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Procedure Turns, Circle to Land and DME Arcs 

Procedure Turns - The Discussion,  the Controversy 
Procedure turns, when you are required to do them and when you do not or should not do them has been a topic of 

much conversation and controversy.  The format and information given on the approach plates for RNAV approaches 

have provided a great deal of clarification of when PTs are to be done and seem more consistent with the logical 

interpretation of the Aeronautical Information Manual (AIM) section 5-4-9: 

5-4-9. Procedure Turn and Hold-in-lieu of Procedure Turn  

a. A procedure turn is the maneuver prescribed when it is necessary to reverse direction to establish the 

aircraft inbound on an intermediate or final approach course.   

But the problem is the FAA goes on to muddy the waters by adding: 

The procedure turn or hold-in-lieu-of-PT is a required maneuver when it is depicted on the approach chart, 

unless cleared by ATC for a straight-in approach. Additionally, the procedure turn or hold-in-lieu-of-PT is not 

permitted when the symbol “No PT” is depicted on the initial segment being used, when a RADAR VECTOR to 

the final approach course is provided, or when conducting a timed approach from a holding fix. The altitude 

prescribed for the procedure turn is a minimum altitude until the aircraft is established on the inbound course. 

The maneuver must be completed within the distance specified in the profile view. For a hold-in-lieu-of-PT, the 

holding pattern direction must be flown as depicted and the specified leg length/timing must not be exceeded. 

The first sentence seems to make things painfully clear – do the PT only if you need to make a course reversal.  RNAV 

approaches seem to have adopted this philosophy.  Also of no concern is when ATC is vectoring you because 1) it says so 

above and 2) you can verify with ATC that no PT is required (and that may be the prudent thing to do).  So if you are on 

VATSIM in controlled airspace then you will get or can request vectors to an appropriate fix and clarify no PT should be 

done.  But if not in controlled airspace (or, are not under a controller who can give you the option to be vectored to the 

approach) you can interpret this (sim flying or, based on the many discussions in real-world flying) you can interpret this 

in one of two ways: 

1. If your IAF does not say ‘NoPT’ then you must do a PT regardless of your direction of entry, even if your 

direction of entry puts you on the inbound course to final approach without the need to reverse direction (a 

turn to intercept the course to final less than 90°), or … 

2. If you enter from anywhere that does not require a course reversal (turn less than 90°) then you do not have to 

do the procedure turn since you don’t need to reverse course, even if the approach plate does not specify an IAF 

or other point from which No PT is indicated. 

 

To further confuse things in 2006 the FAA amended the rules stating that you can enter an approach at an intermediate 

fix – but some restrictions may apply.  I have not yet been able to get a clear explanation of when “some restrictions 

may apply”.  It seems that the simple thing to do is to ask ATC (who, if you are flying in IMC would be controlling you 

from some point, even if you are not being vectored) to enter an approach directly via X intermediate fix. 

A couple of examples to illustrate the dilemma are given on the following page.  From that point we will set the 

controversy aside and get to the ‘how do you fly these things’ part.
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Consider first the NDB Rwy 35R approach to KHDO below.  It seems reasonable 
that if you are approaching from somewhere between the southeast and 
southwest that you could intercept the inbound course and fly straight to the 
runway following the 352° bearing of the Hondo NDB.  BUT – there is only one 
IAF (HONDO) and no IF to request as an option so if you must first establish at 
an IAF then you must do a course reversal and therefore must do the PT.  Not 
convenient but the logic does hold some appeal – since you must establish 
yourself at the (only) IAF even though you could fly straight in. 

Now look at the VOR/DME-A approach to KSGU.  No PT if you use the Mormon 
Mesa VOR as the IAF – you’re established at a published IAF and it says ‘NoPT’.  
But what about if you are approaching from the south?  HOBTA is an IAF and 
an approach from the south does not require a course reversal.  So no PT, 
right?  Well, maybe – and that’s the whole controversy but the general 
consensus seems to be that if you can hit an IAF and do not need to reverse 
direction then you do not need to do the procedure turn.  PLUS – HOBTA is 
also an IF so entering the approach there could be requested.  BUT – it would 
be prudent to clarify with ATC that No PT is required. 
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When You Do NOT Have to Execute a Procedure turn 
The Aeronautical Information Manual chapter 5-4-9 states, in summary – a procedure turn is not to be done … 

1. When the symbol “No PT” is depicted on the initial segment being used or elsewhere on the chart (e.g. MSA circle) 

2. When receiving radar vectors to the final approach course 

3. When conducting a timed approach from a holding fix 

4. When ATC specifies in the approach clearance “Cleared Straight-In (type) approach” 

5. When a teardrop procedure turn is depicted and a course reversal is required, this type turn must be executed. 

6. When a holding pattern replaces a procedure turn, then the holding pattern must be followed (unless you meet one 

of the above rules) 

 

And they make it clear that you are NOT to do the PT unless you receive specific clearance form ATC to execute the PT.  

