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THE METHOD FOR PRELIMINARY DEVELOPMENT
OF MAIN PARAMETERS FOR DEEP VARIATION IN VARIANTS
OF TRANSPORT CATEGORY AIRCRAFT

The method of a preliminary development of main performances during deep variation in variants of a
transport category aircraft, that is, when changing a wing area and a powerplant output, has been proposed.
The main performance of any aircraft on the stage of its modifying is takeoff mass to, its value depends on
structural members’ masses, in which modifications changes are present. The method is based on the com-
parative evaluation of take-off mass increments of a basic aircraft and it’s variant. That allows qualitatively
and quantitatively to evaluate the specific value of the take-off mass increment of an airplane variant depend-
ing on engineering and economical requirements changes. Also, it is obvious that changes in the combination
of performances their changes in the process of an aircraft variant creation, move the solution of an existence
equation at new point, which corresponds to a new takeoff mass. The analysis of the method was implemented
on the example of the regional passenger aircraft variant with two turboprop engines. The method of a prelim-
inary development of main performances of a transport category aircraft subject to deep modification, i.e.
when changing a wing area or a powerplant output, is proposed. The mathematical model for the estimation of
the takeoff mass increment, depending on requirement groups realized in modifications, is developed by using
the models of calculation of required mass (due to change of modification) and available mass (constant for a
base variant). Statistical equations for the preliminary estimation of a takeoff mass increment, that create the
relationship between the constituent masses and the takeoff mass for a regional aircraft, are used. For middle-
range and long-range airplanes an adjustment is needed. The proposed method and the mathematical models
allow at a preliminary designing stage of an airplane variant not only typical required quantitative change in
structure, but the necessary changes of a wing area and a powerplant output to satisfy the required engineer-
ing and economical requirements, which aircraft and air-lines’ markets dictate.
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made more often by deep modifying, because this way
can provide the maximum possible efficiency of a vari-

Introduction

The world practice shows that modern develop-
ment of aircraft relates not only to one way: a creation
of new aircraft. Also, it is presented (another way)
mainly through a development of variants of high effi-
ciency aircraft.

Table 1 shows the aircraft variants of the Antonov,
Boeing, Airbus companies as the examples. There are
some reasons and ways how they can be developed.
They can be divided conditionally into two groups:

— Typical aircraft variants with higher useful load
and no changeable wing area and power plant output N;

— Aircraft variants with deep variation in the use-
ful load (myi), flight range L, new wing area S and
available thrust.

The simulation for the determination of masses
and other main aircraft performances for typical aircraft
modifications has obtained circumstantial justification
in general theory developed by the Sheynin M. [3.,4].

In modern time, an aircraft variant development is

ant and its competitiveness in a market.

Objective

The method and technique development for an air-
craft main performances determination for deep changes
in the transport category variants.

Method Development

The main performance of any aircraft on the stage
of its modifying is takeoff mass t,, its value depends on
structural members’ masses, in which modifications
changes are present:

m_, =f() m;,ePR) (1)

where m; - m,,m_,mg,,m,, m, — structural mass,

str> “"Tpp 2 T fuel 2 eq ?
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Table 1

List of airplane’s variants for different companies

An-24, An-26, An-30, An-32,
«Antonovy

State Company
An-124, An-124-100, An-132

An-72, An-74, An-74-TK200, An-74-TK300, An-148, An-148-100A, An-148-100B, An-148E,

Boeing B-737-100, B-737-200A, B-737-200F, B-737-200C, B-737-300, B-737-400,
Company B-737-400H, B-737-500, B-737-600, B-737-700, B-737-800, B-737-900
Airbus A-319, A-319-100, A-319-130, A-320-110, A-320-210, A-320-230,
A-330-200, A-330-300,
Company

A-340-300E, A-340-500, A-340-600

powerplant mass, fuel mass, equipment mass and
payload mass;
Pi — modified performances.

The equation (1) essentially is the mathematical
model for masses for a base aircraft and for its variant if
P; is available.

