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Introduction

To be a Professional Pilot is more or less synonymous with being an IFRtsluduld
therefore be clear that the contents of this text are vital to anyone who wishes to be a
professional pilot. | would nowvantto leave you with the impression that it contains all
that is important however. This text concentrates on the techieisalf IFR flying, but

only a limited discussion of the decision making that is required canesentedhere. In
addition the supporting topics of meteorology and air regulations are left for other texts
and coursesThere is a rich philosophical sulktdo professional aviation that cannot be

put into words.There is aprofessional mindset that you must dedicate yourself to
developing Technical competence alorsenotenough.

In this course you will learn the procedural aspects of IFR flight, thatsay how holds,
approaches, STARs, SIDS and the many other procedures are conducted. You will also
develop a sense of how the ATC systsapportsyou, the Professional Pilot. You will
learn the communication techniques that are so vital to safe IAR. fAgnd, you will

l earn to Athink | ike an I FR pilot, o by
equipment at your disposal to keep track of your position in the abstract world you have
chosen to devote your life to. This course coordinates witla A20 and 220 in which

you learn meteorology, Avia 130 and 230 in which you learn all the relevant regulations,
Avia 150 and 250 in which you develop the teamwork skills so vital to your success,
Avia 240 in which you learn the additional details of loagge flight, and Avia 261 in
which you learn the technicalitied all the navigation systems. Only when the complete
package has been synthesized in your mind will you be ready to call yourself a
Professional Pilot. Keep in mind thegnthesids necessa Avoid the tendency to take

the new knowledge in as discreet bits. All the techniques, skills, and knowledge are
useless if isolated.

This course follows Avia 160 in which you learned the fundamentals of navigation, and
developed a rudimentary apprematof how the IFR system works. There will be review
questions and assignments in this course. Be sure to keep your Navigation for
Professional Pilots text and review it often during this course.

In Canada NavCanada is responsible for maintainingak@ation infrastructureof our
airspace system. Their mandate includes installing and maintaining the hundreds of
VORs, NDBs, and ILSs. You will learn more about NavCanada in Avia 230. The US
military operates a GPS satellite system that pilots from alltdesrare permitted to use

(with limitations that you need to be aware of.) The Russians have a separate GPS
system, and the Europeans are preparing to launch their own. As all these technical
wonders of the Zlcentury are the structure of the environtgou will work in you

should develop a keen interest in how they all work. The course Avia 261 covers most of
this, but you must develop the habit of keeping abreast of future changegauhsition.

How navigation systems work is largely beyond the scopthis course, but we will
spend a lot of time examining the weadday details of employing them; the difference
being roughly the equivalent of knowing how to drive a car as opposed to how it works.
We will examine what navaids should be used as a®lwhen, and how to do this
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without losing situational awareness. You will discover that flying IFR is inherently
abstract. By far the biggest challenge both initially and throughout your career will be
Asituati onal awar eness.tof covteltey flightantoitedr&m t s
(CFIT) which happens when the pilot looses the mental image of where s/he is. Aspects
of countering this are raised in Avia 150 and 250, but the recommended procedures
developed in this course are designed to help yoiddhis fate.

Throughout this course you will need the Transport Canada Instrument Procedures
Manual, a CAP2, CAP3, LO1/2, HI, Terminal Charts, and CFS. Also, have your CR and
an electronic calculator handyou will also be referring to the Program Mahuin
particular the FTM/IPMWe will also make use of online resources, many of which are
provided by the FAA including the entire USA approach chart inventory as well as
several excellent texts in PDF format.

You will also need POH for-@72P, Beech 98nd King Air for the flight planning
exercises.

IFR regulations are covered in Avia 130 and 230. Despite that many regulations must be

referred to in this text. You should read the entire RAC, MET, COM, AIR, and MAP
sections of the AIM.

Also read and knowthe contents of CFS section F.

Pay particular attention to RAC 6.3 (communications failure) as this is a major topic on
INRAT exam. This is also covered in CFS section F
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Chapter 1

Overview of IFR Flight

Start your study of IFR by reading your AIM in particular:

e RACG6.0t0 10.0
RAC Annex
e COM1.0to5.0

You should read all the above and theme®d it sgeral times over the course of your
training using a highlighter to emphasize important facts

Definition of IFR

IFR stands for Instrument Flight Rules. The purpose of having these rules is to facilitate
flight in weather that prevents pikfirom seeingeitherthe groundr other airplanes.

When airplanes fly in cloud we say they are in IMC weather. In the early days of aviation
airplaneddid not havenstruments by which pilots could maintain conirolMC. In

those early dayentering cloud for morthan a few seconds resulted in loss of control,
usually a spin or spiral, and either a crash or, if the pilot was lucky, a recovery once out
of cloud.

In the years leading up World War Il flight instruments had been developed that
permitted pilots to @ntrol airplanes in IMC. Of all the flight instruments developed the
Aartificial horizono was the most i mportant.
displayspitch and bank information. Unlike a real horizon it does not show yaw, i.e.
headingchanges, and thus today the term artificial horizon has been dropped and we call
the instument an Attitude Indicator (Al).

Controlling an airplane by struments alone requires a scan. The recommended
procedure is calledgelective radial scarlit is covered in the Transport Canada Flight
Training Manual and the Selkirk College FTM/IPM under lesson 24. The FTM/IPM
refers to a simulation on the ProfessinoalPilot.ca website called selective radial scan. All
this was covered in the first year betProfessional Pilot Program. In this text it is
assumed that you have mastered the selective radial scan.

Once airplanes could be flownlmC three problemsemained
1. How to navigate without ground contact
2. How to avoid other airplanes
3. How to avoid stking terrain such as mountains, towers, etc.

To solve problem 1 required the introduction of radio navigation. Our modern system of
VOR, ADF, LORANC, and GPS is the result of 60+ years of technological progress.

9
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Today pilots can navigate with amazinga@cy without being able to see the ground.
The basic skills of radio navigation are coveredhiatext Navigation for Professional
Pilots. In this text it is assumed that you already know how to track accurately and
intercept a course. You alsadw howto fly a DME arc.

As you know, VOR, ADF, and GPS have accuracy and operational limits. Knowing these
Is vital to your safety; much of this is coveredAria 130, 230, and 26De sure to pay
close attention to thaetails

Uncontrolled IFR

Once probleml was solvedpilots naturally wanted to fly in IMC to offereliable
schedules. These pioneers foresaw what today we take for graaitédes. There was

no government run air traffic control system, so the pilots used common sense and
developed a systeof flying IFR without conflicting with each other.

Common sense told them that tawplanescould notsafelyfly in the samevicinity at

the same time so a very simple method was developed for solving problem 2. Pilots
coordinated between each other be tadio. Prior to takeothe pilot would broadcast

that s/he was ready for takeoff and then listen for responses. If someone else was in the

air they wouldtalk and the two pilots wouldwork oub the conflict. For example the
airborne pillamtat 6000 fpdarid widl stay up hére until you takeoff and

leave thearea0 The ot her pilot would then simply s
5000 The mots wauldreporttheir positionsandlisten to therepors of others thus

knowing whenit was safe to climlor descendnake an approach, and sa on

When anairplane neared its destination the pilot wordgort that s/he was making an
apprach. An airplane waiting fordeparturewould have towait while the airborne

airplane landedor the airborne pilotnght Ahol do for a while, wai
takeoff depending on who acted first.

How does the above sound to you?

In northern Canadahis form of isepar at i on o Thisgs caledilFRIin i n  use
Uncontrolled Airspace. Theres ino Air Traffic Control (ATC) in a lot of northern
CanadaAppendix 1 discusses IFR in uncontrolled airspace.

The Emergence of ATC

UncontrolledIFR is only feasible when there is a very limited volume of traffi® with

no ATC is perfectly safe, and agentioned above is done every day in northern Canada.
However, a method of facilitating higher volumes of IFR traffic is needed plihgose

of the ATC systens to facilitate numerous IFR airplanes in relatively closaiaband
time proximity.

The ATC gstem consists of controllers who keep track of the location of all the IFR
airplanes and by approving their routes ensure that they do not confligtildiselo not
10
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communicate directly with each other, instehdy communicate with a controller who
issues aclearance, which means exactly what the route word implies. The word clear
means emjd. Therefore a clearance means that the airspace is clear, i.e, ehqgiher
traffic. As long as the pilot follows the assigned clearance s/he is assured twaiflict,

with other traffig will arise.

It is important to understand that ATC exists primarily for separating airpleoraseach
other and NOT to separate airplanes from terraitraffic volumes were low enough
pilots could fly IFR with no ATC. Tle IFR pilotis capable of avoiding terrain and
obstacles during departurenroute and approach and can therefore complete an entire
flight without a controller. The only thing the pilot cannot do is avoid other aircraft in
IMC. That is what we pilots neembntrollers for.

By the way, a future concept in aviation 1is
eliminate controllers by providing pilots with cockpit displays somewhat similar to a
controllers radar screen. Pilots could then returnthe original days of IFR by
communicating directly with each other and working out conflicts. In reality complex
computer programs onboard would | ierhkatn$y finego
to be seen to what extefinée flight becomes a reality the 2£' century. For the purpose

of this course free flight will not be considered.

You likely know that controllers use radar to observe the location of airplanes and use it
to separate them. But ATC existed long before radar was available. IHR ¢aaftrol is
possible with no radar. The method is called procedural separation. Procedural separation
is used today on oceanic routes and in less populated regions where radar is not available.
In the event radar fails ATC can revert to procedural ojperaiVe will therefore start by
examining how procedural separation is done.

Procedural Separation

Before an airplane can get an IFR clearance in controlled airspace a flight plan must be
filed. Note that a flight plan is not needed to fly IFR in uncofgbhirspace. The flight

plan is used to predict where the airplane will be relative to others during the flight time.
Today the analysis is done by a computer, but in the early days of IFR it was done by
hand. The only difference is the volume of trathiat can be processed.

The controller going over the flight plan createstrgp, which is just a piece of paper that

has the airplaneds call sign, type, equi pmer
on it. Based on the filed TAS the strip contiestimated time at each reporting point

along the filed route. Reporting points include all VORs and NDBs as well as other
designated points along the airways. When done by hand this process is done with a
computer, such as a CR3, and takes several egndepending on how long the flight is.

You can see why it is required to file an IFR flight plan at least 30 minutes before
departure.

11
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The picture below shows a typical IFR flight strip. The exact format varies depending on
the type of airspace. The igtrshown here is for procedural control. A slightly different
format is used for radar control.

AC IDENT REMARKS ALTITUDE
TYPE
TASIMACHIHK FIX FIX FIX FIX FIX FIX DATA
ETA ETA ETA ETA ETA ETA ETA
DEPARTURE ROUTE

Cutline of westbound strip showing purpose of each box

IFR strips are laid out with the aircraft ident, type, and TAS on the left for westbound
aircraft and on the right for eastbound. An eastbound exampddown later. The
labeling on the strip is for your reference, the actual strip is blank as you will see when

we demonstrate their use later.

The information is taken from the filed flight plan and then the strip is printed by a strip
printer like this one:

Flight Strip Printer

=,
/ Strips are moved right from bay to bay 1
4 eastbound flights and left for westbour
/ Strips in each bay are all proceeding to

same or parallel fixes.

