CEE 5614

Analysis of Air Transportation

Flight Planning

Dr.Antonio A. Trani

@ VirginiaTech
Invent the Future

Virginia Tech - Air Transportation Systems Laboratory



What is Flight Planning

- Procedure whereby airlines or individuals and ATC entities enter
INto a tentative agreement on what route will be flown.

- Several considerations are of paramount importance
Weather conditions (wind, visibility, etc.)
Aircraft weight and balance (to comply with c.g. envelope)
Traffic density over congested fixes and airports
Restricted ATC sections (SUA)
Fuel reserves

Aircraft performance and NAV capabilities (Minimum
equipment lists over NATYS)
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Differencesin Flight Planning and Schedule ——=
Planning (Airline Prespective)

-« While schedule planning looks at a 6-8 month horizon, flight
planning is concerned with daily aircraft operations (atactical
planning activity)

- Flight planning is carried out by professionals at every airline or
corporate department

- Private aircraft operators carry out their own planning using either
manual computations or software like the one being demonstrated
In class (Jeppessen Flight Star)
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Why is Flight Planning I mportant?

Enroute savings can save the airline Direct Operating Costs

2-3% Fuel consumption reductions are possble with wise planning
(1995 United Airlines study on possible savings over the Pacific
Ocean using SATNAV systems)

Pilots like to have information before a flight to avoid surprises
(weather being the most important reason)

Free flight operations will increase the need for real-time flight
plans
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Sample Flight Plan

The following flight plan illustrates an FAA approved
form
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| CAO Sample Form
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Flight Planning Software

Several computer software packages exist to automate
the flight plan process

. Jeppesen Flite Star
. Jeppesen Jet Planner Pro
- Web-based flight plan services

« Garmin FltPlan (fltplan.com)
- Skyvector (skyvector.com)
- Many others

CE 5614 - Analysis of Air Transportation Systems

7 of 50




Typical Proceduresin Flight Planning =~ ——=—
Software

| nputs

- Select aircraft
. Select origin-destination pair (quick flight plan option)

. Select type of route (great circle, point to point, high altitude
airways, etc.)

- Enter weight and balance information

Outputs:

- Travel time, fuel consumed, trip report, trip profile and a hard copy
(or electronic form) of the flight plan
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Sample Flite Star Pro Screens (Aircr aft
Selection Screen)

This screen shows various aircraft avallable to Flite Star
database

St Aircraft |
— T Pr e
Besch 1900 1300C MN99236
Beech King Air E30 MN348CC
Beech King &ir 100 BE10 BE10-0F.
Beech King Air 350 BE3R0 BE350-0K
Beech King &ir B200 BEZ0 B200-0F.
Beech King &ir C30 BESD BESC-0OF.
Beech King &ir F30  BESD Fa0-0F.
Beechjet BE 4000, MNETETG
Boeing 707-3008 BO7H NFOF00
Bosing 757-E4 B7EY MN7E7BA
Bosing B17 B17G o
Freinn B2 2200 RY27 M7T j

Select I Cancel |
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Sample Screens of Jeppessen Flite Star
Professional (ROA-CVG Flight)

[;;:'S' File Edt FPrefight Chart Diallp Reportz Window  Help
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Flite Star Screen (Flight Plan Profile)

WARNING: Terrain clearance is not guaranteed!
30000
2e000
22000
18000
14000
10000
BO00
2000 [ £ I ] S,
KROA PSE HwWD FUA  KCWG

Fower Temp Alt = e 2000

i i G000

& 9000

[ EtimiEe 12000

H5& 13000

24000

M S Set s 30000

B = 34000

B 33000

L 45000

R3000

-4R" 3 ooo

J
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Flite Star Screen (Acft. Weight and Balance)

] Fle Edt Preflght Chart [Diallp Beports Window Help

DB &2 @)= |85 e as] m

e ] I

Iterm Am_ Min Max Weight Ibs

D0, 12 - - 54700 a| 99500

Pilat/Co-Filot 42200 - S 340 j ﬂ

Obzerver Seat as0 - - (170 —

Front Attendant...  -241.0 - - 1340 B

Pax F-1 2620 -~ -~ [1020 T p

Fax R-2 2290 - - 1020 o

Pax R-3 1960 - - 11020 B

Pax R-4 1830 - - [1020 | « :