In this mathematical model the takeoff mass is a
“link” performance, or a “dimensional” performance,
and a complex of other performances P; , that character-
ize a project, can be divided into two systems by their
physical sense:

Myeq =My (mi_o;R;L;C;D) + Mg (m_,;R;L;C; D) (2)

q
=1-[Mg, (m_o;R;L;C; D) + mp, (m_;R;L;C D) +

+ Myl (Mo R;L; G D) + Megr (my_ o RL;C; D) (3)

mav

where myq — conventional required mass with the given
requirements for an aircraft variant and a complex of
system and equipment functions;

m,y — conventional available mass at the modern en-
gineering level with certain complex of performances
Pi(R;L;C;D) that describe base aircraft and it's variant.

Give it in other words, the conventional required
mass (m;) determines the takeoff mass part, which
should be constant for the modification task: a payload
and necessary equipment that functions are specified in
engineering and economical requirements, with a spe-
cific complex of project parameters.

The conventional available mass shows the part of
takeoff mass, which is possible to be used for the reali-
zation of a requirement with the same complex of per-
formances to be changed.

Clear, that to solve an existence equation, i.c., to
create an aircraft with the given requirements, the re-
quired and available conventional masses should be
equal.

Also, it is obvious that changes in the combination
of performances R, L, C, i.e. their changes in the pro-
cess of an aircraft variant creation, move the solution of
an existence equation at new point (Fig. 1), which cor-
responds to a new takeoff mass.
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Fig. 1. Increasing of myJ, mc, and m., in a process
of an airplane modification creation: b — point for base
project; m — point for modification project;

1 — mass of useful load; 2 — mass of empty airplane

The takeoff mass in these cases is calculated by
equation:

my_q =YX
mp | + Mg (npas ,L) 4

X b
1- |:ﬁlstr (mt—o) + rTlp.p (mt—o )+ rYlﬁlel (mt—o ):|

where W — factor of engines’ number and arrangement;

Meq(Npas, L) —mass of fixtures and equipment that
depends on the number of a crew, passengers and flight
range;

my (m,_,), M, (m_),
masses of a structure, powerplant and fuel.

The change of a variant takeoff mass can be de-

termined by the equations:

mg,(m,_ ) - specific

Z amr dPl _Z ama dPl
G 0P oP,
t—0 — ama ~ amr
omg_, 0my_,

or
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1_2 om, OB
~ 6P, om,
dmt—o - ama } ama . amr dm ) (5)
amt—o aPi amt—o

where dm = dm; — dm,.

Under the condition of proposed mathematical
models of mass changes’ estimation for a real airplane
variant, the true statistical data should be used.

The equipment mass meq(Npas,L.) is determined by
the equation:

Meq =80 XN gpey, +95% N0 X (5107 xL+0,66),  (6)

where nerew — the number of crew members;
L — a flight range, km.
The change of my, (m;_,) is determined by the

Mg =Ky ke aKeshknpaKswa ¥

Lm0
X(O,Skairf.conﬁg —4,5-10 tS - J’

where S — wing area, m?;
my., — takeoff mass of an airplane, kg;
kn.m — coefficient of new structural material used;
kr.q — coefficient of a fuselage diameter;
kesh — coefficient of a fuselage cross-section shape;
kn14 — coefficient of a high-lift devices type;
kew.a — coefficient of a wing swept angle;
Kairtconfie — coefficient of an airframe configuration
(arrangement of engines on a wing, on a fuselage, etc.).
Values of these coefficients are present in the book
[1,5-28].
In concise form

g, = (0,5—4,5-10‘4 %} . 8)

For the m_  (m_,) determination it will be used

the following equation [3,4]:

n | P
My, =ap | 140,118 |y 8 0 4 by (9)
eng my_,

where aj, by — statistical coefficients;
a;= 0,95, b; =0,0185 — two engines under wing;
a;= 1,04, b; = 0,0192 — four engines under wing;
Neng — total number of engines on an airplane;

Ny pes — NUMbers of engines with a thrust reverser;

Yeng — Specific weight of engine;
P, — engine's takeoff thrust, daN.
For an airplane with two engines under a wing

(both engines with a thrust reverser)

P
=0 10,0185.

my =2,109y,, (10)
p-p g m,_,
The specific fuel mass is a sum
Mol = Myeler + Mipyelnr + (11

+ IT11’uel.cl + IT11’uel.ap—land + ITqfuel.n.u >

where Mgy, — specific fuel mass for a cruise flight

mode;

Mol navresery — Specific fuel mass for a fuel re-

serve;

Mpgelclimbing — specific fuel mass for a climbing

flight mode;
Mpyelapland — SPecific fuel mass for approach and
landing flight modes;

Miel notusable — NON-usable specific fuel mass;

Components Myl nav.reserv >

Mfyel ¢ limbing >
rTlfuel.ap.land > rTl1’“uel.non—usable very tentatively can be

independent from take-off mass and will be calculated
by equation [2]:

Z:r_nfuel.i = Mfyel nav.reserv + 1'Tlfuel.climbing +

+Elfuel.ap.land + Myl notusable = CONSE.

