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FOREWARD

The user is assumed to be familiar with the following documents:

B . National Computer Center - IBM System,
f?ﬁ "NCC - IBM WYLBUR Guide"

. U.S. Environmental Protection Agency,
"NCC - IBM User's Guida”

] IBM, “05/vS2 TSO Command Language Reference Manual,"
GC28-0646-4

This manual describes the procedures for using the modified flight
procedures model developed by ORI, Inc, as it existed on the NCC computer

system on July, 1881,
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Abbreviation

A/C
ALT
ARPT
cr

EAS
EPR
EPA

SYMBOLS AND ABBREVIATIONS

knots,ft/sec

deg

vi

Description

Afrcraft

Airport altitude above sea-level
Airport

Speed_af sound

ferodynamic drag coefficient
ferodynamic 11ft coefficient
Afrcraft drag

Horizontal distance between f1{ight
path section end points

Afrcraft engine

Equivalent ai{r speed
Engine-Prassure-Ratio
Environmental Protaction Agency

Atmospheric temperature in degreas
Fahrenheit
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Symbol/

Abbrayiation

FAA

Fi

Fnl

Fnz

FPM
fpm

HAA
HBPR
HRALT
Hl1

H2
1BM

INM

KEAS

or
keas
K1bs

KTAS

LBPR
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Units

pounds
pounds
pounds
ft/min,
ft/min,

ft/sec/sec

feet

feet

feet

feat

deq.

knots

knots

pounds
knots, ft/sec

pounds

vii

Descriptian

Federal Aviation Administration

Average total net thrust
Average net thrust per engine at Hl
Average net thrust per engine at H2

Aircraft rate-of-climb or descent
Aircraft rate-of-climb
Acceleration of gravity

Height above afrport

High-by-pass ratio

Geopotential pressure altitude

Aircraft's altitude above the
airport at section end point 1

Afrcraft's altitude ahove the
afrport at section end point 2

International Business Machines
Carporation

Integrated Noise Model computer
program

Atmospheric temperature in degrees
kelvin

Equivalent air spead
Equivalent afr speed
One thousand pounds
Trua air speed
Afreraft 11ft

Low-by-pass ratio
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Symbol/

Abbreviation

LR

MACH

MCT

N

N1

NB

NCC
NOISEMAP
ONAC

TAPTK
TEMP
TEMPF
TEMPK
THPK
TOT
TRAT

TS0
TSTA

Units

OK/fbot

pounds

rpm

paunds

viti

Descrigtfon

First-layer standard Tapse rate
Mach number

Maximum c¢limb thrust

Humber of engines operating

Low pressure fan rotational speed
Narrow body

Naticnal Computer Center

NOISEMAP computer program

0ffice of Noise Abatement and
Control

Flight track turn radius
Equivalent earth radius

Engine rotational speed

Reference wing area

Sea~level standard temperature
Airport temperature

Airport temperature

Temperature

Temperature

Non-standard ambient temperature
Total net takeoff thrust per engine
Ratio betweeh the alrport's actual
ambient temperature and the sea-
level standard temperature

Time Sharing Optiaon

Standard ambient temperature
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Symbol/
Abbreviation

Crr

USAF

Ve
Vs

VT1
VT2
vz
v

V35

ft/sec
ft/sec/sec

ft/sec
knots
ft/sec
ft/sec
ft/sec
fpm

knots

knots

KEAS ,KTAS
KEAS ,KTAS
pounds
degrees
dagrees

feet

degrees

ix

Description -

Flap retraction time
United States Air Force

Afrcraft velocity
Aircraft acceleration

Equivalent air speed
Equivalent air speed at stall
True air speed

True air speed at Hl

True afr speed at H2
Rate-of-climb

One-engine out takeoff safety
speed

Equivalent air speed at 35 feet
HAA

Aircraft air speed at Hl
Alreraft air speed at H2
Aircraft weight

Wide-body

Alrcraft body angie of attack
Afrcraft flight path angle

Change in vertical altitude from
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Ratic of ambient pressure to sea
level reference pressure of 33.73
inches of mercury

Aircraft flap position or setting
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Symbol/

Abbreviation

deg

radians/sec

Tbs~sac?
!

1bs-sec?
ftt

deg

Description
Altitude pressure ratio at Hl

Altitude pressure ratio at H2

Altitude pressure ratio at
(H1 + H2)/2

Altitude temperature ratic

Flight track turn angle
Aircraft turning rate

Ratio of the total temperature at
the fan stage face to sea level
reference temperature of 779F

Ambient air density

Air density at sea level

‘Altitude density ratioa

Aircraft banking angle
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I. [INTRODUCTION

BACKGROUND
Under Task 38 of EPA/ONAC Levelw-of-Effort Contract No. 68-01-6151,

- ORI, Inc. identified and collected performance and operational data and infor-

mation required to construct flight paths and perfermance schedules for
selected commercial aircraft types powered by turbofan engines.! As part of
the task effort, ORI, Inc. alsc aevaluated available flight procedure computer
programs to identify existing analytical and computer programming work which
could be used 1n developing a modified computer program model to generate
afreraft flight path and performance schedule data which are compatible with
the input data requirements of the FAA's INM and the USAF's NOISEMAP.???

In a follow=-on task, ORI, Inc, developed modifiad analytical al-
gorithms for constructing alrcraft flight paths and performance schedules for
specified operational procedures. These algorithms were derived from funda-
mental aircraft and engine performance relationships or from operational
characteristics applicable to specific aircraft types. Based on these al-
gorithms, a computer model was developed and instalied on the EPA's IBM 360/
370 computer system (NCC). The program was written in FORTRAN IV language and

executed interactively under TSO.

‘ In developing the modified f19ght procedures model, it was found
that Tittle of the existing analiytical and computer programning work could be

i 1-1
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utilized. In general, the structure of the existing models and the modeis'
algorithms were not compatible with the performance and operational data and
information requirements described in Reference 1. In addition, the "simplified"
relationships used fn most of the existing models to describe the aircraft's
performance and operational characteristics could not provide the specialized
capabilities which were identified as requirements of the modified flight pro-
cedures model, Furthermore, incompatibility between the EPA's computer system
and the systems used to operate many of the existing fl1ight procedures models
prevented the use of much of the existing computer programming work in the
development of the modified flight procedures program.

OBJECTIVES

The objectives of this program effort were to: 1) develop modified
analytical algorithms for constructing afrcraft flight path and performance
schedules for specific operational procedures, 2) develop a computer program
model based on these modified anaiytical algorithms such that the output is
compatible with the input data requirements for FAA's INM and the USAF's
NOISEMAP, 3).1nstall the computer program model on the EPA's, IBM 360/370 com-
puter system and demonstrate the operation of model, and 4) prepare a user's
manual which provides a detailed description of the use and application of the
computer program model. This report describes the work performed in accom-

plishing these objectives.

1-2
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II. DESCRIPTIOM OF THE MODIFIED FLIGHT
PROCEDURES MODEL '

The medified flight procedures model can be used to construct alr-
craft flight paths and performance schedules for takeoff and for approach and
§*“3 . landing operations performed in accordance with specified flight procedures.
The alfrcraft types considerad in the model are representative of all types of
in-service commercial aircarrier aircraft powered by low-by-pass ratio (LBPR)
and high=-by-pass ratic (HBPR) turbofan engines. The current fleet of "narrow
body" aircraft types are powered by LBPR engines and the "wide body" aircraft
types are powered by HBPR engines. The following six generic aircraft classes
are represented:

2-Engine LBPR-Narrow Body (2E-LBPR-NB)
3-Engine LBPR-Narrow Body ({3E-LBPR-NB)
4~Engine LEPR-Narrow Body {4E-LBPR-NB)
2-Engine HBPR-Wide Body (2E-HBPR-B)
3-Engine HBPR-Wide Body (3E-HBPR-WB)
4-Engine HBPR-Wode Body (4E-HBPR-WB)

Table 2-1 presents a 1isting of spacific aircraft types which are representative
of the above generic classes and identifies the aircraft selected to represent

ey b e

each generic class. The engines used to power the selected afrcraft are also
presanted on Table 2-1.

2«1




TABLE 2-1
AIRCRAFT/ENGINE IDENTIFICATION AND SELECTION

Generic Representative Afrcraft Selected Engine Used to
Afrcraft Afrcraft To Represent Generlc Power Selected
Class Types Class Afrcraft
2-Engine LBPR-Narrow Body 737/DC-9/BAC-111 737-200 ADV. JT8D-15
3-Engine LBPR~Narrow Body 727 7127-200 ADV. JT8D-15
4-Engine LBPR-Narrow Body 707/DC-8/720 707-300 B JT3b-38/C
E: 2-Engine HBPR-Wide Body A300/757/767 * JT90-20
3-Engine HBPR-Wide Body DC-10/L-1011 DC-10-10 CF6-6D
4-Engine HBPR-Wide Bady 747 747-200 JT90-7

*A pseudo afrcraft has been used to represent the generic class of 2-engine HBPR-wide body alrcraft
types. Aircraft performance and operational data and informat{on for the pseudo atrcraft were based
on actual data and informatfon for the DC-10-40, The pseudo aircraft is powered by two (2) JT9D-20

englines.
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The range of airport, aircraft, and engine operatiormal parameters
for the aircraft types considered in the flight procedures model are shown
on Table 2-2. The maximum operating speed allowed by the model for all air-
craft types is 1imited to 250 KEAS. The minimum operating speed is con-
sidered to be the afrcraft stall speed {¥s}. The stall speeds are functions
of flap setting and aircraft weight and can be determined from the cperational

data presented in Reference 1,

A detailed description of the flight precedures model is presented
in the following sections.

TAKEQOFF OPERATIONS
The takeoff operations which may be modeled include the following:

0 Acceleration from brake release to point of 11ft-off
with constant flap and thrust settings; landing gear
extended

'} Acceleration from point of 11ft-off to 35 feet
height above afrport (HAA) with constant flap
and thrust settings; landing gear extended

. Acceleration from 35 feet HAA to 400 feet HAA
with constant flap and thrust settings; injtiate
and complete landing gear retraction

o Climb at constant equivalent air speed (EAS),
" and constant flap and thrust settings; landing
gear retracted

] Acceleration with changing flap setting, and
with a constant thrust setting; landing gear
retracted

. Acceleration with constant flap and thrust
sattings; landing gear retracted

L] Accelaration with constant flap satting and
with changing thrust setting; landing gear
retracted

2-3




AIRPORT PARAMETERS

TABLE 2-2

RANGE OF AIRPORT, AILRCRAFT,. AND ENGINE OPERATIONAL PARAMETERS
FOR THE AIRCRAFT TYPES CONSIDERED IN THE FLIGHT PROCEDURES MODEL

AIRCRAFT_PARAMETERS

k)

Climb Speeds

Pressure Temp. c !
Aircraft Altitude Range , Flap Positions, Degrees, &g Weight Range, Kibs, W Above V2,
Type Range, Feet Degrees, ° Takeo ff Approach Takeoff Approach Knots,KEAS
2E-LBPR-NB 0 to 6000 30 to 100 1,2,5,10,15,25 0,1,2,5,10,15 70 to 125 70 to 110 15,20,30
. 28,25D,30D.40D
3E~LBPR-NB 0 to 6000 30 to 100 5,15,20,25 0,2,5,15,20,25, 110 to 230 100 to 160 10,20,30
25p,300,40D
4E-LBPR-NB 0 to 6000 30 to 100 14 0,14,25,25D 190 to 330 160 to 260 10,20,30
400,500 |
2E-HBPR-WB 0 to 6000 40 to 95 5,15,25 0,5,15,25,35 198.3 to 360 190 to 330 10,20,30
50,350,50D
3E-HBPR-WB 0 to 6000 40 to 95 0,10,20 0,5,10,20,35, 260 to 440 240 to 380 10,20,30
80,35D,50D
AE-HBPR-HB 0 to 6000 30 to 100 10,20 0,1,5,10,20 500 to 800 450 to 650 10,20,30
20D0,25D,30D

l/Landing gear up for approach flaps except for those designated with a D.

