the steering bungee could be adjusted from the 
cockpit in flight it would be pushing against the steering collar 
which is locked straight by the nose gear straightening cam. 
As the bungee changed length it would move the whiffle tree, 
which would move the rudder pedals which would move the 
rudder through the cables. Voila! Rudder trim. Moving the 
rudder trim wheel in the cabin moves a chain sprocket. The 
chain takes motion to a threaded sprocket that is between the 
whiffletree and the steering bungee. Move the trim wheel 
and the pedals move.

The first step is to center everything. Lower the tail until 
the nose wheel extends and contacts the nosewheel centering 
block on the upper torque link then lower the nosewheel to 
the ground. Adjust the rudder trim wheel until both left and 
right rudder pedals are “married”. Because of the way the 
pedals mount on forward and aft rudder tubes they won’t be 
perfectly flat but they should be clamped with a 2” x 4” to 
as near flat as possible.

The next step is to remove two floor access panels just 
outboard of the console on the left and right side about four 
inches back from the pedal covers to expose the whiffletree.  
With the pedals clamped flat and the rudder trim at neutral 
the whiffletree should be neutral also. Measuring for equal 

distances from the boltholes on each end to the forward 
bulkhead will verify neutral.  Unless there has been work in 
this area or a trim bungee has been changed the whiffletree 
never needs adjusting. 

After confirming that the nose wheel, the rudder pedals 
and the whiffletree are neutral the rudder should be rigged 
one degree to the right. The maintenance manual tells us that 
is 5/16 of an inch at the lower trailing edge and the adjust-
ment is carried out at turnbarrels  about a foot forward of 
the left and right rudder cable attach points to the rudder. 
Make sure both turnbarrels are safetied with .041 Stainless 
steel safety wire using the single wrap method or equivalent 
and get a second set of eyes to verify that the safeties are in 
place before closeup.

Single wrap safetying is a method or ensuring turnbar-
rels don’t rotate. This method has a single piece of wire 
that is woven through holes in each cable and the turnbarrel 
and secured at each end with at least five tight wraps then 
clipped off clean.

Occasionally everything will be in neutral but the rudder 
trim pointer won’t indicate neutral. In this instance the pointer 
finger that travels in and out in a groove in the trim wheel 
has jumped a groove and needs to be reset.

While the tail surfaces are being worked on an rudder/ 
elevator interference check should be done. Being careful 
to push only on a rivet line,  swing the rudder to its limit of 
travel. With the other hand grasp the elevator and pull it to 
its up limit of travel. The two surfaces should never touch. 
You would be surprised how many do!!. If they do it’s an 
indication the rudder stops are out of adjustment or bent. 

The last adjustment is to set all trim tabs to neutral. The 
1977 182 had no fixed ground adjustable tabs installed by 
the factory. If your plane had fixed ground adjustable tabs it 
may be that this rigging procedure will eliminate the need 
for them.

The next step in the rigging procedure is a test flight. 
Detailed instructions for the flight test were spelled out in 
“Rigging-Part II” on pages 2244 and 2245 of the April/ May 
issue of your CPA magazine.

Part Seven — By Steve Ells
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1977 C-182 back to factory specifications. As mentioned at 
the end of the article a test flight is the next step.

Flight tests should be done at the altitude/load/power 
settings that the aircraft is normally flown.  Cruise flight 
behavior is noted using the procedure called out in the 
flight test article. The most important piece of information 
is  to note which wing is “heavy” WHEN THE BALL IS 
CENTERED. If neither wing is heavy and the aircraft makes 
“book” speeds no further rigging is needed. Speed checks 
should be done at the same power settings/altitude/gross 
weight on heading reciprocals and averaged to compensate 
for any winds aloft.

The next test is a stall series as outlined on page 2245. 
A straight ahead break is desired. This test is especially 
important at approach flap settings (20 degrees) since an 
accelerated stall is the most likely scenario during go-
around conditions.

Let’s say our 1977 C-182 still didn’t fly wings level 
in cruise conditions and the stall series didn’t show any 
pronounced dropoff. In other words, we are close but still 
not fine tuned. The common problem we see in this year 
and model of Cessna is a tendency to be right wing heavy 
in cruise with the ball centered.

The  first step is to use the SMARTLEVEL to verify the 
Artificial Horizon and the Turn Coordinator (Turn and Bank) 
are installed in the panel so they’re level with the airplane. 
This should have been done before the test hop but it needs 
to be  rechecked. The leveling points for each aircraft are 
specified in the service manual.

