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FOREWORD

This report documents work accomplished from May 1974 to December l97S by the
Applied Sciences Department , NWSC, (Naval Weapons Support Center), Crane , IN. Work
was performed under the cognizance of Mr. H. F. Campbell , Army Matenals and Mechanics
Research Center , Watertown, MA. Messrs. D. K. Sander s and N. 1. Papke perform ed the 3
work reported herein .

The work was sponsored by JTCG/AS as part of the 3-year TEAS (Test and Eval ua-
tion , Aircraft Survivability) program. The TEAS program was funded by DDR&E /
ODDT&E. The effort was conducted by Methodology Standardiza tion and Ana lysis Panel of
the Survivability Assessment Subgroup, under TEAS element 5. 1.7.2 , BaselIne Assessments. )

This report is the product of a jointly conducted effort and presents four flightpath
generation computer models. Special acknowledgement is given to Mr. Aoyd Chinn . Aero-
nautical Systems Division (FAIR PASS) ; Capt. George Orr , formerly of the Air Force
Armament Laboratory (FLY GEN ); Lt. Col. Sam Baty , Studies and Analysis, USAF , (BLUE
MAX); and Messrs. Don Merk ley, Eustis Director ate , (JSAAMRDL , and Tom Wood , Bell 3
Helicopter Company (MCEP).

NOTE
)

Thn techmcal report was prepared by the Survivability Auessment Subgroup or
the Joint Technical Coordinating Group on Aircraft Survivability In the Joint
Logistics Commanders organization. Because the Service’s aircraft survivability
development programs are dynamic and changing, the report represents the best
data available to the subgroup at this time. It has been coordinated and approved
at the JTCG subnroup leveL The purpo se of the report is to exchange data on all
aircraft survivability programs, thereby promoting interservice awareness of the 3DoD aircraft survivability program under the cognizance of the Joint Logistics
Commanders. By careful analysis of the data In the report , personnel with ex-
pert ise In the aircraft survivability area should be better able to determine tech-
nical voids and areas of potential duplication or proliferation.
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Applied Sciences Department
An Examination of Selected Digital F lightpa th Generators.

by D. K. Sanders and N. L. Papke. Naval Weapons Support Center,
Crane, IN., ASD, for Joint Technical Coordinating Group/Aircraft
Survivability, November 1977. 40 pp. (JTCG/AS-77-S-OO l , publi-
tion UNCLASSIFIED.)

~~~~~~ This report describes the findings of an investigative analysls
of four flightpath generation computer models. The four models
(FAI R PASS, FLYGEN , BLUE MAX and MCEP) are commonly
used in the aircraft survivability/vulnerability community. The
first three are primarily fixed-wing models, while MCEP is exclu-
sively a rotary-wing fiightpath generator. All four models were
acquired, installed , tested, and analyzed at NWSC (Naval Weapons
Support Center), Crane, IN. Criteria such as capabilities, limita-
tions, ease and economy of use, and compatibility with attrition
models were considered in the evaluations.
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) NOMENCLAT U RE

Abbreviation/ Definitio nSymbol 
_ _ _ _ _ _

AA Antiaircraft
BLUE MAX Variable Ai rspeed Flightpath Generator (‘omputer Program
deg Degrees
(leg/sec Degrees per second
ft Feet

ft /sec Feet per second
F A I R  PASS Fighter Aircraft Penetration and Survivabilit y Simulation
FLY GEN Airc ra ft Flightpath Generator Computer Program
FORTRAN Formula Translation (computer language)
g Gravity
JTC(;/AS Joint Technical Coordinating Group/Airc ra ft Survivabilit y
K N K ilo-Newtons
rn M eters

rn /sec Meters per second
M(’LP Maneuver Criteri a Evaluation Program
NWSC Naval Weapons Support Center
POO l AA Artillery Simulation Computer Progra m - AFATL Program POOl
rad R adians

sec Seconds

V/STOL Vertical Short Take-off and Landing

iii/iv blank 
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INTRODUCT ION

Four fiightpath generation computer m odels were acquire d and installed b~ the NWS( ’
(Naval Weapo ns Support ( enter ) . Crane , IN . . to determi ne the ir rda1m~c suitabi l ity in att ri -
tion modeling. FAIR PASS. I LYGEN and BLUE MAX ws re ut it it cd to generate flightp ath s
for the A-7E and F-4E fixed-wing aircra ft used in these baseline survivabil i ty ~~.c’sment
st udies. (Fl ightp aths for the A-7 1 and F-41- were constructed by the University of Das ton
Research Institute and are described in a previous JTCG/AS report 1 l AIR PASS was the
first model acquired by NWSC. FLY GEN and BLUE MAX were acquired after a pr elimmnary
study Z3 showed further attention was merited . FLYGEN was found to be the more ~cner aI
and versatile of the latter two models. A copy ~t MCI I’, a rotary-wing fligh path gcncral r .
was installed to generate flight profiles to correspond with scenarios used in a Manne Corps
survivability study of the CH-53E assault transpo rt helicopter and in a survivabil ity assess-
ment of the AH-IG.

This report reflects interest in the models from a user’s standpoint.  Such fea ture s as
ease and economy of use, efficiency, adaptability, and compatibility with at tr i t ion models
are discussed , as well as an analysis of the mathematical and programmin g techniques used.
Because the designs and intended uses of the four models are so dissimilar , no at tempt was
made to rank them. They are discussed in the chronological order of their acquist ion by
NWSC.

FAIR PASS

FAIR PASS ( Fighter Aircraft Penetration antI Survivability Simulation ) is an AA (anti-
aircraft ) attrition model developed by Air Force Studies and Analysis. The t lightpath gen-
erator constitutes a major portion of the model as a result of extensive refinement s4 to
make it more responsive to user inputs and to enable more stylized flightpaths to be created .
A flightpath is synthesized by designating points in space that the aircraft endeavors to
attain , and by designating a series of maneuvers to be used . The major maneuvers in-
clude : cru ise, climb , descent , jinki ng, attack , and si x hard maneuve rs.

1Apphcd Sdcncc~ Departmcni. Misrion Scenanos f v -  Survivability Assenment by I) . N. Montgomery and
N. 1. Papkc , Nava l Weapons Support Center , Crane. IN., October 1976. 136 pp. (JW(;/AS-75-S-o0 3, pub lication
(‘ONFIDI’ NTIA L.)

2Ai r l ,,rce Armament Laboratory. Aircraft I-lighlpath t~enerator Computer Program by Capt. C. O,r . Arma ment
Systems Inc. Lgiin, AFH, IL., AI AL, April 1976. 47 1 pp. (Publicat ion UNCLASSIFIED.)

3Acronauiical Systems Division. I’onable Airrpeed I ’lightpa th (,enerator Computer Program (RI.LIt. MA X). by
Maj. 0. Komarnit*ky, Armament Systems , Inc. Wri ght-Patte rson A I B , OH., ASO. October 1973. 153 pp. (Publication
UN(.LASSU lED. )

4Naval Weapons (‘enter. FAIR PASS Computer Mode!; Volume I, User Manual , by W. 1. (;oodson, I). P. Olsen. and
(‘. B. McKinncy, Air Force Stud ies and Analysis. China Lake, CA., NWC, May 1973.9 1 pp. (Publicat ion UN ( LASS IF II I).)
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The FAIR PASS m odel generates a flightp ath which a specific airc raft is capable of
flying. The generator is compo sed ot the following thr ee sections:

I . Aerodynam ics . The aircraft and i t s  responses to roll rates, g -rat es . and thrust .
2. Logic. (‘ompares the desire d flight profile specified by input data i t l i  the airc r aft ’s

present position and velocity, to gene rate error signals.
3. Pilot feedback. Uses error signals as cues to desdop roll rat C. g•rate, and thrust

outputs , which are fed back into the aerodynamics section to generate nc~ aircra l I
position and velocity info rmation for the next time increment. Response functions
in the pilot feedback loop can be adjusted to approximate actual pilot respo nses .

