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Organizationsa pdanning the o~cratioata of 1a numbers of high-petformenc*
RArerafi area fazed vith * bw-iidorlna victure vf Ynarying numrbers of ai1rcraft,
routes, &irctmtt tyrost and teask. A "detailel calculation" approach to
de-welo~wont -,f a plan of ý.errtic~ is too tL'" counual.~ng and limits the niwmiber
of al' terustives whidh con be developed. Ait~n a * wf'-nirtva 4-- 4-',
approach do" not sacheve efficient fleet uSe.

This research mwrar~um ronsiders the Fligh~t Operations Flanner (FLIOP)
di.-tit~a1 wwputor pront.ea dr..i,;.nod to reduce semi~ficantl:' the wnount of time.
and effort Ln 1ýcuatint! dtat~td flight plaw. fr individua-I eirizeft. !*y
ui"nn 71.10, a plannin~j organzwztiov amn ivestigate a vi tie Yn'rruty of pcoemible
operations wttwout ý!wv iatýn an azeaalysv amoumt of humoar '.me and effort to
deta±2.s. 't-r .mne permita tth: 44.aoti plaon.tsi o.t.; moe~r o the h~enorslm

teazaimle. FLI:) c rads tlec b ived with any coCN!pute7 T'rogr-fvm to solve certeAi

The stuw in L in two part~e. ?4u-+ 1, %hion describes general-ly *.he problema
involved in planniJrm the cre.-&:Uotw of large numnbers of highi-performaance air-
criaft mdthe role of KZIW, is for the general reatier. Nart 11, ti~ch gives
& t b&ohatz &acripti.on cf Lh. toebniqu., is for thosae mho pl*. to %ae the
rohtkiza. Altamrigb thea B-Ie7 wan KC-97 aircraft. are used for Mlustrative
purposes, the tecvrnilqw!- tIescribed axe equally appl'tcable *- the vaz-ious modiela
of the jI-52, B-5A, 3-66, T-i33, P:B-50, 7-101, T-12 4, C-130, and C-m33, and
can to ann1±-*d tc any f!-xed ving type aircraft.
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This paper is in two artts. ?ar t . One is a general description of the

•-•b1-- •.v-• In paIMU-0u-ig the operation of lar6e numbers of long-range

airtraft and a brief descr~ption of th's particular part of the problem

whizh is addressed by the Fligr.' Operations P18 nne- (FLIOP). This Part

is designed to be of interest to th: gKerral reader. Part Two is, In its

main body, a somewhat more technical description of the technique. It in

believed that Part Two will be of interest to those people who might con-

sider using or preparing to use the routine herw described. The appendices

should be of interest to FLIOP users.

Although the 5"47 and KC-97 aircrafts are used in the subaequent

parts of this paper for illustrulive purpo~e5, the techniques descrined

have pro-fed to be equally applicable to the various models of the B-52,

B-58, B-66, KC-135, ýB-50, F-1O01 C-124, C-130, C-133 and can be applied

to any fixed wing type aircraft.

r
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PART ONE

•I A GENTYJAL DESCRIPTION OF THr- PROBLEM OF PLANNING AIRCRAFT OPERATIONS

Organizations planning the operations of large numbers of high

perforI-isi aircraft find themselves presented with twu basic but

associated difficulties. i.rst, the available numbers of aircraft,

routes, aircraft types, and tasks can all be so variable as to present a

rather bewildering picture. Developing a detailed plan of operations for

t. large fleet of various aircraft types consumes much more time than used

in either the physical preparation of the aircraft and crews or the actual

execution of the plLnned operation. This requ3.rement for a lengthy

planning period can become a very real limitation on the operations of

such organisations. Second, the plan of operation must either be

developed in detail so that its feasibility and adequacy is assured or

else be developed by using such conservative aircraft performance

parameters that the operation is unquestionably feasible. Neither

alternative is particularly attractive; the "detailed calculation"

approach because it is too tive consuming and limits the number of

alternatives which can be developed; the "conservative approximation"

approach becavse it does not achieve a high degree of efficient fleet

utilization.

II. THE DESIGNED ROLE OF Ti'k FLIGHT OPFRTIO0S PLANNFR

The Flight Operations Planner (FLIOP) is a digital computer program

d-:ign• t . ......~c~ity r • t• aj-ut uf t~Lw and effort involved in

the calculation of detailed flight plans for individual aircraft. By

using FLIOP, a planning organization can investigate a wide variety of



RN-•4l5
7-16-59

poseibla oAmraticne without devotin:, an inordinate wnouit of human tian

and effort to details. its use can pernat the human pLanner to concen-

trate more of his attentior. on the general obje,:tlvee under con-Iderrtion,

still retaining the assurance that the final result in feasible in all the

detailed considered.

Ill. FACTORLS TO CONSIDER IN THE USE Of FLIOF

The Flight Operations Planner is designed to assism the human plwu;n.r

by rapidly calculating the detailed pians of ojw•rstionp -f individual

aircraft. It is .ot deeigrned to "otitim•iz" anytnirw (e@ie;t i!l ! - P.-

I.h. t it significantly redu, es time used in calculation) .nlves the human

planner asks for certain optimndations.

To use FLI(C, %n orranizati'n n-i5t have okI'r. A-.. to A

ccoaputing facility and must have personnel who are (or may become)

knowledgable in both the planning of aircraft operartior.ns anrd iital

computer appllcattons. "any of the jaran.tere wveA in FLIOP must be

developed by the u~lr.r• orpan4tatln Pa they are dependent on and reflect

organisa*ional planning factcrs and policies. As with ony complei cos-

puter program, a technical description is pr-.entable only in the form of

flow diagrams and an assembly listing, of the mantmine code. These (for the

IBM 704) together with consultation ara available tr, r|,roprIa&e organi-

aations upon request.

As with any electroniz computer routine designed to accosplish a

,ob previously done by hand, the efficient use of FLIOP requires a period

of preparation within the potentil. using .rganization. Specifically,

the human timr and effort saved ty any such computer routine naa to be

used efficiently .r the .rLcary value of such a tool is waste. In
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addition, since efficient comnuter us. i also involved, FLIOP Is ?nOst

efficlent when a large number of cases are handled in each "run."

IV, bWIW - •in APPLICAT1z O0F FLIOP

It will be noted in the preceding pare^ "aphs that FLIOP im not

designed to Putomatically plan "missions" or over-all "aircraft utiliza-

tion*e. It is desigred, however, so that, in addition to its utility to

the hut&n pianner, it .an be used with Lny computer progran dosigned to

solve certain of the more comprehensive iassion Tronieme. An exploratory

de~velopont of conputer routines directed toward the solutions of the

"route welectIon" an "task objective" type of problem is currently In

prcg re.,.

Viriafly, t-eiuuge FLIOF la designed to answer detailel questions

about s given flight, the FLIOP output should be viewes' ea a detailed

description of the !niting conditions which must be met to maoke a flight

fos#111e. Itlels it -nonci*se precisely with the planner's desires

relating tv that flii,'t, the FLIOP output is not a flight plan in the

e-nventional aesna, )vt rather a demonstration that a feasible flight

plan cear. " caiculatea.
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PART WdO

I. GENERAL DFCRIPTION OF FLIOP

The basic concept of FLIOP is the rapid, automatic integration of

ta.. followUi•g major factors:

a. The performance characteristics and limitations of a specific

aircraft type. (See Appendix A for a description of the FLIOP calculation

of Aircraft Performance.)

b. The meteorological phenomena which affict an aircraft's inflight

performance. (See Appendix B fur a description of Climatological Data

Tables and their use in calculating the effect of winds on the planned

fligiht.)

c. The physical and meteorological zharacteristice of the takeoff

base which may affect and limit an aircraft's perfc-mance. (See Appendix

C for a description of the Base Table.)

d. An outline of the plan which the user wishes to have calculated.

On the Flight Outline Plan form, the user indicates the aircraft type for

which the plan is required, the desired route, the constraints to be

considered during the calculation and, possibly, the sequence in which

certain constraints may be relaxed in an attempt to arrive at a feasible

flight plan.

The basic concepts used internally in FLIOP are those of a flight, of

points, and of legs. A flight is the operation of tn aircraft from take-

off to landing or a continuous portion of any such operation. An aircraft

operation in which an intermediate landing and takeoff occurs, for

example, a staging operation, must be treated as two distinct FLIOP
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flights, At a "1 0int" someq part icular event. oe.,,re in the enurse of the

flight. A point might thus be a taheoff point, a navigational check

point, a target point, a refueling point, a penetration point, etc. The

interval between two successive points is called a "leg." Information

concerning a leg is always given in connection with the point. following

that leg. For comiputational purposes, enroute climbs and inflignt

refuelings are each considered to occur at a 1'ointý Provision is made to

take into accouit that these are actually enroute activities starting at

the point.

II. TH ELEMENTS OF THE FLIOP CALCULATION

The basic operation of FLIOP is the calculation of fuel expenditure

and time. Within FLIOC: there are many capabilities to solve various

detailed problems relating to the operation of the aircraft -kt the

"points" and along the "legs" of a given flight. The calculation of a

flight plan is, In a sense, the combination of the solutions to the many

"points" and "legs" problems.

A. Point Calculations

1. Takeoff point. There a,-. two general t.'pes of takeoff calcula-

tion in FLIOP. One computes the expected length of takeoff ground roll

(and time ant fuel used during this ojeration) when given the aircraft

type, aircraft weight, the type of takeoff procedure and the elevation

and temperature of the takeoff base. FLIOF checks the expected ground

roll so calculated against the length of runway ava:iable for takeoff.

