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This instruction implements AFPD 42, Flight Rules and Procedurgdy providing guidance

and procedures for standard Air Force instrument flying. Since aircraft flight instrumentation
and mission objectives are so varied, this instruction is necessarily general regarding equipment
and detailed regarding accomplishmeftmaneuvers. The guidance found in this manual is
both technique and procedurd&ext depicted in bold italics is procedur€ompliance with
procedures is the responsibility of the pilot but their completion may be delegated to other
crewmembers in mticrew aircraft. Individual aircraft flight manuals should provide detailed
instructions required for particular aircraft instrumentation or characteristics. This manual, when
used with related flight directives and publications, provides adequate geittaminstrument

flight under most circumstances, but is not a substitute for sound judgment. Circumstances may
require modification of prescribed procedures. Aircrew members charged with the safe
operation of United States Air Force aircraft must bevdedgeable of the guidance contained in

this manual. This publication applies to the Air National Guard (ANG) and the Air Force
Reserves. This publication is applicable to all USAF aircraft, to include Unmanned Aerial
Vehicles (UAS), unless specificalgxempted in the text of the manual. This manual applies to

all military, civilian and/or contractor personnel operating USAF aircraft.

Note: This manual is designed to complement AF2DR, Volume 3General Flight Rules
While General FlightRules instructs aircrews in WHAT to do, AFMAN -P17 instructs
aircrews in HOW to do it. In case of conflict between this manual and ABD2Y3, AFI 11

202V3, takes precedence.

WAIVERS: In general, waivers are not granted to AFMANZ2ILT as thismanual describes
procedures for complying with rules in AFI-ED2V3. Waivers are more appropriately granted
to the rules in General Flight Rules. Waivers granted to AFRO2NV3 also apply to


http://www.e-publishing.af.mil/
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corresponding applicable sections of AFMAN-217. A separat waiver is not required. If a
MAJCOM desires a waiver to a bold italic procedure in AFMAN2LT that is not addressed in
General Flight Rules, comply with the Waiver and Exemption guidance in AE02¥3.

Notee The Aeronautical Information Manual (AIM) published by the Federal Aviation
Administration (FAA) is not regulatory. However, it provides information that reflects examples
of operating techniques and procedures that may be requirements in otheroregulaiM is

not binding on USAF aircrews. Furthermore, it contains some techniques and procedures not
consistent with USAF mission requirements, regulatory guidance, waivers, exemptions, and
accepted techniques and procedures. However, AIM is thetadcgpndard in the civil aviation
community and reflects general techniques and procedures used by other pilots. Much
information contained in this AFMAN is reproduced from AIM and adapted for USAF ltise.
particular subject is not covered in this AFAN or other USAF regulations, follow guidance

in AIM unless mission requirements dictate otherwise.

SUMMARY OF CHANGES

This manual has been substantially revised and must be thoroughly reviewed. Major changes
include paragraph renumbering, rdfgcant reorganization of material and removal of certain
information. Mo s t mat er i al in the previous
supplemental in nature has been moved to AFMAN2171 Vol 3, Supplemental Flight
Informationleaving pmarily instrument procedural guidance in this volume.
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Chapter 1
BASIC INSTRUMENT FLYING

1.1. Instrument Categories. Aircraft performance is achieved by controlling the aircraft
attitude and power. Aircraft attitude is the relationship of its longitudinal and lateral axes to the
Earth's horizon. An aircraft is flown in instrument flight by controlling the attitudepamer as
necessary to produce the desired performance. This is known as the "control and performance
concept” of attitude instrument flying (Figure 1.1) and can be applied to any basic instrument
maneuver. The three general categories of instruments are:

1.1.1. Control instruments: Display immediate attitude and power indications and are
calibrated to permit adjustments in definite amounts. Control is monitored by referencing the
attitude direction indicators (ADIs). Measures of power varyhvdircraft and include
tachometers, engine pressure ratio (EPR), manifold pressure, fuel flow, torque, etc.

1.1.2. Performance instruments: Indicate the results of pilot control input. Performance
instruments include the altimeter, airspeed @cimindicator, vertical velocity indicator,
heading indicator, angle of attack indicator, and turn and slip indicator.

1.1.3. Navigation Instruments indicate the position of the aircraft in relation to a selected
navigation facility or fix. Thisgroup of instruments includes various types of course
indicators, range indicators, glide slope indicators, and bearing pointers.

Figure 1.1. Attitude Instrument Flying.

rrrrrr

1.2. Control and Performance Concept. The pilot establishes an attitude and power setting
that will result in the desired aircraft performance, trims the aircraft for haffhdkght, and
references the performance instruments. If deviations occur, power and attitude corrections are
made andhe process repeats. In general, small smooth corrections coupled with an efficient
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crosscheck will result in the best aircraft performance. (The instrument crosscheck is discussed
later in the chapter.).

1.2.1. Attitude Control. Proper instroent aircraft attitude control is accomplished by
making appropriate control inputs and verifying the result on the ADI. The ADI provides an
immediate, direct and corresponding indication of any change in aircraft pitch or bank.

1.2.1.1. Pitch Control. Changing the vertical position of the miniature aircraft or
fuselage dot in relation to the artificial horizon makes pitch changes. These changes are
measured in degrees or bar widths depending on the type of ADI.

1.2.12.BankCont r ol . Changing the Abank attitude
in relation to the bank scale makes bank changes. The bank scale is normally graduated

at 0°, 10°, 20°, 30°, 60°, and 90° and may be located at the top or bottom of the attitude
reference.

1.2.1.3. Yaw axis control. Yaw control references on an ADI are normally located at the
bottom of the case in the form of a ball in a fluid filled tube and a turn needle or on an
indicator below the ADI on the MFD if equipped with electronic flight instrument
disgay. These indicators are called the turn and slip indicator but are commonly referred
to as the fAneedl e and btargue todaintaih koordinatede o f
flight is important in all aircraft but is critical to instrument flight in lkelpters. Yaw is
usually the most unstable axis in helicopters, particularly in those not equipped with a
Stability Augmentation System (SAS). The instability in the yaw axis is compounded by
power changes that cause a yawing moment which can causedndertigo. Pilot
anticipation and smoothness of rudder or-goijjue inputs during power changes will
keep yaw moments to a minimum.

1.2.2. Power Control. Proper power control allows the pilot to smoothly establish or

maintain desired airspeeds coordination with attitude changes. Power changes are made

by throttle adjustments or collective pitch in helicopters and referencing power indicators.
With experience pilots learn approximately how far to move the throttles or collective to

change he power a given amount. Learning how to set approximate power settings,
crosschecking and then fine tuning prevents fixating on performance instruments and over
controlling power.

1.2.3. Trim. Aircraft trim relieves control pressure and imprewettitude control. The
decrease in attention required to maintain aircraft attitude increases the amount of attention
the pilot can give to clearing and other cockpit duties.

1.2.3.1. To trim properly, first use the controls to set the desinenladt attitude, then use
the trim to relieve the control pressure. Do not use trim to control the aircraft.

1.2.3.2. Any change in attitude, power or airspeed will usually result in the need for a
trim adjustment. Experienced pilots develofeal for minor ouwof-trim conditions and
correct them smoothly. In asymmetric power situations (e.g. engine failure) trim can be
useful for reducing cockpit workload and enhancing pilot efficiency.



14

AFMAN11-217V1 22 OCTOBER 2010

Figure 1.2. Instrument Cross-Check Technique.
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1.2.4.1. Crosschecking is the efficient division of attention between control and
performance instruments, the ability to interpret the information given by those
instruments, and the correction of any discrepancies noted in aircraft flight parameters.
The act ofcrosschecking is often compared to the hub and spokes of a wagon wheel
where the ADI is the hub and the other instruments are the spokes. In general, the
crosscheck will progress from the ADI, out to another instrument, back to the ADI and
then out again.

1.2.4.2. Performance Instrument Lag. Due to mechanical characteristics of some
instruments and the inertial properties of flight, there is an inherent lag between a control
input and the appearance of the effects of that input on the perforinatrcenents. A
common mistake is to watch the performance instruments while making control inputs,
resulting in overshoot of desired flight parameters. Experienced pilots learn to make
small calculated inputs and allow the performance instrumentsdo eatbefore making
another input.

1.2.4.3. Fixating on a single instrument is a common and dangerous error made by
inexperienced pilots. If one flight parameter, (e.g. altitude) is frequently wandering, the
pilot will devote too much time to thedtimeter and lose track of other critical parameters
(e.g. attitude). The pilot must remember that the attitude of the aircraft, not the altimeter,
is what is causing the aircraft to be off altitude. Returning to the basic crosscheck flow
will solve the problem and prevent the aircraft from entering a dangerous attitude.
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Figure 1.3. Typical Instrument Cockpit Layout.
QN

1.3. Display of Flight Instrumentation (Figure 1 3). Display options vary widely from
aircraft to aircraft and incorporate different symbologies and terminology for similar functions.
Electronic displays allow the pilot to optimize cockpit instrumentation for a particular mission by
decluttering, removingor relocating presentations. However, with very few exceptions, Air
Force instrument cockpits must adhere to the following specific rules of instrumentation,
equipage and setup:

1.3.1. Primary Flight Instrumentation. Primary flight instrumdma must always be
present. It must provide fulime attitude, altitude, and airspeed information, an immediately
discernible attitude recognition capability, an unusual attitude recovery capability, and
complete fault indications.

1.3.2. Positon of Flight Instrumentation. Primary Flight Instrumentation information must
be positioned and arranged in a manner that enables the pilot to perform an efficient
crosscheck.

1.3.3. Standardization of Flight Instrumentation. Primary Flight Instrumentation must be
standardized in terminology, symbology, mechanization, and arrangement. Standardization
of instrumentation display elements provides a common training base and allows the
retention of good flying habits during transition to different aircraft.
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Chapter 2
INSTRUMENT FLIGHT MA NEUVERS

2.1. Basic Maneuvers. The procedures described in this section are those most commonly used
during instrument flight (Figur@.1). A high level of proficiency employing these procedures is
necessary to avoid the hazards of instrument flight. Additional procedures may be required for
specific training requirements or helicopter operations. Refer to applicable sections of your
flight manual. (The ability of the helicopter to maneuver in a smaller amount of airspace has led
to some differences between fixathg and helicopter instrument procedure obstacle clearance
criteria. AFMAN 11226 United States Standard for Terminaktrument Procedures (TERPS)
outlines these differences as they apply to the rotamg environment. Except where
specifically addressed in this chapter, helicopters should apply normal procedures to flying
instrument approaches, departures, and enopégations.)

Figure 2.1. Typical Instrument Flight.

CONSTANT
AIRSPEED
DESCENT

2.2. The Instrument Takeoff (ITO).

2.2.1. The ITO is accomplished by referring to both outside visual references and the flight
instruments (composite creskeck). The amount of attention given to each reference will
vary depending on the existing weather conditions. ITO procedures and teshaicu
invaluable aids at night, toward and over water or deserted areas, and during periods of
reduced visibility. The pilot shall immediately transition to instrument references any time

he or she becomes disoriented or when outside visual refereneesnbe unreliable.

2.2.2. Before performing an ITO, accomplish a thorough betakeoff check of all flight
and navigation instruments and publications. Select the appropriate navigational aids to be
used for the departure and set the navigaitistruments and switches as required based on
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the departure assigned by Air Traffic Control (ATC). Thoroughly review, have available and
brief crewmembers on the appropriate emergency return approach procedures.

2.2.3. Perform the ITO the same as you would a normal visual departure except that as
outside visual cues begin to disappear, shift more attention to the instrument cockpit check
and confirm a stable and safe climbout flight path using ADI, altimeter, VVI, aidspe
indicator, etc. Once all visual cues are gone, transition solely to instruments and comply with
the assigned departure procedure. If clouds are layered, use caution not to trust outside
visual cues as a high possibility of spatial disorientation xist

2.2.4. In helicopters, an ITO may be accomplished from a hover or from the ground as
visibility restrictions permit. Normally, a composite takeoff is accomplished using normal
visual meteorological conditions (VMC) procedures and combining reference to the fligh
instruments with outside visual references to provide a smooth transition from VMC to
instrument meteorological conditions (IMC) flight. Helicopter ITOs may have to be
accomplished entirely on instruments due to restrictions to visibility induced by rot
downwash on dust, sand, or snow. Follow flight manual procedures for an ITO where
visibility is restricted due to rotor downwash.

2.3. Individual Maneuvers.

2.3.1. Straight and Level Flight. Straight and level unaccelerated flagisists of
maintaining desired altitude, heading, and airspeed.

2.3.1.1. Maintaining a Desired Altitude.

2.3.1.1.1.Maintaining altitude is accomplished by setting a specific pitch on the
ADI. In general, as airspeed decreases, a highehn attitude will be required to
maintain altitude due to the loss of lift. Conversely, higher airspeeds will require
lower pitch attitudes. Each aircraft has basic pitch and power settings to maintain
altitude and airspeed but these may need to Qestad slightly for various
atmospheric conditions.

2.3.1.1.2.Pitch corrections. While maintaining altitude, continue the instrument
crosscheck. If the altimeter or VVI indicate an altitude deviation, a pitch change will

be necessary. It is portant to use control pressure more than movement, make
smooth and small pitch changes, and allow the performance instruments time to sense
the new attitude before making an additional correction. The most common errors
when correcting altitude deviatsn ar e fAchasingo the VVI ra
pitch on the ADI, and making erratic or large control inputs.  Once back on the
desired altitude, make another small and smooth pitch correction on the ADI to
maintain altitude remembering that it will séghtly different than the pitch setting

held when the altitude deviation originally occurred.

2.3.1.1.2.1.As a rule of thumb, when making pitch corrections, a VVI one to two
times the amount of the altitude deviation will prevent overshoots. (e.g. If you are
100 feet off altitude, set a pitch that will produce a 100 to 200 foot per minute
climb or descent othe VVI.) Refer to AFMAN 13217V3 for a discussion of the
60:1 rule and its use for setting a VVI. Approaching the desired altitude, begin
the pitch change to level off approximately 10% of your vertical rate. (e.g. If
VVI shows 100 feet per minute Mel off 10 feet prior to your altitude. Figure 2.2)
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Figure 2.2. Leading the Level Off.

2.3.1.2. Maintaining a Desired Heading.

2.3.1.2.1.Maintaining a desired heading is accomplished by maintaining a zero bank
attitude in cordinated flight. If a heading deviation occurs, make a smooth bank
change on the ADI to return to the desired heading. As a guide, the bank attitude
change on the ADI should equal the heading deviation in degrees, not to exceed 30°.
For example, if theheading deviation is 10°, then 10° of bank would produce a
suitable rate of correction. (At high true airspeeds a larger bank may be needed to
prevent a prolonged correction.)

2.3.1.2.1.1.If a zero bank attitude is maintained and the headirmmngds, the

ADI may be precessing. Confirm this
precession is noted, it may be necessary to transition to the backup ADI
depending on the severity of the precession.

2.3.1.3. Maintaining Airspeed.

2.3.1.3.1.Establishing or maintaining an airspeed is accomplished by referring to the
airspeed or mach indicator and adjusting the power, drag devices (for large airspeed
changes) or aircraft attitude. Knowledge of the approximate power required to
establish a esired airspeed at a specific attitude will aid in making power
adjustments. After the approximate power setting is established, a crosscheck of the
airspeed indicator will indicate if subsequent power adjustments are required.

2.3.1.3.1.1.An airspeed deviation may be the result of a pitch change, not an
incorrect power setting. (See Figure 2.3) Check all other flight parameters when
an airspeed deviation occurs. Conversely, if in level flight and a power change is
necessary to correctrapeed, the new power setting or the employment of drag
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Figure
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devices coupled with a change in airspeed may induce a climb or descent. This
relationship between airspeed and aircraft attitude further illustrates the
importance of a good instrument crosscheck.

2.3. Airspeed Deviation.
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2. Level Turns. Many of the pitch, bank, and power principles discussed in maintaining

straight and level flight apply while performing level turns. Performing a level turn requires
an understandmof several factors: how to enter the turn, how to maintain bank, altitude, and
airspeed during the turn; and how to return to level flight. A standard rate turn is defined as a
rate at which the aircraft will make a 360 degree turn in two minutes (t20d®.

2.3.2.1.Bank Control. As a guide, to prevent heading overshoots or prolonged turns, for
heading changes of 30° or less, the bank angle should approximate the number of degrees
to be turned (Figure 2.4). For heading changes of more3fifause a bank angle of 30°.

High turn airspeeds or flight manual procedures may require other angles of bank.
Helicopters should use no more than standard rate turihs td2Q ) when operating
between 80 and 120 knots.

2.3.2.2.To enter a tur, refer to the ADI while applying smooth and coordinated control
pressures to establish the desired angle of bank. It will normally be necessary to increase
pitch slightly to counteract the loss of vertical lift due to the bank. The increased pitch in
prolonged turns will require consistent back pressure on the elevator control. Trimming
off the pressure on the elevator will aid in smooth aircraft control and enhance crosscheck
capability in the turn. Additionally, to maintain airspeed, an increag®wer will be
required to counteract the induced drag produced by the elevator inputs. The bank, pitch
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change and power increase should all be applied smoothly as the aircraft enters the turn
to prevent the need for large corrections during the turn.

Figure 2.4. Level Turns.
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2.3.2.3.To roll out of a turn on a desired heading, calculate a lead point that is, as a
guide, approximately onthird the angle of bank used in the turn. (Figure 2.4) When the
lead point is reached, simply reverse the bank, pitch, trim and power inputs ue#d to
into the turn, smoothly and simultaneously. Once on the new heading, check for
deviations from straight and level flight and apply corrections as needed.

2.3.2.4.Steep Turns. Steep turns are practiced in simulated instrument conditions
(hooded or goggled) and are normally any turn greater than 30° of bank. The entry and
exit into and from a steep turn is identical to a normal turn except that all inputs will be
more pronounced. The increased bank will require more pitch, more backrerasdu

more power to counteract the further reduced vertical lift. The rate of turn will be much
faster in a steep turn and will require a more aggressive lead point as well as smooth yet
positive control inputs to roll out on the correct heading wittsdgmificant altitude or
airspeed deviations. For helicopters, any rate greater than standard is considered a steep
turn, most helicopters practice steep turns using 30° of bank, which is the maximum
angle of bank recommended under instrument conditions.

2.3.3. Timed Turns and Use of the Magnetic Compass. Heading indicator failure may
require use of the magnetic compass for heading information. The magnetic compass
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provides reliable information only during straight, level, and unaccelerated flBdcause
of this limitation, timed turns are recommended when making heading changes by reference
to the magnetic compass.