iNPUT DATA

Inputs consist of basic engineering data on the aircra ft and its ordnance , and a desired
flight profile. These data include lift , drag, thrust ,  and fuel consumption curves as well as
aircraft and ordnance limitations. Coefficients for functions which describe pilot response
also are included in this category . The input  for a desired flight profile is an arr a~ of
numbers describing the maneuver type and corresponding control data  for each of up It )  50
tlightpath segments. Both types of data are stored in the program in the form of block
data *. including data for a base case. To design a new fl ightpath . it is only necessary to
input  NAMELIST cards specifying those parameters which are being changed from the base
case. Data contained on the NAM I LIST cards override corresponding block data during the
current run. At the conclusion of the run , block data are restored, leaving the base case
intact unti l  the next run. This allows construction of a fairly complex flightpath fro m a
small number of data cards.

OUTPUT DATA

Outputs consist of all input parameters and a detailed history of the ll ightpath. ‘I lt e list
of input parameters includes all the block data as modified by the NAM ELIST input .
Flightpath history output includes:

I .  position , ft
2. components of acceleration, ft/se c2
3. velocity. ft/sec
4. load factor , g
5. pitch , roll and heading angles , rad
6. angle of attack , rad
7. throttle control settings.

These data are printed for each one-hal f second of simulation time.

*Bl,,ck d ath : A FORTR A N feature whe reby a subprogram is used to in itial ize labeled COMMON.

2
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FAIR PASS uses a convent ional right-hand axis s~ ste m b r  both the ine rt i , * l and air-
craft coordinate sy stems. The / -axis of the aircraft  is parallel to  t t ~~ I -axi s of the earth
system. The X -Y plane is perpendicul ar to the 1 -axis , and therefore parallel to the X-Y
plane of the earth. The X -axis is positive f o r w ar d  and the ~ -~txis is positive out the k i t
wing of the aircraft . l’he aircraft acceleration components are computed parallel to aircraft
coordinate axes and then resolved into components wi th  respect to the inertial  or ground
coordinate system. A po sitive pitch angle refers to nose upward A positive roll angle m eans
the righ t wing is down. The heading an gle is iero for a heading i arallel to the positi v e
direction along the X- axis and increases posittvelv in a counterclockwRse direction

An option is available to output fligh t path parameters for input to the standard AA
attri t ion model POO l ~ on an auxi l ia r% output  de~ ice (ta p e . disk , or punched card) . All
flightpath history is handled at one location in subroutine OUTFP. making this au si l ia ry
output a simple programming change . For example , ouR 11 additional FORT RATs state-
ments were required to do the necessary uni t conversio n s and write out ~LiI a compatible
with POOl. In this sense, the flightp ath generator f r o n t  l A I R  PASS is readily adapt abl e to
general usc’ with other attrition models.

MANEUVER ROUTINES AND SUBROUTINES

In addition to a control rout ine and data handling subroutines, the program consists
primarily of a group of maneuver subrout ines. The four major ones are: ( ( ‘1) (climb , cruise.
descent) , AJ INK ~j inking path ) . ATTACK . and HARDM (hard maneuvers ) .  The contro l
routine checks the type of maneuver specified for a given kg, then t r a n s f e r s  to the sub-
routine corresponding to that  maneuver , where the fligh tpat h history for tha t  leg is calcu-
lated. Contro l returns to the contro l routine when one of several termination conditions is
met.

For each maneuver subroutine except HARD M . the same mathematical phiIosoph~ is
used. Firs t , an aimpoint is computed. This aiinpoin t is a fixed or recomputed position in
space that the aircraft must attain in the future to fulfil l  i ts  goal. The next step is to develop
the desired bank angle, g-Io ading , and throttle set t ing to at ta in  the aimpoint.  l)ur ing this
process , checks are made to insure tha t  no aircraft parameter max imums  or min imums  are
violated. The third ste p is to compute aircraft performance. i.e., its position in space .
velocity and acceleration components , and so forth , at each point of the f l ightpat h.

The mathematical  techniques used throughout FAIR PASS involve empirical equations
with six degrees of’ freedom. Any angular changes greater than 180 degrees are adjusted to
be done in the direction of lesser change. Desired bank angle is computed as a function of
horizontal and vertical g-loadings , which are estimated by two empirical equations and then
corrected based on the max imum allowable total g-loading for that  aircraft , Air density and
speed of sound are calculated at operating alti tude , and are then used to compute Mach
number , dynamic pressure , and coeffici ent of ’ l if t .  In order to use the empirical equations
describing the aircraft thrust at various power settings , speeds , and altitudes. a critical Mach

5Nava I Weapon s Center. Antiaircraft ,lrtiIler; ’ Simulation Computer Program I’OOI Volume I. (icc, Manual. l~ Jame’,
Severson and Thomas MCMUrChj C , A ir l oflT Arma ment iaboratl)r) (‘hina Lake. ( A,, NWC. September 197 1 911 pp.
(NWC TN-4565- l 6-73 , Volume I, publication UNCI.ASSIFII D,)

3
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numb er is defined. ( ( ‘ riti cal \Iach number is t ha t  Ma cl i numb e r at wh ich a break in engine
thrust occurs . )  Mach number  coefficients in t h e  t h r u s t  c i f u . i t i ’ fls ;itsO are depen dent (iii

whether the aircr a ft engine is operating at a f terburner  or mi l i ta ry  power . the typ e of pos~er
used is an input  variable , rite max imum u lift coefficient is computed as a function of Ma c li
number , and is then used to calculate ai rcraf t  l i l t , norm al load factor ,  angle of attack , and
aerodynamic drag. Aircraft weight and mass are adjusted at each tim e increment by equa ’
tions based on specif ic  fuel consumption and the ty p e  of power being used. Resolsing
thrust , drag , and lift  forces parallel to an axis and dividing by ai rcraf t  mass ~ields the ai r c r a f t
acceleration along that  axi s . [hi s acceleration is then assumed con stant for  a short t im e .
enabling new aircraft  position coordinate s and velocity coiti ponent s to he ub ta ip ed . The
various angular orientations also are updated at each time increment .

Several runs may be re quired to build a f l igh ipat l i  to desired specifications. I req u ent l~
ou tpu t  from the ini t ia l  i-u n will  de via te  s ignif icant ly from the planned resu lt after the f i r s t
few legs. It then becomes necessary to note the terminat ing conditions of the l I\ ;  good kg.
define the ini t ial  conditions of ’ the next  leg accordingly , r erun the program wi t h  th a t  leg
added , and so on unt i l  the f l i ght p a t h  is complete. Since an added segment may not behas c
as planned , sc’~eral reruns may he needed.

(‘CD computes aircraft position. roll angle. velocity, and cl imb angle fro m in i t i at ion  of
the climb , cruise , or descent to the end of a previousl y defined leg. If the (‘CD leg is the f i r s t
of the flightpath. the ini t ia l  point and vector can be def ined in such a way that  the path will
he straig ht.  If it is not the first leg. and if the position and vector  at the start of the leg are
diffe rent than the desired init ial  condit ions , the (lightpa ( fi will he adjusted o capture the
stated vector and terminal point. This is done by overcorre cting th~ vector and then  recap-
turing the desired track by approaching it a sympto t i ca l ly  from the other direction . l ermin-
ation occurs when the following conditions are met ( 1 )  the distance traveled along the
CCD segment exceeds the specified segment length, and (2 )  the angle between the cpccit cd
track and the vector fro m the current aircraft position to the designated in i t i a l  point is less
than 10 degrees. When aircra f ’t position at the start of the leg is far different  than planne d .
the leg might be much longer and in a different direction than specified to meet termin at ion
conditions. This type of error tends to be compounded in the segments which follow , and
nearly always necessitates a reru n with adjustment of parameters to obtain desire d results

AJ INK

In AJ INK ,  the tl ightpat h i is computed for an aircraft performin g a series of j ink ing
m an euvers . The jinks used in this mode are planned evasive mane uvers which migh t he used
in a target approach through a suspected defended area. The plane in which the aircraf ’t is
performing the j inking  can be tilted upward or downward and to the right or left with
respect to the ground plane. Inputs  incl u de a desired constant load factor , desired constant
velocity, m a x i m u m  bank angles , number of ’ j ink segments and j ink  climb and plane angle.