The second type of takeoff calculation computer, the maximum feasible

takeoff weight and fuel load when given the aircraft type,, takeoff types,

base elevation and temperature, and the lergth cr runway available for
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takeoff.

Specific takeoff types are rrprpsentei in the FLIOr calculation as

"takeoff modes." Each "tatkeoff mode" is a ,,et of parameters which

describe the effect 'f aircraft weight., weirht Ics!, fu'el used, tempera-

ture and elevation on the ground roll, and other factors which affect the

takeoff of a spwcifi'V aircraft type usInF a certain type of takeoff

procedure.

2. Refuelirn. p•int calculpticns. For receiver aircraft there are

two types of refueling point calculations. FLIOP can calculate the net

gain in the receivurs fuel load (and the net Ina% in onrc-1.te cruitsing

time) when provided the receiver type, tanker type, and &ount of fuel to

be transferred. FLIOP can calculate the recuired amount of fuel to be

transferred (and the net loss in enroute cr-i.inp time) when the receiver

type, tanker type, and a requirI net rain in r-ceiver fu-l load is Pro-

vided.

For tanker aircraft there are two types of refuelinr calculations.

FLIOP can calculate the net loss in the tank(r's fuel (anI the loss in

enroute cruising time) when the receiver type, tanker type, and required

amount of fuel to te transferred in provided. FLIOP can calculate the

munr.t of fuel which can tp- trnnafmrrad (4ruA thý .t1, .. i . .r--te

cruising time) when the receiver type, tanker type and -axirum allowable

reduction in tanker ruel load is provided.

3. Turn points an& navigation cherk point,. A cha~re in an air-

eraftts fit-A ef fliolht.; -". h .. -q-n froe !I!- -c''!t c-- 'C-''- •'l- z

climb, must in general be associated with a point, altPio'gh Itn fact the

See Appendix A for a description of FLIOP modes knd their yreparaticnsý
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chan•ge is only initiated at the point. FIIOP assessen : time and fuel

penalty a&ainst the aircraft at a mode chan~ie point; to en.p.-nite for the

actual ti':." and/or fuel lost tit the chanve, the magnitude of these penal-

ties is dependent on the weight of the aircraft when it arrives at the

point and the difference between the two mode".

4. Target points. FLIOP will subtract from tie non-fuel weight of

the aircraft any specified amount of weight at any px,int indicated.

B. Leo Calculations

There are two general types of "leg"' calculaticns in FLIOP, "enroute

legs" wd "orbit legs." Specific types of leg cacitlations are described

in FLIOP as "non-takeoff" modes.

A non-takeoff (inflipht) mode is a set of Fara:-eters which describe

the fuel conswurption, altitude, airspeed, and other par&meters of the

aircraft operating in a specified manner, together with the variations in

these quantities which !ay (or may not) result with charges in the

aircraft'a w-irht. For thoste nodes in which an air refueling, is permds-

aible certain j.arar&!eter5 are included to describe the effect of such an

operation.

1. Enroute lev calculations. FLICF solves for the fuel used and

tir-- elapsed on an e-route leg by calculatinr the effects of wind, flight

mode., and weight on the aircraft type under consideration.

2. Orbitýle rcOrlaoions. FLIOP caloulates fuel used on an orbit

log by -Alculating the cffect of mode anI weight on the aircraft type

under consideration for the tim) on orbit. (Under certain ;:on-5Lions

FLIOP may be required t3 calculate tne time- on orLit as w1l1 a the futl

used.)
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C. Fli&htCalculation

The pilanning operation is the combining of "point calculations" and

"leg calculations" in a manner that permits the solution of problems pre-

sented to FLIOP. Each flight problem handled by TLIOP will have oris "key

problem" although many detailed problems have to he solved in arr.iviY- at

a final result. "Key problem" is used to describe the major question in

the FLIOP case which dictates the manner and order in which the point and

leg calculations must be made. For texample, the "key problem" of

achieving a maximum attainable fuel reserve at destination requires point

and leg calculations designed to achieve such a m-xiznum.

In general, the FLiOP calculation can address itself to a key problem

at the beginning of a flight, at the end of a flight, or in mid-flight.

To achieve this capability FLIOP is able to calculate sequentially the

flight legs and points backward from the end of flight or forward from

takeoff. These calculation procedures are referred to in this paper as

"backward motion" and "forward motion" respectively. A plan whose key

problem is in mid-flight (for example, "What is the minimum amount of fuel

a bomber rust take on at the refueling point to fly the required flight?")

requires both "forward motion" and "bockward motion" calculations, a

technique referred to here as "mixed moticn."

In arriving at the solution to the bajic time and fuel problem, FLIOP

either calculates or uses certain information which may be of use to the

planner or necessary to make the final output results meaninoful. This

information, as well as the result of some certaln peripheral calculations

(e.g., drirt angles, ETAs, and total distances) are provided to the FLIOP

user.
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D. Priority Sche.moa

Included in PLIOP is an ability to input (on a semi-pormanent basis)

a set of priority schemes which add to the utility of the technique. A

priority acheme is an ordered list of mode changes, drop tank options, aM

air refueling types. If the FLIOP user desirzz he may haa* FLIOP alter a

given flight plan in the sequence indicated in a designed priority scheme

until a flight has been computed that does not exceed the maximum allow-

able takeoff ground roll or takeoff gross weight and meets the minimum

required fuel reserves at destination. This feature of FLIOP was devel-

oped so that the user !an specify a desired policy related to "tradeoffs"

betu-san desired tactics and fuel expenditures (including inflight refuelinga)

and have FLIOP calculate its flights on that basis.

III. THE FLIC~rr OUYTLINE PLAN FOR(

The flight outline plan form, a blank sample of which is shown an

Figure 1, is the user t s principal channel of communication with FLIOP.

All instructions contained here must be very carefully followed since a

sing.e error can result in a completely erroneous calculation.

For each flight plan the FLIOF user wishes calculated, he muat

normally complete a Flight Outline Plan form. The first two lines of the

form (each of which has its own set of headings) contains general infor-

mation about the flight. The aucceeding lines (which have a coissn set

of headings) contain specific information atout the individual points end

legs of the flight. The remainder of this section is a detailed diacus-

sion of the individual fields in the Flight Outline Plaen fnr-= I_.,e--

otherwise indicated, the fields discussed must be completed.
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IV. THE OUTPUT 'ORM

The FLIOP output is designed to give a detailed picture of the

planned flight by listing pertinent information at each point. An

example of the output is given below with an explanation of the values

listed under each heading. The output format can be changed to meet

the requirements of the using organination.
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V. -LujzTX ) PlCTOSOFIO

Certain capabilities hava teen incorporated into FLIOP on that FliRht

Plano 14hich embody certain "key problems" can be computed directly. Some

of those applications wore clearly in mind at the start of the FLIOP

dovolom'nont. Others have been incorporated during development no the need

for them becaomn apparent and still othero are either under current

development or under consideration for future development.

A liot of thone currently available together with a brief description

io given bolow. Appendix D containa a series of completed Flight Outline

Plan forino and the reaulting FLIOP outpute vhich are intended (1) to

illustrate the varican 5pplicationu, (2) to narve an guides in the

preparation of Flight Outline Plan forma, and (3) to oorve no guidua in

the intorprotation of flight plan infor"mation that FLIOP outputs.

A. Fr(11 Yiacklmrd Votion Wnloulation

The flight plan in vhich the FLIOP uecr fins indicated the end of

flight voight nod fuel load df the aircraft and has, in effect, asked the

question, "I-hat ie the minimun fuel load i4th 0Ai.h the ntrcraft muet

otart the fliht no an to moat oxactly the specificd end requircir.ntV
(See •'.pjo A 4, d B for tiber application. See Fxn.plon D and I

for tonker application.)

11. Full Foritrrd I-ttIon Calculation

A flighit plan tii YM-ch tte YML Puc-a irmfente&d thu inritial

conditions of the flight and h~a asked the question, "llow wauh Duel can

the aircraft hava on boar:1 at ond-of-fliRht?" (Soo EnnF•iple D, Appendix D.)

D. Mlxod Ntion Calculation-

A flight plon In vhkch th a unor .an Indicated the initial fuel



RM-2415
7-16-59
-22-

conditions and the final foul conditions and has further indicated a

refueling point at which the recoi:or may take on board Gnough fuel to

oatiofy the indicated requiremon+-o (See Exma.ia C, App.ndix 0,) -when

rixod zotion in applied to a tanke -raft, the question becomes,

"Given the opealfied takeoff condititto and a spoeifind fuel reserve at

end-of-flights how much fuol can thin tanker off load?" (Seo Example E,

Appondix D.)

D. A Prioritv Schema

In this cane the AXOP user has deacribed a flight pattern whichb may

be beyond the capability of the aircraft but has 5.ndicated (by designating

a cortain priority achcao number) the sequence in which the flight plan

conditions may be varied by FLIOP in an attempt to arrive at a feasible

plan. The "koy problem" in thie application lo, in effect, "How near to

the input flight plan can this aircraft fly, still satiof'ying the indi-

cated rcquIror:entn at the start and end of flighti' (Soo Example F,

Appondix D.)

