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COMPUTER PROGRAM FOR DETERMINING MASS PROPERTIES OF A
RIGID STRUCTURE
BY Reid A. Hull, Dr. John L. Gilbert and Phillip J. Klich

SUMMARY

A computer program (NDO702) has been developed for the rapid
computation of the mass properties of complex structural systems. The
program uses rigid body analyses and permits differences in structural
material throughout the total system. It is based on the premise that
complex systems can be adequately described by a combination of basic
elemental shapes. The following thirteen widely used structural shapes
were selected for inclusion in the program:

1. Discrete mass

2. Cylinder

3. Truncated cone

4. Torus

5. Beam (arbitrary cross section)
6. Circular rod (arbitrary cross section)
.. Lpherical segment

8. Sphere

9. Hemisphere

10. Parallelepiped

11. Swept Trapezoidal Panel
12. Symmetric Trapezoidal Panels
13. Curved Rectangular Panel

Simple geometric data describing size and location of each element
and the respective material density or weight of each element are the
only required input data. From this minimum input, the program yields
system weight, center of gravity, moments of inertia and products of
inertia with respect to mutually perpendicular axes through the system
center of gravity. The program also yields mass properties of the
individual shapes relative to component axes.

Permanent configuration records and the use of iterative calculations
to investigate design systems or to determine optimums contribute to the
cost-effectiveness of the programs use.

INTRODUCTION

Determining the mass properties of any rigid structure is a problem
that at times becomes complex, but one which can easily be dealt with
utilizing computer solutions.



For rigid structures the solution of the mass properties requires
transformation to an axis parallel to the system axis and becomes
laborious almost to the point of being impractical.

Any complex structure must be broken down into elements in order to
exact a solution. The approach selected for the program presented in
this paper was to automate the input to the point where an element's
shape, geometry, density or weight, and three grid points are the only
requirements. This approach was influenced by the simplicity of com—
puting the direction cosines (Euler angle relationship) from the given
three grid points. The program as outlined in this paper performs
essentially the same process as calculations 'by hand" and is extremely
useful for rigid structures skewed in space. This program also provides
improved accuracy, time savings, and complete permanent records for a
mass properties analysis. (This TMX is a verified expansion of the LaRC
working paper 'Computer Program for Determining Mass Properties of a Compo-
site Body'", by Phillip J. Klich and John L. Gilbert dated Oct. 22, 1968.)

SYMBOLS

I moments and products of inertia

-, 3

r displacement vector for differential mass

T kinetic cnergy
-’

v linear velocity

x', y', 2' rectangular coordinate component displacement vectors
X, ¥, 2 rectangular coordinate system displacement vectors
>

W angular velocity

1

x'x cosine of angle between x' and x axes

1 .

y'x cosiue of angle between y' and x axes

1

z'x cosine of angle between z' and x axes

1

x'y : cosine of angle between x' and y axes
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ly'y cosine of angle between y' and y axes

lyty cosine of angle between z' and y axes

lytg cosine of angle between x' and 2z axes

zy‘z cosine of angle between y' and 2z axes

lo1y cosine of angle between 2' and 2z axes

Subscripts

co system coordinates to component center of mass

Xxco

yyco:} refer to component axis to which moments of inertia are calculated
ZZCOo

xxco:}

YYCO refer to system axis to which the moments of inertia are rotated
Z2ZC0 parallel to the system coordinates :
Superscripts

prime denotes component coordinate system

INERTIA EQUATIONS

The mass properties of shapes such as a cylinder, sphere, etc., are
easily calculated and therefore were selected as the basic component shapes
“or handling a system such as a spacecraft structure. Since the component
shape mass properties are measured with respect to their respective center of
mass, *the:e properties have to be transferred to the system center of mass.
The transformation can be made in two steps: first, the component properties
sre transferred to a system parailel to the system axis, and then transferred
by the usual parallel axis theorem. The rotational transformation is derived
by using the principle of kinetic energy. An introductory derivation of the
moment of inertia, and product of inertis expressions are derived first and
ther transformation from the component to system coordinates is presented.

