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DISCUSS ITEMS

Point-to-point navigation, TERPS required obstacle clearance (ROC) for initial, intermediate, final, and circling phases, NAVAID characteristics (VOR, TACAN, and NDB (service volumes, operation principles, NATOPS procedures, and cockpit presentation)), VOR/TAC/NDB approach procedures, missed approach (determining MAP and continuation beyond MAP), circling procedures and circling missed approach, procedure track (arc/radial combination and teardrop), VDP, and RNAV (FMS, GPS, DME/DME, VOR/DME, and INS), and FAA flight plan.
Point-To-Point Navigation

Ensure proper NAVAID on the Needle.

Ensure proper Radial in the CDI.

Split the heads.

Resplit for DME differential.

Fine tune with Pencil method.

Lead the turn appropriately.

TERPS Required Obstacle Clearance (ROC)
· Initial
· Intermediate
· Final
· Circling
Required Obstacle Clearance (ROC) is provided through application of sloping and level Obstacle Clearance Surfaces (OCS)

Level OCS- applicable to level flight segments

En route, initial, intermediate segments, and non-precision final approaches

Single ROC value is applied over the length of the segment

En route: 1000 feet (2,000 over designated mountainous terrain)

Initial: 1,000 feet

Intermediate: 500 feet

350/300/250 feet in final segments

NDB- 350

VOR- 300

LNAV- 250

ASR- 250 

LOC- 250

In this method of application, a horizontal band of airspace that cannot be penetrated by obstacles is placed on top of the highest obstacle within the segment. The ROC value is added to the obstacle height to determine the minimum altitude authorized for the segment. 

Sloping OCS- applied to segments dedicated to descending on a glide path or climbing in a departure/missed approach

ROC varies throughout the segment

Departures

Starts at a small value, sloping up at (typically 40:1) at a given ratio until it meets one of the “level-OCS” ROC values

The required obstacle clearance on a climbing segment is = .24* climb gradient (unless a higher climb gradient is published). This produces 48 feet of obstacle clearance per nautical mile, assuming the OCS rises at 152 feet per nautical mile. If you do the math, an obstacle clearance surface that rises 152 feet per nautical mile results in a 40:1 run/rise ratio. 

In the case of a MAP: the OCS starts at the height of MDA/DA (minus final segment ROC) and at the MDA/DA point. This is different than an instrument departure, where the OCS begins at the runway end, at the runway surface, and climbs according to the climb gradient published for that runway. 

Glidepath descents

For standard 3 degree glideslope, OCS slope is 102/3, or 34:1.

This produces a slope value of 34:1 (i.e. 1 foot of descent for every 34 feet moved forward)

Basically, obstacle clearance decreases with distance from FAF as the OCS and glide path converge on the approach surface baseline height

Circling

Obstacle Evaluation Area is based on arcs drawn equal to the circling approach radius from the runway threshold coordinates and evaluating obstacles within that area.

300 feet of clearance, plus adjustments over the highest obstacle in the evaluation area.
Further Reading

http://code7700.com/required_obstacle_clearance.html 

https://www.faa.gov/regulations_policies/handbooks_manuals/aviation/instrument_procedures_handbook/media/chapter_4.pdf 

NAVAID Characteristics (VOR, TACAN, and NDB)
· Service Volumes

· Operating Principles

· NATOPS Procedures

· Cockpit Presentation

AIM 1-1-2/3/4/5/6/7/8

VOR

Fixed location station.

Frequencies 108.0-117.95 MHz allow LOS communication

Received signal is a specific modulation of the frequency that identifies the current RADIAL the aircraft is on.

Morse code is the only reliable way to identify. Must listen or have avionics that decode.

“W” means no voice capabilities coupled to the VOR.

Accurate to within +- 1* when calibrated.

Use VOT to calibrate. Unsatisfactory is +-4* on deck, +-6* in air.

Check the operation of one VOR receiver to the other if aircraft has two. Must be within +-4* of each other.

Station passage is when the TO/FROM flag switches, not just when the needle fluctuates.

There is the possibility of +- 6* fluctuation caused by RPM of the propellers when coincidentally synced to the VOR frequency. 

TACAN

Fixed location stations OR mobile use.