Altitude separation

The primary method of separatingmanes traveling along airways is by having them fly
at different altitudes. Eastbound aircraft fly at odd altitudes and westbound aircraft fly at
even altitudes. Consequently opposite direction aircraft on any airway are 1000 feet apart.

12
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For example,onai r pl ane can be cl eared eastbound at
cl eared westbound at 10, 0000. At some.  t1 me
separated by 1,000 feet.

A reciprocal track is any track that is within 45 degrees of the recipiiczainore than

135 degrees. Therefore, in the diagram below an eastbound aircraft on V2 is considered
opposite direction to an aircraft on V1. (More on this when we examine protected
airspace shortly.)

Because altimeters are less accurate at high alttheleseparation between aircraft is
increased to 2,0006 above FL290, except tha
feet apart in RVSM airspace. Read RAC 12.16.

Time separation

When altitude separation cannot be used, i.e. both airplanes wistthie #ame altitude

on the same route then time separation is normally dsextaft must remain at least 10
minutes apart when enroute except that if the aircraft in the lead is 20 knots faster than
the trailing aircraft in which case the second airplaane loe allowed to proceed when 5
minutes has elapsed. Obviously the time differential will increase over time, which is
why this is permitted.

Direct Communication between Pilots

A controller can allow pilots flying the same route to maintain their owaraépn by
directly communicating with each other and reporting their DME. The DME must be
from the same station. For example the first airplane reports 90 DME from YWH on V2
(see above.) The trailing airplane must remain at least 10 miles behind.10@+#<DME

all is well. These reports must be made no less than every 30 minutes. If the trailing
airplane begins to close in on the leading airplane the pilots should communicate to
decide what to do. The airplane behind could slow down or the leaderspméd up, or

they could call ATC and request an altitude change.

Radar Separation

When radar is available things are easier. It is best to think of radar separation as in
addition to procedural rather than instead of procedural separation. In otherthards
same airspace must be protected whether there is radar or not, it is just easier with radar.

The existence of radar does not change the fact that full width of an airway must be
protected. Indeed, since the radar separation standard is 5 milesveal leatfwidths
are 4 miles and 4.34 for LF many controllers actually enforce the 5 mile standard.

In a radar environment the controller watches the a/c on a radar scope. If the projected

flight path of two aircraft will bring them closer together than stendards permit the

controller will issue a vector or ask the airplanes to change airspeed. A vector is usually
phrased something | i ke, AGABC, for traffic s
assured that the controller would not issue sudeaance if it was not needed and thus

13
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hould turn immediately. In some cases the pilot may wish to propose an alternative such
as speeding up or slowing down. This may be a good idea, but the suggestion should
always be made AFTER turning, to prevkrgsof separation

14
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Chapter 2

IFR Charts

Read AIM MAP section, especially MAP 3.0 through 8.1 (online at
http://www.tc.gc.ca/CivilAviation/publications/tp14371/menu.htm

Canada Air Pilot (CAP)

The CAP (Canada Air Pilot) is published on behalf of NavCanglprimary purpose is

to present IFR arrival, approach, departure, and aerodrome charts for airports with
publicly available instrument approaches. There is also a restrictead&akir Pilot
(RCAPR)

There are 7 volumes of the CAP, each with information for a particular part of Canada.
CAP 2 covers British Columbia and CAP3 covers the Prairie Provinces; these will be the
main focus in this text.

Many companies use approach plapeevided by other companies such as Jeppesen
Sanderson, known as Jepp charts. These include the same information but are formatted
differently. The FAA publishes the complete list of USA approach charts online at:
http://www.naco.faa.gov

Pilots should read the special notices that make up the first few pages of each CAP. These
are used to disseminate recent changes to IFR standards or procEdesesnoticeare
removed whetheinformation has been published iretAIM.

CAP GEN

The CAP GEN contains a great deal of useful information. Every IFR pilot should read it
coverto-cover. The course manual includes an assignment coving the CAP GEN.

All the information n the CAP GEN can be found in other sources, especiblyAlM;
however the CAP GEN, wth is easy to carry in a fliglitag makes a convenient
reference for pilots wishing to check alternate limits or the meaning of approach light
codes, etc.

LO Charts

LO Charts show all Canadian low level airways andrairtes. IFR pilots must be
completely familiar with the symbols used as described in the legend.

15
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HI Charts
HI Charts show all high altitude Canadian airways as well as the organized track structure
used inthe ACA.

Terminal Charts

Terminal charts areublished for those airports with terminal radar service. The
significance of terminal radar in increasing the utilization of airspace has been explained

in chapter 1.
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Chapter 3

Airspace Structure

| recommend that yoread RAC 2 (entire section) beforentinuing below.

Domestic Flight Information Regions (FIR)

Canadian air traffic controllers work either in IFR Centers or Control Towers. Towers are
located at controlled airports. IFR Centers are located in buildings that are not necessarily
at airports.Each center is responsible for a block of airspace called a Flight Information
Region (FIR.)JIn Canada there asevendomesticcenters located at:

Gander
Moncton
Montreal
Toronto
Winnipeg
Edmonton
Vancouver

NoOakwNE

Read RAC 2.4 in your AIM before proceeding. tiig 2.2 shows the location of the
above FIRs. It also shows Gander Oceanic FIR, which is discussed below.

You will discover that Canada and the USA have agreements in certain areas such that
Canadian controllers control some American airspace, and viea.V@etroit controls

traffic around Windsor for example, and Vancouver controls traffic at Bellingham
Washington.

Each FIR is broken intessectors with one controller(sometimeswith assistance)
responsible foall IFR traffic in thatsector. Thedimensionf sectors arsetso that no
controller is overwhelmed with too much traffi8ectors may bexpanded or contracted
throughout the day as traffic volumes changrethe vicinity ofvery busy airports, such

as Vancouver and Toronta Terminal area is degnated.This usually includes a VFR
terminal area (VTA) which is intended to put VFR traffic under positive control and
reduce the chance of conflicts with IFR traffitFR controlin aterminalis divided into
numerous small sectofene or twodepartwe and arrival secterfor each runway for
instance.) At busy airports there would typically be an IFR airplane lifting off and
landing every 60 to 120 seconds. This would mean 20+ airplanes within 30 miles of the
airport, and that is far too much for ooentroller to handle; that is why the airspace must
be divided into small sectors.

! The regulatory aspects of this VTA are covered in Avia 130 and 230 so will not be discussed here. Here
we are interested in understanding how the IFR aspects of the airspace actually work
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At airports with insufficient traffic to warrant a terminal one controller will handle both
arrivals and departures, and of@meoverflying enroute traffic. Iftraffic volumesare

very low then onesectormay encompassnultiple airports. As mentioned, the size of
sectors changes as traffic volumes change, for example in the middle of the night one
controller may control all low level traffic in the B.C. interisthich includes several
airportssuch asPenticton, Kelowna, Kamloops, Cranbrook and an occasional aircraft at
Grand Forks and Princeton. During the day this same airspace would be broken into
severakectors.

IFR Controllers specializesome control high level traffic, some control arrivals, some
departures, and some low level enroute traffontrollers who handle airplanes that
change altitude a lot, such as arrival and departures, have an inherently higher workload,
which is why arrival and departussctors are small. High level controllers deal with
airplanesflying in level flight andthus can handle more volume and a much larger
geographic area.

When an airplane r eac hsestordhehandeidoftethecnéxt one ¢ o1
controller.While theairplaneis within one FIRthe controllersare allsitting in the same

room and able to speak with each otldrectly. They discuss each handoff before it
happens and can easily pass on speci al conc
thehandoff is from FIR to FIR telephone coordination is needed.

On a typical IFR flight from a busy airport such as Torormfber being cleared for
takeoff by the tower theilot will talk nextto a departure controller who may deal with
the airplane for onl the first 5 miles. A second departure controller may deal with the
airplane from there t80 or 40miles out at which time a third controller may deal with
the airplane up to 18,060hen a high altitude controllevill take over and deal with the
flight for 200 miles or so. The airplaigethen handeftom onehigh altitude controlleto

the next every 100 to 200 miles until nearing destination. Once the airplane descends
below 18,000 a high level controller will hand it off to a low altitude contrall&@he
airplane will be handed off again to an arrival controlrhaps 40 miles from
destination At a busy airport such as Vancouver arrival may be subdivided into multiple
sectors, so the airplane may be handedioo# secondraival controller20 mies out The
arrival controller willdeal with the airplane until it is established on final approach; at
that point it will be handed off to the tower who will clear it to land.

Tower controllers work in the tower at the airport and are therefore pHyseglarated
from IFR controllersThe IFR controller can phone the tower to coordinate handoffs if
necessary.

The above description gives you a sense of how an IFR flight is passed from one
controller to another. It gives you no idea how the controllers actualthiedojob. We
will deal with that in the sectioHow ATC Work$elow.
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Tower

The primary purpose of @ower is to coordinate takeoffs and landings thus preventing
conflict on the runways. It would obviously be disastrous if an airplane tried to takeoff
whil e anot her was | anpdicipleob is® preventtbisver contr ol

If you have flown VIR at a controlled airport such as Boundary Bay, Pitt Meadows,
Langley, or Kelowna you have a pretty good ideahofv thetower controllerdoes
his/herj o b . I f you havenodot experienced it you ca

Tower controllers are NOT IFR controllerBhey do NOT issue IFR clearancéver
thelless they play an important role keeping IFR traffic separated. The most important
role they play is sequencing departunesaccordance witHFR separation standards.
Because the tower takes this respofigjbideparting IFR aircraftan obtain an IFR
clearance that is not actually validhat would not be possible at ancontrolled airport.
Let me explain what that means.

In the section above titlddmergence of ATCpointed out that the word clearanceans

that theapprovedroute isclear, i.e. emptyof conflicting traffic. But if that was the case

as soon as you get your IFR clearance gmuid simply taxi out and takeoff without fear

of conflict with any IFR traffic (remember that an IFR clearanceviges no assurance

about conflict with VFR traffif. At a small airport such as Castlegar (which has no

tower) that is indeed the case. But at a busier airport such as Vancouver common sense
tells us that i1t candt be true. What is the

At Vancouver an airplane departs IFR about every 90 seconds, so obviously an IFR
clearance is issued every 90 seconds. But this clearance is normally copied by the pilots

15 minutesor sobefore departure. Sat any given moment 1Qairplanes are all cleaile

for perhaps two active SIDs (a SID is a published departure procedure details of which

we will examine later.) In addition there will be I®20 airplanes that will complete the

IFR approach and landhile thedeparting airplangéaxis outbut before ittakes off and

leavesthe area. All this traffic is obviously ificonflictand so the term Acl
cannotmean what it is supposed to.

It is the skill of the tower controller that resolves the above dileritieen each airplane

is ready it calls the togr and requests takeoff clearance. The tower controller knows the
IFR separation standards, which we discuss uR@BN ATC Workselow, so he checks
that no IFR traffic is on final within the permitted distance and also that the preceding
aircraft ondeparture has reached the required distance (ustiaiyp miles) and if that
airspace is fAnclearo he tells the pcdarot, nCl €
and the concept aflearancecome together. The pilot can be assured that the agspa
empty of conflicting traffic, i.e. clear. Once airborne the tower will hand the airplane off
to the departure controller whaill maintain the requiredFR separationas we will
discuss below. It is important to realize that the toestabliskes separation by spacing
sequential departures so that the airplaneshareequired distancapart once they get to

the departure controlléthe first IFR controller the pilot deals wijiNote: should a pilot

wish to make a maneuver or do anything conttarthe IFR clearance s/he has coped
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tower CANNOT issuer approvesuch arequest As stated previously, tower is NOT an
IFR control agency.