Speed restrictions also exist – speed should not exceed 200 knots indicated airspeed (200 kIAS).  The speed restrictions 

for a Hold in Lieu of Procedure Turn (HILPT) are the same as those for a standard holding pattern. 

“Hockey Stick” 45°/180° Procedure Turn 
Below is an expanded part of the Plan View of the  VOR/DME or TACAN Rwy 11R approach to KFAT that shows the 

barbed arrow projecting to the left at a 45° angle to the outbound track.  Note that in some cases this may be a right 

turn from the outbound track – the direction is based on the available space for an adequate ‘protected zone’ around 

the entire approach route including the PT.  In this case (as specified in the Profile View of the plate, not shown) you 

must remain within 15 NM of CZQ (generous, as this is usually 10 NM, sometimes 12 NM). 

For this approach you fly outbound on a 

heading of 311° (the reciprocal of the 

inbound heading 131°).  For VOR approaches 

turn your OBS or HSI heading to the 

outbound radial.  For procedures flown 

using a localizer keep the HSI at the inbound 

course heading.  If using an OBS to track a 

localizer outbound you will need to take 

‘reverse sensing’ into account.   Make a left 

turn until you are 45° left of your outbound 

heading (266° as shown on the approach 

plate, under the barbed PT turn arrow).  

After flying straight for a short period of time 

you then make a right 180° turn to a heading 

of 086° (as shown on the top of the PT barb).  

It is important to maintain a constant speed 

during the procedure turn.  Sometime after 

your initial turn (for VOR approaches) turn 

your OBS heading to the inbound heading. 

If the PT were to the right you would make a 

45° turn to the right of the outbound leg (at 

‘B’) and then make a left turn back to 

intercept the final approach.  This type of PT 

should always be flown such that your turn 
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takes you away from the IAF – initial turn to the left, return by turning back to the right; initial turn to the right, return 

by turning back to the left. 

Everyone has their own method of flying this type of PT.  And, except for the requirements of starting at an IAF and 

remaining within the specified distance what happens is at the pilot’s discretion.  Plan any altitude change (descent) 

needed.  Do not exceed a 500 fpm if possible.  My method is this (and this applies to all Categories of aircraft) 

1. I fly 1000 ft. (or more) above the inbound course altitude (in case there is an aircraft flying inbound) 

2. From the IAF, fly outbound for 40-50% of the ‘remain within’ distance (usually 10 NM) 

3. Make the initial turn – a standard 2 minute turn or 30° bank (or 25° bank if that is what the aircraft 

manufacturer prescribes).  Begin your descent to the initial approach altitude – remember to keep your speed 

constant even during the descent.  If you are 1000 ft. above the initial approach altitude when you start your 

turn you should be able to reach the initial approach altitude with a descent rate of about 500 FPM. 

4. Upon completion of the initial turn fly for 35-40 seconds.   Then turn back (turn right when the initial turn is to 

the left, turn right when the initial turn is to the left) using a standard 2 minute turn or 30° bank (or 25° bank if 

that is what the aircraft manufacturer prescribes).  This timing method results in you intercepting the inbound 

course without holding the inbound heading shown on the procedure ‘barb’.  So, instead of straightening out at 

the inbound heading shown on the ‘barb’ you continue to hold the turn to intercept the inbound course.  For 

VOR approaches remember to set your OBS to the inbound heading.   

 

An alternative method used by some (and, is sometimes considered the ‘standard teaching’) is as follows – steps 1 and 2 

are the same as above 

1. From the IAF, fly outbound for 40-50% of the ‘remain within’ distance (usually 10 NM) 

2. Make the initial turn – a standard 2 minute turn or 30° bank (or 25° bank if that is what the aircraft 

manufacturer prescribes).  Begin your descent to the initial approach altitude as needed. 

3. Time from the start of the 45° turn for one minute.  Counting the time from the start of the turn for one minute 

instead of after completing the initial turn gives a 5 second buffer for roll-in and roll-out time but otherwise 

gives the same result as timing for 40 seconds after the initial turn is completed. 