2.3.3.1. A timed turn is accomplished by establishing a bank attitude on the ADI that will
result in a desired rate ofrtuas shown by the turn needle. A single needle width
deflection on a 4minute turn needle indicates 1 1/2° per second rate of turn, while a
double needle width deflection indicates 3° per second rate of turn. Therefore, a 90° turn
can be made by estadiing a bank angle that produces a double needle width deflection
for 30 seconds.

2.3.3.2. Alternate method. Although timed turns are preferred when using the magnetic
compass, turns to headings can be made by referring directly to the magnetic compass
and rolling out of the turn at a predetermined "lead" point. Dip error (or magnetic dip)
mug be considered in computing the lead point for rollout. Magnetic dip is the tendency
of the compass needles to point down as well as to the magnetic pole. Dip is greatest near
the poles and least near the Magnetic Equator. The compass card is desigrezdtoin

the horizontal, therefore, any movement from the horizontal plane introduces dip error.
Turns to the north require a normal lead point plus a number of degrees equal to the flight
latitude while turns to the south require turning past theetbsieading by the number of
degrees equal to the flight latitude minus the normal lead. Dip error is negligible when
turning to east or west.

2.3.4. Climbs and Descents. Climbing and descending maneuvers can be performed as
constant airspeed aronstant rate. The constant airspeed maneuver is accomplished by
setting power and varying pitch to maintain a specific airspeed. The constant rate maneuver
is accomplished by varying both pitch and power to maintain a specific airapdedrtical
velocity. Either type of climb or descent may be performed while maintaining a constant
heading or while turning and should be practiced using airspeeds, configurations, and
altitudes used in actual instrument flight.

2.3.4.1. Constant Airspeed Ghbs and Descents.

2.3.4.1.1.Most aircraft have a standard set of pitch and power settings for certain
airspeeds and configurations. For instance, in order to maintain 300 KIAS in a clean
configuration, an aircraft might require 10° nose dowgtpdt idle power. A pilot

might also know that for that aircraft, each degree of pitch change at a constant power
setting and configuration will change the airspeed 10KIAS. With this simple
knowledge, a pilot has a very high level of control over his ai.

2.3.4.1.2.To perform the constant airspeed climb or descent make a smooth and
simultaneous change in pitch and power corresponding to the desired airspeed and
configuration. Once the initial attitude is established, -furee the airspeed by
adjusting pitch. Confin the pitch change by noting a change on the VVI and wait

for the airspeed to stabilize. Continue this process until the desired airspeed is
attained. Remember that this procedure must be accomplished as part of a complete
instrument crosscheck.

2.34.1.3. Approaching your levedff altitude (approximately 10% of your vertical
velocity is a good lead point) smoothly adjust pitch and power to maintain a constant
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altitude without changing airspeedNote: For climb or descent rates of 2000 or
more, at 1000 feet prior to the level off altitude it is a good technique to cut the pitch
attitude in half to enable a smoother legél Adjust power as necessary to maintain
airspeed. (On most aircraft, changing the total fuel flow in pph the samentam

the change in VVI will result in a constant airspeed.)

2.3.4.2. Rate Climbs and Descents.

2.3.4.2.1.Rate climbs and descents are similar to constant airspeed climbs and
descents but require a constant VVI. Using the 60 to 1(AFMAN 11-217V3,
Chapter 3) we know pitch multiplied by
ft/min. (e.g. Traveling 300 KIAS or 5 nm/min, a 2° pitch change will result in a VVI

of 1000 ft/min). Another rule of thumb that works for most aircraft.change in

total fuel flow in pph equal to the change in VVI will maintain a given airspeed. (e.qg.
On a two engine aircraft, reducing power by 500 pph on each engine will maintain a
constant airspeed if the aircraft pitches down to maintain 1000 ft/mip VVI

2.3.4.2.2.EXAMPLE: From level flight at 240KIAS (4 nm/min) a-£30 pilot
desires to maintain 240 KIAS with a VVI of 2000 ft.min. Smoothly decreasing pitch
by 5° and reducing fuel flow on each engine by 500 pph will achieve the desired
descentate at the approximate desired airspeed. A good instrument crosscheck and
some minor power adjustments will fitiene the descent profile. Accomplish the
level off as described in 2.3.5.1.3.

2.3.4.3. Emergency Descent. (Helicopters) Basmtinment techniques may be used to
safely perform an emergency descent in IMC. Because there is no set procedure, you
must consider all variables when executing an emergency descent. If your helicopter is
equipped with a radar altimeter, it is a goodhteque to set the low altitude warning
marker at or slightly above the required flare altitude. This will give you a reminder to
start a flare if the flare altitude is reached prior to breaking out of IMC.

2.3.4.3.1.PowerOn Descent. If a longistance must be covered, then a constant
airspeed descent could be selected using higher than normal airspeeds. If a short
distance is to be covered, then a constant rate descent could be selected using high
rates of descent and slower than normal aggpe

2.3.4.3.2.PowerOff Descent (Autorotation). If an emergency requires autorotation,
enter smoothly by lowering the collective and closely catgscking the control and
performance instruments. Knowing (and briefing) the approximate ceiling will aid in
determining when to begin a systematic scan for outside references. Crew
coordination will be critical and should be briefed prior to flight by the aircraft
commander.

2.4. Basic Aircraft Control Maneuversd Fixed Wing.

2.4.1. Vertical "S" Series.The vertical "S" maneuvers are proficiency maneuvers designed
to improved a pilot's crosscheck and aircraft control. There are four types: the A, B, C, and
D which can be flown utilizing various configurations, airspeeds, turn and decent rates, etc.
to practice all phases of instrument flight (cruise, approach descent, missed approach, etc.).
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2.4.1.1. The vertical "S*A maneuver (Figure 2.5). The verticalAS is a continuous
series of rate climbs and descents flown on a constant heading utlizergcal velocity
compatible with aircraft performance.

Figure 2.5. Vertical "S" - A.
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2.4.1.2.The vertical "S*B ( Fi gur e 2. 6 )BistheBdme asvhe verticat a | i
"S"- A except that a constant angle of bank is maintained during the climb and descent.

The angle of bank used should be compatible with aircraft performance (usually that
required for a normal turn). The turn is established simultaneously with the initial climb

or descent.

Figure 2.6. Vertical "S" - B.

ALEVEL FLIGHT B CONSTANT BANK CHANGE OF CONSTANT BANK

AND DESCENT VERTICAL DIRECTION AND CLIMB
2.4.1.3.The vertical "S*C ( Fi gur e 2. 7)-CistheBdme aswerticdl ISt a | f

B, excepthat the direction of turn is reversed at the beginning of each descent. Enter the
vertical "S"- C in the same manner as the vertical'is"
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2.4.1.4.Vertical "S™ D. (Figure 2.7). The vertical "SD is the same as the vertical
"S"- C, excet that the direction of turn is reversed simultaneously with each change of
vertical direction. Enter the vertical "SD in the same manner as the vertical-"B"or

C.

Figure 2.7. Vertical "S" - C and "S" - D.

FOR “S”-D
REVERSE BANK
AT EACH
CHANGE OF
VERTICAL
DIRECTION.

A CONSTANT BANK

B CHANGE IN C CONSTANT BANK
AND DESCENT.

D CONSTANT BANK
VERTICAL DIRECTION. AND DESCENT.

AND CLIMB.

2.4.2. Confidence Manavers. Present missions require some aircraft to be flown in all
attitudes under instrument conditions. Such aircraft have ADIs capable of indicating these
attitudes. Confidence maneuvers are basic aerobatic maneuvers designed to gain confidence
in theuse of the ADI in extreme pitch and bank attitudes. Mastering these maneuvers will be
helpful when recovering from unusual attitudes. The pilot should consult the aircraft flight
manual for performance characteristics and limitations before practia@ag thaneuvers.

2.4.2.1. Wingover (Figure 2.8). Begin the maneuver from straight and level flight. After
obtaining the desired airspeed, start a climbing turn in either direction while maintaining
the wing tip of the miniature aircraft on the horizon bar until reaching 60° k. ba
Allow the nose of the aircraft to start down while continuing to increase the angle of
bank, planning to arrive at 90° of bank as the fuselage dot of the miniature aircraft
reaches the horizon bar. Begin decreasing the angle of bank as the fustlaféhd
miniature aircraft reaches the horizon bar so that the wing tip of the miniature aircraft
reaches the horizon bar as 60° of bank is reached. Maintain the wing tip on the horizon
bar while rolling to a wings level attitude. The rate of roll dgrihe recovery should be

the same as the rate of roll used during the entry. Control pitch and bank throughout the
maneuver by reference to the ADI.
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Figure 2.8. Attitude Indications During Wingover.

B BANK INCREASING TO C 90° BANK D BANK DECREASING E 60° BANK RECOVERING
90° (NOSE COMING DOWN) (NOSE LOW)

2.4.2.2. Aileron Roll (Figure 2.9). Begin the maneuver from straight and level flight.
After obtaining the desired airspeed, smoothly increase the pitch attitude with the wings
level 15° to 25° nose up on the ADI. Start a roll in either direction and adjusttéhef

roll so that, when inverted, the wings will be level as the fuselage dot of the miniature
aircraft passes through the horizon bar. Continue the roll and recover to level flight. The
entire maneuver should be accomplished by reference to the WBR. sufficient back
pressure to maintain normal seat pressures (approximately 1 g) throughout the maneuver.
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Figure 2.9. Attitude Indications During Aileron Roll.

A BEGINROLL B 90° OF ROLL C INVERTED D RECOVERY

2.5. Unusual Attitudes.

2.5.1. Definition. An unusual attitude is an aircraft attitude occurring inadvertently. It may
result from one factor or a combination of several factors such as turbulence, channelized
attention, instrument failure, inattention, spatial disorientation, losgman, or transition

from VMC to IMC. In most instances these attitudes are mild enough to recover by
reestablishing the proper attitude for the desired flight condition and resuming a normal
crosscheck. As a result of extensive tactical maneuveringjlttanay experience unusual
attitudes even in VMC. This may be aggravated by the lack of a definite horizon or by lack
of contrast between the sky and ground or water.

2.5.1.1. WARNING: The pilot will immediately transition to instrument refences
any time he or she becomes disoriented or when outside visual references become
unreliable.

2.5.1.2. WARNING: NVGs may be distracting during unusual attitude recoveries. Once
transition to instruments has occurred, do not rely on outsie dlies until the aircraft
is recovered.
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2.5.2. Techniques of recovery. Techniques of recovery should be compatible with the
severity of the unusual attitude, the characteristics of the aircraft, and the altitude available
for the recovery. Therocedures in this section are not designed for recovery from
controlled tactical maneuvers.

2.5.3. Principles and considerations. The following aerodynamic principles and
considerations are applicable to the recovery from unusual attitudes:

2.5.3.1. Reducing bank in a dive or increasing bank in a climb aids pitch control.

2.5.3.2. Power and drag. Power and drag devices used properly aid airspeed control if
the flight manual allows their use in unusual attitude situations.

2.5.3.3. Sky pointer. For ADIs with a bank pointer and bank scale at the top, the bank
pointer that is always aligned above and perpendicular to the surface of the earth is
considered a sky pointer. Rolling towards the sky pointer to place it upger half of

the case will correct an inverted attitude.

2.5.3.4.Ground pointer. For ADIs with the bank scale at the bottom, rolling in the
direction that will place the pitch reference scale right side up will correct an inverted
attitude.

2.5.4. Recognizing an Unusual Attitude is critical to a successful recovery. Normally, an
unusual attitude is recognized in one of two wayan unusual attitude "picture” on the ADI

or unusual performance on the performance instruments. Reggaadl@ow the attitude is
recognized, verify that an unusual attitude exists by comparing control and performance
instrument indications prior to initiating recovery on the ADI (Figure 2.10). This precludes
entering an unusual attitude as a result ofemtimg for erroneous instrument indications.
Additional independent attitude indicating sources (standby ADI, copilot's ADI, etc.) should
be used to verify the actual aircraft attitude. If there is any doubt as to proper ADI operation,
then recover usingDI inoperative procedures.

Figure 2.10. Verify That an Unusual Attitude Exists.

lllll



28 AFMAN11-217V1 22 OCTOBER 2010

2.5.5. Fixed Wing Recovery Procedure&DIs Operative. For fixeaving aircraft, use the
following procedures if specific unusual attitude recovery @ioces are not in the flight
manual.

2.5.5.1.If diving, adjust power or drag devices as appropriate while rolling to a wings
level, upright attitude, and correct to level flight on the ADI. Do not add back pressure
until less than 90° of bank.

2.5.5.2. If climbing, use power and bank as necessary to assist pitch control and avoid
negative G forces. As the ADI airplane symbol approaches the horizon bar, adjust pitch,
bank, and power to complete recovery and establish the desired aittitafte. When
recovering from a steep climb, care must be exercised in some aircraft to avoid exceeding
bank limitations.

2.5.5.3. Bank and power. During unusual attitude recoveries, unless necessary to avoid a
greater emergency, ensure bank @ower do not exceed aircraft limitations.

2.5.6. Fixed Wing Recovery ProcedureDI1's | noperati ve. Wi th n
successful recovery from unusual attitudes depends greatly on pilot proficiency and early
recognition of ADI failure.ADI failure should be immediately suspected if control pressures

are applied without corresponding ADI changes. Another example would be performance
instrument indications that contradict the "picture" on the ADI. Should an unusual attitude
beencounteed with no functioning ADIG&6s, the foll

2.5.6.1. If the flight manual allows and an available autopilot is not slaved to gyros of the

mal functioning ADI &6s, consider at i oettingmay be
it to straight and level flight. If airspeed or vertical velocity are excessive, use the
procedures below to return the aircraft to acceptable flight parameters before attempting

to engage the autopilot.

2.5.6.2.Climb or dive. Determinevhether the aircraft is in a climb or a dive by
referring to the airspeed, altimeter, and vertical velocity indicators.

2.5.6.3. If diving, roll to center the turn needle and recover from the dive. Adjust power
or drag devices as appropriate. x¢ept for vertical attitudes, rolling "away" from the
turn needle and centering it will result in an upright attitude).

2.5.6.4. If climbing, use power as required. If the airspeed is low or decreasing rapidly,
pitch control may be aided by maairting a turn of approximately standard rate on the
turn needle until reaching level flight.

2.5.6.5. Level flight. Upon reaching level flight, center the turn needle. The aircraft is
level when the altimeter stops. The vertical velocity indicator lag error may cause it not
to indicate level until the aircraft passes level flight.

2.5.7. Helicopter Recovery Procedures Attitude Indicators Operative. Recoveries from
helicopter unusual attitudes are unique due to retamg aerodynamics as well as
application of the control and performance concept to helicopter flight. Application of
improperrecovery techniques can result in blade stall, power settling, or an uncontrollable
yaw if recovery is delayed. Due to these differences, unusual attitude recoveries for
helicopters are decidedly different from fixadng recoveries and require immediaietion.
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Use the following guidance if specific unusual attitude recovery procedures are not contained
in the flight manual:

2.5.7.1.Diving. If diving, consider altitude, acceleration limits, and the possibility of
encountering blade stall. #ititude permits, avoid rolling pullouts. To recover from a
diving unusual attitude, roll to a wings level indication then establish a level flight
attitude on the attitude indicator. Adjust power as necessary and resume a normal
crosscheck.

2.5.7.2.Climbing. If climbing, consider pitch attitude and airspeed. If the inadvertent
pitch attitude is not extreme (10° or less from level flight), smoothly lower the miniature
aircraft back to a level flight indication, level the wings, andimas a normal crosscheck
using power as required. For extreme pitch attitudes (above 10°), bank the aircraft in the
shorter direction toward the nearest 30° bank index. The amount of bank used should be
commensurate with the pitch attitude and externabitmns, but do not exceed 30° of
bank in making the recovery. Allow the miniature aircraft to fall toward the horizon.
When the aircraft symbol is on the horizon, level the wings and adjust the aircraft attitude
to a level flight indication. Use powas necessary throughout the recovery.

2.5.7.3. Hover. If the aircraft is in a hover or low speed when the unusual attitude is
recognized, smoothly but immediately roll to a wings level attitude and apply maximum
power available. Once attitudertrol is reestablished, execute an ITO, or refer to hover
velocity instrumentation to maintain position (if available). This condition is most
common during dust or white out situations, or when performing terminal operations at
night and/or over water.

2.5.7.3.1.NOTE: In helicopters encountering an unusual attitude as a result of blade
stall, collective must be reduced before applying attitude corrections if the aircraft is
in a climbing unusual attitude. This will aid in eliminating the pubt of
aggravating the blade stall condition. To aid in avoiding blade stall in a diving
unusual attitude recovery, reduce power and bank attitude before initiating a pitch
change. In all cases avoid abnormal positive or negative G loading whichlead!

to additional unusual attitudes or aircraft structural damage.

2.5.8. Helicopter Recovery Procedures Attitude Indicators Inoperative. With an
inoperative attitude indicator, successful recovery from unusual attitudes depends greatly on
pilot proficiency and early recognition of attitude indicator failure. For example, attitude
indicator failure should be immediately suspected if control pressures are applied for a turn
without corresponding attitude indicator changes. Another exampléddwe satisfactory
performance instrument indications that contradict the "picture” on the attitude indicator.
Should an unusual attitude be encountered with an inoperative attitude indicator, the
following procedures are recommended:

2.5.8.1.Climb or dive. Determine whether the aircraft is in a climb or a dive by
referring to the airspeed, altimeter, and vertical velocity indicators.

2.5.8.2.Diving. If diving, roll to center the turn needle and recover from the dive.
Adjust power as appropriate. (Disregarding vertical attitudes, rolling "away" from the
turn needle and centering it will result in an upright attitude.)
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2.5.8.3.Climbing. If climbing, use power as required. If the airspeed is low or
decreasing rapidly, pitch control may be aided by maintaining a standard rate turn on the
turn needle until reaching level flight. If the turn needle in a flight director system is
used,center the turn needle. This is because it is very difficult to determine between a
standard rate turn and full needle deflection.

2.5.8.4. Level off. Upon reaching level flight, center the turn needle. The aircraft is
level when the altimetestops. The vertical velocity indicator lag error may cause it not
to indicate level until the aircraft passes level flight.

2.5.9. WARNING: Spatial disorientation may become severe during the recovery from
unusual attitudes with inoperative Ak . Extreme attitudes may
of altitude and possible loss of aircraft contrdf. a minimum safe altitude for unusual
attitude recovery is not in the flight manual, if applicable, the pilot shall decide upon an
altitude at whichrecovery attempts will be discontinued and the aircraft abandoned.