)
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TABLE 2-2 (Continued)
ENGINE PARAMETERS

Maximum Ciimb Thrust
Engine-Pressure-Ratio (EPR)} Setting

Total Net Takeoff Thrust (TOT) or _lLow Pressure Fan Speed Setting (N1)

Pressure True Air Anbient Pressure Ambient

Aircraft Altitude Speed Range, Temp. Range, Altitude Temp. Rangg,

Type Range, Feet Epots, KTAS Degrees, F Range, Feet Degrees, F
2E-LBPR-NB 0 to 6000 100 to 300 0 to 122 0 to 30000 -4 to 122
3E-LBPR~NB 0 to 6000 100 to 300 0 to 100 0 to 30000 -4 to 122
4E-LBPR-~NB 0 to 6000 0 ta 300 -6.5 to 120 0 to 30000 -4 to 113
2E-HBPR-UB 0 to 8000 0 to 300 20 to 100 0 to 30000 -5 to 103
3E-HBPR~WB 0 to 8000 0 to 300 20 to 100 0 to 30000 0 to 100
4E-HBPR-HB 0 to 6000 100 to 300 -6.,5 to 103 0 to 30000 -5 to 103

R S RTINS WANCE TR
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TABLE 2-2 (Continued)

ENGINE PARAMETERS

Referred Net Thrust, (Fn/G)

Referred Low Pressure Fan
Speed, (Nl/#@Tz), RPM

Alrcraft N1/vOT, MACH MACH
Type EPR Range fange, RPM Number Range EPR_Range Number Range
2E-LBPR-NB 1.05 to 2.40 - 0.0 to 0.5 - -
3E~-LBPR-NB 1.00 to 2.40 - 0.0 to 0.5 - -
AE-LBPR-NB 1.00 to 2.00 - 0.0 to 0.5 - -
2E-HBPR-WB 1.00 to 1.55 - 0.0 to 0.5 1,00 to 1.65 6.0 to 0,5
3E~-HBPR-WB - 2060 to 3776 0.0 to 0.5 - -
4E-HBPR-WB 1.00 to 1,75 - 0.1 to 0.5 1,00 10 1.75 0.1 to 0.5

Ethc



(] Climb at constant EAS and constant flap setting,
and with changing thrust setting; landing gear
retracted

° Climb at constant EAS with changing flap setting,
and with constant thrust setting; landing gear
retractad.

These nine takeoff operations can be used to model the takeoff
flight procedures which are currently used or capable of being used in
routine departures.* Each procedure consists of three flight path segments
which are identified by their principal operational activities. The seg-
ments are defined as:

¢ Ground-rol1l and inttial:z¢limb
e Thrust reduction

’ Mormal climb.

Each of these three segments may be comprised of several sections {in which
the aircraft performs various operational activities such_ as landing gear
retraction, flap retraction, acceleration, and thrust adjustment. The lo-
cation at which these activities are inftiated and the sequence of their
occurrance will depend on the specific flight procedure employed.

The operational procedures performed during the ground-roll
and initial climb to 400 feet HAA are identical for all afrcraft types
considered in the model, 1.e., constant thrust setting (all-engine takeoff
thrust}), canstant flaps, and landing gear retracted by 400 feet HAA. The
only variations to these operational parameters which the model will allow fn-
clude the {nitfal takeoff flap setting and initial climb speed, Starting with
the section beginning at 400 feet HAA, eight takeoff operational procedures,
or options, may be used to construct the complete flight path and per-
formance schedule. Each of the eight options may be used to define a
straight or curved flight path section. The following is a brief descrip-
tion of these qptions,
*A detailed description of these procedures {s presented in References 1 and 4.

2-7




PEVFAR AUl il et wd bl

Option MNumber 1

This option defines a flight operation performed at constant
equivalent speed, constant flap setting, constant thrust setting, and
landing gear retracted. The average flight path angle is computéd from
the following flight path and performance variables: (1) height above
afrport, (2) true air speed, (3) average total net thrust, (4) flap setting,
and (5) aircraft weight.

Option Number 2

This option defines a flight operation performed at constant
equivalent speed, constant flap setting, constant thrust setting, and
landing gear retracted. The average total net thrust is computed from the
following fiight path and performance variables: (1) height above airport,
{2) true air speed, (3) rate-of-climb, (4) flap setting, and {5) afrcraft
weight.

Option Number 3

This option defines a flight operatien performed at constant
equivalent speed, constant flap setting, constant thrust setting, and
landing gear retracted. The average total net thrust is computed from the
following flignt path and performance variables: (1) height above airport,
(2) true air speed, (3) average flight path angle, (4) flap setting, and
(5) atrcraft weight.

Option Number 4

This option defines a flight operation performed at constant equiva-

lent speed, constant flap setting, constant thrust setting, and landing gear

retracted. The average flight path angle is computed frem the following f1ight

path and performance varfables: (1) height above afrport, (2) horizontal
distance between flight path section end points, {3} true air speed,
(4) average total net thrust, (5) flap setting, and (6) aircraft weight.

Option Number 5

This option can be used to define the following three {3) flight
operations: a) acceleration with constant flap setting, and constant thrust
setting, b) constant equivalent speed, constant flap setting, and changing

2-8
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thrust setting, c} acceleration with constant flap setting and changing
thrust setting. All three flight operations are performed with the air-

craft's landing gear retracted. The average flight path angle 15 computed

from the following flight path and performance variables: (1) height above

airport, (2) true air speed, (3) average total net thrust, (4) flap setting,
(5) aircrart weight, and (6) rate-of-climb {optional for flight operations
a and c).

Option Number 6

This option defines a flight operation performed with aircraft
acceleration, constant flap setting, constant thrust setting, and landing
gear retracted. The average flight path angle is computed from the fol-
Towing flight path and performance variables: (a) height above afprort,
(2) true air speed, (3) average total net thrust, (4) flap seeting, (5)
aireraft weight, and (6} rate-of-climb (optional).

Option Number 7

This option defines a flight operation performed at constant
equivalent speed, constant thrust setting, changing flap setting, and
landing gear retracted. The average flight path angle is computed from
the following flight path and parformance variables: (1) height above
airport, (2) true air speed, (3) average total net thrust, (4) flap setting,
{58) flap retraction time, and {6) aircraft weight.

Option Number 8

This option defines a flight operation performed with aircraft
acceleratian, constant thrust setting, changing flap.setting, and Tanding
gear retracted. The average fl1ight path angle is computed from the foi-
Towing flight path and performance variables: (1) hefght above airport,
(2) true air speed, (3) average total net thrust, (4) flap setting, (5)
flap retraction time, (6) afrcraft weight, and (7) rate-of-climb.

APPROACH AND LANDING QPERATIONS

The approach and landing f1ight operations which may be modeled
include the following:

2.9




FAFSAR VMWW LwSudd

® Descend at constant EAS, and constant flap and
thrust settings; landing gear retracted or ex-
tended

. Descend at constant EAS or deceleration with constant
flap setting and with changing thrust setting; Tanding
gear retracted or extended

. Level flight at constant EAS, and constant flap and
thrust settings; landing gear retracted or extended

. Level flight deceleration with constant flap setting
and with changing thrust setting; landing gear re-
tracted or extended.

The flight procedures model provides an option for each of the
above approach and landing operations. Each of the four options may be
used to define a straight or curved flight path section. Also, flap settings
can be changed at saction end paints to represent "flap management" approach
proceduras. A description of these options is presanted below.

Optian Number 9

This option defines a flight operation performed at constant
equivalent a1r speed, constant flap setting, constant thrust setting,
and landing gear retracted or extended. The average flight path angle is
computad from the following flight path and performance variables: (1)
height above airport, (2) true air speed, {3) total net thrust, (4) flap
setting, and {5) alrcraft weight.

Qption Number 10

This option defines a flight operation performed at constant
equivalent air speed or ajreraft deceleration with constant flap setting,
changing thrust,setting, and landing gear retracted or extended. The
average total net thrust is computed from the following flight path and
performance varfables: (1) height above ajrport, (2) true air speed,

(3) rate-of-descent, (4) flap setting, and (5) aircraft weight.

Option Number 11
This option defines a flight operation performed at constant

2.10
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equivalent air speed or aircraft deceleration, with constant flap setting,
changing thrust setting, and landing gear retracted or extended. The
average total net thrust is computed from the following flight path and
performance variables: (1)} height above airport, (2) true air speed, (3)
flight path angle, (4) flap setting, and (5) aircraft weight.

Option Number 12

This option can be used to define the following two (2) flight
operations: a) Tevel flight at constant equivalent air speed, constant flap
setting, and constant thrust setting, or b) level flight deceleration with
constant flap setting, and changing thrust setting. Both flight operatians
can be performed with the landing gear retracted or extended. -The average
total net thrust {s computed from the folloiwng flight path and performance
variables: (1) height above airport, {2) true air speed, (3) horizontal
distance traveled during the flight operation, (4) flap setting, and (5)
aircraft weight. )

MODEL INPUTS . .

The flight procedures model uses an extensive a1rcraf£ and engine
performance data base to construct flight path and performances schedules.
Most of these data are stored internally on data base files which are read
by the main program prior to program executfon. The stored input data used
by the model for both takeoff and approach and landing operational procedures
include the following:

] Alrcraft reference wing area

8 All-engine dfstance from brake release to 35 feet

HAA and 400 feet HAA over a wide range of alrcraft

weights, flap settings, airport temperatures, and
airport pressure altitudes

» Equivalent afr speeds for takeoff over a wide range
of afreraft weights and flap settings*

*These include the all-engine EAS at 35 feet HAA (V35) and the one-engine
out takeoff safety EAS (V2).