A flig]ht plan In uhich tba user has specified required tim.es of

atrrival at two _' v,-ro puintn along the flight. Thn FLIOP uner is

requirod to Indicato one (and only one) "froo orbit" point betwoon every

tW;o cgntrol t.mo points. The key quootion here i., "floow long munt the

oaroraft orbit at the 'froo orbit9 point to r,,•.,no good the requdrrd

~ct~ltrA e (Sua EXam'ple ii, AppenMMi 13.

F. Crean Talk

Thio application rcqu~ires that FLI,? "r1rr.crft.heoe certain data dovolopad

in one flight pliat calculation and insert it into tho appropriato place In
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some suecoeding flight plan (or plans). The instruction here is. in

effect, "The flight plan fzr aircraft B is dependent upon something

developed In the flight plan for aircraft Al transfer the infornation

wrhen it is developed.tl

1. EMAControl Time Cross Talk. aoo Examples H and 1, Appendix D.

"Tf" card 11-002311 uood for "ETA to storage." "T" cord "-0024" used for

"tStorgao to Control Time ."

2. Bomber to Tanker (or Tanker to Bomber) Fuel Tranefer Crau Talk.

aoo Examiploes E and F, Appendix D.

U. Brea'k PointAalctn

By using thin application the FLIOP user can describe a "lbasic"

flight plan, follow this with another flight plan and ask the quootior,

"At uhat point along tho route described in the 'basic' flight plan dooo

the aireraft lone its capability to t broalk atay nnd complete the oecond

flight plan?" (Soo Eeu.plo G, Appendix D.) ('I' card "-0021" is ueed

for broak point applioation.) Ey describing a basic flight plan In uhich

tho aircraft, sifter follouing a spocifled route, ie directed to proceed

to an Impoooibly dietant "break print," drop Its bomb load and then

roturn to a landing base, the planner cmn ano the question, "Given the

upoifiod prior route and conditione and givon the specified return route

mnd fuel rooorvo at dogtination, hoa far (in the direction of the foreoet

broah! point) can thin aircraft carry Its bomb load?" (Sea Examploe 0 and

J, Appendix D.)

Bt. D~viation Tin.e

(Sea Exac•ple K, Appendix D.) ('"V' card "1-0020"1 is used for thin

application of FLIOP.) By uolqn thin application the FLIOP user can
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desoribe a "basic" flight plan, follow-: thin tith another flight plan and

indicate a time (on the basic route) for the aircraft to deviate to the

ean4d flight plate The euootion here is; $'U the ulrergf dva-&OeO from

the baoic plan at the opecifiod deviation time, how much fuel will it

havo on board at the end of the second flight route?' A procedure is

available uhich allows automatic repetition of this question tith a

spacified changing of deviation timcs. (nLIOP must be run in forward

motion for thio application.)

VI. OPERATIONAL CHARACTERISTICS OF THE FLIOP COMPUrER ROUTINE

FLIOP is coded for use on an IBM 704 with 32,768 c:ords of core

storage. With ndnor modifications, FLXOP can be made tz-, work on an XBIH

709 or 7090 or on a 74 with 8,192 vordo of core otorago. The remainder

of thin section concerns the use of FLIOP with a 704.

The basic on-line machino requiremi-ents for using FLIOP are tuo tape

unite and a card readqr and either a third tape unit or printer. FLIOP

input caseo may be read in from either cardo or tapoe If input in from

tape another tape unit Is required.

The nix console sense switches serve the following functions:

1. up - input FLIOP enaen from. tape
dowun input FLIOP canoe from cards

2. up - output to tope for off-line printing
dowun - output to printer

3. dor - otop bot-ooen cases
up - nerral, no interruption of canoe

4. not uned

5. dpn - output to tapo for off-line punching (suitchon 2 and 6
uun% be doun)

up - output dependo an eAtch 2
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6, down additional output with each case (used for debugging
purposes)

up e normal output information

The tining for a FLIOP case depends on many factors, the main five

being the follotdngi

1. The number of legs in the case

2. Card or tape input

3. Printer or taps output

4. Use of priority scheme

and 5. Position of meteorological tape at the beginning of the case.

If a case is run using tape input, tape output, and no priority

ochemo and the meteorological tape is positi.ned correctly, it should take

roughly three seconds. For a case with, say, fifteen-points, add to the

on-line 704 time five seconds for card input, ten seconds for on-line

printing, half a second for each priority category used, and five seconds

for each month of data read to position the meteorological tape correctly.

Thus it is desirable to run all cases using the stoe month at one tire if

it is convenient to do so.

If, duo to some input or computer error, the computations for a case

cannot be made, an error output will be made instead of the normal outnut.

This error output consists of two lines, the first containing the ID for

the case and the words ERROR ERROR ERROR and the second line the contents

of index registers four, tuo and one, in that order, in negative and

positive form. Tho negative location of index register four when looked

tip in the assembly listing for FLIOP should, in most cases, give the

reason for the error for the case. For such errors as tite case ID being

left blank or a tWcnoff base being used that does not appear in the base
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tablo this is true. Such orrors, houavor, as caused by incorrect koy

punching of the input cards or as the usa of two minimum bomber rafualings

in ono flight would probably not be indicated corroetly by indox resiator

four.

Various opecial funotions, ouch as various tape control funictions,

are controlled by mo.no of "T cards" (cards or card images on tapo tith

a T in column 72).
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APPENDIX A

AIRCRAFT PERFOR1-A1ECE

1. UGNM1tAL

The major factor in the calculation of aircra-ft performance is the

weight change due to certain types of operation, ouch as takeoff, cruise,

maximum endurance operation, high speed operation, etc. Associated with

Vome of these types of operations are certain characteristics and restric-

tione, such so air velocities as affected by aircraft weight, maximum

allowable weight, maximum fuel capacity, etc. In addition, there may be

a number of different ways (modes) an aircraft can accomplish each of

these operations and possibly a relative "cost" (mode change penalty) in

going from one type to another. Finally, the aircraft may alter its

weight during operations for reasons other than fuel consumption. In-

flight refueling and weapon release are examples of the latter.

Thin Appendix is devoted to a discussion of the formulas used in

FLIOP in computing aircraft performance, a listing of the parameters

needed In such computations, and a description of how such parameters can

be developed.

It is recognized that the results of a FLIOP calculation do not

precisely describe the way a given aircraft may actually fly a desired

mission. The results of a FLIOP calculation do, however, indicate that

the required flight is feasible and that a detniled flight plan can be

computod.

Organizations planning to use FLIOP must exercise considerable care

in the devolopmont of aircraft performance parameters as these represent
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weorn than the physical characteriotico and 1fidtationv of the aircraft

concornod. Thoy also describe many of the operational policies and

planning factora associated uith the aircraft by the using organization.

For exsinplo, an organization using an aircraft may wioh to have a loear

maximum asloeuable voight than that described in the tochnical publications

of the aircraft nanufacturer.

The dotail used hero in tho discugsion of certain FLIOP procedures

and tho conceptP behind thoe, in cornditioned by the aournption that

organizations using FLIOP t..1 have porsonnol fdiliar idth convontional

techniques of calculating aircraft performance. The detail used in the

discugsion of "unconventional" procedures and concoptu used In calculatin

aircraft performance is comidorably greater than in thoseo octiono In

w-hich "convontional" u.uthodo have been usod.

II. TAKFOFF

The di'cuoolon in oubparaprapho A, D3, vd C bolow roýato to the

develo-r.ont of a sinplo given takeoff node. The required paromitoro muet

be developed for each poooible tat(eaff mode..

A. The formula used in FLICP feoi the calculat,-on of takcoff io au

follows J

0

Mho authors -,soh to oxpress their appreciation to R. D. Johnston for
providing thin formula.
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R - [KI(W K2)2- K tjt!! 4K6 4 [- 6.-7x10- 6 h]K5

2 3 520

i-haret 1'1 aircraft grons weight at start of
ground roll

t a ambient air temperatv.ro in degrees F

h - NACA pressure altit',ide, of the base
above sea level, measured in feet

R o the runway length, measured in feet,
used or allotted for takeoff

KIP, K2 , K K , and KX are mode parasseterr
toK e d4terminea by curve fitting
techniques. K, is measured in feet
Vor square pound, K2 in pounds, and
K3 i1, feet. K4 and K5 are, of
course, pure numbers.

Using the above formula, Y]FI0P can calculate the ground roll when

given the aircraft eoight, bae temperature m d base pressure elevation

for a specific aircraft type, (e.g., B/K17dI) taking off it, a particular

FMnner (iemdo). (HA'mnple. Drop tanks installed, thrust augmentation

fluid and eighteen ATO bottles being used.)

Convorooly, FLIOP can calculate the aireiqft uoaight at takeoff when

Riven vuammy available for takeoff griound roll, base temperature, base

olovation and .ode, by solving the ab'ove equation for 11.

B. The translation of aircraft mieight on the pround to fuel lead

and the need to doscribo certain limitations require the inclusion in

VLIoP of the folloiing parm-etern:

Mrop Tank Ut. - the veight, in pounds, of the external fuel
tanks when e:.pty (includes weight of
trapped fuel)
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Drop Tank Cap. The weights in pounds, of the fuel which
can be carried in the external fuel
taimbe (*xcl~iing trapped fuel)

Capacity - The total fuel capacity, in pounds, of the
aircraft in that modo (exclusive of trappad
fuel)

Max. Ground UIt. - The maximum number of pounds that the
aircraft is allowed to weioh on the
ground for that takeoff mode. This
weight must be the smaller of the
folo-ning two quantities:

a. The maximum allowable weight on
the ground of that aircraft type

b. The maximum allowable inflight
weight for that aircraft plus the
weight (both in fuel and otheraise)
expended between the start of
engines and the completion of the
takeoff ground roll.