2.5.10. CAUTION: Due to limited attitude information, recovery from unusual attitudes
using a HUD may be difficult or impossible.
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Chapter 3
NAVIGATION INSTRUMEN TS

3.1. Application. The navigation instruments explained in this chapter are still common in
many USAF aircraft or are incorporated in digital (glass) cockpit displays. These instruments
are the radio magnetic indicator (RMI), course indicator (Cl), range indicator, belistagce
heading indicator (BDHI), flight director, and Flight Management System (FMS).

3.2. Basic Systems.

3.2.1. Radio Magnetic Indicator (RMI) (Figure 3.1). The RMI displays aircraft heading with
navigational bearing data. It norllyaconsists of a rotating compass card and two bearing
pointers. The compass card is actuated by the aircraft compass system. The aircraft
magnetic heading is displayed on the compass card beneath the top index. The bearing
pointers display automatidrdction finding (ADF), VHF Omni directional Range (VOR), or
Tactical Air Navigation (TACAN) magnetic bearing to the selected navigation station.
Placards on the instrument or near a selector switch are normally used to identify the bearing
pointer displg. VOR or TACAN radials are displayed under the tail of their respective
bearing pointers. Bearing pointers do not function in relation to instrument landing system
(ILS) signals.

Figure 3.1. Navigation Instruments.

I l U':

DISTANCE
NAUTICAL MILES

RANGE INDICATOR

3.2.1.1. Compass System Malfunction. If there is a malfunction in the compass system
or compass card, the ADF bearing pointer continues to point to the station, and displays
relative bearing only but the VOR or TACAN pointers may still indicate magnetic
bearing. Until verified by radar or other navigational equipment, consider this bearing
information unreliable. VOR and TACAN bearing pointers do not "point” to an area of
maximum signal strength, as does an ADF. VOR and TACAN navigation receivers
electronically neasure the magnetic course which is then displayed by the pointers on the
RMI.
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3.2.2. Course Indicator (CI) (Figure 3.1). The course indicator operates independently of the

RMI.

It displays aircraft heading and position relative to a selecteR/VACAN course,

and lateral and vertical position relative to an ILS localizer and glide slope. Most USAF
aircraft now have the functions of the CI incorporated in the Horizontal Situation Indicator

(HSI).

3.2.2.1.VOR or TACAN Display.

3.2.21.1. Course indicator. When the course indicator is used to display VOR or
TACAN information, aircraft heading and position are indicated relative to a selected
course. The desired course is set in the course selector window with the course set
knob.

3.2.2.1.2.The Heading Pointer. The heading pointer interfaces with the course set
knob and the compass system and displays aircraft heading relative to the selected
course. When the aircraft heading is the same as the course selecteddihg hea
pointer indicates 0° heading deviation at the top of the course indicator. The heading
deviation scales, at the top and bottom of the course indicator are scaled in 5°
increments up to 45°. The TEROM indicator indicates whether the course
selectedif properly intercepted and flown, will take the aircraft to or from the station.
When the aircraft passes a line from the station perpendicular to the selected course,
the TOFROM indicator changes. Aircraft heading has no effect on thé&ROM
indications.

3.2.2.1.3.Course Deviation Indicator. The course deviation indicator (CDI) displays
aircraft course deviation relative to the course selected. Most course indicators are
adjusted so the CDI is fully displaced when the aircraft is offsmore than 10°.

Each dot on the course deviation scale represents 5°.

3.2.2.1.4.Course Warning Flag. Appearance of the course warning flag indicates
that the course indicator is not receiving a signal strong enough for reliable navigation
information. See Chapter 7 for discussion on Navigation Aid (NAVAID)
identification.

3.2.2.1.4.1.NOTE: Although the course indicator may be receiving a signal
strong enough to keep the course warning flag out of view, consider the signal
reliable only if the warning flag is not displayed, the station identification is being
received and the bearing pointer is pointing to the station.

3.2.2.2.ILS Display.

3.2.2.2.1.Localizer Course. When used to display ILS signals, the course indicator
provides precise ILS localizer course information for a specified approach. The
following information pertains to course indicator functions and displays when used
with an ILS:

3.2.2.2.1.1.The TGFROM indicator is unusable.

3.2.2.2.1.2.Full-scale deflection. Fulscale deflection on the course deviation
scale differs with the width of the localizer course (up to 6°). Example: If the
localizer course is 5° widehen fultscale deflection is 2%2° and each dot is 1%4°;
if the localizer course is 3° wide, then fattale deflection is 1%2° and each dot is
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Ya®.

3.2.2.2.1.3.When flying the localizer, the course set knob and course selected
have no effect othe CDI display. The CDI displays only if the aircraft is on
course or in a 99or 150Hz zone of signals originating from the ILS localizer
transmitter. The CDI always deflects to the left of the instrument case in the 150
Hz zone and to the right ingf®B0Hz zone. It centers when the signal strength of
both zones is equal. Although the course selected has no effect on the CDI, to
enhance situational awareness, the pilot should always set the published inbound
FRONT COURSE of the ILS in the courseskr window.

3.2.2.2.2.The glide slope indicator (GSI) displays glide slope position relative to the
aircraft. Fullscale deflection of the GSI is dependent upon the width of the glide
slope. Example: If the glide slope width is 1.4°, -kdhle deflection would be .7°,
and each dot would be .35°.

3.2.2.2.3.Warning Flags. Appearance of the course or glide slope warning flags
indicates that the course or glide slope signal strength is not sufficient. Absence of
the identifier indiates the signal is unreliable. See Chapter 7 for discussion on
NAVAID identification.

3.2.2.2.3.1.CAUTION: 1t is possible under certain conditions for the CDI or
GSI to stick in any position with no warning flags while reliable station
identification is being received. Pilots should use extreme caution and maintain
good situational awareness whilg/ifig an ILS or localizer approach in actual
weather conditions.

3.2.2.2.4.Marker Beacon. The marker beacon light and aural tone indicate
proximity to a 75MHz marker beacon transmitter; for example, ILS outer marker
(OM), middle marker (MM),mner marker (IM), etc. As the aircraft flies through the
marker beacon signal pattern, the light flashes and the aural tone sounds in Morse
code indicating the type of beacon. The marker beacon light functions independently
of ILS/VOR/TACAN signals.

3.2.3. Range Indicator (Figure 3.1). Range indicators display slant range distance in nautical
miles to a DME transponder. For practical purposes, you may consider this a horizontal
distance except when the aircraft is very close to the stationE Edvige information is
subject to lineof-sight restrictions and altitude directly affects the reception range. Most
USAF aircraft now incorporate DME into the HSI or a separate digital readout display.
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Figure 3.2. Bearing Distance Heading Indicabr (BDHI).

1. Top Index

2. Range Indicator

3. Bearing Pointer 3
4. Bearing Pointer 4

5. Rotating
Compass Card 5 W

BDHI

3.2.4. BearingDistanceHeading Indicator (BDHI) (Figure 3.2).

3.2.4.1. BDHI Display. The BDHI displays aircraft heading with navigational bearing
data and range information. Except for the range indicator, the BDHmitassiin
appearance and function to the RMI previously described.

3.2.4.2.BDHI Components. The BDHI consists of a rotating compass card, two bearing
pointers, a range indicator, and a range warning flag. Some BDHIs also have a heading
marker, a heading set knob, and a power warning flag.

3.2.4.3. Compass Card Actuatio The compass card is actuated by the aircraft compass
system which normally includes pitoperated controls that permit the BDHI compass

card to operate in a slaved or rslaved direct gyro (DG) mode. In the slaved mode, the
aircraft magnetic headinig displayed beneath the top index or lubber line. In the non
slaved DG mode, the compass card serves as a heading reference after being corrected to
a known heading. The card is manually corrected for the DG mode by a switch on the
compass control pahe

3.2.4.4. Heading Marker. The heading marker, if incorporated, may be positioned on the
compass card by use of the heading set knob. Once positioned, the marker remains on a
fixed heading. To maintain the selected heading, turn to placeetding marker
beneath the upper lubber line.

3.2.4.5.Bearing Pointers. The bearing pointers indicate the magnetic bearing to the
selected ADF, VOR, or TACAN station. Placards on the instrument or near a selector
switch are used in most aircraédtidentify the bearing pointer display.

3.2.4.5.1.NOTE: When tuned to an ILS frequency, bearing pointers will normally
slave to a position 45 or 90 degrees from the upper lubber line. Refer to flight manual
for details.

3.2.4.6. Malfunctions. If there is a malfunction in the compass system or compass card,
an ADF bearing pointer continues to point to the station and displays relative bearing
only. TACAN/VOR pointers may continue to indicate proper magnetic bearings. Until
verified by radar or other navigation equipment, consider this bearing information
unreliable.
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3.3. Flight Director. The flight director provides the pilot with displays of pitch and bank
attitudes and the navigation situation of the aircraft. The flight director, when combined with
round dial performance instruments, is termed the flight director system (FDS). Veéhéghh
director is combined with vertical scale instruments it is termed the integrated flight instrument
system (IFIS). The three components of the flight director of major interest are the attitude
director indicator (ADI), the horizontal situation dicator (HSI), and the flight director
computer.

Figure 3.3. Typical Flight Director.

“R DECISION HEIGHT

ATTITUDE TAPE
AN .,./ ANNUNCIATOR

HORIZON\
: SPEED DEVIATION
GLIDE-SLOPE B 1 DiSPLAY
POINTER 1

COMMAND BARS —7 3
I T AIRPLANE SYMBOL

PUSH-TO-TEST
SWITCH

I~ RUNWAY SYMBOL

RATE-OF-TURN
INCLINOMETER

HEADING MARKER LUBBER INS TRACK
(HEADING BUG) LII'\JE POINTER

DISTANCE COURSE

DIsPLAY < LS ‘ DISPLAY
TO-FROM COURSE
POINTER ™= ARROW

INS
ANNUNCIATOR

GLIDE-SLOPE
POINTER |

LATERAL
DEVIATION
BAR

AIRPLANE
REFERENCE
SYMBOL

Té \
BEARING POINTER AZIMUTH CARD

3.3.1. Attitude Director Indicator (ADI) (Figures 3.3 and 3.4).

3.3.1.1. Parts of Attitude Director Indicator. The ADI usually consistsanfattitude
indicator, rate of turn and slip indications, glide slope indicator, command bars, attitude
warning flag, glide slope warning flag, and course warning flag. Additional information
displayed on some ADIs includes radar altitude informatioprageh speed deviation,

and a runway symbol that displays lateral and vertical displacement from the runway.

3.3.1.1.1.Glide Slope Pointer. The glide slope pointer (GSP) displays glide slope
position in relation to the aircraft. If the GSP xosae or below center the glide slope

is above or below the aircraft respectively. GSP scale deflection differs with the
width of the glide slope (1° to 1.8°). Example: If the glide slope width was 1°, full
scale deflection would be ¥2° and each dot wanald/z° (Figure 3.3).
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Figure 3.4. ADI and HSI.

ADI

3.3.1.1.2.Command Bars. The command bars display steering information to
intercept or maintain a desired flight path. To utilize the steering function, simply
Aflyo the ADIG6&6s aircraft symbol by adj us
aligned beneath theommand bars. The bars will command the proper pitch and

bank to turn, intercept, and maintain a course and altitude.

3.3.1.1.2.1.NOTE: Warning flags are incorporated in the ADI to indicate failure
or unreliability of presentations. Check the aircraft flight manual for specific
warning flags applicable to your aircraft. In some ADIs, if power fails to the
pitch and bank steeringabs, no warning flags will appear, and the pitch and bank
steering bars will center. Monitor the identifier to ensure that the signal is
reliable. In most aircraft a warning flag appears when the signal strength is
insufficient.

3.3.2. Horizontd Situation Indicator (HSI) (Figures 3.3 and 3.4). The horizontal situation
indicator combines the heading indicator, RMI, CI, and range indicator into one display.
(See explanations of these functions in previous sections of this chapter.) Add#aineds
available on electronic HSIs include arc formats to display a segment of the standard display
as well as map formats used to pictorially display aircraft position in relation to NAVAIDS
or waypoints. (Figure 3.5.)
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Figure 3.5. Electronic HIS.

GPS
200 NM

3321.Cour se Selector Knob. The course sel ec
select any course by rotating the head of the course arrow to the desired course on the
compass card. Check the course selector window for the prdpeg.se

3.3.2.2. Heading Set Knob. The heading set knob moves the heading marker to a desired
heading. With the proper mode selected on the flight director control panel, the heading
marker can be slaved to the flight director computer. Thusnvehheading is set, the
command bars will command the bank attitude required to turn to and maintain the
selected heading.

3.3.3. Flight Director Computer. The flight director computer receives navigation
information from the navigation systenasd attitude information from the attitude gyro.
Depending on the modes available and selected, the computer supplies pitch or bank
commands to the command bars of the ADI. The command bars can be used for many
functions such as intercepting VOR, TACA&hd Doppler courses or performing data link
intercepts. Pitch command information can vary from terrain avoidance to flying a glidepath
or changing altitudes. In all cases, the command bars display command information and do
not reflect actual aircrafposition. Refer to the appropriate flight manual for the specific
capabilities of the system installed in your aircraft.

3.3.4. Flight Director Modes.

3.3.4.1. Heading Mode. The flight director will sync the command bars to the heading
marker to keep the aircraft on the selected heading.

3.3.4.2.ILS Intercept Mode. The flight director will cause the command bars to steer the
aircraft onto and maintaitime ILS course selected in the navigation radios.

3.3.4.2.1.Wind drift. Some computers supply wind drift compensation.
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3.3.4.2.2.Bank angle. Maximum bank angle commanded is usually 25° to 35°,
depending on the system.

3.3.4.2.3.Intercept angle. Maximum intercept angle commanded is normally about
45°,

3.3.4.2.4.ILS Final Approach Mode. Adds pitch inputs to the command bars to fly
to and maintain the glideslope. In this mode, commanded bank angle is normally

limited to a maximum of 15° and maximum pitch attitude commanded is 10° to 17°,
depending on the system.

3.4. Flight Management System (FMS).Many newer aircraft are equipped with an FMS
consisting of a Flight Management Computer (FMC), one or more Control Display Units (CDU),
an internal navigation database, and various displays and annunciators (Figure 3.6). The FMS
utilizes aircraft sensorand navigation database information to compute and display aircraft
position, performance data, and navigation information during all phases of flight. The FMS
may interface and provide guidance commands to autopilot, flight director, anthanitke
systems.

Figure 3.6. Typical Flight Management System.

3.4.1. Flight Management Computer. The FMC gathers aircraft position information from
multiple onboard sensors and navigation aids including VOR, DME, TACAN, Inertial
Reference Syems (IRS), Inertial Navigation Systems (INS), Global Positioning System
(GPS), and Air Data Computers. Using this aircraft position information, navigation
functions such as course and distance to a waypoint, desired track, groundspeed, and
estimated ime of arrival are computed and displayed on the CDU and other aircraft
instruments. Additionally, fuel flow information may be used by the FMC to calculate and
update fuel consumption, specific range, and fuel overhead destination information.
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3.4.2. Control Display Unit. The CDU allows the aircrew to interface with the FMC. The
CDU normally consists of a display screen, data entry pad, and function and line select keys.
The CDU allows menriven selection of various FMS modes, such as lméion, fuel
planning, performance, and navigation. The pilot may input flight plan route and various
other flight parameters into the CDU to enhance situational awareness and the navigational
capabilities of the aircraft.

3.4.3. Navigation Daabase. An FMS normally contains an internal navigation database with
either regional or worldwide coverage. The database typically includes information on
navigation aids, airports, runways, waypoints, routes, airways, intersections, departures and
arrivals, and instrument approaches. Aircrews may also store defined routes and waypoints
in the database. Navigation databases require periodic updates, normally-dayac¥8le,

to ensure data is current.

3.5. Single Medium Displays. A single medium display is a Headdp Display (HUD), Heasd

Down Display (HDD), or HelmeMounted Display (HMD) (Figure 3.7). These systems can

di splay control, performance, and navigation
him to clear andmonitor instruments simultaneouslyInformation received from HUD
equipment that is not certified for soleeference instrument flight by HQ USAF/A30 must be

verified with other cockpit indications.

Figure 3.7. Helmet Mounted Display.

3.5.1. Some single medium displays have the ability to project a Flight Path Marker (FPM)
to display vector flight paths. This projection gives a predictive line that shows where the
aircraft is going based on current flight parameters. On HUDsRIM ¢an be used to plan
terrain clearance maneuvers on low levels, determine where the aircraft will touch down
when landing, etc. Drawbacks to the FPM include the tendency of the display to float
around, especially in crosswinds, the bobbing motion of RB& as it lags behind the
movement of the nose of the aircraft, and the degraded usefulness of the FPM when it
exceeds the limits of the instrument's fielidview at high angles of attack and in large drift

or yaw situations.

3.5.2. More advanced displays use a Climb/Dive Marker (CDM) as the command flight
symbol for vector flying. The CDM will utilize the concept of the above FPM and flight path
scale, but both will be caged to the center of the display to prevent the symbology from
drifting off the usable area of the instrument.
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Chapter 4
NAVIGATION AIDS

4.1. Precautions. Various types of navigation aids are in use today, each serving a special
purpose. Although operating principles and cockpit displays will vary among navigation
systems, there are several precautionary actions that must be taken to préigit use d¢
erroneous navigation signals:

4.1.1. Identification. The pilot will check the identification of any navigation aid and
monitor it during flight IAW Chapter 7 of this manual.

4.1.2. Crosscheck Information. Use all suitable navigation equipment aboard the aircraft
and crosscheck heading and bearing information.

4.1.3. Estimated Time of Arrival. Never overfly an estimated time of arrival (ETA) without
a careful crosscheck ofvigation aids and ground checkpoints.

4.1.4. Notices to Airmen. The pilot will check notices to airmen (NOTAM) and flight
information publication (FLIP) before flight for possible malfunctions or limitations to
navigation aids.

4.1.5. Suspect Navigation Aid. Discontinue use of any suspect navigation aid and confirm
aircraft position with radar (ground or airborne) or other equipment. Advise ATC of any
problems receiving NAVAIDs. The problem may be the ground station and not ¢hetair
equipment.

4.2. VHF Omni-Directional Range (VOR). The theoretical and technical principles of
operation of VOR equipment are discussed in depth in AFMAIR1I7V 3.

4.3. Tactical Air Navigation (TACAN). The theoretical and technical principles of operation

of TACAN equipment differ from those of VOR; however, the end result, as far as reading the
cockpit display is concerned, is the same. TACAN components and operation are discussed in
depth in AFMAN 11217V3.