(‘are must he taken to ensure that these parameters are compatible wi th  one a n o t h er  or
excessive gain or loss of a l t i tude will result during the j i nking.  In testin g A J I N K .  it was
usually necessary to adjust the load factor and maximum bank angle to achieve a well -
behaved path. It also was found that  a relatively high roll rate had to he specified 

to4
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coiflpc’t tsJ te for  .i t L ’n dei t c~ to l i f t  during a slo~ roll. Min imum di st ance lrotn the t amg ~ I at
ssh ich to stop j ink in g is an input paraiitetc ’r. It  is tised t o .isstirt ’ ~u t  f ,~t ent inaneusci distance
a l te r  j inking to perform th e a t tac k Ii  an .i t t a ck mode is to lollo~ \ J  I N K .  the j it ik ,n~ m ’ ~
terminated when this preselected point is rt’.’~ lied or when the vect or t r ou t  the air~ t_ i l t t o

the aimpoint varies too m uch oter two successi~c time steps. Othc~~isc. jink ing is termin-
ated when the specified numbe r  of _p ink  segments ha st’ been L t i i i t p t e t t ’d .

ATTACK

A r ’rA(’K defines the f l ig h t p. t th  of ’ an air craf t  .is it pt’rfonris a ~‘onwnisonai d~ e bomb’
ing i t tack. An attack leg is m ade up ol four sect ions

Appro ach to the roll-in point , where man e u s e r i n g  for roll-in t ak es plac e
2. (‘ontinucd i n a n e u t e r  tr i g prior to roll—in plus a i r c r a f t  spc’ed a d p t i s t I m m L ’nt

3. Roll-in , dive, and ordnance release
4. Pullout maneuver.

An opt ion allows p inki n g to he used dur ing  th e  fir s t tss o sect ion s to t ’s .it le en et it ~ t i r e .
Roll—in al t i tude may he specit ic ’d or comput ed in the program. Inpu ts  in~ lude the dc’sir~d
dive angle , relea se al t i tude and scloci t ~ . target coordinate s , run—in hej ilmg. and pu l lt ip  e-load
and pitch angle. So it ian ~ condi t ions  int i s t  he sp ccit ied tha t ,  once ag ain.  ext r em e care lu t i s t

he taken to assure tha t  they ar , ’ compatible. I b i s  includes making hand calcul ations of t h e
approximate  roll—in and release point wi th  r el , i t  ~n to the target. II ’ these are i t ’  ~t ca r et t ihl ~
chosen , an u n r e a l i s t i c  or non sensical .ittack pro t ’ile will resu l t ,  necessitating .n l iu stm ents  in
the parameters and reru n~ of ’ the program. It u s .ilso necessary to kt ios~ (lit ’ weigh t U t  I t i e

ordnance released and aer odynamic  drag c o e f f i c i e n t  mul t ip l ier  due t o ordnance . as w et i  as
the changes in upper and lower g—l im it  caused b~ t h e  release . ‘I’he .rer od ~ n ,mni i c  di  .m~’ t ’ ’ct

licient multiplier can he eal cuIat e~’ as ;i function of drag indict’s abt i latcd in the ext ern a l
stores sect ion of ’ most t ac t i c a l  manuals. i’he aircra f t ’s per formance  ss i l l he adjusted h~ these
factors for the rest of the llig h tp at h .  including pu l lup j ust  af ter  release.

NOTE: If t h e  con d it  o t i s  are su ch at the time of entry in to  the attack mode that  i t  is
not possible to reach the roll-in point at ab out the prope r heading, A ITA(’K ‘sill cause the
aircra ft to fly a large hon ,ontal 1oop and make a second approach. I h imina t ing  t h is Liflc’\-

pected maneuver in so fv es  adj us t ing  the prece ding portions of the I lu gh t  pa th  and r e r u n n i n g
the  progra m .

UARDM

Violent evasi ve maneuvers arc added to a f l ightp ath through I I AR I ) \1 .  l3~ using this
subroutine, a rapid change of hank ,  pitch , or track angle. Macli numb er ,  a l t i tude . o r i - lo, id ’
ing can he accomplished. A stri n g of these maneu vers can hc’ assembled to form ( f ron t  an
enemy gunner ’s viewpoint ) a random evasive path. ‘the rate of change of ’ hank angle and
g-Ioading, and the engine thrott le setting. are input .  These paramet ers are used to d r u s e  11t ’
contro l param eter to a predefined cutoff ’ value : for example, a qo degree change in track
angle. Unfortunately,  hard maneuvers are d i f f i cu l t  to control and almost always require
some trial and error to achieve the combination that  will g ive the desired overall e

ffect.S
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PROGR-~~l\ I l N G CH ~\GLS

I A I R  PASS is a i r c r a f t  spec i f i c ,  that  is . i l ls designed to handle only one type  of a i r c r a f t
at a time. Programmin g changes required to use a d i f f e r e n t  t~ pe of aircraft invuk ~ the
replacement ut  subroutine \‘( OMP and his .’ block dat a  subroutines . VCU \IP is used to
compute ai r ~ r i f t  positi on . sel ocit y component s , acceler at ion , and angular or ientation as a
function of ’ time . (‘hanging the a i rc raf t  specified in the model ru in an 1 - 4  t an ~~~~~

involve s replacement of th e 1-4 subroutin es w i t h  an A - i  m odule which consists of near l~
700 source s ta tements ,

An Al l -  lG m odule, deve loped by Bell He licopter ( o u t i p a n ~ , was also te st ed. I t  ssas
fuund to produce s a t i s f a c t o r y  re sul ts  t o! con sent io na l  f ix ed-w ing maneuvers . Ilowe ser .
standard helicopter operations such as a vertical popup or certain low-speed maneu ver s
could not be simulated. I’he explanat ion for this deficiency is that the equations used in
V(’OMP during the in i t ia l  development of ’ the helicopter module were kept relatively simple
for testing. These equations we re accurate for high-speed maneuvers . b t i t  suffered at  ~iieeds
below 60 knot s , where seseral nonline ar factors h ecarnt ’ predominant.  Simulat ing low-speed
fl igh t would have required deve lopntent or an a l t er n a t e  set of equations.  \ t  about the sam e
time that these problems su r faced , it was decided to design a f l ight p a t l r  generator  solely lot
use with rotary-wing a i rcraf t .  This model , M( LP (Maneuve r Criteri a Evaluat ion P r og r in t  I .
makes use of thrust and power curses to design a l l ightpath consis t ing of ’ combinations of ’ a
variety of standard helicopter maneuvers . As a result of M(’EP development and i t s  accep-
tance as a helicopter t l i g h i t pa t h  generator. mod if ications needed to allow simul at ion oh
low-speed helicopter nt aneuver s in I - A I R  I’A SS were never made.

SUM MA R Y

The FAIR PASS fl ight p ath  generator was designed to simulate basic f ixed-wing con\t ’rt -
t ional flight arid d iv , bombing tactics. I -or the 1-4 and .\.7 , f l i t s  was accomplished in a
reasonably e f f i c i e n t  manner.  Once the user gains fami h i a r u t~ with the program , a real i s t ic
tl ig h tp ath  can be obtained for a reasonable invest m ent of t ime and money .  The output  is
detailed and easy to adapt for compatibi l i ty with a t t r i t i on  models which require tlig h t p a t h
history as an input .  Certain extreme evasive maneuvers, such as a vertical loop or a 360 de-
gree roll , were not attained in tests although repeated at tempts  we re made. It appears tha t
extensive programming changes would be necessary to accommodate rotary-wing. V 4 S1Ol,
(Vertical Short Take-off and Landing), or other high performance air c raft .

FLYGEN

h~ LY GEN (Aircrat ’t l i i g h t p a t h  Generator (‘ontputer  Program ) was developed to gener-
ate three-dimensional f l ightpat l i s  for fixed-wing aircraft ope rating in f ighter  escort or close
air support mode. FLY GEN is a well-writ ten ,  sophisticated fl ightpath generator f’or one
aircraft . It  is general and versatile in all respects. Although the model is written for detailed
aircraft  performance data inpu t , it works equally well wi th  lesser amounts of performance
data. There are very few maneuvers for which FLYG EN cannot generate accurate fl ight
profiles. To enjoy thi s mix of sophistication and versati l i ty,  it is necessary to learn a
complicated input  scheme and to pay for significant computer execution times. 6
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INPUT DATA

‘[he input  dat a  required by l ’LYGEN fall in to  three categories
I .  Aircraft descriptive parameters
2. Program control informat ion
3. F lightpath maneuver coding.

l~~scriptive Parameters

The aircraft descriptive para m eters are entere d in tabular form rather than  the coe f ’-
ticient approach to aerodynamic data repr esentation. Several types of aircraft descriptive
parameters are required. The simplest is the physical characteristics of th e  clean aircraft .