4. Turn 180°, flying the inbound course shown on ‘barb’.  Expect to start to intercept the inbound course in 5 to 10 

seconds after you roll out of your 180° turn, at which point you can resume your turn to the inbound course.  

For VOR approaches remember to set your OBS to the inbound heading.  

 

And, others consider the standard timing to be one minute after completing the outbound turn then turn back 180°, 

hold that heading for 35-40 seconds then begin your turn to intercept the inbound course.  That will work, and is legal, 

but since this extends the turn portion of the procedure you 

will need to start sooner (maybe a two or three miles from 

the procedure reference point) in order to stay within the 

required distance (usually 10 NM). 

A variation on the entry is the ‘S turn’ at the procedure fix 

(usually the final approach fix or other defined fix in the 

approach).  See the bottom of the figure at right, contrast 

this to direct line entry on the outbound leg shown at the 

top of the figure.  This may be useful if the fix is an NDB since 

there is usually no way to know you are at the NDB until you 

cross it or are near to crossing it.  The FAA regulations do 
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state that if you are on the non-maneuvering side of the procedure you should correct to return to the maneuvering side 

(or in the figure shown above, to the outbound course) as soon as possible.   

My policy:  Don’t do this unless you absolutely have to.  I believe it is best to request clearance (or, plan ahead and get 

yourself to an intersection or other defined point) that will allow you to fly directly over (or nearly so) the procedure fix 

so that there is no (or minimal) deviation from the desired outbound course.  Alternatively you could ask to be vectored 

to a point where you have time enough and room enough to establish yourself on the extended line of the desired 

outbound course before you cross the procedure turn reference fix. 

Variation on the “Hockey Stick” Turn – the 80°/260° Turn 
 

The AIM, section 5-4-9.a.1 states –  

On U.S. Government charts, a barbed arrow indicates the maneuvering side of the outbound course on which the 

procedure turn is made. Headings are provided for course reversal using the 45 degree type procedure turn. However, 

the point at which the turn may be commenced and the type and rate of turn is left to the discretion of the pilot 

(limited by the charted remain within xx NM distance of the initial fix of the procedure as specified in the Profile 

section of the approach plate). Some of the options are the 45 degree procedure turn, the racetrack pattern, the 

teardrop procedure turn, or the 80 degree / 260 degree course reversal. 

So, you can do pretty much anything you want as long as you do it on the maneuvering side of the procedure turn area 

(the side the barbed arrow points or in the case of a racetrack – HILPT – turn the side where the outbound leg lies) and 

remain within the prescribed maximum distance. 

The most common variation on the hockey stick turn is the 80°/260° turn – because it requires no timing.  You simply 

execute an 80° standard turn to the protected side and when your rollout is complete you continue the roll in that 

direction to make a 260° standard turn in the opposite direction and intercept the inbound approach course. 

The small circle at the left represents the 

reference point (VOR, NDB, intersection, 

etc.) from which the maximum allowable 

(‘remain within’) distance is measured.  The 

triangle is the start of the turn, in the case a 

80° turn to the left which is immediately 

followed by a 260° turn to the right 

intercepting the inbound approach course. 

 

All the other rules still apply.  Speed (IAS) is limited to 200 knots.  Altitude requirements must be observed.  Turn rates 

need not be standard turn rates but this is recommended – a two minute turn or 30° bank (unless a different bank angle 

is prescribed by the manufacturer).  Standard turns should ensure you stay within the required distance and well within 

the primary protected area. 

The option to execute a PT in any manner that keeps you within protected airspace and within the distance limitations 

applies only to a hockey stick or charted 80° / 260° procedure turn.  A Teardrop Procedure Turn and a Hold in Lieu of 

Procedure Turn (HILPT) must be flown as published. 
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The Teardrop Turn 
 

The segment in blue for the ILS or LOC Rwy 14 approach to 

KDDC is a teardrop procedure turn.  No variations on the 

theme allowed.  You must fly outbound on the prescribed 

radial – the 356° radial of DDC, the Dodge City VOR which 

is the IAF.  Fly to the OWENJ intersection which is defined 

by the DDC 356° radial and 10 DME (10 NM as measured 

by the DDC DME) and turn left in a continuous arc to 

intercept the localizer for the final approach to runway 14 

(localizer ID I-DDC).   

A couple of tricky parts to this.  First, two navigational aids 

and therefore two frequencies are involved.  If you used 

NAV2 for the VOR portion then no frequency change 

would be required.  Alternatively you would have the VOR 

frequency as the initial active frequency in NAV1 with the 

localizer frequency in the standby positon ready to be 

easily switched to the active frequency.   