4.4. VHF Omni-Directional Range/Tactical Air Navigation (VORTAC). A VORTAC is a

unified navigation aid consisting of two components, VOR and TACAN, which provides three
individual services: VOR azimuth, TACAN azimuth, and TACAN diseafPME) from one

site. Both components of a VORTAC operate simultaneously and provide the three services at
all times. Additional information on VORTACSs is available in AFMAN-217V3.

4.5. Distance Measuring Equipment (DME). DME operation utilizes paired pulses
transmitted from the aircraft to a ground station at a specific spacing. The ground station then
transmits paired pulses back to the aircraft at the same pulse spacing but on a different
frequency. The time required for the roumigb tof this signal exchange is measured in the
airborne DME unit and is displayed to the pilot as a distance in nautical miles from the aircraft to
the ground station. Additional information on DME is available in AFMAN21TV3.

4.6. Instrument Landing System (ILS). The theoretical and technical principles of operation
of ILS equipment are discussed in depth in AFMAN2ILTV3.
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4.6.1. The ILS is designed to provide an approach path for exact alignment and descent of an
aircraft on final approach to a runway. The ground equipment consists of two highly
directional transmitting systems, optional DME transmitters, and as many as three marker
beacons or compass locators. The directional transmitters are known as the logdlizer a
glide slope which are received by aircraft ILS equipment and displayed on the cockpit
instrument panel. A runway serviced by ILS equipment will also include approach,
touchdown, and sometimes centerline lighting systems. Figure 4.1 offers a visaabdep

of a standard ILS configuration.

4.6.2. ILS System on Each End of Runway. Some locations have a complete ILS system
installed on opposite ends of a runway. Such ILS systems should not be operating
simultaneously. In most cases, each MWl have its own frequency. Sometimes the
frequency for both runways will be the same, however each runway will have its own unique
Morse code identifier.

4.6.2.1. WARNING: The pilot shall listen to the Morse code identifier or monitor the
alphanumeric display IAWChapter 7, especially when flying an ILS where the same
frequency is used for two runways.If both ILSs are inadvertently left on, or the
incorrect ILS is turned on, it is possible to receive back course and false glide slope
indications.

4.6.3. False Course Indications. False course indications may be received when the aircraft
is not within the depicted area of coverage. Therefore, localizer course information received
outside the area depicted in Figure 4.2 should be considered invalid unless the procedure is
published otherwise (for example, localizer type directional aid or baukse localizer).

There is also a remote chance electromagnetic interference may cause false course
indications within the depicted area of coverage. For these reasons, it is essential to confirm
the localizer on course indication by reference to aftdieading and any other available
navigation aids, such as an ADF bearing pointer, before commencing final descent. Any
abnormal indications experienced within 35 degrees of the published front course or back
course centerline of an ILS localizer shobklreported immediately to the appropriate ATC
facility.

4.6.4. False Glideslope Indications. False glideslope indications may be received when the
aircraft is not within the depicted area of coverage, or the glide slope power status is in
alarm There is also a chance that aircraft or vehicles parked in the ILS Critical Area may
interfere with the glideslope signal. For these reasons, it is essential to confirm glideslope
intercept altitudes and expected altitudes as depicted on the IARdidations are suspect,
transition to localizer procedures or execute a missed approach.

4.6.5. ILS Facilities with Associated DME. ILS facilities sometimes have associated DME.
These facilities are usually found at civilian fields. Some insént approach procedures
require TACAN or VOR associated DME on the initial segment and the ILS associated DME
during the final portion of the approach. Pilots must exercise extreme caution to ensure the
proper DME channel is tuned to preclude prematutate descents.
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Figure 4.1. Standard ILS Characteristics and Terminology.

VHF Localizer

Provides horizontal guidance
108.10 to 111.95 MHz. Radiates
about 100 watts. Horizontal
polarization. Modulation frequencies
90 and 150 Hz. Modulation depth on
course 20% for each frequency.
Code identification (1020 Hz, 5%)
and voice communication (modulated
50%) provided on same channel.

1,000 typical. Localizer transmitter Middle Marker if facility not on
building is offset 250' minimum : " o the air or

from center of antenna array and Z"{’c;;'es _a;:prox:mate gecision receiver
within 90° =30° from approach OgHE o malfunctioning

end. Antenna is on centerline and
normally is under 50/1 clearance

plane.

ILS approach charts should be
consulted to obtain variations of
| individual systems.

Modulation is 1,300 Hz

Flag indicates

[ Runway lengm
| 7,000 (typical) |

250" to 600°
from centerline
of runway

Sited to provide
55' (£5') runway
threshold
crossing height

UHF Glide slope Transmitter

Provides vertical guidance

329.3 to 335.0 MHz. Radiates about
5 watts. Horizontal polarization,
modulation on path 40% for 90 Hz
and 150 Hz. The standard glide slope
angle is 3.0 degrees. It may be higher
depending on local terrain.

(

Point of intersection
runway and glide
slope extended.

Outer marker located 4—7 miles

from end of runway, where glide
slope intersects the procedure
turn (minimum holding) altitude,
+50' vertically.

95 dot & dash combinations/minute

Outer Marker

Provides final approach fix for
nonprecision approach
Modulation is 400 Hz

Two dashes/second

Approximately 1.4° width
(full scale limits)

Course width varies
between 3° to 6°

Compass locators, rated at 25 watts
output 190—535 KHz, are installed
at many outer and some middle
markers. A 400 Hz or a 1020 Hz tone,
modulating the carrier about 95%, is
keyed with the first two letters of the
ILS identification on the outer locator
and the last two letters on the middle
locator. At some locations, simul-
taneous voice transmissions from the
control tower are provided, with
appropriate reduction in identification
percentage.

tailored to provide
700" at threshold
(full scale limits)

*Figures marked with asterisk are
typical. Actual figures vary with

deviations in distances to markers,
glide angles, and localizer widths.

All marker transmitters
approximately 2 watts of 75
MHz modulated about 95%.
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Figure 4.2. Normal Localizer Signal Coverage.

——
) =

= M ,
Localizer antenna - Normal limits of localizer coverage:

the same area applies to a back course when provided

4.7. Microwave Landing System (MLS). The MLS provides precision navigation guidance for
exact aircraft alignment and descent during an approach to a selected runway. It integrates
azimuth (AZ), elevation angle (EL), and range (DME) information to provide precise aircraft
positioning. The comgnents of an MLS are similar to an ILS. Instead of a glide slope antenna,
the MLS has an elevation station, and instead of a localizer antenna, it has an azimuth station.
The MLS also has a precision DME (DME/P) transmitter. The DME/P signal is more teccura
than traditional DME. Additional information on MLS is available in AFMANZ17V3.

4.8. Marker Beacon (Figure 4 1). Marker beacons are discussed in depth in AFMAN 11
217V3.

4.9. Localizer Type Directional Aid (LDA). The LDA is of comparable utility and accuracy to

a localizer but is not always aligned with the centerline of the runway. TERPS requires the
Localizer (LOC) signal alignment within 3° of the runway alignment. éfdaignment exceeds

3°, the LOC will be identified as an LDA. Once designated as an LDA, the maximum angle of
convergence of the final approach course and the extended runway centerline is 30°. The signal
accuracy of the LDA is the same as a LOC, howdlverL DA course alignment will be greater
than 3°, not to exceed 30°. Straightminima can be published only where alignment conforms

to the straighin criteria specified in AFMAN 1226 (TERPS). Circling minima are published
where this alignment exeds straightn criteria. The LDA is usually considered a nanmecision
approach; however, in some installations with a glide slope, a decision altitude will be published.
If a decision altitude is published, it can be flown just like an ILS approach.

4.9.1. Localizer (LLZ). In International Civil Aviation Organization (ICAQO) Procedures for

Air Navigation Serviceghircraft Operations (PANSPS) abbreviates the localizer facility

as LLZ. The accuracy of the signal generated by the LLZ is the aara LOC. PAN®PS
normally requires the LLZ final approach track alignment to remain within 5° of the runway
centerline. However, in certain cases, the alignment can exceed 5°. Where required, PANS
OPS allows an increase of the final approach tracks® for categories C, D, and E. For
aircraft categories A and B, the maximum angle formed by the final approach track and the
runway centerline is 30°.
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4.9.1.1.NOTE: Prior to flying a LDA or LLZ, compare the final approach course with
the runway heading. The aerodrome sketch should provide a visual indication of the
angle formed between the final approach track and the runway centerline.

Figure 4.3. LD A With Glide Slope.
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4.10. Simplified Directional Facility (SDF). The SDF provides a final approach course that is
similar to that of the ILS localizer and LDA. The SDF transmits signals within the range of
108.10 MHz to 111.95 MHz. However, the SDF may have a wider course width of 6° or 12°. It
does not provide gliddape information. For the pilot, the approach techniques and procedures
used in the performance of an SDF instrument approach are essentially identical to those used in
executing a standard no glide slope localizer approach except that the SDF cours# by
aligned with the runway and the course may be wider, resulting in less precision.
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Figure 4.4. SDF Approach.
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4.11. Nondirectional Radio Beacon (NDB).

4.11.1. Frequencies. NDB is a low, or medium, or ultra high frequency radio beacon that
transmits nondirectional signals whereby an aircraft properly equipped can automatically
determine and display bearing to any radio station within its frequency and ssnsitigeé.

4.11.2. Compass Locator. When a radio beacon is used in conjunction with the ILS markers,

it is called a "compass locator.” Sometimes the-pomwered NDB [i.e. compass locator]

will be a stand alone NAVAID with limited range (usuallyssethan 15 miles). These

|l ocators may be identifi-digtidbntfieran ALO and t he

4.11.3. Identification. Most radio beacons within the U.S. transmit a continuousl#itee
identifier. A twoletter identifier is normallysed in conjunction with an ILS. Some NDBs
have only a ordetter identifier. Outside of the contiguous U.S., one, two, or Hetéer
identifiers are transmitted; for example, BB.
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4.11.4. Voice Transmissions. Voice transmissions can be madadio beacons unless the
letter "W" (without voice) is included in the class designator (HW).

4.11.5. Disturbances. Radio beacons are subject to disturbances that may result in erroneous
bearing information. Such disturbances result from intermittent or unpredictable signal
propagation due to such factors as lightning, precipitation, static, etc. Mt radio beacons

are vulnerable to interference from distant stations. Nearly all disturbances that affect the
ADF bearing also affect the facility's identification. Noisy identification usually occurs when
the ADF needle is erratic. Voice, music, eromeous identification will usually be heard
when a steady false bearing is being displayed.

4.11.5.1. WARNING: Since ADF receivers do not have a "flag" to warn the pilot
when erroneous bearing information is being displayed, the pilot must caausly
monitor the NDBs identification.

4.12. Global Positioning System (GPS).

4.12.1. Principles of Operation. GPS is a satelb&sed navigation system that has the
capability to provide highly accurate thrdenensional positio, velocity, and time to an
infinite number of equipped users anywhere on or near the Earth (Figure 4.5). GPS is
discussed in depth in AFMAN 1417V3.

Figure 4.5. GPS.
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4.13.1. Description. The INS is a source of groundspeed, attitude, heading, and navigation
information. A basic system consists of acceleration sensors mounted on a gyro stabilized,
gimbaled platform, a computer unit to process raw data and maintain presénonhpasd a

control display unit (CDU) for data input and monitoring. It allows the aircrew to selectively
monitor a wide range of data, define a series of courses, and update present position. The
INS operates solely by sensing the movement of theafircSince it neither transmits nor
receives any signal, it is unaffected by electronic countermeasures or weather conditions.
The INS can also supply data to many other aircraft systems.

4.13.2. Operation. Before an INS can be used, it mustalgned. During alignment,
present position coordinates are inserted manually while the INS derives local level and true
north. This operation must be completed before moving the aircraft. If alignment is lost in
flight, navigation data may be lost,thin some cases, attitude and heading information may
still be used. Coordinate or radial and distance information describing points that define the
route of flight are inserted as needed through the CDU. For complete operation procedures
of any specift INS, consult the appropriate aircraft technical order.
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Chapter 5
NAVIGATION TECHNIQUE S AND PROCEDURES

5.1. Application. Instrument procedures are flown using a combination of techniques (arc to
radial, radial to arc, course intercepts, etc.). Individual aircraft flight manuals should provide
proper procedures for using the navigation equipment installed.

5.1.1. Where procedures depict a ground track, the pilot is expected to correct for known
wind conditions. In general, the only time wind correction should not be applied is during
radar vectors.The following general procedures apply to all aircraft.

5.1.1.1. Unless otherwise authorized by ATC (or as necessary for safety if ATC
coordination is not possible), no person may operate an aircraft within controlled airspace
under IFR except as follows:

5.1.1.1.1.0n a Federal airway, along thenterline of that airway.
5.1.1.1.2.Along the direct course between navigational aids or fixes defining a route.
5.1.2. Utilizing ground based NAVAIDS.

5.1.2.1. Tune and lIdentify. The pilot will tune or select the desired frequency or
channel, then positively identify the selected station via an aural (Morse Code) or
visual (alphanumeric) signal.

5.1.2.1.1.For aircraft with the capability to translate Morse code station

identification into an alphanumeric visual display, it is acceptable to use the visual
display as the sole means of identifying the station identification provided:
(MAJCOMs will determine which aircraft can use this method for identifying

NAVAIDS.)

5.1.2.1.1.1.The alphanumeric visual display must always be in view of the pilot.

5.1.2.1.1.2.Loss of the Morse code station identification will cause the
alphanumeric visual display to immediately disappear, or a warning to be
displayed.

5.1.2.1.1.2.1. WARNING: It is imperative that crews are cognizant of what
station identification is being displayed. For example, if the station
identification being displayed is from the DME portion of a VOR/DME
station, then only the DME alphameric display may be used. The VOR
azimuth station must still be identified aurally.

5.1.2.1.1.2.2 WARNING: Voice communication is possible on VOR, ILS,
and ADF frequencies. The only positive method of identifying a station is by
its Morse code identifier (either aurally or alphanumeric display) or (for
VORSs) the recorded automatic voice identificafiomdicated by the word
AVORo following the station name.
other voice transmissions broadcast on a Flight Service Station or other
facility is not a reliable method of station identification and shall not be used.
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5.1.2.1.2.VOR. The station identification may be a repeated tletter Morse code
group, or a threéetter Morse code group alternating with a recorded voice identifier.

5.1.2.1.3.TACAN. The TACAN station transmits an aural thiedea Morse code
identifier approximately every 35 seconds.

5.1.2.1.4.NDB/ADF. The nondirectional radio beacon transmits a repeated two or
threeletter Morse code group depending on power output.

5.1.2.1.5.ILS. The ILS localizer transmét puts out a repeated foletter Morse
code group. In the US, the first letter of the identifier is always "I" to denote the
facility as an ILS.

5.1.3. Monitor. The pilot will monitor station identification (either aural or visual as
applicable) to ensure a reliable signal is being transmittedRemoval of identification
serves as a warning to pilots that the facility is officially off the air for-wmer repairs and

may be unreliable even though intermittent or constant signalsaaiead. The navigation
signal must be considered unreliable when the station identifier is not being received. For
NDBs, there is a direct correlation between the strength of the identifier and the strength and
reliability of the signal with no off flagio indicate loss of signalTherefore, on approaches

that require an NDB, pilots will monitor the NDB identifier for the entire approach.

5.1.4. Select. The pilot will select proper position for the navigation system switches.

5.1.5. Set. The pilot will set the selector switches to display the desired information on the
navigation instruments.

5.1.6. Check. The pilot will check the appropriate instrument indicators for proper
operation

5.2. Homing to a Station Figure 5 1). Homing occurs when the pilot places the head of the
bearing pointer under the upper lubber line (or Top Index) and makes periodic heading changes
to keep it there. Failure to apply wind drift corrections results in a curved flight path to the
station.



50 AFMAN11-217V1 22 OCTOBER 2010

Figure 5.1. Curved Flight Path as a Result of Homing with a Crosswind.

o

The greater the
O = time to the station
: and the stronger the wind
—the greater the
distunce off course

HOMING 005°

5.3. Proceeding Direct to a Station.Turn the aircraft in the shorter directionto place the
head of the bearing pointer under the top index or upper lubberGieeter the CDI with a TO
indication (N/A RMI only) and apply wind drift corrections to maintain the selected course to
the station

5.3.1. If either the compss card or the bearing pointer is inoperative, a course indicator or

HSI may be used to determine the bearing to the station by rotating the course set knob until

t he CDI centers andrRIOMDO iindirceadadri.n tThhe ffMa@
the arcraft to the station then appears in the course selector winédats will attempt to

verify bearing information by any other means available before considering it reliable.

5.4. Course Intercepts.

5.4.1. Successful Course Intaption. Course interceptions are performed in many phases
of instrument navigation.To ensure successful course interception, an intercept heading
must be used that results in an angle or rate of intercept sufficient to complete a particular
intercept poblem.

5.4.1.1. Intercept Heading. The intercept heading (aircraft heading) is the heading
determined to solve an intercept problem. When selecting an intercept heading, the
essential factor is the relationship between distance from the station and the number of
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degreeghe aircraft is displaced from the course. Adjustments to the intercept heading
may be necessary to achieve a more desirable rate of intercept.

5.4.1.1.1.A technique for determining intercept headings is:

5.4.1.1.1.1.Inbound: From th desired course, look in the shorter direction to the
head of the bearing pointer. Continue beyond the head of the bearing pointer by
30 degrees or the number of degrees off course, whichever is less. This will give
a recommended intercept angle of 3Ykes or less. Any heading beyond the
bearing pointer, within 90° of the desired inbound course, is\&imd intercept
heading.

5.4.1.1.1.2.0utbound: From the tail of the bearing pointer, move in the shorter
direction to the desired cours€ontinue beyond the course by 45 degrees, or the
number of degrees off course, whichever is less. This will give the recommended
intercept angle of 45 degrees or less. Any heading beyond the desired course,
within 90°, is a newind intercept heading.

5.4.1.2. Angle of Intercept. The angle of intercept is the angular difference between the
heading of the aircraft (intercept heading) and the desired course. The minimum
acceptable angle of intercept for an inbound course interception must ke ¢raatthe
number of degrees the aircraft is displaced from the desired course. The angle of
intercept should not exceed 90°.

5.4.1.3.Rate of Intercept. The rate of intercept is determined by observing bearing
pointer and CDI movement. Theteaof intercept is a result of intercept angle,
groundspeed, distance from the station, and if you are proceeding to or from the station.