DELUT - The welghtp, in pounds, that the aircraft still lose
(other thnn fuel expenditures) between "start
engines" and "break ground."

MEuir - The total wieight, in poundn, that the aircraft still
lose (both the fuel expenditure and otherwise)
betwmen "start engines" and "brek ground."

M-ax Roll - The maximum distance, in feet, that the aircraft
can be permitted to roll during takeoff.
Certain aircraft, •h)mi ui•ing thrust aurmr.entation
fluid during tnkeoef, are required to reserve
some amount of this fluid for the acceleration
phase which folloun takeoff. The naximurn ground
roll can be uned to riflect this iiwit. Certain
conventional ongined aircraft, In addition to
having a raximumn allowable ground weight, have a
"1i¢Kiltlu mivalort gross weight" (a paraieoter
in which actual weight., temperature and pressure
elevation is conaidered). The mriaximum ground
roll can be used to reflect thin ]iDAit also.

LT3F, P - The minimu termprr.ture, in degrees Fahrenheit, at
which thrust utmontation fluid can he used during
takeoff. (Noro: If tho FlOP user indictatos a
takeoff u:iing "water" and tho base temperature In
lovor than tho 1.TF!.P, FLYOP still autor-tically
change to at Odry4l takeoff.)
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C. The "K" factors required for each takeoff mode are obtained by

developing a table of ground reoIs for that mode in which the elevation,

temperaturo, ani aircraft weights have be3n varied wdthin practical

limrta. 1The takeoff no.mograers, included in the performance supplements

of each aircraft handbook, Is a convenient source for this information.

Having developed ouch a table, P fitting procedure is used to develop the

K factors.*

D. It can ba soen that a number of takeoff modes may be requirod to

doosribo the varied takeoff characteristics of an aircraft (for example,

drops tanks on, drop tanks off). In addition, augmented takeoff, "dry"

taleeoffl full rocket aesistod takeoff (RATO), partip. P..ATO, full aftoe-

bur•ar, etc., can all affect the takeoff characteristics and rmy require

the dovolojaont of takeoff wodeo. The follotwing BH-47 takeoff modos,

ourronuty in FLIOP, are lietod for illustration. In this "e.odo code"

thuo 11-1 Indicutoo "no drop tanl(aslj 11011 indicatoo "drop tanks," "hU"

indicates Utte takeoff," "D" indicates "dry takeoff," the number "0"

Indicatoo 'sno ATO bottles uned," "I" indicatos "10 ATO bottles used,"

"21' Indicates "130 ATO bottles used." The T indicates a takeoff rode.

*DOT *WOT

*D IT 4'IT

-D tT -lWIT
*ID!T '.1."2T

-•D)2T

So.ition V of Appendix A hao a more detailed description of mode codes.

A "fittin-0 routir.o, coicd for the IPI 704, to nvnillblo. (This
routins vano dovolopcd in tha Plans and Automation Dirneh, Control
DivICIon, LTIrcA0torato of OJoratIors,|IleadquartorS, SAC.)
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E. In addition to the calculation of takeoff ground roll (or takeoff

weight whon ground roll in given), FLIOP has a certain capability to make

a solection between the takeoff modes it %All uso. The praorgce or

absents of drop tanks (4 or -) during takeoff may be controlled by the

FLIOP useo or may, if deoircd, be altered by the priority scheme being

used. A "Iuot" taeloff idll autom•atically be changed to a "dry" takeoff

if the base temperature to lower than the "LTEI-IP," however the reverse Is

not true. Thzi uge of no ATO, partial ATO and full ATO should be linted

in the FLIOP narcraft performance table in that order (coo the B-47 trodo

code above). Ia calculating a "forward r.otioa" takeoff, FLIOP will use

not only the takeoff m.ode lsted but also those irodos which have a looser

number of ATO bottlee. The takeoff node which ronulto in the mitaicu

mountt of fuel at takeoff is then used in the flight plan boin3 •,nputcd.

In a "backuard r.otion" takeoff the minm•,um required numbor of ATO bottles

Io computed.

11X. RlON TAKEO0FF_(mairmaIchS'

Several forfueeas aro required for tho coMputatIor. of flight altitudes

fuel consnuption (range), and rofuoli|q factors for Inflight zodoo. A

tochniquo in provided for varying the air velocity an a function of

uaight ifhon applicablo. Finally, certain iritationo on vaight and fuel

load nuat be liatcd. Each of those wIll bh discussed in conaiderablo

dotail it the ouecoeding paragraph5. The render in again reruided that

those factors do not nocasaarily represent the .ximun capabilities aid

lititntior.o of the aircraft concerned it the spocific redo under consid-

oration. Rather the~y roproeont the capabilltioe and hi•ritntloan that the
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FLIOP using organization decidoae, as a matter of policy, are appropriate

for purposes of planning. Subject to this type of modification, the most

convenient source of the data required for mode preparation is the

appropriate aircraft flight handbook.

(1) Two different formulas are used in FLIOP to calculate the

range/aircraft weight change relationship. The first, used when there is

a linear relation assumed between range and aircraft weight change, is:

R - CO (W1 - Vw2 )

or equivalently

dWl 1

uhoro: R air distance, in nautical milos, during a chango in
aircraft gross ieight from W1 to W2 pounds.

o the "instantsnneou fuel consumption rate in poundsdR
per nautical air mile.

Co Is to be detormined by a fitting process acr is measured

in nautical ridlos per pound.

(2) Th eascond range/welght change formula, used when there is

a logarthumtc relationship aseutrod between range and aircraft •eight

chnngo, Aot
R CCo lopo ( I -- )

0 '2 C C1

or equivnlently

d' 'l * C1liii Co
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ulhore i R air distance in nautical Piles, during a change in
aircraft gross weight fron W1 to W2 pounds.

dW instantaneous fuel consumption rate measured in
oR pounds per nautical mile.

and C1 are to be determined by a fitting process. C0
is measured in nautical miles and C1 is measured in pounds.

It uill be recognized that the above formula is a modification of

the Breguot type approximation, in w.hich CO and C1 are used to give a more

accurate description of lift-drag ratio than a fixed single constant. An

ind4 cator must be included in each set of specific mode parameters to

designate which of the above formulas are to be used in that specific

modo. A symbol, designatod C2 , is included to serve as the indicator.

C2 "-" indicates the nautical mile per pound (unaffected by v-eight)

formula. C2 "t" indicates the modified Breguot type approximation.

.hCO and C1 factors are the mest critical input numbers in FLIOP.

A noc-mingIy minor inaccuracy can rosult in a significantly inaccurate

portr.nTl -.-f an aircraft's range capability (fuel consumption) over a long

flight boing computed by FLIOP. They are developed by fitting the range

curves given in the appropriate aircraft's flight handbook. TWo such

fitting procedures are outlined below. It is recomnended that both be

used and that the result be cArfor the rouitipg C. qcd

.l factorsae incor orated into the FLIOP aircraft psrformance table.

Further, it is Important that the CO and C1 factors developed achiovo

their greatest accuracy In these aircraft woight regimes lhich aro IuiciT,

to Inoludo the usual ni ayrnff iL, 4or the irudo ainder conaidorationo

HI. Ayktudo

WTo differont foir,'A') nj; ieOd An VLIOP to calculato the
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cltitudo/aircraft veight relationship. The first, used when there is no

ouch relationship assumed (the aircraft flies at a fixed, desIgnated

altitude regardless of weohht). ins

"H . H0

uhoro: H e pressure altitude maeaoured in feet (NACA standard
atmosphere) ;

In such a• cao, H0 is sirply the designated altitude of flight for the

mode.

The second altitudo/aircraft wioeght formula, used when the aircraft

incroaoes flight altitude as its weight deereasos, ie:

H a H0 + HI loge W

uhorot -1 - aircraft gross weight in pounds

H - pressure altitude measured in foot (NACA standard
atmosphere)

Ha and Hl are to be dotormined by fitting and are measured

In foot. An Indicator must be included In each spocific sot of niode

pqirFt~ora to deelgnate Vnich of the above formulae is to be usods H2 -

Indicatoo a conetant altitudo ruodo, 112- indicates a variable altitude

I-ode.

A f• W " I_. rouitiuo, cod~rd for tho I1-! 704, is available. (This
Sa ,.•) v.. dwo oLoprd in the Plains and Auto"-tion Dranch, Control

~vi im, $I o~V ofOjprationu,j tk'adqu-irtora, SACP)
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C. Akr Velociix

Incorporated into the FLIOP aircraft perforiance table for each

mode is a provision for approxinating a variation of the aireraftfs air

velocity as the aircraft's weight varies. Six quantities, labeled 'UA!M

through W1BAR6, are included to bracket five aircraft weight br.nds° WBARl

represents the louest weight and WfBlR6 the greatest. Associated with

those five weight bands are five quantities labeled VI throi.-gh V5. The

parameter Vi, .... V, V5 are measured in nautical miles per minute. V1 is

the aircraft's nar velocity in knots that will be used by FLIOP when the

aircraft's ;olght in between WlRARlI and 'AP32; V2 is the velocity used

between /'AIRl2 and W'AR3, etc. Conventionally WBAR1 is listed as being

az.ro, V.,AR6 as being an impossibly high weight. When the mode is one in

uhich the aircraft has a fixed velocity, that velocity can be listed for

VI with zero listed for UP.ARI and the impossibly high weight listed for

WBAR2.