The obvious question idjow are departures sequenced when there is no tower, i.e. at an
uncontrolled airport,i&ch as Castlegar? The answer waglied above. The pilot Wl not

be able to get an IFRezdrance until the airspace is clear. FSS will relay the clearance, or
the pilot may contact the IFR controller directbyt no clearance will be issued until the
airspace is clear. Consequently only one airplane can maifeRedeparture clearance at

a time.Whenone airplane gets a depadwclearance any other airplaweshing to depart

will have to wait until the first one takes off and leavesatea This obviasly reduces

the number of airplanes that can depart in a given period of time. This system works
smoothlywhen an airport has one departure per hour rather than one per Mihete a
larger number of airplanes wish to depart in a short time frame thensysannot
accommodate them. Pilots will attempt to depart VFR, or request VFR climbs to avoid
delays. We will discuss these options later, but they obviously only apply when the
weather is NOT IMC. If the weather is IMC there is nothing to do but reld>eajoy the

wait J

Oceanic Control

Canada has been designated by ICAO to take responsibility for control of the Western
North Atlantic Ocean. The oceanic control center is in Gander Newfoundtiease
note that Gander also has a domestic FIR, which nehsded in the description abave

Oceanic control is explained in RAC 11. Operation in the oceanic control area is mostly
covered in Avia 240 and 261. It is however done by procedural methods, which we will
turn toshortly.
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Structure of Nav-C a n a dAdrépace System

Before we can discuss how ATC controls IFR traffic we need to know the terminology of
the airspace structure. You should already know this material from Avia 130. Review
RAC 2.0 before proceeding.

In what follows | will not repeat all theootents of RAC 2.0. | will try to clarifgome of
the confusing aspects of the airspace system.

Something to keep in mind, whichight sound very flip but it is important; airspace is
uncontrolled unless it is controlled. What | mean by that is thatbest to begin by
imagining all the airspace over Canada as bamgpntrolled and therefore available for
uncontrolled IFR as previouslgescribed From this unregulated airspace NavCanada
takes control of certain airspace, as described in RAC P@ AIM naturally
concentrates on explaining what is controllaééter you read RAC 2.0 try to visualize
what isnotcontroled, i.e. what is not mentioned.

Northern / Southern Domestic Airspace

Take note that the purpose of this division is that inSB& magnéic tracks are used,
while in theNDA true tracks (and runway numbers) are used. See RAC Figure 2.1

Notice that the northern domestic airspace is further divided into the northern control area
(NCA) and arctic control arefACA) (see RAC Figure 2.3Ray prticular attention to
RAC 2.6, it is worth reading a few times to digest fully.

Question: where does high level airspace begin in the northern domestic airspace?
Formulate your answer before reading the next paragraph.

High level airspace begins at 18,0f#®t, but control igprovided only at FL 230 and
above in the NCA and FL270 in the ACA. Therefore, the airspace below these flight
levels is uncontrolled.

Be sure to notice that all of the northern domestic airspace is a standard pressure region,
which isdiscussed below.

Low and High Level Airspace

Low level airspace is below 18,000 feet. A frequent exam question is whether or not
18, 00006 orlew level airbpacg.What is your answer? Does the answer change
with altimeter setting?

18,000 feet is in high level airspace, regardless of altimeter setting.
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Standard Pressure and Altimeter Setting Regions

It is crucial to wrap your mind around the altimeter setting regions, as described in RAC
2.10 and 2.11. In the standard pressure regiou set the altimeter to 29.92 and all
altitudes are referred to as flight levels. In the altimeter setting region you set the
altimeter to the reported altimeter setting of the nearest station so that your altimeter
indicates approximately the altitudeove sea level. This is what you are used to doing as

a VFR pilot, but if you look at RAC Figure 2.9 you can see that most of Canada is
actually astandard pressure region.

In the Southern Domestic Airspace the high level airspaeésasthestandard presure
region. In the Northern Domestic Airspace the whole area is a standard pressure region.
To putit another way, the only airspace in which you set the altimeter is the low level
airspace in the southern domestmtrol area (which just happens to Wwlere you have

flown up to nowy.

To check your understanding, imagine you wishily IFR directly from Yellowkife to
Igaluit. Can you fly at @00 feet?

The answer is no. You will fly at FI90.

As explained in RAQ.11 you should set the altimeter to thgort altimeter setting for
departure and arrival, even in the standard pressure region, i.e. in the northern domestic
airspace. Pay close attention to the rules about when to switch to 92 ,acommon
Transport Canada examesgtion

An importart rule is that the altimeter should be adjustethe standard pressure region
(see RAC 2.11 transition.) Changing the altimeter from 29.92 to the current altimeter
setting is calledransition (this termis part of the AMORTS briefing, covered later.
When you fly the King Air keep in mind that you transitiabove 18,000, or after
leaving southern airspace and entering northern.

When the altimeter setting is more than 29.92 then an airplane cruising at FL180 would
adually be more than 18,00BSL, which means there would be plenty of vertical
separation from airplanes at 17,000 feet. But if the altimeter setting is less than 29.92
FL180 would be less than 18,000. Since the rules say that high level airspace starts at
18,000 t should beobviousthat onsuch days FL18@oesnot exist. See RAC 6.4.3

which should now make sense.

Jet Routes

If you have been keeping track of what has been covered so far you know that all the
SDA at 18,000 and above is controlige. is SCA) Within NDA, NCA control starts ta
FL230 and ACA starts at FL270. There are NO lateral limits, i.e. there are nwigjaps

this controlled airspacethe whole area is controlled, smy route youfly will be in
controlled airspace, and will therefore need a clearance from ATC.
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OnHlchats the airways within the higlet | evel
airwaysdo not have specific widthsunlike the low level airways we will discuss next.
In SDA Jet airway tracks are magnetic and in NDA they are true.

Low Level Airways and Air Routes

Now we will discuss the low level airspace, which you will recall is everything below
18,000 feetRemember that low level airspace is uncontrolled except where specified. So
NavCanada specifies airways along which it provides IFR control. Itaksscontrol of
airspace around IFR airports for departures and arrivals. The rest of the airspace remains
uncontrolled, so you can fly IFR in it without a clearance.

Low level airways are tracks between VORs or NDBs. Some airways run from a VOR to
an NDB If a VOR is one of the navaids upon which the airways is based it is called a
Victor airway. If the airway is based only dwo NDBs it is called a low frequency
airway.

When a Victor airway is based on two VORs its width is as shown in RAC 2.7.1 Figure
2.5(a)

Low frequency airways and Victor airways based on one VOR and one NDB are wider,
as $iown in Figure 2.5(b) and 2.5(c

An example of a Victor airway that is based on both VOR and NDB is V304 between
EMPRESS and LUMSDEN, on LO2. There are numenihsr examples, including V23
between VANCOUVER and NANAIM®@n LO1 and Vancouver terminal chart.

The base of airways is,2000 agl, the top is just below 18,000 (i . e. 18,000
included. Below airways is class G airspace.

The lower portion of airwayss class E airspace. Above 12,8@rways are class.BPay
attention to RAC 1.9.2 and notice that in many areas a transponder with mode C is
required to fly above 10,000 feet on these airways (even for VFR airpldhede) C is
always required above 12@ and VFR traffic must have a clearance to fly in class B
airspace. See RAC 2.8.2 for full details.

Reporting Points

Reporting points, marked with little trianglewill be found on LO charts along the
airways.Solid triangles represemandatoryreportng pointsandopen triangles represent

on request reporting points. Examine the legend for the LO chart and become completely
familiar with all the symbols.

Approach and Departure Airspace

So far the only controlled low level airspace we have described is airways. These are
relatively narrow stripef airspace (do you knothe exact width$ see RAC 2.Y.
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If airways werethe only controlled airspace it would be impossible to control IFR
departures and arrivalsControlling arrivals and departures is one of the primary
mandates of ATCthereforeNavCanada must take control of airspace around airports.
This is done by establishing control zones, control area extensions, and transitions areas.
We will look at each in turn.

Please read all of RAC 2.7 before continuing. | do not intend to repeat it all, only provide
clarification in the hopes of making the structure easier to understand and remember.

Control Zones

You are probably familiar with edrol zones as a VFR pilot because you probably dealt
with them. You are used to requesting a clearance béfmtering the zone.The
controller clears you to join the circuité@then clears you to land, etc.

The base of a control zone is ground levedt dhe top is typically B0 agl. IFR
airplanes are controlled within the zone, but remember that IFR clearances come from the
Center, not the Tower.

Control zones can be class® or D. It makes no operational difference to the IFR pilot,
although mosprefer class B zones. In a Class B zone VFR traffic is also kept positively
separated just like IFR traffic. We are going to discuss separation shortly. Normally
separation is a concept that applies only to IFR traffic, but in a Class B zone it also
apples to VFR traffic.

In class C, and D zones VFR traffic is not positively separated, although assistance in
avoiding other traffic is normally provided if the controller has time. Note that it is done
ONLY if the controller has time.

IFR airplanes obviasly fly in control zones only for the first and last two or three
minutes of a flight. However, this is usually the portion of a flight in which the airplane
transitions from IMC to VMC and may be in and out of cloud. VFR traffic must be very
careful to awvid IFR trdfic in control zonesAn IFR pilotin IMC gets very nervous about
VFR airplanes in the area (hence #ppreciation of Class B zones

Most control zones are round in shape with a radius of 5SNM. Some controls zones have
an irregular shape. line CFS the Obstacle Clearance Circle will show the radius of the
zone or display t higeadvgageds0inihe GkEpe i rregul ar o

Control Area Extensions

| assume you are keeping track as we devalopnage of controlled airspace. So far we

only have airways and control zones. There are bound to be gaps between the airway and
the control zone. In order to be able to cl#aR airplanes to leave an airway to an
approach procedure a control area extension will often be needed. These are described in
RAC 2.7.2.
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Note that control area extensions have the same bdsepaas airways.

Transition Areas

Transition areas are similar to control area extensions except that they are baséd at 700
agl.

IFR approach procedures almost always have segmentsxteat éeyond the control
zone. A block of airspace called a transition area will be designated so that the airplane is
in controlled airspace while it performs the approach procedure.

Class F -Special Use Airspace

| am sure that controllers wish there was such thing as Class F airspace. Be sure to
read RAC 2.8.6.

You cannot fly IFR in Class F airspace. Therefore Am@stclear you around or over it,
but NEVER through it.

Therearethreeexceptios. You can flyIFR through Class F airspace if The
answer is in RAQ.8.6 and is a typical exam question.

Note the rules about joint use airspace, also in RAC 2.8.6. This is class F airspace that
becomes class E airspace when not in use, and therefore you can get an IFR clearance
through it.
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Chapter 4

IFR Flight Planning

IFR flight planning in most ways is simpler than VFR planning. You use LO or HI charts,

not VNCs and the lines representing the airways are all marked on the map for you with

the magnetic tracks and the length of the airways giveh;er ef ore you donoét
protractor or a ruler.

The basics of preparing the IFR navlog were covered in Avia 160 so they will be
mentioned here only very briefly.