5.4.1.4. Completing the Intercept.

5.4.1.4.1.Lead point. A lead point to roll out on the coursestbe determined
because of turn radius of the aircraft. The lead point is determined by comparing
bearing pointer or CDI movement with the time required to turn to course. Refer to
AFMAN 11-217V3 for techniques to determine a lead point.

5.4.1.4.2.Rate of intercept. To determine the rate of intercept, monitor the bearing
pointer or CDI movement.

5.4.1.4.3.Turn. The time required to make the turn to course is determined by the
intercept angle and the aircraft turn rate.

5.4.1.4.4 Complete the intercept. Use the CDI, when available, for completing the
course intercept.

5.4.1.4.5.Undershoot or Overshoot. If it is obvious that the selected lead point will
result in undershooting the desired course, either redua@ntie of bank or roll out

of the turn and resume the intercept. If the selected lead point results in an overshoot,
continue the turn and roll out with a correction back to the course.

5.4.1.4.6.Maintain course. The aircraft is considered &rbaintaining the course
centerline when the CDI is centered or the bearing pointer points to the desired
course. A correction for known winds should be applied when completing the turn to
a course.
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5.4.1.4.7.NOTE: Pilots should always attentptfly as close to the course centerline
as possible. TERPS design criteria will provide maximum obstacle clearance
protection when the course centerline is maintained.

5.4.2. In-bound (HSI, Cl and RMI) (Figure 5.2).
5.4.2.1. Tune and icentify the station

5.4.2.2.Set inbound courseSet the desired inbound course in the course selector
window and check for a TO indication.

5.4.2.3. Turn. Turn to an intercept heading.

5.4.2.3.1.Cl and RMI. Turn in the shorter direction to place the heading pointer
toward the CDI. Continue the turn to place the heading pointer in the top half of the
instrument case. This precludes an intercept angle in excess of 90°. Roll out with the
RMI/BDHI bearing pointer between the desired inbound course and top index. The
angle of intercept must be greater than the number of degrees off course, not to
exceed 90°. The intercept heading may be adjusted within these limits to achieve the
most desirable ta of intercept. Displacing the bearing pointer approximately 30°
from the top index will normally ensure a moderate rate of intercept.

5.4.2.3.2.HSI. Turn in the shorter direction toward the CDI. The shorter direction is
displayed by the airaft symbol and CDI relationship. Continue the turn to place the
head of the course arrow in the top half of the instrument case. This precludes an
intercept angle in excess of 90°. Roll out of the turn when the bearing pointer is
between the upper lubb line and the head of the course arrow to establish an
intercept heading. Displacing the bearing pointer 30° from the upper lubber line will
normally ensure a moderate rate of intercept. The aircraft symbol will appear to be
proceeding toward the CDL an intercept angle equal to the angle formed between
the upper lubber line and the head of the course arrow. The angle of intercept must
be greater than the number of degrees off course, but not more than 90°.

5.4.2.4. Maintain intercept. Maintain the intercept heading until a lead point is reached,
then complete the intercept. The lead point depends on bearing pointer or CDI rate of
movement and the time required to turn on course.
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Figure 5.2. Inbound Course Interceptions (HSI, A and RMI).
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5.4.3. Inbound (RMI Only) (Figure 5.3).
5.4.3.1. Tune and identify. Tune and identify the station.

5.4.3.2. Determine heading.Determine an intercept heading. Locate the desired
inbound course on the compass card. From the desired course, look in the shorter
direction to the head of the bearing pointer. Any heading beyond the bearing pointer,
within 90° of the desired inboundowrse, is a navind intercept heading. In many
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instances, an intercept heading selected 30° beyond the bearing pointer ensures a rate of
intercept sufficient to solve the problem. An intercept angle is formed when the head of
the bearing pointer is beter the desired course and the top index on the RMI.

5.4.3.3. Turn. Turn in the shorter direction to the intercept heading.

5.4.3.4. Maintain intercept. Maintain the intercept heading until a lead point is reached,
then complete the intercept. Lead point depends on bearing pointer rate of movement
and the time required to turn on course.



AFMAN11-217V1 22 OCTOBER 2010 55

Figure 5.3. Inbound Course Interceptions (RMI Only).
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5.4.4. Outbound-- Immediately After Station Passage (HSI, Cl and RMI) (Figure 5.4).

5.4.4.1.Tune and Identify. Tune and identify the station. This should have already
been accomplished.

5.4.4.2. Turn. Turn in the shosdr direction to a heading that will parallel or intercept the
outbound course. Turning to parallel the desired outbound course is always acceptable.
Continuing the turn to an intercept heading may be preferable when the bearing pointer is
stabilized or wen you know your position in relation to the desired course. The effect
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that airspeed, wind, and magnitude of turn will have on aircraft position during the turn to
an intercept heading should be considered.

5.4.4.3. Set course.Set the desired course in the course selector window and check for
FROM indication.

5.4.4.4. Turn to Intercept. Turn to an intercept heading if not previously accomplished.
Determine the number of degrees off course as indicated by CDaackspént or angular
difference between the tail of the bearing pointer and the desired course. If the initial
turn was to parallel the desired course, turn toward the CDI to establish an intercept angle
approximately equal to the number of degrees off smur Normally, to avoid
overshooting, an intercept angle greater than 45° should not be used.

5.4.4.5. Maintain. Maintain the intercept heading until a lead point is reached, then
complete the intercept. The lead point depends on bearimgjepar CDI rate of
movement and the time required to turn on course.
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Figure 5.4. Outbound Course Interceptionsimmediately After Station Passage (HSI, CI
and RMI).
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5.4.5. Outbound-- Immediately After Station Passage (RMI Only) (Figure 5.5).

5.4.5.1. Tune and Identify. Tune and identify the station. This should have already
been accomplished.



58

AFMAN11-217V1 22 OCTOBER 2010

5.4.5.2. Turn. Turn in the shorter direction to a heading that will parallel or intercept the
outbound course. Refer to paragraph 5.4.4 above (Outbdomdediately After Station
Passage (HSI and Cl)).

5.4.5.2.1.Degrees Off Course. Determine the number gfreles off course. Note
the angular difference between the tail of the bearing pointer and the desired course.

5.4.5.3. Intercept Heading. Determine an intercept heading. Determine and turn to an
intercept heading if a suitable intercept lengas not established during the initial turn.
Look from the tail of the bearing pointer to the desired course. Any heading beyond the
desired course is a meind intercept heading. Turn in this direction an amount
approximately equal to the number degrees off course. Normally, to avoid
overshooting the course, do not use an intercept angle greater than 45°.

5.4.5.3.1.Note: On some aircraft, the RMI/BDHI bearing pointer does not have a
tail. In this case, turn to the magnetic headindhefdesired course. Continue on the
outbound magnetic heading of the desired course until the bearing pointer stabilizes.
Note the number of degrees the bearing pointer is off the tail of the aircraft. This is
the number of degrees off course. Any hegdihange in the direction toward the
head of the bearing pointer is a-wind intercept heading. Turn in the direction of

the head of the bearing pointer an amount approximately equal to the number of
degrees off course. Normally, to avoid overshooting course, do not use an
intercept angle greater than 45°.

5.4.5.4. Maintain. Maintain the intercept heading until a lead point is reached, then
complete the intercept. The lead point depends on the bearing pointer rate of movement
and the time required to turn on course.
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Figure 5.5. Outbound Course Interceptionsimmediately After Station Passage (RMI
Only).
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5.4.6. OutboundAway from the Station (HSI, Cl and RMI) (Figure 5.6).
5.4.6.1. Tune and identify. Tune and identify the station.
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5.4.6.2. Set. Set the desired outbound courséhie course selector window.
5.4.6.3. Turn. Turn to an intercept heading:

5.4.6.3.1.CI. Turn in the shorter direction to place the heading pointer toward the
CDI. Continue the turn to place the heading pointer in the top half of the instrument
case and roll out on an intercept heading. This precludes an intercept angle in excess
of 90°. Roll out of the turn on an intercept heading with a suitable intercept angle,
normally 45°. A 45° intercept angle is established by rolling out with the desired
course under the appropriate 45° index, or with the heading pointer displaced 45°
from thetop index and toward the CDI.

5.4.6.3.2.HSI. Turn in the shorter direction toward the CDI. Continue the turn until
the head of the course arrow is in the top half of the instrument case. This precludes
an intercept angle in excess of 90°. IRait of the turn on an intercept heading with a
suitable angle of intercept, normally 45°. A 45° intercept angle is established by
rolling out with the head of the course arrow under the appropriate 45 ° index (aircraft
symbol directed toward the CDI).

5.4.6.4. Maintain. Maintain the intercept heading until a lead point is reached, then
complete the intercept. The lead point depends on the bearing pointer or CDI rate of
movement and the time required to turn on course.
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Figure 5.6. Outbound Course InterceptionsAway From the Station (HSI, Cl and RMI).

5.4.7. OutboundAway From the Station (RMI Only) (Figure 5.7).
5.4.7.1. Tune and identify. Tune and identify the station.

5.4.7.2. Determine an intercept headingLook from the tail of the bearing pointer past

the desired course and select an intercept heading. Any heading beyond the desired
course, within 90°, is a reind intercept heading. A heading selected 45° beyond the
desired course will normally ensure a moderate rate of intercept.

5.4.7.2.1.Note: On some aircraft, the RMI or BDHI bearing pointer does not have a
tail. In this case, turn the shorter direction to the outbound magnetic heading of the
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desired cotse. Note the number of degrees the bearing pointer is off the tail of the
aircraft. This is the number of degrees off course. Any heading change in the
direction toward the head of the bearing pointer within 90° is-aind intercept
heading. A turnn the direction of the head of the bearing pointer of 45° past the
desired course will normally ensure a moderate rate of intercept.

5.4.7.3. Turn. Turn in the shorter direction to the intercept heading.

5.4.7.4. Maintain. Maintain the intercept heading until a lead point is reached, then
complete the intercept. The lead point depends on the bearing pointer or CDI rate of
movement and the time required to turn on course.
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Figure 5.7. Outbound Course InterceptionsAway From the Station (RMI Only).
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5.4.8. Maintaining Course (Figure 5.8). To maintain course, fly a heading estimated to keep
the aircraft on the selected course. If the CDI or bearing pointer indicates a deviation from
the desired course, return to course avoiding excessive intercept aAffiesreturning to
course, again estimate the drift correction required to keep the CDI centered or the bearing
pointer pointing to the desired course. (The CDI and bearing pointer may show a rapid
movement from the eoourse indication when close to tetion. In this situation, avoid
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making large heading changes because actual course deviation is probably small due to
proximity to the station).

Figure 5.8. Maintaining Course.

5.5. Station Passage.
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5.5.1. VOR and VOR/DME. Station passage occurs when thdFROM indicator makes
the first positive change to FROM. For RMI/BDHI only, station passage is determined when
the bearing pointer passes 90 degrees to the inbound course.

5.5.2. TACAN. Stationpassage occurs when the range indicator stops decreasing.

5.5.3. ADF. Station passage occurs when the bearing pointer passes 90° to the inbound
course.

5.5.3.1. NOTE: When established in an NDB holding pattern, subsequent stationgassag
occurs at the first definite move by the bearing pointer through the 45° index on the RMI.

5.6. Groundspeed Check.Groundspeed checks are done to aid in calculating ETAs to fixes,
which are useful for position reports, fuel computationsathdr mission timing problems.

5.6.1. Conditions. A groundspeed check can be made while maintaining a course to or from
a TACAN/VORTAC station. As a guide, however, groundspeed checks should be
performed only when the aircraft slant range diséais more than the aircraft altitude
divided by 1,000. For example, if the aircraft is at FL 200, groundspeed checks should be
performed when beyond 20 nautical miles. Checks made below 5,000 feet are accurate at
any distance.

5.6.2. Begin Timing. To perform the groundspeed check, begin timing when the range
indicator shows a whole number. After the predetermined time has elapsed, check the range
indicator and note the distance flown. Apply the following formula to determine
groundpeed: Multiply the distance flown times 60 and then divide the product by the
elapsed time in minutes. For example, if you fly 12 NM in 2 minutes, then your groundspeed
is 360 knots. ((12 NM x 60)/2 min = 360 knots)

5.6.2.1. NOTE: For precise aoputation, time for longer periods and solve the problems
on a computer. To simplify computations, use-@miBute time check and multiply the
distance traveled by 30, an3inute time check, distance times 20; or-mi@ute time
check, distance times 1@ rapid groundspeed check can be accomplished by timing the
range indicator for 36 seconds and multiplying the distance traveled by 100.
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Figure 5.9. Arc Interception From a Radial.

Rate of turn 1%2°/sec
Groundspeed 300 knots
1% X 300 = 3NM lead

or
5NM/min —2 = 3 NM lead
if using 30° bank

ARC INSTRUCTIONS

“cleared via 30 mile arc
east of Randolph TACAN."

Step ]- Tune TACAN station

5.7. Arc/Radial Intercepts. TACAN and VOR/DME acs are used during many phases of
flight. Arcs are normally intercepted from radials (either inbound or outbound) andersa,

making the turn from one to the other, in general, 90° of heading change . Use accurate lead
points and account for variatie in aircraft turn radius due to winds to prevent excessive under

or overshoots.
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5.7.1. Arc Interception from a Radial (Figure 5.9)une and identifythe NAVAID used for

the intercept andletermine the direction of turn Using aircraft calculations found in
AFMAN 11-217V3, determine the lead point necessary to intercept the arc. When the lead
point is reached, turn to place the bearing pointer on the 90° index.

5.7.1.1. Corrections. If the aircraft is outsidé the desired arc, turn to place the bearing
pointer slightly above the 90° index. If inside, turn to place the bearing pointer slightly
below the 90° index. (Rule of Thumb: Displace the bearing pointer 5° below the
reference point for each otalf mile deviation to the inside of the arc, and 10° above the
reference point for each half mile outside the arc.)

5.7.1.2. While on the arc, as the bearing pointer falls, continue to make small turns to
keep it on the 90° index. Alternatively, a iserof short straight legs may be flown
allowing the bearing pointer to fall a few degrees below the 90° index then turning to
place the bearing pointer a few degrees above the 90° index. When using this technique,
the aircraft will fly slightly outside rad inside the arc alternatively on each leg (Figure
5.10).
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Figure 5.10. Correcting to Maintain an Arc.
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5.7.2. Radial Interception From an Arc (Figure 5.1Tjune and identify the NAVAIDused
for the intercept andetermine the diection of turn Using aircraft calculations found in
AFMAN 11-217V3, determine the lead point necessary to intercept the arc. When the lead
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point is reached, roll to the bank angle used in the lead point calculation and turn to roll out
on the radial.

Figure 5.11. Radial Interception From an Arc.
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5.8. Proceeding Direct to a VOR/DME or TACAN Fix. Proceeding directly to a radial/DME

fix without RNAV equipment is not a normal form of navigation in the NAS. It can, however,
be auseful technique for backing up RNAV equipment or navigating in a loss of communication
situation. Bearing and range information from a VOR/DME or TACAN facility is sufficient for
navigating direct to any fix within reception range.

5.8.1. In order to legally conform to NAS area navigation procedures and the national
route program (NRP) as outlined in FLIP GP chapter 4 and FAA AC 9091, USAF pilots
and air traffic controllers should not file, give, or accept a clearance (as applicable) that
requires an aircraft to navigate direct to a radial/DME fix (perform a fix-to-fix) except
under the following circumstances:
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5.8.1.1. The primary navigation equipment onboard the aircraft is either area navigation
(RNAV) or advanced RNAV capable and operating normally.

5.8.1.2. Flight will be conducted where radar monitoring by air traffic control (ATC) is
available.

5.8.1.3 Locally defined arrival/departure procedures require the navigation to/from a
radiatDME fix for the sequencing of aircraft. Locally defined procedures must be
evaluated by TERPS and flight checked if flown in instrument meteorological conditions
(IMC) and radar monitoring is not available.

5.8.1.4. Operational necessity dictates (i.e. filing and flying an air refueling track) or
conforms to military enroute operations.

5.8.2. When operating in the NAS and given a clearance to proceed to a radial/DME fix,
unless the aircraft capability or operations meet one of the parameters defined above,
pilots should reply with fAunabl edo and stat
GP chapter 4. Under these circumstances, ATC should provide navigation guidance to

the radial/DME fix either via radar vectors or an alternate routing.

5.8.3. The following are some techniques to accomplish cbx (Figure 5.12.):

5.8.3.1 Tune the TACAN or VOR/DME equipment (VOR and DME stations must be
collocated). Then visualize the navigational situation on the HSI or RMI compass card.

The NAVAID will be represented by the center of the compass card. The outer ring of
thecompas card wil |l represent the greater of
DME of the fix.

5.8.3.2. Turn in the shortest direction to a heading somewhere between the head of the
bearing pointer and the radial of the desired fix. (Positiof Bgure 5.12) If the DME

of the fix i1s greater than the aircraftos
desired radial and vieeersa. This initial heading will get the aircraft moving in the
general direction of the fix until the followinggueedures can finine the heading.

5.8.3.3.To fine-tune the heading to the desired fix, mentally place the aircraft and the
desired fix on their respective radials at the appropriate relative position from the center
of the compass card (NAVAID). Turn the aircraft until the line between thespdints

is parallel to a line from the center of the compass card and the upper lubber line with the
two fix points vertically one above the other. (Position C of Figure 5.12)

5.8.3.4.Update the fixto-fix periodically remembering that the relai size of the
compass card will change as the airplane moves in relation to the NAVAID. If the initial
heading does not keep the aircraft moving toward the fix, there is probably a wind effect.
When making adjustments to the-focfix heading, take tls wind effect into account in

the new heading.
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Figure 5.12. Proceeding Direct to a DME Fix.
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5.9. Area Navigation. (RNAV) A method of navigation using a variety of onboard equipment
including Inertial Navigation System (INS), TAGI/VOR/DME-based Flight Management
Systems (FMS), Integrated/Embedded GPS, DME/DME/IRU (if certified for IFR navigation) or
LORAN-C that allows the pilot to fly directly to predetermined geographical positions
(waypoints) or define routes or instrument ggdures in terms of latitude and longitude or
radial/distance relative to a ground based navigation facility.
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5.9.1. In order to be considered RNAV capable, an aircraft must be able to display a course
from a given point (waypoint) to a clearance limit while also providing a continuously
updated aircraft position with reference to that course line. An aircraft FMSLDISAN,

or integrated GPS navigation system providing course guidance to the aircrew meets this
requirement. Mission enhancement GPS systems do not meet this requirement.

