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that the government may have forumlated, furnished, or in any way
supplied the said drawings, specifications, or other data, is not to
be regarded by implication or otherwise as in any manner licensing the
holder or any other person or corporation or conveying any rights or
permission to manufacture, use, or sell any patented invention that
may in any way be related thereto.

This rechnical report has been reviewed and i3 approved for

publication.
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FOREWORD

The purpose of this work was to establish a method to predict air-

craft inertia suitable to preliminary design. It must be applicable to ,
all types of military aircraft and be usable with the level of informa- i
tion normally available during preliminary design. ?
The material in this report was compiled as a part of the conti- i
nuing methods development effort under project AFSDOQ}IﬁbOON, Flying g
Qualities Methodology and Development. The effort ;as accomplished i
within ASD/XRHI by Charles Lanham while a cooperative student under the ~ é
direction of Wayne M. O'Connor.
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LIST OF SYMBOLS :
TERM DEFINITION {
bl span of surface panel from root chord to tip¥
b2 span of surface panel from root chord to break*
b3 span of surface panel from break chord to tip
bA span of wing fuel tank
c, length of surface root chord* é
CREWcg perpendicular distance from YZ plane of the %
remote axes to the crew ceanter of gravity. .
¢y length of surface chord at break .E
<y length of most inboard chord for wing fuel tank ?
: dp average diameter of payload ;
%i I mement of inertia of a group or component about %
the remote axes 4
moment of inertia of total ailrcraft about its %
- 8 own center of gravity %
13 1 moment of inertia of a group or component about §
Q% ° its own center of gravity 3
-~ I1 moment of inertia of a surface about the leading %
edge of the root chord or break chord® §
L moment of inertia of a fuel tank about the %
lecading edge of the most inboard tark chord §
lc length of fuselage center section ’§
1e length of nacelle (for buried engines just A%
length of engine) é
lf longitudinal length of fuselage tank %.
L length of fuselage Bose cone §'
lp length of fuselage tail cone é
i:;’ 1v length of ftew used as a volume in fuselage ]




TERM

LIST OF SYMBOLS (cont'd)

DEFINITION

average fuselage radius ( Smax )

average nacelle radius (for buried engines
use radius of engine)

average radius of item used as a volume in
fuselage

wetted area of fuselage center section
external store or tank length

wetted area of fuselage nose cone

average radius of external tank or store
wetted area of fuselage tail cone

thickness of surface at break chord ( % ‘g) *

thickness of wing fuel tank at most inboard
chord

thickness of wing fuel tank at most outboard
chord

thickness of surface at root chord ( % s Q)
thickness of surface at tip chord ( % + Q)
welght of fuselage center section (structure only)

total weight of contents to be distributed
throughout the fuselage

total propulsion group weight divided by the
nusber of engines

weight of fuel {a the fusclage

weight of fucl in both wing fuel tanks
weight of total horizontal tall group
weight of both surface inboard of break

weight of fuselage nose cone {structure only)

vii




LIST OF SYMBOLS (cont'd)

TERM DEFINITION
wo weight of both surfaces outboard of break
wp weight of one point mass
W total weight of point masses in the fuselage %
Pe center section

total weight of point masses in nose and

pac tail cones
ws weight of fuselage structure
ws weight of extermal fuel tank or store
t
wt welght of fuselage tail cone (structure only)

1
wv weight of total vertical tail group )
W, weight of cne volume of mass

(o]
v, weight of total wing group :
<
XFl distance from the wing fuel tank leading edge ;
at most inboard tank chord to the longitudinal )
tank center of gravity
XF2 perpendicular distance from YZ plane of the é
remote axes to leading edge of wing fuel tank kS
most inboard chord &
Xp perpendicular distance from YZ plane of the }
remote axes to engine center of gravity g‘
XS8! distance from the surface leading edge at toot %
chord to the longitudinal surface ceater of 4
gravity %

3

Xs2 {surface with leading and/or trailing cdge break) %
distance from the surface leading edge of root H
chord to the longitudinal center of gravity for §
the surface saction inboard of the break. * 1
XS$3 (surface with lcading and/or trailing cdge break) if
distance from the surface leading cdge break 3
chord to the longitudinal center of gravity 3
for the surface sectfon outboard of the break. i

i{.

R
XS4 perpendicular distance from YZ plane of the -

remote axes to leading edge of surface root chotd &

X55 perpendicular distance from YZ plane of the f
remote axcs to leading edge of surface break ~hord y

viig 3
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¥

break chord to spanwise center of gravity for
outboard surfaces (V$3 cos @)

LIST OF SYMBOLS (cont'd)
TERM DEFINITION ]
X perpendicular distance from Z axis to aircraft 3
center of gravity p
X distance from a defined reference point to ]
the surface longitudinal center of gravity ¥
YF1 distance from the wing fuel tank most inboard :
chord to the spanwise tank center of gravity 3
YF1 perpendicular distance from the XZ plane of i
wing fuel tanks most inboard chord to the p
spanwise tank center of gravity. (YFl cos 6) 1
YF2 werpendicular distance from X2 plane of the 3
remote axes to most inboard chord of wing fuel ;
tank
b4 perpendicular distance from XZ plane of the :
remote axes to engine center of gravity
YSs1 distance along span of surface from voot chord ) ;
to center of gravity : f
¥S1 perpendicular distance from XZ plane of surface é ;
root chord to spanwise conter of gravicy 3
(¥S1 cos 0 ) b
i Y82 distance along span of surface from reot chord . g
to center of gravity for inboard surface 12
} y§2 perpendicular distance from XA plane of surface f E
¢ root chord to spanwise center of gravicy for i3
g fnboard surfaces. (Y$2 cos 0) ? %
3 '8l distance along span of surface from break chovd §_§
g to center of gravity for outhoard surfaco f'§
s perpendicular distasce {rom XA plane {f surface b

S
v ot de

R Lt g 20

%
e

154 perpendicular distance from X2 plane of the
remote axes to the surface root chord 3
X
» e
Y distance from some referénce pofnt a surface :

spanvise center of gravity E

perpondicular distance from XY planc of the
remote axes to fusclage centerliac




LIST OF SYMBOLS (cont'd) o

) %

TERM DEFINITION 3
ZF perpendicular distance from XY plane of the .

remote axes to wing fuel at wost inboard chord

] ZF2 (YF1 sin 6) (needed only for wing internal 3
tanks with anhedral or dihedral) perpendicular
distance from the XY plane of the surface

root chord to the vertical center of gravity

Zp perpendicular distance from XY plane of the
remote axes to engine center of gravity

Z51 perpendicular distance from XY plane of the
remote axes to root chord of surface

283 (YS1 sin 6) perpendicular distance from the ,
XY plane of the surface root chord to the 4
vertical surface center of gravity. *

© e,

254 (¥S2 sin 8) perpendicular distance from the
XY plane of the surface root chord to the
vertical center of gravity of the surface panel
inboard of the break. =

285 (Y83 sin 0) perpendicular distance from the XY
plane of the surface break chord to the vertical
center of gravity of surface panel outboard of
the break

o~

perpendicular distance from X axes to aircraft
conter of gravicy

»:3

distance from some referunce point to a vertical
surface center of gravicy
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ZF

ZF2

Zp

781

Z53

54
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LIST OF SYMBOLS (cont'd)

DEFINITION

perpendicular distance from XY plane of the
remote axes to wing fuel at most inboard chord

(YF1 sin 6) (needed only for wing internal
tanks with anhedral or dihedral) perpendicular
distance from the XY plane of the surface

root chord to the vertical center of gravity

perpendicular distance from XY plane of the
remote axes to engine center of gravity

perpendicular distance from XY plane of the
remote axes to root chord of surface

(YS1 sin 6) perpendicular distance from the
XY plane of the surface root chord to the
vertical surface center of gravity. *

(YS2 sin 6) perpendicular distance from the

XY plane of the surface root chord to the
vertical center of gravity of the surface panel
inboard of the break. *

(YS3 sin 8) perpendicular distance from the XY
plane of the surface break chord to the vertlcal
center of gravity of surface panel outboard of
the break

perpendicular distance from X axes to aircraft
center of gravity

distance from some reference point to a vertical
surface center of gravity
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TERM DEFIN.TION [

: 1
& !
v !

ALl sweep of surface leading edge at root :

% ALa sweep of surface leading edge outboard of break

S YRR

. 11 sweep of surface trailing edge at root *

Al

? ATZ sweep of surface trailing edge outboard of break g

: -

. 4

I : AL3 sweep of wing fuel tank leading edge P
Eﬂ % ATB sweep of wing fuel tank trailing edge §§
J: ; P density of fuel ig
3 |3
i3 L P
3 ¢ ] angle In degrees between plane of surface and §
§ i XY plane o. remote axes (positive for dihedral, 3
% : negative for anhedral) L
§ * root cherd can be defined as either theoretical 2

¢ or exposed 1

%! % (see section II A) ?
S :
i {, 4

5 i :
L :
CE 3
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SECTION 1

INTRODUCTION

The purpose of this procedure is to determine the inertias of an
aircraft at the preliminary design level so that the dynamic performance
(flying qualities) can be examined. The purpose of analyzing dynamic
performance at the preliminary design level is to insure adequate control
surtace sizing, develop control surface sizing rules for parametric
design studies, and to determine the complexity of the flight control
system necessary to adequately perform all required maneuvers. To do
this, the procedure must be able to provide reasonably accurate estimates
for different fuel and loading states.