Planning

Situational Awareness in IFR Flight

There 1 s a fimi thidkinglégetan IFR ila Thinking like an IIFR pilot

involves knowing where you are, where you are going, and how to get there. The IFR

pil ot fully wvisualizes the entire Al FR Sys
maintains situational awareness. Knowing tpprapriate priority at any given moment is

a major key.

There are good | FR pilots and #fAnot so good
procedure is NOT enough. The secret is really employing the correct skill at the correct
moment in time. As such, you ntuearn to recognize the indicators of what is important

at a given moment and react accordingly. Once this becomes natural we say you are
thinking like an IFR pilat SOPs are a major key in achieving this. SOPs bring the
procedures into a repeatable fathwhich makes an imprint on the mind creating the

necessary mind set.

Create a Script

You must have aompleteimage of an IFR flight. | emphasiz@mplete You should be
able to describe stdpy-step every action to be taken from the moment you enger th

cockpit until you park and di sembar k. You s
And the next thing is €éé and the next thing
flight. I f you candét do this yoatoavoi@ not rec
having to Afigure outo what to do in flight

figuring things out ahead of time. The key principlaricipation

A productive way to think about preparing for a flight is to imagine that it \wik Ionovie
i n which an actor wil/ play the rostript of Ayo
every action s/he will take.
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The-idea of creating a script is expanded further in several of the sections below. It is one
of the most valuable ideas yall come across in this book, so | hope you will heed it.
You wi || |l earn to do what | calll Akitchen t a

Aviate Navigate Communicate

There is an old saying that must become the mantra for your life as a profepganal
Aviate, navigate, and communicate. This is a priority list. It tells you that NOTHING is
more important than controlling the airplane. If control is in doubt then forget about
everything else and get control. A classic example is during a misgezhab procedure.

The airplane must be established in a climb with the gear and flaps retracted. Instructors
are often flabbergasted to see how many pilots will push the PTT button and start talking
on the radio while the gear is still down and the cliae is far less than the safe value; |
have even seen people sinking toward the runway attempting to communicate when they
clearly need to aviate. Make a resolution to step through this three step priority list
continuously throughout your flights.

Everything you do as a pilot can be put into one of these three categories. What you need

to do is develop a mental discipline that whenever you do ANYTHING you slot it into

this priority sieve. For example when your find yourself wanting to reach over and tune a

new VOR frequency (navigate) you should cons
altitude steady? O.K proceed. o0 Personally I
here, but in some fashion you must confirm that aviate is OK before younylo a

navigating and both aviate and navigate are OK before you communicate.

If you have an autopilot then it largely takes care of aviate meaning that you can more
easily concentrate on navigate and communicate. If there are two pilots, and no autopilot,
then one should always be aviating while the other can concentrate on navigating and
communicating. In these situations the aviate, navigate, and communicate priority still
applies but failure to consciously think about it may not carry a noticeable pemadigt

of the time. You should however strive to keep this three level priority in your mind all
the time and train yourself to scan the flight instruments (confirm aviate) just before
every navigation change or communication. This will keep you mentadigaped to
handle malfunctions such as autopilot failure or incapacitation of your copilot.

Single Pilot i No Autopilot IFR

The hardest thing in the world to do is singlt IFR with no autopilot. Well, maybe
climbing Mount Everest with no oxygen is bar. But singlepilot IFR is right up there.

To do it you must absolutely be committed to aviate, navigate, and communicate priority.
An airplane will drop off into a spiral dive, or slump below the minimum climb gradient
on a missed approach, very easilyou divert your attention to navigating before you
have fulltrimmed control. It is critical to keep the airplane in good trim during single
pilot IFR. Never communicate before aviate and navigate are confirmed OK.
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What | find works for me is a selfuthorization mantra. When flying single-pilot |
constantly ask mysel f, AWhat shoul d I do no
that comes into my mind. | run this through my mind as though some part of me is asking
permission from another parttodo sm hi n g . | describe this as r
my fdAcaptaino (I am both of these at once).
such as report on the missed approach, the captain checks that pitch and bank are steady

and airspeed and verticapeed are as desired, he then checks that nav radios are as

needed (I use the TSI system described below) and if these are all OK he authorizes the

first officer to make the call. This has become so ingrained in me that | honestly cannot

press the PTT btdn without scanning the Al, Alt, VSI and radio stack first. And | cannot

reach for a nav radio without scanning the Al, Alt, and VSI first. This is pretty basic stuff,

but if you develop a bad habit early in your flying it is hard to break later so wcitki

diligently.

Conducting a WAT and AMORTS briefing single pilot with no autopilot is very

chall enging. I would go so far as to say tF
without having done it previously. This means that you must examine elateyyou

could possibly use on a flight and run through an AMORTS briefing for it as part of your

preflight preparation. That way when you do the briefing in flight you will have a
reasonable chance of not missing anything.

In closing this section | woultike to say that by far the most common mistake for
beginners is to worry too much about communicating. Take a hold entry for example.
When you enter the hold you are supposed to report, but what difference does it make if

you report the second you pakseé st ati on or 30 seconds | ater
But if you dondét turn, or you spiral i n the
IFR pilots will press the PTT and start talking without turning, or will loose altitude in the

turn becauspi t ch i s not wunder control, or the air,|
to you.

Preferred IFR routes

Start by examining the CFS section C for any preferred IFR routes. There are both low
and high altitude preferred routes depending on the tiypepane you are flying.

If there is no preferred route published that is usually because there is not enough traffic
between the airport you are flying from to the one you are going to to warrant a preferred
route. However, if you are flying out of antdo an airport that does have preferred routes
you should select the preferred route fararport in the right directianFor example

there is no preferred low altitude IFR route from Vancouver to Castiepat there a
preferred route to Princeton this route should be used by an airplane departing
Vancouver for Castlegar.

You should almost always file the preferred route. It causes a great deal of trouble for
ATC i f yNounallgyou il be cleared for the preferred route even if you file
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somehing else. Therefore, if there is an important reason why you require an alternate
route indicate that in the remarks section of your flight plamn example might be
AAi rcraft on unpressurized ferry flight. Req

LO Charts i Distances, Bearings, etc.

Start by examining the legend for the LO and HI charts; you must get to know all the
symbols on the map. Bearings and distances are the most obvious thing, but by no means
the only thing, they prkeyitemdintheldgend.6s | ook bri

Aerodrome symbols can be black or gréewhat is the difference@FR as opposed to
VFR only. Note that the IFR could be in the RCAP, not the regular CAP in some cases.)

Can you tell the length of runway at an airport withoutnipg up your CFS? (Yes, as
well as type of runway surface and whether or not the runway is lighted. Be sure to know
how to interpret these symbols.)

Are VOR and NDB symbols always located in the exact correct position on LO charts?
(No, sometimes they mube offset for clarity, however the compass rose is centered on
the correct location for the VOR.)

How can you tell whether you should be flying at an odd or even altitude on a particular
airway? (the airways symbols have a pointed ‘etidis indicates thelirection for even
altitudes.)

Looking at LO2 can you tell whether Calgary International has a Class B or a Class C
control zone without looking in the CFS? (Yes, check the symbols in the legend.)

The box that surrounds the frequency for NDB or VOR gtatican be either thick or
thin; what is the differencgThick lines indicate the nearby airport has a FSS.)

How are RCO and DRCO sites found on the map? (See the legend for the symbols and
read about using DRCO @FS page D36 and AIRAC 1.1.3)

The LO dart shows all the airways and navaids needed for navigation. As an example
look at the LO2 chart and locate V317 from YVR to YNY. You can see that the airway
usesradial 014 outbound from YVR; this track applies all the way to LYTON. From
LYTON the airwayfollows radial237 to YNY; the track oyour navlog would be 057.

Note that thisv317 passes numerous intersections (MODY, JANEK, LYTON, CHAPT,
FELKO) Only LYTON needs to be on the navlog (and in the GPS flight plan) because it
is the only waypoint at whh the track changes. The LO chart gives the distance between
each waypoint; make sure you can find all the distances. For example the distance
between CHAPT and FELKO is 25 NM.
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What is the distance from YVR to LYTON. You might be thinking that you cahtfie
total distance on the map in a square bdxut it isimportant to realize that distance
totals are provided only between navaids emehpulsory intersections. LYTON isiot a
compulsory intersection and therefore the total distance of 202 on thes frapm YVR

to YNY. Contrastthis with the earlier example of V342 from YVR to YDC,; ihatcase
CILLI is a compulsory intersection so the distance from YVR to CILLI of 69 NM is
provided on the map. To get the distance from YVR to LYTON you will havedaupd
43+23+21.

What is a mileage breakdown poinand what symbol is used? (Look it up in the legend
and the look for some examplgshere is one on V300 between Thunder Bay and Sioux
Narrows.)

There are a couple of small differences between Canadahand3A that you need to

know about because the LO charts cover some USA airspace. In Canada the MEA can
change at any intersection and if you are crossing over that intersection you must be at
the higher of the two MEASs. In the USA they provide a minimumssing altitude
(MCA) that you can cross the intersectimmovidedyou climb at 200 ft/nm to the higher

MEA. Examine the legend to find tleymbolfor MCA and look to see if you can find

any examples (they will only be in USA airspace.)

Navlog Preparation

You learned to complete a navlog in Avia 160 so this section will provided only a few
comments highlighting the differences between IFR and VFR flight planning.

If using the Electronic Navlog (ENL) select the Miavlog. Or, if you are planning a
round rolin IFR as we do in the last few lessons of the syllabus use the-robimd
navlog.

The navlog should always start from the departure airport and the first waypoint should
normally be the location where you intercept the airway structure. This poinelig tick
beanNDB, VOR, or airway intersection. The distance and time for this firsshemyld

bea reasonable estimate. Be sure to examine the SID and allow for any vectoring or other
maneuvering you will do. In other words; the first leg is almost aM@yger than the
straightline distance from the airport to the first waypoint.

After the first waypoint the navlog is very simple to layout. The bearings and distances
are all provided on the LO and HI charts. Make one leg for every change of track. This
will require a new leg after each station passage, and separate legs if the airway has a
dogleg, such as V342 between YVR and YDE. there should be a leg from YVR to

CILLI and another from CILLI to YDQ.

The last waypoint on the navlog should be theatmn where the approach or STAR
begins.
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The time for the STAR and approach should then be estimated and entered on the navlog.

The fuetflow used for the approach should be conservative. For a piston engine airplane
it is usually best to assume cruiseelf flow since this will be on the safe side. For a
turbine airplane the fuel flow may increase in the warmer air at low altitude, so take care
to allocate a high enough value.

Allocate 45 minutes of reserve time at cruise fuel consumption.

With all the alove complete your navlog now indicates to you the time the flight will take
and the minimum legal fuel requiremeliou must now decide how much contingency
fuel to add. As a student pilot you are spoiled by the ability to add all the fuel you want.
In fact we always depart with full tanks. But, in the real world flying you will have to
establish a reasonable contingency fuel. At the major airline level the question of how
much contingency fuel is required is becoming a huge cost factor. It costs maaesyto
around unneeded fuel Aj ust i n case. 0 So,
much contingency fuel you actually ne€dease read th&ir Canada Fuel Bulletin on

our website CRM page.

Selecting an Alternate

Unless specifically authorizeid an Air Operator Certificate all Fflight plans require
an alternate (see RAC 3.14.)

An alternate airport is a safe place you can go and land if the weather drops below
minima at your destination. As such the alternate is a critical safety featywardlight
planning, especially if the weather is marginal.