The second and harder part is timing the turn so that you 

intercept the localizer.  There are two sizes of standard 

teardrops – those that are about 35° wide like this one 

(which is actually 33° wide – note the 323 radial from DDC 

that intersects the point where the end of the turn meets 

the localizer) to accommodate high speed aircraft and 

those that are 18° wide for conventional aircraft, although 

width varies quite a bit in practice.  But there is a process 

for calculating you required bank angle for any teardrop 

width. 

This requires knowing three rules of thumb – rules that apply in any circumstance; this is just one example of how these 

rules can be applied.  We will not go into how these rules of thumbs are derived.  Those interested should ask one of the 

instructors to explain. 

1 in 60 Rule of Thumb 

This is used to determine the distance across the top of the teardrop – where ½ that distance is the turn radius you want 

to achieve. 

 

The 1 in 60 rule states that for every degree from the 

reference line you move you will move one unit (whatever 

that measurement unit is) for every 60 units you are from 

the reference point.  Usually the units used are nautical 

miles, so that is what we will use here, as shown in the 

illustration at the right. 
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To determine the distance across the teardrop you would divide the width of the teardrop (33° in the approach shown 

above, the Dodge City ILS or LOC Rwy14) by 60 and multiply that result times the distance from the reference point 

where the turn starts (10 NM, as indicated on the approach plate above).  You could change this so that you divide the 

distance from the reference point by 60 then multiply by the width of the teardrop –  

 

Distance across the teardrop =  
𝑊𝑖𝑑𝑡ℎ 𝑜𝑓 𝑇𝑒𝑎𝑟𝑑𝑟𝑜𝑝

60
  𝑥 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑓𝑟𝑜𝑚 𝑅𝑒𝑓 𝑃𝑜𝑖𝑛𝑡 =  

33

60
  𝑥 10  = 5.5 NM, or 

 

Distance across the teardrop =  
𝐷𝑖𝑠𝑡𝑎𝑐𝑛𝑐𝑒 𝑓𝑟𝑜𝑚 𝑅𝑒𝑓 𝑃𝑜𝑖𝑛𝑡

60
  𝑥 𝑊𝑖𝑑𝑡ℎ 𝑜𝑓 𝑇𝑒𝑎𝑟𝑑𝑟𝑜𝑝 =  

10

60
  𝑥 33 = 5.5 NM. 

 

Depending on the numbers one version or the other of rule calculation may be easier to do in your head.  And, you don’t 

have to be exact – so you could say (in the first version of the calculation above) that 33 divided by 60 is about ½ and ½ 

of 10 NM is 5 NM – close enough (and it would be – we’ll illustrate that below).  But, sticking with more precise 

calculation of a diameter of 5.5 NM it follows that the radius of the turn to make this a ‘perfect’ teardrop turn is ½ the 

diameter or 2.75 NM 

Radius of a Standard Turn 

This works for true airspeed (TAS) of up to about 180 knots – so don’t use it if your TAS is going to exceed 180 knots.  

One rule of thumb is to add 2% for every 1000 feet above sea level to your indicated airspeed to get true airspeed. 

 

Standard 2 minute turn radius RST =  
1

2
 𝑇𝐴𝑆 (𝑘𝑛𝑜𝑡𝑠)

100
+ 0.05 

So, if your TAS is 160 knots, then RST =  
1

2
 160

100
+ 0.05 = RST = 80/100 + 0.05 = 0.80 + 0.05 = 0.85 NM 

Bank Angle for a Standard Turn 

This also only works for true airspeed (TAS) of up to about 180 knots – so don’t use it if your TAS is going to exceed 180 

knots. 

Bank angle for a standard turn BAST = 10% of your TAS plus one half of that number.  So, for a TAS of 160 knots: 

BAST = 10% of 160 (16) plus half of that number (1/2 x 16 = 8) = 16 + 8 = 24 degrees. 

Calculating the Bank Angle to Make a ‘Perfect’ Teardrop Procedure Turn 

The bank angle you need is simply the ratio of the standard turn radius to the actual turn radius times the bank angle of 

a standard turn –  

Bank angle for a ‘perfect’ teardrop turn = 
𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑇𝑢𝑟𝑛 𝑅𝑎𝑑𝑖𝑢𝑠

𝐴𝑐𝑡𝑢𝑎𝑙 𝑇𝑢𝑟𝑛 𝑅𝑎𝑑𝑖𝑢𝑠
 𝑥 𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑇𝑢𝑟𝑛 𝐵𝑎𝑛𝑘 𝐴𝑛𝑔𝑙𝑒 

Using the values we calculated for the teardrop turn at Dodge City using a speed in the turn of 160 knots: 

0.85 

2.75
 𝑥 24 𝑑𝑒𝑔𝑟𝑒𝑒𝑠 = 0.31 x 24 = just a bit under an 8 degree bank angle. 