2-11
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Engine thrust parampters over a full range of takeoff

and approach and landing conditions and thrust require-
ments. These parameters include: (a) all-engine net
thrust as a function of air speed, temperature, and al-
titude (for takeoff operations), {b} referred (or cor-
rected) net thrust {Fn/4) as a function of engine-
pressure-ratio (EPR) and air speed, (¢) referred (or
corrected) low pressure fan speed (Nl//'ﬁfz) as a function
of EPR and air speed, and {d) referred (or corrected) net
thrust as a function of Tow pressure fan speed and air
spaed

Aircraft 1ift and drag coefficients as a function of
takeoff flap settings and landing gear position.

Input data which are supplied or selected by the program user

include the following: oy
. Airport temperature and pressure altitude ‘
] Aircraft weight
. Engine thrust parameters
] Flap setting
(] Climb and descent equivalent air speeds (including
the climb speed above the one-engine out takeoff safety
speed, Y2)
. Flap retraction speed schedules and times -
] Turn radius (when turning operations are performed).

MODEL QUTPUTS

Each atrcraft flight profile consists of a number of f1ight path
sections. The number of sectfons comprising each profile will depend upen
the type of flight operation and the procedure used. The cutput from the
flight procedures model provides aircraft and engine perférmance data for

each section of the profile.

Spectific types of data presented depend upon $.

the aircraft type considered. When turning operations are performed, the

2-12
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flight track turning angle fs computed from a specified turn radius and is
presented as part of the cutput. A complete 1isting of the model output

data is presented below:

Total time from brake release {or to touchdown), minutes -
TOT .MIN.

Horizontal distance from brake release {or touchdown},
feet - DIS.(FT)

Height above the airport, faet - HAA(FT)

True air speed, KTAS - VT{KTAS)

Equivalent air speed, KEAS - VE{KEAS)

Rate-of-c1imb (or descent), feet/min. - ROC{FPM)

Flight track turn angle, degrees - TURN ANG

Average climb angle, degrees - CLM ANGL

Average angle-~of-attack, degrees - ALPHA

Average aircraft body angle, degrees - BOD ANGL

Flap setting (at section endpoints), degrees - FLAPl, FLAPZ
Thrust, (at section endpoints), lbs. ~ FN1(LBS), FNZ2(LBS)
Referred net thrust (at section endpoints) 1bs - FNDEL1l, FNDEL2
Engine-pressure-ratioc (at section endpoints) - EPR1, EPR2

Referred low pressure fan speed (at section endpoints),
RPM - FAN SPD1, FAN SPD2

AIRCRAFT PERFORMANCE ALGORITHMS

The flight procedures model uses the following three aircraft
performance equations to construct flight paths and performance schedules:

e A P e L " ey L
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where:

W

F,cos ag =D + r V + W siny -(2-1)
{L + Fn sin uB) cos ¢ =Wecos Y {22}
(L +F sinag) sin ¢ = E-é VY cos vy {2-3)

n B g "¢

Total net thrust

Aircraft weight

Acceleration of gravity

Aircraft drag

Aircraft 1ift

Aircraft velocity along the flight path axis

Aircraft acceleration

Body angle-of-attack, degreeas

Climb angle, dggrees

Afrcraft banking angle, degreas

Aircraft turning angle in the horizontal piane, degrees

Aircraft turning rate, radians per second

Equation 2-1 describes the forces acting on the afrcraft in a direction aileng
the f1ight path axis. Equations 2-2 and 2-3 dascribe the forces acting normal
to the flight path axis. Equations 2-1, 2-2, and 2-3 are general 1n that they
are applicable to straight flight paths (¢ = 0} and to curved flight paths

{¢ # 0) which result from turning operations. In deriving equations 2-1, and
2.2, two assumptions were made: 1) the net thrust can be considerad to act
along the aircraft body axis, i.e., the angle between the thrust vector and
aircraft body axis is approximately equal to 0, and 2) the centrifugal force
component, resulting from a change in flight path angle, is small compared to
the other forces normal to the flight pa;h axis. Both of these assumptions have

been shown to be reasonable. Fﬁgdres Z-i—EEH"é:§”¥dent1fy the various
forces acting on the aircraft during a turning operatien. Fiqure 2-1 shows
the forces acting normal to the flight path axis and Figure 2-2 shows the
forces acting in the horizontal plane. From Figure 2-1, it can be seen that

2-14




FPART SN St bl

Horizontal Plane

———— Vertical Plane

(L +F, sinag) cos

¢ -]

Bc V cos v

ul=

W cos ¥y

FIGURE 2.1, FORCES ACTING ON THE AIRCRAFT DURING TURNING
: OPERATIONS (NORMAL TO THE FLIGHT PATH AX1S)
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(L+F,

L+ F,
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Flight Track

Y

(L +F, sin ag) sin ¢

D cos ¥

FIGURE 2-2, FORCES ACTING ON THE AIRCRAFT DURING TURNING
. OPERATIONS (IN THE HORIZONTAL PLANE})
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an equation for the banking angle ¢ can he expressed as:

6.V
¢ = arctan -5 (2-4)

where éc is the aircraft's turning rate in radians per sec. The turning
rate can be expressed as’®

8

. = V cos ¥ (2-5)

whare R.is the afrcraft's turning radius as measured in the horizontal
plane. Using equatfion 2-5, the banking angle can alsa be expressed as:

2
_ Y cos vy
¢ = arctan ( H“7ﬁ;__> (2-6)

The afrcraft 11ft and drag forces are defined by the following

equations:

1 1
D-vaTsc--z- v 5.Co (2-7)
L=1VSC=10V s ¢ (2-8)
TR WL T T WL -

whare:

p = ambient air density
Py = afr density at sea lavel

V., = equivalent alr speed of the aircraft
VT = true afr speed of the aircraft

S, = aircraft wing area

Cn = aircraft drag coefficient

C, = alrcraft 11ft coefficient

For a given flap setting and Tanding gear position, the afrcraft
drag coefficient (CD) is caleulated as function of the 1ift coefficient
{C ) For a given flap setting and landing gear position, the aircraft
11ft coefficient (C ) 1s calculated as a function of the body angle-of-
attack (ag). A description of the C, and Cp computational algorithms 1s

presented in Reference 1.
2-17
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ATMOSPHERIC PARAMETERS

The atmosphere used with the fiight procedures model was con-

structed using algorithms described in References 6 and 7. Sea-level pressure

altitude and 779F were selected as the reference atmospheric conditions. The
following sections discuss the components of the model atmosphere,
Geopotential Pressure Altitude
The geopotential pressure altitude is computed from:
HPALT = (ALT+*Re)/{ALT + Re) (2-9)
where:
HPALT = geopotential pressure altitude, feat
ALT = pressure altitude, feet
Re = gquivalent earth radius (20,844,820 feet)
Standard Temperaturs -
The standard ambient temperature is computed from:
TSTA = To - LR<HPALT {2-10)
wherea:
TSTA = standard ambient temperature, °K
T, = sea-level standard temperature, 298,15%
LR = first-layer standard lapse rate, 1.9812x1077 %/ foot
Conversions from degrees Fahrenheit to degrees Kelvin were com-
puted from:
TEMPK = (TEMPF + 459.67)/1.8 (2-11)
where: ]
TEMPK = temperature in %K
TEMPF = temperature in O
Gt

2-18
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Non-Standard Temperature

The nan-standard ambient temperature is computed from:

THPK = TRAT-TSTA {2-12)
where;
THPK = non-standard ambfent temperature, K
TRAT = ratio between the airport's actual ambient temperature

and the sea-~level standard temperature

Altitude Pressure Ratio

The altitude pressure ratio (6) is computed from:
5 = (TsTA/T)°-2588 (2-13)

Altitude Temperature Ratio

The altitude temperature ratio {8) is computed from:

£ & = (TAPTK/T,) . (2-14)
h where:
TAPTK = airport temperature, °K
Altitude Density Ratio
The altitude density ratio (o) is computed from:
g = 8/8 (2-15)
where:
5§ = altitude pressure ratio
9 = altitude temparature ratio
Speed of Sound
The speed of sound is computed from:
CT = 65.783 VTHPK (2-16)
where:
N CT = speed of sound, feet/sec
-’

g-19
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III. PROGRAM EXECUTION

MODEL DESIGN

The basic structure of the modified flight procedures model {s
shown on Figure 3-1, The flight procedures computer model is totally inter-
active, 1.e,, it is designed to interact with low-speed remdte terminals ’
during its execution. During program execution, the model user {s prompted
for specific data required to construct the aircraft flight paths and per-
formance schedules,

HOW TO RUN THE FLIGHT PROCEDURES MODEL

After the T30 logen procedure has been completed*, the computer
system responds by displaying "READY". The user is now connected with the
T50 interactive computer system and is ready to execute the flight pro-
cedures model, If the user 1s signed on under the user-ID EPATFP, the model
is executed by typing:

EXEC FLYPRO(GOMAIN)

If the user is signed an under another user~I1D, the model {s executed by

typing:
EXEC 'CN.EPATFP.MUSN.FLYPRO.CLIST(GOMAIN)'

*An exampie TSO logon procedure 1s presented in Appendfx B,
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REQUEST
AIRCRAFT
TYPE

CRAFT/ENGINE
DATA BASE

AIRPORT
TEMP. AND
PRESS. ALT.

FIGURE 3-1. BASIC STRUCTURE OF THE MODIFIED
FLIGHT PROCEDURES MODEL
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REQUEST
TYPE QF
QPERATION

PROCEDURE
?

INITIALIZE
TAKEQFF
PARAMETERS

INITIALIZE
APPROACH
PARAMETERS

i

S — e e 8 4 P e vy

CONSTRUCT
FIRST THREE

PROFILE
SECTIONS

FIGURE 3-1.

SET
SECTION
COUNTER
TO 3
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FIGURE 3=1,

EQUEST
FLIGHT
PROCEDURE
OPTION

v
CONSTRUCT
SECTION FOR
SELECTED
OPTION

DISPLAY

STEP

END
PROCEDURE
?

SET
SECTION
COUNTER

J
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REQUEST
NEXT
STEP

REPEAT
SE%TIUN

SECTION
COUNTER

INITIALIZE
BEGINNING
OF NEXT
SECTION

SAVE
QuUTPUT ////

¥

9

FIGURE 3-1, (CONT.)
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After the execution command is typed, the system will respond
with the following:
FOR ALL INPUTS: SEPARATOR IS COMMA, BLANK(S), OR TAB
TWO COMMAS ENTER NULL ITEM IN LIST, SLASH ENDS LIST

LITERALS ARE LEFT-JUSTIFIED. ABBREVIATIONS ARE NOT ALLOWED.
NUMERICS MAY CONTAIM SIGN AND/CR DECIMAL POINT

THIS PROGRAM IS DESICGNED TO HANDLE THE FOLLCWING AIRCRAFT TYPES:

1 - 2E-LBPR-NB 4 - 2E~HBPR-~WB

2 = 3E-LBPR-NB 5 - 3E-HBFR-WE

3 - 4E-LBPR~NBE 6 — 4E~-HBPR-WB
SELECT PLANE TYPE 1-6

?

