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PREFACE

This report was prepared under Task Il of Contract NAS2-7627,
"Further Flight Mechanics and Vehicle Synthesis Research", in the period
from June 1973 to May 1974. Mr, Michael J. Tauber was the NASA technical
monitor for this study which was done for the Advanced Concepts Branch
of the Aeronautics Division of National Aercnautics and Space Administration's
Ames Research Center. Mr. Donald S. Hague, of Aerophysics Research Corporation,
served as project leader for this study.

In the aerospace véhicle preliminary design process the estimation
of subsystem component weights and costs are based on formulae obtained
by multivariate correlation-regression analyses of historical data.
While many groupings of such formulae have been presented in the past,
there exists a need for a rapid method of verifying and improving
these formulae in specific applications. The Multivariable Data Analysis,
Retrieval, and Storage System (MARS} fulfills this function. In the
MARS system selected vehicle characteristics information has been stored
in a computerized data base. The data can be displayed, retrieved, or
analyzed for functional relationships by multivariable statistical
correlation-regression analyses using any specified subset of character-
istics and vehicles.

This report, Volume VI of the Task II documentation, presents
the detailed results for a typical aircraft wieght regression analysis.
The particular example involves development of a gross weight estima-
tion relationship for subsonic transport aircraft. The body of the
report consists of actual computer printout.
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INTRODUCTION

The Multivariate Analysis, Retiieval, and Storage System (MARS)
and its assc ‘ated data bases of aircraft and engine characteristics has
been described in References 1 through 4. Basically the MARS system
is a tool for rapid prediction of aircraft or engine characteristics
based on correlation-regression analysis of past designs stored in the
data bases. Figure 1 illustrates program operation. Figure 2 illustrates
the parts of MARS used in the present report. The present report is an
example of output obtained from the MARS system. The exannle involves

derivation of an expression for gross weight of subsonic transport aircraft

in terms of nine independent variables. Independent variables for the

example were:

1, = Body length, ft.

B
Sw = Wing area, ft?
DB = Body depth, ft.
A = Quarter chord sweep, degrees
sH = Horizontal tail area, ft?
TR = Root thickness, ft.
S, = Vértical tail area, £t2

N = Ultimate load factor, ''g"

AR = Wing aspect ratio

An expression for gross weight, Wy, was sought in the exponential form

a, a a
~ 1,%1
WT-aOXI Xz REREERTER

Aircraft used in the correlation-regression analysis are listed in
Tables I and II where the transport data base and its contents are listed.

The resulting equation is:

.143 .185 , -.111

) .587 . .308 _ .264 ,.037 _ .287 . -.335
Wp = 9.46 Ly 57 Dyt A SRR A ¥

o rataedi



P
I

0

Note that the equation predicts that empty weight will fall with decreasing
root thickness. Thiys statistical anomaly reveals that thin wings have
been more carefully (and expensively) designed than thicker wings rather
than a true weight sensitivity to root thickness. This type of behavior

is frequently encountered in "blind" statistical analysis. The example
illustrates the need for careful selection of correlation variables and
the need for contimual review of the resulting estimation equations.

There is also a need to have tha ability to bound the variation of the
coefficients to prevent such =n anomaly. This last capability is now
available in the latest version Of MARS, Reference 5.

The remainder of this repori consists of the actual computer output
for the selected problem, The .. apss-of-fit! obtained by the final
equation is illustrated in Figur.
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12.
13.
14,
15.

16.
17.
18.
19.
20.

TABLE 1.

VEHICLES IN THE TRANSPORT DATA BASE, M’

r-27
L-188, Electra

‘C-130A

C-130A
C-1308

HC-130H
C-132A
C-133A

SE210-6N, Caravelle

707-120

707-020
707-320
707-3208
720
C-135A

KC-135A
C-135B
DC-8-10
DC-8F-54
DC-8-62

21,
22.
23.
24,
25.

26.
27.
28.
29.
39.

31.
32.
33.
34,
35.

36.
37.
38.
39.

880

990
F-2B
DC-9-10
DC-9-30

DC-9-30
727-100
727-200
737-100
737-200

737-200
vC-10
VC-105
Gl41-2
C-5A

DC-10-10
747-27
747F
L1011
C-141-1
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TYSLE I,

VEHICLES CHARACTERISTICS IN THE TRANSPORT DATA BASE, Mz

Gross Weight
Desipn Load Fasctor
Wiag Arca

Aspect Ratlo

Wing Span

t/c Root

t/c Tip

Taper Ratlo Cy/Cg
Quarter Chord Sweep
Fusclage Length

Fuselape Maximum Depth
Fusclape Maximum Width
Tail 1ype

lorizontal Tail Areca
Vertical Tail Arca

Lopty Welipht

Sink Speed

Witig Group Welght

wing Basic Structure Weight
¥ing Sccondary Structurc Weight

Alleron Weight

Leading Edge Flap Weight
Trailing Edge Flap Woight
Slats Weight

Spoiler Weight

Total Tail Group Weight
Stabilizer Weight
Elcvater Weight

Fin Weight

Rudder Weight

Body Group Weight

Fuselage Basic Structure Weight
Alighting Gear Group Weight
Main landing Gear Weight

Nose Landing Gear Weight

Surface Control Group Weight
Cockpit Controls

Auto Pilot Weight

Systen Contyols Weight
A.P.U, Group Weight

Instrunents § Navigation Group Weight
. Hydraulic Pneumatic Group Weight

Hydraulic System Weight
Pncumatic System Weight
Electrical Group Weight
Avionics Gyoup. Weight
Avionics Equipment Weight
Avicalcs Installation Weight -

+

»

‘9'
50,

51.
52,
53.

Fs4,

55.

56,
57,
50,
59,
40,
61.
62,
63.
64,
65,

66.
67.
68.
69.
70.

71,
72.
73,
74.
75.

76,
77.
78.
79,
80.

81.
B2.
83,
84,
a5,

86.
87."’
88.
B9.
80.

81,
92,
9.

Furplshinps Group Weipht
Personncl Accommodatjons Weight

Personnel Furnishings Weighe
Hisc, Cquipment Weight
Ermerpency Equipment Welght :
Arr Conditioning Group Weight
AlT Conditioning System Weight

De-Ice System Weight

Number in Crew

Numher of Stewardesses

Number of lst Class Passengers
Number of Tourist Passengers

Aileron Arca

Leading Edge Flap Area
Trailing Edge Flap Ares
Slat Areca

Spoiler Area

Stabilizer Area
Elevator Arca

Fin Ares

Rudder Area
Number of Engines

Engine Make

Engine Thrust

Nacelle Group Weight
Inboard Nacelle Weight
Outboard Nacclle Weight

Fuselage Wetted Area
Inboard Nacclle Length
Inboard Nacclle Depth
Inboard Macclle Width
Qutuoard Nacelle Length

Qutboard Nacelle Length
Outboard Nacelle Width

Total Aileron Area

Tctal Leading Edge Flap Avea
Total Trailing Edge Flap Area

Total Slat Area

Total Spoiler Area
Maximum Dynamic Pressure
Altitude for Maximum g
Maximum Mach number

Cruise Speed Maoch Number
Cruise Speed, Miles per Hour:
Cruise Altitude

JU——
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