Notice that if we used 3 NM and flipped the math so we can do it in our head, 24/3 is about 8 and 8 x .85 is about 7 

degrees then you would have gotten a bank angle of a bit less than the 8° we got before – which illustrates that you can 

use approximations for this process and still be pretty close – most of the time close enough since you can always add a 

bit of bank angle or roll out of the turn a bit as you start to intercept the inbound course.  In practice there is little 

difference in making a turn at a 7° or 8° bank angle - and if correction for wind is required you might be close to a 10° 

bank angle.   
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An Alternate Method for the Teardrop Procedure Turn 

Some do not bother with the rules of thumb and math done above.  Some simply make a standard turn until they are at 

a 30° intercept to the inbound course an hold that heading until they begin to intercept that course.  This results in a 

“flat spot” on the ice cream cone top of the teardrop but since this keeps you within protected airspace it is an 

acceptable alternative.  But be aware that this will usually result in you establishing yourself on the inbound course 

closer to the final approach fix / point than if you had done the ‘perfect’ turn.  That may put you above the glideslope in 

an ILS approach or require a steeper descent than desired for a non-precision approach. 

With a bit of practice you will be able to arrive at a reasonable estimate of the desired bank angle – or, maybe better, 

you can do the calculations before you leave the ground at your departure airport. 

 

Hold in Lieu of Procedure Turn (HILPT) – or – Racetrack Procedure 
Review the lesson on flying a hold if needed – most of that applies to a HILPT (but you do not necessarily have to fly the 

entire hold – read more about this, below). 

Hold in Lieu of Procedure Turn - Somewhat of a misnomer because … 

1. This is not actually a hold (but you can fly it as a holding pattern if you need to lose altitude) but rather is used 

for course reversal – which in some cases can be done without flying the entire hold.  The newer name (and the 

one used in most ICAO documents) is ‘Racetrack Procedure’, a name that gives more of a sense that this is a 

course reversal procedure, not a hold. 

2. The entry is the same as for a true holding pattern except for the parallel entry – no reason you cannot do a 

parallel entry, or is there?  Maybe you can, maybe you shouldn’t.  Controversy and much discussion abounds. 

3. You do not fly the entire hold – just enough to reverse your course. 

4. And, like other PTs the HILPT shares the controversy about what to do if you do not need to reverse your course 

(see pg. 16). 

First, review the way a true holding pattern is entered and how 

the holding track is joined – the three entries: Direct (sectors 

marked ‘c’, teardrop ‘b’ and parallel ‘a’, respectively).   

 

 

Each method dictates the path taken to join the 

holding pattern.  For a direct entry you would 

immediately begin following the hold track at the 

hold fix (red circle at right).  For teardrop and 

parallel entries you would cross the hold fix and fly 

as shown in the green dotted line until you again 
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cross the hold fix, and then begin to follow the hold track.  It is the parallel entry where the controversy arises when this 

is a HILPT and not a regular holding pattern. 

From the AIM 5-9-4.a.1 - … Racetrack entries should be conducted on the maneuvering side where the majority of 

protected airspace resides. If an entry places the pilot on the non-maneuvering side of the PT, correction to intercept the 

outbound course ensures remaining within protected airspace. 

And a quote from a former FAA Check Airman: 

“As a former check airman, the FAA office that I worked for required parallel entries into holds to track the holding radial 

outbound during the course reversal. I never taught this as an instructor, and don't believe it is required, but it illustrates 

the importance of situational awareness in relation to the holding/final approach course.” 

But the usual holding pattern parallel entry puts you on the non-maneuvering side (the side opposite 

the outbound track).  So – what do you do?  I believe you have three options, the first two are 

similar: 

1. If you are approaching the hold fix at an angle of more than 35° or 40° to the outbound 

course and you can anticipate an early turn at the fix (e.g., the fix is based on a VOR with 

DME) then turn early to allow you to establish outbound on what is defined by the hold as 

the inbound leg (vs. flying a parallel route as depicted by the green dotted line in the 

illustration on the previous page).  Time your outbound leg starting at the point where you 

start your turn. 