Next, the user selects the aircraft type be considered by the
model and the airport temperature (®F) and pressure altitude (feet). The
user 1s then asked if the program executfon is to "continue as is" using the .
selected aireraft type and airport parameters. If the user responds with
"YES", the type of operational procedure, either a takeoff or an approach
(and landing), is then selected. If a response of "NO" is given, the user
is given the opportunity to select new airport parameters (with the same
aircraft type), or new airport parameters and new aircraft type. An example
of the interaction between the user and the computer system during the
selection of the aircraft type, afrport parameters, and type of operational
procedure is shown below:

SELFCT PLANE TYPE 1-6

?

6 .
ENTER ‘AIRPORT TEMP(DEG=F),ALT{FT)

?

59,0

- PLANE TYPE 6 IS 4E HBPR WB
ATRFORT TEMP(DEG.F} = 59.0 ALTITUDE(FT) = 0.0
DO YOU WANT TO CONTINUE AS IS 7 YES CR NO

YES .

PROFILE TYPES ARE TAKECFF OR APPROACH
LO YOU WANT TAKECFF PROFILE ? YES OR NO

YES

3-7
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Takeoff Procedures
I1f the takeoff procedure is selected, the user is asked to select

or provide the following information:
s Aircraft weight

Initial takeoff flap setting
Climb speed above the one-ergine out takeoff safety

[ ]
speed (V2).

Based on these data, the aircraft's flight path and performance scheduie

for the ground-roll section and the initial climb sections (to 400 feet

HAA} are determinad.* From point of 1ift-off to 400 feet HAA, the following
operational procedures are used for all aircraft considered in the model:

1) canstant thrust setting {(ail-angine takeoff thrust), 2) constant flaps,

and 3) at 400 feet HAA, landing gear retraction completad and final first

segment climb speed achieved. An example of the interaction between the user
and the computer system in constructing, the first three sections of a take-

off flight procedure is shown below:

ENTER TAKEQCFF FLAP SETTING INDEX
INPUT INDEX FLAP SEITING, DEG

1 10.000
2 20.000
? o
1 .
?ENTER AIRCRAFT WI'{KLBS} :: WITHIN RANGE QF 500.0 O 800.0
700
INPUT INDEX CLIMB SPEED ABOVE V2
1 10.00Q0
2 20,000
3 20.000 '
?
1
INDEX OF 1 GIVES CLIMB SPEED ABCVE V2 = 10.000000

*Three sections areé used to detine the operation of the aircraft from brake
These sections are: 1) brake release to point

release to 400 feat HAA.
of Vift-off, 2) lift-off to 35 feet HAA, and 3) 35 feet HAA to 400 feet HAA.

3-8
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or options

Starting at 400 feet HAA, eight takeoff operational procedures,
» may be used to construct the complete flight path and performance

schedule for an aircraft operating in accordance with a specified takeoff

procedure.

The complete flight path and performance schedule is comprised

of a number of individual sections in which the atreraft performs various
operational activities, The eight takeoff options considered in the flight
procedures model represent the operational activities associated with the
procedures currently used or capable of being used in routine departures.

Figure 3-2 presents a generalized flight path and flight track

section and defines the section input and output parameters. Table 3-1 pre-
sents a brief description of each of the efght takeoff options and identifies

specific 1

nput and output parameters associated with each option.

The specific form of the inputs required to exercise each optian

is defined for the user during the program execution. However, to facilitate
a better understanding of the use of each optioen, a brief description of the

™ key input

parameters is presented below:

Thrust Settina-Index. Engine thrust may be specified {n:terms of:

1) net pounds of thrust per engine, 2) all-engine takeoff thrust setting
(TAKEOFF THR), 3) maximum or normal climb thrust setting (MAX CLIMB TR),
4) referred (or corrected) low pressure fan speed {REF FAN SPD) or, 5)

engine-pressure-ratic (ENG PR RATIO). An example of the interaction be-

tween the

user and the computer system in selecting the thrust setting is

shown below:

-

R et et g it 58 27

ENTER BEGINNING THRUST SETTING INDEX

FCRM INDEX
LES/ENGINE 1
TAEEQEF THR 2
MAX CLIMB TR 3
REF FAN SPD 4
ENG PR RATIO 5
?
2
3-9
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FLIGHT TRACK

- y Y2, Bz, TP2, TG,

FLIGHT PATH
o
@ 5
1, 1, Tq' oe, E DS
@.@ = Flight pathand flight track section end points
v Vz = Alrcraft speed, KEAS, KTAS
H1. Hz = Alrcraft altitude above airpart , feet
. TPI TPZ « Thrust pavameter (Fn, Fn/&, EPR, Hllv'el'zl
. "
I : Gy, UCy = Orag configuration {flap setting and landing gear positian)
f Y = Average flight path angle, deg.
05 = Horfzontal distance hetween flight path section end points. feet
{ W » Afrcraft weight, Ybs
Vz * Rata-af-climb, FPM
t = Time to travel batween flight path section end points, sec,
8c = Flight track turn angle, deg.
R = Flignt track turn radius, feet
FIGURE 3~2., GENERALIZED FLIGHT PATH AND FLIGHT TRACK SECTION 6o
L

AND DEFINITION OF INPUT AND OUTPUT PARAMETERS
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TABLE 3-1

TAKEOFF FLIGHT PROCEDURE OPTIONS

ARy

DESCRIPTION OF OPERATION

Climb at constant equivalent speed, constant
flap setting, and constant thrust setting;
landing gear retracted

1HPUT PARAHETERS
1
Wps TP, DC, R

QUTPLT PARAMETERS

_ - _ 1/
Y. D, vz. t, -GB| ag . OC' VI (KTHS,. )

Vo {KTAS)

Clinb at constant equivalent speed,
constant flap setting, and canstant
thrust setting; landing gear retracted

i
Ha, OC, Vg, R

1/

¥+ D, t. g, Jp, Op, V) (KTASH,

vy (KTAS), TPy, TP,

Climb at constant equivalent speed,
constant flap setting, and constant thrust
setting; landing qear retracted

- Y
Hyy DC, ¥, R

1

z = 1/
D, ¥y, t, By, &, g, ¥ (KTAS),

Va (KTAS), TP, TPy

Climb at constant equivalent speed, constant
flap setting, and constant thrust setting;
landing gear retracted

1
“2. p, TP, DC, R

o ow =
Y. Vg t, O &g, Op, ¥y (KTAS);

\n'2 {KTAS)

a)

Acceleration with constant Flap setting, and
constant thrust setting; landing gear
retracted

1/
P, 0C, V,(XEAS), R,

2
Vi {optional), HEJ

LY
Yo 0,1, Ty, zﬂ. 0g. ¥y (KTAS),

Va (KTAS), lly

b}

Climb at constant equivalent speed, constant
flap setting, and changing thrust setting;
landing gear retracted

1
TPy, O, ¥,(¥EAS), R,

ity

T
¥, 0, t, By, G, GE{ v (KTAS),

Yo (KTAS), ¥y

c}

Accecleration with canstant flap setting
and changing thrust setting; tanding gear
retracted

¥
TPy, OC, Vo(KEAS), A

- 2,
Vs {aptional}, HEI

- _ Y
Y. 00 t, Ty By Gy Yy (KTAS),

z
¥, {KTAS), uz'f

Notes:

Ypnonotes fnput and output parameters far curved flight tracks

g, » Average pltch attitude gof the alrcraft, degrecs
[T Atrcraft body angle-af-attack, degrees

2y EE Is an tnput, Hy Is an output parameter; 1f Vz ts nat an input, H, §5 an fnput p%rumeter

gflr ?i ts an Input, V, (KEAS)} 13 an output parameter; if Vz Is not an {pput, vz(KEnsj 1s an input parameter
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TABLE 3-1 (Cant.)

TAKEQOFF FLIGHT PROCEDURE OPTIONS
arTION DESCRIPTION OF OPERATION INPUT PARAMETERS QUTPUT PARAHETERS
[ Acceleration with constant Flap setting, and lp, Tp, DC, R,y Y. D, t, O, 'u'n. 0'{':{ VI(KTAS).
constant thrust setting; landing gear 3 :
rétracted - .
v, {optional}, VZ(KEAS) v, {KTAS), v (KEAS)y
y Y " L/
7 CHmb at constant equivalent sqleed. constant acy, ac,, Tp, trpe R Yo 0, Hao ¥y, E'B, EB. ag,
thrust setting, and changfng Flap setting; .
landing gear retracted
V) (KTAS), ¥, (KTAS)
Y Ly
8 Acceleration with constant thrust setting and . oy, OGy, TP, tpp. Y. 0, Hao By, mg, B, V) (KTAS),
ch:nging flap setting; landing gear 1_/‘-
. t —_—
retracted "z- R "2 (KTAS)
NHotes: ,

v tept flap retraction time In seconds
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A1l of the above thrust settihg options are not available for all aircraft
typas considered in the model.

Afrcraft Velocity. The afrcraft input velocities in the direction
of flight are specified in knots, equivalent air speed {KEAS). The rate-
of-climb is specified in feet per minute (FPM).

Flap Setting Index and Retraction Time. The user salects an index
number to specify a desired flap setting. A minus sign is used to indicate
that the landing gear is extended. The flap retraction time is specified in
seconds. An example of the interaction between the user and the computer
system in selecting the flap setting is shown below:

ENTER FLAP SEITING
MINUS SIGN INDICATES LANDING GEAR DCWN
INPUT INDEX FLAP SETTING, DEG

0.0
l4.000
25.000

-25.000
-40.000
~50.000

LB WN

LS AN |

An example of the use of each of these options fs presented in
the following sectians,

Qption Number 1

ENTER OPTICN NO. 1 THRU 8
?
l B
DO YOU WANT CURVED PATH(NO=STR)? YES OR NQ

MO

ENTER END HEIGHT (FT) ::: WITHIN RANGE OF 400.0 TO 1.000E+06

?
1000
ENTER BEGINNING THRUST SETTING INDEX
FORM
LBS/ENGINE
TAKEOFF THR
MAX CLIMB TR
REF FAN SPD
ENG PR RATIO

urbturakaé

TR e bt (S Pt s s
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TP, Ty PRTEERAN

Option Number 2
ENTER QPTION NO. 1 THRU 8
il

2
DO YOU WANT CURVED PATH (NO=STR)7? YES OR NO

NO
ENTER END HEIGHT (FT)} :: WETHIN RANGE OF 1000.
2

1500
ENTER CLIMB SPEED (FT/MIN WITHIN RANGE OF .0

-l

1000

Option Number 3

ENTER OPTICN MO. 1 THRU 8

?