D. General Weirht and Fuel Criteria

The following values fwst be listed in each inflight mode

carried in a FLIOP atrcraft parfornsanco table:

(1) Drop Tank Wit. - the ernpty welght, in pounds, of the
oxternal releaseable fuel tanks
including ueight of trapped fuel

(2) Drop Tank Cap. - the fuel capacity, in pounds, of the
external fUel t•ak excluding ueight
of trapped fuel

(3 C v ty = t-h taial \A-el ui-nL7A of -ho aircraft,
in pounds, in the modo under consideration
oxol'.4nfg the vaign•t of trapped fuel

(4) MIx. Fly 1Ut. Vthe i,-dr- 0aawaln .nlf I-ht algh t
ofU1tho uArcraft, r-uneurcd in poundo.
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E. Inflipht Refueling (Receiver)

The calculation of air refuoling in FLIOP is made on the basis

of equivalentt effertnt An "-ua•l rmfueling operation, for a receiver

aircraft, will encompass all or meat of the fo~low••g separate operationas

(1) Ooecent to rendezvous phase

(2) Chase phase

(3) Refueling phase

(4) Acceleration and climb.

Each of those phases may produce, in the bomber, a fuel con3umption and

velocity at variance with those that FLIOP might calculate for a non-

refueling log in the name rode. FLIOP accounts for these "off-modo"

effects by calculating the equivalent weight which the receiver must

thoorotically have, the instant it passes the rendezvous point, to fly in

the past refueling polnt mode and arrive at the actual oni of refueling

op3ration at the same w.eight as the actual oxpeý-tod weight. The following

diagram of woeight chango versus distance is designed to indicatc this

concept. The actual refueling is indicated as a solid line. The FLIOP

calculation as a dashed line. The abrupt vertical rise of the dashed

lino In this diagraa in the FLIOP npplied oeight difference (WO) required

to produce coincidence of the FLIOP aircraft woipht and actual aircraft

tvaight at the end of the complete retfuling operation. The amount of

tuoiRht difforcnceo (VID) to be applied Is calculated in FLIOP by the

rollowintt toanulan

1D 1 oIDO e fiDl (tnnkor off load)

Xt can be occn fro. the dinora:' that tho actual toli,,ht of the receiver

vjhrma'-t dwrlvh the' rfuoeling So at ito higheat poAnt at the end of the
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C-..

Crui " - Acceleration
Descent '. nd climb

"' Rendozvous point Cruise

a .:-Fuel transfor phoso

U0

SO1s10nco (Direction of fliont=-==•)
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fuel transfer phafse. Tc insure that the receiver aircraft does not

exceed its maximuri allowable inflight gross weight or fuel capacity during

the actual refueling operation. FLIOP appli•n thn fo!e1 1 _r4 fc,=-Ia:

E - EO # El (tanker off load)

E is added to the weieht of the receiver .-gmý99 ¶ g1 t ai'kful carpaoity

. .t the rendezvous point and the results compared against the ,axidim

allowable weight and fuel capacity.

Since the air velocities achieved b. the receiver aircraft during

the actual refueling phases may vary from the FLIOP computed velocity of

the receiver aircraft (in the post-refueling mode), a "time penalty" must

be imposed on the "FLIOP Aircraft" so that its expected time of arrival

at the end of refueling point coinoides uith the arrival of the actual

aircraft. This "TI.ne Penalty" (TAU) is also related to the amount of

fuel off loaded by the tanker. The fol-ltuing formula is used-

TA'iJ TAUO 0 TAUl (off I'.ad)

In the development of the necessary parameters (W'DO, WDI, EO, El,

TAUO, and TAUM) the expected values of weight difference (W.Q), E, and TAU

for a varied series of tanker off loads must be computed and the results

plotted. Tro appropriato parameters can then be computed by a simple

fitting technique. It has boon found convenient to compute all of the

expeutud valuos togotler using a format similar to that shoem below.

Thceoroticnl values are indicated by 'IT." Noto that a different tanker

typo can produce a requiremont for different refueling parameters In a

apecifteo rocovorto .odo. An additional routl, idth an appropriate



R1'-2415
7-16-59
-40-

1. Actual receiver wt. at end fuel tr-nsfer
(conventionally the max. infli_ t wt.)

oWt. of fuel transferred -

3.Tite elapsed in transfer

Distance covered during transfer

50 Fuel used during transfer

6K wt. of receiver at start of transfer

7. Fuel used during chase

8. Time elapsed in chase

9. Distance ,vered in chase

10. Receiver wt. at start of chase
__(6 71

11. Fuel used in descent

12. Time elapsed in descent

1, Distance covered in dcsccnt

14. Receiver wt. at start of descent

15. T fuel used in pre-refueling mode to
fly distance 13

16. T time used in pre-refueling rode to
flv distance I3

17. T aircraft wt. at refueling point
(14 - 15)

18. Actual wt. of receiver at end of fuel
transfer (same as 1)

19. Fuel used in clir.b

20, Distance covered in climb

21. Time elapsed in climb
2eceiver 1t,. at end of climb

23. T fuel used byrceiver (in post-
rofuelirg mnde) " _ fly nc -

24. T fuel elapsed in flying (in post--
_re.fuelin- mode) distn_ c 20 -% 2. 1

25. T receiver wt. at depart refueling
2(2.

Speciflc "fiD" (25 - 17)

27. Spcific '" (16 - 17)

_____ ii1if71
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indicators must be developed and inserted in the receiverts aircraft

performance table to reflect this situation.

F. LnflLghtRefuelin& (Tanker)

The calculation of the effect of inflight refueling on thG

tanker is quite comparable to the calculation made for the receiver

"except that EO and El are not applicable (the tanker cannot exceed its

maximum allowable inflight weight during the operation as it can only

lose weight). The tanker weight change versus distance diagram below is

designed to depict the actual and the "FLIOP" situations. The actual

refueling is indicated by a solid line; the FLIOP calculation by a dashed

line. The abrupt vertical descent of the dashed line in the diagram is

the FLIOP applied weight difference "WD" required to produce coincidence

of the FLIOP aircraft weight and actual aircraft weight at the end of the

complete reouoling operation. The amount of WD which is to be assessed

against the tanker is computed using the same formula used for calculating

similar data for the bombers (i.e., WD - VIDO * WDl (off load)]. The

format shown has been found to be convenient in the preparation of the

tanker's 1,9) paraiietura.

IM, MODE CH•l1GE PENALTIES

When an aircraft, during a flight, changee from one mode of operation

to another there may be a period during which the fuel flow and air

velocity differ from those of the second mode. Take, for example, an

aircraft that is cruising at sea level (or has just taken off) and a

change of mode to cruising at altitude is indicated. The fuel used and

the time elapsed during the actual climb trill be greater than the
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Ren~dezvous point

Chaso phase

Fuel transfer phase

- I o seAccoloration and/or

Distance 1Oroctlon of flight---)
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1. Actual tanker wt. at

2, Distance covered in chase j .. ..

3° Fuel used in chase

4. Actual tanker wt. at
contact (I - 3)

9. Distance covered in
transfer phase

10. Fuel used by tanker
.durinr tratnsfer

cerFutl off load

8. Tanker t. a-t end of
transfer (4 - 6 - 7)

9. Distance covered in
accelo•-aticn and climb

10. Fuel used in aI
acceleration and climb

11. Tanker wt. at end of

13. 'Thaoretical tanker iut. at

rendezvous point (11 e 12)

Spclf_ _ I-D (1 - 13)

Noto that a different receiver type can produce a requirement fer
different refueling parnmotera in a riven tanker mode. An
additional mode must I-o davoloped to reflect this situation.
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theoretical fu•l and time used to cruise at altitude for the "climb

distance.1- FLIOP allows for this effect by aansessin appropriate time

and fuel penalties against the aircraft at the mode chanpe point, the

amount of the penalties being dependent on the aircraft weight. Some

mode changes do not require penalty aabeosments. The formulae used to

calculate these quantities are ae followat

(1) Time penalty

TAUPa TAUPO * TAUPI (sircraft weight)

(2) Weight penalty

PEN - PE1O * PE1I3 (aircraft weight)

The follow•IR, diagram is intended to illustrate this concept of fuel

poaultios. The actual aircraft data io shotin as a solid line; the FLIOP

calculatien by the dauhed lineo. Penalty a9sessments are not required

betiaen all mode combinations (for example, penalties are not appropriate

when an aircraft changes imodo from maximum speed to cruising speed).

Further, FLIOP does not assess negative penalties (for example, the actual

ms,U1. gain in fuel uhen an aircraft changes from cruise at altitude to

cruise at sea level). lowever, for all. mado change combinations 'hich do

have significant penalties, appropriate ponalty parameters must be

developed and inCluded in the FLIOP aircraft performance table. It has

been found converiont t~o use the format piven beiou to calculate specific

RUlsM and TAUP's and fit these to derive the appropriato PENO, PEJI, TAUPO

and TAUPI pnranoters.
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. . . . .. . . . . . . . . . . . . . . . . . . ... .

