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Summary -

CACAD is capable to optimise the size, and configurations of turbofan-powered
transport aircraft. The synthesis sizes aircraft from the low-capacity short range
Fokker F100 class to the long range medium-capacity Airbus A340 class. It has an
optimisation capability, with the objective function being direct operating cost in
which, maintenance costs is extensively sub-divided according to ATA chapters.

The objective of this report is to present the listing, the user's guide on how to run the
program, as well as the description of the formulation used within the program. There
are flow charts, table of nomenclatures included in this report. The floppy disc that
contains the program listings will be made available on request from the office of
Department of Aerospace Technology, College of Aeronautics, Cranfield University,
Cranfield, Bedford, UK MK43 0AL .
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1. Introduction

-

A computer assisted conceptual aircraft design methodology (CACAD) has been
developed to size turbofan powered transport aircraft. New modules of predicting,
maintehance costs of each airframe system, and sub-sections of structure, were
developed and incorporated into CACAD. The design relationships are extensive
enough to accomodate the effects of new technology for multi-disciplinary trade
study. Most of them are from [6, and 7] but quite a few are taken from [2,5,8,9,10].
The relationships in the design synthesis are applicable to conventional transport
aircraft with moderate sweep back on the wings, and wings of moderate to high aspect
ratio. The engines are installed on the rear fuselage in two and/or on the wings in two
or four. The wing planform is assumed to be trapezoidal with constant span-wise
thickness to chord ratio. For further information see [1].

The design relationships of CACAD synthesis is suitable for high-subsonic—speed
transport aircraft in the preliminary stage of development, and it is integrated with an
explicit optimiser. The relationships in the design synthesis are applicable to
conventional transport aircraft with moderate sweep back on the wings, and wings of
moderate to high aspect ratio. The engines are installed on the rear fuselage in two
and/or on the wings in two or four. The wing planform is assumed to be trapezoidal
with constant span-wise thickness to chord ratio. The relationship between Mach
number, thickness to chord ratio, sweep angle, and cruise initial Cy. is taken from the
work of Corning [5] for super critical airfoils.

The trimmed Cp . is the work of Collingbourne [6] for high lift devices of
conventional type. Most of the design relations are standard, and where a special
method has been adapted they are justified appropriately. Appendix B presents the
design relations, their justifications and their sources. The cruise phase is divided into
5 sectors so that when a new technology such as variable camber wing (VCW) is
integrated in CACAD, its impacts on sector-wise cruise fuel consumption become
possible for modelling.

Fuselage is sized for the maximum number of passengers, while the payload is
considered for the design number of passengers, and the mass of freight. The fuselage

mass, and size is influenced by the amount of selected cabin differential pressure. It



CACAD 5

mass, and size is influenced by the amount of selected ‘cabin differential pressure. It
also caters for the effects of engines, mounted in its aft section, if that option has been
chosen. )

The furnishing mass include passenger and crew seats, galleys, toilets, floor and wall
coverings, insulation, flight deck furnishing, catering, water systems, and
miscellaneous cabin items. The method is suitable for short to medium capacity
transport aircraft.

Wing flaps are sized for take-off and landing, whichever demands more. The gust load
factor is based on the requirements of The Joint Airworthiness Requirements for an
equivalent sharp-edged gust of 15.24 m/s at an altitude of 6090m for an aircraft mass
at the end of the mission, during descent.

The wing mass ailows for load relief from wing weight, the fuel content, and the
weight of any wing mounted engine. It offers individual pfedictions for the skins, ribs,
spars, engine support structure, undercarriage attachments, wing tips, and joints. The
fuel tank volume allows the tank to be extended up to fuselage centre line.

Fin area is based on fuselage stability, as well as for the case of an outboard wing-
mounted engine failure and includes spillage, as well as wind-milling drag.
Undercarriage mass is found as function of aircraft rate of descent. The masses of
systems are found by a single relationship with options for relationships for each
individual system.

Fuel mass for cruise is determined for an equivalent climb to cruise lost range along
with stage length for constant speed, and height. There is a provision for diversion and
hold. Diversion speed shall be decided for maximum range, with no compressibility
drag. The Mach critical drag is found with assumption that compressibility drag
coefficient does not exceed 0.002.

Engines are sized through the constraints described in next section. Engine sfc at
cruise, diversion, and hold together with engine mass/thrust ratio are supplied by the
user from engine references most suitable for the class of aircraft under consideration
[4]. Therefore there is no magic module in CACAD to determine engine sfc, thrust at

different altitude, and Mach number.
1.1 General Hints For Running CACAD

I. A mission file must be established whose file name follows the following rule:
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MI ... .DAT (aK number from 1 to 99 must be substituted in ....)

There are files with following numbering available for use, and also as examples :

MIO1.DAT Resembling Fokker F100 (wi{h Tay 650)

MIO2.DAT Resembling Airbus A340-200 (with CFM 56-5CF2)
MIO3.DAT Resembling Airbus A310-200 (with CF6-80C2)
MI04.DAT Resembling Airbus A330 (with TRENT 775)
MIO5.DAT Resembling Airbus A300-600 (with CF6-80C2A3)
MI07.DAT Resembling UHCA (with GE90)

MIO8.DAT Resembling UHCA Derivative (with GE90)

MIO09.DAT Resembling Boeing B767-200 (with CF6-80A/A1)
MI10.DAT Resembling Boeing B767-300ERQ (with CF6-80C2-A5)

2. When running CACAD in VULCAN (a VMS system in Cranfield University, PCI
net work), program file, and mission files must exist in the same directory.

3. There are three program files as follows :

FCA.FOR It designs and optimises a fixed camber wing conventional transport
aircraft. The listing in section 2 of this report belongs to this
program.

ASRE.FOR It is FCAFOR with avionics system reliability enhancement
modelling integrated in its modules.

VCFCD.FOR It is FCA.FOR with variable camber wing models incorporated into
its appropriate modules.

This report is intended to elaborate on FCA.FOR, for the description of other two

programs refer to [1].

There are also ten mission files described in number 1 of this section. There are two

floppy discs similar to each other that are attached to this report. Each contain above

files.

4. Use the following commands to run CACAD in Cranfield University PCI net work

VOLCUN :

FORTRAN FCA This command compiles the program

LINK FCA This command links the program

RUN FCA This commands runs the program
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5. CACAD is capable of designing multiple aircraft in one operation. This is
done by giving different values to K via a built in DO loop in the beginning of the
program. It is advisable to design every aircraft at a‘time, when satisfied with results,
then run all together. The results are formatted, to be retrieved by EXCEL spread
sheet for tabulation and other curve making.

6. If CACAD is used for the first time by a user, following precautions are

recommended :

a) Choose a mission file from the ones that are already made available.

b) Convert K value of the do loop range to match the mission number selected.
c) To detect any problem, avoid optimisation by allocating a fixed appropriate

value to independent variables.

d) To detect any problem, limit the number of iteration to few runs, by
allocating a value to RUN in CACAD. After the evaluation of the results,
increase the value of the RUN, to an accurate results. Then open optimisation
do loops one at a time, to full optimisation run. ‘

e) There are write statements built in the program. By putting them in
operation, state of the results built-up, become known to user.

7. It is recommended to edit the above files with Turbo C++ editor available in

Cranfield University PCI net work.

2. Flow Chart Of The Program.

CACAD is laid down in a FORTRAN 77 routine and all its terms are determined in
such a sequence to allow each computed known item help to determine the next item.
Figure 1 shows the generalised flow chart of the sequences of the operations within
the main design synthesis module, along with all the iterations involved. Figure 2

shows the formation of CACAD main elements with respect to each other.
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4. Description Of The Formulae Used In CACAD

4.1 Introduction

In this sectiqn the detailed formulation of CACAD with a brief description for each
formula is presented. The DOC, and its maintenance cost breakdown is dealt with in
detail. The results of CACAD designing 9 types of passenger aircraft are also

included.

4.2 Aircraft Design Relations in CACAD

The following relations are presented in the same sequence as is presented in the
CACAD flow diagram of Figure 1. This makes the tracking of the code more user
friendly. All notations and abbreviations in the formulae were made to look most
similar to what is in CACAD listing. They are defined and their values are included (if
they are input data) in section 6. If the unit of an item is not mentioned, section 6
gives all units. There are some constant values in the relations for converting units.
These are 2.205 for 1b. to kg, 3.281 for meter to foot, 10.765 for square meter to
square foot, 1.852 for knot to kmph, 3.6 for kmph to m/s, 12.96 for square kmph to
square m/s. Most of the references of the following equations are mentioned as they

appear, but for obvious relations no reference in mentioned.

4.2.1 Class 1 Take-off Mass Determination :
The following relations establish a module in CACAD, and are based on Volume 1 of

[2]. Because a detailed take-off mass estimation will be presented later in this section,
some of the parameters in this module is treated with approximation. This module at
the beginning of the program helps to initialise more accurate wing area and thrust
values, so that the iteration in the downstream of the program converge quickly. The

module itself operates through an iteration.

Mo = Me+M 0+Mcrew+A4pl+MﬁJeli Bl
((Tog,0 M, % 2.2-0.0833)/1.0383)

YL i -

M,,,, = 2.0x(175+30.0)/2.2 B3

My = (175.440)xP 44 /2.2 (175.+30.)x(P 15 /P 1xcpr)/2.2 B4
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Mﬁleh‘ = Alfused_'-ﬂlﬁ'es T B5
Alfused = ( 1 'F}n) XMto o 3 B6
Fpn = FyxFpx EpX Fpx Fx Fax F X Fx F B7
1
Fro =~ B8
e (LI DY % ¥y
1
Fre= oo B9
e (LIDYyoq
1
Frs = ——smei— B10

e (L/D)a'w\z x Va'uim

Fo, Fp, Fg, Fpy Fg , and Fg are assumed 0.99, 0.99, 0.995, 0.98, 0.99, 0.992
respectively. V;, is assumed 250 knots, and (L/D) g, , (L/D)poia » (L/D)pryise are 10,
18,18 repectively. P ycpr is an input data. Stage, Div, Hold, V.0 » SfCoruiser » SfCaiv »

SfChola» P4x are special mission input data.

4.2.2 Initialisation of Independent Variables
Using existing transport aircraft data [3,4], the following correlation equations were

developed to give a reasonable value for the gross wing area, and the engine mass.
The engine mass in CACAD is converted into engine thrust through known engine
thrust mass ratio [4].

S, =107 x (1.3893xM,,” + 0.0011xM,, + 36.916) B11
Meng = 55%xP 4y + 0.0245x(P 1)’ B12

For other independent variables (IV), the following reasonable ranges are defined. The

optimiser uses these ranges to search for optimum values of IV.

Ete 0.2 to 0.3
Eta - 0.5 to 0.7

Bro 10 to 20 deg
Bapp 25 to 35 deg
AR 75 to 10
t,orTC 0.08 to 0.12

Ele 0.15 to 0.20
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Sweep angle, and taper ratio are quasi-dependent variables. The cruise Mach number
is an input value, from which CACAD determines Mach critical drag at zero lift
(M_,ip)- This shall be dealt with later. When optimfser chooses a value for 7C, sweep
angle at 1/4 chord is automatically derived from the following equation developed

from a three dimensional graph presented in Corning (Fig. 2-9).
Ay = - 180.345 + 211.415x M, + 298.207xTC - 149.599xTC’ B13

M,,.;;o shall be derived in the later section. Taper ratio is also determined, once the
value of sweep is derived from above relation. This is an equation fit to match the

curve in Torenbeek (see Fig. F-14) for transport aircraft :
TR = 0.32278 + 0.004626x A, + 0.000030357x(A )" B14

4.2.3 Mach Critical Drag Module
In this module, effort is made to establish the relationships that produces Mach critical

drag at zero lift from cruise Mach number. This then shall be used to predict wing
sweep angle (B13) suitable to the selected thickness to chord ratio of the supercritical
modern wihgs of preéent transport aircraft. According to Corning, M., is found from
adding cruise Mach number to Mach number rise that causes compressibility drag,

subtracting Mach number rise due to lift coefficient.
Mcrit() = Mcr + ndr - ndCL B15

For permissible compressibility drag of 0.002, dM,, is zero (see Fig. 2-23 of [5]). For
dMcc; the following equation is a fit to the curve of Fig. 2-7 of [5].

dMccy = - 0.005714 + 0.0321143%C;,, - 0.1x(C},,)* B16
Cy., 1s the lift coefficient at the start of cruise.

Crer = 12.96x Mgz x g/ { 0.5 % pg, Syx (Vep)} B17
Mg = (1- Kfal) x M,, B18

Per & Vg is found from atmospheric module. Kfa! is an input value, and relation B18
is from [6].

4.2.4 Atmospheric Module

Following relations establish ambient temperature and density at the required altitude

from [7.1].
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T, cruise or diersion or hold — T, SL (WhiCh is 288.2 deg K ) - 0:0065 x Htmcr or diversion or hold

deg K B19

sound—at—any—altitude \/ YXRxT = \/ L4x 287 X T pedittinae ~ TVSEC B20
Ver = Mx (3.6 X Veppa) kmph Bo1
6 cruise or diversion or hold = T cruise or diversion or hold /288.2 B22
Rdcr =P cruise or diversion or hald/ P sea level = (9 cruise or diversion or hold) #2201 B23

P cruise or diversion or hold = (p cruise or diversion or hold / P sea level) x 1.225052
kg/m’ B24
Altitude for cruise and diversion is in meter.

4.2.5 Aircraft Parameters independent of IVs
In this section the methods of determining aircraft parameters (geometry, or mass),

which are independent of IVs are presented. They are fuselage pressurised length,
fuselage diameters, fuselage length, outside surface area of fuselage, pay load, number
of cabin attendant, number of crew, number of toilets, number of galleys, and mass of

cabin furnishing. All units are in SI.

Per=Pcy+ Frp) X Pyymar / Pyp + F3 B25
Fysp =Fpo+ Fpp< (Pyp + AISLE;) + Fp; : B26
Fusp =Py + Frax Fysp | B26-1
Mpx = Jpax * Pyy B27
Mp gy = Mpyx + Megr B28
Capiv = P ax/ P yxcar B29
Crew = Deck + Cypiv B30
IT =Py / Prg B31
G = 0.5 % (Pyx;/ Prg) B32

Mpyr = Fygy x (Pcp - Fr3) x Fysp + Fypa X Paxy + Fyps X Dgeg + Fypy + Fyps x TT

B33
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The coefficients F;;, Fi3, Fpg, Fp;, Fpy, Jpax» Paxcer» Pres Furi» Furze» Furs »

Fuyrs, Fygs are general input values. Pp., A1, Payi» Megr, Dgcx . Py are mission

input values.

4.2.6 Mass of Fuselage & Wing LE Devices
From [6], empirical equation for the mass of fuselage is more detailed, and takes into

account the amount of cabin pressurisation, as well as allowances for material
technology. It also accounts for the rear fuselage mounted engine extra mass if user

chooses so.
Mrus = Jis { Apps *+ 0.01377[ ( Fysy % Zy /Fusp T " + Ko x M,
+ 8.956M,,"% (Proay- 13.789) Fysp x 10°7° } B34
Apis = 0.8287Sp5, ( Prsaiy Fusp)® > + 4.8825 (S, - 18.58)
+ 0.64752F ygpy (Prsayr- 13.789) + Fusy x Py [2.6043

+2.3924 (Fysp/ Pyg) + 0.03738Fys,?) B35

Stusw = 2 Fysp X Fysy , B36
Zm = ]0895{PAB [FUSL - 09144(5 + PAB)]}1J675 B37
Z,=Z,+09M, B3

Jss 18 usually one, but can be reduced if lighter material than present state-of-the-art is
used. Ky, is increased from 0.0125 to 0.015 if engines are mounted at the rear of

fuselage. P,4rand P,z are mission input data.

For quicker result but rather heavier mass, an out of date, but simple relation from

Pekham [7] is as follows :

Myys = Tyt % (Srus )’ Pekham [7] B39
SFUS =T X FUSD X FUSL - 4 7]FUSD2 HOWe [8] B4O
Srys =T x Fysp x Fusy - 4.5F ysp’ Collingbourn [6] B41

Jsus1 and ff are general input data.