5.9.2. Aircraft may fly, with clearance, on either random or designated RX#utes. A
random RNAV route proceeds between RNAV waypoints that are not part of published
airways. Designated RNAV routes follow published and charted airways meant for RNAV
capable aircraft. Whether under radar control or not, Pilots shall use extne caution
when flying random RNAYV routes or accepting clearance to navigate via RNAV to a fix or
point while below the minimum IFR altitude.

5.9.3. Required Navigation Performance Type (RNP Type). A value stating the navigation
performance othe aircraft for at least 95 percent of the total flying time. The value is a
mustremainwithin value and is typically expressed as a distance in (longitudinal and lateral)
nautical miles (e.g. RNB airspace requires an aircraft to be within 5 milegsointended
position 95 percent of the time). In addition to accuracy, many RNP applications impose
functional requirements. Aircrew must comply with training, certification, and equipment
requirements prior to flying any RNAV procedure. The RNP Tyae be found either
directly on the publication or in the legend for various navigational procedures (e.g. STARS,
hi and low charts, approaches, etc.)

5.9.3.1.En Route. RNAYV aircraft must be able to navigate on the intended RNP Type
route or withn the RNP Type airspace using their onboard navigation equipment.
MAJCOMS provide operational approval for each type of RNP airspace/procedure.
Operational approval ensures that RNAV equipment meets accuracy and functional
requirements, and that apprie crew training and procedures are in place. While
airspace requirements vary between regions, in some cases backup equipment
(VOR/DME, TACAN, etc.) may be required to allow reversion to an alternate means of
navigation should RNAV equipment fail.

5.9.3.2. Terminal. RNAYV in the terminal area consists of both approach and departure
procedures. RNAV equipment may be used as the sole source of navigation information
for instrument approaches in suitably equipped and certified air@®R&fAV appoaches

must be retrieved from an aircraft database and not be manually entetddJCOMs

certify the capabilities of their aircraft in accordance with civil standards as outlined in
various Techni cal Standard Orderds (TSO)

5.9.4. Aircrew Responsibilities. Although RNAV routes (including random routes) may be
filed at any time, aircrews should have alternate routing and contingency actions planned.
ATC considers radar coverage capability and compatibility witHi¢rdiow and volume

prior to assigning random RNAV routes. Although ATC provides radar separation on
RNAV routes in the national airspace system (NAS), navigation and collision avoidance on
any RNAV route remains the responsibility of the aircrew. Airaenust consider the limits

of RNAV equipment certification prior to accepting clearance for RNAV routes or RNP
airspace. Aircrews should also take advantage of opportunities to update the navigation
system while en route. In addition, crews should morRNAV equipment performance
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and be prepared to return to an alternate means of navigation should an equipment
malfunction require.

5.10. GPS Navigation. The | CAO has adopted nAGI obal Navi g:e
as an umbrella term to identify any satellite navigation system where the user performs onboard
position determination from satellite information. Currently there are only two GNSS systems

that are recognized by the International Frequency Registration Board (IFRB): the GPS
developed by the United States and the Global Orbiting Navigation Satellite System
(GLONASS) now under development by the Federation of Russia.

5.10.1. GPS Requements for IFR navigation. In order to be used for IFR navigation, GPS
equipment must meet minimum functional requirements and comply with approved standards
for accuracy, integrity, availability, and continuity. Compliance with FAA TSOs and ACs
are theprimary means of ensuring these standards are met. AR)DAN3, lists FAA TSOs

and ACs applicable to GPS User Equipment (UE).

5.10.2. GPS equipment properly certified and approved by the MAJCOM may be used as a
primary means of IFR navigationAircrews will comply with guidance in AFI :202V3
and aircraft flight manuals when utilizing GPS as a navigation solution.

5.10.2.1.NOTE. GPS provides two levels of service: Standard Positioning Service (SPS)
and Precise Positioning Service @PSPS is based on the C/A data and provides, to all
users, a horizontal and vertical sigitalspace positioning accuracy standard of 13 meters
and 22 meters, respectively, with a probability of 95 percent. PPS is based on an
encrypted Precision (P) cedransmitted over two frequencies (L1 and L2) as a P (Y)
code which can only be received by military GPS receivers with a valid crypto key
inserted and is accurate to within 9 meters. Some countries do not allow the use of GPS
(either SPS or PPS) for IFRavigation in their sovereign airspace. Consult the
appropriate FLIP Area Planning (AP) document for detalils.

5.10.2.2.NOTE. IFR navigation using PPS GPS. Without host nation approval, PPS
may not be used for IFR navigation in civil airspanoeluding the US National Airspace
System (NAS). For discussion on GPS PPS, see AFMARIYY/3.

5.10.2.3.Receiver Autonomous Integrity Monitor (RAIM). The GPS receiver verifies
the integrity of the signals received from the GPS constellatioough RAIM to
determine if a satellite is providing corrupted information.  Without RAIM capability,
the pilot has no assurance of the accuracy of the GPS posRiaiM (or equivalent
integrity method) is required for use of GPS in IFR navigati@nd requires at least 5
satellites in view to check GPS integrity.

5.10.2.3.1.NOTE: Barometric aiding allows RAIM to validate GPS integrity
utilizing just 4 satellites in conjunction with the current altimeter setting entered in an
approved bametric altimetry system.

5.10.2.3.2.NOTE: For sake of simplicity, this document will use the term RAIM to
refer to all acceptable integrity monitoring methods. The procedures and guidance
discussed are applicable to all approved integrity toang algorithms.

5.10.2.3.3.RAIM outages may occur due to an insufficient number of satellites or
unsuitable satellite geometry. Loss of satellite reception and RAIM warnings may
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occur due to aircraft dynamics (changes in pitch or bank anglgenna location on
the aircraft, satellite position relative to the horizon, and aircraft attitude may affect
reception of one or more satellites.

5.10.2.3.3.1.RAIM Alerts. There are two types of RAIM alerts. One type
indicates that not engh satellites are in view (or in an insufficient geometry) to
provide RAIM. The other type indicates that the RAIM has detected a potential
error that exceeds the limits (enroute, terminal, or approach) for the current phase
of flight.

5.10.2.3.3.2.Predictive RAIM forecasts RAIM availability at a particular
location at a time in the future. To effectively check predictive RAIM, aircraft
avionics must allow deselection of satellites based on NOTAM information.
Predictive RAIM must be checked o to the mission or the flight segment
where GPS is required.

5.10.2.3.3.2.1 A predictive RAIM check is not required on aircraft approved
for RNP RNAYV operations by the aircraft flight manu&rior to flying RNP
RNAYV procedures, aircrew must ensure that the appropriate level of RNP
will be available to fly a given procedureThis may or may not require a
predictive RAIM check. Details on methods to confirm RNP RNAV
availability are detaileth the aircraft flight manual.

5.10.2.3.3.2.2If the required RAIM level (e.g., enroute, terminal or
approach) is not available, another type of navigation and approach system
must be used, another destination selected, or the trip delayed until the RAIM
level is acceptable.

5.10.2.3.3.2.3 Pilots should recheck the RAIM prediction for the destination
during the flight. This may provide early indications that an unscheduled
satellite outage has occurred since takeoff and allow the pilot to determine an
alternative course of action.

5.102.3.3.2.4.The predictive RAIM check, if required, must be
accomplished prior to the intended GPS operation, including both GPS
departures and approaches, and may be accomplished either by onboard GPS
equipment or via a ground system. The predicRvdM algorithm should

take into account satellites that are NOTAMed out of service between the time
of the predictive RAIM check and the flight segment over which GPS is
required. Prior to deselecting satellites for predictive RAIM purposes, aircrew
shout ensure that deselecting would not affect use of the satellite in the active
navigation solution. Some systems only allow deselecting from the active
navigation solution and do not allow deselecting for predictive RAIM

purposes.
5.10.2.3.3.2.5GPS NOTAMs may be obtained by entering "KGPS" as the
Aai rfieldo at the military NOTAM web

refers to satellites using the PRN, not the SVN. Most, if not all GPS avionics
use the PRN to identify satellites to be deselectédr information on the
correlation between a particular PRN and SVN, consult the GPS Support
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Center web site.

5.10.2.3.3.2.6.For operations in the US NAS, predictive RAIM information
for individual destinations may be obtained by contactingFam Flight
Service Station or at the RAIM prediction website
(http://www.raimprediction.net) . For operations within Europe, predictive
RAIM information may be obtained at the AUGUR website
(http://augur.ecacnav.com/augur/app/homg  Additionally, the military
also provides airfiekdpecific GPS RAIM NOTAMs for noiprecision
approach procedures at military airfields. The RAIM outages are listed as M
seres NOTAMs and may be obtained for up to 24 hours from the time of
request. However, this list currently covers only 320 miliasg airfields
and may not include your intended destination.

5.10.2.4.Fault Detection and Exclusion (FDE). FDE allows GPS equipment to
automatically detect and exclude faulty satellites from the navigation solution. FDE
requires a minimum of 6 satellites in view (or 5 satellites with da#éding). Past
experience indicage that without FDE, or the ability to manually determine which
satellite is faulty and exclude it from the navigation solution, satellite failure can lead to
significant GPS position errors (in excess of 100 nfFRE is required when utilizing

GPS as a pmary means of navigation in remote/oceanic areas.

5.10.3. Using GPS in lieu of lanthased NAVAIDS (RNAV substitution). GPS equipment
certified for IFR operations IAW AFI 1202V3, may be used in place of labdsed
NAVAIDS for en route and teninal operations, in the following situations (within the U.S.
National Airspace (NAS) and worldwide on procedures constructed by@&®S 6t TERPS
authority (FAA/USN/USAF)):

5.10.3.1. Determining the aircraft position over a TACAN, VOR, NDB, casp locator
or DME fix.

5.10.3.2.Determine the aircraft position over a named fix defined by a VOR course,
NDB bearing, or compass locator bearing crossing a VOR or localizer course.

5.10.3.3.Navigating to or from a TACAN, VOR, NDB, ocompass locator. For
example, a pilot might proceed direct to a VOR or navigate on a segment of a departure
procedure.However, pilots may not substitute for the navigation aid providing lateral
guidance for the final approach segmentThis restricton does not refer to instrument
approach procedures with Aor GPS0O in the 't

5.10.3.4.Hold over a TACAN, VOR, NDB, compass locator or DME fix.

5.10.3.5.Fly a DME arc. These allowances do not include navigatiolocalizerbased
courses (including localizer badourse guidance).

5.10.3.6.NOTE: Consult individual aircraft flight manuals for further guidance
concerning use of RNAV equipment as a substitute or alternative means of navigation.
Some aircraft may have additional requirements to monitor theblaseld NAVAID or
restrictions agast substituting RNAV guidance for inoperable larased NAVAIDS.

Pilots must ensure their onboard navigation data is current, appropriate for the region of
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intended operation, and includes the navigation aids, waypoints, and relevant coded
terminal airpace procedures for the departure, arrival, and alternate airfields.

5.10.3.6.1.The navigation database should be current for the duration of the flight. If
the Aeronautical Information Regulation and Control (AIRAC) cycle will change
during flight, operators and pilots should establish procedures to ensure the accuracy
of navigation data, including suitability of navigation facilities used to define the
routes and procedures for flight. Traditionally, this has been accomplished by
verifying electonic data against paper products. One acceptable means is to compare
aeronautical charts (new and old) to verify navigation fixes prior to departure. If an
amended chart is published for the procedure, the operator must not use the database
to conduct theperation.

5.10.4. Procedures for using GPS in lieu of lapaised NAVAIDS. In all cases, RAIM must

be available and operational, and any fixes used for navigation must be retrieved from a
current, approved database. Except for RNAV systemg UMAAS as an input, when
RNAV equipment using GPS input is planned as a substitute means of navigation guidance
for part of an instrument approach procedure at a destination airport, any required alternate
airport must have an available instrument apprgaobedure that does not require the use of
GPS. This restriction includes conducting a conventional approach at the alternate airport
using a substitute means of navigation guidance based upon the use of GPS.

5.10.4.1. Determining position over BME fix:

5.10.4.1.1.1f the fix is identified by a fivdetter name thais contained in the GPS
airborne database, select either the named fix or the facility establishing the DME fix
as the active GPS waypoint (WP).

5.10.4.1.2.1f the fix is identified by a fivdetter name, whiclis notcontained in the

GPS airborne database, or if the fix is not named, select the facility establishing the
DME fix or another named DME fix as the active GPS WP. If selecting the DME
providing facilty as the active GPS WP, consider yourself over the fix when the GPS
distance from the active WP equals the charted DME value and you are on the
appropriate bearing and course.

5.10.4.1.3.NOTE: Until all DME sources are in the database, pilots mase a
named DME fix as the active waypoint in lieu of using the DME source. If using this
method the named DME fix must be on the same course and based on the same
underlying DME source. Pilots should be extremely careful to ensure correct
distance masurements are used when utilizing this method. Pilots should review
distances for DME fixing during preflight preparation.

5.10.4.2.Flying a DME arc:

5.10.4.2.1.Select the DME facility from the airborne database as the active WP.
this facility is not in your database, do not perform this operation.

5.10.4.2.1.1.Use GPS distance to the WP in lieu of DME.
5.10.4.3. Determining position over an NDB/compass locator

5.10.4.3.1.Select the charted NDB/copass locator from database as active WP.
facility is not in the airborne database, do not use a facility WP for this operation.
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5.10.4.3.2.Select CDI terminal sensitivity (4 nm) if in the terminal area.

5.10.4.3.3.You are ove the NDB/compass locator when the GPS system indicates
you are over the active WP.

5.10.4.4.Determining position over a fix made up of an NDB/compass locator bearing
crossing a VOR/LOC course.

5.10.4.4.1.A fix made up by a crossing NDB/compass locator bearing will be
identified by a fiveletter fix name. Select either the named fix, or the NDB/compass
locator facility providing the crossing bearing to establish the fix as the active GPS
WP. If the facilty is not in your airborne database, do not use a facility WP for this
operation.

5.10.4.4.2.1f using the named fix, fix passage is when indicated by the GPS system
as you fly the prescribed track from the ABRS navigation source.

5.10.4.43. If using the NDB/Compass locator as the active GPS WP, fix passage
occurs when the GPS bearing to the active WP is the same as the charted
NDB/Compass locator bearing for the fix as you fly the prescribed track from the
nonGPS navigation source.

5.10.4.5.Holding over an NDB/Compass locator.
5.10.4.5.1.Select CDI terminal sensitivity (1 nm) if in the terminal area.

5.10.4.5.2.Select the NDB/compass locator as the active WP. Fix must be retrieved
from a current appred database.

5.10.4.5.3.Program holding pattern IAW the flight manual.
5.10.4.5.4.Hold using approved procedures.

5.10.5. GPS In Lieu Of A Named Intersection. GPS equipment certified for IFR terminal
area operations IAW AFI 1202V3 may be used to identify a named intersection for en
route and terminal operations, except for use as the principal instrument approach mavigatio
source (U.S. National Airspace only):

5.10.5.1. Determining position over a named intersection.

5.10.5.1.1.Select the charted named intersection from database as active WP.
Named waypoints must be retrieved from the database; waypaiatmay not be
entered manually or modified in any way.

5.10.5.1.2.You are over the named fix when the GPS system indicates you are over
the active WP.

5.10.6. GPS Terminal Area Restrictions

5.10.6.1. Definition of Terminal Aea Procedures. The FAA does not define the dividing
line between terminal area procedures and other types of RNAV procedures (DP,
STARS, etc.). In some areas, for example where terrain is a factor, transitioning to
terminal area accuracy would be apprata from the beginning of the STAR. In other
areas, for example in eastern Kansas where the terrain is relatively flat, terminal accuracy
would not be required until on the approach. To preclude confusion, the USAF has
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adopted the following as procedur@erminal Area Procedures and Restrictions as
described below apply when on any segment of a published instrument approach
procedure as defined in AFl 1:202V3. As a conservative technique, you may consider
your self Ai n t he tithin 80 NMaof thedaciktya lielow Classyfo u
airspace, or are using a published procedure for navigation (IAP/STAR/SID, etc).

5.10.6.1.1.Equipment must meet the requirements of AFI-PD2V3 and have an
operational RAIM capability.

5.10.6.1.2.All waypoints, fixes, and facility locations must be retrieved from a
current aircraft database.Users may not alter terminal procedures retrieved from
the equipment database.

5.10.6.1.3.Pilots must verify all waypoint names, sequenceurse, distance, and
altitude information from the database against information listed on the paper copy
of the terminal procedure (to include the missed approaas discussed in the
section 5.12 of this AFMAN, and as directed by the MAJC@ulcrew operating
aircraft equipped with an Electronic Flight Bag (EFB) are also required to verify
FMS against EFB data.

5.10.6.1.4.CDI must be set (either manually or automatically) to terminal
sensitivity (+ 1 nm).

5.10.6.1.5.The pilot will ensure that a predictive RAIM check is accomplished
prior to commencing the approachlf RAIM outages are predicted or occur, the
flight must rely on other approved equipment; otherwise the flight must be rerouted,
delayed, or canceled.

5.10.61.6. Comply with alternate requirements IAW AFIl 1202V3.

5.10.7. RNP Special Aircraft and Aircrew Authorization Required (SAAAR) Instrument
Approach. The RNP SAAAR IAP is one of the newest GPS procedures being developed.
These procedures are only authorized for MAJCOM trained and certified crewd are
analogous to the special authorization required for Category Il or Il ILS procedures.
SAAAR procedures are to be conducted only by aircrews meeting special MAJCOMgdraini
requirements in designated aircraft that are appropriately equipped to meet the specified
performance and functional requirements.

5.10.7.1.Unique characteristics of RNP SAAAR Approaches

5.10.7.1.1.RNP value Each published line ahinima has an associated RNP value.
The indicated value defines the lateral and vertical performance requirements. A
minimum RNP type is documented as part of the RNP SAAAR authorization for each
aircraft and may vary depending on configuration or operal procedures (e.g.,
GPS inoperative, use of flight director vice autopilot).

5.10.7.1.2.Curved path procedureSome RNP approaches have a curved path, also
called a radiugo-a-fix (RF) leg. Since not all aircraft have the capability tptfese
arcs,pilots are responsible for knowing if they can conduct an RNP approach with
an arc or not. Aircraft speeds, winds and bank angles have been taken into
consideration in the development of the procedures.

ar

[
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5.10.7.1.3.RNP required foextraction or not. Where required, the missed approach
procedure may use RNP values less than BNPhe reliability of the navigation
system has to be very high in order to conduct these approaches. Operation on these
procedures generally requires redant equipment, as no single point of failure can
cause loss of both approach and missed approach navigation.