External  stores info rmation for up to live separate configurations is input  as an array.
Extensive tables f’or two diffe rent engine thrust  conditions , l i f t  coefficients , am i d clea n
aircraft drag characteristics also are necessary . In addition to this information , the aircraft
aerodynamic limits , i.e., the maximum coefficient of lif t  as a funct ion of Mach numbe r , the
maximum Macit number as a function of al t i tude , and control sariable li m i t s . ( mu ax i u l l um
rotation rates and accelerations ) must be included to complete the aircraft description.
Although data preparation for the descriptive parameters of a new aircraft is laborious, such
data decks habe been prepare d and are available for several operational aircraft .

Program Control Information

Program control information inputs are simple. Eith er card or magnetic tape must he
specified as the input  medium. Output time intervals for both hard copy and magnet ic  t ape
also are required. The final piece of program control information consists of a list of
tolerances t’or the various m aneuver termination conditions.

Maneuver Coding

Input  coding for t l ightp ath maneuvers is in a condensed format , containing ntan ~details: consequently, a complex learning effort is required before a new operator can feel at
ease with the maneuver coding process . Def ’inition of ini t ia l  conditions for  the a i r c r . m t t
f l igh tpath presents no problems. It is the preparation of data for f l u e individual f l ) a i lCi ibL ’i
specifications that require s close attention to details. Each maneuver specification consist s
of a string of six one-digit numbers plus nine other data parameters . l’he si ’s one-digit
numbers designate the maneuver  type and its options while the nine (lat a pa rame te rs  spt ’t i f s
desire d maneuver characteristics. FLYGEN has four types of man euvers.  The six d ig i t s  and
nine parameters have different defin itions for each of the four typ ” s . ’i’ h i s  complicated inpu t
scheme requires extra e ffort front the program operator . hut  it does provide I I  Y(~I \ ss , th
the versat i l i ty  that  is its forte. With the exception of the first type .  each ~s repr e sen t at i v e  of
a diffe rent contro l phi losophy. The maneuver specifications are , ii i  geuc r . i l . prepa red fr o n t
the point of view of the aircra ft pilot.

NOTE: F1.YGEN contains a maneuver modification procedure which gr c.itl ~ suu t iph i
tics any changes made to an exis t ing maneuver string , i b i s  feature m , ik& ’s the i n p u t  process
practical when under taking parametric studies where large number s of ’ s m r t u . i l t s  id ent ic a l
maneuver strings must be processed.

7
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The first type of hasic mnanc ’lIsc’r provides a means to alter aircraft thrust and configura-
tion, It is used to change the external  stores configuration upon munitions release or to
specify a new engine thrust condition such as cutt ing an afterburner in and out. As many as
five ordnance delivery maneuvers may be flown during one mission. Both mass and drag
characteristics arc changed for each new external stores configuration. There is no limit  to
the ntmmber of times the engine thrust condition may be switched between the two available
thrust ranges.

l ire second type of ’ basic maneuver is one in which the aircraft flies with a specified
rate ot’ change in headin g and a specified rate of ’ change in (live angle. l’rincip al use of ’ thi s
maneuver is to generate straigh t tl ightpath segments by setting specified rates to zero . It can
also be used to produce spirals and barre l rolls. Limits on g-loading, maximum roll rate , and
time can be stipulated. Aircraft roll angle and g-loading are then automaticall y adjusted to
achieve the specified rates wi th in  these constraints , Maneuver termination can be directed to
occur on any of the following nine conditions : time elapsed , specified al t i tude or change in
altitude , specified velocity or change in vel oci ty,  specified heading or change in heading, or ,
specified dive angle or change in dive angle.

FLY GEN ’s third type of h asic maneuver  is one in which the aircra ft attains a specified
g-loading within a given time increment and holds this  while adjusting the roll angle t~ make
a specified change in atti tude. It is designed t’or hard maneuvers where the g-loading charac-
teristics are essentially known. The maneu ver can be terminated at the option of the opera-
tor on one of four roll conditions once the aircr af ’t approaches the specified at t i tude (head-
ing and dive angle) . Three of these options are used to cause the aircra ft to rofl its Wifl~!s
level at such time that  the specified heading, specified dive angle , or both are exactly
attained. In the case of’ a string of hard maneuvers where the angular rate should be
maintained from one maneuver segment to the next , the fourth option makes no at tempt to
alter the natural roll rates as control passes between segments.

The fourth type is one in which the aircraft  rolls to a specified roll angle and then
attains a specified g-loading within a given time increment . Both ti r e roll angle and tire loath
are maintained unti l  a specified term ination condition is satisfied. The maneuve r can he
concluded by the same nine conditions as in the second maneuver type. This f ’ourt h mtr a ir -
euver is used mainly to perform controlled rolls and breakaway actions. Under most circuu n-
stances the roll rate is bled off at the desired roll angle. For strings of roll maneuvers .
however , art option is available in which the roll rates are not bled to zero. l’his allows a
stead y roll rate throughout a multiple roll maneuver.

It should be noted that  FLY GEN always rolls the aircraft in the direction which
necessitates the least angular displacement. Consequently , mautc uver s which require rolls in
e x cess of I ~O degrees m ust be performed as a series of unaneuv e,rs of the  fourth basic type.
It is in t h u s  situa ti ou l that  the option to sustain the roil rate ~tsftween maneuver segments is
best ut i hi ted.

Fl u e operator hr: is  speed control in the second, third , and fourth maneuver types . ‘l’his
i n so l st ’s thrust  and speed brake settings. Only the Mach number versus alt i tude l imi ts  can
ins j l u d . i t e  ope rator in st ruct ions .  If a Macl i number limit is exceeded. specified speed couttro l
is c o t i n te ru n . i i ide d  in an etfor t  to reduce airspeed. i’he operator has the lati tude to directly

8
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set the thrust or speed brake setting , or direct that  they remain at their original settings
throughout the segment. I t  can be specified that thrust  and speed brake settings he adjus ted
to maintain either the airspeed or Mach number held at tile beginning of the segment.
Finally, the operator may stipulate that these sett ings be adjusted to attempt a specified
airspeed or Mach number.

OUTPUT DATA

FLYGEN generates thre e output lists. The first is the usual hard copy ; the second , an
optional hard copy with additional information :  and the third , a magnetic tape with inf ’or-
mation for at tr i t ion modeling. The printed output begins with a summary of the a i rc ra f t
descriptive parameters . It is followed by a list of the maneuver string inputs. Subsequent t o
these two summaries is the time history of the flightpath simulation. Output data consist of
the following:

I . time, sec
2. position , fll

3. velocity and its components , rn/sec
4. attitude, deg
5. g-ioading
6. thrust and speed brake settings
7. lift , drag, and thrust , KN
8. message array.

The message array contains five flags which signal when a corresponding l imit  has been
encountered. Once the time history is completed , a summary of the maneuvers actually
flown is produced. This is basically a list of time , position , airspeed , attitude , and g-ioading
at tile end of the segment.

The optional hard copy contains a time history of other variables associated with the
simulation. While the primary output lists quantities with respect to the inertial reference
system , this output consists of much the same info rmation but lists it with respect to the
body axis system. The quantities include velocity vector components , acceleration vector
components , angular velocity components , time derivatives of heading , dive , and roll angles .
the sideslip angle , aircraft side load , coefficients of lift and drag, and tile same message arra y
as previously described.

The magnetic tape output listing was designed to be used in conjunction with AA
attrition simulation models. It contains more than enough information concerning the air-
craft flight profile for current attrition models, Items listed on the tape are:

I .  time , sec
2. position , in
3. velocity and its components , rn/see
4. acceleration components , rn/sec2

5. g-loading
6. att i tude , deg.

9
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MATHEMATICAL MODEL

The mathematical  approach to l” LY GI N is rigorous . ‘Fire k i m r t ’ m rra t i c  der ivat ions are
based upon a point mass with six degrees of ’ freedom over  a flat ear th .  Um lli ke most flig ht-
path generators , both the fi rst and second order terms are included in tire six equat ions of
m otion. These equations are solved simultaneously and in te g ra ted  in order that  v e loci ty  amid
angular rate components may he updated. Gemre ra ll ~ . the aircraft  is L o u t  rolled h~ means of
the thrust and speed brake param eters and by d ir e ct i ~ controll ing angular  se l oc i t y  com-
ponents. In all cases , the roll rate is used to control the roll angl e , p itch rate is used f or
contro l of g—l oading , and yaw rate is adjusted to ininim i ,e s i e les f ip .  Th erefore ,  all tu rns  are
coordinated.