Reference [6] gives the most reasonably detailed empirical equation for wing LE mass
estimation as a function of the surface of the leading edge. The relation for LE surface

is standard for swept tapered wings.
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My1g = J. x Sig + Jjos % (Eles/Ele) x Sy - B42
S, =ElexS,_ElexFEISDXGMC[2__ Fp (1= TR) B43
- & 1+ TR Span

Span = _[AR x S,

S B44
GMC = ,|-%
AR

Jp 1s the specific mass of LE devices, and J,,, is additional specific mass if the leading
edge devices are mounted in full span. Eles is LE device width chord ratio and is

typically 5 % less than LE spar fraction of the chord Ele.

4.2.7 C max at Take-off, and Approach Module
Collingbourne is the only source that proposes a set of empirical relations that are

functions of wing aspect ratio, taper ratio, sweep angle, LE devices’ geometry, TE
flap’s geometry, deflection angle of LE, and TE devices. Some modification to her
module was necessary and shall be explained later in the section. The most important
feature of this module is the influence of the variations of each IV on Cj,,, that
influences the whole aircraft sizing, making optimisation quite an effective tool.

According to [6] the trimmed maximum lift coefficient is given as below:

(Crrax) wimmea = (Craiax) untrimmed with iap = 015 [2AR/(2+AR)] [ (1 CLMAQ untrimmed with flap =
(Crrax) untrimmed withous piap 1 = 0.05 B45
(CLrsa) untrimmea with flap = { Basic wing Clmax x effect of sweep +
Additional lift due to LE devices x effect of sweep +
Additional lift due to TE devices x effect of sweep x
( geometry of ﬂap)0'5 # (effect of flap geometry & wing taper /
Effect of wing taper)

Note : wherever “or” appear in the relationships below, it distinguishes between the

take-off, and the approach phase of the flight.

(Crataxd) untrimmed with siap = Cryp % F, swpB T (Tpcrmso o Apcrmso) F swpS

+ (D clmfT’ or Dclmf/l) F swpF \l F TRETA} [ (SratT or Srat A)/ Gsclam ] B46
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(CLMAX) untrimmed without flap ~— {CLMB x F, swpB + (TDCLMSO or 'ADCLMSO) F, spr} X

[ (Toyara 07 A grara)/ Gsclogn 7
Fopp = SbI + Sb2 x Ay + Sb3 x (A1)’
Fiups = Ss1+ 552 % Ay + 853 x (A
Fypr =St + 812 x Ay + 813 x (A1,)°
Gygtom = Cla + Clag X TR + Ciy3x TR - AR( Cpyy + Cjpp x TR)

SratA or SratT= I+ (Telese or E[ese) x (EtefeT or EtefeA) x F. TRETA
B52

o {2—-(1-TR)Eta}Eta~{2-(1-TR)E,, }E,,
TRETA T (1+TR)={2~(1-TR)E,, }E,,

Totese = Eetec ( Totoe x Eles )

Note : T, = T, % Eles .

Ejose = Eqppe % Eles

EtefeT or Eioy = (Somor Soa) % ( EtefT or Erry )

Rear spar location fraction of the chord Ete

Flap chord fraction Etefb = Ete - Dy,

Dy, is usually 5%, and is an input data.

Flap chord un-extended & unshielded

So 1s the shielded percentage of the flap, and is an item of the input data.

Flap chord fully extended but not deflected Etef = Etefb x Fcer

Fcer is an input data.

B47

B48

B49

B50

B51

B53

B54

B55

B56

B57

B58

Etef = Etefb(I - S,3) B39

B60

Flap chord partly extended, and partly deflected (B for take-off, B, for approach),

with maximum deflection at take-off and approach being, Brmax > Bamax respectively :°

BTHOI’"BA

E

wr O Ey = Etefb{1-S,, + (Fcer — 1+ S,,)(

The rearward translation of the flap at TE as fraction of the chord :

BTmax " Or”BAmax

B61
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"o BT "or” BA jdl:n.p. ’
er OF" By = (Feer —1+5,,)( —t) B62
- A BTmax Or B Amax

E

The rise of C;y4y due to LE extension Tpeppso OF —A pcruso at take-off and approach
respectively :
Tpcruso 07 Apcruso = Cist X (Toies or Eles )+ Cigy x (T,ies o Eles)’ B63
The rise of Cppyx due to TE extension D,z or D, at take-off and approach :
D ety OF Doy = Copy X ( Fpyo 07 Fy ) X (Fpr0r Fopy) +
Cip [1+Cisx(Bror By )J[1+Cpy ( Epr 0F Eropy )] B64
The following relationships describe the terms used in above equations :
Foio 07 Fyo =By + By x (Bror By) + Bs x (Bror By)° B65

Fopg OF Fupy = Foy + FryX (Epgpr OF Epgpg) + Frsx (Eppr 0 Epy )’ B66

Ewpr Or By = ( Eeyror Epppy )/(CerT orC,.4) B67
Corr OF Corg = 1 + (T g0 OF Eppgp) X (Eppor 07 Epppoy ) B68
Trata OF Apard = 1+ Totose OF Epse B69
E, .= Fysp/ Span B70

The coefficients Sb], sz, Sb3, SS], SS2, SS3, Sf], St2, St3, Clal! CIaZ’ Cla3! Clb]’ Cle’

Tetec» Ectec» Cyps Cip Ciz » Cigy, Bys By, B3, Fry ) Fyp, and Fyg are general input data.

Cpup 1s maximum wing lift coefficient (without high lift devices), and according to [6]
it can be assumes as 1.61. This has caused certain problem in CACAD optimiser. The
variation of thickness to chord ratio from 0.07 to 0.12 must have some impact on Cj,z
. Corning [5] has shown the variation of C;,z with thickness to chord ratio, and sweep
angle for supercritical wing in the form of curves. These curves have been converted

into a three dimensional equation as below:
Cop=[3.xTCx (0.008%x A+ 0.875) + 0.65 ] + 0.53 B71

4.2.8 Wing TE Mass Estimate
The coefficient of lift at take-off (C, ) is taken as 0.694 fraction of C,,,,y and shall

be used in this module to estimate take-off speed of the aircraft. Flap mass density is
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function of approach speed, and its deflection at approach. It is also function of take-
off speed and deflection at take-off. Which ever is bigger shall be selected by
CACAD. Collingbourne offers the most IV dependent and detailed approach to mass
estimation, although [8] is equally applicable. Relations for surface areas of flap, and

ailerons of a tapered swept wing are standard.

- Myre = Myrer + Myrer B72
Myrer = Jrip X Srre B73
Myrer = Jrre % Srig B74

S, x Etax Et ] -
5, =S x Eta x e[Z—Eta(I— TR)] - Ete x Fjg, % GMC[Z— Fup(1-TR)
1+TR 1+7TR Span
B75
Eta{2— Eta(l1—-TR)}
Sy =Etex S [1- B76
RTE ex g[ T+ TR ]
Jrrp = Jprpo X Fipe (6 SrrE ¥ Erx Span )0' 1or [(Vor Vi) x
sin(B, or By,) x cos(Ay) / TC J*7 B77
1-TR)(3-4E,
tan(A ) = tan(A ,,) - ( al i/ B78
A(1+TR)
VTO = - M{) X g B79
7P X CLTO x Sg
E, ;= Eta - Fygsp / Span B80

JrLpo 1S a coefficient to represent the type of flap and is 0.006 for current transport
aircraft. F,, is a complexity factor and is 1.2 for fowler flap. They are both general

input data.

4.2.9 Zero Lift Drag Coefficient
This is made of two part, zero lift drag coefficient due to wing and due to other than

the wing (fuselage, and empennage).

Cpo = Cpow + Cpoew B8l
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The following expression for zero lift coefficient of the wing though not unique is the

work of Edwards in [9] :

LI5SN,, [(1+3TC x cos* (A ,)]

B82
(ZOgm R_N) 2178

CI)()W =

It is an impirical relation constructed upon a fundamental relation as below:
Cpow = f ( skin friction effect, thickness ratio and shape factor effect, S,/ Spe;)

Note : skin friction effect = f ( some constant / Reynolds Number )

N,,ar is the ratio of net wing area to twice the gross wing area :

=] 2Fyg x Span — Fug,(1-TR)

ot B83
Ax S (1+TR)

N

A, 1s an effective aerodynamic sweep of the wing, intermediate between 0.3 and
chord-wise position where the roof top pressure (RTP) distribution ends. In the same
reference a long procedure is proposed to find the above angle. The investigation
shows that the approximate location of the RTP is 0.7 to 0.8 fraction of the chord This
makes the intermediate location nearly at 0.5 chord.

Ag= A, =tan” ftan(A )T (/AR)x[(1-TR)/(1+TR)J(1/4 - 1/2) B84

RN is the cruise Reynolds Number based on GMC

RN =Verx GMC/ (3.6 x p,,) B85

where ., is the kinematics viscosity of air at cruise conditions, which is a mission
input data. The following empirical expression for zero lift coefficient of the fuselage,

the engine nacelle, and the empennage is from [6] :
Cpoew = (Kyfus % Skus + Kenac X Snvac T 2 Kofemp % Sgaap ) /' Sg B86

Snac 1sthe wetted area of the engine nacelles and is related to engine thrust through

the following empirical relation [6]:
SNAC = Knac X Meng / JtstaO B87

Seup is the wetted area of the empennage and is derived by using the simple

relationship from [7] :



CACAD Formulae 50

VxGMCxS T
- 8 ‘ B8&8

EMP
K, x Fyg

where V is tail volume ratio and K, is tail arm as fraction of fuselage length and are
input data. Kz , Kofpge » and Kt emp are zero lift drag coefficient factors based on
wetted area for the fuselage, nacelle, and empennage respectively. They are specified

in the input data.

4.2.10 Drag Coefficient at Cruise
There are different approaches to determine Cp,, but [6] was chosen due to an

empirical but very useful relation for induced drag factor. An initial value for C,,, is

assumed and through an iteration the final value is computed.

Cper = Cpo + Cowpr + Koy (Cror)’/m AR B89
Crer = 12.96x Mgscp x g/ { 0.5 % py x Sy x (Ver)) | B90
K, =K, + K. (Fysp/Span)’ + K3 x AR x sec (A,,,) B91

Mjscr 1s found through an empirical relation that allowes fuel fraction for climb to

cruise.

Mser = My, (1 - fuel fraction for climb ) B92

My = M_(I— D,.. x sfc,, N L15x T + 6DCR) B93
I/cr TSTAT - DCR

Dep = 0.5 % poyx Cpe, x Syx (Veg)’ B94

Tstar = Raging x Meng / Jigap B95

According to the same reference Dy, is the energy height increase in climb and
decrease in descent which are assumed to be the same. This is given by following

standard relation.
Dyer, = ( Potential energy & kinetic energy at cruise altitude -

Potenyial energy & kinetic energy at sea level altitude )

2
Dhlen = {Hrmcr - I{/mm + _—I/LR;(I - Rdcr)}'i B96
12.96 x 2g 1000

R sting and J;,0 are both input data.



CACAD Formulae 51

4.2.11 Cruise Fuel Mass Module T
In order to estimate the fuel used during climb, cruise, and descent, the lost range

technique [6] is used. In this approach the range covered during climb and descent is
found and is called lost rang Lrge, and is then added to the stage length Stage which is
a mission input data. This is called equivalent cruise-range and is used to estimate the
fuel consumption during cruise covering climb and descent too. A simple Breguet

equation is used instead of a complicated relations in the same reference.

1
Mper = Mgy X (] — —gmare) B97
e VerrX(LI D)o
Range = Stage + Lrge B98
Lrge=D,,, Cror ( L3S mowr _ _ 0.8) B99
Cor S _ Cper ~

STHOWT C,.,

Strowr 1s the maximum static thrust of engines to aircraft take-off mass, and is given

as below:
Staowr = Tsrar/ (M, x g) B100

4.2.12 Load Factor
The critical load factor is determined according to BCAR for a flight altitude of
200001t, a gust of 15.24 m/s ( U,,,, ), during the descent phase when cruise is already

covered, at the maximum operating speed of the aircraft. The relationship is standard

and is the same in most references :

Py X Gap XV XUy x{d(C, )/ d(a)}

N=15[1+ ] B101
[ 2 MLDG
Sg

d(C,)/d(a) =Dy, =

) 2ncos(A,)1+TC) B102
2cos(N,,,) / AR+ {1~ MZ x cos*(A,,,) + [2cos(A ) / AR]® }*?
Mipe = Mgsp - Myt (1 + Kpy) B103
Vo=(M,+dM)/V unda 200000 B104

G4r is gust alleviation factor and M, is aircraft mass ratio. Both are given by the

following expressions [6].
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_0.88x M,
53+ M,

3.06 M,
Dyypy % Sg x GMC

AJU=

Ky 1s the coefficient for contingency fuel.

4.2.13 Diversion, Hold, Allowance, and Contingency Fuel Mass Module

B105

B106

The lost range technique and the fuel fraction estimation method associated with this

technique elaborated in [6] is used in CACAD for the fuel mass estimation in
diversion, and hold phase of the flight. Although the fuel fraction formula might look

quite different from famous Breguet range equation, but by some mathematical

manipulation ( tangent and exponential series ) they are exactly identical.

During diversion some range is covered while climbing to diversion altitude, and

some during descent. These ranges are assumed as lost ranges L, and shall be

derived from following expressions to be added to the diversion length D;, to produce

total diversion length Ry,. This is used to compute the fuel fraction Mpgry:, during

diversion.

Mﬁtel—diversion = MLDG (1 - MRTdiv)

Ra'iv X s.fcdiv (Kcr X C

M, . =tanftan™ (D, , )—
RTdiv { ( rl—dlv) VD]V X A R

Dyvaiv = Cra [ K.,/ (T AR x Cpy) J

Rdiv = Div + Ldiv

Ldiv = D hten—div CL-diV ( 1155300” - 08)
Coav S. _“paw
STODWT CL_d’_v
SSTODPW: = Tsrar/ (Mppg < 8)
D, ={H -H +___Vl§£___(]_R )}__{__
hten m-div mto 1 2 9 6 x Zg d—div ] 0 0 0

Mip = Mssp - Mper cruise ( 1+ Kpy)

2012}/,

B107

B108

B109

B110

Bi11

B112

B113

B114
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. . . N . L . 1/4 . .
For the maximum diversion range, the diversion speed is equal to 3""x( minimum

drag speed ) where the compressibility drag is ignored [6].

Cp=Cpy+ K, x (C,)°/(rAR) B115

VDIV —_ 5 033[MIDG X g( Kcr

)1/2]1/2 Bl 16
Se X Puy  ARXCp,

Chaw = 12.96x Mypg x g/ { 0.5 % pgiyx Sy % (Vpr)’} B117
Cpeaiw = Cpy + Koy (Cpan)™/(nxAR) B118

For the hold phase it is assumed that hold speed is 1.15 times the minimum drag
speed. [6] proposes a relation for the lift drag ratio for hold , this is used in Breguet

equation.

M fuel-hold — {MLDG -M

Suel-diversion

(1+ K )} {1 exp(—1.173Hold x sfc,,;,\[K,, x Cp, / AR

B119
LD _yp157 4 1 —) = 1.0393 B120
(L/ D),y 115
(D/ L) =1173JK, x Cpy /AR i B121

Div, and Hold are both mission input data.

Some fuel shall be consumed for taxing, take-off, and initial climb. Some for landing,
and contingency. These are computed using empirical constant. Sum of all above fuel

consumed i My oaz04 » and is found according to following relations.