3

DO YOU WANT CURVED PATH{NO=STR)?7 YES CR NO

NO

ENTER END HEIGHT (FT) -:: WITHIN RANGE OF 1500,
?

2000

ENTER CLIMB ANGLE (DEG) : WITHIN RANGE OF 0
?

3

Option Number 4

ENTER OPTION NO. 1 THRU 8

2

4

DO YOU WANT CURVED PATH(NO=STR)? YES OR NO
NO

ENTER SECTION LENGTH (FT) WITHIN RANGE OF .0
2
10000
ENTER END HEIGHT (FT) ::: WITHIN RANGE OF 1500.
?
2000
ENTER BEGINNING THRUST SETTING INDEX
FORM INDEX
LBS/ENGINE 1l
TAKEOFF THR 2
MAX CLIMB TR 3
REF FAN SPD )
" ENG PR RFATIO 5
-
2

3-14

0 1.000E+04

TO 1.000E+04

f-"\
O 1.000E+Q4 '
0 90.00
TC 1.000E+05
o 1.000E+06
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Option Number Sa (Rate-of-Climb Not Specjfied)

ENTER OPTION NO, 1 THRU 8

?
5

BO YOU WANT CURVED PATH(NC=STR}? YES CR KO
MO

0O YOU WANT TO SPRCIFY VZ ? YES OR M
NO

ENTER ESTIMATE OF END HT. WITHIN RANGE OF
2 .

3549 -

DO YOU WANT CONSTANT EQ. VEL. 7 YES OR NO
o]

ENTER END EQ. VEL IN KNOT WITHIN RANGE OF
?

207.93

THRUST SETTING CAN BE CONSTANT

0O YOU WANT IT TO BE CONSTANT 2 YES OR NO

YES
ENTER BEGINNING THRUST SETTING INDEX
FORM INDEX

LBS/ENGINE 1

TAKEQFF THR 2

MR CLIMB TR 3

REF FAN SED 4

ENG PR RATIO 5

2

3-15
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Option Number 5a (Rate-of-Climb Speci fied)

ENTER OPTION NO. 1 THRU 8

?

5

DO YOU WANT CURVED PATH(NO=STR)? YES QR NO
NO

BO YOU WANT TO SPECIFY VZ ? YES OR NO
YES

?ENTER CLIMB SPEED FI/MIN  WITHIN RANGE OF
1000

ENTER ESTIMATE OF END HT. WITHIN RANGE OF
?

3000

DO YOU WANT CONSTANT EQ. VEL. 7 YES OR KO
NO

ENTER END EQ. VEL IN KNOT WITHIN RANGE OF
?

207.93

THRUST SETTING CAN BE CONSTANT
DO YOU WANT IT TO BE CONSTANT ? YES OR NO

YES
ENTER BEGINNING THRUST SETTING INDEX
FCRM INDEX
1BS/ENGINE 1
TAKECFF THR 2
MAX CLIMB TR 3
REF' FAN SFD 4
ENG PR RATIO 5
?
2

3.16
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0

2893.

177.9

TO

TO

TO

3000.

1.289E+04

250.0

-



PYsaY SuMWW el

Option Number 3b

ENTER CPTION NO. 1 THRU 8

?
5
DO YOU WANT CURVED PATH({NO=STR)? YES OR NO
NO -
CO YOU WANT 1O SPECIFY VZ ? YES OR NQ
NO
ENTER ESTIMATE OF END tlT. WITHIN RANGE OF
2
4000 :
DO YOU WANT CONSTANT EQ. VEL. 7 YES OR NO
YES
ENTER BEGINNING THRUST SETTING INDEX
FORM INDEX
1.BS/ENGINE 1
TAKEQFF ThHR 2
MAX CLIMB TR 3
REF FAN SPD 4
ENG PR RATIO 5
2
o 2
N aa “3 ENTER END THRUST SETTING INDEX
: FORM INDEX
j Li35/ENGINE 1
§ TAKECFF THR 2
MAX CLIMB TR 3
: REF FAN SPD 4
s ENG PR RATIO 5
2y -
P
g i:J
i
L 3-17

e
e

3549.

TO

1.3558+04



M ot o s A s & e

Option Number 5c (Rate-of-Climb Not Specified)

ENTER QPTION NC. 1 THRU &

?

5

DQ YOU WANT CURVED PATH(NO=STR)}? YES OR O
NO ‘

DO YOU WANT TO SPECIFY V2
NO

ENTER ESTIMATE OF END WT. WITHIN RANGE OF
?

4600

LO YOU wWAWT CONSTANT EQ. VEL. 7 YES OR NO
NO

ENTER END EQ. VEL IN KNOT WITHIN RANCE OF
]

227.93 .

TIRUST SETTING CAM BE CONSTANT

[O YOU wWANT IT TO BE COMSTANT ? YES OR NO

? YES OR NO

NO

ENTER BEGINNING THRUST SETTING INDEX
FORM INDEY

LiBS/LNGINE 1

TAKEOFF THR 2

MAX CLIMB TR 3

REF FAL SPD 4

ENG PR RATIO 5
?
2

ENTER END THRUST SETTING INDEX

FORM INDEX

LBS/ENGINE 1

TAKEOFF THR 2

MAX CLIME TR 3

REF FAN SPD 4

NG PR RATIO 5
hr ]
3

3-18
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Option Number 5c¢ (Rate-of-Climb Specified)

ENTER OPTION NO. 1 THRU 8

?
5 . .
[O YOU WANT CURVED PATH{NO=STR)? YES OR O
e

IO YOU WANT TO SPECIFY VZ ? YES OR NO
:Ir.:::f"rm CLIMB SPEED FT/MIN  WITHIN RANGE OF
1000 '

ENTER ESTIMATE OF END HT. WITHIN RANGE OF
iooo

DO YOU WANT COMSTANT EQ. VEL. 7 YES OR NO
NO

ENTER ENMD EQ. VEL IN KNOT WITHIN RANGE OF
)
207.93

THRUST SETTING CAN BE CCNSTANT

2O YOU VANT IT TO BE CONSTANT 2 YES OR NO
NO

ENTER BEGINMNING 'THRUST SETTING INDEX

FORM INDEX
LBS/ENGINE 1
TAKEOFF THR 2
MAX CLIMB TR 3
REF FAN SPD 4
EMNG PR RATIO 5
?
2
ENTER END THRUST SETTING INDEX
FORM INDEX
LBS/ENGINE 1
TAKEQFF THR 2
MR CLIMB TR 3
REF FAH SPD 4
E2G PR RATIO 5
?
3

.0

4C0.0

177.¢9

3000.

1.040E+04

250.0



=T uvny AUUY 1300

" MAX CLIMB TR

Option Number 6 (Rate-of-Climb Not Specified)

ENTER OPTION NO. 1 THRU 8

?

6

DO YOU WANT CURVED PATH (NO=STR)? YES OR NO
NO .
DO YCU WANT TO SPECIFY VZ ? YES CR NO
NO

ENTER END HEIGHT (FT) ::: WLTHIN RANGE COF
2
3cao

ENTER ESTIMATE END EQ,VEL WITHIN RANGE CF
2
215

ENTER REGINNING THRUST SETTING INDEX

FORM INDEX

LBS/ENGINE 1

TAKEQFE THR 2

MAX CLIMB TR 3

REF FAN SPD 4

ENG PR RATIO 5

?
2

Option Number 6 (Rate-of-Climbh Specified)

ENTER OPTION NO. 1 THRU 8

?
6

LO YOU WANT CURVED PATH(NC=STR)? YES OR tQ
NO

0 YOU wWANT 1O SPECIFY VZ ? YES OR MO
YES

ENTER CLIMB SPEED FT/MIN  WITHIN RANGE OF
?

1000

ENTER END HEIGHT (PFT) ::: WITHIN RANGE QF
r

450
ENTER ESTIMATE END EQ.VEL WITHIN RANGE OF

?
215
ENTER BEGIMNING THRUST SETTING INDEX
FORM INDEX
LBS/ENGINE
TAKECFF TUR

REF FAN SPD
ENG PR RATIO

U B o

2407,
177.8
.0 ™
4141, Lo
207.9 TO

G

TO

3000.

1.414E+04

. 250.0

1.241E404

250.0

/"‘"\



Option Number 7

ENTER OPTION NO. 1 THRU 8
2

2

DO YOU WANT CURVED PATH (NO=STR)?

NO

YES OR NO

MINUS SIGN INDICATES LANDING GEAR DOWN
ENTER FLAP SETTING 1
FLAP SETTING, DEG

INPUT INDEX

00 ~J O U1 i L B

?

4

0.0
1.000
5,000
10,000
20.000
-20,000
-25,000
-30,000

ENTER FLAP SETTING 2

INPUT INDEX FLAP SETTING, PEG

[ RN N ORI

L=

0.0
1.000
5.000
10.000
20.000
-20.000
=-25.000
-30.000

ENTER EST.OF END HI(FT)::: WITHIN RANGE OF

4200

ENTER FLAP RETRACT. TIME WITHIN RANGE OF

?
4.7

ENTER EEGINNING THRUST SETTING INDEX

FORM INDEX

LBS/ENGINE
TAKEOFF THR
MAX CLIMB IR
REF FAN SPD
ENG PR PATIO
)

1

I

U & L D b

L B

3-21
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Option Number 8

ENTER OPTICN NO. 1 THRJ 8

)

8

DO YOU WANT CURVED PATH (MO=STR)? YES CR NO
NO

MINUS SIGN INUICATES LANDING GEAR DOWN
ENTER FLAP SETTING 1

II{IPUI‘ INDEX FLAP SETTING, DEG
0.0
2 1.000
3 5.000
4 10.000
5 20.000
6 ~20.000
vi ~25,000
8 -30.000
?
3
ENTER FLAP SETTING 2
INPUT INDEX FIAP SETTING, DEG
1 0.0
2 1.000 .
3 5.000
4 10.000
5 20.000
6 =20.000
7 -25.000
8 -30.000
2
2
| ENTER CLIMB SPEED (FT/MIN WITHIN RANGE OF .0 T 3000.0
: ?
: 1000
i ENTER FLAP RETRACT. TIME WITHIN RANGE OF .0 ™ 100.0
: ?
’ 30.6
; ENTER ESTIMATE END RQ).VEL. WITHIN RANGE OF  177.9 TO 250.0
‘ ?
245
ENTER BEGIMNING THRUST SETTING INDEX
FORM DNDEX
LBS/ENGING 1
TAKECET THR 2
MBX CLIMB TR 3
REF FAN SPD g

ENG FR RATIO

[NICN

3-22
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Dption Numbar 1 (With Curved Flight Path)

ENTER OPTION NO. 1 THRU 8

]

1

PO YOU WANT CURVED PATH(NO=STR)? YES OR NO
YES

ENTER END HEIGHT (FT) ::: WITHIN RANGE OF
2

1000

ENTER BEGINNING THRUST SETTING INDEX
FORM INDEX
LBS/ENGINE
TAKEOFF THR
MAX CLIMB TR
REF FAN SPD
ENG PR RATIO

Ul b D

[\ IV

ENTER RADIUS OF CURVE (FT WITHIN RANGE OF

(S IO )

Q000

Approach and Landing Procedures

400.0 TO 1.000E+06

500.0 TO 5.000E+04

If the approach (and landing) procedure is selected, the user is
asked to select or provide the following informatian:

. Afrcraft weight

[ Inftial approach height above the airport

s Initial approach air speed

° Initial approach flap setting

After the above data have been entered, the user is asked to select one of
the four available approach and landing procedure options. These procedure
options can be used to model the operational activities associated with
typical approach and landing operatfonal procedures., An example of the
interaction between the user and the computer system during the initfaliza-
tion of the approach and landing parameters is shown below:
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PROFILE TYPES ARE TAKECFF OR APPROACH

DO YOU WANT TAKEOFF PROFILE

No

START OF APPROACH

.7 YES OR NO

ENTER ATRCRAFT WI' (KLBS) ::WITHIN PANGE OF 450.0 10 630.0

?