The sign conventions which have been adopted for  i I \ , ( i l’N ar e based on a coflvt ’n-
tional right-hand axis system. As ref ’erenced to an ax i s  sy s tem which n~ we s wi th the aircra f t
center of gravity but remains parallel to th e iner t i a l  ax i s  s~ s te rn ,  the  aircraft  nose faces in
the positive X direction , the le f t  wing and tire p osi t ive V-axis coincide , aild the / -ax i s  u s
positive upward . Roll, dive and heading ang lcs are defined as right-hande d ro tations abou t
the X , Y, and Z axes , respectively. Dive angle should rec eive p a r t i cu l ar  a t t e n t i o n .  As tie-
fined , a nose downward rotation is positive and a nose upward rotat ion negative. All  input s
and printed outputs reference this  dive angle: however , t Im e ’ magnetic tape ou tpu t  refer s  to
the pitch angle (nose upward , positive ) which con form s to sign cons ent ions of POO l

‘Two other points concerning the ma th  niode l should he not ed.  Firs t ,  a i rc ra f t  mass does
not decrease as a result of fuel consum n pt ion .  It  re m ains constant ex cep t  for  the abrupt
changes which occur upon ordnance delivery . Second ly.  a chain ine option rs available at the
end of the input  procedure where b y in-f l ight  changes in aerods mimic or perfor m ance data
may be made at the end of ’ t ire maneuver s t r inc ’. u r i s opt ion co t i lt h a l l ow FLY GEN to he
used for some new generation , u lonc onvent iomlal aircraft .

MODEL ASSUMPTIONS

It is necessary to become reasonably famil i ar  wit h the practical side of ’ FLYG i :N.  l i i i ’ s
is not to imply that further surprises will not occur later.  It is instead a description of in i t i a l
learning experiences. One of the first d i f f i cu l t i e s  enco tuntered involved the oscillation of tire
aircraft attitude about the specified conditions before th e maneuver  segment te rmina ted .
This produced a very realistic fl ightpat h most of th e  t ime.  There were occasions , howev er ,
when oscillations continued beyond a period of b el ievabi l i ty .  This situation occurred most
often when a dual angle termination com iditiom i had been specified. Once recognized , it was a
simple matter to increase the tolerances of the t erminat ion angles or to change to a less
demanding termination condition. The latter was more frequently used.

It was noticed that  some maneuvers which specified wings-level terminations on ei ther
heading or dive angle took many seconds to exectute.  Fromii the printed Output  l is t ing,  it
appeared that the aircraft would approach the proper at t i tude to wit h in approximate ly
twice the termination tolerance and then oscillate for several seconds. To accelerate the
maneuve r , the fi rst maneuver specificatiom l was changed to el iminate the unroll option. It
was then followed by a fourth basi c type segment which specified a ,.ero roll angle and a
quick termination time.

10



JTCGIAS-77-S-00 I

The only problem which was not readily solved occurre d when a maneuver was acci-
dently allowed to continue unti l  the time surpassed the segment defaul t  limit.  Immediatel y
upon initiation of the next segment , execution was halted due to the internal generation of
an inf ini te  number.

SUMMARY

In conclusion , FLYGEN is a sophisticated flightpath generator which can simulate
nearly all aircraft maneuvers in a realistic manner. It is adaptable to all present-day fixed-
wing and some nonconventional aircraft . The rather substantial execution times and com-
plex input scheme are two factors which must be weighed against this model ’s versati l i ty.

BLUE MAX

BLUE MAX (Variable Airspeed Flightpath Generator Computer Program) was devel-
oped to generate three-dimensional flightpaths for fixed-wing aircraft . BLUE MAX is a
straightforward , well-written flightpath generator for one aircraft. It is a short , simple pro-
gram which lends itself best to ground attack mission modeling. The model contains pert or-
mance data for five aircraft (A-7 , A- IO , MIA , F-4 and FOX) and space for a sixth. Data for
FOX show it to be representative of a high performance , experimental aircra ft of ti r e I 970s.
Having the performance characteristics stored within the program simplifies input data
requirements. Input  data consist of an aircraft identifier , munition release (attack) condi-
tions , desired trajectory parameters , and maneuver segment control information. The trajec-
tory parameters are prepared from the point of view of an observer outside the aircraft .
Desired heading, airspeed , altitude , and pitch are the only performance valimes speci fied for
each m aneuver segment.

INPUT I)ATA

There are three input parameters which control maneuver seguiients 6. The t ir st is a
maneuver code. The model contains five segment types: navigation , base leg, attack , pull-
out , and recovery . Each has a unique set of performance limits which include: max imum
roll rate and angle , maximum throttle rate , and maximum g-rate and loading. All aircraft
maneuvers , whether simple straigh t line fligh t or complex strings of break techniques , must
be performed within the limitations of one of these segment types.

6An updated version of BLUI MAX has been prepared recenuly which includes two additional yp~ of niancuscr
~ gmen ts. These changes arc reported to yield a considerable amount of versatility to the ha~ c simulation m odem t~
providing maneuver s cym en is which arc tai lo red to escape maneuver simula t ion and to point-in-~~acc nav igaumo n. I imrihcr
info rn iai ion can be obtained 1mm the Assistant Chief of StatT , Studies and Analysis , h eadquarters Unit ed Sua t es Air I orce .

I I
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The second input contro l parameter is a time li m it for the segment while the t lrir d is a
heading flag. Both inputs involve segment termination conditions. There are three ways to
terminate. First , the model progresses to the next segment leg at the designated ti m e l imi t .
Second, it continues to the next segment when the aircraft reaches the lead point for ro llout
on the specified heading if the flag has been set. The lead point is defined as that position
along the trajectory at which the aircraft should begin terminating a maneuver , e.g.. t h at
point at the end 01’ a tigh t turn with an automobile when the front wheels are allowed to
begin straightening out. Third , the segment ends when the aircraft arrives at the lead point
for level off on the commanded alti tude. The third condition applies only during a chrange in
altitude when specified pitch is not zero. It does not apply during the attack segment. In
that case, the segment ends on tile release altitude and not the lead point for level off.

Because BLUE MAX is written primarily for the ground attack mission , it has c e r t a i n
characteristics which are peculiar to that phase of the flig ii tpath. The aircraft flies un an cu-
vers as directed by the trajectory parameters unti l  the muni t ion  release segment is court -
pleted. The prere lease portion of ’ the fl ightpath is then tram islated such that  the proper
release conditions are obtained for a target positioned at the origin. In addition to trans-
lation in the horizontal plane , tire ll ightpat h is also adjusted in the vertical plane. F in s is an
iterative process which can produce surprising results in some cases , one of which will  he
described later. Because a portion of the fl ightpath is translated to obta in the correct release
conditions , only one attack segment is permitted per fl ightpath. There is no l imi t  to tire
number of repetitions for other segment types.

Aircraft control during maneuvers is in the form of rate control over tire g-l oadim ig . roll ,
and throttle parameters . Roll rate is adjusted as a function of ’ t he di ft ’e rence between the
specified heading and tire aircraft lreading at time t corrected by the heading rate. L ikewi se.
the throttle rate is adjusted as a function of the difference between commanded seIo ci t ~
and the velocity at time t corrected by the rate of change of velocity. G-rate is adjusted j u t
much the same manner but with a special provision for segments with a specified pitch of
O degrees. This also occurs as the aircraft is leveling off after passi mig a head point .  In th is
case . g-rate is a func t ion  of the difference between the commanded a l t i tude  and the aircraft
a l t i tude  at time t corrected b y the rate of change of alt i tude.  For climbing and diving f l ight .
g-rate is a l’unction of the difference between com manded pitch and aircraft pitch at ti m e I
corrected by pitch rate.

Limits tor g-Ioading roll , and throttle parameters as well as the g-rate , roll rate , an d
thrott le rate are defined for each maneuver segment type. Rate a lgorithms (described ab ove )
adjust the control rate to its maximum unt i l  the control parameter reaches its own l i m i t .