The wethod described in this report has been incorporated into the
ASD/XR Tuteractive Computer Design (ICAD) system. The flying qualities

analysis portion of this system is described in Reference 1.
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SECTION II

BACKGROUND

A. Basic Moment-of-Inertia Theory

loment of inertia is the measure of resistance to angular acceleration,
as rass 1s the measure of resistance to linear acceleration.
Moment of inertia may be mathematically derived as follows,

If torque is expressed as the product of force and radius (T = Fr)
and the following substitutions are made: F = ma and a = ar then T = mar
or T = mr2 a where a is the linear acceleration,a is the angular
acceleration,a~d m is the mass.

The term mr2 is defined as the moment of inertia (I) and this
equation may he written T = Ila.

If a body of mass m is caused tu rotate about a remote axis y the
following relationship exists: Iy = mr2 = m (x2 + zz).

However, since mass m not only offers resistance to rotation about
the y axis but also offers resistance to rotation about its own centroidal
axis, the total iiertia of m about y is Iy = mr2 + on where I° is the
inertia of m about Its own centroidal a:.is.

Whea thce full angular momentum equations are devrloped. there are

nine Io terms given in general Ly: In = xixidm where xi,x
xixj )

be x, ¥, or 2. Since the symmetric erms are equal, e.g., Io - Io
Xy ¥y

, can

N

there are actually six indep:indeint moments of inertia.




For most aircraft problems, the vehicle is symmetric about the
XZ plane. Although there are asymmetries in equipment locations which
give rise to some non-zero values, it can be assumed for preliminary
design purposes that Ixy and Iyz are zero. There are some configurations
where this assumption obviously is not correct, such as skewed wings.
For these aircraft the additional terms should be calculated. This

method is limited to predicting the four remaining moments of inertia,

I, 1 I ,and I .
x' Ty, "2z Xz

]

B. Method Description

There are three steps involved in obtaining these moments of inertia:
1) Allocate the total alrcraft weight to six seperate groups:
a. wing group
b. horizontal tail group
c¢. vertical tail group
d. fuselage group
e. propulsion gronp
f. additional items
The level of detail of the weight breakdown given in Table 9 of
Section II is adequate for determining the inertias. This allocation
primarily involves distributing the subsystems throughout the aircraft
without identifying the actual location of each wire, cable, line, or
component. Since this is done on an "historical" or "accepted design
practice” basis, adjustments may be needed for designs with unusual
concepts or distridbutions.
2) Calculate the moment of inertia of each group about its own
centroid and then transfer these inertias to a set of remote axes.
3) Locate the aircraft center of gravity, sum the inertias, and

translate them back to the aircraft center of gravity to cbtain the

desired moments of inertia. The last two steps are described in detail

in Section III.
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C. Weight Allocation

Allocation of the total aircraft weight to the major groups is
accomplished by a apckage of rules extracted from a structural weight
estimation program (SWEEP) written by Rockwell International and from
statistical data. The aircraft items are distributed as shown in
Table 1.

TABLE 1
WEIGHT ALLOCATION

Item Fraction Fraction Fraction Fraction Fraction Fraction
in in Horiz Vert With With
Fuselage Wing Tail Tail Engine Items
Package
Horiz tail
structure - - 1.0 - - -
Vertical tail
structure - - - 1.0 - -
Fuselage struc-
ture 1.0 - - - - -
Main gear D D - - -
Nose gear 1.0 - - - - -
Engine Nacelle
& Pylons - - - - 1.0 -
Other structure| 1.0 - - - - -
Engine - - - - 1.0 -
Aux gearboxes - - - - 1.0 -
Exhaust system | - - - - 1.0 -
Cooling & drainp - - - - 1.0 -
Lubricating sys| - - - - 1.0 -
Engine controls| - - - - 1.0 -
Starting sys - - - - 1.0 -
Auxiliar power | 1.0 - - - - -
unit
Instruments 1.0 - - - - -
Hydraulics 0.67 - - - 0.33 -
Electrical 0.75 - - - 25 -
Electronics 1.0 - - - - -
Armament 1.0 - - - - -
Air conditioning 1.0 - - - - -
Photographic f 1.0 - - - - -
Auxiliary gear | 1.0 - - - - -
Other equipment] 1.0 - - - - -
Crew 1.0 - - - - -
01l - - - - 1.0 -
Liquid Nitrogen 1.0 - - - - -
Miscellaneous 1.0
Payload - - - - - 1.0
Guns - - - - - 1.0

TR EATTRAT
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Table 1 Cont'd

¢
Wing Pylons - - - - - 1.0 :
Ext Wing tanks | - - - - - 1.0 :
fuselage pylons| - - - - - 1.0 R
Ext Fus tanks - - - - - 1.0
Fuel - - - - - 1.0
Note D = dependent on input location definition. i
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Items which need further discussion:

a. Fuel System - Distribute between the fuselage and wing group

according to the fraction of fuel weight contained in each group.
b. Surface Controls: Summarized in table:
Table 2

SURFACE CONTROL WELIGHT ALLOCATION

Fraction of Total Surface Control Welght
Configuration
Code Horizontal Vertical Fuselage Fuselage
W, H, V* Wing Tail Tail Cockpit Distributed
0, 0, 0 0.532 0.128 0.124 0.038 0.178
0, 0, 1 0.457 0.110 0.247 0,033 0.153
0, 1, 0 0.464 0.239 0.108 0.034 0.155
0, 1, 1 0.406 0.209 0.220 0.029 0.136
1, 0, 0 0.608 0.108 0.103 0.032 0.149
1, 1, O 0.541 0.205 0.092 0.029 0.133
1, 0, 1 0.534 0.094 0.213 0.028 0.131
1, 1,1 0.482 0.182 0.192 0.026 0.118
W, wing 0 = fixed 1 = variable sweep
H, horizontal 0 = elevator type 1 = all moveable type
V, vertical tail 0 = rudder type 1 = 4]l moveable type

c. Trapped fuel - Distribute between fuselage and wing group

according to fraction of fuel weight contained in each group.

d. Air induction system - Add weight to fuselage group if engines

are buried. Add to ongine group if engines are podded.

e, Wing structure - If there is a wing carry-through structure, the

weight should be added to the wing group - Otherwise only the exposed

ving structure is in the wing group.
S
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SECTION III
GROUP INERTIAS

Before the centroidal inertias (Io's) of each group can be
calculated and then translated to the remote set of axes, a certain
amount of component location and geometry information must be known.

Everything should be referenced in accordance with the chosen set of

remote axes (see sketch). The exact position of these axes can be

varied, but to make the calculations easiest, the Z axis should be

located at the nose of the aircraft.

s AXIS
s AXIS
PLANE OF SYMMETRY
. & z AXIS * y AXIS
¥ AXIS 3 AXIS

Below is a list of additional components whose X, ¥, and Z locations

have to be determined if they are to be included. All geometry informa-

tion that is needed is included with the discussion of each major group.

1) Main and nose landing gear
2) Auxiliary power unit
3) Air conditioning

4) Auxiliary gear

5) Gun
6) Crew
7) Weapons

8) Fuel system (Centroid of fuselage fuel tank)
9) Avionics bays
10) Radar

]
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11) Furnishings & Equipment (centroid of total group or centroids
of major items)

12) Photographic equipment

13) Other equipment

14) Liquid nitrogen

15) Miscellaneous items

16) Fuselage store and tank pylons

17) Fuselage external stores and tanks

18) Wing store and tank pylons

19) Wing external stores and tanks

20) Internal Payload

Using this information we can now proceed to calculate the moments
of inertia of the separate groups about their own centroidal axes and
translate these to the remote axes,
A. Surfaces

Wing, horizontal tail, and vertical tail groups are all common
surfaces. To define the shape of the surface the normal planview (one
side of wing and horizontal since they're symmetrical) is used. The
equations are derived for a trapezoidal panel with the thickness varying
linecarly from root to tip. If a surface has edge or thickness breaks,
it should be se¢parated into inner and outer trapezoidal panels with the
inertia of each calculated separately. The thickness is assumed

constant as you go from leading to trailing edge and equal to the

maximum for that scction.
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The inertia equations for this volumetric shape are derived (see Appendix
Section 1) with the assumption that all surfaces lie in planes parallel

to the XY plane of the remote axes.

To take into account the fact that surfaces don't always lie in

planes parallel to the XY plane but usually have some anhedral or dihedral:

True Ily - (Ily cos 6 + Ilz sin 0)

= (I, ain 8+ 1

1y cos 0)

True Ilz

1z




Ko A

B

e

.,

T A <y <

-

le is not affected by dihedral.

The product of inertia I z is non-zero only if there is some dihedral

1x
or anhedral.
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These equations calculate the inertias for the entire wing, horizontal, or

vertical tail as long as the total group is used.

If a wing does not have a carry-through structure, the exposed wing
should be used and the symbols should be defined accordingly. Otherwise,
a theoretical wing should be used. All horizontal and vertical tails
should be defined with exposed parameters. The equations shown here cal-
culate the inertias for the entire inboard or out-board surfaces (left
and right) as long as the total weight for cach was used and the symbols

were defined correctly.