5.10.7.1.4.Non-standard speeds or climb gradients. RNP SAAAR approaches are
developed based on standard approach speeds and a 20CkiiNiVyradient in the
missed approach. Any exceptions to these standards will be indicated on the approach
procedure, andhe pilot shall ensure the aircraft can comply with any published
restrictions before conducting the operation.

5.10.7.1.5. Temperature Limits. For aircraft using barometric vertical navigation
(without temperature compensation) to conduct the approach, low and high
temperature limits are identified on the procedure. Cold temperatures reduce the
glidepath angle while higremperatures increase the glidepath angle. Aircraft using
baro VNAV with temperature compensation or aircraft using an alternate means for
vertical guidance (e.g., SBAS) may disregard the temperature restrictions. The
charted temperature limits are evdtkdh for the final approach segment only.
Regardless of charted temperature limits or temperature compensation by the FMS,
the pilot may need to manually compensate for cold temperature on minimum
altitudes and the decision altitude.

5.10.7.1.6.Aircraft size. The achieved minimums may be dependent on aircraft size.
Large aircraft may require higher minimums due to gear height and/or wingspan.
Approach procedure charts will be annotated with applicable aircraft size restrictions.

5.10.7.2.Types of RNP SAAAR Approach Operations

5.10.7.1.1.RNP Stanehlone Approach Operations. RNP SAAAR procedures can
provide access to runways regardless of the grddaséd NAVAID infrastructure,

and can be designed to avoid obstacles, terrain, airspace, or resolve environmental
constraints.

5.10.7.1.2.RNP Parallel Approach (RPA) Operations. RNP SAAAR procedures can
be used for parallel approaches where the runway separation is adequate (Figure
5.13). Parallel approach procedures can be used either simultaneously or as stand
alone operations. Theyay be part of either independent or dependent operations
depending on the ATC ability to provide radar monitoring.
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Figure 5.13. RNP Parallel Approach (RPA).

Conventional RNP

5.10.7.1.3.RNP Parallel Approach Runway Transitions (RPAT) Operations. RPAT
approaches begin as a parallel IFR approach operation using simultaneous
independent or dependent procedures. (Figure 5.14). Visual separation standards are
used in the final segment of thppaoach after the final approach fix, to permit the
RPAT aircraft to transition in visual conditions along a predefined lateral and vertical
path to align with the runway centerline.

Figure 5.14. RNP Parallel Approach Runway Transitions (RPAT).

750" < 5000’
-

5.10.7.2.4.RNP Converging Runway Operations. At airports where runways
converge, but may or may not intersect, an RNP SAAAR approach can provide a
precise curved missed approach path that conforms to aircraft separation minimums
for simultaneos operations (Fig 5.15). By flying this curved missed approach path
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with high accuracy and containment provided by RNP, dual runway operations may
continue to be used to lower ceiling and visibility values than currently available.
This type of operationllaws greater capacity at airports where it can be applied.

Figure 5.15. RNP Converging Runway Operations.

5.11. Database Issues for RNAV and GPS NavigationGPS and other RNAV procedures rely

on data extracted from the aircraft navigation database. The potential for serious navigation
errors is created by inherent properties of database creation and its use by aircrew and aircraft
systems. In order to mitigathese potential errors crews must be familiar with database issues
and required procedures.

5.11.1. Aircraft use navigation databases provided by either National Geodpédillibence
Agency (NGA) (i.e. DAFIF) or a commercial vendor (i.e. degen). These databases
contain a worldwide list of airports, navigation aids, waypoints, and instrument procedures.
Outside the US NAS, this data is provided by host nations, and is not necessarily quality
checked by database providers during databa&sion. Navigation data may be filtered and
tailored to meet individual aircraft requirements. Jeppesen tailors their data to meet customer
specifications, while DAFIF data is filtered and formatted by outside contractors. Updated
navigation data is puished on a 2&lay cycle.

5.11.1.1.Database Requirements. In order to use GPS for the terminal alrea,
procedures (DP, Standard Terminal Arrival (STAR), IAP) must be retrieved in their
entirety from a current, approved navigation databasenly those approaches included

in the receiver database are authorized, and must display as full approaches (not advisory
approaches which would not allow pilot to "arm" the approach).

5.11.1.1.1.Manual Data Base Manipulation. Users may not alterterminal

procedures retrieved from the equipment databadewever, this requirement does

not prevent t haee fsitnoerdadg ed actfa . A ustkehi s requi
preclude aircrew from complying with ATC instructions by proceeding direct to a

poin t on a STAR/DP or by receiviwugfANTE€dvec
data, however, cannot be part of a terminal procedure, to include IAF or feeder fixes.
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5.11.2. Database related errors have occurred at all stages of database devetmuoieseat

Host nations have provided inaccurate data; database providers have introduced errors during
database creation and aircraft specific tailoring; aircrew have selected incorrect
waypoint/procedure data; finally, aircraft flight management systemgjation computers

have flown instrument procedures in a manner that does not match the charted procedure.

5.11.3. A paper or EFB copy of the applicable instrument procedure (IAP, SID, STAR)
must always be available and crosschecked in the terminal environment.

5.11.3.1.Data Base Procedures.

5.11.3.1.1.Prior to flight, crews must check navigatiolatabase validity. If the
database has expired, the crew:

5.11.3.1.1.1.May continue a mission with an expired database if the database
information required for the flight can be verified with current FLIP.

5.11.3.1.1.2.Shall get the dabase updated at the first opportunity.

5.11.3.1.1.3.May not use the database to fly procedures that require terminal or
better accuracy (i.e. terminal or approach).

5.11.4. Defining Airways.

5.11.4.1.Conventional (Overlay) Aways. Appropriately certified RNAV equipment
may be used to fly conventional airways (e.g. FAA J/V routes). These routes may be
either retrieved from the aircraft database or constructed by manually entering waypoints.

5.11.4.1.1.1f within aircraft capabilities, conventional airways should be retrieved
from the aircraft database using the airway identifier.

5.11.4.1.2.1f airways cannot be retrieved from the database using the airway
identifier, conventional airways may lm®nstructed by manual entry of associated
waypoints/NAVAIDS. These waypoints/NAVAIDS should be retrieved from the
database by waypoint name if possible. Entry of all airway waypoints is not required.
At a minimum, all compulsory waypoints, all NAVAIDSand any waypoint
associated with a change in course must be entered. On crewed aircraft, if airways
are entered manually, waypoint sequence must be verified by another crewmember.

5.11.4.2.RNAV Airways. RNAV airways should be retrieved in thentirety from the
database using the airway identifier. If entered manually, aircrew must ensure that all
waypoints are entered and flyby/flyover attributes are correctly entered.

5.11.5. RNAV Terminal Area Operations. As the production of dtatone GPS approaches

has progressed, many of the original overlay approaches have been replaced wilostand
procedures specifically designed for use by GPS systems. The title of the remaining GPS
overlay procedures has been revised on the apprdeehrct t o fAor GPSo0 (e. g
RWY 24). Therefore, al | the approaches that
title (e.g., AVOR or GPS RWY 24,0 AGPS RWY
these GPS approaches, underlying grebased NAVAIDs are not required to be
operational and associated aircraft avionics need not be installed, operational, turned on or
monitored (monitoring of the underlying approach is suggested when equipment is available
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and functional). Existing overlay approaches rhayrequested using the GPS title, such as
AGPS RWY 2406 for the VOR or GPS RWY 24.

5.11.5.1.Some databases may not contain all transitions or departures from all runways.
Terminal area and instrument approach procedures must be retrieved in their entirety
from the navigation database. These procedures may not be modified or entered
manually.

5.11.5.2.Prior to commencing a terminal area or instrument approach procedure,
crews must confirm waypoint name, sequence, course, distance, and altitude
information match charted information (to include the missed approach
segment).Waypoint type (flyby vs. flyover) should also be confirmed if this
information is available. MAJCOMS should establish procedures for their crews to
perform these required actions.

5.11.5.3.In the event of differences between the terminal procedure chart or approach
chart and database, the published approach chart, supplemented by NOTAMSs, holds
precedence and the database may not be used to fly terminal area or instrument
approach proceduresxcept as noted below.

5.11.5.3.1.In some cases, waypoints in the navigation database may differ from the
charted instrument procedure. The differences listed below are acceptable and do not
preclude use of the database procedure.

5.11.5.31.1. Step down fixes depicted on the approach chart may not be
contained in the aircraft database. Pilots are responsible for ensuring compliance
with applicable step down fixes regardless of whether or not they are in the
aircraft database.

5.115.3.1.2. The database may contain some waypoints (capture fixes, and a
point in lieu of a FAF for noirAF overlay approaches) that are not depicted on
the approach chart.

5.11.5.3.2.Small differences may exist in distances between waypoirfor GPS

and RNAV approaches, the maximum allowable difference is 0.1nm. If distance
information varies by more than these tolerances, the procedure shall not be flown.

If the FMS does not display distances to the tenth of a mile during the approach
review, then an acceptable technique would be for the pilot to confirm the distance to
the next approach waypoint to a tenth of a mile on the EHSI at each changeover
point.

5.11.5.3.3.Computation of the GPS final approach course is based ostdkien
magnetic variation retrieved from the aircraft magnetic variation database. Many
aircraft lack the capability to update the magnetic variation database. This will cause
a difference between the displayed GPS final approach course and the thalted
approach course in the IAP. The discrepancy between displayed and charted
magnetic variation will depend on discrepancy between aircraft magnetic variation
database (age of database) vs. magnetic variation upon which charted approach
course is baseftlate of magnetic variation survey). Variation between charted final
approach course in the IAP and the final approach course computed by the aircraft
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should be no more than 5 degredé.the two differ by more than 5 degrees, the
procedure is not authiozed.

5.11.5.4.Crews must be knowledgeable of system limitations and be ready to manually
intervene with RNAV or GPS equipment if necessary. Certain segments of a missed
approach, DP, or SID may require some manual intervention by the gsloecially

when radar vectored or required to intercept a specific course to a waypoint.

5.11.5.5.Due to aircraft specific limitations, on some occasions aircraft may not fly a
database procedure as indicated on the chart, even thbegbrocedure is correctly
coded in the database. This is especially true of missed approach and DP operations that
have closely spaced waypoints or require turns initiated at an associated altitude. Crews
must carefully monitor aircraft performance twsare adherence to the charted procedure.

5.11.6. WGS-84 is the worldwide charting standard for coding database information. The
use of this common reference system is required to ensure accurate navigation. Although
most nations have signed up the WGS84 standard, there is no means of ensuring
compliance, and not all data from foreign nations is developed IAW \845% number of
database discrepancies have been reported in foreign airspace. Aircrews must monitor
underlying ground based navigat aids when available. In the event of discrepancy
between RNAV/GPS information and the underlying navigation aids, crews must revert to
using underlying grounrbased navigation data.

5.11.7. Both Jeppesen and NGA (DAFIF) have established pruoes for informing crews
of known database problemsCrews must check database NOTAMs prior to flight for
information on any planned RNAYV or GPS procedures.

5.11.7.1.NGA (DAFIF) database NOTAMs associated with a particular airfield are class
AWO NOTAMs and may be obtained by enteri
of Staff (JCS) NOTAM web sitenftps://www.notams.jcs.mil/dinsQueryWeh. DAFIF
NOTAMs not associated with a paiar airfield (airvay NOTAMs, etc.) may be
obtained by consulting FLIP change notices via the DAFIF NOTAMs link on the JCS
NOTAM web site.. The Jeppesen NOTAM page contains information on airfield specific
procedures at the top of the page and has limkggional information at the bottom of

the page. Jeppesen database NOTAMs may be accessed through the links section of the
JCS NOTAM web site.

ng
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Chapter 6
PLANNING AN INSTRUME NT FLIGHT

6.1. Preflight Planning. A successful instrument flight starts with a thorough preflight
planning session. This planning should include a number of items including NOTAMS, weather
for the entire route of flight including the departure and arrival aerodromes, takeoff and landing
data (TOLD), all publications necessary to conduct the flight (e.g. Departure procedures, enroute
charts, FIH, Arrival Procedures, Instrument Approach Procedures, applicable FLIP materials,
ASRR, etc.), the route of flight, and the production of a fliglanpand flight plan log that
determines the amount of time and fuel needed for the flight including possible diversion to an
alternate, if applicable. See also AFF202V3.

6.2. NOTAMS. NOTAM is defined in AFJMAN 11208, DoD Notice to AirmenNOTAM)
System as an unclassified notice containing information concerning the establishment of,
condition of, or change in an aeronautical facility, service, procedures or hazards; the timely
knowledge of which is essential for safe flight operatioBfecking NOTAMs is a critical step

in the flight planning process. NOTAM information is available from the U.S. NOTAM System
(USNS) via the DoD Internet NOTAM Distribution System (DINS). To fully understand where
and how to get all available NOTAM inforrian, it is important to understand the USNS.

6.2.1. Defense Internet NOTAM System. DINS is composed of a large central data
management system deriving information from the US Consolidated NOTAM Office at the
FAA Air Traffic Control System Commah Center (ATCSCC) located at Herndon, VA.
Reattime NOTAM information is maintained and made available through the internet.
https://www.notams.jcs.mil Coverage includes all military airfields and virtually all
domestic, international, and Flight Data Cen{&DC) NOTAMs. If not covered by DINS,

the airfield does not transmit NOTAM data to the USNS. A plain language notice in red font
is displayed adsing the user of that fact. In such a case, you must contact the airfield
manager or associated Flight Service Station directly for NOTAM information.

6.2.1.1. NOTAM abbreviations are explained in the FIH and the Notices to Airmen
Publication NTAP). NOTAM abbreviations for DINS can be found in the FIH and
FAAO 7930.2MNotice to Airmen (NOTAMS)

6.2.2. A comprehensive discussion of the U.S. and international NOTAM systems can be
found in AFMAN 11217V3, and AFI 11208, Department ofDefense Notice to Airman
(NOTAM) System

6.3. Weather. Aircrew can obtain departure, enroute and arrival weather information from a
number of sources. For authorized weather sources, see FLIP IFG. At military airfields, the
normal source is the DD 17b6filled out and briefed by a military weather briefesrfr one of

the regional Operational Weather Squadrons. At civil fields, aircrew may obtain weather by
contacting the Operational Weather Squadron serving the area, or a FSS and getting a weather
brief over the phone by calling 1 800 \ABRIEF.

6.3.1. Cold Weather Altimeter Corrections. Pressure altimeters are calibrated to indicate true
altitude under International Standard Atmospheric (ISA) conditions. Any deviation from
these standard conditions will result in an erroneous reading on the altifietererror
becomes important when considering obstacle clearances in temperatures lower than standard
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since the aircraftodés altitude is below the
proportional to the difference between actual and ISA termyperand the height of the

aircraft above the altimeter setting source. The amount of error is approximately 4 feet per
thousand feet for each degree Celsius of difference. Corrections will only be made for DAs,
MDAs, and other altitudes inside, but notluding, the FAF. The same correction made to

DAs and MDAs can be applied to other altitudes inside the FA&¥.the current cold

weather altimeter correction procedure, you must refer to the Flight Information
Handbook (FIH). The following guidance iprovided as an example of how to accomplish

the procedure found in the FIH.

6.3.1.1. To ensure adequate obstacle clearance the values derived from the chart below
will be:

6.3.1.1.1.Added to the published DA or MDA and stdpwn fixes nside the FAF
whenever the outside air temperature is less than 0° Celsius

6.3.1.1.2.Added to ALL altitudes in the procedure in Designated Mountainous
Regions whenever the outside air temperature is 0° Celsius or less

6.3.1.1.3.Added to ALL altitudes in the procedure whenever the outside air
temperature is30° Celsius or less, or procedure turn, intermediate approach altitude
Heights Above Touchdown (HAT)/Heights Above Aerodrome (HAA) are 3000 feet
or more above the altimeter settingisze.

Table 6.1. Temperature Correction Chart.

_—Height Above Altimeter Setting

Temp Fi h
°C 200 300 400 500 600 700 SUU/I 900 1000 1300 1500 1800 2000 2300 3000 4000 5000

0 20 20 30 30 40 40 20 50 60 80 50 100 120 130 170 230 280

-5 20 30 30 40 a0 60 60 70 80 100 120 140 150 180 230 310 380
-10 20 30 40 50 60 70 80 50 100 130 150 180 200 230 230 390 450
I‘E—' 30 40 50 60 70 90 100 110 120 160 180 220 240 270 360 430 800

,:'r -20 \:, 30 50 60 70 90 100 120 130 140 130 210 260 280 330 420 570 710
\\-.Ey/ 40 50 70 50 100 120 130 150 170 220 250 300 330 380 490 660 830
-30 40 60 80 100 120 140 150 170 130 250 280 340 380 430 570 760 950
-35 a0 60 30 110 130 150 170 130 220 280 320 330 430 430 840 860 1080
-40 50 60 100 120 150 170 130 220 240 310 360 430 480 550 720 970 1210
-45 60 60 110 140 160 130 220 240 270 350 400 480 540 620 200 1080 1350

-50 60 60 120 150 130 210 240 270 300 330 4350 3230 330 630 830 1150 1300

6.3.1.1.4.Example: For an approach when OAT-50 A C, and the HA-A
AGL on the | AP, the pilot should add 1100¢
MDA was 9406 MSL, the pil ot would only
NOTE: Do not change the value ine RADAR ALTIMETER--you are still
descending to the HAA on the IAP, you are only correcting for temperature error in

the barometric altimeter (Table 6.1).

6.4. Route. Preflight planning of the enroute portion should be adequate to enséaransia
efficient flight. As a minimum, aircrew should review:
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6.4.1. The intended route of flight (to include preferred routing located in AP/1) using
current flight publications.

6.4.2. En route NOTAMSs.
6.4.3. En route weather.

6.4.4. FLIP products. The appropriate FLIP products to ensure compliance with any special
procedures that may apply.

6.4.5. Diversion fields. Emergency diversion fields and approaches.

6.4.6. Compliance. Comply with the jebute or airway system as published on the FLIP en
route charts and air traffic clearances. You must also ensure your aircraft is equipped and
authorized to operate in the airspace along your route of flight. For example, only aircraft
certified through heir MAJCOM for RNP5 may operate in the European Basic RNAV
(BRNAYV) structure. Consult your MAJCOM and Mission Design Series (M&pgLific
guidance i f you have any doubts concerning

6.4.7. Enroute Navigation in Hig Latitudes. Enroute navigation in higher latitude regions
may be based on reference to true or grid north instead of the customary reference to
magnetic north. Procedures vary greatly between aircraft type and avionics capabilities.
Thorough mission p@inning, including review of applicable aircraft/avionics specific
procedures and limitations, is essential to accurate navigation at higher latitudes.