Mﬁael = Mﬁ:el-cruise + Mfuel-diversion + Mﬁzel—hald + Mﬁzel—allowance + Alfuel-cantingemy B122

Mfue1~allowance = Kfao X Ma + Kfal x Mo + KfaZ x MSSY B123
MSSY = MSSB - (Alfuel-cruise + Mﬁlel—diversion + M_ﬁleluhold ) ( I+ Kfcl ) B124
Alj’uel-con}ingency = (Mfuel-cruise + Mﬁlel-diversion + Mﬁzel—hold ) Kfcl B125

Ko » Kpar ;and Ky, , are empirical constant for taxi, take-off and initial climb, and
landing respectively.

4.2.14 Wing Box Mass Module

This section of the wing consists of wing box cover, ribs, spars, tips, joints, wing

mounted engine support structure, undercarriage attachments. Reference [6] found to
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4.2.14 Wing Box Mass Module T
This section of the wing consists of wing box cover, ribs, spars, tips, joints, wing

mounted engine support structure, underéarriage attachments. Reference [6] found to
offer reasonably accurate empirical prediction equations for all sections of wing box.
For wing box cover an alternative equation from Howe [8] is also included. This is
used when VCW is integrated in CACAD. It requires an iteration i.e. an initial value

for wing box mass must be assumed at the start of the module.

Mypx = Mgy + Mygeoy + Mygjm + Mygg, + Myp,, + My, + My,

B126
M _ Sugeoy XN X Mppe x gx W, . x AR(1 + 1.44TR)
Wheor TC x cos’(A,,,)
2 .
x{1+].2(0.6 Ete) y B127
1.075
Mo = Jwgjm X N X Mgz x g x Wy x AR(1+ 144TR) B128
e TC x cos*(A,,,)
szp/ ng x GMC x TC? +J3x.spz X N X Mype x g x W, . x Span
M +JBX.sp3 x me x Mo xgx Span B129
= cos(A,,)
MWBpp = JBpr x Wut;-eng (Neiw + Neow) » B130
M JBXH,,ngXGMCXTC(I—Ele+Ete)(]+TR+TR2)
WBrh =

1+TR?

J oz X Sy X GMC x TC?(1 - Ele + Ete)
-+

AR
+J3x,1,3 b me XM, xgX GMC(] ~ Ele + Ete)

“ Soxwa X N X My x g x W, . x GMC(1 — Ele + Ete)?
TC x cos(A,,,)

+ gxrs X N X Mypp x g% W, x Span(1 — Ele + Ete)tan(A,,,) B131

ri

MWBuc = JBXuc X mex Mo xg B132
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The terms N x M. x g x W, is the effective load on the wing for the stressing case,
after allowing for load relief from the wing mass, the fuel mass, and the mass of any
wing mounted engines in Newton. Wy is introduced to reduce the alleviating effect

of aerodynamic twist when sweep becomes small.
Wye = 1+0.3 x exp{- 0.006( A,/ -2 )*} B133
Mgpr = My - Mper + Mpyy (Hpgyr-1) - 0.56 ( Mypy + My + Mye)

= 3.6 Winang (Neow X Spoeng” + Notw X Spions. ) B134

w, = Meng /N, B135

un-eng

JBXcov ’ JBXjnt ’ JBpr N/ BXuc » Ji BXspl » JBXs‘pZ ’ JBXsp3 ) BXrbl » JBXrbZ Y/ BXrb3 » JBXrb4 ’ JBXrb5 >
and S, S,

poeng » Opieng » are gemeral input data. N, , N,,,, , N, are mission input data.

Their value and definition are given in section 6 .

For the estimation of the mass of the wing box cover the following alternative

procedure is presented from latest theoretically based work of Professor Howe [8] :

My, = 6.4 N x M, x 7 x Span x sec A g, X p;ox (Z) B136

a

(Z) 1s the factor allowing for wing taper, and location of root attachment, and is given

by the following relation:

AR x secA,,

Z)=0.67+0.103(1+TR
(2) " (1+18) c B137

r is the relief effect due to inertia. It is given by the following options :

No engine under the wing :

r=1-[012+(0.1+ Rangex107)] B138
Two engines on wing:

r=1-[02+(0.1+ Rangex 10°)] B139
Four engines on wing:

r=1-[022+(0.1+Rangex107)] B140
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N is the effective design ultimate acceleration factor and is given by the either of the

following relationships, whichever yield bigger:

N=15(M+01) B14]
M;=3.8 for M,<1882 kg

M, = 2.1+[10900/(4530+M,,) for 1882<M,,<22720 kg
M, =25 for M,,>22720 kg

f, is the average allowable direct stress level, and py,, is the average density of the

structural box. They are both given in input data file (App. A).

4.2.15 CG Position Module
Location of CG position is fairly a standard practice. CG sy s the location of aircraft

CG from the nose of fuselage as fraction of the fuselage length. This is the same for
the non-dimensional distances used in the following relations. The aerodynamic centre
of the wing is assumed to be coincident with the aircraft CG, and the wing-group mass
is taken as acting at a distance Cyyg X4, aft of the wing aerodynamic centre and

hence aircraft CG (see Fig. 4-1).

The wing aerodynamic centre is assumed to be located by the quarter chord point of
the aerodynamic mean chord AMC. For a trapezoidal wing AMC is located at
AMC,,,xSpan/2 outboard of the centre line.

Note that the CG location is an iterative procedure in which mass of the tail plane and

- mass of the fin shall be assumed until CG is found. The program will then proceed

into the next module in which the mass of these sections are accurately determined.

They, are then compared with the assumed value, until the iteration converges.
Semp=Vip x GMC x S,/ (K;y x Fysy) B143
Mgrtp = Jomp % (Somp)”

Following empirical equations were developed from real transport aircraft using [3]

and Torenbeek.
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MTP= 064MEMP T B144
MF]N =0.36 MEMP

G = Miyse % K pe + Mppng % Keng + My, x Klp + Mpy % Kﬁn
posn )
Miyse + Mpgng + My

Mipng X CGpyg + Mogng % CGopng + Mynge % CGyyg

- B145

Myyse + Mgy + Mgy
Mrysc = Mrys + Mpgx + Mrgr + Mcrew + Mpyr + Mg + 0.5 Mgys B146
Myivge = Mypx + Mye + Myre + 0.5 Mgys ‘B147
MpenG = Waneng % Ny B148
Migng = Wun-eng * Neiw B149
MognG = Wan-eng X Neow | B150

CGyng is the centre of gravity of the wing group and is taken to be positive if it is

located ahead of the aircraft CG.

CGying = - Cyng X AMC / Fyg B151
28 .
AMC = ———{1- AMC,,,(1- TR)} , B152
(1+TR)Span
_(I+7TR
AMC,, =( %3(1+TR)} : B153
AMC — S . " or"S
CGipng " 0r" CGoppg = s~ Opr P28 x Spar tan(A,,) x
E/SL
S E_
£ w1 {1 (S iong " OF" S poene (1 + TR) + —22=
28panx F,, 1+TR Fou
B154
Eppas = G X W50 B155

The values and definition of the empirical coefficients Ky, , £, Kqo, Kepg» Ky,

Cwing » Geng > and E, ;.4 as general input data are found in section 6 .

K s
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4.2.16 Tail Plane & Fin Mass Estimate Module
Once CG is located in the last module, leIowing relations which are standard in most

references, are used to estimate the tail and fin mass.

Ktpa = Tpac x Cgpasn B156
Stp=Vip x GMC x Sy / (Kypy % Fisy) B157
M, =J xSE(0.5 Vs B158
=y X Sp (0. +2_70)
: v,
MFINzJﬁnxSFIN(O'j"'}?' B159

For the estimation of the area of the fin Sg;y , two requirements for fin sizing must be

fulfilled. Whichever requires the higher value, it will be selected.
For fuselage stability:
SFIN= VﬁnIXFUSDXFUSL/Kﬁna . B160

The fin must be also powerful enough to cope with a failed outboard wing mounted
engine in critical condition. An outboard failed engine not only does not balance the
moment due to the thrust of the other engine, but intensifies it with a spillage, and

windmilling drag.

_ VﬁnZ (0 3 Sp an x S poeng) (0 SN, eow X n/:m—eng) (J + ankwm)

N = Bl161
i 0.5p, x (;?TO "or" VAZ) X Sﬁy‘t X Fys, % Kﬁna
VCTO = Ktcs X VTO /].1 B162
Spuuy = 2 Va0 0" Vi) > Sy X (S X W) B163
ZJIsIaO
Spt = Jistar/ [1-Lex(Vero or V] Bl64

The values and definition of the empirical constants V,,, Tpuc, Jip s Kpna > Jista0 » Sac »

W4 , and Ly as general input data are found in section 6 .

4.2.17 Undercarriage & System Mass Estimate Module
D) Undercarriage mass is found to be influenced with the vertical rate of descent

at approach.

Myc = Jye X My, B165
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Joe = 0.03 + 0.0008 (Vyp)* s B166

Vo = Vyx Fopes - _ B167

Fongir 18 the flight path angle in radians, which is an input data.

System mass is presented according to each indivitual system.

Msys = Myp + Mpc + Myyp + My + Mps + Myp; + Moy + Mpe + Myyy + Mypy
B168

They are mainly from Roskam [2] Raymer [10], Torenbeek [11]. Due to airframe
mass being one of driving parameters, and shall be determined later, the whole

process is iterative.

Following empirical equations were developed from actual flying transport aircraft

using references [2], [11].
2) Electronic, and instrument system from Roskam :

0.575(*%)0-556 x ( Range

)
M, = 2205 1852 B169
» 2.205
ME=MAF+Meng B170

According to Collingbourn the electronic, navigation, and instrument together as
avionics system can be taken as 1200 kg, which is a good approximation for transport

aircraft from 150 Pax to 350 Pax.

3) The empirical relation for the mass of flight control system from Raymor was
checked against real values and found that with a small modification, it gives realistic
result. The benefits of Raymor relation is particularly important for VCW technology

modelling.

1459NS x (S x 10765)"2 x (I, x 107 )*7

My =2 B171

1+ )% 2205
Nf

Scs is the sum of the area of the control surfaces. In CACAD there is no module to
size these surfaces. This is due to the fact that R&M study did not require such
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modelling. Therefore simple but reasonably accurate-relations were developed based

on data from [3], and [11] to predict these surfaces as below:

Snuaier = 0.055 x S, B172
Setevator = 0.07 X S B173
Stift dumpers = 0.08 x S, B174
Scs = Srudder T Setevator + Stift dumpers + SLe + StER T STEF B175

Iy which is the moment of inertia around Y-axis of aircraft is the sum of the product
of the mass of each aircraft major section (wing group, fuselage group, tail plane,
vertical fin, engine group) with the square of their respective distance from aircraft

CG. This is given by following relation :
Iy = { Mrysc ( C8posn = Kuse )? + Mymoe (CG wing ). + Mgy ( Kpn - Cgposn)z
+ Mp (Kpp~ Cpuen)” + Mign (CGrene)” + Mogna (CGorng)”
+ MegnG ( Kong - Cposn )" } {(Frusy % 3.281)° } x 2.205 B176

N; is the number of functions the system performs, and N, is the number of
mechanical functions. Both are input data. The alternative formula from Torenbeek is

also included in this module.

4) Hydraulic mass estimation is taken from Raymor due to the same reason as
flight control system. But due to lack of accuracy, a correcting factor of 4.7 was found

through correlation with real aircraft data.

M, =47 % 02673 [(Fyg +Span) x 3.28 "% B177
2.205
5) Electrical system mass is estimated using General Dynamic relation:
1163 M.+ M
M, =——=[2205(—5 ML ) 70505 B178
HS 2205 [ ( 1000 Z

where Mg is the mass of the fuel system as below:
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Mjucl X 2‘205)0.33;3'.

80(N,+ N, -1)+I5N"%(

M, = £p B179
; 2.205 :

N, which is the number of separate fuel tanks is assumed to be

N,=N,+3 B180
6) Air-conditioning and pressurisation mass estimation is based on Torenbeek
method:
6.75
=———(P,/3281)"* B181
AP 2 2 0 5( CL )

7) Oxygen system Myy, baggage & cargo handling system Mp., auxiliary gear
Muyx, paint over the aircraft external body Mpr , and auxiliary power unit M,p;; mass

estimation are taken from Roskam as follows:

Moy = (7/2.205)(Crey + P)" "™ B182
My = [0.0646 (PAX,,,a,)’-"“]/z.zo.s' B183
My = 0.01 x M | B184
Mpy = 0.004 x M, B185
Mpr = 0.0045 x M, B186

According to [6] aircraft system mass can also be represeh_ted fairly accurately by the

following single relationship. This is used in CACAD as an option for the confidence

of the user.
x Eles
MSYS = ‘].syxl + ‘].sysZ X MPAX + ‘]sy.s'3 X Mo + ‘].sys4 —I:—EE—— + SFTE)Z/3
+ Joss (Seup)™” + Jys6 % Span x sec(h ) B187

Above relation does not include the mass of avionics system. Jsys1 10 Jgys6 are empirical

constants and are given in data file and also in section 6 .

4.2.18 Aircraft Take-off Mass Module
Aircraft major masses are fuselage group mass, wing group mass, airframe mass ,

empty mass, zero fuel mass, maximum zero fuel mass, landing mass, maximum

landing mass, and take-off mass. They are formulated in CACAD as follows :
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Myinge = Myng + 1/2 My - B188

Mrysc = Mpys + Mpyg + 1/2 Msyg + Mpx + Mcrew + Mg, B189
Myp = Mpys + Mrpyg + Mg, + Mgys + Mpgy +Myc | B190
Mg = M,p + Meng B191
Zey = Myp + Mpyy + Mgy + Meng B192
ZiMmax = Mio - Mpygr + Mpgy ( Hpgyp-1) B193
M;p6 = Mssp - Mt cruise ( 1+ Kpy) B194
Hy1p6 = Zpy + Hyppagr x M, B195
My, = Zeppmax + Mrpyg; B196

4.2.19 Aircraft Pricing
There are number of approaches to this section. The 31mple Roskam empirical relation

is as follows
4,, =logp '[3. 3191+ 0.804310g,,(M,, x 2.205)] B197

This relation must be multiplied with price index factor between 1989, and 1995. It is
an appropriate relation for quick determination of airplane market price. A more detail
approach consisting of RDT&E cost and production cost is used for VCW cost
implication modelling. For CACAD the most useful approach is a pricing system that
distinguishes the share of each major component of aircraft in final pricing. This

approach exists in [6] which was used in CACAD and is presented below:

Pfus=Kp s X Mpys B198
Py = Ky X Mypy B199
Prute = Kpwie X My B200
Puute = Kpwie X My B201
Per = Kper x M, B202
Py = Ky X Msys B203
Pren = Kppen X Mppy B204

Pfur = Kpfur X MFUR B205
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Pue = Kpue X Myc e B206
Pepg = Kpeng X Meng ) B207
Paszuc+Pfur+Ppen+Psys+Pel+Pwle+Pwle+wax+Pﬁ:s B208

PAC=Peng+Puc+Pﬁ4r+Ppen+Psys+Pe1+Pwte+Pw1e+wax+Pfus B209

The cost coefficient (£/kg, 1993) used in the above relations are very useful to
remember. They are purposely given below so that the cost implication of each
aircraft major component become evident. They have strong interference with DOC,

and hence an optimum aircraft.

4.3 Constraint Module of CACAD _
The following constraints are adequate to produce a reasonable aircraft, fulfilling
safety, and regulatory enforced requirements. They will also help to include some

implications of R&M modelling in next Appendices.

4.3.1 Approach Conditions
This constraint ensures that the aircraft is designed to have stall speed adequately

smaller than the prescribed approach speed (usually 70 m/s) :
Veyx1.3-V,;=0 B210

VSA = {HMLDG X g/[05 X papp x Sg X CLmax app ]}0.5 B211

All terms in RHS are already described in previous sections. When the constraint is

not fulfilled, CACAD changes wing area.

4.3.2 Take-off run Limitation
In order to take-off at a prescribed take-off distance D,, , following constraint must be

fulfilled :
Dy-Tyyz20 B212

Toq is take-off distance produced by aircraft.
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K

1o

2
G XM, xgxJoop

1o

= B213
Mengl xC,

od

1

xS, xpto

K,.4 1s an empirical constant derived from a correlation of take-off data for current
transport aircraft (typical value is 1.556) [6]. Meng! is the mass of engine sufficient
for this constraint. When the constraint is not fulfilled, CACAD changes aircraft

engine mass.