Throughout a given maneuver, the control parauneter remains at its m axim n um value unt i l  the
commanded flight conditions are approached. The control rates and parameters then urr ov e

• away froni their respective limits and return to the values necessary to mainta in  tire corn-
manded fl igh t conditions. Such a control scheme produces a l’i ightp ath with nearly constant
radius of curvature maneuvers. During the last seconds of each maneuver . the com m anded
conditions are approached asymptotically. No t l ightpath oscillations occur near man euv er
ter m ination points.

L 
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OUTPUT DATA

Output information of BLUE MAX is m ore titan adequate for at t r i t ion modeling.
However , it is not in a form which can readil y be prepare d for input  to the standard AA
attrition model POO l. Unit conversions, velocity component calculations , and sign conven-
tion adjustment are necessary to adapt the hard copy output of this tl ightpath generator for
POOl input. The output parameter list consists of the following:

I. time , sec

2. position , ft

3. velocity, knots

4. direction , deg

5. attitude , deg

6. throttle setting, loading, tracking time , and slant range to target.

The sign conventions adopted in this model are based on a right-hand coordinate system.
The earth or inertial axes are oriented with the X-axis pointed north ; the Y-axis west : amid
the Z-axis positive upward . Pitch and roU are conventionally defined with nose-up r itch and
right wing down roll considered positive rotations. Heading is defined as a standard compass
heading increasing clockwise from the north .

In the mathematica l deri vations of BLUE MAX , the aircraft is treated as a point m ass
with five degrees of freedom. No provisions are included for yaw. The equations are written
for flight over a flat earth in the wind axes coordinate system. Resulting accelerations arc
then transformed to the inertial re ference axes and integrated by a fourth order Runge-
Kutta integration scheme.

The system of aerodynamic forces employed in BLUE MAX is conventional except for
the treatment of thrust. The thrust vector is assumed to point at an angle equal to the angle
of attack with respect to the relative wind vector. This assumption has the e ffect of mai n-
taining a constant angle between the thrust vector and the aircraft centerline even during
high’g maneuvers. Other models have traditionally assumed that the thrust vector was
aligned with the relative wind vector. Neither approach is exact , but the BLUE MAX
treatment is much closer to real life during hard maneuvers .

MODEL ASSUMPTIONS

A few other assumptions included within the model should he noted. Aircra ft weight is
assumed to remain constant throughout a mission. Munition drag increment coefficient s are
included in drag calculations. At munition release , however , there is no change in aircraft
mass or drag. Provisions are made for speed brakes if the individual aircraft is so equipped.
The operator does not have direct control at any time over throttle or speed brake settings.
however; the speed brake is used only durin g the attack segment.

13
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The control scheme produces realisti c results and works well for the approach and
attack sections of a ground attack mission, although there is som e question about tine
accuracy of the resultant trajectory dur ing  h ard maneuvers. One such case occurs wheui a
rapid reduction in pitch is required : in actual operation , the aircraft would roll onto its back
to use its lift vector as a driving force. However , BLUE MAX has roIl angle l imits  less titan
90 degrees for all segment types except the attack. This means the aircraft cannot roll far
enough to USe its lift  vector for pitch reduction and therefore must rely on gravity as a
driving force.

Besides the frustrations associated with rapid maneuvers , a few other surprises were
encountered. As described previously, an iterative process is used to translate the flig h tp a th
for a ground attack mission. No output is generated until  the translation process has been
completed. If during this procedure , either the altitude or velocity limits are violated , t ine
entire run is terminated with a nondescriptive error message. It is a simple matter  to
maintain the airspeed within limits , but altitude limits present a different problem. The
algorithm which translates the premunition release flightpath segments in the vertical plane
adjust the commanded altitudes as a function of the difference between the comnmarmded
and the actual tracking times. This difference is multiplied by the vertical velocity and an
empirical weighting factor before being added to the commanded altitudes of the previous
iteration. If a situation exists where there is a great difference between the command ,~d ari d
actual tracking times with a steep dive angle and a high approach velocity, it is likely that
altitude adjustments involve many hundreds of feet. Such a translation can result in severa l
abrupt terminations without the help of diagnostic messages before the causative factor is
recognized and eliminated by trial and error.

A second surprise occurred when a steep popup maneuver to a specified al t i tude was
attempted. The climb segment terminated on the lead point for level off at the command
altitude. Aircraft altitude at that time was considerably below the command altit t ide. When
an additional segment was included to bring the flightpath to t ine desired alti tude, the
aircra ft gradually rolled out and leveled off. This destroyed the popup maneuver effect. A
tentative solution was reached by increasing the command altitude beyond that actuall y
desired. Several attempts were required to adjust the climb segment termination point to tine
desire d altitude.

Tine command heading input parameter is handled in a slightly differen t manner titan
was first expected. This was firs t noticed when a command heading of -270 degrees was
input  for one flightpath segment and 45 degrees for the next. Instead of rolling left and
performing a 45 degree left-hand turn as was anticipated , the aircraft rolled right and execu-
ted a right-hand turn for 3 15 degrees. Such a heading convention presents no particular
problems if the operator is aware that it exists. Indeed , it provides a convenient method to
perform multiple loop spirals.

One additional comment should be made concerning the use of BLUE MAX for a
fighter escort mission. It is not really intended to be used for missions other than ground
attack. Tine general approach to both the control scheme and the maneuver l imits was buil t
around the smooth flight of ground attack missions. The quick maneuvers of air combat
emerge from BLUE MAX as a string of segments which are more gentle and blurred together
than in tine actual combat situation. In fact , if no attack segment is included in the list of
maneuv er� , BLUE MAX produces no output  list , To examine tine results of tinis generator
for a fighter escort mission , it was necessary to change one program source statement.

14
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SUMMARY

Overall , BLUE MAX is a straightforward , cleverly written , manag eable. and efficient
flightpath generator. It produces reasonable re:u lts with a minimum of input  pr eparation. A
nonprogra mmer wishing to generate a conventional ground attack profile should experience
few problems once the flightpath translation characteristics of the model are understood .
An operato r with a FORTRAN background can truly appreciate the simpli city of tine
model. Most of the problems which were encountered can easily be remedied by changing
control parameter limits. Tlnese limits and the aircraft perfo rmance characteristics can be
identified readily in the fi rst few lines of the program. BLUE MAX is good for a t t r i t ion
studies which require conventional ground attack flight pro files.

MCEP

MCEP (Maneuver Criteria Evaluat ion Program) is a dig ital computer program developed
as an aid in the deter mn iination of maneuver requir ennents for helicopter design specifica-
tions 7. It is a well-written flig lntpath generator for one conventional or winged single-main-
rotor helicopter. MCEP provides the capability to build up a mission from 15 various types
of manetmvers. These maneuve rs range in complexity from a basic straight line cruise segment
to an involved dive/rolling-pullout attack maneuver. Each type provides a realistic simula-
tion of actual helicopter trajectory when used on an individual basis. However , tine simu-
lation is less accurate during til e transition between maneuvers when two or more segm ents
are executed together in a mission sequence due to the inclusion of a steady-state straight-
and-level fligh t attitude at the beginning and end of each maneuver. Consequently, the
program lends itself best to straightforward ground attack missions and other nonviolent
maneuver strings.

INPUT DATA

Input  data necessary to execute the program fall into thre e categories:
I .  Helicopter descriptive parameters
2. Program control info rmation
3. Maneuver specifications.

TIne progrant control data and the maneuver specification data are straightforward and easily
prepared. Program control information consists of integration step size , output time in-
terval , and several parameters which control performance histograms in the output listing.
Maneuver specification data vary for each of the 1 5 segment types. Since severa l maneuver
types are constrained to one type of motion , specification data typically consist of one or
two descriptors which designate desired fli ght conditions at the end of the segment. in
addition , such information as load factor , velocity, direction of turn , and urgency of maneu-
ver index are required. Tlnese specifications are generally prepared front the standpoint of an
observer other than the helicopter pilot.

7U. S. Ariii ~ Air Mob ihty Reck ,arch and Deve lo pn icn t Laboralory. Maneu i~’r (‘rjtcr ,a I~i ’a 1ugtj m, Program . b) 1 I
Wood , I). ( .  Kr*man , ReD Ileheo pte r Com pany. t ori Fus t is , VA. , SAVDL-I~U, May 1914. 132 pp. (Pii h lic aiio n
(3 NCLA SS II fF0.