6.4.7.1. When flying at higher latitudes, review the enroute charts carefully to ensure you
arecognizant of the heading source required by the instrument procedures in the airspace
you are transiting, and the orientation reference of the NAVAID. This is annotated on
the enroute chart as shown in Figure 6.1.

Figure 6.1. Enroute Charts for Navigation in Higher Latitudes.

NAVAID
Orientation

(True)
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6.4.7.2. Normally, navigation north of 70°North latitude or south of 60°South latitude is
conducted with reference to true north or grid north. Specific procedures vary greatly
depending on aircraft type, avionics capabilities, and crew complement. Unless
otherwse annotated, where there is a reference to true north, the text also applies in
southern latitudes and applies to navigation with reference to grid north/south.

6.4.7.2.1. There are areas officially designated Areas of Magnetic Unreliability
(AMU). Aircraft capable of displaying only magnetic heading are prohibited from
operating in designated AMUs For areas north of 70°North and south of 60° South
that are not officially designated as AMUs, MAJCOMs will determine the highest
allowable latitwle for aircraftcapable of displaying only magnetic heading (Figure
6.2).

6.4.7.2.1.1.NOTE: Although partly south of 70° North, the entire Canadian
Northern and Arctic Control Areas and areas of Northern Domestic Airspace are
designated as AMUs.

6.4.7.2.2.MAJCOMs must provide aircrafspecific operational approval prior to
enroute and terminal area operations using navigation aids oriented to true or
grid. Operational approval shall be based on development of aircraft specific
procedures and training. As a minimum, procedures and training should address:
identification of areas where reference to true or grid north is required, procedures for
displaying true or grid heading reference, procedures for verifying magnetic variation
information from the aircraft navigation computer, procedures for inputting manual
magnetic variation information, procedures for returning to automatic magnetic
variation computation, minimum equipment requirements, and emergency procedures
in the event ofrue or grid navigation equipment failure while operating in the AMU.

6.4.7.3. Aircraft navigation displays must be set to display true north prior to flying
true headings or coursesSuitably equipped aircraft may also use grid reference if
applicable.

6.4.7.4. Outside of designated AMUSs, aircraft unable to display true or grid heading
may use navigation aids oriented to true north for enroute navigation provided
proceduredisted below are followed.
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Figure 6.2. Canadian Northern Control Area Boundaries (Areas South of 70°N Where
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6.4.7.4.1.Enroute navigation using approved RNAV equipment backed up by
display of VOR/TAC/NDB data is recomméead. Depending on system architecture,
aircraft navigation computers (flight management systems) automatically provide
magnetic variation information. Accuracy of this magnetic variation depends on the
period of time since the last magnetic variatiordate. Some systems contain
magnetic variation information that cannot be updated. Also, some navigation
systems provide magnetic variation information for only a limited portion of the
globe. Thus, when true or grid heading information cannot be dexplajrcraft
magnetic variation information must be verified with current aeronautical charts prior
to use of RNAV equipment to fly true or grid courses. For navigation using FMS or
other RNAV system, procedures and system limitations vary widely amorngfai

and avionics installations.Consult your aircraft flight manual and MAJCOM
directives for specific FMS and RNAV procedures for navigation where reference

to true or grid north is required.
6.4.7.5. For navigation using VOR or TACAN, ihe NAVAID is oriented to true north,
use the following procedures for enroute navigation:
6.4.7.5.1.NOTE: Only VORs and TACANs can be oriented to true north. NDBs
cannot be oriented to true north. ADF needles always display relative beatigg to

station.
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6.4.7.5.2.1f your aircraft allows selection of true north as a heading reference,
select true north.No additional corrections are required for courses or headings.

6.4.7.5.3.1f your aircraft does not allow selection of true north as a heading
reference, use the following procedures:

6.4.7.5.3.1.VOR and TACAN courses do not require correction for magnetic
variation.

6.4.7.5.3.1.1.The desired true course must be set into the CDI. The aircraft
CDI will indicate deviations left and right of the desired true course. However,
with magnetic heading displayed, the bearing pointer will not point to the
station, but will instead indicateu bearing to the station. In other words,
when established on course, the CDI will be centered on the desired true
course, but the bearing pointer will indicate true bearing to the station and will
be displaced from aircraft reind heading by the amounf station magnetic
variation. For example, the Thule magnetic variation is approximately 60
degrees west. When proceeding inbound on the Thule 180 degree radial true
(360 course), the aircraft no wind heading will be 060, while the bearing
pointer will point to 360. Be aware that this discrepancy between aircraft
heading and desired course may make flight director guidance unreliable.

6.4.7.5.3.2.All headings require corrections for magnetic variation.
6.4.7.6. For navigation using NDBuse the following procedures:

6.4.7.6.1.NOTE: Only VORs and TACANs can be oriented to true north. NDBs
cannot be oriented to true north. ADF needles always display relative bearing to the
station.

6.4.7.6.2.1f your aircraft allows selection of true north as a heading reference,
select true north.No additional corrections are required for relative bearings.

6.4.7.6.3.1f your aircraft does not allow selection of true north as a heading
reference, all relative bearings require correction for magnetic variation.

6.4.7.6.3.1.Crews should compute and fly the appropriate magnetic course by
correcting the desired true course for the magnetic variation at the current aircraft
location. Usethe magnetic variation at your current location. This correction
should be updated at least every 5° of magnetic variation or every 30 nm,
whichever occurs first.

6.4.8. Minimum Altitudes.

6.4.8.1. Altitude Clearances. Ensure altitudearances received en route do not conflict
with minimum en route altitudes (MEA), minimum obstruction clearance altitudes
(MOCA), minimum reception altitudes (MRA), or minimum crossing altitudes (MCA)
shown on en route charts.

6.4.8.2. Controlled Airspace. In controlled airspace, the air traffic controller will assign
altitudes that provide obstacle clearance. You should use all available navigation aids to
remain positiororiented and immediately query the controller if there is any uncertaint
of the obstacle clearance provided by the assigned altitude. When flying via published
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routing (a route with minimum altitudes depicted), compliance with the minimum altitude
published on the routing ensures obstacle clearai@epublished minimum ditude is

not available, aircrews must determine minimum altitudes in accordance with AR 11
202V3.

6.4.8.3. Uncontrolled Airspace. In uncontrolled airspace, you must ensure the
altitudes flown will provide obstacle clearance during all phases of flight.

6.4.8.4. Radio Failure. In case of radio failure, you are responsible for minimum altitude
selection. Comply with publiied radio failure procedures in the FIH.

6.5. Planning the Approach. Preparation for flying an instrument approach begins with a study
of the approach depiction during preflight planning. The end result of an appeokiding or

a missedapproach-can be directly dependent upon the pilot's familiarity with the approach
depiction.

6.5.1. Aircraft Categories and Instrument Approach Procedures Selection.

6.5.1.1. Category. Aircraft approach category is based on 1.3 tihgestalling speed in

the landing configuration at maximum certificated gross landing weighh aircraft

can fly an IAP only for its own category or higher, unless otherwise authorized by AF
Instruction or MAJCOM directives. If it is necessary to maneuver at speeds in excess of
the upper limit of a speed range for a category, the minimums for the next higher
category should be used. The categories are as follows:

6.5.1.1.1.Category A- Speed less than 91 knots.

6.5.1.1.2.Category B- Speed 91 knots or more but less than 121 knots.
6.5.1.1.3.Category G Speed 121 knots or more but less than 141 knots.
6.5.1.1.4.Category D- Speed 141 knots or more but less than 166 knots.
6.5.1.1.5 Category E Speed 166 knots or more.

6.5.1.1.5.1.NOTE: If MAJCOMSs allow aircraft to fly an IAP using a lower
category, the MAJCOM must publish procedures to ensure that aircraft do not
exceed TERPS airspace for the IAP being flown tdushe circling and missed
approach.

6.5.1.2. I1AP chart. A current copy of the appropriate IAP chart must be available in
the aircraft for the departure base, destination, and all planned alternates.

6.5.1.2.1.Approved sources for IAP charts used in aircraft include printed FLIP
distributed by NGA, National Aeronautical Charting Office (NACO), or other source
authorized by your MAJCOM (for example, Jeppesen).

6.5.1.2.1.1.Do not print an IAP from DAFIF and then fly that digital
version. Until the DAFIF is certified for terminal IFR use in your weapon
system, always use the IAP distributed electronically or via printed FLIP.

6.5.1.2.1.2.IAPs downloaded from the NGA website in PDF formatidestical

to those in the printed NGA approach books. Effective dates are printed on the
bottom of each downloaded page. The responsibility for ensuring the current
version of an IAP is onboard lies with the pilot.



AFMAN11-217V1 22 OCTOBER 2010

6.5.1.2.1.2.1.Note that compang amendment numbers or Julian dates on
new plates against previously printed plates is not a valid way of determining
currency. Information on a plate can change without an amendment number
or Julian date change!

6.5.1.2.1.3.If you print an AP from the JEPPVIEW CD distributed by Jeppesen
(or another equivalent commercial product), ensure the CD is current and you are
a licensed user of that CD. If you do not know the license arrangement with
Jeppesen (or other commercial vendor), do nottlselAP. The vendors and
USAF take copyright violations very seriously. It is the responsibility of each
pilot to ensure not only currency of IAPs prior to use, but also compliance with
copyright and licensing agreements. These agreements may varyViranto

Wing.

6.5.1.2.1.4.Do not fly nonUS Government IAPs unless properly trained and
the procedure(s) are approved by your MAJCOM TERRSERPS will not
provide a review on neb)S government instrument procedures if a DoD (NGA)
or FAA (NACO) product for the same procedure exists.)

6.5.1.2.2.Low altitude IAP charts normally depict instrument approaches for
categories A, B, C, and D aircraft. High altitude IAP charts depict instrument
approaches for category C, D, and E aircraft. When an operational requirement
exists, the low altitude IAP elnts may depict category E procedures.

6.5.1.2.2.1.NOTE: If there is a discrepancy between staluhe GPS approach
charts and the database onboard the aircraft, the chart takes precedence.

6.5.1.2.2.2.NOTE: Consult the Terminal Change Notice (TCN) to ensure the
approach selected is current.

6.5.1.3. Navigation Equipment Compatibility. Ensure the approach you select is
compatible with the navigation equipment installed and operating on yourcaft,
including the missed approach instructions.

6.5.1.3.1.Exception: If there is a requirement to execute an approach procedure

with incompatible missed approach instructions, ATC may be able to issue
alternate missed approach instruots. Request alternate missed approach

instructions prior to accepting approach clearance.

6.5.1.3.1.1.NOTE: This requirement for alternate missed approach instructions
does not preclude practice approaches if the field is VFR accordingIt@1AF
202V3.
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Figure 6.3. Equipment Requirements for IAP.
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6.5.1.3.2.Straightin approaches. The types of navigation aids that provide final
approach guidance and the runway to which the final approach courses are aligned
identify straightin approaches. A slash (/) indicates that more than one type of
equipment may be qaired to execute the final approach (VOR/DME, ILS/DME,
etc.). Be aware that additional equipment may be required to execute the other
portions of the procedure (Figure 6.4).
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Figure6.4.1 AP Wi th A/ 06 in Title.
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6.5.1.3.2.1.Where morethan one approach using the same final approach
guidance is developed to the same runway, each runway/navigational aid
combination will be identified with an alphabetical suffix beginning at the end of

the alphabet; e.g. ILS Z RWY 28L (first procedurd)S1Y RWY 28L (second
procedure), ILS X RWY 28L (third procedure), etc. Suffixes will be used in
reverse alphabetical order, beginning w



AFMAN11-217V1 22 OCTOBER 2010 95

Figure 6.5. More Than One Approach With Same Final Approach Guidance.
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6.5.1.3.3.VOR approaches. Some VOR approaches are approved for use by
TACAN equipped aircraft. These will be designated by the term "(TAC)" printed
adjacent to the name of the procedure, for example,-XQRAC).

6.5.1.3.4.Circling approaches. Whethe name of the approach is followed by a
letter such as A, B, C, etc., the approach is designed for circling minimums only.
Circling approaches are designated V@RTACAN-B, NDB-C, etc. Circling
approach designators will begin at the beginning o&tpkabet (Figure 6.6).
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Figure 6.6. Circling Approach.
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6.5.1.4. Radar Minimums. Radar minimums by aircraft category may be found in a
separate section in the IAP book. 6.5.2. True Approach Procedures.

6.5.2.1. Selected instrument approach procedures in higher latitude regions may be based
on reference to true or grid north/south instead of the customary reference to magnetic
north/south. Procedures vary greatly between aircraft type and avionics capabilities.
Thorough mission planning, including review of applicable aircraft/avionics specific
procedures and limitations, is essential to safely flying an instrument approach at higher
latitudes.

6.5.2.1.1.When flying at higher latitudes, review the 1ABrefully to ensure you are
cognizant of the heading source required by instrument procedures and the orientation
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reference of the NAVAID. This is annotated on the IAP as shown in Figures 6.7, 6.8
and 6.9.

6.5.2.1.1.1.NOTE: At airfields with tre or grid approaches, the runway
direction number will also be based on reference to true or grid, as appropriate.

6.5.2.1.2.USAF aircrews are authorized to fly true or grid approaches in
accordance with their aircraft flight manuals and MAJCOMirkctives.

6.5.2.1.3.Except as noted below, aircraft must possess a true or grid heading source,
and be able to display true or grid heading on appropriate navigation displays in order
to fly terminal area true or grid instrument procedures in night or IMC.

6.5.2.1.4. Aircraft without a true or grid heading source may fly true or grid RNAV
(GPS) approaches and true or grid RNAV departure procedures in night or IMC
providing the RNAV procedure provides all required magnetic course information.

6.5.2.1.5.For teminal area procedures referenced to true north, the following
guidance applies:

6.5.2.1.5.1.Note: This section covers general true approach procedures, your
flight manual and/or MAJCOM may have additional procedures or limitations.

6.5.2.15.2. Radar vectors should be provided with reference to true north. If in
doubt, query the controller.

6.5.2.1.5.3.0rientation of an IAP to true north will be indicated by inclusion of
the word Atrueodo in the procedure title.

6.5.2.1.5.4.Select true as a heading source IAW with your aircraft flight manual
and MAJCOM directives.

6.5.2.1.5.4.1.NOTE: ADF needles always display relative bearing to the
station. Localizer signals emanate along a fixed path along the finabappro
course. CDIs always indicate position relative to the final approach course
regardless of what is dialed into the CSW.

6.5.2.1.5.5.Select the published true final approach course as appropriate for the
type of approach and aircraft equipment. For aircraft capable of displaying true
heading, no further corrections to headings, courses or bearings are required.

6.5.2.1.6.For aircraft not capable of displaying true north, instrument approaches

in night or IMC are not authorized.If your aircraft does not allow selection of true
north as a heading reference, use the following procedures when flying a true
approach (DayyMC Only):

6.5.2.1.6.1. WARNING: In certain areas, magnetic heading indications may be
unreliable or erratic. If magnetic heading indications are suspect, do not
commence the approach. If already established on the approach and magnetic
headirg indications are suspect, execute a missed approach.

6.5.2.1.6.2.WARNING: Flight director commands and CDI deflection may be
grossly inaccurate on aircraft without a true heading source even with proper set
up of courses, bearings, and headings



98

AFMAN11-217V1 22 OCTOBER 2010

6.5.2.1.6.3.VOR and TACAN approaches. VOR and TACAN final approach
courses do not require correction for magnetic variatibial in the true final
approach course as depicted on the IARAlthough the CDI will be centered
when on coursehe bearing pointer will point to the true bearing to the station.
When selecting a heading to fly to intercept/maintain the course, corrections for
magnetic variation are required. Use the magnetic variation at the NAVAID
the approach is based upon.

6.5.2.1.6.4.NDB Approaches. NDBs cannot be oriented to true north. ADF
needles always display relative bearing to the stati@orrections for magnetic
variation must be applied to the published bearing(¥¥hen selecting a heading

to fly to intercept/maintain the published bearing, corrections for magnetic
variation are also required. Use the magnetic variation at the NAVAID the
approach is based upon.

6.5.2.1.6.5.ILS and Localizer Approachesn@ludes LDA, SDF, and LOC BC).
Localizer signals emanate along a fixed path along the final approach course and
cannot be oriented on true north. CDIs always indicate position relative to the
final approach course regardless of what is dialed into t8&/.C However,
selection of the correct final approach course is critical to insuring consistent
cockpit indications of position relative to the final approach course. When
selecting a course to dial in, corrections for magnetic variation must be ajplied t
the published front course to insure consistent cockpit indications while on final
approach. When selecting a heading to fly to intercept/maintain the published
final approach course, corrections for magnetic variation are also required. Use
the magngc variation at the airport.

6.5.2.1.6.6.PAR, ASR, and Radar Vectors. When being radar vectored in the
vicinity of an airport using true north as a heading reference, all vectors will be
issued in true headings. If your aircraft does not alielection of true north as a
heading reference, corrections for magnetic variation are required.
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Figure 6.7. True VOR Approach.
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Figure 6.8. True NDB Approach.
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Figure 6.9. True ILS Approach.
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6.5.3. Grid Approach Procedures. (Figures 6.10 and 6.11) In some cases a NAVAID may be
oriented on grid north, or a grid final approach course may be published alongside a magnetic
or true final approach course. Use the following general procedures to flg apgrioach.
Consult your aircraft flight manual and MAJCOM directives for specific equipment,
procedures, and crew complement to fly grid.

6.5.3.1. The heading reference of the primary means of navigation on final approach,
the heading referencef the NAVAID the approach is based on, and the orientation of
the runway direction number should all be the same.

6.5.3.1.1.NOTE: The NAVAID the approach is based on and the runway direction
number normally will use the same heading reference
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6.5.3.1.2.When a final approach course using another heading reference is
published on the IAP in parenthesis, this is provided for situational awareness, and
is not to be used as the primary means of navigation on final approddke the
grid course IAW with the aircraft flight manual and MAJCOM directives.

6.5.3.1.3.1f the NAVAID and runway direction number are oriented on grid north,
then grid is the primary means of navigation along final approach. Use aircraft flight
manualprocedures and MAJCOM directives to fly a grid approd€la magnetic or

true final approach course is published alongside the grid course it should only be
used as a situational awareness tool, not the primary means of navigation.

Figure 6.10. Magnetic Heading Reference With Grid Course.
















































































































































































































































































































































































































































































































































