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AVIATION IS AWASH IN opinions on just about everything, and 
nowhere is this more apparent than when discussing the tail wheel. 
A sure way to start a slug fest is, for instance, to categorically state 
that the chains that connect the rudder to the tail wheel should be 
hanging slack. Or that a tail wheel that locks straight ahead is easier/
better/safer than one that steers. And then there’s tail-wheel 
shimmy, the bugaboo of taildraggers that seems to react more 
strongly to black magic and incantations than mechanical changes. 
Opinions abound, but tail-wheel truths are hard to come by.

The reason it’s hard to fi nd defi nitive answers is because the tail-
wheel environment is such a complex fabric woven from so many 
di! erent factors that it’s di"  cult to make black and white state-
ments. In fact, those who are really knowledgeable about tail wheels 
only agree wholeheartedly on one factor: the e! ect that the angle of 
the tail-wheel pivot bolt has on the way the tail wheel behaves. 
During conversations with several tail-wheel experts who make 
their living repairing taildraggers and manufacturing tail wheels, 
both began by discussing the pivot bolt angle. 

Gilbert Pierce, whose son operates Pierce Aero in Graham, Texas, 
said, “Years ago, I noticed that when landing my Piper Clipper on a 
hard surface while heavily loaded, I often experienced tail-wheel 
shimmy on my Scott 3200. I got all sorts of advice, almost all of it 
contradictory, so I started studying the situation. I ran across an old 
1950s auto repair manual that explained front suspension systems 
and the e! ect of kingpin caster angle. 

“If you have ever pushed a grocery cart through the supermarket 
with one of the front wheels shaking side to side, you have experi-
enced wheel shimmy as the result of improper caster angle. 

“What I gained from the chapter on alignment was a basic under-
standing of steering geometry, which applies directly to tail wheels. 
The most important aspect of the concept is that a positive caster 
angle, meaning the top of the pivot bolt is behind the bottom of the 
bolt, causes the tail wheel to have a self-centering tendency.” 

Of Caster Angles, Shimmy, 
and Tail Wheels
BY BUDD DAVISSON

Gilbert said, “When the pivot bolt is 
slanted back, and a line is drawn through its 
center, the distance between where that line 
hits the ground and the center of where the 
wheel hits the ground is the ‘trail distance’ 
and the longer the trail distance the more 
stable the tail wheel.”

Wup Winn, of Alaskan Bushwheel, 
echoed Gilbert’s comments: “To function 
correctly, we’ve found that the pivot bolt 
should be slanted back 3 to 7 degrees, but it’s 
important to measure that angle when the 
airplane is loaded, not empty. It’s quite com-
mon for people to complain that they get 
tail-wheel shimmy when the airplane is car-
rying a heavy load, which is usually easily 
explained. As the CG moves aft, more load is 
carried by the tail-wheel spring, so its arch 
fl attens out. As it fl attens out, that decreases 
the caster angle and reduces the trail dis-
tance, both of which contribute to shimmy. 
In fact, although there are lots of other fac-
tors that can combine to cause shimmy, 
letting the caster angle get close to zero or 
even negative is probably the most common 
cause. It’s entirely possible to have a nega-
tive angle and not get shimmy because 
there’s still a little trail distance left. But, 
when that’s the case, it takes only one or two 
other things to take place to cause shimmy.” 

The fi rst thing to be examined when 
shimmy occurs is always the pivot bolt 
caster angle. If analyzing it when the 

The mechanics of taildraggers
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airplane is unloaded and it looks only 
slightly leaned back (positive) or is vertical, 
then we’re almost guaranteed of it being 
negative when the airplane is loaded and the 
tail-wheel spring is depressed. 

The most logical cure when a caster 
angle is nonexistent or negative is to change 
or re-arch the spring to get the correct angle. 
If you still have shimmy after adjusting the 
caster angle, it’s time to begin looking at 
other factors. 

Everyone who has fl own a taildragger for 
any length of time has experienced tail-wheel 
shimmy. The standard piloting technique 
when that happens on rollout is to move the 
stick forward and momentarily unload the tail 
wheel. This usually stops it because it elimi-
nates the load on the tail wheel and lets the 
spring go back to the original caster angle. 
However, even then, the shimmy, which 
sometimes can be violent enough to damage 
structure, will often continue. Both Gilbert 
and Wup point to some of the same items that, 
if present, can make almost any tail-wheel 
shimmy, even if the caster angle is correct.