Modo chongo point

° IL
u

.a Modo 2

Oistance (Llroction of flight----)
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1ý Airraft m-- t. mo ade change
Roint

2. Distance covered in mode -

chanye t
Fuel used in mrode change

4 . -Time ela-psed, in mode chanige

5. Actual aircraft vrto at• .. .
of modeehanpee (I - 3)

6. Theoretical fuel used (in
mode 2 at aircraft wt. 5)
over distance 2

7. Theor:-tlcal time elapsed,
(in mole 2 at wt. 5) over
dintancc 2

R. Theo retical aircraft C .
at ridu ch-,n.c point

Specific PE (1 -8)

10. Specific TAUP (4 7)
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V, DEVELOPMENT OF A M-ODE CODE

A. General

The number and typos of modes for a given type aircraft which

may be developed and included in FLIOP, is largely dependent on the needs

of the using organization. It has been found advantageous, however, to

restrict the number and typos developed to the minimum necessary to

develop adequately the required plane. A large numbe' of basically

similar modes can be a source of confusion to both the person completing

the Flight Outline Plan form and the reader of the resulting flight plan.

This "practical limitation" has not been found to be a serious one, as

the mode codes listed below for the B-47 and KC-97 should indicate. The

list bolow indicates only those mode symbols Anich the user normally

places in the mode symbol column of the Flight Outline Plan form (or

rondo in the mode column of the printed flight plan). Mbae parameters

for the aircraft concerned, i-th and i-ithout drop tanks installed ("f"

and "-" respectively) must be developed and listed in FLICk. However,

the user has access to this variation via other inkput techniques.
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R-• 7.Mode Codles

DOT - Takeoff, no ATO bottles, no water
DIT - Takeoff, 18 ATO bottlos, no water
D2T - Takeoff, 30 ATO bottles, no water
WOT - Takeoff, no ATO bottles, wiater
WIT - Takeoff, 18 ATO bottles, water
W2T - Takeoff, 30 ATO bottles, water
000 - Maximum range power settings at sea level
010 - Maximum speed power settings at sea level
001* - Mtximum range power settings at optimum altitude (if

used on a refueling leg,, the tanker is a KG-97)
101* - Maximumn range power settinge at optimum altitude (if

used on a refueling leg, the tanker is a KC-135)
OEl* - Maximum endurance power settings at optimum altitude

(if used on a refueling leg, the tanker is a KC-97)
lEl* - hIdmum endurance power settings at optimum altitude

(if used on a refueling leg, the tanker is a KC-135)
011 - Maximum range at normal rated thrust, optimum altitude

KC-97 Mode Codes

WOT - Takeoff using thrust aufumentation fluid
001 - aMximum range power setting at 5,000 ft. altitude
OEI - l Mxqmum endurance power setting at 5,000 ft.

altitude
002 - lhximum range power setting at 10,000 feet altitude
OE2 - Kxximum endurance power settIng at 10,000 feet

altitude
003* - Maximum range nower setting at 15,000 feet allt"ude
OE3* - Maximum endura. e power setting at 15,000 feet

altitude
004 - ahximum ranse power setting at 20,000 feet altitude
OE4 - ?.aximun end.irance power setting at 20,000 feet

altitude

|rofuolini, penalty paran-tera are included in FJJOP for these modes
only. Thorofore only thosn j;,d.: can U.. uae,| on a lug itimediately prior
to and Inircdiate3y following a rvfi4%1fu1nr polint.
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V M 14..o te Code Convention

(1) Jet Aircraft. From the illustration given above, it can

be seen that a general convention is used in the labeling of modes. The

first digit of the takeoff mode symbol h.s been used to designate the use

or non-use of thrust augmentation fluid. The second (middle) digit has

been used to Indicato incremental use of ATO bottles and the third

character io "T" (for takeoff). Thm Infllght mode symbols also follow a

general convention. The first dij':it indicates the "co-refueler" type

with "0" being used for a low performance "co-refueler." This space can

also be used to indicate the presence or absence of externally carried

"drag producers" (other than drep tanks) which may be carried anid released

in flight. The second digit. of the jet aircraft mode codes is used to

designate pot-ter condition (speed), with "E" representing endurance power

oottings, "0" representing cruise power settings, and "I"" representing

norml rated thrust power settings. The digit "2" can be used hero to

represent military rated thrust power settings if required. (The current

FLIOP n.ode codes for the P-52 includes this mode.) The third digit of the

jot aircraft mode code is an altitude indicator, with 110" being used to

indicate sea level and "1" being used to indicate that the appropriate

altitude for maximum range at the given pouer settinc, and aircraft weight.

(2) Aircraft powered rcirocatin onne. From the. KC-97

mode code illustration given above, it can be seen that a generally similar

mode coding to that of the Jets has boon used. In the takeoff mode, the

*
In determining what mode clango .-penalt•e•, if any. ane to Ibe assessed.

FLIOP chocks only the third char.ictr in the tv•o wodesi involvej. This
Introduces a requiremelnt for a distinction betwen.i the third character of'
t:o nodon i,hich, used setcentinlly, require the njplicrttion of penalties.
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first ep1mce is used to indicate the use or non-use of water. (At present

only "wet" ti,keoff mode parameters are in the KC-.97 mode table in FLIOP.)

The second digit ropresents other takeoff assisting devices (more avail-

able for the KC-97), and the third character is "T" (for takeoff). The

inflight modes for those aircraft use the first figure to designate the

"Itco-efuler" type (since there appears to be no significant mode param-

eter difference for the KC-97 refueling a R-47 and the KC-97 refueling a

B-52, only "0" appears in the above KC-97 mode code). The second

character in the mode code represents power setting (speed) with 11011

representing maximum range power setting and "E" representing maxlmum

endurance power settings. The third chari;ter has been used as an

altitude indicator with altitude available in multiples of 5,000 feet,

,,11 thus represents 5,000 feet, "2" ten thousand, etc.

Fixed altitude modes can be developed for jet aircraft and variable

nltitude modes (in which the altitude increases with aircraft weight

roduction) can be developed for propeller driven aircraft if such appli-

cations aro required.
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APPENDIX B

FLIOP WINDS AND NAVIGATION

Io THE FLIOP CALCULMTION OF WIND EFFECTS

The effect of winds on an aircraft in flight can vary the leg speeds

and enroute times in a manner which may be significant.

Proviaoon has been made in FLIOP to permit the calculation of this

effect. The following paragraph describes the FLIOP calculation of wind

effect.

A [-- d -- - -- 1

t ty

In the above figuro, d represents the ground distance for a leop from

A to D. Vk indicates the true air opeed, t the time� V. and Vy the tail

and •roso %rind components respectively, and 0 the drift angle. The plane

fling nt a _____ 9 fro•. ths lA-t A D at an-Arit velocity Vk' ThO

parameters d, Vk, Vx, and Vy are known for each leg. Before the fuel

computations for each leg aro made, tho followirg two equations are

solved for 11 and 0:

.- roviuion has been ,tvdo for logn on vitich the air velocity is
varlnrblo.
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sin 0

Vk

t Vk Coo 0 t V, do

Thus the winds for a leg are part of the computation of the lime, t, for

the leg which in-turn affects the air distance, t V 1 . The air distance

for the leg is the quantity used in the determination of the fuel used.

11. THE CALCULATION OF WIND COMPONENTS

It should be noted in the paragraph above that the FLIOP calculation

requires that the wind be provided as cross wind and tail wind components.

The FLIOP user may input, on the Flight Outline Plan fcrc, the forecast

wind components for each leg (or any leg) of a flight. Such a direct

inputting technique might be used in planning flights in which forecast

winds are available.

When using FLIOP as a tool in developing or studying future opera-

tions, seasonal wind data is normally used.-

To provide the FLIOP user with a convenient method of inputting

seasonal .ind data, climatological data tables are incorporated in FLIOP.

The data tablos Aescribed here are those currently used in FLIOP. More

data periods, a different data grid, and different atmospheric levels may

be developed and usem if required.

For each mid-season month [Jan (01), April (04). July (07), and

October (10)] at the intersection of every five degrees of longitude and

latitude from 20%N to 90°N, the following data* is provided:

These data were prepared from InformAtion furnished by the 3rd
Weather Iling, Headquarters, SAC, Offutt Air Force Base, Nebraska.
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a. The mean elevations of tle 700 I-B, 500 MB, 301 MB, 200 M, and

100 M levels.

b. The standard vector deviation of the winds.

At 150N, 1seN, 50N and the equator, pseudo elevations of the millibtr

levels are provided. These pseudo elevations were determined by converting

the east-west component of the mean wind between 20ON and 15 0N into a

pressure difference using the standard goostrophic wind approximation and

applying this pressure oifference to the 20°N data to obtain the pseudo

150 data. Calculation down to the equator was done by a step-by-step

process at each 5 degrees of latitude. Since the geostrophic wind approx-

Imation has a term in which the sine of the mid latitude is used as a

divisor, it %as necessary to use sin 100 between 10ON and the equator to

preclude a theoretical wind of infinite velocity crossing the equator.

This factor and the general sensitivity of the wind calculation to even

small pressure differences at low latitudes manes the use of current FLIOP

wind tables inaccurate south of 100 N. Any flight legs planned by FLIOP

south of 100 N must have wind components inserted on the FLIOP input form.