Tabie 3 shows how to define the general symbols used in all equations
dealing with surfaces, for each separate surface.

Table 3. Surface Symbols

Before I1 can be translated back to obtain the surface Io’ the cen-
troids of the surfaces must be knowm. All longitudinal surface centroids
can be found by a method from DATCOM (Sce Appendix Section 2) as long as

the parameters c¢, b, andﬂt are again properly defined for each surface.
9%
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Table 3. Surface Symbols

GENERAL DEFINED
SYMBOL SYMBOLS

WING (NO BREAK) INBOARD SURFACE OUTBOARD SURFACE HORIZ. & VERT.

AL A A A2 A

Ap A Ay Ay Ao

b by b, b, by

c Cr Cr Cz cl

tl‘ tt tr tb tr

t.t t N tb tt tt

W W, W, v WM
X xs1 Xs2 Xs3 XSl
¥ 181% Y520 ¥§3 YS14%
Z 2SRk 254 hkn ZS5hRA 2830k

* If YS4 = 0 and O = O Set these = Q.
®k If YS4 = 0 and © = 0 Set these = Q.

**%  Not needed 1€ 0 = 0,

Before !1 can be translated back to obtain the surface Io. the

centroids of the surfaces must be known. All longitudinal surface centroids
can be found by a method from DATUOM (See Appundix, Section 2) as long

as the parameters ¢, b, and AL are agalu properly defined fcr each surface.

2 2 2
XS1, X52, XS3 = (-Ca + Cb + Cc Cb + Cc ) ( xo)

(8)
3(cb+cc-ca)
vhere ca is the smallest of the following values: ¢, b tanAL.
b canaL +c cb is the intermediate value; cc is the largest value

K, = .703 for a wing
K, = 771 for horizoutal or vertical tail
9%
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All spanwise surface centroids are assumed to be at the spanwise
surface center of volume. These centroids are needed only for exposed

wing surfaces, outboard surfaces and for vertical tails since these al]

have inertias that need to be translated (see Appendix, Section 2).
2

. -2 c4d
¥s1, ¥82, ¥83 =5 [t G+3 (Lanae tany)) k- e} +%

)

(tand; - tanAy)) ]

All vertical center of gravity distances for surfaces with © = 0 are
. negligible because of the small thickness of surfaces compared with
i their length and span. For surfaces with either anhedral or dihedral

the vertical center of gravity (?) no longer lies in the XY plane of
% the root or break chord and can be calculated by:
§ 253 = ¥YS1 sin © (10)
é 284 = YS2 sin @ (11)
% Z55 = Y83 sin 6 (12)

i With the surface centveid location knowm, I1 ecan be translated to the
centroid and then to the remote axes. For wings (no break), horizontal,

and vertical surfaces, the I values are calculated by:

1, = 1, - WD - wsn® ¢ et « vso? + wesy + zsn° (13)
I, - Ws1? - w(zs3)? + w(xs1 + x56)2 + w(zs3 + 281)° (18)
| ' L=, - wixst? + vi1d) + wenst + xs0)? & werst + vsey? {15)
L, = 1), - W(XS1) {283) + K(XS1 + XS4) (283 + 28) (16)

for inbrard surfaces:

LI | .
_. 1 = 1y - wevs2® ¢ 2se?) ¢ uczse + 2s? + wees2 + vsa)® an
] 1, % 1y, = wxs2? + 2502) + wexsz + xs0)? + wzs1 + 256)° (18)
3 2 .
I, = 1), - WEs2® + ¥82°) + w(xs2 + xs0)” + w(vs2 + vs)® (19)
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I, = le2‘ W (XS2) (2S4) + W (XS2 + 'S&) (4S4 + 281 (20)

For outboard surfaces:

Ix = on + W (YS3 + bzcos(-) + YSA)Z + W (281 + bzsine + ZSS)2 (21) i
.

1, =1, =W (XS5 + x53)% + w(zs1 + b,s1ng + 255) % (22)
I =1 +W(¥S3+b,cos 0+ 5(34)2 + W (XS5 + xs3)2 (23) .
|

= - &

I, =T -V (8S3) (285) +W (X3 + X84) (255 + 281) (24) %
B. FUSELAGE ’;
$

The fuselage data needed for inertia calculations is: ¥

Lo oo Lys Ry Zys Wy Wy XS4, Wy Ro, 1, W

n’ ¢t v v Tpe?

pnc

Fuselage welght is divided intc four areas:

1. Structure
?. Distributed contents
3. Volumes of mass

4, Point masses

1. Structure. Fuselage structural weight includes wing carry-through
structure (if it was added to the fuselage group) and air induction system
weight (if you have buried engine installations). This weight is assumed

to be distributed between a conical nose shell, open-ended right-cylindrical
shell, and a conical tail shell., For buried engine installations, the conical

tail shell is neglected. Fuselage structure is distributed to each geometric

> ; shape in proportion to the surface area. (3§%§%£ = constant). Air induction
S \
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system weight should be added to the open ended right-circular shell.

Moments of inertia of fusnlage sturcture about the remote axes (see

Appendix, Section 3) are given by:
2
R

.2
L, 3—(wn +2W o+ wt) W (Zb’ (25)
L =RBa sy swy+12 M +u sy +1 2w L
y 4 °n c t n (Eﬂ c t c c + t) +1 zw
—3—— t t
6
2
+1 +
cln (wC zwt) + 2/3 1t1cwt + 2/3 1t1nwt + wS (zb) (26)
I =1 -W (Z)2 (27) »
z y 8 b i
1c 1t i
Lz =¥, 3/4 1 zb)+wczb (1n+-2—)+wtzb (ln+lc+2—) (28)

2) Distributed Contents. This consists of four main items: electrical

system, instruments and navigation, hydraulics, and surface controls. 1
They are assumed to be randomly spread throughout the fuselage from the ;
cockpit to the leading edge of the horizontal tail in the shape of an

open ended right-cylindrical shell. Moments of inertia of distributed l

contents about the remote axes (see Appeandix, Section &) are given by:

2 > 3 &
Ix Wch +"dc (Zb) (29)

Iy = % &% + 1/6 (xsa-camcs))z) +
3

2 2
ah_ +
\ldc {X34-CREW g CRWCS) + W c 2

dc b (30)

L, - xy ol P (zh) (31)

1“ - Ys!.s. (XS4 + CREW c 8) (2,) (32)
2




Here wdc is defined as the weight of surface controls allocated to the

fuselage + weight of electrical system allocated to the fuselage + weight

of hydraulic system allocated to the fuselage + 30X of weight of instru-

ments and navigation allocated to the fuselage.

3) Volumes of Mass consist of items such as the fuel system in the fuselage,

the avionics bay, and furnishings. It is left to the user to decide
whether to use these as volumes or point masses because of the variability
of the items. Either a cylindrical shell or a solid rectangular shape

can be used. Moments of inertia of these volumes about the remote axes

(see Appendix, Section 5) are given by: ,
Cylindrical shell - (33)
I =W R 2 + W 22
X vo v vo
I -y 2 2 . 2 2
y _%g (Rv +1,° 0+ wvo X" +25 (34)
I =W (R%+ x 2
z vo 'V v ) +W X (35)
' T vo
S wvoxz (36)
Rectangular solid -
o 2
L Yo 2+ +u 2l @3N
0 v v vo
- 2 \
1y Two (1 2, 2R 2) +W X"+ zz) (38)
1'2— v v vO
- 9 .
L "% 12+ 2% +u (39)
1z Y v vo
I =W X2 (40)
Xz vo

12
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4, Point Masses. Each point mass is generally considered separately

for calculating inertias. Aggregate small items, such as troop provisions
in cargo aircraft are handled differently. For roll (Ix) inertia the
point mass total weight for aggregate items is distributed between a

solid cone and a solid right circular cylinder. All aggregate point
masses located in the nose or taill cone of the fuselage are put in the
solid cone and all point masses in the center section are put in the solid
right circular cylinder. For Iy and Iz they are lumped at some average
location. The moment of inertia of point masses about the remote axes

(see Appendix, Sectlion 6) are glven by:

2 2
I zwp (Y* + 2%
or
W 2 3 2 2
Ix = —%5 R™ + 10 Wpnc R™ + (Wpc + Wpnc) (Zb) (41)
2 2
I =W (X“+2
, . ( ) (42)
I, - IWp (x2 + Yz) (43)
I, = zwpxz (44)

Ttems usually considered as’point masses:
Main and nose landing gear
Auxiliary power unit
Air Conditioning
Auxiliary gear
Gun
Crew
Armament

Surface controls assigned to cockpit

Radar
13




Photographic
70% of instruments and navigation weight (locate at cockpit)
Other equipment
Liquid nitrogen
Miscellaneous items
C. Propulsion
The propulsion data needed for inertia calculations is: We, Re,
le’ Xp, YP, ZP, IO of engines.* The total group weight is divided by
the number of engines; this is the weight of each engine and accessories.
If the Io's of the engines are not known, they can be approximated by
using a solid cylinder (see Appendix, section 9). The moments of inertia

of each engine about the remote axes are given by:

I0 approximated:

2 2 ,
I, =WR ™+ W, (YP + zp§ (45)
2 2 .2 2 2
Iy = E (3Re +1) + we (XP“ + zP%) (46)
12
- 2 2 2, ool
Iz E@. (3Re + 1e ) + we (XP® + ¥P°) (47)
12
I, = ¥, (XP) (ZP) (48)
Io input:
I =1 +W (tP? + z2p9) (49)
X oX e
2 2
xy on + W (XP° + 2P°) (50)
I =1 +W (Xp?+ 1P (51)
z 0z e
Ixz = onz + We (Xp) (ZP) (52)

*Re and lg are not needed if inertias are given.
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D. Interual Fuel

1. Wing fuel tanks

Internal wing fuel is defined in the same manner as surfaces because
of the wing fuel tank shape being similar to a surface. We assume the wing
tank is full of fuel add has a constant density. The Il equations for sur-

faces (see Appendix, Section 2) can now be used as long as we substitute p

(density of fuel) for W .