4.3.3 Climb-out Gradient with One Engine Cut
The regulatory enforced gradient varies with the number of engines :

Gomma = Gammaz + 0.003 (N, -2) B214

where G,,,.q; is the required gradient for a twin engine aircraft. Its value is an input

data. The required engine thrust required to fulfil above constraint is given below :

Ne x Mtox gx Jppop{(Cp + Cppp )/ Cpyy + Gamma }
Ne — 1 - Eftkwm

Meng2 = B215

Efgewm 1s an allowance for the windmilling, and the spillage drag and is given by the

following empirical expression :

Etowm = { Pro % (V10)” % Juag * Wae *+ Sae) } / (2xJisa) B216
Drag coefficient at take-off : |

Cato = Cpo + Kovx (Cio)’ / (0 x AR) + Ciypo + Cppo - B217

Chyfio » » Copfio » and Cp,,p, are drag coefficients associated with vortex drag due to
flaps, incremental profile drag coefficient due to flap deflection, and yaw drag
coefficient respectively. There are a chain of empirical expressions for deriving above

coefficients [6, section 12.2.1]. They are included in the listing of CACAD.

4.3.4 Thrust Requirement for Cruise
This constraint ensures, the engine sizing is sufficient to produce the required cruise

thrust, plus a given rate of climb (climb gradient) at the beginning of cruise.
Meng3 =J,;, x T, B218
Treq = ch X Sg X C'D::r + MSSCR X gx Crxta x 3.6/ Vcruise B219

C,. 1s the required rate of climb at the beginning of cruise, and is given as input data.
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4.3.5 Engine-failed Height Requirement
This constraint ensures that there will be adequate thrust, i.e. engine size (mass) to

maintain a small climb gradient in the event of an engine failure at some prescribed

height Ej, shortly after take-off.

Mengd = J,pp x Tp B220
Ne
Tom = D, +G,..x M, x B221
2fh Ne—]— thkwm rgefh maefh x 1 g
Eopiowm = { P X (V] e )’ X Jien X Wae + Sac ) } 7 (2%J51a0) B222
it = Joao” { Epo + Ept X Epum + Epiy X (Ep)” + Epy3 X (Epy)” B223
Eﬂlm = VEFH/Ssdefh B224

Dygen = 2 {172 pogy x (V, EFH)Z xS x Cpgt  (for mlmmum drag case) B225

Ker x Mto® x g*

- 2}0.25 . B226
ngCDoxn.xb X Vi x (P ) '

VI_;FH ={

Giaep 1s the prescribed climb gradient, and Ej,, 5 5 are coefficients in the expression

of engine mass thrust ratio. All are input values.

4.3.6 Miss-approach Requirement
This constraint ensures that the aircraft while approaching is capable of climbing

again, with one engine in-operative. This is equivalent to the throttle limit constraint
in collingbourne’s methodology (the amount of the throﬁle back of the engines, which
is permitted on the approach, so that they are capable of being opened up again in the
event of an aborted landing). The following expression gives the required thrust, and

includes the spillage, as well as windmilling effect :

c,, +C
Meng5 = e Hmldg x g x Jttoa(—2—"%" , 8 ) B227

Ne — 1 — Efakwm C.

Etm = { Pa X (V)" % Juoa X Wae + Sse) } / (2%Ji51a0) B228

Special Note : In the constraint equation solving module of CACAD, The valués of
Mengl to 5 is determined using above expressions. Thereafter the highest among them

is found. This is then compared with the engine mass assumed at the upstream of the
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program. An algorithm is built in the module to adjust engine mass to the highest

value dictated by the constraints.

4.3.7 Fuel Volume Limitation
This constraint ensures that there is enough space within the wing (and extended into
wing / fuselage intersection) for the fuel tank to contain the mission fuel mass

estimated in previous modules. Following geometrical relationships determine the fuel

tank capacity within the wing, between the spars :

Vi = 4. x K,y x TCx S, x GMC x (1.-Ele-Ete)/(1 + S, B229
Va=0-Vip)-(1+Vy)xFysp/b B230

Ve =(- S)x {(1-Vip)* - [(1 + Vi) x Fysp /BT } B231
Va=(1-S P x{(1-Vip)’ - [(1 + V) x Fysp /b’ ¥/ 3 B232
Via =V x Vg -V + Vis) (Tank Volume) B233
Mrygrr = Mrygr + Kpgy X Mpgy B234
Vevsr = Mpygrr/ 800; B235

According to this constraint, Vg must be either equal to or less than Vy, . If there is
a shortage of fuel tank capacity, CACAD allows the Vy; , and V,, to change their
values so that fuel tank to be extended to toward the tip of the wing, on one side, and

toward the fuselage centre line on the other side.

4.3.8 Buffet Onset Limitation
A transport aircraft would require a lift coefficient at the beginning of the cruise,

determined pre-dominantly by its payload,and range. This is termed as C; 4, in
CACAD. This must be 1.3 times away from the C; ;,4, [11] that the wing is capable

of producing.
CL buffet = ].3XCL crbl >0 B236

Delta Method [12] was used to establish the value of Cy ,,z, - A surface was made to
fit with characteristic 3-D curve of Fig. 28 of the above reference with the help of

Mathematica [13]. This produced the following correlation equation :

CLbupper = Craes + { AR x [1.+ 0.1(Wc)] / Cos(A,;)} x
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{0.029522 - 0.5933 x Dy~ 5.01333 x (D2, - 0.139333 x TC?* +
0.15xTC*} B237

C} s 1s the design lift coefficient and is given by the following equation fit to the

curve of Fig.1 of [12]
Cpaes = {Cos(A 1) x[1.+ 0.1(We)] /(AR)*} x

{0.14911 + 0.151345 x AR + 0.002114 x AR? } B238
Dyges = Mop +Dis seep™ Dot aspect ratio B239

M;p . Dyt sweep » @0d Diyg gopecy rasio are found from the following equations developed by

using Figs.3, and 4 of [12].

Mp = {1. +0.241647 - 0.12416 x Cy 1y - 2.7077 x TC?® +1.59765 x TC?* }°*

B240
DMsweep = 0.00328985 - 0.0005 XA1/4 + 0.00005971 x (AI/4)2 B241
Dyt aspect ratio = - 0.000527 + 0.1432 x (1./AR) B242

4.3.9 Aspect Ratio Sweep Requirement
This constraint prescribes a limit which restricts optimum solution to an aspect ratio /

sweep range applicable to existing transport aircraft to prevent any stability and

control problem.
y > AR 0.378 '
swerr Z AR x [Tan (A;,)™"°] B243

Aswprr is the limiting value of aspect ratio-sweep constraint, and is an input value
(App.A).

4.4 Objective Function DOC and Maintenance Cost Module

The objective function in CACAD is DOC, which reflect aircraft performance,
geometry, mass, and cost assembled together. The methodology for DOC in CACAD
has been described in Chapter 2 of [1]. Here the formulation of DOC module is
presented. Maintenance cost breakdown, and number of approaches are also dealt with
in detail along with standing charges cost breakdown. The coefficients of different

empirical equations from [7], and [6] were developed from 1970 to 1993 values.
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According to MVO method [6,7], DOC of a jet transport aircraft is composed of cost
of fuel, deck (pilot, and co-pilot), landing fee, maintenance, and standing charges.

Following formulations are for DOC per flight.

DOC =DOC,+ DOCy+ DOC,, + DOC,, ' B243
DOC; = My % Prai B244
Mpsets = Mpiercr + Mpser atiowance + Mpuetcontingency B245
DOC,, = 0.0028 x M,, B246

The labour maintenance cost equations are functions of the article’s maintenance man
hours per flight, and include flight block hours. On the other hand the maintenance

material equations are functions of article’s market price.

DOC,, = DOC,,, + DOC,,, . B247
DOC,,, = DOC,; + DOC,, B248
DOC,p, = Copy % Pong * (Tpr00™ B249
Tsr0c = T *+ Chioe B250
Ty = Stage / Vg + Ly, B251
L, = Do ( L2 Sty B252
Ver  Stom = Crer/Cper  3Cpir
DOC,; =N, x Ry x Fyy x My, B253
Myfeng = Comit + Comts X Woneng ( Tor00™ B254
DOC 4, = DOC g, + DOC,y, B255
DOC oy = Cogpy % Py (T100" B256
DOC = Ry x Fyx My B257
Mooy = Canty * Camis x My (Tpr00™ B258

Further airframe maintenance breakdown shall be done separately in the next section.
Standing cost is composed of airframe, and or engine which is the sum of residual
value at the end of their life, interest rate of their prices, residual value of their spare

parts, interest rate of their spare parts, and insurance. All are calculated per flight.
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DOC;. = DOCyr + DOCy gy + DOCyyys - B259

DOCcyp = (Se; % Pyp x Tprod)/U ; B260

DOCicpy = (S5 x Py x Tpro0/U B261

DOC o iys = (Se3 % Pye % Tprod/U B262

S, = 1= Rega + Koo + Spar X —————1 = Reva +Spur X .ﬁ, B263

Acllfe 2 Acliju 2

Scl = (1 + ScpAF )(] — Re.wal + "Yim) B264
clife 2

Scz =1+ ScpENG )(i_—_&‘i’_ + _X_"'_'!_) B265
Aclife

Sez =Xins ' B266

Further standing charges cost breakdown shall be done separately in the next section.

F} is maintenance burden factor, and R, is the labour rate and C,,,,, , Copz; > Comis »
Camm s Came1 » Camys are coefficients of equations. S, 4r, Sgyenc are coefficient of spare
part cost equation, and A is the life of the article, X;ys , X, are coefficient for
insurance, and interest rate in standing charge cost. They are supplied in data file, and

section 6.

For reasons elaborated in Chapter 2 of [1], the airframe maintenance cost and standing
charge cost are required to be divided into different airframe subsections. Also
structural elements of airframe must be further divided into major sub-sections. This
shall be useful for the ASRE, and the VCW modelling integration into CACAD.

4.4.1 Airframe Maintenance Cost Breakdown, Approach 1

This cost DOC,y,, is composed of labour DOC,4 and material cost DOC,,. Each
shall‘be dealt with separately. The labour cost is composed of two part. In the first part
the maintenance labour cost of airframe major sections are determined using
Serghides predicting equations [14]. In the second part the structural labour cost is
further divided to its sub-sections based on merits obtained by application of MIL-
HDBK-472 [15].
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4.4.2 Maintenance Labour Cost Major Sections
In this approach airframe maintenance man hours are divided proportionately based

on Serghides equations [16,14]. This method is also supported by Professor P.G. |
Pugh. The aircraft parameters determined by CACAD are applied to the predicting
equations of [14] to produce maintenance man-hours of each airframe major ATA
chapter. These values are then added, and divided by each section. These results give
the share of each ATA chapter with respect to the sum of airframe maintenance cost.
These ratios are then applied to CACAD total airframe maintenance man-hours

determined by MVO method to arrive at individual section.

For some aircraft parameters used in Sergheidis relations simple correlation equations

were developed using the existing transport aircraft reported in [3] as follows
Wr=0.199 Span (Wheel track)

Wy =0.368 Fyg (Wheel base)

H-=0.58 Fygp (Cabin Height)

H = Span / 2.7 (Aircraft height)

Y, =1994-1959 (The base year in Sergheidis formulea)

Auto-flight (ATA-22), Communication (ATA-23), Instrument (ATA-31), Navigation

(ATA-34) are assumed together as avionics systems.

Mopay = (0.9254 - 0.7433E-04 x Range + 0.571E-06 x M,;)(0.563 + 0.5391E-01 7))
+ (-0.1667E-01 + 0.1459E-02 X P 130 - 0.1185E-01 x H) (1. 795 -0.0683Y)
+ (-0.02723 - 0.5012E-05 x H,,,., + 0.125E-03 Vp) (0.897 + 0.01345Y,)

+ (0.09285 - 0.2451E-05 M, - 0.4544E-02 x H) ( 1.167 - 0.0175 Y,)

B267
Electrical system : ATA-24 B268
Mpgrs = (-0.3107 + 0.146 Fygp - 0.1876E-06 x Ty, (1.228 - 0.030827))
Lights : ATA-33 B269

M1; = exp(-0.4929 + 0.8752E-04 x Range + 0.0813 H) (1.522 - 0.02555Y,)
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Furnishing : ATA-25 B270

Myypup = exp(-1.393 + 0.6634E-04 x Range + 0.002085 P 4y,.) (1.262 - 0.0199Y,)

p

Flight controls system : ATA-27 B271

Mppre = exp(-17.1 + 0.01612Veg + 0.001059P¢; x Fygp x He) (1.302 + 0.02293Y,)

Air-conditioning System :ATA-21 - B272

Mg = (- 0.08355 + 0.5627E-06 x M,, + 0.3966E-02 x Fyg;) (1431 - 0.05187 x ¥,)

Pneumatic system :ATA-36 - B273

Mpypy = (<0.1077 + 0.1742E-04 x Hypey + 0.6617E-04 x P 4) (1.956 - 0.0559 x Y,)

Ice and rain protection system : ATA-30 B274

M

onice = exp(- 6.256 + 0.9306 x Fygp, - 0.168E-04 x M) (1.592 - 0.04256 x Y,)

Fuel system :ATA-28 B275

Myps = exp(- 3.68 + 0.9513E-04 x Range + 0.0051 x Span) (1.47 - 0.0369 x ¥)

'z

Under-carriage :ATA-32

M,

e = exp(- 0.4235 - 0.7232E-05 x Mpy) (1.146 - 0.004462 x ¥,) B276

Oxygen system : ATA-35

Myox = exp(-9.35 + 2.788 He - 0.006671 x Fyg;) (2.586 -0.0989x Y) B277

Water waste system :ATA-38 B278

My = exp(- 5 + 0.403 x Fygp - 0.159E-05 x My) (1.061 + 0.01364 x Y,)

Structure :ATA-52 to 57 B279

M,

onstr = (<0.7227 + 0.1705 x Wy + 0.7411E-05 x My) ( 1.151 - 0.01584 x Y,)

Fire protection system :ATA-26 B280

My = (0.30E-02 + 0.88E-06 x Mpy - 0.205E-07 x Tyyo) (111 - 0.0135 x Y,)

p

4.4.2.1 Breakdown of Maintenance Labour Cost for Structure
It is essential to break down the maintenance cost of structure into its main

constituents in order that, new technology maintenance implications be investigated.
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The main sub-sections of aircraft structure are fuselage, wing box, wing LE, wing TE

flap, wing TE aileron, horizontal tail, vertical tail.

In this approach two criteria were considered. First, the mass of each section with
respect to total structural mass is considered. The bigger the mass, the higher
maintenance man-hours it would require. Second is the number of scores each section
achieves when MIL-HDBK-472 is applied for it. The standard contains criteria that
are reasonably appropriate for a merit analysis. The Table B-1 show the type of merit

each major structural section obtained.

The formula below determines the amount of time for removal and replacement of the
above major structural items. It is used a symbolic merit for allocating a reasonable

share for each structural item within the total structural labour maintenance cost.
MC = log™(3.54651 - 0.02512 A - 0.03055 B - 0.01093 C) B281
MCrys = 962, MCypx = 230, MCyy g = 227, MCyy = 757.5, MCypgr = 305
MCyr = 876, MCygr = 261, Sum = 3619.5 |

The percentage merit of each section is then found with respect to the sum. Assuming
that total maintenance man-hours per flight for structure is M5z , the following
relationship determines the share of maintenance man-hours of each major structural

sections, based on individual mass, and MIL hand book merits obtained above.

