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In this section we’re going to talk through some tools and ideas that will hopefully simplify 
and speed up the process of learning how to get in and stay in good position while 
formation flying.  While this presentation is primarily intended for pilots new to formation 
flying, even experienced CtO pilots may wish to at least thumb through the slides as a 
refresher.  
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We’ve covered the “why” and the “what” – let’s spend a few minutes covering the “how” 
of formation flying.  

The aerodynamics don’t change at all – but the perspective definitely does.  This will be the 
first time you have a reference very close to you to see the impact of your control inputs, 
large and small.  

First, just accept you’ll be pretty much constantly changing your throttle and controls while 
flying in formation.  At first the changes will probably be big until you learn to anticipate 
what you’re going to need and how your plane responds.  After a while, the changes get to 
be very fine but no doubt – at the start you feel like you’re sawing wood with the throttle.  

Second, keep your eyes ONLY on Lead when you’re in close.  Period.  DO NOT look down to 
check your airspeed.  DO NOT change fuel tanks.  DO NOT look down to dial in a new radio 
frequency.  Instead, PLAN AHEAD so you’re on a tank that’ll get you through the whole 
flight, set up your radios so you can flip-flop them without even looking, or have your right-
seater help you with it.

If you absolutely must do something in the cockpit, ask Lead if you can go to a little wider 
separation to take care of it with a call such as “Charlie 1, Charlie 2 – request Route for a 
moment to switch radio frequencies” or similar.  Then just fade a bit farther – laterally –
from Lead to quickly take care of the issue.  But never ask to do this while in a turn: you’ll 
get confused and run the risk of hitting Lead or your fellow wingman.  When done, ask 
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Lead to rejoin, such as “Charlie 1, Charlie 2 requests rejoin”.  But most important, plan ahead
to avoid needing to do this.  Remember, this is a team sport and we need to be aware of our 
impact on others.
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Let’s talk a moment about the throttle.  

We all remember that trimming the pitch actually trims us for an airspeed – not an angle of 
attack.  We all learned that if you’re trimmed up and add power, the plane climbs and if you 
pull power it descends at the speed you’re trimmed for.  Same here: if you push in the 
throttle, to catch up with Lead, you’ll go faster – but you’ll also go up unless you push 
forward on the yoke a bit. The more aggressively you change the throttle, the more 
aggressively the plane will climb or descend.  Anticipate this and remember to push the 
yoke when you push the throttle and pull the yoke when you pull the throttle: push-push, 
pull-pull.  Not a lot but be aware you’ll need to do it, especially when in close.  Also, 
generally speaking, once you’ve gotten trimmed up for 95kt, you probably won’t need to 
change the trim much at all.  

Speaking of the throttle, a good practice to learn right off the bat is to put in the change 
you think you’ll need then take about half of it out almost immediately.  The first change, 
whether putting more in or taking it out, overcomes the inertia of going too slow or too 
fast.  But if you leave it in, the plane will start speeding up or slowing down faster, so take a 
good chunk of the change out right away.  Again, with time you’ll get a sense for how much 
to take out as well.
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Your throttle is not the only tool for slowing you down or getting in position.  Learn to take 
advantage of cross-controlling to slow down temporarily – it’s surprisingly effective in our 
planes.  It works almost instantly, can be scaled to the need, and can be stopped just as 
quickly.  This is especially true if you’re about to overshoot Lead and you’ve already pulled 
the throttle back to the stop: if you put in a lot of rudder away from Lead, you’ll move 
sideways.  You’re going a farther distance, have created more drag, and are not aiming at 
Lead.  All good stuff.  

One word of caution: stop yourself every now and then and consciously think if you’re 
stepping on the rudders more than you need.  At the start, many people will subconsciously 
put in a lot of rudder away from Lead and keep it there.  If you find yourself doing that, 
gently take it out, take a deep breath, and relax. 
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Most lateral position changes are done with the rudder, not ailerons.  Think about it: the 
Thunderbirds never seem to roll when they’re repositioning within their flight; they do it all 
with rudder.

For example, if you’re trying to move in closer to Lead, it’s generally better to rudder a bit 
towards Lead, with just enough roll the other way to keep the fuselages aligned.  If you roll 
towards Lead, you’ll pretty quickly need to roll away from Lead as you get closer.  It tends 
to be similar to what we do for a cross-wind landing where we’re trying to keep the 
fuselage aligned with the runway, except here we start with the rudder and add ailerons to 
correct where the nose is pointing, rather than the other way around for crosswind 
landings.  
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So, with those very basic tools in mind, let’s talk about safely getting settled into our Vic 
configuration. Just remember your “ABCs”: Altitude, Bearing, and Closeness.  