2. If you are approaching the hold fix at an angle of more than 35° or 40° to the outbound 

course but three is not reliable way to anticipate an early turn at the fix (e.g., the fix is based 

an NDB) fly to the fix, turning as soon as possible, then continue your turn to allow you to 

establish outbound on what is defined by the hold as the inbound leg (vs. flying a parallel route as depicted by 

the green dotted line in the illustration on the previous page). – Similar to option 1 but with no way to anticipate 

the turn in time to always stay on the protected side of the procedure then navigate such that you return to fly 

outbound on the inbound course as soon as possible.  Time your outbound leg starting at the point you cross the 

hold fix. 

3. If you are within 35° to 40 ° of the inbound course without the ability to anticipate the turn you could do an ‘S’ 

turn at the initial approach fix (IAF – the ‘hold fix’ in the case of a HILPT).  Somewhat of a modified teardrop 

entry, where you cross the IAF but turn immediately to the maneuvering side of the hold and continue to fly a 

teardrop entry into the hold (do not confuse this with a teardrop procedure turn described earlier).  Timing can 

be problematic with this method but in general – for a one minute hold - if you start timing at the point where 

you cross the hold fix, turn back such that you are at a 35° angle to the inbound leg and time for one minute 

then start your turn back to the hold fix you should be close to the desired inbound course timing of one minute. 

 

For completeness sake we could add a fourth option – that you fly parallel to the inbound course as you would any hold.  

Since a HILPT (or Racetrack Procedure) is done at or near approach altitudes where obstacles are near (vs. a hold at 

several thousand feet above ground level) in spite of the safety buffer even on the non-protected side it seems prudent 

(and in accordance with AIM 5-9-4.a.1 to move to the “protected side” - fly outbound on the inbound course). 

AND – as mentioned above, you only fly the portion of the HILPT required to reverse your course. You do not complete 

the entire loop.  Once you are turned around you fly over the IAF and continue straight in on final. 



Procedure Turns, DME Arcs and Circle to Land Page 10 
 

So, the only time you complete an entire loop is when you are in a direct entry sector.  But – do you really need to do 

any loop at all since you do not have to reverse your course?  Back to the discussion on the first two pages.  In the 

absence of ATC vectoring you to the IAF where you can clarify by asking, it is probably best to do the entire loop once 

but there is an argument that it need not be done at all based on 5-9-4.a – the bolded portion on pg. 1.  

Circle-to-Land Approach 

Any time a navigation aid does not lead you directly to a specific runway - usually when not within 30° of the extended 

centerline but sometimes because of a required steep descent or other maneuver that must be accomplished – it is a 

circle-to-land approach (or, Circling approach – Minimums identified in the Approach Profile View as ‘CIRCLING’). 

And, if you look back at the approach plates presented earlier you see that there is a circling approach available for 

some of the approaches that are associated with a specific runway.  (Approaches that are not associated with a specific 

runway – the ‘letter’ approaches for using VOR or NDB are only circling approaches).  This means that you can follow the 

approach as if you were going to land on the specified runway but instead of landing on that runway (provided you have 

visual contact with the runway you intend to land on at minimums) you do a circle-to-land approach. 

A circle-to-land approach is NOT a visual approach.  If you indicate that at any time during your instrument rating 

practical test you will be failed.  Circle-to-land approaches are visual maneuvers as part of an instrument approach and 

as such you must follow all of the requirements of the instrument approach as specified on the approach plate. 

What is not given on the approach plate is where you are required to be when performing the circling maneuver.   That 

is published separately in the FARs.  The principle is this: 

 The circle-to-land area is defined by a specific distance from the end of each runway 

 Each portion of the area is defined by an arc at the specified distance 

 The entire area is defined by the combination of all arcs for all runways 

 The transitions between the arcs are “smoothed” if their arc lines coincide closely 

 

In this diagram the circle-to-land area is 

shown in blue.  If, for example, there was an 

ILS only for the east-facing runways (we’ll 

call them 10L and 10R) and due to winds you 

should land going west (28R pr 28L) you 

could fly the ILS to 10R and when you have 

the runway in sight (and are inside the blue 

area) you could maneuver to the right of 

runway 10R and fly parallel to it (remaining 

in the blue area), past the end of 28L 

(keeping the runway or other recognizable 

part of the airfield in sight) and turn left 

while staying in the blue area, establish 

yourself on final for 28L and land. 

Not unlike a standard visual pattern 

approach but again, this is not a visual 

approach but rather the visual portion of an 
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instrument approach (much like an instrument approach where the final phase requires visual contact with the runway 

at or before reaching minimums). 