Your CAP GEN and AIM RAC 3.14 give the rules for selecting an alternate. This is
extremelycrucial stuffbuta bit difficult to interpret so read it carefully.

There are threstandardalternaé minima; these are 400:1, 600:2, and 800:2. 90% of the
time one of these will apply. The first table in RAC 3.14 shows that these apply when the
airport has multiple ILS, one ILSor nonprecision approaches respectively. It is
important to get your mindrrapped around the idea of the standard alternate mihima
do so before moving on.

When standard alternate minima apply you are permitted to use a sliding scale. For
example if your alternate airport is equipped with an ILS standard alternate minima are
600:2, but you can also file this airport as an alternate if the forecast is 700:1% or 800:1.
Make sure you understand when the sliding scale is applicable.

If the alternate airport halunusually higlh approach minima thestandard alternate
minima DO NOTapply andthe weather forecast needs to be greatirs requirement

should be obvious, so if it i snobt obvious
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this obvious safety need the rules state thatalternate minimum ceiling must-be 300
feet above the approach MDA and the visibility must be 1 sm more than the approach
visibility. For example Grand Forks approach minima are 3360:3 so after doing the math
you get 3660:4. This however is NOT the correct an$wvrt it is a good start.

The 3660 nust rounded off in accordance with noté s critical for you to read note 4
of RAC 3.14 and know the rules for rounding off altitudes.

The correct visibility is actually 3sm, not 4sm, because of note 5.

Therefore Grand Forks can be filed as an altemate if the TAF forecasts3700:3

Of course there is a problem, because there is no TAF for Grand Forks. Therefore note 3
applies and we must ensure from the GFA that there is no cloud below 6100 asl (this is
1000 above the HAT) and there is no CB in tHeAGnd the visibility is forecast to be at

least 3sm.

Finally we must confirm that paragraph 3 does NOT apply. This paragraph starts with the
words, APil ots c an ltisimpogantdornetelthat thefregquirem@mMiiS S ¢é 0
that there be convential approaches at thikestination So if CYCG is the destination it

has NDB and Localizer approaches, so we can file Grand Forks as an alternate as
described above. But, if CAD4 (Trail) is the destination we canrimcause Trail only

has an RNAV approachn this case we would use the clause for NO IFR APPROACH
AVAILABLE. The GFA would have to show ceiling no lower than 10,500 asl (MOCA

on G1.)

In most cases you base your alternate selection on the TAF for the destination airport.
The basic ide#s that he forecasmust beat or above alternate minima at the time you

will arrive. But, what if the forecast includes a TEMPO or BCMG clause? The rules for
this are in RAC 3.14. The basic idea is that for TEMPO and BCMG you must use the
least favorable weathdorecast for the period. But, for PROB forecasts you are given
more leeway; as long as the overall forecast is above alternate minima you can accept a
lower PROB provided it is not lower than the approach minima.

The last point to note is that you can ohbse your alternate on approaches you are able
to fly. For example if your glideslope is unserviceable you cannot use the ILS, or if the
wind favors runway 27, you cannot use the approach on runway 09, etc.

You can see from the above that there are lotwists and turns to choosing an alternate.
You will have tobevery carefulnot to miss anything.

Filing an IFR Flight Plan

Read RAC 3.16 carefully before proceeding.
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You should be aware of the codes for filing combination IFR and VFR flight plans even
though they are not used very ofieif they are needed you can always ladb&mup, the
important thing is to know that these codes exist.

The planned departure time is more important on an IFR flight plan than VFR. In some
cases if flow control is in &ct you are expected to be within 3 minutes of your filed
takeoff time. In such cases you normally check with clearance delivery prior to engine
start to confirm your departure slot time. When flow control is not in effect it is still
important that you & reasonably close to your filed departure time. Your flight plan must

be filed at least 30 minutes before your planned engineisifartot the system will not

have enough time to process your flight plan. If you file a flight plan and then find out
your passengers are going to be an hour late be sure to call and have your departure time
amended.

RAC 3.16.6 the speednd altitudeboxes) Once you file the speed on your flight plan

you must fly that speed accurately (see R&Q) If you cannot do sqperhaps due to

turbulence or a malfunction) you need to inform ATC. This is less important in a radar
environment, but it is critical when you are in a procedural environment such as an
oceanic flight. However, there is no need to worry about slowing dlmsing times such

as vectors to an approach. ATC also typically expects aircraft descending on STARS to
adjust speed while there are not regulations authorizing these speed changes they are
common practice so you donotetwteywudlfypouo worry
speed or altitude changes at any time during a flight enter the new speed and altitude in

the same format described in RAC 3.16.6 as part of your route (see below.)

RAC 3.16.6 (oute boy 1 normally the first entry in your route is tip®int where you

will intercept the airway. This is often a VOR or NDB or and airway intersection.
Typically this will correspond to the first waypoint on your navlog. In some cases you
may start the route with an airway that passes by thus indicating @tAat you will
make an intercept of the airwaybut this does create a slight ambiguity since the precise
point you will intercept the airway is not defined.

When your follow a single airway there is no needriteewaypoints along the airway;

for exanple you can file V300 from Castlegar all the wayNewfoundland. When you

change from one Victor airway to another the transition point must be clear; however this

will always be at a VOR or NDB so simple insert the nave of the navaid between the two

arwmay names, for example V300 YDC V342 é (whi
to Princeton and then V342 after Princeton.)

Often it will be necessary to change altitude and or airspeed during the flight. Changes to
altitude and speed are inserted in thaega@it the point they occur. The format is identical

to the format for speed and altitude described above. For example if the new speed is 245
KTAS enter N245 in the route. If the new altitude is 12,000 feet enter A0120 in the route.

An important point whe filing the route on your flight plan is whether or not to file a
STAR as part of your route. Read RAC 9.2 before continuing.
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There are important differences between Conventional STAR and RNAV STAR from a
flight planning point of view.

If you file a Conwentional STAR this tells ATC that you wish to fly that STAR but you

still require a clearance for the STAR as you nearr yiestination;hus, even if you have

been cleared via the Aflight plan routeodo yol
at the start of the STAR if you are not cleared specifically for the STAR.

| f you file an RNAV STAR it becomes a fdpar
therefore if you are cleared via Aflight pla
STAR. In acordance with RAC 9.2.3 you would NOT hold, you would fly the STAR all

the way to the DTW without the need for further clearance. At the DTW follow the
instructions on the particular STAR plate.

RAC 3.16.7 ime enroute baxon your flight plan is very importarit especially if you
were to have a communications failure. Read the communications failure procedures in
RAC 6.3.2and CFS sectioR before continuing.

From your reading about communications failure you know thgouf file an RNAV
STAR in your route, and you are cleared via the flight plan route you are expected to fly
the STAR and land. Therefore, the enroute time on your flight plan should run from
takeoff to landing, just as it would on a VFR flight plan.

From yaur reading about communications failure you know that if you DO NOT file an
RNAV \STAR you require additional clearance before flying an arrival procedure and an
IFR approach. In the event of communications failure ATC expects you to start the
arrival/appoach at the flight plan time. Therefore it is important that your flight plan time
run from takeoff to the time when you would start the arrival/approach. This is very
different from a VFR flight plan. Be sure you understand the difference.

The rest of thdlight plan form is filled out exactly like a VFR flight plan.
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Chapter 5

IFR Departures

The departure procedure gets you safely from takeoff to the enroute environment at a safe
altitude. Once you are enroute you will be above the MEA and thudreafea terrain
clearance point of view. But, during the departure you necessarily fly below the MEA as
you climb. It is therefore a critical time of flight and it is supremely important that you
have a procedure that ensures safe clearance from terrabstnactions.

In Canada most airports have developed IFR departure procedures that you can follow

and which ensure your safety. But, not every airport has such procedures (and in some

parts of the world you will be completely on your own) so you mustieeta come up

with a procedure of your owiiAt the time of this writing the IFR departure procedure in
CYCGissuspendedt hus creating t ke segwiedalad mtp oaft . an

The simplest IFR departure is to climb in VMC conditions up to the MBEAmMany days

this is feasible. Once you are above the MEA you know you are safe; therefore as long as
you remain VMC during the climb you will be OK. You have probably observed Jazz
climb visually up the Arrow Lake for example.

In the days before Canadahtished IFR departure procedures our most reliable and
safest method of making IFR departures was to climb visually to the missed approach
point (MAP) for one of the IFR approaches at the given airport and then follow the
missed approach procedufthis is the current best way to depart CYCG given the
suspended departure proceduiehe MAP is usually at the threshold of a runway so
getting to it after takeoff can be a bit trickyout as long as you can provide visual terrain
separation to that point youn&w you are safe to enter cloud on the missed approach
procedure.

The other procedure that we used to use before departure procedures was to fly an IFR
approach backwards. If you are able to takeoff in the opposite direction to the approach
and can climbapidly enough to remain above the published MDAs on the approach you
once again know you are safe. This is not always as easy as it sound because IFR
approaches can descend as steep as 400 feet per nautical mile, which is a very steep
climb. But, if your @rplane can make the climb this procedure is also safe.

If the pilot intends to provide visual terrain separation on departure s/he should tell the
controller and get approval. This is important because the airplane must be provided
traffic separation seree and the controller cannot do that effectively if s/he does not
know the route the pilot intends to fly. For example, if the departure procedure calls for a
climb overhead the airport before proceeding on course but the pilot intends to proceed
on courg without climbing overhead s/he should tell the controller that.
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Often on a SID departure ATC provides vectors to the airway after takeoff. By rule the
controller cannot vector the airplane below the minimum radar vectoring altitwité

one exception. f t he pil ot says, Al can maintain my
can vector the airplane below the vectoring altitude. Knowing this can save time; it would
save more if pilots knew what the minimum r e

But, when you fly the same route every day you can figure it out (because the controller

turns you at the same altitude day after day.) If you are in VMC conditions you can tell

the controller, il am abl e my owurarva&r r ai n s
earlier.

To recapi we have three procedures that we could use if there is no published IFR
departure procedure:

1. Climb in VMC until at the MEA
2. Follow a published missed approach procedure
3. Fly an approach backwards

If the above options are not viable the only alternative is to develop an IFR departure
procedure. Transport Canada no longer funds this activity, which means that users must
fund the process (very expensive.)

CAP Departure Procedures
Read RAC 7 before pceding.

Departure procedures are published in the CAP for most airports. These procedures are
designed by professional IFR procedure designers who follow complex rules to ensure
that the procedures are safe. These rules are in the document TP309, avbich s

on our website. It is however far too complex for pilots to realistically know all the rules.
There are however a few basic principles of IFR departure procedures that you must
know.

The procedure designer analyzes the terrain surroundingrpogtaS/he must determine
whether or not a departing airplane has any risk of hitting an obstruction. Of course if a
pilot was to level off immediately after liftoff then the airplane would surely hit
something, so the designer makes certain assumpti@se are:

1. The airplane will be at least 35 feet agl when it crosses the departure end of the
runway

2. The airplane will climb on a gradient of at least 200 ft/NM

3. The airplane will not turn until it reaches 400 feet agl
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Standard 152 ft/NM obstacle slope

naminal flight path

lift off point

\

rumeay Ground

diagram not to scale

Read RAC 7.7 carefully before pramkng.Based on the above assumptions the designe

checks to see whether or not there is any dangerany obstructions impinging on the
Aobstructo oAt smahywcairports in the prairies
impinging and thus the apprdadesigned will publish takeoff minima of % statute mile.