The 1977 C-182 levels laterally by using corresponding 
points in both upper door frames (sills). Using a straightedge 
across the upper door sills to “zero” the SMARTLEVEL sets 
up a baseline for comparison of the horizon bar of the A.H. 
and the mounting 
screws of the T.C. 
or T & B. If the in-
struments are level 
then the wings need 
to be adjusted at the 
rear spar.

A l l  C e s s n a s 
with one wing strut 
(except the C-120, 
C-140 and 1948 C-
170 which all had 
two struts ) built 
since the C-140A 
was certified on 
April 8, 1949 have 
had eccentric cams 
incorporated in the wing rear spar attachments. Rotating 
these cams actually moves the trailing edge of the wing up 
or down, increasing or decreasing the angle of incidence. By 
lowering the trailing edge of the wing the lift is increased on 

that wing, and conversely raising the trailing edge lessens 
the lift on that side. 

Moving the cams is the fine tuning of the rigging. Ide-
ally every Cessna with struts would fly perfectly straight 
and level with rear spar cams neutral. But due to wear and 
tear, production and manufacturing tolerances and previous 
modifications or repairs this is seldom the case. Usually a 
combination of increasing lift on the low wing and decreas-
ing lift on the high wing does the trick. Interpreting whether 

the wing is up of down is no problem if the “bolt down wing 
down—bolt up wing up” reminder is known.  

“Bolt down wing down and bolt up wing up” refers to the 
position of the clinch bolt that clamps the two cams in the 
fuselage attach fittings. It can appear as if the bolt is moving 
but actually the cams are rotating in the fuselage fittings and 
the bolt is stable in the wing fitting. When the bolt appears 
up in the cams this means that the cams are adjusted so that 
the rear spar is as high as it can go, and vice versa.

The actual procedure for moving the cams involves 
loosening the clinch bolt which holds the forward and aft 

eccentric cams in 
place and then ro-
tating the forward 
and the aft cams AT 
THE SAME TIME. 
We use a long (24-
30 inch) extension, 
ratchet wrench and 
7/8 inch deep socket 
mounted on a uni-
versal joint for the 
front cam and a 7/8 
inch combination 
wrench that has had 
the open end cut 
off and the box end 
ground down for 

clearance while rotating the rear cam. 
Moving the cams is a team job. One person is on the 

front cam ratchet, and one on the rear cam wrench. The rear 
cam is accessible through the inboard flap cove inspection 
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panel. Due to limited throw on the rear cam adjustments 
cams MUST be checked for coordination before tightening 
the clinch bolt. Often marking the cams with a felt marker 
and comparing marks eliminates confusion.

As cam pairs are moved it affects the aileron and flap 
cable tensions. If a wing  is  move  from  neutral  to  full  
up  or  full  down tensions can change up to 20 pounds. So 
the aileron tensions will need to re-checked and adjusted as 
necessary after moving cams. 

After the clamp bolt is retorqued in accordance with the 
maintenance manual it’s time for another test flight. In the 
case of the C-182 mentioned above any combination of 
cam adjustments that increases lift on the right side and/or 
deceases lift on the right side will help achieve straight and 
level flight.

Occasionally we see aircraft that just won’t fly straight 
and level with normal adjustment procedures. Though this 
rarely happens dimensional checking as outlined in part four 
(Vol. 11, No. 5 pp. 2296-2298) of the rigging series usually 

pinpoints a gross airframe problem that may have occurred 
due to poor rebuild, modification or heavy use.

The  option available for these hard-to-rig units is installa-
tion of an Aero Trim electric trim tab. A fixed tab riveted onto 
an aileron or rudder is only effective at one speed so bending 
for proper adjustment is time-consuming and a compromise 
at best. Although there are fixed tabs installed on Cessnas 
on nearly every airport around the country Cessna has never 
issued any approved data for field installation nor are there 
any STCs currently listed for installation of a fixed tab.  

In both cases the tab will offset both ailerons or the rudder. 
This will slow the airplane but allow it to fly hands off in 
normal flight. If the plane has a major component or align-
ment problem that can’t be cured short of wing or fuselage 
rebuild a tab can make the aircraft useable. But the first step 
is always to set the aircraft to factory specifications. A tab 
is the last resort. 

Aero-Trim is at 1130 102nd St., Bay Harbor, FL. 33154, 
phone (800) 749-3389.   