So how big is ‘r’? 

The radius (‘r’) from the end of each runway is defined by the category of the aircraft (which is based on the approach 

speed as discussed in the document on reading approach plates).  Starting May 2, 2013 the FAA began expanding the 

circling approach airspace – but not all airports have this, either because there is no way to expand the circling area or 

because the wheels of bureaucracy turn slowly and the FAA has not gotten to that facility yet. 

 

The standard circling radii are shown in the top section.  You must use these unless there is a white ‘C’ enclosed in a 

black box (Jeppesen uses a black diamond around the white ‘C’) next to the line that provides the minimums.  Not only 

are the basic areas increased for all categories at or below 1000 ft. except Category A there are additional increases in 

radii for MDAs of higher elevation.  Not because you are farther above an obstacle if the MDA is higher (you are not – 

obstacles are still the same distance below the MDA regardless of the MDA altitude) it is because aircraft require a larger 

turning radius at higher altitudes – because turning radius is based on true airspeed and for a given indicated airspeed 

TAS increases with altitude. 

Like any approach you must have visual contact with the runway at or above minimums.  You must maintain visual 

contact and stay within the required circling area the entire time – but of course that is impossible unless you have eyes 

in the back of your head and a see-through aircraft behind your seat.  But the requirement is to maintain visual contact 

with “any identifiable part of the airport” so maybe it won’t be physically possible to see the end of the runway but you 

(or your copilot) will likely be able to see some part of the facility. 

Even with the expanding circling approach areas circle to land approaches are inherently dangerous.  So, some air 

carriers forbid their use unless there is an emergency and no alternative (a rare situation, indeed). 
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DME Arc 
A DME arc is by definition not a procedure turn but it does accomplish the task of getting you to the runway you want to 

land on and gets you there in protected airspace.  You will note that DME arcs for approaches that also have a procedure 

turn option (like the one shown below) will indicate ‘NoPT’ on the arc itself. 

You can fly a DME arc using either a standard omni head, an HSI or an RMI.  The techniques for flying a DME based on a 

VOR are demonstrated in this video on Flying a DME Arc Approach. It is important to turn you omni head or HSI to the 

direction the radial is running (away from the VOR station).   

For DME arcs based on an NDB (rare, but not unheard of) with co-located DME the only option is the ADF needle (ADF 

RMI).  This discussion with focus on the more common DME arc based on a VOR. 

Establishing yourself on a DME arc can be done in four different ways.   

1. If you have a way to accurately identify the IAF and 

can arrive at the IAF from a direction that will allow 

you to enter the arc then you may do so from any 

direction.  You may also enter a DME arc anywhere 

along the arc if you have instructions by ATC to do so 

or otherwise have permission from ATC.  Otherwise 

you must use a published IAF.  Until you are 

established on the DME arc you must abide by the 

MSA or other altitude restrictions. 

2. A variation on #1, as shown by the blue aircraft at 

right, is to fly inbound on the radial that identifies the 

IAF.  In essence this is the same as #1 but does not 

require any information other than the radial and 

DME distance to identify the IAF (or, more accurately, 

where to turn at the IAF to establish yourself on the 

arc). 

3. If you are arriving across the arc - in this case where 

the arc is located in the area north of the airport, if 

you were arriving from the northwest as shown by 

the yellow path and airplane you can cross the VOR, 

fly outbound to the point where you would begin 

your turn prior to the IAF to join the arc. 

4. If you are arriving from the opposite side of the arc as 

shown by the path of the green airplane and do not 

have a way to accurately fly directly to the IAF you 

can fly an extended portion of the arc (but not really 

yet on the arc until you cross the IAF) provided you 

remain at or above the minimum safe altitude.  Once 

you are established on the arc you can then descend 

to the allowable altitude specified for the arc.  In this case (for the green airplane) you would need to remain at or 

above 3200 feet until you reach EDOME, at which point you can descend to 2000 feet as shown for the arc. 

  

https://www.youtube.com/watch?v=H_ZSubcdiW0&t=10s&list=PL_NnG_PN8zwlLugBDpkLhzwfZqPnXNWnJ&index=9
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Tips for Flying a DME Arc 

 

 Plan your entry onto the arc prior to 

reaching the arc.  One rule is to start your 

turn at 1% of your true airspeed and turn 

at a half-standard turn rate (use a bank 

angle that will give you a half standard 

turn).  For a 90° turn as would be made by 

the blue and yellow aircraft in the 

illustration on the previous page you might 

find it helpful to add a one or two tenths of 

a NM to determine the point where you 

would start the turn.  For example – if your 

TAS is 160 knots you would start your turn 

at 1.6 NM (or maybe 1.8 NM to give a bit 

more room) using a bank angle of 12° 

(from the rule of thumb on page 7 – 10% of 

160 = 16, half of that is 8, 16 + 8 = 24 

degrees for a standard turn so a half-

standard turn would require a bank angle 

of 12°. 