500 :

ENTER INITIAL HEIGHT (FT) WITHIN RANGE OF .0 O 2.000E+04
?

5000

ENTER INIT EQ. VEL. (KN):: WITHIN RANGE OF .0 TC 250.0

)

214

ENTER FILAP SETTING

MINUS SIGN INDICATES LANDING GEAR DOWN
INPUT INDEX

RN ¥ T B Ry

o P 88 e b b i - S 2 2

Table

0.0
1.000
5.000
10.000
20.000
-20,000
~25.000
~30.000

FLAP SETTING, DEG

3-2 presents a brief description of each of the four ap-
proach and landing optiens (number 9 thru 12) and identifies specific in-
put. and output parameters associated with each option. An example of the
use of each of these options is presented in the following sections.

3-24
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ThRLL 3-2
APPROACH AND LARDING FEIGHT PROCINIURE OPTIORS

QUTPUT PARANLTERS

aprron BESENIITION OF OPLRATION I_HI'UT,J‘_M'_AJ!L‘{%@ a OUTFUT PARAMLYERS
T Ve 27 Ay oy
9 Nlescend at constant equivelent wpeed, IIT, Wy, TR, nc{Le)y, R Y. 0, Vo, t, Uﬁ. Gy O, vy [KTAS),
canstant flap selting and cunstunl Lhrust
setting; landing gear retracted or exteaded V?(KU\S)
. 1/ 2/ a4/
Descend at constant equivatent speed or = = b Op o g, Ux
1o deceleration with constant flap setting and Hyo 1tz BEILGY. V. TP, ¥ty Dg. iy, G,
changing thrust setting; landing gear re- 1
: 1y 3/ A V, [KTAS},V,{KTAS)
tracted or extendsd U KEAS), V,(KEAST, I ! e
Boscend at constant equivalent speed L &/ LT 3
11 gscend at constant EQuivaléent Spoeded or H H, . DCELG by T TR, Vo t, G, o , by
deceleration with constanl flap setting and 1e T2y ey, v, Proter . e B
changing thrust setting; landing gear re- 1 3 4t V. (KTAS). Vo(KTAS
tracted or extended vt(r.cns)“./ Vo (KEAST, B 1(KTASY, Vp(KTAS)
T : 1,8/ 2 v T 1
m 12 {a} Level Fitght at constant equivalent speed, [T+ § R N D_Vlti‘.EAS) ' TPy, TPy, ¥a ¥go U, Oy, ag. Opy
canslant flap setting and constant thrust ’
selting; landing gedr retracted or ex- a7 v, (KTAS), v, {KTAS)
tended R 1
15/ 2/ v _ .o
(b} Level flight deceleration with constant H o DEELE)T L D, vy (REAS) Ty, TPy, ¥, Y7, t. Ty op. b,
flap setting and changing thrust setting;
landing gear retracted or extended 4y i
VZ(KEF«S), R V],(KTASL Vy (KTAS)
Hotes:
!—,Denntas input parameter {f this option is the initial section of the flight profile.
g/Deun'f.es MNap setting and landing gear position, :
3/ Denotes tnput parameter for deceleratfon eperation.
Afbenotes input and output parameters for curved flight tracks,
S/t =ity = My .
e " Lt it Fhesn o s la b md 0 T g b 170 S e T et S L a0 e
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.Option Number §

ENTER OPTION NO.- 9 THRU 12
e

.

9

DO YOU WANT CURVED PATH(NO=STR)? YES OR NO

NO

ENTER END HEIGHT (FT) ::: WITHIN RANGE OF .0 TO 5000.
2

3000

ENTER FIAP SEITING
MINUS SIGN INDICATES LANDING GEAR DOWN

INPUT INDEX FLAP SETTING, DEG
1 0.0
2 1.000
3 5.000
4 10.000
5 20.000
6 -20,000
7 ~25.000
8 -30.000
? ) ~
4 ‘- L[] '
ENTER BEGINNING THRUST SETTING INDEX .
FORM INDEX
LBS/ENGINE 1
REF FAN SPD 4
ENG PR RATIO 5
2
5
ENTER EPR SETTING WITHIN RANGE OF 1.000 TO 1.750
? o
1.0

Option Number 10
ENTER OPTION NO. 9 THRU 12
]

10
0O YOU WANT CURVED PATH(NO=STR)? YES OR NO
NO
ENTER END HEIGHT (FT} ::: WITHIN RANGE OF .0 0 1000.
2
5¢
DO YOU WANT CONSIANT EQ. VEL. ::? YES OR NO
YES )
ENTER DESCENT SPEED FT/MIN WITHIN RANGE OF .0 TO 3000. _
‘;20 e
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-Option Number 11

ENTER QPTION NO., 9 THRU 12
2

i

DO YOU WANT CURVED PATH(NO=STR}? YES OR NO
NO

ENTER END HEIGHT (FT) ::: WITHIN RANGE OF -0
i

1000

DO YOU WANT CONSTANT EQ. VEL. ::? YES OR NO

NQ

ENTER END EQ VEL (KN) WITHIN RANGE OF .0
2

137
ENTER FLAP SHITING
MINUS STGN INDICATES LANDING GEAR DOWN

INPUT INDEX FLAP SETTING, DEG
1 0.0
5 1.000
3 5.000
2 10.000
- 5 20.000
: 6 ~20.000
T 7 ~25.000
8 - ~30.000
?
z
ENTER DESCENT ANGLE (DEG): WITHIN RANGE OF .0
23
3
("_)
I=27

0

3000.

153.0

90.00



Option Number 12a

_ ENTER OPTION NO. 9 THRU 12

?

12

DO YOU WBNT CURVED PATH(NO=STR)? YES OR NO
NO
ENTER SECTICN DIST (FI) : WITHIN RANGE OF .0 TO 2.000E+04
2
15000

DO YOU WANT CONSTANT EQ. VEL. :? YES OR NO
YES

ENTER FLAP SETTING

MINUS SIGN INDICATES LANDING GEAR DOWN

INPUT INDEX FLAP SETTING, DEG.

- 0.0
1.000
5.000

10.000
20.000

-20.000

-~25.000

-30.000

00~ OV LA B L B

Lt ]

3-28
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Cption Number 12b

ENTER OPTICN NO. 9 THRU 12
?

12 i
DO YOU WANT CURVED PATH (NO=STR)? YES CR NO
NO
ENTER SECTICN DIST (FT) : WITHIN RANGE OF .0 O 2.000E+04
?
15000
DO YOU WANT CONSTANT EQ. VEL. :? YES OR NO
NO
ENTER END EQ.VEL. (XN) WITHIN RANGE OF .0 TG 173.0
?
153
ENTER FIAP SETTING
MINUS SIGN INDICATES LANDING GEAR DCWN
INPUT INDEX FIAP SETTING, DEG
0.0
1.000
5.000
10.000
20.000
-20.000
-25.000
-~30.000

00~ LN b L B

~1

Option Number 10 {with Curved Flight Path)

ENTER OPTION NO. 9 THRU 12

2
10 -

DO YOU WENT CURVED PATH(NO=STR1? YES'CR
YES

_ENTER END HEIGHT (FTL. ::: WETHIN RANGE OF 0 T  1000.
Sa

DO YOU WANT CONSTANT EQ. VEL. ::7 YES OR NO

YES

ENTER DESCENT SPEED FI/MIN WITHIN RANGE OF .0  TO 3000
-

720

om RADTUS OF CURVE (FT WITHIN RANGE OF 500.0 TO 5.000E+04

"30000. .

3-29
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Example Takeoff Flight Procedure

Figure 3-3 describes the flight profile and operational activities
for the ALPA/NWA minimum thrust reduction takeoff procedure. Using the
flight procedures model, the flight path and performance schedule for a
4-engine, HBPR-wide body aircraft type was constructed. The complete out-
put from the flight procedures model is shown on Table 3-3. The operational
parameters used in developing the flight path and performance schedule data

presented on Table 3-3 are 1isted below:

o  Airport ambient temperature - 59%F

] Airport pressure altitude - mean sea level
] Aircraft weight - 700,000 1bs.

s Initial takeoff flap setting - 10 degrees

. Climb speed above the one-engine out takeoff safety
* speed (V2)} « 10 KEAS

Example Approach and Landing Flight Procedure N .

Figure 3-4 describes the flight profile and the operational
activities associated in a typical approach and landing operational procedure,
The fl1ight procedures model was used to construct the flight path and per-
formance schedule for a 4-engine, HBPR-wide body aircraft type. The com-
plete output from the flight procedures model is shown on TabTe 3-4. The
operational parameters used in develaping the f1ight path and performance
schadula data presented on Table 3-4 are 1i1sted below:

L] Afrcraft weight - 500,000 lbs.

[ Initial approach hefight above the airport - 5000 feet

o Initial approach air speed - 173 KEAS

» Maneuyer flaps - 10 degrees

N Approach and landing flaps - 25 degrees

Program Termination
After the flight path and performance scheduie data have been
determined for each section, the user 1s asked if the flight profile is
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10000 FT ———m——meree
{30498 m)

THIAD SEGMENT

* THRUST INCAEASE (MACT)
= AGCELERATION TQ I50KT
* NOHRMAL CLIMB

40COFT

trz21s m) SECOND SECMENT
+ ELAF ALTAACTION
» ACCELERATION
» THRUST HEDUCTION [EAT)

|0Q0 FT

{305m) FIRYY SECMENT
e ROLL
400 FT (122m) o DOITIAL CLIMA (TOT)
s £ (ilm) * GEAR RETRACHION l

ATRFOAT ELEVATION

ALPA/NWA MINIMUM THRUST
REDUCTION PROCEDURE

First Segment {roll and Initlal climb)
(‘N} OAB Brake release; takeoff roll with takeoff thrust (TOT); rotate and climb to
35 ft (11 m) height above airport (HAA); and accelerate to V2 keas
Ba’ Een‘act gear, climb to 400 ft (122 m) HAA; and accelerate 1o V2 + 10
eas
B'C Climbio 1000 ft (305 m) HAA with thrust = TOT, speed = V2 + 10 keas
{or greater if required), flaps = takeoff, and gear = rerracted

Second Segment (thrust cutback) .