From the climatological data tables, FLIOP calculates the seasonal

mean wind components in the following manner:

a. The desired period is determined by the propram by the number

inserted in the month coluiw of the Flight Outline Plan forn.

b. During the FLIOP calculation, which is made on a leg by leg

basis, FLIOP computes the altitude of the aircraft on the leg, then

interpolates in longitude, latitude and nltitude from the wind tables to

determine the elevation of the initial and end points of the lep. The

difference betiten the elevations of the atortinp point ind en(ling point

J
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are used in the standard geost-ophic wind formula to determine the cross

wind component. A sirilar calculation is than made for the and nnnt_ of

a line of length equalto the leg, drawn normal to the leg, with the leg

and the crose line bisecting each other. The result of this second calcu-

lation is used to determine the tail tdnd component. To achieve accept-

able accuracy in wind computation, FLIOP automatically breaks any leg

longer than 1,000 n.m. -hich requires %And computations into logs of 1,000

n.m. or loss. Wihen the plantor has indicated that FLIOP is to use the

mean seasonal wind, the cross wind and tail wind components so determined

aro used.

c. The standard vector deviation of the einds for the log is obtained

by FLIOP by averaging the standard vector deviation quantities at the

initial. and end points of the leg and those obtained from the two cross

log data points. Since the standard vector deviation quantity eo obtained

is an average point value, it is necessary to multiply this quantity by a

factor -hich takes log .length into account. The factor currently used is

obtained from a linear function which in 1 at 0 n.m. leg length, and .6 at

1,000 n.m. leg length. To convert the omnidirectional leg standard vector

deviation so obtained into a component qia'wtity, it is divided by9'

The quantity so determined is one standard component deviation.

Uhon the planner has indicated, on the input form, a desired wind

confidence porz.ntile, FLIOP sialeu-o th appropriate m3Abor or standaMd

deviations (based on an assumption of circular Gaussian distribution) and

applies it to the tail wind component in ouch a P-nnnor that the rosult

,iln be orom or loam favorable to the flight thnn the moan log twind

depending on whether the percentile it legs or rore than 50o 1hueo ga
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input porcontile of 85 will result in the use on each leo of such a wind

that there Is a statistical probability of .85 that the aircraft trould

experience more favorable tinds.

The FLIOP user should be aware that the "w-nd percentile" calculation

described above is made on each log of a FLIOP flight. This "log-for-leg"

typo calculation, in effect, assumes a perfect correlation of all enroute

,-inds (an assumption known to be false). A procedure to approximate at

"fovor-the-total-flight" wind confidence factor is under study. Until such

time ns an *lovtor-the-flight" confidenca calculation can be incorporated,

the FLIOF cal,.ulation of winds (on the leg-for-leg basis) actually pro-

vides a considerably higher "over-the-total-flight" confidence factor

than is indicated by theo wind percentile figure.
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APPENDIX C

BASE AND LOCATION TABJLES

I. BASE TABlES

To calculate the expected takeoff ground roll for any aircraft type

at a given twight, information on base temperature and pressure elevation

is required. To insure that the computed ground roll does not exceed the

allowablo mexisium, information is required on total runway length and the

parcentage of that length that tho FLIOP user will allow- ground roll to

roaah. All this data can be given to FLIOP by filling the "Takeoff Base"

data section of the Flight Outline Plun form. An indication of maximum

allowablo percentage of runway length (safety factor) must be given in

OVOry cases

In planning the future operation of aircraft from many basest it is

usual to develop st.andard planning factors for temperature and pressure

elovation foi a number of periodo of the year. Provision has boon made

in FLIOP to store a table of ouch planning factors. These data are then

brought into the FLIOP calculation when required. The planner selecte the

corroet data by Indicating the base name symbol and month.

I, O&TON TABLME

An a cor,v',nionea to the planner, the geographical coordinates of

locatlono freque•ntly used in planning ar avrcd in a table, eachf entry in

the table being aenoolatod itith a location aymbol. By inserting the

,proper oyinbol in the nano symbol colunn of the FLIOP input form, the

plannor can avoid the repeated dotermining and writing down of coordinates.

All frequently used takeoff and landing bases are natural candidates for
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incldsion in the lccation table.

III. BASE AND LOCATION NAM- SYMBOLISM

The FLIOP uscr may select any six character symbol to represent the

name of a base or Iccationo In reducint base names to base and location

name symbols, it has been found convenient to use a system of deletl-- of

non-initial vowels (from right to loft) followed by the deletion of

consonants (from right to loft) until six letters remain. Blanks are

filled in by dashes. Thus Ltkenheath is symbolized by LKNF4TH, Elolson by

EIELSN, Hunter by HUNTER, and Dow by DOW--.

Using organizations can develop their own base and location tables.

._ AN BBREVIATED ',LT OF 1ES AND THEIR ASSOCIATED NAME SY1IBOLS

ADAK ADAK-- COLUMBUS COLNBS

ALTUS ALTUS- DAVISYONTHAN DVSNNT

AMRILLO AM.RLL DOVER DOVER-

ANDERSEN ANDRSN DOW' -OW.-

BARKSDALE DRKSDL DYESS D M S-

BFALE M3EALE- EGLIN EGLIN-

BERGSTROM BRGSTR EIELSON EIELSN

BIGGS BIGGS- ELLSWORTH WLLSWR•

BLYTHEVILIL BLYTHV EIEJ-,fNDORF ELI.IDR

BURTOIOOD BRTNWdD FAIRCHILD FRCIILD

BUNEERHILL BNKRHL FORBES FORBES

CARS WELL CRSWLL GLASGOW GIASG,

CASTLE CASTLE GRANDFORKS GRNDFR

CLIVTONSHERI-4N CLNTPS GREENVILLE GRNVLL
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GRIFFISS URFF55 ýIUNTAINHO?4E tlNTNFI1J

HICKAI4 HICKAX Oi'IFUTT OFFLJTT

HOINESTEAD HO.1ITD OTIS OTIS--

HUNTER HUNTER PEASE PEASE-

KulD ENA KADENA PINEGASTLE PNCSTL

KELLY KELLY- PLATTSBIRG PLITSB

KINDLEY KINDLY PRESQUEIS1AND PRSQIS

KINROSS KINRSS RA RHY..

KIRTLAND KRTLND RANDOLPH RNDLPH

KWAJALEIN KWAJLN ROBINS ROBINS

LADD LADD)-- SAWYER SAWYER

IAJES LAME- SCHILLING SCHLLN

LAKECHARLES LKCHRL SELFRIDGE SLFRDG,

LARSON LARSONJ SEY11OURJOHNSON SYIARH

LAUGHLIN IAGHLN SHEPPARD SHPPRD

LIKCOLN LINCLN SUFFOLKCOUJNTY SFFLKC

LITTLEROCK L~TULC THULE THULE-

LOCKBOURNE LCKBRN TINKE TINKER

LORING LORING TRAVIS TRAVIS

NAUDILL MACDLL TURNER TURNER

I-1 W-ZTROX ~ HuLJLTR WAKEISIAND WKISLN

M4RCH r-AH' . - WALKER WALKER

1*i'4THER M!ATHER WESTOVER W-ESTVR

HAXWPLL tAXWLL WHITFltAN WHIT19J

=M)OIW t2CCHRD WRIGHTPATTERSON WRGHTP

!-ZAJRE ~ EuIR WURYSIII1TH Um'Siff
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APPENDIX D

ILLUSTRATIVE APPLICATIONS OF FLIOP

This appendix is a Be•ies of completed Flight Operations Plan forms

nvid the rosulting FLIOP outputs. They are intended to illustrate the

varloun applications of FLIOP, serve as guides in the r.oeFamation of Flight

Outlino Plan forms and illustrate the interpretation of the information

FLIOP outputs.

For convenience the transfer (tIT?) cards used in various applications

aro tabulated belowy •i.th an abbreviated description of their functions.

"11' card U0o

-0009 Transfer "'n to storage

-0010 Transfer "F" from storage to "F BAR"

-0023 Transfer ETA to storagu

-0024 Transfeý ETA from storage to Control
Tin, Column

-021 l"Break Point" calculation

-002.0 "Deviation Time" calculation

I

.I!
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•FXAIIPIJ A (EXUPLA)

Flh ut line P3. an form

(1) In the firet line the usor has asked for a flight calculation

using tho April (O4) takeoff base tomperatures end ouch winds that an

airoraft vAking the flight uould have an 77 per cont probability of

onooutrwitring loon adverse trinda than thoan uned in the plan (wind confi-

donee 7M,. The external f'uel tanks are to bo carried all the way (drop

tank treatmnont *). The aircraft typo is the heavy weight version of the

BT47E aircraft (aircraft typo M3TE1RU). The flight is to bo calculatod no

-ritton (Tactics Priority Scheme blank).