Total Weight [Ibs] 94990 S 995 a5

Center of Gravity [in] 05 FAE @ 4:loaded

= MAL BAET45 @ Landing

() Zero fuel

Within Ernvelope

J
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Flite Star Screen (Reporter)

PSK 116.80 === Pulaski (Dublin) N37°052" WOB0° 427" W6
climb 334 14606 247 451 H16.5 IIIIII:D'F & climb
333 | 31000 247 1953 181407 | 00157 power
334 | 31000 88| L&Y 457 2501 | 00:07° LRC
WS4 7100 334 388 | 462 C 149 6| 175806 | 00227
HYQ 117.40 =z:z=_Charleston N 38" 209" WO0B1°46.1" W2
J24 282 | 31000 289 L&Y 66 .3 7a89.1 | 00:104 LRC
MEA 18000 | 282 388 | 462 C 83.3| 168015 | 00:32°
Descend 282 | 31000 433 54 .4 218.5 | 00:07°
282 121486 434 28.9| 162830 | 00400
FLM 117.00 ==== Falmouth N 38" 38.9" WO0B4°18.6"' W4
Descand 330 121586 385 2848 2641 | 00:04 %
330 B9y 385 0D.0f 160185 | O0:44 9
KCVYG Cincinnati/'Norther N 39° 028" WO0B4°39.7" W3
Ramp weight (Ibs) 54890 Total distance 2784
Takeoff weight (Ilbs) 94450 Landing weight (Ilbs) 90268 Total time 045
Takeoff CG (in) -04 Landing CG {in) 1.3 Total fuel (Ibs) 4621
Takeoff %a MAC --—- Landing % MAC —
/
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@ VirginiaTech
Invent the Future

Example - Flight Plan Using Garmin
FLTPlan™ (https://www.fltplan.com/)

Assume we want to fly from KBCB (Blacksburg, VA)
to New York Teterboro (KTEB) airport

We will fly the Hokie Bird (a Cessna Citation Excel
XL)

The following screens show the typical information
supplied to the flight plan

Cessna Citation
Excel XL
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Invent the Future

Sample Flight Plan Information

FitPlan_,,, Note: Route is LYH FAK and JAIKE3
We plan to fly at FL 350 (35,000 feet)

Departure Airport BLACKSBURG, VA (GMT- =p Arrival Airport TETERBORO, NJ (GMT-4)
4)
TypE. |FR Dlstance: 369nm True Course: 54° Headwind(-) Tallwmd(+) -125 -100 -75 -50 -25 0 +25 +50 +75 +100 +125
PIC / Captain SIC / Co-Pilot Aircraft Call Sign (Optional) Depart Date
ANTONIO TRANI s s NS7VT 03/23/2020 Mon
Altitude Speed ETD @ Fuel @ S.0.B. Alternate Suggested Altn Remarks

350 B 321 1800 0300 2 KEWR KEWR - SAMPLE FLIGHT PLAN

Route Selection m
Direct ( 369nm )

* Own Route LYH FAK.JAIKE3

We selected a route
that avoids bad weather

between Blacksburg
and Washington
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3 VirginiaTech

Invent the Future

Sample Flight Plan : Map Builder

FltPlan,,, Map Buider

v ws

Hide Menu [ KBCB KTEB Full Route
Last Updated @ 03/22/2020 - 21:15:11 (local) ey -

s

Background Map | Jet Charts-US |

Airspace & TFRs Airports

~1Jet Airways "I TAC Charts

~I NRS Grid Fixes —| CAP Grid

) Victor Airways State Outlines

_I STARs ~1SIDs

"~ Helicopter Charts " Fuel Prices

“JIFR Terminals | Customs Locations

~ | SUA (Special Use Airspace) | Active Next 12 Hours % | g 4 Nl

& [
p—_7 £\
- Oy,
g 1
ag) Y T L= =5

Opacity: 70%

Weather Radar » TINCWF NCWF Info

IR Satellite ~ Lightning

| Visible Satellite

Surface Analysis

"~ Echo Tops

~1 Winds Aloft Altitude: | 35000 3 | @ Low Scale
Opacity: 50%
Width (in pixels): 12

Color:| Red %/

o N M 77 P

AL

select a route M

o

A

= s = WWZe 1ot avoids bad weather 2=
between Blacksburg
and Washington
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Flight Plan Information