3
Iz = 27 I—(tr—tt) (¢ + b (tan A, - tan AL))+ t. (c +b (tan A~ tan J\L),‘ 1(53)

4§ 5 3 4
I, = 2bp x:: (c3 + betan A, (c + btan A) “L
4y % 3 3 T 5 T +b (tanA -tan A»
R 3 12
3 -
'-(tr_ct) (c” + betan AT (¢ + btan A‘1‘ ) + b (tanBA - tan A N] 3 (54)
6 3 —— = T L .
4 15 ;
Taz ™ Tax * Lay (55)
Again realizing wing fuel tanks may be at some dihedral angle:
TRUE Il.y = (Il‘y cos O + IAz sin 0) (56)
TRUE Iaz = (Il‘y sin 0 + Il;z cos Q) (57)
Il’x is not affected by dihedral. If there is dihedral, the product of inertia
of the fuel is given Hy: 3 9
(&b, cb” tan AL + b (tan Ay - tan’ Ay, i
Il»xz =2p sin t:r 12 12 %0
+t, \.czb2 + c_bi tan A + b (tan Ay - tan A )J\S (58)
6 4

These equations calculate the total 14 for total wing fuel (right and left wing

fuel tanks).
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TABLE 4
WING INTERNAL FUEL TANK SYMBOLS

General Symbol Defined Symbol
A Aa
Ay Aos
b b4
¢ Cq
t t
r f
te “t
0 P4 = 02814 D
X XFl
Y YF1
A Z2F2

Again, as in the case for surfaces, the centroid of the fuel tank
must be calculated. The centroid is assumed to be located at the center

of volume of the tank. (See Appendix, Section 7.)
2 2
b c bctani b 2 2
XFL = 2 [(tt (5 + S T +% (tan” A, - tan AL))] (59)
c2 cbtam 2
-[(r.-c)(z+ 'r+—(tanA tanA))]
3

b
YFl = b [t: ("" + 3 (t:anl\ tanAL))] -[(tr - tt:) ( 3‘ +

(tant, - tant,))] (60)

&lo

The vertical fuel tank centroid is zero unless the wing has anhedral or
dihedral, in which case:

ZF2 = YFl sin O
The fuel tank Ia can be translated to obtain I and then I by:

I -1

"l Ve YR S 2?4y vk +YRD? 4, @z + z8)? (61)

-3
;

£

PEMNEE

N eyl

FREER

T B A, € A DO

%

-

) imn e v a aw

’

. .
” e R S
| parriiion .. 7] ” e QA 3 - b ek et e o i S K N & :
R ¢ R B A SN NN S R e T MR N T L




Y = e e R

AR R

Dbttt sl

PSP g R N

w0

o oy

Rt s TR
. -

P Sy

]

Iy =1, -W. XF%-w_zr24 We, (XFL + xF2)% + W, (2F2 + zr)2 (62)
4y fw fw

=1, - (xm2 + Y% + W, (XFL + xr2)? + W, (IFL + 1F2)%(63)

o ™ Ligg ~ We, KFLY(ZE2) + W (XFL + XF2)(ZF2 + ZF) (64)

If there is more than one internal wing fuel tank, this total procedure
can be used for each subsequent tank in the same manner.

2. Fuselage Fuel Tanks

Fuselage internal fuel is assumed to be in the shape of a sclid
right cylinder. These inertia calculations are to be used in aircraft
flying qualities studies; only short period rolling motions will be
examined, and the fuel will not attain auy appreciable rotational motion
during these maneuvers. The rolling inertia of the fuel about its own

axis is therefore assumed to be zero. The moments of inertia of fuselage

internal fuel about the remote axes (see Appendix, Section 8) is given by:

= () (65)
[0 4
I o= Yee®ee +1. Y w2+ zd) (66)
% T2 fe, f £f

JW o (W 2 2
I, __g_g__f_g_: 1) + WX (67)

£
onz = wff XZ (68)
E. Payload

1. Transport Payload

Payload inertia is estimated by using a solid rectangular mass or
series of masses as were the volumes of mass in the fuselage. Moments
of inertia for payload about the remote axes (see Appendix 5, Section 9)
are given by:

W 2 2 2 .
1x 12 (dp + dp ) + W2 (69)
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W 2 2 2 2 :
I == (1" +4d +W X +2 70 :
g2 @+ ) (70)
W 2 2 2
Iz 12 (1p + dp ) + WX (71)
I, ™ WXz (72)

2. Internal Weapons
It 1s assumed that the inertia and locations of these items are given,

F. Additional Items

O

1. External Stores and Tanks
Wing and fuselage store and tank pylons are to be used as point masses

to calculate 1 Iy and Iz' External wing and fuselage tanks and stores
3 ’

can be approximated by shells and solid right cylinders (s.e Appendix,
Section 9) depending on whether the tanks are full or empty.
TANKS :
1, - _‘f;_:_ (sk? + ’S‘g‘) w02 +xh (73)
1, = Hor (sp? + s1d) + L x? + 2% (76)

2 6

2 2 2
Ix wst SR + wst (" +2) (75)

I." W, X2 (76)

STORES:
1 e e sr® w12 +2d) an
X -Tf st

T = "st (3 58 +s1d) +W, &2 + 2%)

y 12
W 2 .2 2, .2
I, = g (35K #5L) +W, (X +Y)
12

Ixz = wst X2

18
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G. Total Aircraft Inertias

The total inertia about the remote axes from all groups are now summed
to achieved a complete inertia for the total aircraft. For this to be
translated back to the center of gravity of the total vehicle, the center
of gravity location must first be calculated. By definition:

- WX — W2
x:%w' Z=8W Y=0 (81)

where X and: Z are distances to the item or group centroid. All item apd
group weights and distances to the remote axes are already known, except

for the fuselage structure longitudinal distances. These are given by:

WX nose come = W, (2/3 1)) (82)
WX center = W, (1, +1/2 1.) (83)
WX tail come = Wy (1, +1, +1/3 1) (84)

W should equal the total aircraft weight. Y is zero because of the already
assumed symmetry of the aircraft. The translation of the total inertias

to the aircraft center of gravity is then:

- - 85
cgx Ix wZ ) (85)
- _ 86
1 =1 - W2 +x2) (86)
cgy y
1 -1 -wxz (87)
cg2 2 a8
1 =1 -WkZ (83)
cgxa Xz

Results from the use of this method on various types of aircraft is given

in Table 5.

Data on these aircraft were obtained from References 3 - 6.
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(Moments of Inertia X10 - °)
(1b - in?)
Table 5. Surmary Comparison

Configuration Roll Pitch Yaw

Actual | Calc. Actual | Calec. Actual | Calc.
F-15A
Operating Weight Empty 97.8 129.0 747.2 762.2 822.3 835.6
Air Superiority Takeoff 166.5 190.8 824.0 829.2 946.0 951.8
Weight
C-5A
Operating Weight Empty 57909 54246 | 101486 98853 | 146944 140694
Basic Flight Design 170867 | 158941 | 124744 |116564 | 279748 [266755

Max Fuel

A-10
Weight Empty 168 203 413 356 580 543
Ferry Mission Gross 293 279 604 608 817 891
WeigKt
B-526
Weight Empty 26011 23270 22551 19380 48562 42216
Design Gross Weight 69163 64142 39520 37350 108683 92696
Average Error (X) 11.4 5.7 £.8

Average percent ervor of actual versus calculated values is 8.6%

(Moments of Inertia xlo-é)
(1b - iuz)
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Sample Problem: C-5A

Moments of inertia are first calculated for operating weight empty

and then for basic flight design weight with maximum fuel. All units are

pounds and inches.