If you see ¥2 mile takeoff minima that means you have no obstacles to worry about so you

can simply takeoff and proceed in the direction your clearance takes you without concern.

Check almost any agiort in your CAP3 and you will find they have ¥ mile takeoff

minima.

Here in British Columbia there is almost always obstructions impinging on the
obstruction surfaceThe takeoff minima at such airports will have a asterisk (*) When
you see the * it meanthere are obstructions and you CANNGQGimply follow the
standard takeoff procedure described abhovYeu must look to see what procedure is
needed to be saf¥ou may require a steeper climb gradient, or you may need to perform
a SPEC VIS departure (dedmd next)

tree and building penetrate 152 f/NM slope

lift off point

\

rumeay Ground

ik
T2 runi gradte

135 feet

diagram not to scale

SPEC VIS

If a %2 mile takeoff cannot be approvad SPEC VIS departures published. Climb
gradients more than 700 ft/NM are never published. In such cases only SPEC VIS will be
published (Castlegar is an example of this).

A SPEC VIS departureequires avisual climb to aspecifiedpoint. After that point a
normal 152 ft/NM gradient applies; the simplest version of this situation is shown in the
diagram below.
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Side View

152 /MM cone

rumeay
Top View

Fram 900 agl the 152 f/NM cone is clear in all directions
F 3

BPOC paint

=D '

In the above example the airport is surrounded by mountains as is typical ofsainport

British Columbia. In this case a standard 152 ft/NM cone based at the ground is not an
option. Letds say the procedure designer di
airport but based at 90006 agl ney wilbtheat acl es

simply instruct pilots to climb over the airport visually to this altitude before proceeding
on course (BPOC).

ASPEC VIS Climb visually oveér airport to 2, 3

In the example above the BPOC point is directly over the airpoid.i$tvery common,

but by no means the only possibility. It is important for the pilot to read the departure
instructions carefully and understand where the BPOC point and understand that the 152
ft/NM cone is centered there, and based at the specifiadialt

Pilots usually prefer that the departure procedure designer specify the lowest possible
altitude for the BPOC point. Consequently it is usually the case that the cone is based at
an altitude from which climb can be made in some direction but rsearily all
directions. There are numerous examples of this, Port Alberni for instance:
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DEPARTURE PROCEDURE PORT ALBERNI (ALBERNI VALLEY REGIONAL)

DEPARTURE ROUTE DESCRIPTION

Rwys 12 - 30: SPEC VIS - (Cats A-C) Visual cimb over the airport to 4800 or above.
Continue climb on HDG 137°to intercpet R-258 INBD to "YVR' VORTAC.
Maintain 8000 or as assigned.

The departure procedure for Port Alberni requires a visual climb over the airport to 4,800

feet. From there the 152 ft/NM obstacle gradient is clear ONLY on hed@ny The

pilot can enter IMC on this heading but must turn again when intercepting the Vancouver
258A radial. The instructions specify that
traffic restriction not related to obstacle clearance.

For othe examples similar to Port Alberni look at Castlegar, Penticton and Kamloops.
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Unassessed Runways

It was mentioned earlier that not every runway in Cartzaka been assessed for IFR
departures. What should a pilot do if departing from an airport that has not been
assessed?

If the airport is to be used on a regular basis, especially for commercial purposes, it may
be worth the expense of having a professi@ssless the runways. If a standard ¥2 mile
departure is safe it would be good to know that. If a greater than standard climb gradient
is needed it is important to know that, and if SPEC VIS is required it would be good to
find the most efficient safe route.

For an occasional IFR departure, such as a medevac from an uncontrolled airport that
normally does not handle IFR traffic, the pilot is on his own to determine a safe
procedure and decide whether standard conditions exist.

If the airport is in the middlef Saskatchewan the pilot might be satisfied to check the

local charts for towers and finding none assume that standard conditions apply. The pilot

might also consider that the turpoop airplane s/he is flying normally climbs at a

gradient of 1,000+ fiMM. Given these facts the pilot might feel confident that a takeoff

in | statute miles is safe. Most | ikely the
to realize that this would be no more than a habit. If no assessment has been formally

done themo criteria exist.

In more rugged parts of Canada the pilot might realize that obstacles do exist and that a
standard | mile takeoff is NOT advisabl e.
madeo SPEC VIS procedure. T buein mosticasés the an do
pilot will use one of the following strategies:

1. Avisual climb to airway MEA. Of course the weather must be quite good for
this.

2. Ifthereis an IFR departure procedure nearby the pilot may choose to fly VFR to
that airport and thedepart IFR.

3. Ifthere is an IFR approach procedure the pilot may climb visually to the missed
approach point then follow the missed approach procedure. Alternatively the
pilot may fly the approach procedure backwards

It should be clear that when departifigm an unassessed runway great care must be
taken. The law permits %2 mile takeoff, but the safety of doing so is questionable. The
pil ot mu st be completely <certain that no
gradient.
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Departure alternate

Departurealternates at required when a commercial air operator takeoffs at weather lower
than the published takeoff weather in the CAP or lower than the published approach
minima in the CAP. You will learn the details in your Air Regs coiirgeu should read

CAR 724.26.

If a departure alternate is required it is filed on the flight plan in accordance with RAC
3.16.7

IFR Clearance Review

Just before takeoff you should conduct an IFR clearance review. At Selkirk College we

have this on our €72 and B85 checklistén the future, if it is not on your checklist you

must do it anyway. Reviewing your clearance before takeoff is the single most important

thing you can do to ensure a safe sstressful flight. It is surprisingly easy to get
airborne without realizihgyod on 6t know where youodre going.
stupid or incompetent might seem implausible to you, but once you start flying IFR you

wi | | see that It can easily happen i f you ¢
procedure.

An IFR clearanceeview is a three step process:

1. Read the clearance
2. Trace the route on SID, Terminal, or LO charts
3. Get all radios setup

You start by reading the clearance which by this point you will have copied. Make sure

you understand it and accept it. If necessarska f or cl ari fi cations or
say your clearance is something |ike, i GAB(
Clover 3 departure flight plan rout e, squa
acceptable. You would then read the Clover B 8hd note the altitude you are cleared

to, the frequency and location to contact departure control, and any special restrictions

such as climb gradients or ceailure procedure.

The second step is to trace the route you will fly on your charts. When the clearance
includes a SID use that chart first, if not then go directly to the LO or terminal chart as
applicable. Put your finger on the map at the takeoff point and move it d@lemgute as

you create a script for yourself (see appendix about scripting.) The SID must be translated
into a step by step process such as cl i mb ot
VOR, mai ntain 5, 000606. Cont iript foeyoursklfedeepr oc e s s
enough into the flight to connect up with the script that you should already have (see

scripting appendix.) If you have been cleared via flight plan route you only need to build

a script to the end of the SID because you already trawdor the rest of the route from

your #d@Akitchen table flying.o If you are cl e
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further and build a complete script. Thi s
unexpected route will be one you have flown befand you will be able to recall the

script you used previously. But, if you get a totally unexpected and unfamiliar route you

need to examine it, and script it, before you takeoff. You will get quite quick at doing this

with practice. We will do numerowexercises of scripting in this course.

The third step is to setup all the radios. To do this we use a framework called Tune,
Setup, Identify (TSI), which is described in detail elsewhere in this text. If you have a
good script this step is pretty easy.

One you have completed these three steps you should be ready to go. You would
normally then conduct a crew briefing if you have a copilot and then takeoff.

Crew Briefing

In a twopilot environment it is normal to conduct a takeoff briefing just before depart

This is normally just after the IFR clearance review described above and before calling
the tower for takeoff clearance. The primary content of the crew briefing is to review the
speeds and procedure for the takeoff and to clarify who will do whiaieievent of an
emergency.

The crew briefing should also clarify the IFR departure procedure. This should be very
short, for example simply saying, fAWe will c
radar vectors. o |t i s nfoonatiorirsthedrdefing begausee t o pu
if you do you risk information overload and a tendency for the other pilot to tune you out.

But you should note the altitude you are cleared to and any turns that will be required in

the first minute or so. | like to thiknof this as priming the other pilot to act as an altitude

and heading alerter. I f you say to yourself,
attention to if | get distracted?0 your answ
briefing. You wil find that it is very easy to shoot through your assigned altitude on

departure (especially in the King Air) so you will want the other pilot to draw that to your

attention. It is also easy to forget a turn after takeoff since most takeoffs involéngim

runway heading until ATC instructs you to turn. So these are the sorts of things to include

in a briefing. Conversely, things that wonot
no place in a briefing. They can be briefed later at a more appepnee. Things that
are totally SOP do not need briefing (unless

the SOPSs). Briefing SOPs is a good way to bore the other pilot into ignoring you.

VFR Departure
Read RAC 6.2.2

A pilot may request permission to dep®¥FR and pick up an IFR clearance in the air.
Obviously the weather must be VFR to do this. It is necessary to have ATC permission to
do this. When the aircraft takes off it is NOT IFR. It does not become IFR until it
receives a clearance. Why would trentroller not approve the request?
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If two airplanes are both trying to depart at the same time on the same route ATC will be
reluctant to authorize a VFR departure (presumably for the second airplane) because it is
difficult or impossible to establish sg@tion. In other words the airplanes will remain in
close proximity to each other. In this case ATC will refuse the request and the second
pilot should do the entire flight VFR or wait on the ground for an IFR clearance.

VFR departures do work well whehe conflicting traffic is in the opposite direction.
Obviously an outbound airplane will pass an inbound and quickly reach a point at which
separation exists. Once ATC determines separation is adequate an IFR clearance can be
issued.

Remember that when daging VFR the airplane is not permitted to enter IMC
conditions.
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Chapter 6

Enroute Procedures

Altitude Reports
Read RAC 8.4

Although RAC 8.4 specifies that it is only compulsory to report reaching your assigned
altitude in a nomradar environment is standard practice to always report reaching the
assigned altitude.

Note that on your initial call to departure the controller will be checking the accuracy of
your modec so you should be accurate about indicating your altitude.

The second paragraph RAC 8.4 lists the times when you should report your altiiude
make sure you know and follow this list.

Climb and Descent
Read RAC 8.5

Know the meaning of the phase Awhen ready. 0

When you vacate an altitude ATC can assign the altitude to another accyaft should
climb or descend at least 500 fpm to avoid possible conflicts.

Know the rules about making visual climbs and descetitese are often very handing
to get a climb when there is a lot of traffidotice that you cannot do visual climbs in

Class B or A airspace (i.e. not above altitude?)

1000 on Top

Read RAC 8.8

We donot nor mal | y us’iandiDi® ot openatiohalypcomimon t r ai n i

either, but in a few situations it may be advantageous. The main advantage is that two
airplanes can both fly at the same altitude because separation is not provided. This might
allow two airplanes to cruise at 9000 avoiding the need for on to climb to 11,000 and use
oxygen (this is the most likely reason to use it.)

Clearance Leaving or Entering Controlled Airspace
Read RAC 8.9
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Also read RAC 9.3 (example of an airplane being cleared to descend out of controlled
airspace via a particular IFR approach.)

Also read RAC 9.4 descent out of controlled airspace. This is how you would go about
landing at an airport with no IFR approach such as Nakusp or Creston, etc.