C At 1000 it (305 m) HAA, lower nose and accelerate to zero flap speed
(VZF), retract flaps per schedule, maintain TOT and a pitch attitude within
1/2 Inital value plus 0 to 3 deg. and a rate of climb not less than 500 fpm
{152 metres per minute)

CC' Climb and accelerate to VZF with thrust = TOT, speed = V2 + 10to VZF
keas, flaps = ratract, and gear = retracted

C' When a speed of VZF and flap retraction are achieved, reduce thrust to
maximum climb thrust (MCT) -

C'D Climb to 4000 ft (1219 m) HAA with thrust = MCT, speed = VZF keas,
flaps = retracted, and gear = retracted

Third Seament {normal elimb)
D At4000£ (1219 m) HAA, maintain MCT and accelerate to 250 heas with
500 1o 1000 fpm (152 to 305 metres per minute) rate of climb
DE Climb and accelerate to 250 keas with thrust = MCT, speed = VZF to
250 keas, flaps = retracted, and gear = retracted
E When a speed of 250 keas is achieved, maintain MCT and initiate normal
dimb schedule
EF Climbto 10,000t (3048 m} HAA with thrust = MCT, speed = 250 keas,
flaps = retracted, and gear = retracted
i F At 10,000 {t {3048 m) MAA continue climb at 250 keas or reduce thrust
¢ and proceed in horizontal flight at 250 keas

FIGURE 3-3. TAKE&-‘F FLIGHT PROFILE AND PROCEDURE DESCRIPTION FOR THE
ALPA/NWA MIN. PROCEDURE
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TABLE 3-3

TAKEQFF FLIGHT PATH AND PERFORMANCE SCHEDULE FOR A 4-ENGINE,
HIGH-BY-PASS RATIO WIDE BODY AIRCRAFT TYPE; ALPA/NWA MIN. PROCEDURE

Profile End , B g C c b
Points E
SECTICH MUMHLH 1 e 3 4 < & 7 L 4 L] 1] 12
FOTaritia Nehd de91 1.21 latta deLCC 2,13 Fouh 2445 a3 LEYi S.67 Jab ¥
MS«tFT) T42z,223 1934 ,34 13170465 TEILH 4 2E97%.77 20664 .LE 51621516 En0LT.00 519A45.21 S6I9T .24 ARG TR HETRE.AT
HALIFT) Jedd 59.07 40,00 1600.20 182758 1505,.49 1RT1. 0L 258E.71) 2704.04 Jatn.t 4530020 007,52
dIiRTAS) V1FhoBS 15d .64 1152921 LTTe02 2 F0 Jh3a.%0 230,12 24Ha4] 353.3) 295449 25%7.96 ELL
YELREAS) 169,52 111440 117.23 117.93 297.93 L2470 227.9% 24462 247492 241400 2589.70 25Ul
#ICLFP=y Ced 11002 121344 1724,2a hic] X114 M9.3R 12719.10 LERLEY-13 1=00.00 21e9-87 1970+ 84 1062470
TUAN AK% N1 el JeG LR 0.0 0.0 el Je0 00 Tel Jed Ml
LM AHGL T2 399 1.9% fa54 258 2ebb i.a0 3.0 dads ded? Ay 34 2el4
SLPHA 242 =13% .00 .94 Me% 3 Tl [ TR Gant [ TLR] Salin L L] Ga4d Ten4
D ANGL Ne? =999 ,0¢ 13.98 19.66 10.2a M.53 Y e ¥2 T4 19«31 .17 TetW
YLAR 10.13 tE.00 16430 10.20 1d.00 19.00 5.+00 S.00 1.00 100 tell Vet
FLAP2 10.78 1302 ld.00 10400 1n.00 5«00 - S. 00 «cl l.00 a0 0.4 0.0
FH1LLDD) =899,140 5405790 1914435 31191 .08 42693.99 2152, 64 2121429 1CAT1aT1 291H0.7) ~4eng .14 RISy 23957.37
 FHQLLES) 1H331.9R 13914435 icla19 178G5.9A J1a¥ 2.4 Jt2rd.pn 6™ LT 29100492 29309.31 PALAQLNL 259% 1. 17 23315 X440
FuneLl =199.ab 1413790 33165406 ERLEL TS ] 3T 1.01 12494411 IP9A. 42 3277 %40 HELEER R 21911146 2110148 27602.772
FHUELD . 149 17.9% 1I9% .04 XY LT IrrETL00 T286 4,10 A290F %) IPTINNT 11965.11 I11teln 11919.45 21622.12 276405455
PR =Ft.d] 1+4} 143 1442 1ah? 142 [RLTd 1.41 141 lsn1 1.31 1.32
£ps2 1a8) L] Ten2 l=43 Leb? | FLTC el led} latl 1241 1.32 La32
Fak Spiy “993, 30 429181 128 ) e} 1393 4% AN aLAe 3282.89 Y2493 AN 3392. 89 32aR.A% 3292.19 d156.47 3110
L L J2m1.5% 12911 322469 1292 .49 LU 12924049 129709 3292.A9 3392 .89 J292.R7 S1Tdeth Iladea2y

NOTE :

Values of -999.00 1ndicate no data available for output parameter,
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1£%5210.56
LiGCG et u
FLL IS -14
282433
1710.24

3.3
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V4

E 0 ¢ 000 FT »

] A SC0QFT
{1824m}
DESCEND TO GLIDESLOPE
[NTERCEPT ALTITUDE
Constant Speed
Maneuver Flaps

Constant Thrust

L (914m)

1000FT

LEVEL FLIGHT AND DESCENT

Daceleration

Mangyyer to Approdch Flaps
Landing Gear Extention
[nitial Descent

(305n) DESCEND ALCHG GLIDESLOPE
s« Decelaration
s Approsch to Landing Flaps
SQFT
(15m}
ATRPOAT ELEVATION
o | TYPICAL APPROACH AND LANDING
! FLIGHT PROCEDURE
[
]

descend fo Gliceslope Intercept Alt{tude

AB Level Flignt at 5000 ft (1524 m) MAA; maneuver flaps and
spaed; thrust as required; gear retracted

8L Qascend tp 3000 ft (913 m) HAA; maneuver flaps and speed;
. thrust a5 required; gear retracted

Leavel Flignt and Descent
C At 3000 fr (9i3 m) HAA, begin level flight; maneuver
flaps and speed; thrust as required; gear rétracted
€0 teve) flight at 3000 ft {314 m) HAA; maneuver flaps and
ipead; thrust as reguired; gear retracted
3] Sagtn deceleration; set approach flaps: lower gear;
thrust as requfrad
9E  tevel flight at 3000 f: {914 m) HAA; appraoch flaps
and spaed; thrust as required; gear extanded

EF  Descend to 1000 ft (305 m) HAA at a glideslope af 2
degrees; dpproach flaps and speed; thrust as required; gear
extended

Descend Aloang Gitdeslope
F At 1000 fe {305 m) HAA, begin deceleration; set landing
flaps; thrust as required; gear extended ’

F6  Descend to 50 ft (15 m) HAA at a glidescope of 3 degrees;
landing flaps and speed; thrust as required; gear extended

iz : FIGURE 3-4., FLIGHT PROFILE AND PROCEDURE DESCRIPTION
“J FOR A TYPICAL APPROACH AND LANDING OPERATION
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to be ended, If the usepr wishes to terminate the flight profile develop-
ment, a "YES" response should be typed. The computer system will then
allow the user to continue program execution by selecting one of the
following changes:

° New flight profile using the same airport parameters
and ajrcraft type, or

] New airport parameters with the same aircraft type, or
] New afrport parameters and new afrcraft type.

If the user wishes to terminate program execution, none of the above changes
should be selected, When the computer system responds with “ready", the
user can then disconnect from the system by typing "LOGOFF". An example
aof the interaction between the user and the computer system for program

termination is shown below:

O YOU wANT TO END PROFILE ? YES CR NC
YLS
. DO YOU WANT NEW PROFILE QLY 7 YES OR O
NO
- PO YCOU WANT NEW AIRPRT,QLD PLANE? YES OR O
NO :
DO YOU LANT NEW PLANE & AIRPORT? YES OR O
KO
END
READY
LOCOFE

Program Limitations

The afrcraft, engine, and airport operatfonal limitations for the
flight procedures model are fdentified on Table 2-2., During program execu-
tion, the user will be required to select or provida input data which are
within the 1imits of the operational parameters shown on Table 2-2. Other
program 1imitations which the user should keep in mind include the following:

. The equivalent air speed cannot exceed 250 KEAS

) The user can repeat sections of a flight procedure.
However, only the last completed section can be repeated.
For takeoff procedures, the first section which can be
repeated is section number four.
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° Flap and landing gear extentions performed during ap-
proach and landing operations are assumed to occur in-
stantaneously,

Program Execution Errors

There are two general types of errors which can occur during pro-
gram execution, The first type of error will result in the rejection of
the section under consideration, but the results from previous sections are
unaffected. The second type of errar will result in the termination of the
program executfon.* Both types of errors are generally caused by incorrect
or improper input data entry. For example, the user may specity input data
which are not within the operational limits of the model (see Table 2-2)
or are not consistent with the physical capabilities of the aircraft type
being considered. If either error type occurs during program execution, the
user can retrieve all section results up to the point of termination. These
data, along with the results from most of the computational algorithms, are
stored an a file during program execution. The file name s CN.EPATFP.MUSN.
FLYPRO.TEXT. With the listing of this file, the user cawn determine the
location and source of the error.* It is recommended that the user clear
the FLYPRO.TEXT fi{le befare each new run. Clearing this file can be done
by typing "FREE ALL" after the "READY" response is given by the computer
system.

*[f the program 1s terminated, tha system will respond with "READY".

**A 1isting of the FLYPRO.TEXT file {s obtained using the IBM WYLBUR system.
The logon procedures for accessing WYLBUR are dfscussed 1n Appendix B.
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APPENDIX A

COMPUTATIONAL ALGORITHMS USED
BY THE FLIGHT PROCEDURES MQDEL
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APPENDIX A

COMPUTATIONAL ALGORITHMS USED BY
THE FLIGHT PROCEDURES MODEL

TAKEQFF QOPERATIONS

The computational algorithms used to compute the first three
sections for takeoff operations are described in Reference 1, Most of the
f1ight path and performance schedule data for these sections are obtafned
from the internal afrcraft and engine data base files stored on the computer
system. Starting with section number four, eight takeoff options may be
used to construct the complete flight path and performance schedule. A
description of the key computational algorithms used with each of these options
1s presented in the following sections.