(L- 40Hav ) Cfuel
(Vcr -W)-K

}, (12)

1'Tlfuel.cr =1-exp |:_

where L — cruising flight range, km;

40H,, — ground range of climbing and descent H,, —
average flight altitude for cruise mode, km);

Crel — specific fuel consumption for cruise flight
mode, kg/[daN h];

V. — cruise flight speed, km/h;

W — front wind speed, km/h.

Lift-to-drag ratio K is possible to be expressed as a

function of a take-off mass of aircraft variant:
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my_8 mi_,8

K = 2 - 2 s (1 3)
pV qS(CDO + ACL)
——CpS
2
2
where q — dynamic pressure, q = %
Ap, — deviation of an airplane polar graf,
A = ! ;
P Tc;\‘ef

A — effective aspect-ratio of a wing;

Cpo — drag coefficient of an airplane for zero lift;
Cp — an airplane lift force coefficient.

Based on equations (4), (6), (7) it seems possible
to quantify the change of main parameters of an airplane
variant with a deep change of wing area (S) and power-
plant output (N) on the example of a regional passenger
aircraft with two turboprop engines (Table 2).

Table 2
Changes of main performances of a regional passenger
airplane for it’s deep change variant

Numbers S, M2 56,4 58 60 62 64
of pax Nai, hp 2500 2600 2700 2800 2900
n=>52 Mo, kg | 19290 | 19614 | 19978 | 20342 | 20704
n=>56 Mo, kg | 19946 | 20271 | 20639 | 21004 | 21368
n=60 Mo, kg | 20589 | 20917 | 21287 | 21654 | 22020

L, m 1868 1719 1606 1510 1427

As seen from the table, development of an airplane
variant with increased powerplant output (with constant
wing area and flight range) leads to increased takeoff
mass, but also to reduced takeoff distance and required
runway length. In some cases the latter factors may be
decisive in terms of the final decision.

For development a general view of an airplane var-
iant it is important to estimate a change of a wing area S
influence on aircraft main performances. The proposed
equations (4), (6), (9) allow to estimate this influence
quantitatively (fig. 2).

Figure 2 shows
Nt.o = const = 2 500 hp):

1) Graphs of takeoff masses — 1, 2, 3;

2) Graphs of takeoff distances — 4, 5, 6;

3) Graphs of takeoff distances with one failed en-
gine—7,8,9;

4) Point 10 — 52 passengers with wing area
56,4 m? and takeoff distance 830 m;

5) Point 11 — 56 passengers with wing area
61,2 m? and takeoff distance 830 m;

6) Point 12 — 60 passengers with wing area
65,5 m? and takeoff distance 830 m;

7) Point 13 — 52 passengers with area 56,4 m? and
takeoff distance 1450 m with one failed engine;

8) Point 14 — 56 passengers with wing area
63,7 m? and takeoff distance 1450 m with one failed
engine;

(with  powerplant output

9) Point 15 — 60 passengers with wing area
70,0 m? and takeoff distance 1450 m with one failed
engine;

Takeoft mass m,_, ton
Takeoff distance L, , meters

18,0 500

54 56 58 60 62 64 66 68 70

Wing area S, m’

Fig. 2. Changes of the takeoff mass (1, 2, 3), takeoff run
length (4, 5, 6) and takeoff distance with one failed
engine (7, 8, 9) for airplane’s variants (passengers’

number 52, 56, and 60 accordingly) with dependence on

a wing area and a powerplant output (at N, = const)

As it shown in Figure 2 any changes in the payload
and correspondingly in the takeoff mass require increase
of the wing area.

Conclusions

1. The method of a preliminary development of
main performances of a transport category aircraft sub-
ject to deep modification, i.e. when changing a wing
area or a powerplant output, is proposed.

2. The mathematical model for the estimation of
the takeoff mass increment, depending on requirement
groups realized in modifications, is developed by using
the models of calculation of required mass (due to
change of modification) and available mass (constant
for a base variant).