Basic geometry and weight data are given in Figures 1

and 2 and Tables 6 and 7. This data was taken from Reference 3.
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Figure 2. C-5A Three-View
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Table 6. C-5A Weight Statement
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Table 6-~continued
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Table 6-continued ~
1 BASIC | OPERAT, |O.W. ¢ |FLT DZ3
LOAD_CONDITION WBIGHT | WEIGHT | ATC__ |MAX CaR j
Lol CREW (NOe 6) CINCLUDING BAGGAGE) 0 1,290 | 1,250 1,290
| A FUEL TYPE | GAL._ :
UNUSABLE. JP=y 57 62 562 562 £62 ;
INTERNAL. _JPey 0 0 0 0 - !
INTE&HNAL JP=y | 28,322 184,095
INTERNAL JP=b
{ INTERUAL JP=y :
oIl
IRAPPED 58 58 <8 =8 §
v ENGINE 0 206 206 206_ i
',;
20 _ANGGAGE = CREW_C(INCLUDED [IN CREMW WEIGHT) !
! N DEVICES 1,79 1 1750 ] 1,750 11,750 ]
23 ;
24 PAYLOAD {758 T Oy {7, 581) | (31R,050 ]
3 %_QE;\LL\ER_A_&L.& ZARGQ :
¢ AUXTLIARY_ CREW
27 BAGGAGE
: RE PASSENGERS/TROOPS —_
s | 2 PALLETS « 200 L EACH) 6,600
=y 0 PALLET LETS (54 LB=tACH) 1,188
ti : ] PALLET LOAD 194,403
> : 3 & VEHICLES
! : 3 CHAINS (IN EXCESS OF 1750 Lu)
, Y WRM WIT 1 €80
1 D5 _REMOVABLE TROOP PROVIS1ONS (DRY 7,381 7,581 7,081
- 36 __AFT_TOE_RANPS !
: ; x;
N 3
2 : oY
! Ra
- i
e 3 o
| E CEQUIPRENT
- : 4 T PYRCG ETHATCY
AR TTPHOTGERAPIHIC
3 £ LIFE RAFTS < CREN TN SUIMENT P ) Y] 200
L | TOXYGER S T (5 LITERS) S0 S ) 83
e " F00D = CREW 17 17 (2 L
l! —WATER~"CRE# 5% 3] ) 3
.
ST | USEFUL 1,030 TR RIS P LY
: | f NEIGHT ENPTY SEEFETT NIRRT IR B EEIE )
L E SRUSS WETGHT PRI IS0 T RNPAPER: 11
= ! o
RN
¥ |
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Table 6-continued

. e

26

s FLT D=S | MAX DES | MAX D25 | F2RR7
? _LOAD CorpITIGH MAX FURL | X car | 1ax Fust] iassres
_g “CREW_TIWO. 0)  CTNCLUOING BAGGAGE) 1,200 1,290 1,200 1,254
-.('l-
kA l-'UtET.'\Us - "rﬂ’%"‘f‘éi\‘ .

"o " T UNUSABLE o ST - A 5 53 @z .
9, TNTEnNAL JF=t0 Tl oc[z)“ 315:55'30 316_56@""' ”T}go_
70, INTEKNAL JP=% 27,707 180.09G 1
UL T INTERRAL N TT‘

127 T INTERNALS JP=4
w3 ERNAL
L~
s oL
L6 TRAPPED 58 CCH 3 33
1. ENGINE 206 206 206 206 _}
18
19 __ _ i ! -

O ecx\oe "< CREW_(I1NCLUDED i CREW WEIGHT)
D1 T1EQOW DEVICE i 1,750 1,750 | 1,750 1,750 |
°?

D3
24 PAYLOAD ! (80,048) 1(259,452)(121,048) | (7,581)
Pb — DELIVERABLE_CARGO !

T AUNXILIARY_CREY _

p? —_ BAGGAGE i
P8 PASSLIGERS/TROOPS { :

5y PALLETS. (203 _LB_EACH) ! 200l 7.800. . i

30 PALLET_NEYS (54 LB- Er.cm l 432 1,404 648 Y

51 PALLETY_LOAD i 68,955 | 241,987 (108,530
32 VEHICLES __ I
35 CHAINS (114 EXCESS OF 175:r LB) ! 680_ ,

34 Wit K17 680__| _|
35 REMGVAULE TR oqv__gnov:swws (omr) 7,581 7,581 7,?3? 7,981
36 AFT_TOE RAWPS L
37 _

33
39
40 _

s A ¥ v
e —— I =1, I T

43 EOUIPHENT _ N _
. PYROTECENICS I I - e e
4l PHOTOGRAPHIC i
16, ____LIFE_RAETS = CREW (.n...x.' _EQUIPKENT) 200 200 200 200
57, ___OXYGEN cq_,; (25 umgL 63 63 63 63
i _FO0D = CR 17 17. 17 17
19, WATER = cuEw 43 43 43 i3
;0 I : s
3
52
S e
iUy — i )
by, USEFCL TOAD 002,737 443,737 55},,_ 1__ ;;3 .2%7,‘:
r"’ WELGHT CMPTY 325,203 1| 7335,563, 323,263 263v.
L7 CROOLS o 16T N A T IO HTY N s b. g




Table 7. C-5A Geometric Data

RGOV ERAL L (P Yy NN e~ " AEI6UT = CVERACL TFTT 1439 | -
d CUXOARUELOAUAECELOACABTE ‘
3 Fa9D AFY TARGTC CAIET RCECCES 7310 —
] RAAP | REHP 1 FLCCR T CTEPT FUSES IRBT [CUTED —
RS RSN LY a8 .0 P I RS | B R R T SCE I Iy { B 7Y | BN L 29 |
EPDEPTH™ = XXX TF D) | EEH €T o ¥ F.t
WIDTS~ - HiXx (FI 3.0 130 193 LEIL A T L T
| E[ WETTED 4REA (SG F 1) - VEEIE T W97 qET.Y
i’F‘E‘lF'SJR‘F"‘TSo FYT THEL I CEUok] IO CITTLE
I FUSE VOLUNE (CU F1I RESSURTZED HAN
{1 TAT SEe U1
¢
1 WING He TATL]V, TEIL
Y CRUSY ARL Y (SC. FTI el b -9y TET WV
SEXPOSED PLANFORY ARER (S FYJ Sailez R R XY ] 26¢ el
1RI"SPANTTFTY cCCel TEe? BLAYY
(I EXPOSEC WEYTED SREX (S FTT TUITYZ[ Te933’]T 173977
TE STRUCTURALD EBECX W IOYTR BT 8CUY JONCTZURTTY oy TV T T9c et
AT 75 tncmp‘zem = Ly VU IREN Ui 173
it = t.RE‘t{l"TC‘TTV 13001 tWet — 373
3 R EFR 'L D) Ruw—cmvrm“r‘w‘n't‘:.. ANV TLTe EXTUS L X L TR £ Y T K A KX
g =M I THICKTINTEXTUTT L TV 5 TE Y IET
3 CIURU A7 PUANFURA SREARTUIN ST - CENGTW = ”ﬁqL
ry -m“nr‘mmmss L 2 XY
¢ THCURETITAT TIP CHORD TINGT = CENGTH ] T97, E X I LY ]
rgs IL{ - H}l’f“!‘m?—‘_— . [ T,
qu'rrrnmmrmcm NeT V(PRCIJECTEDY LRI Ty LR AT
'] Lele UF HeB,Le (F ST ' eS¢ za'ﬂ‘!'?ff—tello-
T3 YAIL CENGYH ~ ¢35 # W&4C qDITTT10 ¢35 ¢ RAT Re TEICTIF T IRERY]
T = €Y ¢ HAC WINS TU ¢ ¥ MaC VI, TRICIF T J1Ye¢
kR !
Te SMERS USU FIY ESTETS TP +ES PCICERSI VI GIELEVATRS — ¢YE+4
b : EFLAPS 35T IATCTRTNS s 2+ BRIVDERS cZct
K] ~
T ACISATING GERR : MITIR " NUSE
!‘:'I_IE‘ST!H = OULU EXTERDOED - C. L% aXTE 1T Thts TRCRXNTCRTTN 4 Y TE1
VY JUED IRAVEL = FULT EXTEINTTO T FUTT CCLLSPSTU 10 75T 7T
‘z NUPTER UF WREELS [ T N
15 NUSBER "TOF TiR<Y rg| k|
T NROVEER OF STRUTY N L) |
EI"TTURTUCIT‘ST?VEFTW:LU TCATTONS T 2 L% 3 ray
fFUSC &ROTCRLSYSTEN > SIGALTUNPT
r UL =" TRTERNAL T 1R300~
OIT T EE]
’j-nomm':rmrﬁ: DxT TO Fo5a ZERCUIN 0 1
—YERTICAL REFERERWCEGETUN TG "W U s 2 ERGTIND T . —
H "ST'(‘U’CT‘UY‘IF‘U‘T'I"’-‘CD N FOLC AT B TRESSGATUCT LF
FCIGHT TETUYE — T eC— 71t
::1——c1amu LIk L o 2 4 4 maemy ) it
;!t‘—ntmﬁmMWSNE%hi S R 14 LI CE R R L]
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3 d G"S‘IM‘ING"SPEETJ‘t?T"I.nt: rEoete—e1Tee T
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1 The weights have been reallocated for inertia calculation as shown in
.,_ Table 9, and pertinent geometry items are given in Table 10.
g Table 9
Reallocated Weights
3
WING GROUP WEIGHT X,¥,2(when needed)
i 3 Structure 82045
.‘ Surface Controls 3796
:;;5 ?( Fuel System 2458
2 H Anti-Ice 229
‘ % Trapped Fuel 562
. % Total 89090
\ i FUSELAGE GROUP
i{ Structure 116048
' Distributed:
* Surface Control 1270
4 lg Inst. & Navi. 281
‘ § Hydraulic 2666
3 g Electrical 2761
% Total Dist. 6978
:Z % POINT MASSES:
g Main Landing Gear 33681 1292,264,81
E; Nose Landing Gear 4407 418,0,86
% Auxiliary Power Unit 933 1485,264,141
k k Air Conditioning 3411 964,0,294
ap " fuxiliary Gear 39 2025,0,308
Crew 1290 318,0,332
29