Mypyrar = [(0.0722 + Mypgp/ Msz) x Mysrpl/2 B282
Myyrer = [(0.0842+Mygs/ M) % Mysrrl/2 B283
Mygrys = [(0.2658+Myyg/Mry) x Mysal/2 B284
Mypypx = [(0.0635+Mypgy/Msrg) x Mysal/2 B285
My = [(0.0627+Myyy o/ Mszg) x Msral/2 B286
My = [(0.2421+ My o/ Mspy) % Ml B287

MpfFIN = [(0209+MFIN/MSTR) X %fSTR]/Z B288
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4.4.2.2 Maintenance Material
The maintenance material for airframe is divided according to the share of price each

section is contributing to total aircraft price. Using table in section 16 of B2.1. A

typical case for fuselage is presented below :
DOCmFUS = (Pus/PA() X DOCafmt B289

This is extended to all airframe and even structural sub-sections having identical

relations. The rest of the relations are found in CACAD listing.

4.4.3 Airframe Maintenance Cost Breakdown, Approach 2
In this approach the maintenance cost of the airframe DOC,,,, which was determined

In previous section B2.2 equations B220 to B223 shall be subjected to further
breakdown using approach number 2. This approach is based on [17]. Table B-2 is
based on the data supplied from maintenance divisions of airlines. These percentages

were used to break the airframe maintenance cost.

The usefulness of this table is evident in its ability to help break the maintenance cost
using above percentages. This shall be applied to derive the structure maintenance
material and labour cost part of total airframe maintenance cost as below. For other

airframe sections see the program listing in section 3.

DOC,ygrg = 0.125 x DOC,4, B289
DOCISTR = (.65 x DOCmISTR ) B290
DOC 51z = 0.35 x DOC57r ‘ B291

But fwo areas are necessary to be further divisioned to enable CACAD to evaluate
maintenance cost implications of VCW as applied in [1]. One is hydraulics, that must
be separated from electrical system, and the other is the structure. For such

divisioning, a new approach was taken, which will be described for structure only.
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Table B-1 : Merit allocation to major sections of structure using MIL-HDBK-472

. external)
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‘Passenger ECS Oxygen, Water waste, Furmshmg

‘:Stfizcturé :
..:Mzscellaneous Fire;: Fuel Ice~Protectwn, ng

Table B-2 : % share of maintenance cost (labour & material) of aircraft systems in the

airframe.[17]

4.4.3.1 Criteria for Structure Sub-division
Structural maintenance is primarily consists of repairing corrosion damages, cracks

specially around fasteners, loosened fasteners, inspection and perhaps paint removal
of number of parts, the LE, and TE devices shafts, rotating parts, hinges, bearings, etc.
The higher exposed surfaces of the structural section would result in higher number of
fasteners, and more cracks, and the deeper and extended corrosion. The labour man-
hours derived from Serghides equations were also treated as on of the decisive factors.
There are other factors that influence the structure maintenance cost. They have been

classified as internal, and external. The internal factors are briefly described below:

- Stress, strain, and deflection : The wing is more under stress and strain, and
deflection than the fuselage. This may be a major factor in causing cracks, and

other damages.

- Fuel leakage : Presence of fuel tank and fuel lines increases the possibility of

fuel leakage and hence higher maintenance work.

- Pressurisation : This is also another source that enhances structural failure, and

helps to increase maintenance work.

- Sanitation : The existence of toilets, and toilet drainage has always caused

neighbouring structure to corrode faster.

- Cut outs : The higher their number the more stress concentration, and stress

corrosion.
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- Piping, wiring, ducting, and cables, etc. : ‘Their higher number causes more
maintenance such as high pressure leakage, duct cracking, wire conductivity

tests, and their chafing, nicks, and dents, etc.
The external factors are briefly described as below :

- Corrosion, friction etc. : Some structural sections of the airframe offer more
chances of chemical damages than others. Either due to large number of sheet
metal parts assembled, or large number of mechanism with un-similar material

in close contact.

- FOD : Some structural assemblies offer higher chances of getting hit by

foreign objet damage than others.

- Accessibility Potential : In some structural assemblies, accessibility provision

is easier to incorporate. This is obvious for fuselage than wing.

- Number of sub-assemblies & Parts : The more the number of sub-assemblies
the higher the chances of longer maintenance time. Also if the assembly is
composed of numerous parts, bits, and pieces, they are more prone to failure,

and dissimilar material corrosion, and failure propagation etc.

- GSE damage : Ground support equipment that are driven toward aircraft for all
sorts of reasons have damaged structure according to experience of the Author.

They damage fuselage much more than wing.

If we assign a highest merit of 4 to highest affected structural section, the following
table may then represent a merit study of above criteria applied to major structural

sections :

The internal and external factor merits, external surface area as well as labour man-
hours from Serghides equation shall be applied for divsioning of aircraft structure
labour cost. The above factors but price to replace labour equations shall be also
applied for divsioning of aircraft structure material cost. This is shown for fuselage
part of aircraft structure below. For other structural sections see the program listing in

section 3.
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Table B-3 : External, and internal criteria for sub-dividing airframe structure
maintenance cost. :

Spos 17 L 20 Prys
S, 78 715 P

DOC, s = y SR % DOC, o B292
Seus 17, 20 Mypus
S, 78 715 M
DOC s = — 2R DOCpgrp B293

4

4.4.4 Standing Charges Cost Breakdown
The coefficients within empirical equation of standing charges in MVO can be

reasonably classified so that this cost be sub-divided into airframe major sections, and

even structural sub-sections.

DOCSCAF = (Scl X PAF X TBLOC)/U B294
1- . - g

Sc] — Rewal ‘X,mt o+ Sc e % 1 Resval + SgpAF X ‘X:nt B295
Ao 2 ” Az 2

Separ according to [6] is 0.06 i.e. 6% of the airframe price. This value of spares price
holding shall be spent for maintenance of airframe in its whole life as fraction of
airframe price . The cost of spares of each sub-division of airframe is reasonably
decided according to the percentage of maintenance cost. These percentages are taken

from the table in section B.2.2.2. Therefore the following relation are established :
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cpAV = {(1 +0115)><SCAF}/2 B296
Seppas = {(1 +0.22) X Sppup } /2 | B297
Seprc = {(1 +0.07) x Sepyp } / 2 B298
Sepuc ={(1 +0.26) x Sipyp } /2 B300
Sepr = {(1 + 0.055) x Sppp }/ 2 B301
cpSTR ={(l+0.125) xScpAF}/Z B302
Seppow = {(1 + 0.155) x Spyp }/ 2 B303

R, a1 1s the residual value of the airframe at the end of its life as fraction of airframe
price. It is the money the owner of the airframe obtains from the sale of her airframe
due to perhaps good maintenance practices, and initial durable design of aircraft.
Although for some aircraft some money has to be paid for its salvation. This value

was zero 20 years ago, but from sources in RAE they assign 0.1 to R_,,; .

By reasonable engineering judgement R, for sub-sections of airframe can be

established.

.If we assume airframe has residual value of 0.1 after 20 years life, then avionics which
has shortest life of 5 years (Roskam) must be sold for nearly nothing. In following
table the residual values are allocated according to the age of the airframe major

sections :

ire, Fuel, Ice-Protection, Light  1( /90)x0.1  0.011 (Ry)

From the above table standing charge cost part of DOC will be sub-devided down to
sub-section level. A typical relation for wing trailing edge, and flight control system is

given below:
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I-R X, I-R .
(_i_.&+‘2,—m+SCpFC x——-lJ—F-U—_'.Scme 2,"‘)XPFCXTBLOC
DOC, . = —%¢ = » B304
I_R X;n 1_R in
( 7 SIR 7’+SWSTRX———L S’R+S¢WR><——2—‘-)><PWTEF><Y;3LOC
DOC,1gr = = STRU
All distances expressed as fractions B305

of fuselage length
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Note
The aircraft centre of gravity and the
aerodynamic centre of the wing are assumed
to be coincident ;

Figure 4-1 Nomenclature for the balanced equation
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5. Table of Nomenclatures

* : Input Value, ** : Mission Input Value, IV : Independent Variable,
DV : Dependent Variable, OB : Objective Function

Abbreviation  Notation Definition Unit Value

41| AMCETA
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42 AMFUS A fos Variable in the definition of fuslage mass - - DV
| 43| AMP | A,. | Airplane marketprice "7~ N - | DV]
[ 44 AP | T TTApproach T T TTTTTTTTTTTTTICOTT -1 -
| 45| "ASRATD | A, | Arearatio parameter of datum wing and LE devices | = | - | DV |
at AP
| 46|  ASRE_ | - T'Avionics System Reliability Enhancement | - | - -]
| 47 | ASWPLT | "Aswmr | A constraint for sweep and aspect ratio | - | 81 | *
| 48|  ATA | “ATA [ Air Tramsport Association | -~ T~ "T77
49 BT B | MIL-'HDBK-472 category B criteria | - | - -
| 50| BANGLL | - [Bodyangleonlanding [ des | - DV’
| 51| "BIZIET |- | Bussiness Jet Design Synthesis | - 1 < T
| 52| BPR | BPR |[Bypassmtioc  ___ TTTTTITTTTTTTT
| 53| BTAA | | Ba__ | Approach value of flap angle of deflection | deg | - - 1V
| 54 BTAMX | PBrmm | Maximum deflection of flap p | - | 20 T
| 55| BTATO | | Br__ | Take off value of flap angle of deflection | deg | - - IV
| 56| ¢ 1~ C_ | MIL-HDBK-472 category C criteria | - | - -
| 57| C T "7 TNumber of spares assigned to remote stations | - | - - ]
| 58| C 1~ ¢ | Wing chord at any location from the root | - | - | DV |
59| ¢, | - " TSectioniift coefficient [ TTT" T
| 60| cm) | - | Chord value at any spanwise location | - | " - | DV]
61 o | Basic lift coefficient | - | - - | DV]
62| "¢, | T Additional lift coefficient | - | - - | DV
63| Co12 | Co1 | Coefficient in the expression for drag due to twist, | - | < < T
N R e 12623805, 1070804 _____ | | ]
64 CABIN Capn | Number of cabin crew (air hostesses) - - DV »
| 65| CACAD |- " T Computer Assisted Conceptual Aircraft Design | = | - -
| 66| CAD |~ -7 "1 Computer Aided Design | T~ - -]
67| CAMMS | Comms | Coefficients in expression for airframe maintenance | = | 755 | * |
material cost 06
| 68| CAPDA | - | AComputer Assisted Aircraft Design System | = | - N
Developed by Berlin Technical University ]
| 69| CBLOC | Cuo. | Taxing fime per flight | e |03 | *
70| T C;, | - T Circumferential length for both wing halves of the | m | - - | DV]
wing fuselage intersection .
| 71| TCD0 | Cp, | Lift independent drag coefficient | - | - - | DV]
72| "CDOEW | Cpoew | Lift independent drag coefficient other than wing | - | - - | DV]
| 73] " cpow [~ Coow | Lift independent drag coefficient wing | - | - - | DV]
741 " cbA T Drag coefficient at approach | | ] ]
75| CDCLRA_ |~ - TJCDAICLA T TTTTTTTTTTTTTTTTTTTTT -
| 76|  CDCR | C,, | Dragcoetficient cruise | T~ - | bV |
| 77| CDCRB | - | Drag coefficient at start of cruise ciimb, due to | | ] ]
| CLCRB
78 | CDCRBL,2,3 |~ - | Drag coefficient at the start of every cruise sector | = | - - DV
145 due to CLCRB1,2,3,4,5 N
| 79| CDDIV | " Cuu | Dragcoefficient at diversion | - | - - | DV]
| 80| CDDIV | - | Dragcoefficient at diversion phase | - 1 - - | DV]
[ 811 Cowm__| - | Costofdesignofanaierat ___~ """ "1 7§ "BV
| 82| CDETA1 | A, Cpy | Incrementininduceddragduetotwist [ - [ - | DV
3 CDK2,3 - Coefficient in expression for DOCDK 100, -
2.0
| 84| CDPFA,TO |~ -~ | Profile drag coefficient due to flaps at AP, andTO | -1 7DV
| 85] CDT0_ | Cpg | Lift independent drag coefticient af take-off | 1T 1 ]
| 86| CDUC | - | Drag coefficient due to undercarriage atlowspeed || | |
87 | CDVFA,TO | ™= T Vortex drag coefficient due to flaps at AP, and TO | - | - | DV
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88 CDWDR Cowpr | Compressibility drag coefficient - .001 to *
________________ 0.002
| 89| CDWDR _ | Cocony_ | Compressibility drag ranging from 0.001100.002 | - T < 7 * |
90 | CDYEFH - Yawing drag coefficient at single engine fialed - - DV
_____ height
| o1 CeF1_ TGy _[Costindexfactor ______— _~ 1 - 1" - |- ]
92| CEMLI1,5 CunLis | Coefficients in expression for engine maintenance - 0.6, *
____________ time .0006
93| CEMM3 | Cumm | Coefficientin DOCEM | - [ 456~ | * |
05
54| CERTA | - | Wingahordratio, To,and AP ] T [ = ]bv]
IS I G~ [ Skin friction drag coefficient of smooth flat plate | = | < _ [ DV |
TCFC | “sfcous | Engine specific fuel consumption for cruise (this | 1/ | - -
value is fed into CACAD from an existing engine
N near to aircraft’s requirement)
67 [ CEDIV | “skegy | | Emgine specific fuel consamption for diversion | Wb | - | ** ]
98| CFH | sfc,a | Engine specific fuel consumption forhold | 1/h | - YA
9| CGIENG | CGng | Distance of inboard wing mounted engines froma/c | - | - - DV
s CG/FUSL
100 | CGOENG | CGopng | Distance of outboard wing mounted engines from | - | - - DV
1 _ a/c CG/FUSL
77 CGPOSN | G | O posion fom o of fsdlige TFUSL_ | =~ |~ [ BV
102 | CGPOSN cg Aircraft centre of gravity location fron nose of a/c / - - -
FUSL
| 103 "CGWING | CGyng | Distance of wing group froma/cCG/FUSL___~ | - |- - | DV]
104  C.. | AO3D [Slopeofthe C, vscofthewing | Urad | - | DV |
(105 | CLA | - | Liftcoefficientatapproach | - | - - | DV
106 | CLA123 | Cias | Coefficients in definition of GSCLOM, 1.445,-1.7, | - [ - < 1T
2.1
07| CLBi2Z |~ Cpia | 5 00131,-0.025 T T TIT < T
108 | CLBOA [~ Ciua | Lift coefficient buffet onsetrequired | - | . - [ DV]
109 | CLBOR | Cip | Lift cocfficient buffet onset “is required from | | | ]
| wing’
110 | CLCR_ | _C., [ Coefficientof liftatcruise |- [ - T DV
1117 TCLCRB ~ | - | Lift coefficient at the start of cruise climb dueto | - | - - | Dbv]
| MSSB
112 | CLCRBI,2,3 | CLusiws | Lift coefficients at the start of cruise climb dueto | - | - - DV]
| 4,5 MSSB1,2,3,4,5
113 | CLCRBB | - [ Lift coefficient at the start of cruise climb dueto | - | - - DV
] MSSBB
114 | CLDES | _ CLaw | Design lift coefficient | - | - - |DV]
| 145 | CLDIV__ | Cuay | Liftcoefficientdiversion T -~ T - 1DV |
116 | CLF1,234 | Cizsa | Coefficients in the definition of TE devices | - | - < T
AV AR AP K additional Iift, 0.7675,-0.163,-0.0415-663____ 1 1 _____ ]
117 | CLMA,TO - Maximum available trimmed C, at AP, and TO - - DV
118 CLMB [~ Coms | Basic wing Cpo (no t/c infiuence) | - | 1.61 | * |
119 | CLMFA,TO | __- [ Increment in C; ,, due to flap deflectionat AP, TO | - | - - | DV
120 | CLMTO ~ | -~ T Maximum lift coefficient trimmed at take-off | - | - - DV]
] condition
121 CLsiz2 | Craz | Coefficients in the definition of LE devices | - | 83, | * |
1 additional lift -15.0
55T a0~ Tl T iR coefficient at the wke-off condition [ = - DV
(153 CONFLL | - | Contigency Ruelmass . ________ 11 e 1T "DV
124 CP T C, | Specific heat capacity of air at constant pressure | Jkg/ | 1.005 | * |
kW
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125 CPDS A Very Advance Aircraft Design System - - -
T Developed by Boeing
[126] " CPR | CPR |« Compressor pressure ratio | - | - | -
[127] CPR |- T Compressor pressure ratio of ACAU | - | 2 | * |
128 G | TTTT Average cost of avionics maintenance labour & | - | - -
L material per every removal
REEI R O Wingrootohord "7 RN
30 TeRT T[T T Cathod ray fube 7T T T T
131 TCRXTA | [ Required rate of climb at true start of the cruise | m/s | 1.016 | * |
R (Wingtipchord ] m [T V]
133 | “DCLDA Lift curve siope for oritical gust case [ Umd | = DV
134 ] DCLDAA ™| [ Lift curve siope at field operation condition | - | - | DV |
| 135 | DCLDAC | | Lift curve slope at cruise | - | - | DV]
136 | DCLFA,TO | [ Increment in C; due to flaps, at constant incident, | - | - | DV |
AP & TO
137 | DCLMFT,A | | Additional lift due to TE flaps at Take-off,and | - | - | DV |
1 Approach
138  DCR | [ Drag cruise 17 N T - | DV]
| 139 | T DECK__| [ Number of deck crew | - | - T ¥
140 deg | - T degree ________TTTTTTITTT -1
I S O O RO N T
142 | DELTA | [ Induced drag factor deviation from unity | - | - | DV |
143 T DFLP | | Distance from fiap LE to rear spar / wing chord | - | 0.05 | * |
144 | “DHTEN _| | Energy hieght for cruise | k km | - | DV |
145 | DHTEND | [ Energy hieght for diversion | km | - | DV |
146 DIV | D, |1 Diversion stage length | ¥ km | - | ** |
147 DMAR | M., |~ T T T T T T T T T T T
148"|  DMAR | [ Correction for aspect ratio to Mpp | - | - - | DV
7149 | "DMCCL | | Increment in critical Mach number due to lift | - | - - | DV]
150 | DMCCL | [ Increment in zero lift Mach number due to it | - | - | DV |
resulting in Mach critical drag
151 |  DMCR | | Critical increment in Mach number | - | - | DV |
152" DMCR | [ Increment in Mch number resuiting in Mach critical | - | - | Dv |
drag .
| 153 | DMDES | | Design Mach number | - | - - | DV
| 154 | DMSWP | [ Correction for sweeptoMy, | - | - | DV
18551 DOC | - 1 Direct Operating Cost either £ or $/Flight, or Block | < | - | OB |
| Hour; or Penc or Cent/ Seat Kilometer
156 | DOCAFLM | | Airframe maintenance cost, base, approachl, | &4t | - | DV |
0,1,2 approach2
| 157 | DOCAFLMR | [ Airframe maint. cost excluding APU | &4t | - | DV |
| 158 | DOCAFLR | | Airframe maint. labour cost excluding APU | £t | - | DV |
159 | DOCAFLTO | | Airframe labour maintenance cost, base, approach | £fit | - | DV |
] 1,2 1, approach 2 : ]
| 160 | DOCAFMT | | DOCAFMT exciuding APU | &Mt | - | DV
161 | DOCAFMT | | Airframe material maintenance cost, base, approach | £t | - | DV |
1 012 1, approach 2 L i
| 162 | DOCDK _ | [ Deckcostperflight T Efit [ - | DV
163 | DOCEL | | Labour maintenance costofengines | £/t | - | DV |
164 | DOCEM | | Material maintenance costofengines | £/t | - | DV |
165 | DOCF | [ Fuelcostpart of DOC " Tg/fit | - | OF |
| 166 | DOCLAPUL? | | Maintenance labour for APU approach 1 &2 | &fit | - | DV |
167 | DOCLELT: ™ ] | Maint. labour for electronics approach 1 &2 | £/t | - | DV |
168 | DOCLELSTZ | | Maint. labour for electrical system approach 1&2 | £fit | - | DV |
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Landing fee part od DOC