Clearance Limit
Read all of RAC 8

An important concept is the clearance limitead RAC 8.10. The clearance limit is an

important concept especially if you have a communications failiwa cannot proceed

beyond the clearance limit until the expect further clearance time. Thus if you are cleared

to hold or otherwise cleared fAshorto you ne
communications failure. (reead RAC 6.3.2.)

IFR Flight in Uncontrolled Airspace
Read RAC 8.11

It is important to know this information for the INRAT exam. It is also quite common to
fly in uncontrolled airspace especially early in your cafego you should know what to
do.

Chapter 14 contains details of flightuncontrolled airspace

Position reports
When you are radar identified you do not have to make IFR Position Reports.

If you are not radar identified then you must report all compulsory reporting points and
navaids along your route. Compulsory reportimings are marked as solid triangles on
the LO and HI charts.

There was a time when IFR position reports were very important. They still are important
to international pilots flying oceanic routésowever, over the North American continent
you will be in mdar contact a lot of the time and therefore many pilots have forgotten
how to make a good IFR Position Report.

The format of an IFR position repaston the back cover of your CFS (which you should
always have onboard.)
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The controller uses your time ari€iTA for the next reporting point to prevent any.
conflicts with other traffic so safety demands that you be accurate. If you subsequently
discover that your ETA is off by more than 3 minutes let the controller know. S/he may
have to take action to prevemtonflict so the sooner you let them know the better.

Altimeter Setting Procedures during Abnormally High Pressure
Weather
Be sure to read RAC 12.12

The gist of this rule is that older altimeters cannot be set to an altimeter setting more than
31.00inches, so ALL pilots will 31.00 whenever the actual altimeter setting is more than
31.001 ATC will confirm this with you.

Once you reach the FAF you change your altimeter to the actual setting if you are able. If
you cannot do that you simply leave tHénaeter set to 31.00 and in effect you get a
higher DH or MDA for the approach (i.e. this is a safe procedure.)

Be sure to also read about how this affect departure alternates, etc.

VFR Restrictions
Read RAC 6.2.1

At various times on a trip an airplamell need to climb or descend to a new altitude.

Before a controller can clear the airplane to the new altitude the airspace in between must

be cl ear; e. g. if the airplane is at 12, 000
no traffild, #0095, ®0 0 d,dkdadehbrénmentlthre coatrollerodones

not know the exact location of all the airplanes so any traffic that could possibly be

within the airspace prevents a climb or descent clearance.

The pilot can request a visual climb or cest, with the restrictions explained in RAC
6.2. 1. Note that visual <c¢climbs and descents
do you any good when flying at high altitudes including flight levels.

During a VFR climb or descent the airplane hask ¢learance but traffic separation is
NOT being provided. The airplane must remain clear of cloud until reaching the new
altitude.

Mountainous Regions

Because altitude indications rely on the pressure altimeter, which is subject to increasing
error at altude it is necessary to set MOCA and MEAs higher in mountainous terrain.
The mountainous regions of Canada are defined in RAC 2.12
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MEA and MOCA
MOCA and MEA are designated for all low level airways and air routes in Canada.

MOCA is the minimum altitude #t provides the legally required terrain clearance. This

is normally 1,000 feet above the highest obstacle within the boundary of the airway. In
mountainous areas 2, 3, and 4 this is increased to 1,500 feet. It is increased to 2,000 feet
in areas 1 and Syhich includes British Columbia (see RAC 2.12 for mountainous area
boundaries).

MEA takes radio reception into account as well as terrain. If the airway segment is long it
may be necessary to fly higher than MOCA in order to receive the VOR or NDB for
navigation. In this case MEA is higher than MOCA. When radio navigation is not
limiting then MEA = MOCA. With GPS it is possible to fly safely below MEA but above
MOCA.

Different MEAs may be published for adjoining segments of an airway. The airplane
must cros the reporting point where MEA changes at the higher MEA.

In the USA minimum crossing altitudes (MCA) are published at reporting points. The
aircraft can cross the point at that MCA if climbing at 200+ ft/Nm until reaching the new
MEA. Canada does not @MCA, but some LO charts covering portions of the USA
show them; MCA is therefore included in the legend of LO charts.

Minimum IFR Altitude

The minimum IFR flight plan altitudaes defined as the lowest whole thousand foot
altitude appropriate for directioof flight above the MEA. See RAC 8.6 and CAR 602.34

In the winter when temperatures are cold MOCA obviously provides less terrain
clearance than in the summer. In some cases pilots may find it prudent to increase the
minimum IFR flight plan altitude ifite temperature is very cold, especially on airways
with very high MEAs typical of British Columbia; having said that, many pilot become
complacent about this given that 2,000 feet of separation is already built in. It is very rare
for altimeter errors togproach this value. This cavalier attitude cannot be carried into the
approach phase, which we turn to next.
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Chapter 7

Holding

The first |l FR procedure covered in second vy
and maintain them. A holding patterrmmo r e commonl y referred to si

A hold is a racetrack shaped pattern in whi
tactic. Why would we ever want to do that?

Purpose of Holds

In the days before ATC RADAR holds were a routine requirerasatl on a daily basis

to keep airplanes separated. A brief referen
system there are still many remote parts of Canada without RADAR service, especially at

lower altitudes. Consequently when more than oneaaigpis arriving at a smaller airport

one may need to hold, because only one airplane at a time can be permitted into the
approach airspace.

Holds are sometimes needed even in a RADAR environment. For example if a runway
closes at a large airport, perhapsgedo a gear up landing or the need to initiate snow
plowing, there may be too many airplanes vying to land on the remaining runway for the
system to accommodate. As a result some airplanes will have to hold for a time until the
traffic load eases.

Certain in-flight emergencies require time for the pilot(s) to complete checklists (for

examplei an emergency gear extension.) When the crew requires time to sort out a
situation they wil!/ often Arequest a hold. o
hold clearance.

The situations described above should make it clear to you that holds are needed and used

in the modern IR system. Sometimesyoumay hpar | ot s c¢cl aim that @Ano
except on a flight test anymortypeodairjlameat 1 s n.
you are flying and the part of the country you fly in you may hold as often as once a week

or as infrequently as once a decade, but everyone does need to know how to enter and fly

a holding pattern.

There is one final situation in whicloy will have to hold, and that is your IFR flight test.
Entering and maintaining a holding pattern is one of the skills you must demonstrate in
order to get (and keep) your instrument rating.

The Hold Clearance

Read your AIM section RAC 10, it describes thle technical specifications of holding
patterns.
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RAC 10.2 specifies the six components that must be part of a holding clearance. Below
these requirements have been reworded to improve clarity:

1. A clearance to &aolding fix
2. The compass direction to hdicdbm the fix
3. A specified radial, course, or inbound beariingt defines the inbound track

4. If DME is used, the DME distance at which the fix turn and outdaend turn are
to be commenced

5. The altitude or flight level to maintain
6. The time to expect furthetearance (EFC or EAC.)

We will now make a preliminary examination of2l,and 3 above.

Holding Fix

A holding fix is a fAplaceo to hol d. |t i s
intersection or DME fix. In the modern world of RNAV navigation anyned fix in the

navigation database could be used as a holding fix by an appropriately equipped airplane.
For airplanes lacking GPS or similar type navigation systems there are a few restrictions

on where a hold fix can be specified. A hold fix cannot l@énDME cone of ambiguity,

or at an intersection where the radials cross at an angle of less than 45° or at an
intersection where the crobgaring is from an NDB.

When the holding fix is an intersection we s

In the special case where the controller specifies both a DME fix and a DME distance to
end the outbound | eg we call the hold a ADM
are the easiest type of hold to fly. A fuller description of a DME hold is prebktes.

a VOR i Il Il ed a A\

i s S ca
hol do or AnADF hol d. o

A hold where the fix
NDB is called an ANDB

Direction From the Fix

The controller always specifies a compass direction such as north, south, etc to help the
pilot visualizewhere the holding pattern is to be flown. This information also acts as a
safety feature as it must be consistent with the specified inbound track. Pilots must
therefore develop the habit of confirming that the specified compass direction is
compatible with the specified inbound track. If it is not some error has been made.
Perhaps the pilot heard, and read back, the clearance wrong; or perhaps the controller
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misspoke the clearance. Either way the error must be sorted out or grave danger could
arise.

The eight possible options for compass direction are:

North
North East
East

South East
South
South West
West

North West

The Specified Inbound Track

The specified inbound track must unambiguously indicate the exact course the pilot is to
navigatealong on the inbound track of the hold. As you will see soon the inbound track is
the ONLY segment of the hold in which the pilot actually employs radio navigation.

When the controll er states, fii nbound cour se
inbound course is. | t is a |little |l ess obvio
radi al 0 that the same inbound course of 030

convention demands that holds at VORs be specified in terms of radialpildbhmust
therefore calculate the reciprocal in order to determine the inbound course.

Naming an airway can also uniquely specify a hold course. For example the controller

may say the hold is to be Ainboundoteen V300,
specified holding fix. In this case the pilot would have to consult an LO chart to obtain

the required radial. Once the pilot looks up the radial on the map the hold is specified as

surely as if the controller had stated the radial directly, thexetfus is a legal (and

common) specification format for an inbound hold track.

Expect Further Clearance Time

As you know from your study of IFR regulations all IFR procedures must contain
contingencies for communications failu(Re-read RAC 6.3.2.)

Any time you hold you must have a specified time that you will leave the hold in the

event of a communications failure. It is important to note that this time is only used if you

suffer a communications failure. Since this communications failure is veryoarwill

seldom need this fAfurther clearanceo ti me, b

Controllers routinely use two distinct phrases when specifying the further clearance time.
They may say fnexpect approach <cl| @arXaoncien at
each case X is replaced by a time in UTC. When you receive an EAC you know that the

next clearance will be an approach clearance and so you should prepare for that. When
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you receive an EFC you should expect some further clearance (which could be a
approach clearance) at the specified time.

Hold Pattern Specifications

RAC 10.3 attempts to explain hold pattern specifications, but it is a bit confirsagl.
RAC 10.6 for clarification.

At or below 14,000 feet, aerowind hold involves flying the inbund leg of 1:0Qone
minute)along the specified track. Once you reach the hold fix you make a 180° right turn
then fly 1:00 outbound. You then make another 180° right turn bringing you back to the
specified course agaiihe entire hold pattern takes @:t complete.

The diagranto the

righ shows only the

specified hold-

coursei and that it Hold Course (1:00 minutes)
is 1:00

Hold Fix
ZWVIOR or NDB)

It is helpful to think of the 1:0@old-courseas starting at a point we call EP1, as shown
in the diagram below

fiﬂ )
Hold Fix >p1
(WOR or NDB)

Figure 4- 1

Drift Compensation in a Hold

If there is a crosswind a hopahtten looks like the one below. Notice that the inbound
and outbound legs are not parallel to each other. The reason is that crosswind tightens one
turn but widens the othérso everyholdhaa A f at endo and a Askinny

The point labeled TP in this diagram is the turning point where a rate one turn will bring
you to EP1.
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TF
autbound 199

SHP

Ctbound end turn

Fix end turn

Inbound Track

Hold Fix \g‘pl
(WOR or NDB)

Figure 4- 2

The fat end and the skinny end depend on which way the crosswind is blowitite |
hold above wind is from the north, in the hold below wind is from the south.

SHP

Outbo gy leg

Fix end turn

Cutbound end turn

Inbound Track

Hold Fix \g‘pl
(WOR or NDB)
Figure 4- 3

On the hold course compensate for wind exactly as we alwaydrdother words drift
correction equalsrosswind / magienumber.