(2) In the second line the user has indicated that the aircraft (not

taking drops tanks or reserve fuel into account) trll .weigh 100,000 pounds

at the and Of flight (non fuel - D/Tanks 100,000) and the fuel rooorvo

over base at and of flight trlfl be 5,000 (fuel reserve 005000). Since no

inflIght refueling is planned the refueling point fuel reserve is not

applicablo and is loft blank.. The first point fuel load is left blank

because the fl•.ght starts itAth a takeoff and FLIOP Is to calculate the

takeoff fuel load. Only the name symbol and safety factor are given

(takeoff base is Pinscautlo and up to 90 per cent of the runway can ba

used in the takeoff ground roll). By leaving blank the spaces for runway

length, pressure elevation, and temperature, the user has indicated that

ha doesires ; 1.W to use the data stored in the-baso tabio. -

(3) In the third and succeeding lines of the Tlighb Outline Plan

form, the user has indicated thp fol-loring: takeoff from Pinocantlo

•P1NC5TL) using thrust augmontation fluid but no ATO (i'OT). The control
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t1,3 for this flight iso 4000 hours 00 minutes at Pinocootlo (control time

colurii loft blank). Fromi Pinocautle tho aircraft Is to procsod to

300 12IN76°42MI (3012N0764,2 i ln !t.- and lon.. -columrne) using cruieo climb

tochniquoo (001 in modo collusn). -he noxt enrouto point is

47015903053°lO1U and tho ond point is Lnkenhoath (LKNIITH). By leaving

blank tho modo for tho laot two logo, the FLIOP uuor has indicated a

dooiro for the aircraft to ruioo climb all the wa• (tho loot ontorod

rode wa-a 001). Blanko in the wtnd oomponont and diotanoe fioldo moan

that FLIOP Is to compute thooo qimnntitiOo. Dlanku in tho non fuel off

lkads oal, rofuol and tirn on orbit fields waon "no bomb drop," "no air

oeuelin,••" and Uno orbiting," roupoctivoly. Tho point symbol column is

loft blank ao It io ' ,t uqcd In thWo typo of flight plan. Tho leaving

blank of tho dogradation factor fiold P.sano tho aircraft hao no oxt•rnal

drng producoro Ohich t:ould produco a dogradation in the rango capability

of tho aircraft. Tho IV2 th tho control colaTm on tho lbt line indioates

that the FLIOP usor has doucribod tho flight and t-isheo it. t- !o

conploted.

(4) rate "'koy polbloiiP of this flight plan iot "With the aircraft

typo, routoe and conditions doscribed horo, uhat In the Yidnimum amount of

fuol rcquirod on board tho aircraft at tho ti•o it starts its onginoo?"
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EXAMPLZ B

(1) First line

The month is October (10), the %And perct-tile is 82 per cent (82),

the drop tanks are to be carried until no longer needed and then dropped

(0), the aircraft i. a B-47EhW and no variations in the plan are permitted.

(2) Second Line

The same conditions prescribed in Example A are used here.

(3) Third and succecoedtrlines

The same routo (and onroute conditions) described in Fxample A apply

hero. By inserting W2T in the mode coQlumn at the takeoff point, the

planner has indicated a desire for a "wet" takeoff using either 30 ATO

bottles, 18 ATO bottles or no ATO bottles, whichever will permit the

maximum amount of fuel on board after takeoff. The control time for the

flight is 10 hours and 05 minutes after an unlisted reference time

(401005 in control timo column) at takeoff. The ""' in the air refuel

typo column is used to indicate a desire that the computations start vith

the aircraft at takeoff and end over the landing bane. (See the descrip-

tion of the "key problem" below.)

The "key problem" of this flight is: "With the aircraft type, route,

and conditions described hero, what is the maximum amount of fuel tith

ubich the aircraft can arrivo at the end of flight?'"
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EXMP.LE C

(1) This example descilbes the flight in January (01) of A B-47TEW

from W'estover over Kindley to a refueling point at 25 0 00'11700 00'W (the

aircraft must have at least 15,000 pounds of fuel on board at the refueling

point) at which point the bomber is to take on board the minimum amount of

fuel required to complete the mission ("1C" type refueling). The tanker is

a KC-97 (001 in irode column at that point) and the tanker's fuel off load

capability is 40,000 pounds (040000 in V column at that point).

From the refueling point the ",obor is to proceed over Homestead to

29050N18°S32'W. From this point the aircraft Is to proceed to the target

(30020IN86 0 209W) at normal rated thrust. speed end altitude (011 in mode

column) arriving at the target at 9 hours and 20 minutes after a relative

zero hour (400920 in control time column at this point). At the target

point, 10,000 pounds nf non-fuel weight till be dropped (010000 in non-

fuel off load column). After the target, the aircraft is to procoud to

290 05ONB99°6'1- at normal rated thrust (mode column blank for this log with

01 indicated for previous leg). Finally the aircraft is to cruise climb

to Wialker AFB, New Isoxico.

(2) The "key problem" for this flight is-! "With the aircraft type,

route, ttid conditions described here, what is the minimum amount of fuel

raquired to be transferred at the refueling point to make the flight

possible?" The use of a maximum bomber refueling type ("I' in refuel typo

column) would have resulted in the onloading of the naximum amount of fuel

(up to 40,000 pounds) and changed the "key question" to: "Wlthat is the

mi dnirnw feasible takeoff weight?"



7-16-599
-70-

j'o I c N0 No106, W1 13 LOG,
NowN

0 0N O N 0 0~~O ~ V MCI0 1 ~
00 o T l

U 09 00 0c~-4..~L4=L2L41
om C 0

00 n. ~ R

ol *Cc~st ~ ir i
AN 4b j0 mN

o~ ~~ 0 0

01. 
_ ;'Cm0 o- c~0 Z71, G,m0 0 Ii4 1

O u NO CC,

ON 'N Ni w e

00- To On M. 0
Wo N 0 --. 00cu_ Iiir

___ 0 - 01- ~i jIto



Rl-2415
7-16-59

0

02

0

I. .. Co
04DO 0 C

'C 0,a 0
ON 0

U, C

0tS U0N 400 0

hi .0 4' .0 ar . C,

0,I-O4NN000

000 r" - , c .-
4, 0.1 1 6 1 1

L 'y0 '01 N C ' .E

-i 7N

0) .N N..

f, - . 0N ' N



RM-2415
7-16-59
--72-

EXADPLE D

(1) This oxenplo doacribna the flight of a KC-970 aircraft from

IKindloy to 25 000°N690001-1 at 10,000 foot (003 in mode coleisin), orbltilN

20 minutos at that point at imximrn, onduranoo at 15,000 foot (0020 in

rimo on orbit column and OE3 in rode column at that point), thonco to

25 000117000M'W at 15,000 feet (003 in modo column) at which point ho is

to off load 40,000 pounds of fuel (W and 040000 in air rofuel columrn)

onrouto to 25045°N75000'W and on into Homoestoad.

(2) The "key quostion" hore lot "What is tho uinimum takeoff

uioight (and fuel load) required to moot the describod conditiono?' If a

nnxirdnu tankor ("Ell in refuel typo column) had boon indicatcd, the

oIkoy quoetion" would have teont "Under the conditions dosecribod, cihat is

the maximum amount of fuel this tanker can off loadT"

K'A
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EXAMPLES E AND F

EXAI-PLE E

Example E is essentially the same tanker flight as that covered in

Example D except that a maximum tanker type refueling is called for (air

rofuol type E), with the tanker offloading any amount above 30,000

pounds wll be acceptable (030000 in 7). A "I"' card has been placed

after the end card. The instructions on this card indicate "after the

•afxmunm fuel 6ff load has boon computed, store the numbers in the fuel

off load colwum (-0009) of the line carrying the point symbol RF1 (RPI in

point cymbal field) in totorago unit 05't."

L&AUPLE F

Thie B-o47lM.1 flight plan folloum the same general route as Example DI

hoewovoe tvo foaturoa have boon added. A low altitude tactics priority

achome beo boon indicated (0385 in tactics priority scheme), and thrro

prootarget and four poet-target points are listed "ovor enemy torritory"

•ith their appropriate oymbole in the point ny, bol colown. The potential

refueling point in designated by the insertion of PFI in the point nypbol

field. No refueling typo or F need be Inortod because the priority

uchjmo will insert this dosignation if n refueling Is required. The

value of F in to be obtained from "atorngo unit 0511 (IT" card preceding

the "E" card, -0010 05 at RFl).
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EXAMPLE U

taking amaximum bomber- (B type) on load noari!Newfopndlaridy a KC-115

(101 in the mode column 9t RFl), another "131-• -pe refueling from a KC-9"

over north Spain, subsequently cruiseir down the Mediterranean to Turkey

with a eubsequent return to Tanejon, Spain. Ihe -0021 type 'IT" card is

used here to illustrate the "break point" te nique. The question being

asked here ist "flow far down the Kediterranean can this aircraft go

still returning to ToiejonV•

1A

'A!
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XA MPLE H

-Multiple conitro-l time QH,-" in time an orbIt colzumn to, indica-te-Ithe

"free orbit point"). Use of degradation factor 06.2 per cent is indicated

as desired all tne way.

ETA at (RFI) transfer to storage is indicated.
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EXAMPLE I

Example I is a flight plan for a KC-97 from Gooee Bay to refuel the

bomber in Exarvple H. Storage to ETA is indicated so tanker takeoff can

be ealculated.
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F1AANPLE J

in this case the flgiht plan is started "in mid-fLight" with tho

fLirst point Muel load being speci.fied. The "break point" technique is

osed (1"T1 eard -0021) and a 10,000 pound off lond ia Indicated at an

impossibly remote "break point." The wind components to be used on the

socond leg are inputo by tho user.
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F.AAIJIPLF K

Thia is an illustration of the "doviation time" technique. ("T"

card -0020) Notot This technique can only be used In forward motion

calculations ("F" in air refuel typo column on lapt point). Tho quonttons

bore ares "Given a B-47 leaving Pinacrtqtle at 400300 onroute to

Lakonheath, at what point %i11 he turn if ordoted to "doviatV, to

"Keflavik at +00929?" "How much fuel will he have aboard upon arrival

at Keflavi k?"
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