Maint. labour for Instrument, Avionics and
Electronics approach 1 & 2

Maint. labour for Miscellaneous items such as
oxygen, ballast etc. approach 1 & 2

Maint. material for Instrument, Avionics and
Electronics approach 1 & 2

Maint. material for Miscellaneous items such as
. oxygen, ballast etc. approach 1 & 2

Coefficient in definition of JTEFH,1.3672,-
1.3493,1.245,-0.4167

Allowance for windmilling, and spillage drag at
single engine failure height '

Allowance for windmilling, and spillage drag
engine failed height case

it s s i T s e e e e e i . . s S ot A L o S i e e e et e ]

Chord extension of the wing LE at AP

DV

DV

v

DV
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Exponent in definition of ENGPOS - 0.40 *

[217] ENGIND T E,;,;_ | Exponent in definition of ENGPOS ________ |~ | 040_| + |
218 | ENGPOS Ecngpos | Distance of wing mounted engine’s cg fromwing | m - DV
_____________________ leadingedge ______________ 1 | ____1__|

2191 ETA Eta Ratio of gross flap span to wing span - - v
220 "ETA |~ n | Station number across the wingspan | - | - | - |
221| ETAFS | E.. | Ratio of spanwise extend of fuselagetowingspan_ | - | - | DV |
222 T ETE | Ete | Ratio of wing chord to aft of the rear sparto wing | - | - | IV |

N N B chod L ]

| 223 | ETEF Etef Effective flap chord ratio - - |bv
224 | ETEFB__ | E.p | Unextendedflapchordratio | - | - - | DV ]
225 | ETEFETA | Eyra | Rearward translation of wing TEat TO,and AP | - | - |'DV |
226 | ETEFRT,A | E,gra | Extended flap chord ratio for approach and take-off | - | - | DV |
227 | ETEFT, A | - | ETEFat1O,& AP T =777~ - | bV
228 | ETOPS | -~ |Extended range Twin OPerationS | - | - -
229 EURT | - | Electronic Unit average Repair Time | days | - | - |

(230 | EXCEL | - | A computer software for spreat sheet, and graphical | - | - | - |

work

231 FAl | [ The average allowable direct stress level assumed | N/m2 | 352E06 | * |

| to be constant everywhere in MWBCOV2

2 T Ta 1T N I N T
233| T FATF | far | A factor relating to military advance technology | - | - -

B features
234 | £ | | Factor to represent the effect of advance | - | - -

tecchnology fighter

235 FB. [ F, |FinancialBurden [ - 2 ¥ ]
236 | FBTAA,TO | Fpto,a | Flap deflection parameter affecting flap additional | - | | | DV

| lift at AP, and TO
237 | " FCAD |~ f, | Factortorepresenttheeffectof CAD | - | 08 | * |

(238 " FCER | F,, | Ratio of ETEF to ETEFB when BTA is BTAMX | - | - - | DV]
239 | T FCW | - | Fixed Camber Wings | - 1 - -

240 | " FDO,1 | Fp;, | Constants in definition of the fuselage diameter | - | 1.14,5 | * |
241 " TFD2 | Fp, | Extraconstant in definition of the fuselage | m | - -

| diameter, only used for UHCA
2421 "FDIF | fur | Afactor relating to advance technology feature | - | - -]
243 | T FDIFD | [(faw)vew | Extra developement cost factor, design of VEW | - | - - DbV
design

544 | TFDIFET | [ fapiven | Exira developement cost Tactor, flight testing of | = T~ - DV

B Tpigh VCW aircraft prototype
245 TFDIFM |  fam | A factor relating to extra maintenance cost dueto | - | - | - |

____ introduction of new technology
246 | FDIFMA | [(fas | Extra developement cost factor, manufacturing of | - | - - | Dbv]

Ivcwlmmgees | VCW aircraft prototype

2471 "FDIFML ~ | fuga | Factors relating to extra MH due to introduction of | - | - -

|1 new technology ]
248 | FDIFMLFC | fagmrc_ | The value of fygy for flightcontroisystem | - | - [ - |
| 249 | FDIFMLHYD | Fyeumyp | The value of fye, for hydraulicsystem | - | - | -

250 | FDIFMLVC | famivc_ | The value of fygufor VED - - -]
251| FDIFMM | fagam | Factors reiating to extra maintenance material due | - | - B

L to introduction of new technology e |

25 | FDWFMMEC | Fampe. | The valie of fapy for Might control system | = T """

| 253 | FDIFMMEYD | f.. 0 | The value of fygmy, for hydraulic system - -

(254 [ FOIFMMVC | Jgramve | The valie of fama OIVED T =T T
255 | "FDIFMT | (fmaer) | Extra developement cost factor, material  VCW | - | - | DV |

. vew aircraft prototype |
256 | FDIFT | [fawvowl | Extra developement cost factor, supportandtestng | - | - | DV |

_support
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N of VCW
257 | FDIFTL | [(jar | Extra developement cost factor, tooling of VCW | - T - " TDHV]
| Jvcwluoing | aircraft prototype '
258 | FETFRT,A | Fegra | Coefficients in the definition of trimmed maximam | = |~ - | DV
I e lift coefficient
(259 FF | _Tff [ power index in Pekham’s formula for MFUS | - | 136 T ¥
1260 [ FFT 1 F, | Fuel fraction fo start | " T 7699 T
(261 FF2 |1 Fp | Fuel fraction for Taxi | - [ 099 T 7
262 FF3 |1 F | Fuel fraction for take-off | - T 0995 T % ]
(263 "FF4 | Frs | Fuel fraction for cimb 1 - [ 098 T %
(264 "FF5 | Fs | Cruise fuel fraction for orwise | - | - - TDv]
565 [ " TFR6 ] Fy,__ | Fuel fraction during hold T I TTTTTHV
266 |  FF7 | Fy | Fuel fraction for descent | - 17099 T+
267 | FF§ | 1 Fg | Fuel fraction for land | - 10092 |
(268 | " FF9 |1 Fp | Fuel fraction fo diversion | - |~ - | DV
(269  FFM | Fg, | Mission fuel fraction | T TDV]
(570~ FH_ [ CFH Fyimetows T h T OV
(271 | FINAC | _ T | Distance of ac of fin fromi rose of faselage 7FOSL T =~ 694~ | ]
272 FL123 I::L;z;_—_—_———___—_—_————__———_——-—_—__—? ________ BEN
273 FLPC [ F,. | Flap complexity coefficient | - T i3 T+ ]
(274 FLT | ft | Flght TTTTTTTTTTIOTT S B
25| FMS [ FMS | Flight management system | - | - N
276 | FPANGL | - [Flightpath angie on approach | des | 3 | * |
277 | FPNGLR | TFa; | Flght pahanglo i radmms | ad [ 0083 ]
278 FPR - Fan Pressure Ratio - - -
279 | " FRi23 | F.,5 | Coefficients in the definition of trimmed Cp s | - ] < < TT
0.4083,5.391,-10.39
(280 FRF | - [Failurerate factor T TITTTTUTTT
281  FRF | Fgr | Failurerate factor [ ITT ™ N
| 282 | " FRFC | Fgp, | Failure rate factor change in avionics compartment | = | - - | DV
283 FRFD | Frep | Failure rate factor change in avionics compartment | = | - - DV
284 | foowy | - | Factor to reperesent the effect of secret project | - | - A
285 | FSWPB,SF | Fossr | Functions of SWP in evaluation of the effects of | - | - | DV ]
I ! S . sweep in Cyppe Module U ROV IR ]
| 286 FTRETA Frgera | Planform parameter for flap geometry - - DV
287 | FURL,2,3,4 | Fupisss | Coefficients in definition of MFUR, 16.75,24.1. | - | < < T
50.0, 18.0, 86.2
288 | FUSD | Fusp | Fuselage outside diameter | m | - - | DV |
289 | " FUSL™ | Fys, | Total length of fuselage | m | - - 1DV
290 | G | g | Acceleration due fo gravity | m/s2 | 981 | * |
1291 " GAF | Gur | Gustalleviation factor | -"T - - IDV
292 | " GAL | G, |Numberofgallies _____  TTTTITT - - | DV
293 | "GAMMA | - | Value of GAMMA? at other number of engines | - | - - | DV’
294 | GAMMA?2 |~ -~ T Ciimb-out gradient requirement on TO for twin | tad | 0024 | ¥ ]
295 | GATEP | - | A Computer Program to Design Propeller Driven | - | - B
] Aircraft
(206 GD | GD | General Dynamics T TITTTTTT T
297 | " GENG [ Gy, | Cosficient i defnfion of ENGPOS =[SOS [
298 | GMAEFH Gmeem | Climb gradient requirement for engine failed height | rad 0.01
. condition
285~ GE T TGNE [ Geomerms e dhard -/ ARYS T T~ T BV
300 | GSCLOM Giiom | Planform factor in definition of trimmed and - - DV
S I S A untrimmed maximum lift coefficfent 1 ] |
_3:0_1_____H H | Aircraft height m - DV
302 h T h ™ [ Section camber -typical value for h/c T2 -
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303 _HC Hc Cabin height m - DV
304 | HMLDG | Hyipg_ | Highest permissible landing mass | - | - - | Dv]
(505 | HMLDGF | Ry | Maimum anding mass factor [ -= ] 05 ]
306 | " HOC T T T T .
307 | HOLD Hold | Duration of hold h | - T
ECIN . HP_ | iigh pressure compressor T T~ T
(308 [ “FPAYY | "H | Factordefning masimum permisibie pvioad = | L7 | ¥
| 3101 HPAYE | _Hpy | Factor defining maximum permissible payload _ [ ~- T 147 | 37
[ 311 | hr - Hour AR R
| 312 HTMCR | H,. [Alitdeatcruise [ m | - -
(313 | TIMDIV |l | Altitade for diversion _~~_~_~ """} km [TV
| 314 HIMTO | H,,, |HieghtforTO T TTTTT m | 00 | * |
351 1P T IP_ | Intermediate compressor | - | - - T
(316~ 1V [ T Tindependent Varable " T [ TITTTTTTC
317 ]~ TWI [ (iw)vcw | Wing root setting angle without twist angle | rad | - | DV |
318 IW2 | (iwJrcw | Wing root setting angle with twist | rad | - | DV |
(31T 1V T, | Vewngmomentofimeta [ B DV]
320 | JBXCoOV BXcov Coefficient in the expression of wing box mass, - 3.7E-07
] cover
321 "IBXINT | Jpgm | Coefficient in the expression of wing box mass, | - | 956 | * |
1yt E-08
322 JBXPP Inxpp Coefficient in the expression of wing box mass, - T0.027 |+
powerplant supports
(523 T TBXRE " Tommiass | Coetficients in the exprassion of wing boxmass T =~ T~ <~ T+
_ s ribs, 15.4, 88.1, 4.08E-05, 2.76E-06, 3.6E-06
324 | TBXSP1,23 | Joxspros | Coefficient in the expression of wing box mass, | - | - < T
I I S spar. 147,52606,237806__ | | | ]
325 IBXUC IB%uc Coefficients in the expression of wing box mass - 0.585E
undercrriage attachments -03
326 |~ JFLP | gy, | Mass density of flap system |1 kgm | - | DV
2
| 3277 T JFLPO_ [ Ty | Coefficient in expression for JELP | - | 0.005 | ¥
| 328 | JFUS | Jn. | Coefficient in the Expression of MFUS | - | ] ]
329| JFUSL,2 | U, | Cocfficient in definition of Pekham’s MFUS | - | 0494, | * |
] formula 1.0
330 TIE [ he | Wing LE mass density |1 ke/m | - - DV
2
| 331 [ ISYST.2.34, [Jgmzsas, | Coeificient in expression for MSYS405, 0.176, | - | ] [
|36 1 s [0010576,47,09 | . | __ ]
| 332 JT - Specific mass of installed engines - - DV
333~ JTCR | J,. | Value of JT at cruise condition | < | ™ - | DV]
334 | JTCRD |~ -~ [ Value of JTCR for datum cruise condition | - | - - | DVl
3357| JTCRDO | - | Value of JTCRD when Rating=1, varies for | - | - TR
| different engines
336 | JTEFDO | |: Specific mass of engines at datum Mach number | - | - S
L ] engine failed height case
337| JTEFDO | - [ Mass thrust ratio of installed engines at datum | keg/N | <[ F
. Mach number at single engine failure height
338 JTEFH | - | Engine mass thrust ratio at single engine failure | ke/N | | -
|1 height
339 | JTSTA0 | Juaw | Rerated specific mass of mstalled engines for static | - | - - | DV]
. conditions atRating=1
| 340 | JTSTAT | b | __________ T ]
| 341 | JTTOA™ | -~ [ Mass thrust ratio at approach R R - | DV]
34271 TITTOD,G | Jrron | Specific installed mass of engines at take-off run, | = | - - bV
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T I0C T T e T
T77WeD T v |
I
T KCR [ 1 K, |
1 KCR123™ | Kooy |
T KDOOR |~ -
| KENG | Kap |
| KFAO | K@ |
T KFAT | Kg, |-
[T KFAT | K, |
T KFA2T T Xn |
T ®KECL™ T Ky |
T KFINT | K |
T KFINA | Kz |
TSE [ Ke |
KFUSC fusc
| KFUSW | Kpow |
[T KNAC | K. |
Ty TR T
KPEL )

T RPENG T Ry T
[ _KPFUR " "Ry, |
T _XPRUS T 7Ry, T
T TKPPEN T Ry |
[_KPSYS TR, T
KPWBX .