Option Number 1

The fl1ight path angle, y, is computed from:

(Fﬁ £os aa) )|

(A-1)
N(wzz V12 j

¥ = arcsin

gA
whera:

A-2

ke . e ot MCd 1 e s A 3 s TR
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Fn = average total net thrust, pounds

VT2 = true air speed at altjtude HZ, feet/sac
VTl = true air speed at altitude Hl, feet/sec
AZ = change in aircraft altitude (H2-Hl), feet

The other variables shown 1n equation A-1 are defined in Section 2. Equation
A-1 was derived from equation 2-1 using the relationship:

2 2
7= !Igzziﬂll__ sin y (A-2)
Equation A-2 can also be expressed as:

= (VT2 ~VT1) VZ _
V= K (A-3)

where VZ {is the aircraft rate-of-climb.

Option Number 2

The avarage total net thrust, ?}, is computed from:

.

. (T2 - vt vz, oo JH 1 i
?h P [ gal ST Y 5 g (h-4)
The flight path angle is computed from:
o = 2 vz
y = aresin| ooy ) {A-5)

The average total naet thrust per engine at afrcraft altitudes Hl and H2 is
expressed as:

- 1.1

2Fn & §
W T (A-6)

A-3
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and _ 11
2Fn 63 61
Fo " | T 1 (A-7)
§ &
2 1
where:
?nx = average net thrust per engine at Hl, pounds
—F_n = average net thrust per engine at HZ2, pounds
2
N = number of engines operating
51 = altitude pressure ratio at Hl
8, = altitude pressure ratio at HZ2
63 = altitude pressure ratio at (H1 + HZ2}/2
Option Number 3 . M
The average total net thrust, "F'n, is computed from:
!a'TZ2 VT'I.2 1
'Fn= D+ Wsiny —?EITZ—__+1 T ap (A-8)
The average total net thrust per engine at afrcraft aitftudes Hl
and H2 1s computed using equations A-6 and A-7, respectivaly. '
Option Number 4
The flight path angle is computed using equation A-1. The initial
quess for the ajrcraft’s final aitftude, H2, 15 an input parameter provided
by the moael user. An interation procedure is used to compute the vajue
for H2 which satisfies the following equation:
H2 = (DS tan v} + HI {A-9)
whare DS {s the horizonta} distance between flight path section end points,
Gt

Ant
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Option Number &

If the rate-of-climb is an fnput parameter specified by the model
user, the flight path angle is computed using equation A-1. The fnitial guess
for the aircraft's final altitude, H2, is an input parameter provided by the
medel user. An iteration procedure is used to compute the value for H2 which

satisfies the following equation:

"|F, cos ap =D
g —IL-ir-——g——- - sin vJ

H2

If the rate-of-climb is not specified as an input parameter, the
user selects a final aircraft altitude, and the flight path angle is also
computed using equation A-1.

Option Number §

i b R At S e e

If the rate-of-climb is an input parameter specified by the model
user, the flight path angle is computed using equation A-1. The initial guess
for the aifrcraft's final equivalent air speed 1s an input parameter provided
by the model user, An {teration procedure js used to compute the value for
true alr sneed, VT2, which satisfies the following equation:

F, cos ag -0
vz = | B sty | 4T (a-11)

If the rate-of-ciimb 1s not specified as an input parameter, the
user selects the aircraft's final equivalent air speed, and the flight path
angle is also computed using _equation A-l,

Optfion Number 7

The flight path angle is computed using equation A-1. The initial
guess for the afrcraft's final altitude, H2, is an input parameter provided
by the model user. An iteration procedure is used to compute the value for
H2 which satisfies the following equation:

A-5
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HZ = 0.5 [tFR (y12 + vT1) sin v (A-12)

where teo is the flap retraction time.

Option Numbar 8

The fiight path angle is computed using equation A-1., The initial
quess for the aircraft's final equivalent air speed is ap input parameter
provided by the model usepr. An iteration procedure is used to computer
the value for true air speed, VT2, which satisfies the following equation:

F_ cos ag -0
. qal n 8
Y12 = S%TZ' [—i‘"““‘ -~ ¢in "{] + VT1 {A-13)
APPROACH AND LANDING PROCEDURES

A description of the key computational algorithms used with the
four approach and landing procedure options 1s presented jn'the following

sections.

Option Number 9

The flight path angle is computed from:

(?ﬁ cos ag) -0
- A

(T2 - VTL )

’ (LT_Z_QA -1

Equation A-14 was derived from equation 2-1 by wveplacing sin y with - sin v.

Y = arcgin {A~14)

Option Number 10

The average total net thrust, Fﬁ, is computed from:

a (VT2 ¥T1) vZ 1
T"n D+W+ [ T - sin ¥y EE-S—-EE {A=15)

A=B

~



The average net thrust per engine at aircraft altitudes H1l and H2
is computed frcm equations A-6 and A-7, respectivaly,

Option Number 11

The average total net thrust, ?h, is computed from:

2 2
T oalo v ein o (¥T2 - VT1 1
Fn =10 + W sin Y (-————E-g—ﬁ-z—-——- 1) E'D—S“-Té- (A-].S)

The average net thrust per engine at aircraft altitudes Hl and
HZ is computed from equations A-6 and A-7, respectively.

Option Number 12

The average total net thrust, ?h, is computed from:

. W 2 2 1
7 - {n + s (12" T )J i . (A-17)

where DS is the horizontal distance between flight path section end points.

s LR I PR P T




e

(U

£ B e
-\

b 3 e X a3 i L by

APPENDIX B

LOGON AND LOGOFF PROCEDURES FOR
THE EPA'S 1BM COMPUTER SYSTEM AT NCC

B-1

R R Y B A




IV W o

APPENRIX B

LOGON AND LOGOFF PROCEDURES FOR
THE EPA'S IBM COMPUTER SYSTEM AT NCC

LOGON PROCEDURES
The following steps describe tha LOGON procedures for interactive

access to the IBM computer system at NCC:
1. Turn the terminal on and set its switches for remote
session.
2. Dial the appropriate telephone access number and walt
for ringing, an answer, and a data tone,

3, Couple the terminal to the telephone 1ine:

a. For terminals with acoustic couplers, place
the telephone handset firmly in the coupler,
arienting it as marked an the coupler,

b. For modems (Ball 1@3, 113, 212A), depress the

 DATA button,

B-2
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4, The follawing message will appear at your terminal
{although it will appear garbled at speeds other
than 3@¢ or 1209 bps):

PLEASE TYPE YOUR TERMINAL IDENTIFIER
5. Type your terminal identifying character (type the letter A).
6. The computer system will then display:

-XXXX-YYY-
PLEASE LOG IN:

{XXXX is a coda for the nade to which you are
connected, and YYY 15 the port on that node,)

NOTE: This message sent from the system has no parity.
If your terminal is checking for parfty, this message
may be garbled,

Respond by typing IBMPEAl, followed by a carriage return.

To suppress echoing of input characters, a CONTROL H is
typed before entering IBMEPAL,

7. The computer system will prompt for the password associated
with IBMPEAL:

PASSWORD:

Respond by typing the correct password, followed by
a carriage return., (Passwords are not echoed.)

The password for IBMEPAL is:
NCC
8. Once the connection is made to the computer, you will receive:
Pa### (### 1s a code for the computer port) and:
IBM IS ON LINE
CONNECTING TO TSO
The following steps describe the procedure for connecting with TSO:

1, After receiving the message IBM IS ON LINE, the user must enter:

8-3
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TS0 (followed by a carriage return)

2. After receiving the message "enter LOGON for TSO or
Wylbur terminal type", the user must enter:

LOGON
or
LOGON userid/password
to initiate a TS0 session,

An example of the TSO connecting procedure is presented below:

J-{please type your terminal identifier?

=-1011-000-
3 please log in3TEMEPAL;NCC o2
P 3

S IEML IS ON LINE
TS0 6

7 enter LOGON
LOGON = 8

8 IXJ56700A ENTER USERID -
EPATEP -t 1)

11 ENTER CURRENT PASSWDRD FOR EDATFR-
$ 30000 e 12

13 RERDY

Notes for TSQ Example Steps

1. Computer prompt/response
2. User selects terminal identifier

3. Computer prompt/response

4, User keys 1n CTRL H immediately followed by IBMEPAl; NCC

to select IBM system
5. Computer response
6. User selects TSO
Computer prompt

User keys in LOGON to start TS0 session

wr o -~
. . .

Computer prompt

f""\
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10. User ‘enters EPA user-ID

11. Computer prompt

12, Usér enter a password

13, Computer rasponds with READY
CONNECTING TO WYLBUR

The following steps describe the procedure for cennacting with
WYLBUR: '

1, After receiving the message IBM IS ON LINE, the user
must enter:

WYL (followed by a carriage return)

2. After receiving the message "enter LOGON for TS0 or
Wylbur terminal type", the user must enter the appropriate
. WYLBUR terminal type., A single carriage return wili

Pt

b provide, as a default, MODEL 37/38 TELETYPE,

An example of the WYLBUR connecting procedure is bresented beTow:

please type your temninal identifierh
1 {-1011-012- A )
please log in:IBMEPA];NCC
3\ 24 X
5 IBM1 IS ON LINE
WYL 6
7 enter wylbur terminal type

FDD.EI. 37/38 TELETYPE

UR AT EPA NCC-IEM PORT 66 TUESDAY 07/28/81 12:23:36 P.M.

? MUEN 11
PASSWDRD° p5.0.9, 444
{SPECIFY GLOBAL FORMAT FOR SAVE COMMANDS
i2

?EPA'IFP
10

REPLY - DEFAULT, EDIT, TSC, CARD, OR PRINT
FORMAT7CARD . 13
"IOGGN" NOT FOUND IN "WYLIB" ON USER6Q

B-5
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Notes for WYLBUR Example Steps

1. Computer prohpt
2. User salects terminal identifier
3. Computer prempt/response

4, User keys in CTRL H immediately followed by IBMEPAL;
NCC to select IBM system

5. Computer response
6. User selects WYL (WYLBUR)
Computer response

User salects WYLBUR terminal type

1] ~4
- .

9. Computer response

10. Computer prompt

11. User keys in EPA user-ID, acc0uﬁt, and password
12, Computer response/prompt

13. Use; salects save fﬁrmat

14, Computer response/prompt

LOGOFF PROCEDURES

After a terminal session is completed under TSO or WYLBUR, the user
initiates logoff procedures by typing "“LOGOFF", If the user is in WYLBUB,
the user must also clear the workspace prior to tarminating a terminal
sessfon. Thereaff, the complete legoff command under WYLBUR 15 "LOGOFF
CLEAR",

After a TSO or WYLBUR LOGOFF, the user may simply hand up or
initiate a new TSO or WYLBUR session. To initiate a new TSO or WYLBUR
sassion, type TSO or WYL and proceed accardingly.
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