Altitude is your “stack” and we should always be stacked below Lead.  This way, if 
something happens, such as Lead turning towards us unexpectedly, we can safely cross 
under Lead if we have to.  

Bearing is that angle between Lead and us, which we discussed at the end of the last 
presentation and will review in a moment.

Closeness is the roughly 2 to 4 aircraft widths away from Lead we also mentioned in the 
last presentation.

We should “capture” our position on each of these in that order, for safety: get settled in 
lower than Lead, advance straight forward to the Bearing Line, then sidle towards Lead 
along that line.  

Let’s break each one down a bit and learn some good references for us to use in flight.  

7



First, for “stack-down”.  We want to be about 5 feet below Lead, again, so we could pretty 
easily pass below them if needed.  Incidentally, wingmen with high-wing aircraft tend to 
stack up, for better visibility.  This depends a bit on the particular aircraft, so the Element 
Lead will need to make sure they discuss the expectations with any high-wing pilots in their 
element.  And generally, both wingmen are equally stacked down with reference to Lead, 
so they’re co-altitude.  

The amount of stack-down actually stays the same in a turn, though the image beyond 
Lead will change considerably, of course.  

The easiest reference for proper stack-down is to position the spinner so that it’s blocked 
by the midpoint of the wing, as shown in the picture.  This works well on fixed gear as well 
as retractable aircraft and, importantly, works just as well on inside and outside turns.  
Obviously, it wouldn’t work well for stacking down on a high-wing plane.
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The “B” in our ABCs refers to the Bearing Line.  Here’s a quick visual of what we’re referring 
to, as shown in the last presentation.  

The bearing line is the line from Lead’s head to the wingman’s head.
The bearing angle is the angle between the “3-9” line shown here and the bearing line
We work to keep between a 30 and 45 degree bearing angle, which allows Lead to see the 
wingmen more easily.  Remember, if you can’t see Lead, Lead can’t see you. (pause to let 
them study it)
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In the formation flying world, when you’re outside of that 30-45⁰ slice of pie you’re 
referred to as “acute” if you’re too far forward or “sucked” if too far back.  Note that this 
has nothing to do with your distance from Lead – only your angle.

Many beginners start off being too far back quite a bit, especially when they do a turn 
where they’re outside of Lead.  Not a huge issue but remember Lead can’t see you if you’re 
too far back and be aware of the risk of crossing over behind your fellow Wingman if you 
let this go too far.

Being acute is actually common as well, especially on inside turns.  We’ll spend more time 
talking about how to manage turns in a few minutes.  
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Some good references for finding those 30 and 45⁰ bearing lines include using the wheel 
pants on Lead.  

30⁰ is roughly when the front of the main gear pant touches the rear of the nose wheel 
pant.  This is also true on Grummans, by the way.

45⁰ is roughly when the main gear strut aligns with the nose wheel strut.  Also true on 
Grummans.  

You can see in the top right picture that the plane in the foreground is “sucked” because 
the nose wheel on the Lead plane is between the main wheels.  

In the bottom picture you can see there’s space between the nose wheel pant and the 
main gear.  This would be OK if that’s your fellow wingman but not if that’s your Lead.
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Putting the two together, you can see some shots of what you’re working to see in flight.

The top left picture is about as far back on the bearing line as you’d want to be but is OK.  
Notice the spinner is slightly above the wing, so they’re stacked up just a little.

On the right, the stack is good but they’re slightly acute.  Then again, they’re a little farther 
out than 4 aircraft widths, so that’s not really an issue.  In fact, this is a perfectly fine 
position to be in while cruising straight and level.  

On the bottom left you see the near plane is nicely stacked and on a nice bearing line 
(remember, the blue plane’s pilot’s head is a little to the right so his view is of the nose 
wheel pant touching the main gear pant).  Of note is they’re a little closer to each other 
than typical for CtO but these are two very well-seasoned pilots.  
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The third parameter to manage is “closeness”.  This definitely takes the longest for people 
to manage but the good news is it’s generally the least important one for safety.  

That said, being closer has some significant advantages. It’s actually easier to stay in 
position both because you can detect changes sooner plus you’re riding in Lead’s “air 
bubble”, so the impact of turbulence is quite a bit less.  

Finding that 2-4 aircraft spacing is a bit difficult to describe, so chat with your safety pilot 
about it until you develop a feel for the right distance.  But do practice working yourself in 
closer along the bearing line during straight and level flight, so you get more comfortable 
with being in close.  
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A couple of notes on landmarks for other types of aircraft.  We’re actually trying to adhere 
to the same amount of stack-down, bearing angle, and closeness but the references are a 
bit different.  The best thing to do is talk with the pilot about what references others use on 
their plane and walk over before the flight to take a good look at the landmarks on the 
ground.  (pause)
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Let’s talk about how we manage turns in formation.  This can be one of the more 
challenging – but fun – parts of formation flying.  