@ VirginiaTech

Invent the Future

Route from KBCB to KTEB at FL200 Issued ETE Fuel [F

' m LYH FAK JAIKE3 - N
1 nﬂlaala:ﬂusn
~ Kitchener Cambridge
> Burlington T S

Saint Catharines &
London

Buffalo

Bad weather

“““““

WVe selected a route
that avoids bad weather
between Blacksburg
and Washington

“Richmond

Newport Nevg

- 3

Harrisburg W

A ;Syrécuse"

Allentown -~

) '&*xt

y Hamp!m
éﬂorfolk i

X Chesapeake

mf

T AR A

- + g N "
K. % o . . - o
AR W.mston-SaIem '!'l-}m Greensboro Do PES
o 0 2 L Hobaea 1| S 3. ,";a;y':
?3 | ,.."; : \_'j-‘?-":'. @ w Cary Raleigh s
B | A ' 755

g “',: o \ M 3 i‘ e

=
hiladelphia Toms River

350
Albany
'S
Hal
s WaleT[bL
e O
; ° New H
@ Stamford
Yonkers
New York

Trenton

‘ Cologne
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4 @ VirginiaTech

Flight Plan Information

Invent the Future

. AL-5475 (FAA)
(SETHY4.SETHY) 1622 VIRGINIA TECH/MONTGOMERY EXECUTIVE (BCRB)
e 1) SETHY FOUR DEPARTURE (RNAV) BLACKSBURG, VRGINA
F I tP I an com AWOS-3 TOP ALTITUDE:
e 133.325 , N 8000
S ) CTAF NOTE: Aircraft on TABER transition,
123.05 do not exceed 220K until e
T(;‘A;J:)Kf CINC DEL 2640 wogg:UM
Digital Approach Charts
e
SETHY S
U.S. GOVERNMENT FLIGHT INFORMATION PUBLICATION A BEMAR
° v
U.S. TERMINAL PROCEDURES ph F
PULASKI " o @o,\ 5630\0' /K /350
EFFECTIVE 0901Z Feb 27 2020 to 0901Z Mar 26 2020 PSK O ¢/ 0\\\\ /Bj .
MRUNN \/\ S
KBCB - VIRGINIATECH/MONTGOMERY EXECUT - BLACKSBURG, VA
i) PNG Format F
TAKEOFF MINIMUMS
ALTERNATE MINIMUMS
Instrument Approaches Instrument Approaches NOTE: GPS Required.
| RNAV (GPS) RWY 12 | RNAV (GPS) RWY 12 :8:: :‘:jﬁ’&ﬁfq” red.
~1 RNAV (GPS) RWY 30 ~I RNAV (GPS) RWY 30 NOTE: When in Radar contact expect vectors to filed/cssigned route.
] LOC/DME RWY 12 ] LOC/DME RWY 12

~| NDB-A NDB-A TAKEOFF MINIMUMS:
Rwy 12: NA-ATC
Rwy 30: Standard with minimum climb of 300’ per NM to 2640.
DP/SID Departures DP/SID Departures
| BEMAR TWO (RNAV) ~| BEMAR TWO (RNAV)
| SETHY FOUR (RNAV) ] SETHY FOUR (RNAV) R ke i

TAKEOFF RUNWAY 30: Climb heading 303° to 2640, then left turn direct SETHY,

Selected SETHY FOUR departure i

.. . .Via transition. Maintain 6000, expect clearance to filed altitude/Hight level

(SI D —_ Stan dard I N Stru ment 10 minutes ofter departure.
PULASKI TRANSITION (SETHY4.PSK):
Depa rcure Pr’oced u re) TABER TRANSITION (SETHY4.TABER):
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- @ VirginiaTech