Wup said, “There are a handful of rela-
tively minor factors that, if they are out of 
limits just a little, can combine in di! erent 
ways to cause shimmy.” 

What he’s saying is that there are three or 
four di! erent factors that by themselves may 
not cause shimmy, but these factors can be 

combined in a large number of di! erent ways 
and cause shimmy to start. This is why trying 
to eliminate shimmy can be so frustrating. 

“Tire pressure is a big one. If it’s too low or 
too high, the dynamics of the tire change. Also, 
depending on the exact tail-wheel type, internal 
parts of the assembly can wear, and when some 
mechanical slop develops, that in e! ect lets the 
pivot shaft move around. You don’t want things 
so tight that the unit is tough to steer, but you 
don’t want it sloppy either,” he said.  

“Sometimes,” Wup said, “shimmy can be 
something as simple as the wheel bearings not 
having quite enough preload from the axle nut. 
Or maybe the mount bolt that attaches the tail 
wheel to the spring or other attach hardware is 
worn or loose. Those bolts take a terrifi c beating 
and should be retorqued and inspected periodi-
cally. Sometimes, they’ll show a lot of wear and 
let the entire assembly, spring and everything, 
move around enough to encourage shimmy.”

Another area that can infl uence shimmy 
but often hinges on pilot preference is the way 
in which the rudder springs are attached to the 
tail wheel. When it comes to rudder springs, 
there are two major areas of disagreement: 
First, should the chains be tight or loose, and 
second, should the springs be tension springs 
or compression springs? 

The subject of slack or no slack in the 
chains is one based on closely held personal 
taste and opinion, more than operational facts. 

ILLUSTRATION COURTESY OF EAA
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Wup said, “Super-tight chains increase 
the perceived sensitivity of the tail wheel 
because it steers much faster, so many pilots 
prefer a little slack in the chains.” 

An argument can be made that by intro-
ducing slack in the chain, it widens the dead 
spot in the middle of the active range. Some 
pilots like that because the aircraft doesn’t 
respond to their movements as quickly. At the 
same time, other pilots hate that because they 
don’t feel as if they have positive control of the 
airplane. A similar, less obvious change in per-
ceived sensitivity can be accomplished by 
changing the spring rate in the rudder springs. 

Wup also said something we don’t often 
consider: “There’s also some discussion 
about which is best, tension springs or com-
pression springs, and one thing in favor of 
tension springs is that they’ll continue to 
stretch where a compression spring will bot-
tom out and stretch the chains or bend 
steering arms.”

I witnessed a situation where compres-
sion springs bottomed out with enough force 
to stretch the chain and make it into a solid 
strut so it wouldn’t let the tail wheel return to 
center. Also, pilots sometimes use Maule’s 
anti-shimmy combination of di! erent sizes of 
springs right and left. Presumably this is to 
eliminate the tendency of two identical 
springs creating some sort of harmonic 
source for shimmy. 

Regardless, compression springs, tech-
nically called “drawbar springs,” are 
favored by those fl ying many types of tail-
draggers, especially the high-performance 
birds. They are available in varying spring 
rates from sources such as McMaster-Carr, 
Aircraft Spruce, and Reid Supply so a 
builder can fi ne-tune his rudder feel (high 
spring rate, quicker steering, and vice 
versa) to his exact taste. 

We’ve only scratched the surface of what 
appears to be a simple subject but is actually 

quite complex. However, the basics of caster 
angle, shimmy prevention, and spring di! er-
ences apply across the board. 

Incidentally, no matter what is said 
about the mechanics of tail wheels, they 
are just not that hard to fl y, and think of 
how many wonderful aircraft you won’t be 
able to fl y just because you won’t take a 
few hours of instruction. However, the 
experience is much less likely to be fi lled 
with drama if the tail wheel is properly 
installed and maintained. Also, tailwheel 
aircraft don’t spontaneously go out of con-
trol. They are forced out of control by the 
lack of intelligent training and basic 
mechanical understanding.  

Budd Davisson is an aeronautical engineer, has fl own 

more than 300 di" erent types, and has published four 

books and more than 4,000 articles. He is editor-in-chief 

of Flight Journal magazine and a fl ight instructor primarily 

in Pitts/tailwheel aircraft. Visit him on www.AirBum.com.
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