Table 9 (cont'd)

VEIGRT  XY,2
Radar 376 80,0,260
Surface Controls 271 290,0,332
Instruments & Navigation657 290,0,332
Other Equipment 0
Tiedown Devices 1750 694,0,165
Life Rafts 200 698,0,334
Food 17 690,0,335
Water 43 621,0,365
Liquid 02 63 1280,0,153

Total Pt. Mass 47138

A ——s s

Volumes:
; Avionics ' 3514 707,0,316
; Furnishings 6836 763,0,281
i

Total Vol 10350

HORIZONTAL TAIL GROUP

Structure §793
Surface Controls 913
! Total 7706

VERTICAL TAML GROUP

Structure | 5603
Surface Control 885
Tatal 6458

PROPULSION GROUR

Engines & System 33804

Hydraulic
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Table 9. Continued

Electrical 690
Ii 011 264
t? Nacelles & Pylons 9586
?i. Total 45657
% Alrcraft WE

Table 10. C-5A Geometry Definitions for Inertia

GEOMETRY DATA

2 g E P HMT N
,.;q‘fnj‘!t;;:,;;;wﬁ%%,;:”-:-.! SR AV

WING HORIZ VERT
§ _ 0
% ALl 28 300 370
3 - °
b Ay 14 9° 30°
:
: b - 1336 412 405
-3 c - 525 250 371
5
t - 72 26 48
§ r
3 t - 20 10 39
% t
H XS4 - 806 2605 2425
kY
¥ Zsl - 370 780 365
% 1S4 - 0 0 0
? o~ -5 -5° 90°
§ FUSELAGE PROPULSION
% 1, - 440 R, - 80
g;f 1 - 1300 1 - 312
g, [+ e
E 1, - 102 XP, -1020  XP, - 1165
§ R- 138 YP, - 476  YP, - 743
. ‘g 1 2
Z, - 260 2 - 222 2P, - 198
ADDITIONAL ITEMS
¥ o
ALs 2 tgo = 14 1 - 1600




A,

BO

Centroids

WING

C, = 525 G, = 710 C,

USING Eq (8)*, XSL

USING Eq (9) , ¥si

HORIZONTAL

= 858
422
L]
441 ¥S1 = YS1 cos (-5°) = 440

YS1 sin (-5°) = -38

C, = 238 G, = 250 C, = 315

USING Eq (8), XSl

USING Eq (9), ¥S1

VERTICAL

€, = 305 Cb = 371
USING Eq (8), XS1

USING Eq (9), YS1

WING FUEL TANK

USING Eq (59) XF1

USING Eq (60) YF1

]

CC

=

Hing Group Inertia

USING Eq (1), I, = 2.7028033 X 10°

165
[ ]
144 ¥YS1 = YS1 cos (-5°) = 143.5
2s3 = YS1 sin (-5°) = -13
= 605
277
[]
188 ¥S1 = YS1 cos 90° = 0
283 = YS1 sin 90° = 188
254

[ ]
323 YF1 = YF1 cos (=5) = 321.6
YF1l sin (=5) = -28

0

USING Eq (2), I, = 1.957473 X 1010

10

USING Eq (3), Li," 4.6602767 X 10

TRUE Ily -

10
Ilycos(-S) +1,, sin (-5) = 1,5438548 X 10

St e 5 e o it Ay, sl AR

AT St S Mo i g | AR A WA S SR e




‘,
s A LA 3
gt gy s R R IR

g,

AT, T
oty A PR S Tt

L AR A

C'

D.

TRUE I;, = I1y sin (-5) + I1; cos (~5) = 4.471938 X 100

USING (7), I,,, = -1.819266687 X 10g

Tx = Ty, - 89090 (440)% - 89090 (-38)2 + 89090 (440 + 0)2
+ 89090 (-38 + 370)% = 3.67192431 x 10%°

I, =1, - 89030 (422)% - 89090 (-36)% + 89090 (422 + 806)°
+ 89090 (-38 + 370)% = 1.4361055 X 10™

I, = T, - 89090 [(422)% + (440)° ]+ 89090 (422 + 806)°

+ 89090 (440 + 0)% = 1.63200171 x 10%t

Ixz = T4 89090 (422)(-38) + 89090(422 + 806)(-38 + 370) = 3.5931017 X 1010

HORIZONTAL TAIL GROUP INERTIA

USING (1), I, = 2.45844912 X 108

USING (2), Ily = 2,80151979 X 108

i
USING (3), I,, = 5.2599689 X 108 :

8
TRUE Ily Ily cos (=5) + Ilz sin (-5) = 2.3324227 X 10

8
12 Ily sin (~5) + Ilz cos (=5) = 4.9957846 X 10
USING (7), lez- -1.941127 X ].07

TRUE I

I =1, - 7706 (143.5)2 <7706 (-13)% + 7706 (143.5 + 0)°

+ 7706 (-13 + 780)% = 4.77784763 ¥ 10°

-
3

-
I

g = Ly - 7706 (165)% -7706 (-13)% + 7706 (165 + 2605)2

+

7706 (-13 + 780) ~ 6.3682867 x 10'°

-t
N
-

!

=1y, - 7706 (165 2+ 143.5%) + 7706 (165 + 2605)% + 7706 (143.5 + 0)>
= 5.82546306 X 10°°

Ixz - Ixz - 7706(165) (=13) + 7706(165+ 2605) (~13 + 780) = 1.636920864 X .I.O10

VERTICAL TAIL GROUP INERTIA

USING (1), I, = 3.17905191 X 108
USING (2), 1, = 7.2770685 X 108




USING (3),

TRUE Ily lad

TRUE Ilz =

USING (7),

u

=1

Xz 1xz

1, = 1.045612041 X 10°

I. cos 90 + T, sin 90 = 1,045612041 X 10°

ly 1z

T. sin 90 + I. cos 90 = 7.2770685 X 10°
ly 1z
8

1), = 2.58157 X 10
6488 (0)2 - 6488 (188)% + 6488 (0 + 0)2 + 6488 (188 + 365)°
2.07268211 X 10°

6488 (277)2 ~ 6488 (188)2 + 6488 (277 + 2425)2 + 6488 (188 + 365)2

4.967018756 X 10°°

6488 [(217)2 + 021 + 6488 (277 + 2425)% + 6488 (0 + 0)°

4.75975055 X 10%°

- 6488 (277)(188) + 6488(277 + 2425)(188 + 365) = 9.69440853 X 109

FUSELAGE GROUP INERTIA

STRUCTURE:

5 = 7(138) V1382 + 440® = 199,920

w
n

(%]
|

2 w(138)(1300)

~ 1,127,203

» @ Vit + 1027 = aes,207

1,776,370

W = 199,920 (116,048) = 13,061

1,776,370

W =
c

1,127,203 (116,048) = 73,639

1,776,370

wt = 449,247 (116,048) = 29,349
1,776,370

USING (25), Ix « 9,651054 X 10

USING (26), Iy

9

- 2.36853866 X 10!

USING (27), 1 = 2.290090211 X 10!

USING (28), T, = 3.722851418 X 10}

0

ik

i

a2 % VCTCTURTRNE SO oo St Nl N - See AN
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DISTRIBUTED CONTENTS:
8

USING (29), Ix 6.04602 X 10

1.79106443 X 100

10

USING (30), Iy

USING (31), Iz = 1.743893 X 10

USING (32), I, = 2.6135712 X 10°

VOLUMES :
AVIONICS: RECTANGULAR SOLID
USING (37), I_ = 3514 (2502 + 250%) + 3514 (316)2
13

= 3.8749815 X 10°

USING (38), T, = 3514 (2507 + 1315%) + 3514 (7072 + 3162
SV

= 2,6320402 X 109

2

USING (39), I_ = 3514 (1315° + 250%) + 3514 (707)°

12

= 2.2811462 X 109

USING (40), I _ = 3514 (707)(316) = 7.650698 X 10°
FURNISHINGS: RECTANGULAR SOLID
USING (37), I_ = 6836 (2507 + 250%) + 6836 (261%)
SVE

USING (38), I_ = 6836 (2507 + 1100%) + 6836 (763% + 2612)
y Ill

2

USING (39), T_ = 6836 (11007 + 250%) + 6836 (763%)

12

USING (40), I _ = 6836 (763)(281) = 1.4656589 X 10°

POINT MASSES: for Iy'

2

33681 (12922 + 81%)

4407 (4182 + 862)

2

933 (14852 + 141%)

311 (9642 + 2943)




39 (2025% + 308%)

T TRy

1290 (3182 + 332%)

376 (80% + 260%)

S iy 6 BNt e b 5 T e

271 (2902 + 3322)

657 (290% + 332%)

2 2

1750 (694% + 165%)
200 (698% + 334%)

17 (690% + 3359

43 (651° + 3659)