 Remain within one NM of the arc distance.  

Err towards the inside or the arc – this will 

result in the arc “coming to you” as you fly 

(the blue airplane at the right) vs. being on 

the outside where you would be “chasing 

the arc” as it turns away from you (the red airplane). 

 If using an HSI or standard omni head (as in the Cessna 172) turn the needle or omni bearing selector to the VOR 

radial (the direction from the VOR).  So at EDOME, flying to the VOR with the omni head or HSI pointing TO the VOR 

090° you would need to switch the omni head or HSI to the radial heading – 270°. 

 Plan your intercept to the final approach heading.  In the arc shown above the leader radial (LR) shows that, if you 

are flying the west side of the arc you would start your turn at the 345° radial and intercept the localizer heading 

177° (which in this case is coincident with the 357° radial of the Greenville VOR).  The width of the turn crosses 12° 

(357° minus 345°) and by the 1 in 60 rule the distance across this span is approximately 2.4 NM (12/60 = 1/5, 1/5 x 

12 = 2.4).  BUT – unlike the calculation for a teardrop procedure the value you get is approximately the distance 

across the span (approximately, since you do start the turn at a bit of an angle to the eventual inbound course.  So 

for a TAS of 160 knots where the turn radius is ½ x 160/100 + 0.05 = 0.85 NM and a standard turn bank angle is 24° 

you can use a bank angle of about 10°:  0.85/2.4  is roughly 0.4 and 0.4 x 24 is about 10° - if you do the actual math 

this is close but not exact, but close enough and something that you can do in your head if you have not planned 

ahead and calculated this already.  And, once you start to intercept the localizer (and not only change your HSI to 

the localizer heading if you are using an HSI but CHANGE THE FREQUENCY to the localizer frequency if you are 

using a standard omni head or HSI). 

 If no leader radial is specified you can start your turn six or eight degrees before reaching the inbound course.  For 

most arcs this would result in you needing to use about a 2/3rds standard turn to intercept the inbound course.
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Almost all DME arcs bring you to a point where you then turn to intercept the 

approach course – that ~ 90° turn which in some cases the start of which is defined by 

a Leader Radial (a radial prefaced by ‘LR –‘ as discussed above).  But in rare 

circumstances (and I am only aware of one – the VOR/DME or TACAN Z Rwy 15 

approach at Martin State KMTN) where the arc actually brings you to the runway 

threshold – no turn off the arc, just fly the arc to the end of the runway.  A very rare 

circumstance, indeed. 

Note that the arc radius is 14.7 DME on the Baltimore (BAL) VORTAC.  If you are going 

to get yourself to the end of the runway you have to be pretty precise when flying this 

DME arc, at least for the last portion.  But, with a minimum visibility of 1¼ miles you 

should have a bit of time to correct if you are a couple of tenths of a mile one side or 

the other of 14.7 DME. 

Another unusual feature of this approach is that you begin you descent on the arc, 

flying that arc at or above 2600 feet (keep that number in mind for the next point) 

until CUMBE where your descent begins, crossing GOVES at or above 1800 feet and 

ZOVAP at or above 1260 feet. 

And about that initial ‘at or above 2600 feet’ – The DME arc is just inside the third ring 

of the Washington Tri-Area Class Bravo airspace which has a floor of 2500 feet (check 

this out on a sectional chart).  So, not only are you flying a rare DME arc to the runway 

threshold you also have to deal with Class Bravo airspace – up until your descent 

takes you below 2500 feet.  At least you are outside the Washington DC Metropolitan 

Area Special Flight Rules Area – but not by much!  Only 2 NM northeast of the 

boundary when you arrive at SLOAF and if you get to SLOAF on the 334° radial of the 

BAL VORTAC all but the last 4 ½ NM is inside the Special Flight Rules Area. 

And one more unusual twist.  Check out the missed approach.  Quite the jog south to 

miss the restricted airspace that encloses the operations area of Phillips Army Airfield, 

Weide Army Heliport and Aberdeen Proving Grounds. 

That must be a really incredible one-hundred dollar hamburger at KMTN!! 