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Data containing helicopt er descriptive parameters are compact and very efficient. OnI~nine data card s are required to characterize the helicopter. In order to maintain a simplified
computational procedure , the many curves necessary to portray the performance of a
rotary-wing aircraft are defined by means of parametri c equations. The coefficients of these
equations occupy a sizable portion of the data. These coefficients pertain mainly to rotor
power and thrust relationships , to wing aerodynamics , and to a fuselage angle of attack
correlation. The remainder is comprised of control response time constants , rate l imits .
fuselage drag characteristics , wing geometry parameters , gross weight , and init ial  conditions
for the flightpath.

Some parametric performance equations are presented in a recognizable form while
others are empirical in nature and tend to best lit performance curves of small helicopter s
such as the AH-IG . Large helicopters can be accommodated by substituting higher order
paran netric perfo rmance equations into the program. Because of the uniq ue nature of certain
performance equations , the parametric coefficient data may be difficult to obtain except by
means of regression analysis techniques. A prospect ive MCEP user who is not familiar with
helicopter per formance terminology may find it necessary to consult wi th  persons kinowl-
edgeable in the field before obtaining satisfactory flight performance simulations.

FLIGHT PROF ILES

MCEP contains a sophisticated means for generating flight control commands. It uti l -
izes a mix of program feedback values and operator control inputs to produce fligh t control
parameters. Four such parameters are used to control the helicopter flight profile: velocity
pitch , velocity roll , normal toad factor , and Tate of change of velocity. The program oper-
ator , in general , specifies a desired velocity, a desired load factor , and an angular rate
proportionality constant for each maneuver. The program adjusts the velocity-change para-
meter accordingly through the rate and magnitude of power supplied fro m the engine .
MCEP generates the two angular control parameters by estimating the load factor as a
function of time to produce the desired trajectory and load factor. The pitch and roll
parameters thus determined are varied such that a trace of the angular acceleration history
matches tile shape of an exponential control function. The time period over whicin tine
exponential change in angular rate occurs is adjusted by tile prog ra m logic to mainta in the
rate below a specified maximum. This maximum is defined through the use of tine pre-
viously defined angular rate proportiona lity constant.

The rate algorithms described above adjust the control rate to its maxi m um unt i l  tine
control parameter reaches its own limit. Throug hout a given maneuver , the control para-
meter remains at its maximum value until commanded fligh t conditions are approached.
Control rates and parameters then move away from their respective limits and return to tine
values necessary to maintain the command conditions. Such a scheme produces a flightpath
with nearly constant radius-of-curvature maneuvers. During the last seconds of each maneu-
ver , the commanded conditions are approached asymptotically. No flightpatin oscillati ons
occur near the termination point. The trajectories that result from such a control pin ilo-
sophy are a reasonable approximation of actual helicopter fligh t profiles , especially f’or
those missions flown in a low-threat environment.
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The s i imn u la t ion  of ’ nnission profiles requires that each one he defined as a series uI
individual maneuvers. Each mission profile can consist of any numb er  of maneuver seg-
nn cnts. The mission is specified by ordering the required maneuver specification input data
cards in the sequence of their  occurrence in the profile. Each segment is completed before
the program will consider the next maneuver. The simulation terminates only when it
exhausts the list of input maneuver data cards.

Obviously there are not 15 basic motions indigenous to helicopters . Seven M(’I-.P
maneuvers can be described as basic:

I . Straight and level cruise

2. Acceleration /deceleration at constant al t i tude
3. Clinnb/descent at constant airspeed

4. Flat turn at constant airspeed

5. Sideward acceleration /deceleration
6. Pedal turn at hover

7. Collective popup at constant attitude and low airspeed.

The other eight are canned routines which occur frequently in attack helicopter missions or
in design maneuverability specifications. They include:

1. Pullup/pushover at a desired load factor
2. Auto turn at constant airspeed and alt i tude

3. Return to target at constant airspeed
4. Dive/rolling pullout
5. Climbing/descending turn at constant airspeed
6. Sideward acceleration/pedal turn into the wind
7. Orbit at constant airspeed

8. Climbing return to target.

It should be noted that the side conditions placed on the basic MCEP maneuvers are
limiting in some circumstances. The constant airspeed constraint in the climb/descent
maneuver is an example. It is frequently desirable to execute an accelerating dive as an
escape maneuver in threat engagement scenarios. Obviously, tile climb/descent will provide a
dive in the simulation , but the helicopter will descend at a constant velocity. This effect is
hardly noticeable for descents from low altitudes : however , the realism of the simulatio n
suffe rs for escape maneuver descents fro m •.ncdiu m or high altitudes. Side conditions nnost
often become constraints during violent mission profiles : they rarely interfe re with missions
which take place in an unhurried environment.

M(’EP has one other trait  that  makes realistic simulation of violent maneuver strings
difficult. Each maneu ver begins and ends with the aircraft in a flat-and-level at t i tude in
steady-state flight. Only at the very end of an evasive maneuver string does a Inelicopter
approach this condition in a true combat environment. Likewise , one would n ot norm ally
expect to find two flat-and-level steady-state segments in the middle of a turn/dive/turn
escape maneuver simulation.
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Aircraft survivability assessment studies involving small arnns t inreats regularly require
that the aircraft utilize its full range of performance capabilities to avoid or escape the
immediate threat area. In the case of helicopters , this means fully powered turning dives to
the relative safety of nap-of-the-earth flight with its inherent terrain masking advantages.
Both previously described MCEP maneuver limitations come into play when this type of
escape simulation is attempted. As a result , an MCEP-generated flight profile is not always
sufficiently realistic. Because this is the best flightpath generator current ly available for
helicopters , the operator is either forced to settle f’or something which does not describe t ine
actual situation , or many man-hours must be spent modifyin g data so that they will re-
semble the actual case. Such nnodifications are often less than satisfactory : their accuracy.
questionable; and their  cost , prohibitive.

OUTPUT DATA

MCEP generates two types of hard copy output. The first is a time history of the
flightpath simulation: the second, a series of helicopter performance histogra mnns. The usual
printed output for each maneuver begins with a listin g of the helicopter descriptive para-
meters and the maneuver input specifications. It is followed by a detailed listing of the
flightpath simulation parameters as they vary with time. Flightpath output data include:

I .  time , sec

2. position , ft

3. velocity rotation angles , deg

4. fuselage angie of attack and pitch angle , deg

5. load factor , airspeed , knots

6. vertical velocity, ft/sec
7. linear acceleration , ft/sec 2

8. velocity angular rates , deg/sec
9. power setting, and total horsepower.

The summary section that  fo llows the time history is comprised of a comparison between
the entry and exit conditions for the maneuver segment. Time history info rmati on is inure
than adequate for attri t ion modeling. It is not in a form which can readily be prepared for
input to the AA attrition model POOl , however. Unit conversions, velocity connponent
calculations , and sign convention adjustments are necessary to adapt tile har d copy output
of this generator for POOl input.

The second type of output listing is a series of helicopter performance histograms. This
form is optional and may he eliminated by assigning appropriate values to histogrann control
parameters in the input data list. Histograms are available for power, alti tude , airspeed , and
load factor.
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MATHEMATICAL MO l)LL

The ~d( ‘1 P m n n athemat  LU1 m i i u de l  is based upo n energ ~ mnn u t hod der iva t ions M . l im e enur ~’y
state of the helicopter is calculated in tern i s of i ts  required power as a funct ion of the fl ight
conditions at a giver ) i n s t a n t  in lime. l im e d iti eremnce between the p~~~er required and ti me
power supplied by the engine is then used to increase the helicopter po t ent i al  en cr g~(altitude ) . its kinet ic  energy (v e lucit ~ , or to cin ange i t s  d i rec t ion  of flig ht as required h~
flight control connmand s. Since energ y mnn ethod s camnnot determine fuselage angle of at tack .
an empirical equation is used to predict im e lkop m e r  or ientation for the ~ tn g aerod~ na ,in ic
calculations. This clever combination of energy and cmn pin c a l  tec hniques greatly simplifies
the problem of defining tine fligh t d y m n a m n i t e s  of rota ry~wmng aircr aft

It  should be noted that  the  ma the mnm a l i ca l  innodel assunne s the  m ass 01 t h e  he licopte n
remains constant thro u glnou t  a mission. i his assumption has tine ci k~ I of streamlining the
computational scheme. [he math model is further  simplif ied by neglect i rn g density and
velocity of sound variations wit ln a l t i tude.  This is a reasonable assumption since helicopters
do not typically traverse great expanses of ’ al t i tude during a mission.