T RPWEE [ R T
KPWTE K o
T RSFENE | K |
KSFFUS e
T KSFNAC | Keme |
T Koo T - T,
TTKTA T ¥ K., |
| T KTCST [ K. |
|~ KTP | & K, |
T KOCT T ITTT
T RKWS T -7 T.
_____ WSTITTETT
1DV T 1
“IDRCR | D)o 1
[LDRCR123 [ - |1

4,5
| LDRCRB™ | - T
| LDRDIV | (L/D)div ||

and climb

The mission file numbering, e.g. 1 corresponds to
Fokker F100

Induced drag factor (Lift dependent drag
coefficient)

D
S

89
N N LA
- - DV
I Rt TR
R ——1571
B I A
VIS S U I
: 0.80
I N
- 0.006
T 0006 T
- T 0006 | *
I IO N
: 0.94
B A
_______ 587 1% ]
- 0.45
[ _-_Joons ]
| - :00021 | *
0.0 -
fikg | 2700
 f/kg | 46444 | * |
| £ke | 972 [ ¥ ]
| Lhg | 411 | * |
| kg | 411 | *
| kg | 1188 | * |
| fthg | 476 | * |
| fhke | 810 ] * |
| kg | 810 | * |
b _-1.00033 | * |
| - _1.0002 | * |
- 100346 | * |
-1 10 | * |
N 0.45
I N
- 0.96
I I
I W AU
R
-1
N , DV
I N L
- 18

Lift drag ratio at diversion for class 1 MTO
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90

| 386 | LDRHOLD |
1387 1 LE |
1 388 | LMF | 1
1389 | 1 LP_ ]
390 | _LRGE__ |
1391 _LRU | LRU |
3627 T LTIME
393 T " m ]
TN
395 _MAF |
396 MAPI
57T T VARE ]
| 398 | _MAPU |
399 | _MAUX
400 MB
401 T MBB |
a T~ EC ]
403 | MBPKAC
4047 MBPKAD |
405 | MBS |
406 | MC |
AT
4087 “MCFUS,
WBX, WLE
T eR ]
410 | MCREW |
| 411 | MCRITO |
412 MCU__ |
413 | MCVT,WTE
F,HT,WTER
414 | MDES__|
415 _ME
46| ME |
_4_17__..__.&4&“___..
418 | MECS |
419 | Mg
420 | MEFF__ |
| 421 | MEFH |
422 | MELS |
423 | MEMP
424 |  MENG |
425 | MENG1.2.3
4,5
4267~ MFC1 ]

— o —— e —

Lift drag ratio at hold for class 1 MTO

o e e it s T e s 2 G s s M Sk M S A P . i W o S s S e et s g

Messerschmitt-Bolkow-Blohm, presently Daimler
Benz Aerospace Airbus

Symbolic maintenance time merit for removal and
replacement of fuselage, wing box, wing LE by
application of MIL-HDBK-472

replacement of vertical tail, wing TE flap, TE rest,
Horizontal tail by application of MIL-HDBK-472

Mass of installed engines appropriate for, take-off
run; climb-out one engine cut, cruise, engine failed
height, miss approach

Mass of flight control system, from Raymer

DV

DV

- e e ]

DV

DV

DV

DV

DV

k%

DV

DV

DV

DV

DV

DV

DV

DV

DV

DV

DV

DV

DV
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9

]

MFC2 Mgc
428 1 MFIN | Mgy |
429 |  MFLAL | - |
430 " MFRES | M. |

MFRT Mgrt
4327 MFS | Mg |
4337 "MFUEL | Mg, |

T MFUELC | Mgae |
| 435 | MFUELC12 | - |

,3,4,5

[ MFUELC6 | - |
T MFUELC7 |~ - |
| MFUELD | - |
T ™MFUELH | -]
| MFUELUG | May |
T MFUR ™ | Mpor |
T ™MFUS |~ Mpys |
TMFUSIZ3 [ - ]
1 "MFUSC | Mysc |
| MFUSED | Mpog |
_____M_G________M_G___
v T
| MHPF | -
| "MHAPFH | |
[ MHPFHR | |
T MBYDT T Mgy |
" MHYD2 | Mgy |
T "™MIAE |~ Mg |
| TMIENG | Mieng |
1T MLDG | Mioc |
| MLE | Mg |
T ™m0 | -
T "MOENG ~ | Mopg |
T MOX T Mox |
| MPAX | Mpax |
L _MPAY [ "M, _]
MPF -
| MPFAF | |
T MPFAFR T |
T VRENG T Wiy
| MPREIN T Mo |
[ TMPFFUS T M|

MPFHAF
| MPFHAFR | |
| MPFHENG | - ]
L _MPFTP | "My~ |
1 MPFWBX | Mywpx
__M_P_FW_IJ‘E_____PM_E__
MPFWTEF | M, qyrer

Mass of flight control system, from Roskam

Mass of fuel for cruise without segmenting the
cruise phase

Mass of fuselage using, Collingbourn, Pekham,
Raymour references

Mass of fuel consumed during mission, a term in
class 1 Roskam take-off mass estimate

Mass of aircraft instrumentation, avionics,
electronics

Airframe maintenance manhours per flight
excluding APU

LAY

MH per flight wing TE flap

kg - Dv
ke | - | bv]
kg | - | DV]
ke | - | DV

kg - DV
kg | - | DV
kg |- - | DV
ke |- - | DV
kg |- - DbV
ke |- - [ DV]
ke | - DV
ke |- - DV
ke |- - | DV
ke |- - | DV
Rt SR ——T5V ]
T ~—T5v]
ke | DV
ke | - | DV]
ke |- - DV
| - ] - _]DV]
hr |- - | DV]
Che |- - | DV
hr |- - | DV]
ke | - DV
kg |- DV
kg [ - | DV]
kg |- - | DV]
kg |- - | DV]
ke |- - | DV]
IR e B
[ kg |- | DV]
(kg [ - | bv]
ke |- - bV’
ke |- - | DV]
- 23 F ]
hr |- - | DV]
he |- - | DV
- hr |- - | DV]
. h |- DV
h |- ] DV]
The |- - | bv]
he |- - TDV
[ hr |- DV
h |- - | DV]
T h - T DV]
Th - - | bv]
h - - v
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[ 475 | MPEWTER | Mywren | MHperflightwing TErest —— —— — T h | __ -~ 1DV |
(4761~ MPH 1" - TTomMHparT000FH """~ T I
477 | MPHAIR - MH per 1000 FH for airconditioning system T 77DV
478 | TPHAIR | Vx| MH per 1000 Fi, sroondiioning syser | s |~~~ BV
479 MPHAPI - MH per 1000 FH for airconditioning, hr - DV
1 pressurisation, ice protection system
| 480 | MPHAV [~ - " Ml per 1000 FH for aviomics T ] e |- - | DV}
481 | MPHAV | Myay | MH per 1000 FH, avionics system 1 hrs T - | bV
[482 | MPHELS |~ -~ |"MH per 1000 FH for electrical system | ] hr |- - | bV
463 | MPHELS ™| Wy, | M por 1000 FL, sleccalsysem_~ -~~~ | Fs |~~~ DV
484 | MPHFC | __-__ | MH per 1000 FH for flight conirol system —~——|" e | - _|DV
4651 MPHEC | Mugc_ | MH per 1000 FH, flight control system ~~~ """ T hrs | - DV
486 | MPHFIR | - [ MHper1000 FH for firesystem _~ ~ "~ hr_| - _|DV|
367 | MPHFIR | My | MH per 1000 FH, firesystom """ """~ hrs |~ BV
488 | MPHFS | _z__ ] MHper 1000 FH for fuel system _— ~ """ r | _ 1DV
489 | ~ MPHFS Myes | MH per 1000 FH, fuel system s T DV
490 | MPHFUR [~ - | "Mi per 1000 FH for fumishing " 7T ] hr | - - | DV
[ 251 MPHFUR | Wiar_ | M pir 1000 P, Fumising_—~ "~~~ | s [~ "'V ]
492 | MPHHYD | _ - __ | MH per 1000 FH for hydraulic system _—~~~ T hr o )
493 MPHICE - MH per 1000 FH for ice protection system e |- - DV
(404 | "WPHICE _ | Wy | M por 1000 FL, i protection systern [ s |~~~ BV ]
495 | TMPHLL "1~ WM per 1000 Fil for lightsystem ] | T R
496 | MPHLL "' My, — | MH per T000 FA Tight sysiem ___ "~ | s | < _ DV ]
497 MPHOX - MH per 1000 FH for oxygen system hr - DV
498 | MPHOX | Wiy _ | M per 100D Fi oxygen sysiom ~~~~~ | s |~ -~ DV
[ 499 | MPHPEN | Moy | MH per 1000 FH, pneumatiosystom | 1 hrs 177DV
500 | MPHPRE - MH per 1000 FH for pressurisation system hr - DV
| 501 | MPHSTR | - | M per 1000 FH for structare systern 1 ] hr | - DV
| 5021 MPHSTR” | Mysrs_ | M per 1000 i struciure_ | s |~ _ [ DV
503 MPHUC - MH per 1000 FH for undercrriage system hr - DV
504 | "MPHUC _ | Myqc | M per 1000 FA, undercarriage system | brs |~ " THBv"
| 505 | MPHWW | - | M per 1000 FH for water waste system || hr | - | DV
508 | MPHWW | Vi | MH per 1000 FA, vater wase sysiems | s |~ -~ BV
(507 [ _MPT T~ My _ TMass ofthe wlc extemalpaint | ke T TTHV]
508 | MRATI1,2,3, - Mass ratio over equivalent design cruise segment]l, kg - DV
45 2,3 ,4, 5, no contigency allowance
| 509 | "MRENG | Mggy | Mass ofall engines " TTT kg |- - | DV
510 | MRTDIV | Mygg, | Fuel fraction for diversion " T --T~" - | DV
| 511  MSSB™ | Mgss | Mass of aircraft at start of cruise chimb |1 kg | - - | bv]
512 | MSSB1,23, |~ - | Mass of the aircraft at the start of every cruise |1 kg | - - DV
R 4,5 sector
513 | MSSBB | - | Mass of aircraft at the start of cruise for MTO ~ ] 1 ke |- - | DV
| initialisation
514 | MSSCR | Mgser | Mass of aircraft at the end of cruise chimb | ] kg |- - DV
[ 516 | "MSSEC |~ - ['Mass of aircraft af the end of descent no configency | kg |- - DV
. fuel allowance
516 | MSSY | Mgsy | Mass of aircraft at start of approach after diversion | kg | - - DV
| & hold
(517 |~ MSTR T [Mass ofstmetare T T T T T T T & T " THv]
(518~ MSYS_ | Mae | Mass of aireraR ol system """ T T e T~V
| 519  MTIBF | 1 MTBF_ | Mean time between failure | - | < T -]
520 | "MTBMF [~ -~ [Meéan time between maintenance failure rate | = 1 = T 7
| 521 | "MTBUR _ |~ - | Mean time between unscheduled removal ] - 1~ ~T 7
(52 TMIFO_ [ M 7T e T =BV
523 MTO " T~ M, [TakeoffMass  ~~~77TTTT7 ke | - | DV
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_5_2:1____11/ITP My Mass of tail plane kg - DV
(5256 | MU | My _ | Aircraft mass ratio for critical gust case | - ] - - | DV
| 526 | MUAV | M, | Massof un-installed avionics system | | ke | - - | DV |
527  MUC | Myc | Mass of undercarriage | | ke | - | DV]
528 MVO | - | Multi-Variate Optimisation in Conceptual Design | - | - B -
. of Aircraft
| 529 | MWBCOVI | Mype,, | Mass of wing box cover, Collingbourn’s relation |} kg |- - DV
530 | MWBCOV2 | Myg.,, | Mass of wing box cover, Howe's relation | | kg | - - DV
| 531 | MWBINT_ | Mygy,_ | Mass of wingboxjoint__——~~~ """ """ "T k" |~ - T DV
532 | MWBRB | M weip_ | Massof wingboxribs | | kg | - _{DV]
533 | MWBSP | Myp, [Massofwingboxspar _— — 1 ke | - _ | DV]
| 534 | MWBTIP | Mygg, | Massofwingboxtp | ] ke | _ - - _ DV ]
| 535 _MWBUC WBuc Mass of wing box undercarriage fittings kg - DV
536 | MWBX | | Mysx | Mass of wingbox 11 kg | - - DV
537 | MWINGC | Mymcc | Massof wing growp | ke | - - | DV
538 MWIE | Myre | Mass of wing trailing edge | 1 kg | - - | DV ]
539 | MWTEF | Myqgr | Massof wing TE flap | 1 kg | - - DV
540 | MWTER | Myrer | Massof wing TErest | 1 kg | - - DV
(541 N |- “TFeetsize T TTTTTTTTUTOTT - T
542 "NBAR | N | Effective design ultimate acceleration factor | | | ]
5431 " ND | Nue | Number of aircraft produced for ROT&E | - | 2 | * |
(5441 NE | N. | Number of wing mounted engines | - | | N
| 545 |  NEIW | N, | Number of inboard wing mounted engines | - | | BTl
546 | NEOW | N, | Number of outboard wing mounted engines | - 1 | 3]
5471 ~NF [ N; | Number of functions performed by controls (4t0 7) | - | 7 ]
548  NM | 1 N, | Number of mechnical functions (typically 0-2) | - | | N
549 NN T N | Aircraft normal load factor | - | - - | DV
1550 NN [ C N | Effective design ultimate acceleration factor | - | - - | DV
551 __Np__ | N, _|'Number of people onboard, crew, deck, passenger_ | - | - _ | DV |
1 952 NT _ | 1 N, _ | Numberof separate fueltanks - | - DV |
| 533 NUCR ucr Kinematic viscosity of air for cruise conditions m2/s - DV
554 | NWAF | N, | Netwingarea factor | -7~ - | DV
555 | PAB | P.; | Number of seats abreast the cabin | - | - -
1556 |  PAC | Puc | pPriceofaircrar |~ £ - | DV
(557 PAF | 1 P, | Price of airframe | £ T DV
558 | ~ PAPI | - | price of pressurisation, airconditioning, and ice | | | ]
| protection
559 | PAPU_ | - |Ppriccauxiliary powerumit | | 1 ]
560 |  PAV | I P, | Typical price of avionics system | - | - B
561 | PAX | Pax | Number of passengers, design mission | - | | N
562 | PAX | pax | numberof passengers | - | - S
563 | PAX1 | 1 Paxmae | Maximum number of passenger for a fuselage | - | - -
| length
564 | PAXCBR | Paxcor | Ratio of passenegrs to number of cabin crew | - | 30 | * |
1565 | PCH | Pgy | Seatpich T TTTTTUT m | 0815 | * |
566 | PCL | P | Length of the pressurised cabin | m | - - DV
567  PEL [ ] P, | Price of electronics (avionics) | A - 1DV
(568 | " PELS | - [ Priceofelecaialsystem T 1777 T
569 | T FENG |~ Fo. [Peeofenme _ —~_____ T [T LBV
| S704 _PFC |- [Prceofflightoontrolsystem 1 1 __ -
_§7_1__ PFIN 1T77- Pricefm T T
(572 PR |- [PreofReisysem "7 ~
(573 | PROEL | Pa, | Priceoffusiperkg T T ERE o T ]
574 | " PFUR~ | P, | Price of fumishing 1 £ - DV
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975 | PFUS Pt Price of fuselage £ - DV
576 | T PEYD [ - [ Priceofhydmulicsysem T T T
577 |~ PIAE 1~ =T Price of instrument, ciectronics, and avionics |~ ETT V]
576 | PIREPS [ BIREPS [Pilotrepors 1 T
(579 | _ PMM [ - [ 'Price of miscelianeous tems 1 "1 7""7] ]
580 POFT P.. | Power consumption of ACAU equivalent of off | Watt | - | DV |
I I SU— A take
581  PPEN - Price of empennage | | | ]
562| @PPEN | Py, |Priceofemmpennage ~_—~ """ """ T 1 ET T TDV |
983 | PRSDIF | Pug | Cabin differential pressure kPa | 570_1 *
584 | ~ PSYS P,. | Price of system | ETT T - DV
585 |  PTP | T o T T Prce tail plane 7T T
586 |  PTR | P | Number of passengers per toilet | - | 50 | * |
587 PUC | 1 P, | Price of undercarriage | £ | - DbV
588 | PWBX | P, |Prceofwmgbox [~ £ TTTDV
589 | PWLE | P, |PriceofwingLE " £ - bV
590 | PWTE | P, |PriceofwmgTE |~ £ T DV
591 | Q] - " Spares inventory, as fraction of item price _____ | - | - A B
502 | QCR | - "1 Dynamic pressure, design cruise | | Pa | - - DV
5931 QEFH | - | Dynamic pressure single engine failure height | | Pa | - | DV |
1594 | R |t "1 Wingreliefeffectdue toimnertia____ | - | - - T DV]
5056 R | - "seeRESVAL T TTTTTmTmmmmmTTTOUT N
(596 |  R&M | - | Reliability and Maintainability | - | - -
597 R&ME | R&ME | Reliability and maintainability enhancement | - | - | - |
. measure
598 " R1___ [ N, | Rate of production of prototype aircraft permonth | - | 033 | * |
599 | RAE | -7 " TRoyal Aeronautical Establishment | - | - | - |
600 | RATING | Ry, | Factor on datum static thrust and cruise thrust T -~ 1~~~ "1 BV |
601 RDCR__| Ry _ | Relativedensity ofairaterwise | - | - ~_ DV
602 RDDIV Rugiv Relative density at diversion - - DV
1 603|  RDIV_ | Ry, | Equivalentrange, diversion | & km | - - | bV ]
604 | RDT&E | - | Rsearch, Developemnt, Testing, and Evaluation | - | - T
605]  RE | ¥ RE | Reliability enhancement | - | - S
(606 |  REI | ¢ R, | Design engineer salary rate | $hr | 64 | * |
607 REM | _ REM | Reliability enhancement measure | - | - T
608 | RESVAL | Ry [ Residualvaiuefactor [ - [ o1 [ * |
1609 |  RGE | ] Range | Equivalent range for design mission | km | - | DV |
610  RAS | - " [Righthandside | -1 T
(611  "RLT [ R, | Labourerate | &hr | 273 | * |
612  RL2Z | R, |Laboursalaryrated | $hr | 35 | |
[ 613] " RMCS_ |~ -~ [Royal Military College, Shrivenham UK | - | - - T
614 | RN | RN _ | Cruise Raynold’s number | - | - - TDV]
615| ROA | | pa | Value of air density at approach | | m3kg | - | DV |
| 616 | ROBOX | pbox | Mass density of the wing skin || kg/m3 | 2550 | * |
617 _ROCR__ | per _ | Value of air density at cruise altitude | mikeg | - | DV |
618 RODIV | —pdiv _ | Value of air density at diversion altitude | | m3kg | - | DV |
| 619 "ROEFH | pefh | Density at single engine failure height || kgm3 | - | DV |
620 | ROTO | pto | Value of air density at take-off altitude | m3kg | - | DV |
621 T Rg | -  [Removalrate LT
(622 RTi [ % R, | Toolingengineersalaryrate | $/hr | 45 | |
623] ST |7 s~ | Sealevel R R - T
624 | SBI,23 | Sy.; | Coefficients in expression of sweep effectin Cpgo | - | < < T T
I 1.023,-0.00254, -0.0001_§Z_ _________________________ |
625 | SCi,22 | 7§,,, | Coefficient in standing charge - - DV
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626 SCPAF ScpaF
627 |  SCPAV | Seav |
628 | SCPENG | Somc |
629 |  SCPFC | Serc |