Flight Plan : Arrival Route Information

Invent the Future

(JAIKE.JAIKE3) 17117 AL-890 (FAA)
w JAIKE THREE ARRIVAL (RNAV) TETERBORO, NEW JERSEY
Digital Approach Charts NG o r
132.8 379.9 ZENNS <", WANES
TETERBORO ARR D-ATIS v
114.2 ESSEX COUNTY Q ¢
U.S. GOVERNMENT FLIGHT INFORMATION PUBLICATION HOKSTCAMAIRANG MORRISTOWN MUNI 0. TETERBORO
U.S. TERMINAL PROCEDURES e LARRETR S MARRT &
WASHINGTON CENTER SOE%IERG b <> LINDEN
EFFECTIVE 0901Z Feb 27 2020 to 0901Z Mar 26 2020 s R >
a9 \b CENTI;gINJIFRSEY
e N\ SOMERSET
REGLE
KTEB - TETERBORO - TETERBORO, NJ 000
@ PNG Format g’, % WACKI
S/& 11000 and 250 KTS
TAKEOFF MINIMUMS 8=
Q
ALTERNATE MINIMUMS {{{\»\o\ ILEN%
LAHSO LAHSO i
J
HOT SPOT HOT SPOT :
J
3 : DME/DME/IRU or GPS required.
STARSs (Arrivals) STARSs (Arrivals) / GORDONSVILE ~ PALEO : Radar required.
JAIKE THREE (RNAV) ¥ JAIKE THREE (RNAV) [ g GV;ISE A N PEEDS NOTEE gmzva:)}alicable to turbojet
MAZIE TWO (RNAV) MAZIE TWO (RNAV) : IOYNM / \ Expect FL240 aircraft only.
] o /&~ pect Iest NOTE: Advise ATC prior fo speed
WILKES-BARRE FOUR WILKES-BARRE FOUR 3 || NOTINGHAM L RNISES recuction below 250K
3 i ‘)b'\} Sy e NOTE: RIC/HPW/PXT Transitions
BOOYA S {/ »*y” MOOUR as assigned by ATC only.
\ SR VALY
A, N o o
SRS I §S ARRIVAL ROUTE DESCRIPTION
. ol \\ S QBEES {2
electe arriva W o W e
S ARAMT My N FLAT ROCK TRANSITION (FAKJAIKE3):
R R S o / GORDONSVILLE TRANSITION (GVE.JAIKE3):
ro C e d u re Sta n d a rd I e rm I n al dQ{" ‘g‘?v‘p(v HOPEWELL TRANSITION (HPW.JAIKE3):
P S PATUXENT TRANSITION (PXT.JAIKE3):
rock 2 RICHMOND TRANSITION (RIC.JAIKE3):
M FAK S~
A Friva I - S I A R) /‘/\S&Q From JAIKE WP on track 047° to ILENE WP,
RICHMOND then on track 048° to WACKI WP, then on
RIC track 048° to MAZIE WP, then on track
HOPEWELL 059° to REGLE WP, then on track 059° to
HPW SBJ VOR/DME, then on heading 059°.
Expect radar vectors.
NOTE: Chart not to scale.

JAIKE THREE ARRIVAL (RNAV) TETERBORO, NEW JERSEY
\. UAIKE JAIKE3) 1mn11 )
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@ VirginiaTech
Invent the Future

Weather Information - Winds Aloft

-

-’@\

AVIATION WEATHER CENTER

o-

-

-
o~
')

{

)

)
\». . ‘

g —
[*”"“‘”** ] HOME ADVISORIES FORECASTS OBSERVATIONS TOOLS NEWS SEARCH ABOUT USER

Winds/Temps Forecasts W/T Home J W/T Piots fw/T
Overlays View Configure FB Wind Display at 34,000 feet valid 0600 UTC 23 Mar 2020

Valid timé:u]- — &] T'D
‘1@0 » <%
L§Z§' 4

M SO
55.’%/ op) i
A B 3~
\Q\\A “_5 k
) /ea, e MBI BFF ‘r@o A \GL o
FOP 51 /\,49” ]JFK a
@ \ Rty(?r11®/°|v [\
A Gz

Awatlon weather

web site at:
‘@ https://www.aviationweather.gov

Wwind OcCalm 2"—, 15kt b __ .60kt N__,25G30kt
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- @ VirginiaTech

Interpreting Wind Data

[ i Valid time:u] : &] "D‘
—{\ M@@@Lﬂ@“({%mﬁ@@@ '
)L_| 5 \&k,;m/ | K
% 2k §5/° -

Wind from the
Southeast
at 85 knots
wind OcCalm Z\—, 15kt b _ .60kt N_,25G30kt
\_ Y,
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Invent the Future

Interpreting Wind Data

wind OcCalm Z\“—, 15kt h_ .60kt N__,25G30kt
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Weather Information - Airport METAR