Paired with a VOR frequency in US when operating jointly as a VOR/TAC.

Received signal identifies RADIAL the aircraft is on.

TACAN lockoff of the wrong signal lobe will cause the radial to be off by a factor of 40*. Re-tune/Ident to troubleshoot.

Station passage is when the DME begins increasing.

Service volume for VOR/DME/TACAN are the same:

Terminal – 
1,000’-12,000’AGL // 25NM

Low Altitude – 1,000’-18,000’ AGL // 40NM

High Altitude – 1,000’-14,500’ AGL // 40NM

14,500’-60,000’ AGL // 100NM

18,000’-45,000’AGL // 130NM

DME

Frequencies 960-1215 MHz.

Aircraft interrogates the stations with a paired pulse. The ground station responds with a different paired pulse frequency.

The time from interrogation to reception is used to calculate distance.

Reliable 199NM LOS.

Error is ½ mile or 3% of distance, whichever is geater.

Slant range will never reach 0.

DME is what carries the avionics identification signal for a VOR. If receiving no DME, VOR must be identified by the morse code.

NDB

Frequencies 190-535kHz, 190-1750kHz (ICAO) with n400 or 1020 Hz modulation

Signal can be influenced by weather.

Received signal give a BEARING to the station from our DIRECTION FINDER.

Crew must continuously monitor the NDB signal to ensure receipt of the proper beacon.

Compass locators do not have a three letter identifier code. They are used with ILS approaches.

“W” means no voice capabilities coupled to the beacon.

Station passage is when the bearing pointer fall through the 90* position. When holding at NDB, use 45* position.

Service volumes for various NDBs”

CL – 15NM

MH – 25NM

H – 50NM

HH – 75NM

VOR/TAC/NDB Approach Procedures

VOR/TACAN
VOR/TACAN approach procedures are nearly identical. The systems are completely different in how they produce a signal (electrical pulsing v mechanical spinning) yet the signal’s end result of identifying the radial is the same. The primary difference when flying TACAN v VOR is that the TACAN has a larger cone-of-confusion during station passage.

Procedure Turns: 1 minute leg out, 45* to protected side, 1minute leg out, 180* course reversal, intercept inbound course on CDI.

Arcing: Keep station at 90* bearing, making minor corrections to maintain DME until reaching a lead radial for the inbound course.

Considered “established” inbound once within 5 radials of course, begin descent to published altitude.

Standard configuration is 3NM prior to the FAF.

Descend to Baro Mins inside the FAF via dive-and-drive or VDA.

Published VDPs require compliance.

NDB 

Similar to a needle only VOR/TACAN approach.

No course information so utilize wind carrot and ground track indicator to maintain a track toward station vice homing.

Execute procedure turn as published.

Standard configuration is after rolling out of the 180* reversal on the PT.

Missed Approach
· Determining MAP

· Continuation

3710.7U 5.3.4.5

Descent below MDA is authorized IAW OPNAV/SOP
“Pilots shall not descend below the prescribed MDA or continue an approach below the DH unless they have the runway in sight and in their judgment a safe landing can be executed, either straight-in or from a circling approach, whichever is specified in their clearance

Precision: execute MAP immediately upon reaching DH unless runway environment is in sight/safe landing can be made. PAR may expect control instructions until over landing threshold.

NPAs- MAP shall be executed immediately upon reaching MAP if visual reference is not established and/or a landing cannot be accomplished.

Circling/lost visual contact: “…the pilot should make an initial climbing turn toward the landing runway then maneuver in the shortest direction to become established on the missed approach course.”

MAP can be determined via DA/DH, station passage, DME, radial intercept

Circling Procedures and Circling Missed Approach

Circling

Crossing landing runway perpendicularly: time for 15 seconds (crew maintains sight of field), turn to intercept a downwind.

Circle to opposing runway: use rule of 80 to establish spacing for downwind. (40* turn for 40 sec, 45*/35s, 30*/50s, etc)

Circling Missed Approach

Initial climbing turn toward the airfield, specifically to the landing runway heading, to stay within the protected area (1.5 or 1.7 mi)

Continue the climbing turn to intercept the “worm track” of the Missed Approach instructions.