3. Statistical equations for the preliminary estima-
tion of a takeoff mass increment, that create the rela-
tionship between the constituent masses Meq (Npax, L),
Mg (My_g), Mpp (My_g), Mpye(m_,) and the takeoff

mass for a regional aircraft, are used. For middle-range
and long-range airplanes an adjustment is needed.

4. The proposed method and the mathematical
models allow at a preliminary designing stage of an
airplane variant not only typical required quantitative
change in structure, but the necessary changes of a wing
area and a powerplant output to satisfy the required en-
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gineering and economical requirements, which aircraft
and airlines’ markets dictate.
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METOJ IIOIIEPEJHBOI'O ®OPMYBAHHS OCHOBHUX TAPAMETPIB III 1 YAC I''IMBOKUX
MOJI®IKAIIMHUX 3MIH Y JITAKAX TPAHCIIOPTHOI KATETOPIi

. B. Tinaxos, B. I. Paokos
3anporoHOBaHO METOJ MOMepPenHboro (GopMyBaHHS OCHOBHHUX MapaMeTpiB IiJ Yac MIMOOKKUX Moaugikaiiii-
HUX 3MIH y JIiTaKax TPaHCIIOPTHOI KaTeropii, TOOTO ITiJ Yac 3MiHi IUIONII KPHJa 1 MOTY)KHOCTI CHJIOBOI YCTaHOBKH
miTaka. MeTton 6a3yeThCs Ha TOPIBHSUTBHIN OLIHIN 301IbIICHHS CTapTOBOI Mack MoauGikalii i 6a30Boro Jitaka, mo
JIO3BOJISIE SIKICHO 1 KUTBKICHO OLIHUTH BiJIHOCHY BETMYMHY IPUPOCTY CTApPTOBOI MacH MoanQiKallii y 3a1e)XHOCTI Bl
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3MIHM TEXHIKO-€KOHOMIYHMX BUMOT. TecroBa peaizallisi METOAY 1 MoJesnel 3/1iiCHeHa Ha TpUKIaai Moaugikamii
perioHaIbHOro MacaXupcehKoro Jitaka 3 asoma TT' /.
KurouoBi ciroBa: Monudikariii JliTakis, cCTapToBa Maca, MOJICJIFOBAHHS 30UIbIICHh MACH.

METOJ ITPEABAPUTEJIBHOT'O ®OPMHUPOBAHUSA OCHOBHBIX TAPAMETPOB
IPU I'TYBOKUX MOAUPUKAIIMOHHBIX UBMEHEHUAX B CAMOJIETAX
TPAHCIIOPTHOM KATETOPUM

. B. Tunsakoe, B. H. Paokos

[IpemiokeH METOA MPEIBAPUTEILHOTO (POPMHUPOBAHHUS OCHOBHBIX MapaMETPOB MPH TIIYOOKHUX MOAU(UKAIU-
OHHBIX U3MCHCHHUAX B CaMmoJjieTaXx TPAHCIOPTHOW KaTErOPHH, T. €. MPH U3MCHCHHHU IUIOMIATN KPbUIa U MOUTHOCTH
CHJIOBOW YCTAHOBKHM camoseTra. Meroy 6a3upyercsl Ha CpaBHUTEIbHOHW OIEHKE MPUPAIIEHUs] CTAPTOBOH MaccChl MO-
TuGHUKaIME 1 0a30BOr0 caMoJieTa, YTO MO3BOJIICT KAYSCTBEHHO W KOJMYECTBEHHO OLICHUTh OTHOCUTEIBHYIO BEIHU-
YHHY NPHUPAIICHUS CTAPTOBON MACChl MOIUGUKAIIMM B 3aBUCHMOCTH OT M3MCHEHHS TEXHUKO-9KOHOMHUECKUX Tpe-
OoBanwmii. TecroBas peanu3alyiss METOAA M MOJICIICH OCYIIECTBIICHA Ha TPUMEpe MOAUGHUKAIMHA PETHOHAIBHOTO Mac-
caxxupckoro camonera ¢ asymsi TB/I.

KaroueBsbie ciioBa: MomuduKanyy caMojIeToB, CTapTOBask Macca, MOJEIHMPOBaHNE IPUPALICHUH MacChl.
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