There are definitely going to be some turns during the trip.  Even if we went straight from 
Waupaca to OSH, taking off to the east and landing to the east, we’d build some in, to help 
us fix spacing between elements.  

Turns are actually a lot of fun once you’ve cracked the code. For CtO we keep them gentle 
and basically standard rate, which ends up being 15⁰ at 95kt.  Leads will enter and exit 
them gradually but briskly enough so you know they’re happening and it’s not just 
turbulence.  

They can typically be anywhere from 45 to 90⁰. During training you may do ones even 
longer.  
They’re ideally at a fixed altitude and airspeed – for your Element Lead.  As you’ll see in a 
moment, wingmen definitely need to adjust both, in order to stay in position on Lead  
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Basically, there are two ways we can turn in formation: “Welded Wing” and “Echelon”.  

Welded Wing is as if the element is one giant airplane with Lead as the center and 
wingmen as the wingtips.  Wingmen go up or down in unison with Lead.  This is where 
using the spinner being blocked by the wing as a reference for stack-down is great: it keeps 
you properly stacked no matter where you are in the turn.

Echelon turns are where the wingmen keep Lead on the horizon.  Because a wingman on 
the inside would have Lead “under” them, they wouldn’t be able to see them – definitely 
not safe.  We typically don’t do echelon turns in CtO but they’re used quite a bit in more 
advanced formation flying.  
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Keeping in position in turns ends up being one of the most challenging things for new 
formation pilots to get comfortable with, which is why we’re spending a little extra time on 
this.

You’ll know you’re doing it to Blue Angel performance levels when you keep Lead on the 
same spot on the windshield.  When you’re cruising and in a good position, take a look at 
which bug or dirt spot on your windshield Lead’s airplane lines up with.  In turns, regardless 
of which direction, in a perfect world Lead is still beyond the same spot.  If you do so, 
Lead’s spinner will still be blocked by the middle of the wing.  

Also, remember on outside turns you’re traveling farther and climbing.  And although 
you’re technically higher than Lead on such a turn, you’re still stacked down such that their 
spinner is still blocked by the middle of their wing.  Remember: it’s as if you’re Lead’s 
wingtip.  In any case, you’ll need quite a bit more power at the start to get there and then 
will back out a fair amount of it once you’re settled in.  Remember: formation flying is all 
about constant small corrections to keep you in position as things change.  The sight 
picture will be different as you look through Lead to the ground but the references for their 
plane remain the same – and they should be in that same spot on the windshield.  

On inside turns you’ll need to cut power at first, but probably not as much as you might 
think.  The biggest thing to remember is to NOT put in too much bank right away!  And on 
the inside, you’re going to see sky through Lead but the references – wheel pants, spinner 
on the wing, etc. – will be the same.  
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Let’s pause for a moment and talk a bit about turns in an airplane, because remembering 
some of the basics we learned to get our licenses but haven’t used since then are really 
important here.  

Remember that the rate of a turn is how fast you’re moving around a circle – how many 
degrees you’re going through and not how many feet or miles you’re traveling.  In order to 
turn at the same rate, two planes traveling at different speeds need to use two different 
bank angles.  A jet liner doing a 2-minute turn at 500kt would need to be at 54 degrees of 
bank and would have a turn radius of about 3 miles, compared to the 15 degrees of bank 
our Cherokee would need to use to get that same turn rate at 95kt.  If the airliner tried to 
maintain 15 degrees of ban, they’d have a turn radius of 13 ½ miles compared with our 
half-mile radius at 15 degrees and it would take them 10 minutes to do our 2-minute 
standard-rate turn.  

The moral of the story, though, is you need less bank inside of Lead and slightly more bank 
outside of Lead to keep position in a turn – something that can seem counterintuitive but is 
a big deal, because if you have too much bank inside of Lead, you’ll be out-turning them 
even if your airspeed is quite a bit less.  

Incidentally, a useful website for playing with different speeds, bank angles, the G forces 
you get, turn distances, etc. is http://www.csgnetwork.com/aircraftturninfocalc.html
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Let’s see how this plays out in flight.  

Suppose Lead starts a standard-rate turn to the left at 95kt.  Their radius will be 3000ft for 
the turn and they’ll be at 15⁰ of bank.  