Drift correction on the outbound leg must be three times the amount used on the
inbound legif outbound time is 1:00f outbound time is less than 1:00 (see below) then
outbound drift will be more than three times inbound dififbutbound time is morehan
1:00 then outbound drift will be less than three times inboundidhfit will always be
more than inbound drift.

In Summary:
1. Basic outbound drift is 3 times inbound drift.

2. Outbound drift is more than 3 times if outbound time is less than 1:00
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3. Outboun drift is less than 3 times if outbound time is more than 1:00

Headwind / Tailwind Compensation in a Hold

With no headwind or tailwind outbound time is basically 1i0Gowever it must be
increased slightly if there is a lot of crosswind.

An IMPORTANT rule of thumb is that if the tailwind on the outbound leg equals 1/3 the
TAS the outbound time will be zero. The diagram below shows that in this case a
continuous 360° right turn is made at the fix resulting in a 1:00 inbound leg.

abearn SHE abearn
//_’_ﬁj\‘\
—
WIMND = 1/3 TAS
> Inbound Track 4 Haold Side

“'"\ Mon-Hold Side

Hold Fix EpP1
(WOR or NDB)

Figure 4- 5

When tailwird is less than 1/3 your TAS proportionally reduce the outbound time. For
example if you hold at 150 KTAS you know that 50 knots of wind would require zero
outbound time so with 25 knots tailwind estimate 30 seconds outliceted

When there is a headwinoh the outbound leg the outbound time must be incdease
Headwind of1/3 TAS requires outbound time ¢f:00. Adjust proportionally for lesser
winds.

In summary:
1. Tailwind outbound of 1/3 TAS requires zero outbound time
2. Headwind outbound of 1/3 TAS requir2®0 outbound time

3. Adjust proportionally for lesser winds.
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abearn abearn
SHF s TR
i F
-
W' IR O

Inbound Track

= L
Hold Fix \E\F'l

(WOR or WDB)

Figure 4- 6

The AIM RAC 10.6 specifies that outbound timing should begin abeam the holding fix
(at the point labeled ts, for timing starts) rather than at the point labeled SHP.

Planning a Hold

Above we learned how to estimate the drift compensation and headwind/tailwind
compensation in a hold. You must learn to estimate these values prior to entering the
hold. Your strategy will bébased on best available wind information)

1. Estimate crosswindnd headwind / tailwind on hold course
a. Determine relative wind angle

b. For 30°, 45° 60° use 50%/90%, 70%/70%, 90%/50% to estimate
crosswind / tailwind

2. Estimate inbound drift (crosswind / magic number)
3. Estimate outbound time:
a. More than 1:00 for outbound hesithd and less for tailwind.
b. 2:00/0:00 for wind of 1/3 TAS
c. Adjustin proportion for lesser wind
4. Estimate outbound drift:
a. Three times inbound drift if time 1:00 outbound

b. More than three times inbound drift if less than 1:00 outbound
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c. Less than three times inbound drift is more th#® outbound

Let 6s do anekngAimmpldirg atf 140r KIAS hour magic number is 2.5
(150 /57.3)

Let s say the hold course is 300 inbound
We can now employ th&teps outlines above:

1. The relative wind angle is 30° from these Thus we have 15 knots of crosswind
and 27 knots dfieadwindnbound and therefore 27 knotstaflwind outbound.

2. Inbound drift6° (15 / 2.5)

3. Outbound timea bit less than 0:3(®0 knots would b®:00 therefore 27 knots is
about0:25

4. Outbound drif20° (would be 3x6=18° but mubkincreased since timelz00)

You must become proficient at performing the above analysis in your head. It will take
considerable practice but it important.

NOTE:If you are unable to come up with an estimate due to lack of wind information or
lack of time to think about it you will have to fly an outbound time of 1:00 the first time
around the hold and pay extremely close attention to the GPS Xd Rkevent being
drifted out of position.

Next we will learn how to refine the plan once developed.

Correcting for Drift Errors in a Hold

Your holding strategy should be to fly the entry procedure and then fly your plan as
developed above for one complgiattern. You then evaluate how your plan is working
and adjust the outbound time and heading until you precisely hit EP1.

It is important to realize that there is ONLY ONE TP from which a turn to EP1 can be
made. This fact is shown in the diagram below.
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TP

Thizs line
< Inbound Track through space

iz unique for a given
EF1 wind and TAS

Figure 4- 7

When you fly your chosen heading and time outbound you fly a urpgtre through
space. You cannot tell whether your heading or time were correct until you turn to EP1

but once you make the turn to can quickly tell whether you need to dagustitbound
heading, time or both.

TP
tp
Inbound Track
-
EP1
ep
Figure 4- 8
We can now see why EP1 is called an nevaluat

we should evaluate whether or not we have arrived at EP1, and if we did not we must

think about how we will change ooutbound heading and time next circuit so that we do
better.

In the diagram below angle e is the track error when you roll out on the inbound course.
For example a hatcale CDI deflection is a 5° error.
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Wing

. pnd T
SHP o aquired 000 3 |

track on lust paATLET

outbound
Ctbound end turn
EP1
Inbound Track 9 Haold S5ide
Hold Eix e Mon-hold Side
ep
Figure 4- 9
The angles a anelare equal if the outbound time is 1:00.
If outbound time is less than 1:00 then a is more than e.
If outbound time is more than 1:00 then a is less than e.
The basic idea is that if you fAmiss the

outbownd heading by 5° next time. However you may need a bit more than 5° or less than
5° if the outbound time is more than 1:00 or less than 1:00.

Correcting for Timing Errors in a Hold

If inbound time is more than 1:00 then reduce the outbound time by hadfrtive For
example if inbound time is 1:20 then reduce outbound time by 10 seconds.

If inbound time is less than 1:00 then increase outbound time by twice the error. For
example if inbound time is 0:50 then increase outbound time by 20 seconds.

An imporiant point is that your adjustment is only as good as your accurate use of the
stopwatch. You shouldtart the inbound timing as soon as you roll out on your
planned inbound heading If you have to stop the turn early to intercept the track start
the time vihen you would have completed the turn (not when you intercept the track.)
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Probable path flown

. e )
Hold Fix Birect pay, ta hay

l’_lﬁx

Figure 4- 10
I f you fAmisso the inbound track you will of
in a fAsnaky courseo to the holirdewhichwil as sho

throw off your timing. You should think about this.

Time and Heading Corrections Interact

As you know, outbound drift correction depends on outbound timing. Thus you must
remember that as you correct the timing in your hold you will alse kaadjust the drift
correction. The diagram below helps you visualize why. It shows that if you reduce
outbound time you must increase drift correction. It also shows that if you increase
outbound time you must reduce drift correction.

TP1 TPz TP3
O E O
tp

SHP a=e)

Figure 4- 11

Consistency is the Key to Good Holding Patterns

Consistency of the turns in a holding pattern is crucial to establishing the hold. If you use
a different angle of bank each time around you will never establish the hold. If you use
the autopilot it will makeevery turn the same and you will have a very consistent hold.
When you hand fly the hold you must strive to be equally consistent.
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Hold Entries

Now that we have thoroughly discussed the factors that go into maintaining a holding
pattern we will discussdw to enter the hold.

Step one is always toackdirectly to the hold fix.
While enroute to the fix you should plan the hold as described above.

RAC 10.5 specifies the three types of hold entry procedures that are permitted. RAC 10.5
implies that theserpcedures are compulsory and you should treat them as such.

Hold entries are the most commonly failed item on the initial IFR flightitesd pay

close attention to this topic. You should read Instrument Procedures Manual section
4.4.4, which gives a vgrgood verbal description of the three hold entry procedures. The
three hold entry procedures are:

1. Direct
2. Parallel
3. Offset (teardrop)

It is VERY strongly recommended that you silently describe to yourself the procedure
you will follow in the minute or so prior to entering a hold. Your description should be a
word for word repeat of the description in Instrument Procedures Manual 4a¢t.4. F

example i f you are about to complete a para
be a parallel entry. Upon reaching the fix | will turn left to heading for 1:00. |

will then turnleft to intercept inbound track . On second drovar the fix |

will turn right ébo

If you will take the time tcexplicitly describe the hold entry procedure to yourself just
before flying it,especiallyincluding the wordseft andright as regards each turn, you are
quite likely going to do fine andill pass your IFR ride. If you refuse to do this you may
very well make one of the classic mistakes. For example many people turn right rather
than left for the second turihin the quote above the offending turn is in bold print.
Unfortunately if you tun the wrong way on your IFR ride you will have to come back
another day and try again. If you do it on a real IFR flight you should simply continue to
the hold fix and continue by making a direct hold entry.

In your Instrument Procedures Manual section5y#u will note that noistandard holds

can be either |l eft turn holds or holds with
As an assignment prepare for yourself a verbal description of each of the three hold entry
procedures for the case of a dholith left turns. When you have completed the
assignment commit your three descriptions along with the ones in Instrument Procedures
Manual 4.4.4 to memory so that you can say them to yourself whenever needed without

any hesitation. iDhogn 6fturetvheenr cwointshi dtehri sgot e xt a
an airplane to fly a holding pattern if y o
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effortlessly. | f you canot say what you
actually doing it.

Parallel ertry

Figure 4- 13

4-13is a recreation of figure 10.2 in the RAD; it is also in the Instrument Procedures
Manual as figure 43. The figure shows the three entry procedures for entering a
standard hold. Figure 10.3 in RAC 10 shows the equivalent diagram for lefidlad®

You must study the figure until you understand how to perform each of the three hold
entries. Compare the diagram to the verbal description you created earlier and practice
saying the verbal description out loud while following along in the diagRepeat this
exercise for both right and left turn holds until you can effortlessly keep track of the steps
in a hold entry. Be sure to imagine what you will need to do with the OBS and HSI while
progressing through the steps of each entry.

The above diagm is not very user friendly when you are actually flying an airplane
however. Instead we use a procedure in which we visualize the hold superimposed on the
heading indicator.
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Figure 4-14

Always set the HSI Course Bar to the inbound hold course. Tlhudnalothe tail of the
HSI Course BarThetail will be in one of the following sectors. This determines the hold

entry.

Farallel

Parallel

Direct

Direct

Right Turn Holds Left Turm Holds

Figure 4- 15

It is important to remember that you must look at thié of the HSI Course Bar. A
common error is to look at the hearow end) of the course bar, which results in the

wrong entry procedure.
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Difficult Hold Entries

Some hold entries are more difficult than others. The most difficult hold entry is a direct
entry when the angle of approach to the hold fix is near the @aeaitry limit.
Momentum is the problem, as shown in the diagram below.

Figure 4- 16

When making a direct entry in the situation above you make a right turn to the outbound
heading but you should apply several degrees of drift correction and observé B®ur
crosstrack distance. At the end of the outbound leg etssk distance should be
approximately 1% of TAS.

DME Holds

Compared to the extensive discussion above DME holds are very simple. RAC 10.8
explains DME holds. A typical DME hold clearammé g ht be #fAcl eared to tl
to hold west on the 270egree radial between 10 and 15 DME; mainta@®0d, expect

further clearance at .) The hold is representéd. i A DME hold has a hold

fix, as do all holds but it also has an outbotixgd as shown in the figure below. The

outbound leg ends at the outbound fix, NOT after any particular amount of time.
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