630 | SCPM | Som |
631 SCPPAS | Soar |
632 ] SCPPOW | Sgrow |
633 | SCPSTR | Sesm |
634 | SCPUC | Seuc |
N I

636 SDC S
637 | _SEMP__ | Saw |

638 | SF1,23 | Snas

639 STCrise CFC
| 640 | _sfey, | CFDIV_|

641 _ sfopa | CFH |

642 SFNJT St
| 643°| SFNKWM_ | Stiom_|
[ 644 | SFTE |  See |

645 | SFUSW | Spew |

6461 S, | X&) |
| 647 | SIGMAEF | - |

648| SLE | S |

49| SME | - __|
| 650 | SNAC |  Swac _ |
[ 651 SOFA,T | ____ |

652 | SOFB__| S _|
| 653 | SPAN | Span |

654 | SPIENG Spieng
655 | SPOENG | Spoemg |
| 656 | SRATTLA | Sura_|

657 | SRTE | Sgre |

@.5_8____S§_1_’.2.’_3__-__§5L.2,_3._
| 6569 | SSDEFH | Suem _ |

660 | SSPDC | SVumd _

661)| SSPDVM | - |
(662 _ ST | - |
| 663 | STODWT | Sopwr_|

664 | STAGE | Stage

665 SWBX -

Value of spares holding for airframe as fraction of

Value of spares holding for flight control system as
function of airframe spares holding

Value of spares holding for miscellaneous sections
as function of airframe spares holding

e s e e e i e e e e e s o e i i Tt s e i e e

Engine specific fuel consumption for cruise (this
value is fed into CACAD from an existing engine

Specific mass of engines for critical engine failure
condition

Distance of outboard wing mounted engines from
a/c centre-line/(span/2)

Surface area of wing box

b —

DV

b — —

DV

DV

DV

DV

DV

DV

DV

DV

19)%

DV

DV

DV

*%

DV
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| 666 | __SWPF A Average sweep back of flap structure deg - DV
(667 | SWPH_ | Ay | Sweep of wingathalfchord | des | - | DV]
(668 | —t, |- | Thickmessratioof wingroot | - | - - T
1 I Tr T Cabin total temperature entering ACAU ~ | degk T 308 ]
(670 |~ TA__ ] "~ | 'Thrust requirement at approach "]~ N [ Tbv]
| 671 TBLOC | Toroc | Block time for mission | ] hr | - - | DV |
672 _TBO |- " [Timebetweenoverhaul | -1~ -
(673 TC | t'c | Wing Thickness to Chord Ratio | - | - - v
| 674 | TC1 |~ - | Ambient temperature at critical height | « degK| - DV
675 | TCLMD | -~ | Maximum C, of basic wing and LE devices at TO | - | - - | DV ]
676 | TCMNC |~ - | Constraint on thichness and sweep angle | 0.1 | - | * |
677  TCR | T, _ | Ambient temperature at cruise altitude | ¢ degK| - DV’
A I T, | Critical iake-offspeed "] ms [~ "DV
679 | TDCLMSO | Tperuso | Additional lift due to LE devices during TO | - | - | DV |
680 | TDIV | - | Ambient temperature at diversion altitude | degK |~ - | DV]
6811 TE | - [TralingEdge T TTTTITT - R
682 [ T IEFH_ | 7T T Thrust required at single engine faiure height | " N~V
(683 | _TELEC | Ta. | Parameter defining LE chord extension st T0 | =~ 08 | *
(6684 | TELESE | Tu, _ | Chord extension of e wing LEatT0 | = | - 1BV
(685 | __TET | TET _ | Tubine entry emprare | Gk T~
686 | TFLT | 1 Ty | Total flight duration | | hr |- - | DV
687 | THETADI | - | Temperaturc ratio at diversion | - | - - | DV]
688 | THETAEF | - | Temperature ratio at engine failure hieght | - | - - | DV]
6651~ TUAV__ [T Ty TAvionis avease uncton emperatire [ &2 |~ BV
[690 | " TIMAX | " T, _ | Avionics maximum junction temperature ___ | deg CT "DV
691 TO - Take-off - - -
692 | TPAC | T, | Distance of ac of tail plane from nose of fuselage / | - | - - | DV
I N N, PUSL_____ Lo .
:6_9§__ TPR - Turbine pressure ratio of ACAU - 1.5
8941 TR T TR Taperratio T TTTTTTITTI T
1695 | TREQ | - | Thrustrequired at the start of cruise | N - | DV
696 | TSRATD | Tuma | Arearatio parameter of datum wing and LE devices | - | - - DV
at TO
| 697 | TST |~ - | Thrust produced by each engine at standard s/l | Ibf | - - TV
698 | ~ TSTAT | Torar | Static thrust of installed engines - | _ N T - | DV
(699 | T TT [T TT [ Numberoftoiles” | - | - | DV]
700 | TTEFH | - [seeTPEFH T T TTTTTTTITUTT -
701 U "1 7-7 T Aircraft utilisation per year | he |- DV
| 702 [ UCLMA,TO |~ -~ | Untrimmed maximunm lift coefficient at AP, TO | - | - - DV
| 703 | T UHCA |~ - |UlwaHigh Capacity Aireraft | - | - T -]
(7041 VA TN V,__ | Approachspeed T mk | - -
705 | VC T TC " TVarable Camber 1T - T
(706 |~ VCD |~ - [ Variable Camber Device | - T - - -]
(707  VCR | Veniee | Aircraft forward speed, cruise | kmh |- [ DV]
708 | VCREAS | - " TEquivalent airspeed at cruise codition | kmh |~ - | DV |
709 |~ VEW T T 77 TVariable Camber Wing | - | - -
| 710 | ~VCW 1777 [ Variable Camber Wings | - T
711 VDIV | " Vg, [ Aircraft forward speed, diversion | kmh | - | DV|
| 712 | VDIVES _ |~ - " | Equivalent forward speed at diversion | - | - | DV |
| 713 ] _ VEFH |~ - T Aircraft forward speed single engine failure height | m/s | - | DV |
| 714 |  VFINI__ | Vg, | Finvolume in definition of SFIN | - | 005 | * |
715 | VFUEL | - " [Total fuel volume permissible | « m3i |~ DV]
716 VG Vi | Aircraft forward speed (EAS) for critical gust | m/s | - | DV |
condition
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717 VMC -
(78| VPAX_ 1"V ]
(719 VRO "1 " Vip _|

720 VSA v,
A VAT T
T3 [ TVILLE | Vas ]
TRV T Ve ]
[724] VTP "1V, ]

725 WAMPR | Wany

726 WB A
757 [ WBANGL 71 ]

78 Woe | Wi
75 [ WME T Ve ]

70 Wi T Wr__ ]

731 | WONENG |” Wonens_|

732 X1 AR
TR TG TR ]
REZY R ONN N

735 X(5) A
YR ] 7,
K2 DA 77
RE 7 S R
Tz Tz ]

[7i0 | ZFMVAX | Zoge ]
2T I S Zy ]
22N Y U

Either of VA, or TCS whichever is the bigger

Inboard and outboard limits on fuel tank, 0 to +1,
and 0 to -1 respectively

Factor allowing for wing taper, and location of root
attachment

It is an approximate term in Howe’s MWBCOV |
expression for wing taper, and wing fuselage

attachment

“ for aircraft with aft fuselage mounted engines

DV

DV

DV

bV
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Typical Mission Input Data File
MI01.DAT : Aircraft Resembling Fokker F-100

'F100,AISLES',1.0,'/ACLIFE',20.0,
'TAY650,CFCD',0.6227,'CFH',0.497,'CFDIV',0.5343,
'DTO',1855.0,

'DECK',2.0,

'DIV',370.0,

'EFH',4573.0,
'FD0',0.66,'FD1',0.44,'FD2',0.0,
'GAMMAZ?2',0.024,
'HTMCR',7770.0, HTMTO',0.0,HTMDIV",6096.0,
'HOLD',0.5,

'JTSTAO0',0.04673,
'JTCRDO0',0.19833,
'JTEFDO0',0.0956,

'MFRT',943.0,
'NEIW',0.0,,NEOW',0.0,'NER',2.0,
PAX1',107,'PAX",107,

'PAB',5.0,

'RESVAL',0.1, ,
ROA',1.225,'/ROTO',1.225,
'SPOENG',0.0,'SPIENG',0.0,
'STAGE',2389.0,

'MCR',0.77,

"'VA',65.8,
'VTL1',0.05,'VTL2',0.05,
"XINS',0.005,XINT",0.06,



CACAD

FCW, 1993 DATA,RUN DATE August.95
A/C WITH FIXED CAMBER WING
JET TRANSPORT : RESULTS OF AIRCRAFT RESEMBLING
AIRBUS A340-200

OPTIMUM RESULT :

C. PENG = 16080262.00

C. PAX = 263.0 D. RGE = 13973.95
1. DOCRAE2 = 80035.35 2. DOCAFLMO = 8740.18
3. ZFMMAX = 166661.45 4. TC = 0.0850
5. A = 8.70 6. S = 378.292
7. MENG = 29968.64 8. SWP = 27.69
9. TR = 0.2179 10.ETA = 0.600
11.ETEFB = 0.150 12.ETE = 0.200
13.MTO = 254097.98 14 .MWING = 33877.09
15 .MFUEL = 99181.71 17 .MAF = 99345.54
18.ME = 129317.58 20.CLDES = 0.5783
21 .DOCMLWTE2= 0.02 24.CDO = 0.01405
26.CDC = 0.01605 27 .CLCRB1 = 0.55580
28.CLCRB2 = 0.51021 29 .CLCRB3. = 0.46771
30.CLCRB4 = 0.42787 31.CLCRB5 = 0.39032
32.KCR = 1.17821 F. PAC = 86047128.00
.52 .LMF1 = 0.7059 55 .MWTEF = 2212.30
57 .SFTE = 45.91 58.GMC = 6.24
59 .MWTE = 2770.41 62.CLMA = 2.62184
63.SRTE = 18.60 64 .MWTER = 558.11462
65.DOCPHR2 = 5039.31250 66.CLMB = 1.70085
67 .DOCPKS2 = 2.20535 68 .LDRCR1 = 19.84675
69 .LDRCR2 = 19.52988 70 .LDRCR3 = 19.07710
71.LDRCR4 = 18.49316 72 .LDRCR5 = 17.78374
73 .FUSD = 5.64 74 .FUSL = 59.70
78.MSYS2 = 11856.58 78.MSYS1 = 11612.49
79.FVEC(7) = 10.81498 81.MHYD1 = 1082.12
82 .MFC1 = 2165.82 83 .HMLDG - = 179366.36
84 .MLDG = 161128.33 85.TST = 31191.21
86.FVEC(1l) = 0.0461 87.FVEC(8) = 0.1149
89.VCR = 896.7563 90.SPAN = 60.58

91 .DOCF = 18037.4199 92.DOCSCT1 = 36593.41