When flying inside the turn, the radius will be 2900ft – 3 wingspans or 100ft less than 
Lead’s.  They’ll fly slower – that’s intuitive – but will also fly with less bank than Lead, as we 
just saw.  You obviously need to put in some bank in order to turn with Lead.  But what 
does virtually every new formation pilot do?  Their gut reaction is that Lead’s coming at 
them and they worry about hitting Lead.  Their gut response?  They slow down and turn 
away! Slowing down helps – a little – but turning away significantly increases bank angle 
and increases the rate of turn! Even a pretty modest increase of 5 degrees - to, let’s say 20 
degrees – and slowing by 10 whole knots means you’ve changed from going around the 
circle at 3 degrees per second to 4 ½ degrees per second.  You’re actually pulling ahead of 
Lead in the circle even faster despite slowing down!  Now they think they need to slow 
more and turn away more because they think they can’t turn less – that’ll get them closer 
to Lead, so down to 75kt and up to 25 degrees.  You’re now turning nearly 7 degrees per 
second – well over twice as fast as Lead is.  What happens after a few cycles of this?  You’re 
getting slower and you’re getting steeper: a great setup for an accelerated stall!  

How do you fix this?  First, anticipate the turn so it doesn’t startle you in the first place.  
Second, do reduce power but, at a minimum, don’t add any more bank than Lead has; 
remember, on the inside you actually need half a degree less than Lead.  Use them as your 
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Attitude Indicator.  Remember, your ABC references don’t actually change but the world 
looks different because there’s sky beyond them instead of horizon.  But most importantly, 
use your rudder instead of your ailerons once you’ve established the same bank as Lead.  

In fact, ruddering towards Lead is often the best maneuver; you’re cross-controlling, so 
you’re creating drag plus you’re flying on a larger turn circle, so you’re going farther.  

If you really can’t stand it and want to escape, your exit is to the outside, under Lead.  That’s 
why we stack down.  Also, you need to make this decision before you turn so tightly that you 
lose sight of Lead below you.  Remember, your fellow wingman will be up higher, so go level 
or down and outside.  

Inside turns are the trickiest basic maneuver for people to master because it requires doing 
things that seem completely counterintuitive.  They get easier quickly if you think NOW 
about what’s happening and know in advance what tools you’ll need when you get in the air.  
Also, the closer you fly to Lead the less difference there is in turn circles, actually making 
things easier.  
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Now let’s take a look at turns when you’re on the outside of Lead.

Outside turns have their own challenges but aren’t nearly as intimidating because a plane 
isn’t coming at you.  Because you’re going farther than Lead because you’re on a bigger 
turning circle and because you’re going higher because you’re trying to maintain Welded 
Wing, you need to add quite a bit of power and anticipate doing it quickly.  The first few 
times you do these turns you will get sucked, especially if your plane isn’t a fire-breathing 
Turbo Saratoga.  It’s not dangerous – just frustrating.  Do your best to anticipate the change 
but if you get really far behind, remember: the smaller the circle you’re flying, the shorter 
the distance you need to go.  If you really get sucked, consider falling in nearly behind Lead 
(but keep away from your other wingman!) until you start gaining, then gradually fade back 
to your side and get into position.  

Especially when they first start doing these turns, some people unconsciously put in a lot of 
rudder to the outside, away from Lead, to keep from hitting them even when they’re 
settled into position.  It isn’t necessarily dangerous but it does add to the problem of being 
underpowered since your drag has increased.  Stop and think where your feet are (do not
look down at the turn coordinator!) and see if that’s an issue for you.  

If you’re uncomfortable with the situation, just roll straight and level and you’ll pretty 
quickly get away from Lead.  You’ll also pretty quickly fall into trail but that’s OK.  

Again, the big message here is to think ahead about the aerodynamics at play and be ready 
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to do things like cross-controlling that are not intuitive.  
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Key points from this very high-level overview of formation flying basics:

• Always keep your eyes on your element lead when in formation.  Never look down to do 
housekeeping chores.  Plan ahead so you won’t need to.

• Make a throttle change then expect to take about half out almost immediately
• Remember we’re trimmed for an airspeed, so throttle changes will actually change our 

pitch as well.  So, when you push in the throttle, push in the yoke to maintain altitude 
and vice versa

• Cross-controlling is a very helpful tool for managing speed.  Use it for repositioning, 
slowing down, etc.  

• Remember your ABCs and correct them in that order
• Turns are tricky at the start, especially inside ones.  Be sure to do your best to anticipate 

them and be very aware of the risk of rolling too much on the inside.  
• And remember your escape route on an inside turn is to the outside and low – not 

tightening up your spiral to the inside.
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That wraps up this section on formation flying basics.  Don’t be frustrated when you start 
off: the typical progression is for people to do one flight with as few turns as possible, just 
to get used to being next to someone.  Then the next flight or two helps you learn how to 
be comfortable in turns.  

The next section brings us back to the CtO procedure basics.  We’ll talk about the rest of 
the flight, from the en route phase all the way through the debrief. 
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