63 (1280° + 153%) §
USING (42), I = 6.45800764 X 1040 1
3 W =0 } :‘
: pac i
; W= 1989 :
USING (41), I = - 1989 (138)% + 3(0) (138)% + i
x i
7 10 |
K 2 2. 2 {
= 3.41181608 X 10° 1989 (260)° + W (y° + z°) e
; USING (43), I+ 6.36604587 X 10°C ?
! « i
USING (44), I = 5.376484926 X 10° %
1 F., PROPULSION GROUP INERTTA
; 2
USING (45), 1 = 2 [11414.3 (803% + ,414.3 (476" + 222%)
2 | :
+2 [11414.3 (80%) + 11,414.3 (243° + 198%)) -
2 ’ L
= 1.994107887 X 10'° , i
USING (46), 1 = 2 [ 1,414 3 (3¢80)% + 312%) + 11,414.3 (2020% + 222%)) i
12 . ;
+2 [1L408.0 (3602 + 312) + 11,4043 (12652 + 198%)] :
E _ *
- 5.719790196 X 1037
USING (47), I, = 2 [ 11,4143 (3(80)% + 312%) + 11,414.3 (1020% + 436%))

T

12 22 e a2
v 2 (1L 16,3 (3(80)% + 3128 + 11,414.3 (1165% + 743%))

12
- 7.29527635 X 1010
' 36




USING (48), Ixz = 22829(1020) (222) + 22829(1165)(198) = 1.043536419 X 1010 j

G. SUMMATION OF GROUP Ix

2 ¥s2Z

Total I = 7.817685768 X 1010

11

L RSSOV SR

T Total I = 6.5382519 X 10
Total I_ = 6.59099235 X 101t E

Total I = 1.198992973 X 10tt i
H. AIRCRAFT CRNTER OF GRAVITY

5 X: W (X)

Wing
89,090 (1228)

- - . A y - SR Ty
S SR BEG I e e a4

AE AR VNI~ Y

ARG

Fugelage
13,061 (293)

TR i

(Sl

LR
I e ati

73,639 (1090)

P e

29,349 (2082)

; 6978 (1423)

Horizontal Tail

-

s A ST

L
L 7706 (2770)
]
i
{

Vertical Tail

6488 (2702)

Propulsion
22,829 (1020)

et TR e

22,829 (1165)

Point Masses

33681 (1292)

K T s i Wi,

4407 (418)
933 (1485)
3411 (964)
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o i

I

w 39 (2025)
1290 (318)
376 (80)

271 (290)

657 (290)
1750 (694)

200 (698)

3
4
R
3
3
1
R
N
i

17 (690)
43 (651)

63 (1280)

Volumes

{ 6836 (763)

; 3514 (707)
4 WX = 4.13282587 X 10°

W = 329,456

X = WX = 1254.4
W

é Fuselage
116,048 (260)

6.978 (260)

Wing
89,090 (332)

Horizontal Tail

7706 (767)

Vertical Tail

6488 (553)

i F Propulsion
E | 22,829 (222)

5 22,829 (198) 18




Point Masses %

33,681 (81) ?

¥ 4,407 (86) E
. 933 (141) |
3411 (294) g

39 (308) 5

1290 (332) g

376 (260) i

271 (332) i

657 (332) %

1750 (165)
200 (334)

17 (33%)

e e e e et

43 (365)

63 (153)

A Volumes
S 3514 (316)
. 6636 (281)

L WZ = 8.9156803 x 10’

I W= 329,456

7. INZ «270.6 5
v |

B -

I. MOMENTS OF INERTIA ABOUT AIRCRAFT CENTER OF GRAVITY
(OPERATING WEIGHT EMPTY)

v
3 LT e

HALs iy

. 2
Lgxe = I~ (329,456) (270.6)
10

= 5,40461473 x 10




I =1 - 329,456 (270.6% + 1254.4)2
cgy  y
= 9.88529;998 x 1010
I =1 - 329,456 (1254.4)°
cgz z
= 1.406938403 x 10'%
1 = 8.06854177 x 10°
cgyz

J. CALCULATIONS FOR BASIC FLIGHT DESIGN WEIGHT WITH MAX FUEL:
INTERNAL WING FUEL:

USING (53), I, = 5.24631042 x 10'°

USING (54), I, = 2.4671135L4 x 100 |
3 USING (55), I, = 7.71342393 x 10°°
g i 9

3] £ USING (58), I4 = -2.95088621 x 10
‘:4: H Xz

¢ TRUE Idy = I[.y cos (-5) +1

TRUE Ibz = Iaz sin (-5) + 1

2 sin (-5) = 1.7854562 x 1010
0

4

AN 72T TR R

cos (-5) = 7.4690489 x 101

4z

et et e

Ix = be - 318500 (321.6)2 - 318500 (—28)2 + 318500 (321.6 + 190)2

G

l
B | : i 2 11
3 | ; + 318500 (-28 + 360) = 1.3774084 x 10
!

1, = 1,, ~318500 (254)% - 318500 (-28)° + 318500 (254 + 941)2

11

i o NN AL

: = 4.869888185 x 10

2 2
L, = 1,, ~18500 (254" + 321.67) + 381500 (254 + 9141)2 + 318500 (321.6 + 190)2

PERYTSN

= 5.618329538 x 10!

Lt | I = I&xz =318500 (254) (~28) + 318500 (254 + 941) (~28 + 360)

= 1.25665746 x 1011

Xz




J N R LR 8

e,

TN

WA Pl TR I T g, e s it gion

PAYLOAD

71787
USING (69)5 I = (191702 + 170%) + 71787 (192)% = 2.99213002 x 10°
71787
USING (70), I = "157(1600% + 170%) + 71787 (10842 + 192%)

= 1.0248755

71787
USING (71), I = =575 (16002 + 170%) + 71787 (1084)° = 9.98411921 x 10-

10

0
USING (72), Ixz = 71787 (1084) (192) = 1.494088474 x 10

POINT MASSES:

680 (440% + 319%)
7581 (1619% + 341%)
I, = 2.0953 x 1010

Iz = 2.000267 x 10lo

W = 8261
pc

Ix = 26125180}2 + 8261 (335)2 = 1.0609189 x 109

I = 4.2807557 x 10°
X2z

Total I_ = 2199674956 x 101!

Total 1o o} 25181229 x 102




Total I_ = 1.360776051 x 10%2

Total T , = 2.647866836 x 10t

NEW CENTER OF GRAVITY DUE TO ADDITIONAL WEIGHT:
x: 318500 (1195)
71787 (1084)
680 (440)

7581 (1619)

IWX (INCLUDING OPERATING WEIGHT) = 8.84280034 x 108

IW (INCLUDING OPERATING WEIGHT) = 728,025

x = 1214.6

Z: 318500 (332)
71787 (192)
680 (319)

7581 (341)

IWZ (INCLUDING OPERATING WEIGHT)= 2,114839 x 108

IW (INCLUDING OPERATING WEIGHT) = 728,025

Z =290

MOMENTS OF INERTIA ABOUT AIRCRAFT CENTER OF GRAVITY:

I, = I, - 728025 (290)% = 1.5874059 x 10%!

cEx

2 11

Togy = T, = 728025 (290.% + 1214.6%) = 1.16564203 x 10

8y

v, = I, - 728025 (1216.6)% = 2.66754869 x 10%!

cg

9
Ichz Ixz - 728025 (29%0) (1214.6) = 8.3515259 x 10

42
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AN
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&
7

ST g2
28, TR TR

A ]
r sy
RV RS L

gk sy €78

SUMMARY OF ACTUAL VERSUS CALCULATED INERTIAS FOR C-5A
(MOMENTS OF INERTIA x 10'6)
I (ROLL) I, (PITCH)
ACTUAL | CALCULATED | % ERROF | ACTUAL | CALCULATED | % ERROR
OPERATING
VEIGHT EMPTY 57,909 54,246 6.3 101,486 | 98,853 2.6
WITH MAX 170,867 | 158,941 7.0 124,744 | 116,564 6.6
FUEL
I, (YAN) L, _
CTUAL _ | CALCULATED _| % ERROR _| ACTUAL | CALCULATED | % ERKOR, _|
OPERATING
CEIGaT mery | M46-966 | 140,694 4.3 10,968 8068 26.4
wx:gEzAx 279,748 | 266,755 4.6 10,618 8351 2.4
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Appendix - Derivation of Equations
1. Surface Inertia and Volume

(Surface Diagram)

/
o
(N 4

s
\/*

1= fﬁ dny dmpdV, Tap [yt V. dVetday

_ b ctytan\
Iy (Row) = € S S Ty"(t\.- t—‘-%-t-‘ ‘/) dxdy
o ytanA

b .
oy S (et ytan A, = yitanA) (= 555 ) dy

(]

- w\}b" {[(t\,‘tg\(% + .b_t%'\_/:\_r - thY;Al)]

e R

Ca\cu\n'\'}ns the volume (V) !
b
\ J(gdxdydz = (
°

Sc. +ytanAy

(£, Brobe y) degy
ytan I\L




b

= g [C'\'ytm’\/\.‘.' ytar\f\L] [tr' tﬁ—;—}'—* y] dy

b fte[ct 2 (anhs-tanh)] - (tetd[§+
%(’Com Ny~ 'l:omf\\,\]}

b ,ctytan/
I, (PiTch) = § S ( T
(o]

b 3 3 ,A
_ ¢+ ytanA, oty -t oY tan A (e
?g { ( 3 )(t\' 5 y) - (
[}

t

t,-t»
xz ('E\.‘ __..__tb y)dx Ay
ytanA_

- ‘ex;isy)} dy

_QS %(.( Er- t‘)(&-y-!-cytqn/\ tcy *ton Ay

+ oyt A; -y m A,)] -\-[t,(‘ ¥ cyton/r +
oY ton'Ay + YtarAs - Yran'A, M &y

=Wh { [ &S g \,c,ta..,\,( 3+ \,gmm + 2 * (ton A
= 'LO\\’AL))] —[ (t\(ta ( ‘6- T thQnA.‘. ( % b-t-(—:-P-AJ\
¥ % (tanAg - tanh .,\\.B

I, (YA =p Sb g
=I,+1,

Gi’th\Af .
v (b By) dndy
o ’‘YbtanA_

R A M g T gzt .