Airport Ceiling Visibility = Wind Speed Temp
KBCB B & @ & KBCB 230055Z AUTO 10009KT 10SM OVC035 07/01 A3040 RMK AO2 T00730006
KTEB @ @ 3 o KTEB 230051Z 14008KT 10SM CLR 03/M05 A3067 RMK AO2 SLP387 T00281050
KLGA & @ @ @ KLGA 230051Z 14010G18KT 10SM FEW050 SCT250 04/M06 A3068 RMK AO2 SLP389 T00391056 $
KEWR @ © & @ KEWR 230051Z 12007KT 10SM FEW030 SCT050 BKN250 04/M04 A3068 RMK AO2 SLP388 T00391039
KMMU @ & @ o KMMU 222345Z 16006KT 10SM BKN250 03/M03 A3066
KJFK o @ o @ KJFK 230051Z 11011KT 10SM FEW050 BKN250 03/M05 A3070 RMK AO2 SLP395 T00281050
KHPN & @ ® @ KHPN 230056Z 13011KT 10SM FEW060 01/M06 A3066 RMK AO2 SLP393 T00061061
KSWF © © & @ KSWF 230045Z 14010KT 10SM SCT120 03/M09 A3063
MOS Forecast @
Date/Time UTC Ceil Vis Wind Temp Details
0000z ® ® © ® Clouds: ovC > 12000 ft Vis: > 6 mi Wind:
03.00Z ® ® © ®  Clouds: ovC 3000 - 6500 ft Vis: > 6 mi Wind: Ceiling (1003 Feet)
06:00Z ® ® © ®  Clouds: ovC 500 - 1000 ft Vis: 3 to 5 mi Mist Wind: LIFR IFR MVFR VFR
Mon 0900Z ® @ © @®  Clouds: ovC 200 - 400 ft Vis: 3 to 5 mi Mist Wind:
03/23/2020 12:00Z ® @ © @®  Clouds: 0OvC 200 - 400 ft Vis: 1 to 2 mi Mist Wind: . <5< . <10 < ’ <30 < ‘
15002 ® @@ © ®  Clouds: ovc 200 - 400 ft Vis: 1 to 2 mi Mist Wind: ViSibility ‘MiIGS)
1800Z ® © & @ Clouds: 0OVC 200 - 400 ft Vis: 2 to 3 mi Mist Wind: LIFR IFR MVFR VFR

® <1< ® <3< @® <5< ©
Remember: all times Wind Speed (Knots)

Real Windy Windy Breezy Light

posted in Zulu time ® >30>0 >20-0 >10=> ©®

Temperature (Celsius/Fahrenheit)

(LOnCIOn) Cold Mild Hot
® <0/32< ® <30/8< @
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Invent the Future

Sample Flight Plan Using Skyvector

SkyVector % (f R & = Note: Route is LYH FAK and JAIKE3I
We plan to fly at FL 350 (35,000 feet

FlightPlan O &= B @ 0= & @x
Aircraft| N51VT | ¥ Spd|Mo62 | Alt[FL350) Fuel| 2000 | %0
Departure | KBCB | Virginia Tech/Montgomery Executive

Destination| KTEB | Teterboro

ETD  Zulu [ HHMM J(MM/DD JB  Local [ HHMM ) Mw/DD | 8
Dist: 391.0 ETE: 1:02 Burn: Routes ©
LYH - FAK

-

WARNING
W-107A

B 3

ATLANTIfC OCEAN

i . | J
24(093° 56nm D) Ve [ ) e
C a ] | ()
o
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mVlrglmaTech

nt the Futur

Sample Flight Plan Using Skyvector

Note: Route is LYH FAK and JAIKE3
We plan to fly at FL 350 (35,000 feet)

mmm
& KBCB S p wev - (€10 | ATO | EFR | AFR
o el 2 Lece |28 [l 00|20 562 T 1
Toc _ a2ec(sa) 331 o .- 807 392 585 T S
/ N 3729.20° ° o o
Q ;CX|0(1%1133 3;%‘00 ?;SS°C(-81?') 356 Z; Z; Bt ARk [ 12? 2(()).30
N 373177 ° ° °
—\TOD | e sseen 36 T le @1 1617 G
N 39"384T° ° ° c
SRS ) & [l Tase [T ar e [oraiE L0
N 40'51.01°
WO74'0365°

Note:

TOC =Top of climb point
TOD = Top off descent point
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