Bottom line is to have good SA, stay in protected airspace, and end up where ATC wanted you to end up. Don’t get too wrapped around the verbiage, it is common sense stuff.
Procedure Track
· Arc/Radial
· Teardrop

Use normal lead points if aircraft heading is within 90* of the procedure course when intercepting the IAF.

Overfly the fix as directed if heading is greater than 90* off from the procedure course.

Descend when abeam the IAF and on an intercept or parallel heading.

Arc/Radial

Use appropriate lead DME/Radial principles for given approach.

Keep the needle on the 90* benchmark for arcing, small corrections to maintain the published DME.

Call CDI alive and intercept approach course radial.

Teardrop

Published primarily when altitude loss requirements are greater than normal.

Not a PT, do not deviate from published ground track.

VDP

Provides obstacle clearance (when published) and a normal glidepath in order to maintain a “safe position to land”

HAT/300 ~= VDP DME for a 3* glideslope

Does not apply to precision approaches.

Mandatory compliance when published on non-precision approach.

RNAV (FMS, GPS, DME/DME, VOR/DME, And INS)

Area Navigation (RNAV) – A method of navigation that permits aircraft operation on any desired flight path within the coverage of ground or space based navigation aids or within the limits of the capability of self-contained aids, or a combination of these. 

Flight Management System (FMS) – A computer system that uses a large database to allow routes to be preprogrammed and fed into the system by means of a data loader. The system is constantly updated with respect to position accuracy by reference to conventional navigation aids. The sophisticated program and its associated database ensure that the most appropriate aids are automatically selected during the information update cycle. 

Global Positioning System (GPS) – Refers to the worldwide positioning, navigation, and timing determination capability available from the US satellite constellation. 
AIM 1-2-1
Waypoints

a) Fly-By Waypoints utilize a computer lead turn to roll out on track for next segment.

b) Fly-Over Waypoints require aircraft to cross the point prior to initiating  a turn. 

Legs

a) Track-to-Fix (TF) segments navigate along the point-to-point track between waypoints.

b) Direct-to-Fix (DF) segments navigate direct to the next waypoint after a fly-over waypoint.

c) Course-to-Fix (CF) segments intercept a designated course track to a point. Similar to TF segments.
d) Radius-to-Fix (RF) segments fly a constant DME arc from a designated center until reaching exit point along the arc.

FMS defaults to fly-by waypoints. Utilize the “/0” method to convert a point to a fly-over waypoint.

FMS defaults to TF segments. Utilize the “Double Tap” method to override and acquire DF guidance. Utilize the “Green Method” with a “Big Numbers” course to acquire CF guidance. 
GPS – the NavSpec value is the lateral accuracy in nautical miles which is expected to be achieved at least 95 percent of the flight time by the population of aircraft operating within the space, route, or procedure. The NavSpec numbers are the same for both traditional RNAV and newer RNP operations.

RNP – Required Navigation Performance is RNAV with on-board navigation monitoring and alerting. It is also a statement of navigation performance necessary for operation within a defined airspace. RNP requires special equipment and training to be authorized to fly RNP approaches/routes. (AIM 1-2-2)
DME/DME – the FMS will use the DME from two separate navigational sources to triangulate position. DME/DME will often be paired with IRU inputs to cross check position and will be written as D/D/I

VOR/DME – a less accurate method (due to characteristics of the VOR) which uses the VOR/DME off a conventional NAVAID to determine position

INS/IRU- inertial navigation systems or inertial reference units in the aircraft determine position based on the pitch, roll, and yaw inputs received throughout the duration of flight. The IRU will slowly “drift” away from true position throughout the flight. 
FAA Flight Plan
FAA Form 7233-1
Same information as a DD175.
Used for VFR and IFR flight plans.
Brief/Debrief Notes

////////////////////////////////////////////

Profile:

Hot Seat over KBKS

RNAV 17 @ KBKS via HILO holding

RH Generator Failure (Simulated)

RNAV 13 @ KIKG via HILO holding PM

VOR A @ KALI via D( ALI Full PT needle only circle 13 missed

Pt-Pt LAMMR

ILS 13 @ KCRP via Radar Vectors

PAR 13R @ KNGP via Radar Vectors

RH Brake Failure on full stop (Actual)

References:
AIM Figures 1-1-1 through 1-1-5
TiltMafia


5