N ot




Snd
Iz *€ Xzt sin® dxdz  +
o 2tan i,
$\no
. ytan A
beosO ( Cr¥ Cos® !
Q xzt cos® dxdy
o ytanA,
Cos ©
\ Ce + Zto“l\1'
bsin® <6 beos®
= %@ XzsinOdxdz + ‘tre
2tan A
° s\n@ i °
Cet yhanA, Cyt 2tand, ,bsing
cos 8 S\
E 3
X2 C0sB dxdy = %(t.-t.) xz dzdx
m_—l’l} ztonl\, 0
coso %m0
beos® 7 Cv ¢ ytanA,
cos 6
- § (et xy* tan® dxdy
ytonA,
cos 6

Coroed bt .
= Yeoomo[ o+ G2 tenhe kB (talh, - tath)]

2,2 v 3 4
- ¥ (te-t s'me[ c”'gk ¥ 9‘:,& tanA; 4 ';ba(tﬂl\‘f\,'ta@/\m

NoTE: Equations are covrect for any A,
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2. Longitudinal and spanwise surface center of gravity location
Longitudinal centroid: ,
 —tS c.
— AIRPLANE
CENTERLINE ;
]
|
fom—— o, ———{
c C
; NG SHAPES ]
! , SuREN e
? MASS e S ]
) ClIORD G-G 3
! N + 2o
: i N .-G |
! ClIORD ¢ * .
]
‘ MASS DISTRIBUTIONS
)
G Ce C,

- —r 2 C L poG GG
pde fc'_c.xdx+[ C.*-C.d‘ 3

2 (=C 4 G+ GG + €Y

G
G C.
pade -f «c:-&-al'dl '&'f C"f'c‘ ady 2 3
G G

p( ~CO + G GG GG Y GY)
12

i (W K.[I --'-“'!1“' ]

ks ot dacts P

| e
i . K, = 0.703 for sny wing \
. K, == 0721 for sy heriaontel or vertical wablliser |

el - s

' 2
. CKk1 - (MO . DM
Assuming that on KOI xo ™™ and knowing that x ™
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2 2
We have on = KbI - EMKO X. Since x is multiplied by K, ve assume

that x is nultiplied byVEQ X = 2p (—Ca2 + Cb2 + Cccb + Ccz)

(-C +cb+cc)
X = (-¢ +c +ch+0)m)
(Where ; = XS1, XS2, or XS3)
Spanwise centroid:
Using diagram in Section (1) we have:
=Y==_l_ Sb (ﬁ-\'ytmhg v-ta
o

v y(tv - "-—'ﬂ dxdy
YétanA,

=1
v 5 y (¢ +yton I\-A [‘tv t';} - Ylyton A '“:t\- e t' }A’

g‘[t.(z*«‘(mnx-tmm (te- 2 3 +2 (Ran Ay - t..m]
(Where ¥ 3 Y5),VS2, ov YS3)

(3) Fuselage Structure

fa
R, 1 N 1 and 1 are chosen to best fit the fuselage geometry of the aircraft,

Sn-wR!R '0-1n

S = 2R 1
c c

.!2 2
St-nRR +lt

Distributing weigzht according to syrface area:

LN
S“+SC+S

Hc - Sc (h‘s)
Sn + Sc + S‘
Uc - St (Ha)

e s

Sn'O-Sc#St




(4) Fuselage distributed contents
Io for a right - cylindrical open ended shell is given in Section 9.

Translating this and defining the terms in different notation:

2 2
Ix wdc R+ wdc (zb)
y de 3 dc —
2

CREW c.g.)2 + W, (Zb)

_ - 2
L= Iy Yie (Zb)

(5) Fuselage volumes of mass

2

Io for a right circular shell and solid rectangle are given in Section 9.
Translating these to the remote axes and changing the notation gives:

Right circular cylinderical shell
- 2 2
Ix wvo Rv + wvo @
2 2 2 2
= + z
oo Ry +.l.!) v, &+
2 6
t=w ®P+1Hew
z vo v v vo
6

Rectangular solid:

1
y
2

Nl

I = 2

2 .2
< (ZRV +2Rv)+wvo (2)

2,2 2,2
1, + 2R +u & 425

2

2 2
(1v + ZRv ) + uvo X)

-
Rlg™ ~lg® Sfs©

(6) Fuselage polnt masser
For point masses, the inertia about the conter of the mass is so small
that it can be neglected. For pitch and yaw we just trauslate the mass

to each respective axis:

2 2
Ix Wp " +27)

2 .2
L eW (42
y " N )

2
Iz - Hp (X)




(PITCH) I I I I
fuselage structure = Y nose cone + 7 ¢ylinder + Y tail cone

(See Section 9)

I W
y e N2, 222 2 2 2 2
nose - (R® + 9 ln) + w“ (_3 ln) wn (R" + 21n )
4 2
2 2 1 2 2 2 11°+11
Iy cylinder = wc (R~ + lc ) +Wc (2 lc + ln) WC (R" + lc ) +Wc(4 c c 121 +
2 6 2 6 1n)

g 1 2

it 1 W 2 .2 2)+W (1 +1 +1)

W2 2,2 1.2, .2, .22 11 + 2

; ZE(R+91t)+wt(91t +10+1 545 Lot 31,
~ Adding these three together:

2 2 . 2 1 Lyl 1.2
=R @ +20 +U)+1 5 (n+u +UH+1 " GU T+l W+

1&60« r2u)+2 11y +§—11w +u(2)° t
; ¢ ¢ t 37t et I tnt S Zb
k (Roll)
L R I VRS, 1 - “'ch
& - < - * —
nose g_, cylinder c X ail )

Adding these three together:
2

R

. 2
Ix -2--(wn+zwc+wt)+w8 (Zb)

{YAW)

2
t "1 Y, @)

14
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Using the on equations for a solid cone and a solid right-cylinder and
translating them to the remote axes gives an alternate approach to Ix:
=W B +3 W B0+ (2 ) ,
X pc 15 Ppoe pnc b »
2 B

7) Interral wing fuel tank centroid

Using the diagram in Section 1

L0 (b (CrYtanA
XF\--\;S & Yeho vuynx(\y
yianA

*\\-/g (C*\Itm‘[\ﬂ (tr Ty- t{y\ Y 'i:om A‘-/L tv \/j A\’;
o

> {[(t»(z* betonhs b‘(tm\ -t AN

- [(aeta (s + c_?n.’\f r B (tadhs “tat A1

YFl is the same as the spanwise ceutroid for surfaces derived in

o

1

sectior 2, v(volume) was derived in section 2.

(8) 1Internal fuselage fuel inertia

v =Y
oy
R, = WL,

See Section 9 for solid cvlinder equation

I 1is assumed equal to O.
ox

2 .2 2
oz = Toy ™ Wgr GR™+1g0) Wep (Wgp + 1g7)
12 12 mpl

£

A A S S A AR e S A S e it - e e o i i R Aot NI il e e B A
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(9) Center of gravity

)

Fraure

Genersl Properties

Momeni of Inertis

inertia and surf.c. aru. of various geometric shapes.

Lateral Cylindrical Shell |

| —— c——————

Sutface Aroo

2-RH

Ceriroid =

)
202

Surloce Ates =

-RJR, . H!

¥ i
b =ty % 0)
I, o Wg?

N oap2, w2
l“-l.”- ‘(3R » 209

wR
Coentroid « lx 'T
T L3 w
! o« YR, M
by =ty = T OR2 o 240
Right Circulos Cylinder '
Volume = e 2‘ 2
N oy Iy etye 53 BRI WD
—] -~ L
R e S Connond « byt 7 000 0
l'f‘ r'? L] wr!
RE - R
.-.,)ﬂu—l.x' 4 ? l. - ‘T
Yy
Wi W
Voluma + Lootye S(RY)
&M ¥
(] Y ortemd
a5 l.‘.l"-n(lﬂ o )
Cortinid LI
_ MW Wt
[ X 2yl
] LRI
.= L L
I‘, &(ﬂ .
Restorgute i 9 Velome -
| t Aoh ‘.-:—’("Q“}’
Caaeid
Z4A | -~ -
" * ' te3 Iye v [ AR )
/I Cas eN "n':‘ ™
/ - fe g oo
LM W ) -.-‘.;i
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