As with nnost fl ig intpat in generators . MCEP operates principally w i t i n  bot in ~ ii n d axes
and earth ( ine r t i a l )  ases coordinate systems. Tine earth axes are defined as a r igint-hand
system such tha t  when the positive X-axis is pointed north, the posi t i v e Y-axi s is pointed
east , and tile positive 1.-axi s is pointed downward . Likewise, tile wind axes s~ stem is defined
similarly. Am gles and angular rates referenced in tine input  and output  l i st ings  are de f ined  as
customary aerodyn anm nic  rotations of velocity yaw . pitc in . and roil wit ln re spective r ot at ions
of ’ nose rig ht , nose up. amld r ig int-wing - down beim lg considered positive angular  displace innents.
It sinould be noted t inat tine angle of attack pa rameter appli e s to the relative angle hetv~eeml
the aircraft velocity vector and tine local Inori z onta l plane ( e . g . .  floor) of the f uselage. fine
other fuselage a t t i tude  angle , fuselage pitch angle, refe rs to the included angle between tine
fuselage nose vector amnd the earth inor izonta l p lane. Tinis leads to one final point:  provisions
for fuselage body yaw (sideslip ) have not been included in the m athematical model except
in the two maneuvers which generate sideward motiom .

SUMMARY

Even though MCEP is not optimally suited for aircraft sLmrv i va hi l i ty  applications, it is
the best available fl ightpath generator for helicopter a t t r i t ion mnnode l ing. Progra m im put  data
are somewhat detailed yet brief enough to be manageable. The 1 5 types of maneuvers allow
aLl the basic helicopter flight motions and provide a means to readily hand le frequentl y
encountere d maneuver strings. MCEP simulation is mathematically accurate and efficient.
Output data are sufficiently detailed to ensure operator confidence in tine simulation , and
adequate , with some modif ications , for use with traditional at tr i t ion models. While the best
simulations are obtained for nonviolent maneuver strings , acceptable results can be genera-
ted for hard m aneuvering flight sequences by j udicious flig intpath editing. Final ly ,  the M( l i’
contro l scineme provides ample power to regulate fl ightpat in simulation so t inat the resultin g
pro file adequately resembles the desired air craft  trajectory. lhis trait provides a valuable
time savings by el i i nnina t i m n g the numerous simulat ion repetitions nornnal ly required to shape
the general form of an aircraft flight profile.

RU. S. Ar my Air MobiIii ~ Kesezirc h and i)evek~pmcnt i .iburaiory. in I ‘:eri~ i Method b r  I’r~~I u tim, •l IIrl ,eo, ’le~
Muneuve’rahilin’ . by 1. m.. Wood and I. i .. I.iv ingsio n . Belt (ielu p!cr Company. g : or i ~~~~~ v ~~.. t s  SASI Rm ) m .

her t97 i. t O i pp. i m i mi c Rep or i 299-099-557 , puhmkation LJN(~I.ASS IItI I).
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SUMMARY

As indicated by the t’our fl ightpat ii generators , tine state-of-the-art for  this type of
digital computer program is not sufficiently advanced to allow innpromptu creation of any
flightpath simulation , especially a complex mission profile. Currently used flighipath genera-
tors typically require a significant amount of preparation for both the aircraft descriptive
input data and maneuver specification data. Even after input  data are prepared and the first
flight simulations completed , an extensive period of m aneuver data modification and reitera-
tion is normally requir ed to attai n an acceptable (ligh t profile. l his is not so much dim e to
the maneuver specification input schemes as to the practical problem of controlling tine
solution of five or nnore simultaneous differe ntial  equations of motion. The control sche mmi e
utilized by each program essentially determines the extent to which the simulation may be
regulated by the program operator. Those programs winic in employ extensive internal  control
logic typically do not require much input data , but ncit lner do they provide nnuch operator
control. Flightpaths from such programs appear nearly identical to each other regardless of
effort s to change their appearance. Conversely, t inose programs which place tine burden of
simulation control on the operator typically ut ilize complex input  scinemes , but impose few
linnits on the variety of f l ightpath forms which they can produce. Sucln an approach y ields.
in addition to versatility, a simulation progra m that generates predictable profiles. (‘onse-
quent ly ,  a finished fl ightpath is obtained in an efficient manner without numerous expen-
sive attempts to mold tile flight profile into a desired form. Tinere is a defini te tradeoff
between the time required to obtai n an acceptable flight profile and the degree of corn-
plexity or exactness involved in the desired simulation.

The four flightpat ln generators reviewed in this report cover a wide range of usabil i ty.
complexity, and versatility. BLUE M A X is a short , easy to use fl ig intpath generator designed
for simulation of ground attack missions by fixed-wing aircraft . init ial  familiarization w i t h
the workings of the program requires no more than a few hours . Input data requirements are
minimal. No aircraft data input is necessary if one of ’ the five predef ined aircra ft is utilized
in the simulation. Most of tine flightpath control functions are integral parts of the program .
so maneuver control parameters are limited to basics such as heading, altitude , velocit y ,  and
tracking information.  The flight profiles produced by BLUE MAX are quite acceptable for
generalized straight forward ground attack missions.

FA IR PASS is designed primarily for simulating ground attack missions ot’f ix ed -wimn g
aircraft : however , the program also is capable of handling air-to-air scenarios and rotary-wing
aircra ft . It is somewhat more complex than BLUE MAX. Acclimation to the program ’s
Operation may require several days. Since the basic aircraft performance data is contained
within the program in the form of block data , only flightpath maneuvers need to he
specified in the input data. The maneuver specification scheme is simplified due to tine
placement of the simulation control logic within the program. Here again , as in BLUE MAX ,
the predicatab ility of the output flight profil e is compromised in favor of predetermined
control logic and simplified input requirements. Flightpaths generated by FA1R PASS are
very realistic for most ground attack missions : however , the simulations are less reliable for
air-to-air engagements or other scenarios which require a series of hard maneuvers.
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FLY GEN is tine nnost vers atile fl ightp ath generator for fixed-wing aircraft . It  i~~ a
sop inisticated program wlmicin :an si m ulate nearl y all a i rcraf t  mnan et i s er s  in a rea l i s t ic  nnanner.
As would be suspected, the cxpa mnded capabilities of tl nis progrann are iina de possible by an
increased initial workload on the program operator. A few days of inte n siv e study are’
require d to familiarize a new user with the detailed ai rcraf t  description and maneuver
specification schemes. Once mastered , however , FLYG I N produces the most predictable .
hence least costly, simulations of all current f l ightp ath generators . This is largely due to tine
progra m’s advanced contro l scineme which allows the operator to regulate a wide range of
control para nneter s in maneuver specificat ion data.

MCEP cannot he compared directl y wi t h  the other llig htp at in  generators in this report
since it is designed solely for rotary-w ing ai rcraf t .  The program is simple , e fficient , and
relatively easy to u se. Althoug h tine ine licopter per fo rmance data arc somewhat complicated
for a novice to prepare, tine maneuver input  scinenne is straightforw ard and can be learned in
a few hours . One of M(’EP’s major advantages is tinat it does not require complex or lengthy
nnission input  preparations but yet produces flight simulations t inat can be readily con-
trolled. The flight profiles so generated are of sufficient accuracy (or all but the most
demanding helicopter survivability studies.

The four t l ightpath generators reviewed in t i nis report are but a few of the flight profile
simulators in current use. However , these are t ine programs most frequently utilized by time
aircraft survivability community.  Each nnod el will produce simulations which are quite ade-
quate for the current state-of-the-art in aircraft attr i t ion studies. Furthermore, these sa m n ie
programs could conceivably continue to fu l fill this need for conventional aircraft in tine
future. However , near- future advances in aircraft technology sucin as nonconventional con-
cepts in thnmst and lift generation , drag reduction , or variable cycle engines undoubtedly will
re (luire modification or replacement of tine present generation aircr a ft simulations. Hope-
fully,  at that time , the efficiency of the flightpath generation process will be improved by
eliminating the need for repetitive simulation nmns. Tinis could be accomplished by devel-
oping a simulation program with a control sclneme which allows interation between the
program operator and the program on a real real t ime basis. Ideally, the ll ightpath generator
would be integrated with the attr i t ion model such that the fl i gh t profile of tine aircraft
would interact with AA t inreats contained in the at t r i t ion model.
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