Derivation of Inertia Equations
Using the expressions of kinetic energy of a rigid body, the equations

of moments of inertia and products of inertigﬂgre,derived. Consider a
component spinning with an angular velocity o as shown next



Component Center of Mass

The angular kinetic energy can be written as

1 -3 ->
T = 5 V+Vinm

where the velocity is expressed as
- o9 -
V=wXr

Substituting in the kinetic energy expression gives

T - i; @x ) + (@x Pan
where
@ =1 + o, + )
x + day 2
énd
r=Ix'+ 3§'+ kz'

- - -
x| ey w0t = i(u‘,}}z' - wpy) + Jwix - wgz') + k(w)y - wyx')



and performing the dot product results 1n

(@121)7 - 2(ez")(@lyt) + (o7 + (@x)? - 2(@x')(@)z")
+ (@20 + (ey)? - 2y () + (“‘)‘,x')e

Which upon substituting into kinetic energy equation gives

T =% Jr[w;(e(y‘e + 2'2) + (1))',2()('2 + z'2) + (1);2()("2 + y'2)

- 2w'w'x'z' - 2W'w'y'z' - Ew'w'x'y] dm
zZ X Y z Xy

This represents the rotational kinetic energy of one component of a systenm.
Recognizing the definitions of moments and products of inertias and selecting
the component coordinate system as the principal axes, we can write

.1 (Iiw|2 2)

2
1.0 1 |
Tcomp T2 YVxx * Iyd'y + 12

z 2

This particular selection of coordinates does not affect the final answers
vecause kinetic energy is constant with regards to the coordinate orientatiorn;
sowever, it does simplify the input data and also reduces computer time.

Rotating From Component Ccordinates to System Coordinates

At this point we have the kinetic energy about the component axis system.
Ir. the computer program it is at this level that mass properties are computed
Tor the preselected shapes such as the cylinder, sphere, etc.

It is necessary to resolve the comporent mass properties to an axis
system parallel to the system cocrdinates. Once parallel to this system axis
then we can translate to the system center cf gravity by the usual parallel
axis theorem. The derivetion 1s similar to that presented in reference 5.

In deriving the rotational transformation from the component to the system
coordinates the expression for kineg}c energy 1s again used. Given a body
rotating with an angular velocity « we know that its kinetic energy is
invariant with regard to the coordinate orientation.



z"
System coordinate z

Camponent coordinate

Mass

@ 4

The kinetic energy in the system coordinates ig

l sy . [
Tsys_§f(co xR - (& x R) dm
Defining the productsg of inertia as

Ixzafyzdm,lyz=/‘ndm,gq= fxydm

the energy: eéquation becomes

Tsy = l[%x@ke + Iyaye + Ii“z2 + 2Ly aam, + 2Iyzu5a& + EIxya&Q%]
2

ystem coordinates
» the products mist be



It is necessary to write the angular velocity of the component system
coordinates in terms of the system coordinates. For an arbitrary vector it can
be written

- -
= a! = o
comp system

= Loy’ + Jlay' +Kep' = dwy b Joy + ke

Performing the dot product gives

w ' =1 dw + 4 e Jo + 1" . kW
X X Yy 2
w ] = 1 . w + ] . + 1 .
B AR UL B
1] = ) . w + 1 . + 1 .
@ =k H ke e+ K ke

Recognizing the direction cosines results in

w ! 1 1 1 w
X x'x x'y x'z x

w "\ =1, i, i, w
Y y'x Yy y'z Y

W 'l 1 l 1 W
z} z'x z'y z'z| 1 2

Writing the component kinetic energy in matrix algebra

T v
by 67 10000 - o0 @ o0 {04

comp

where [DC] 1is the direction cosine matrix shown above. Equating the system
and component energy results in

T =T
system comp

L 0 @ - 37 oo 1) 10 ()

and the resulting system inertial matrix is found to be
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[1] = (pc]T [1'] [DC)

Expanding the matrix equation we get

-

IXXCO IXYCO IXZCO

I =
Tyxco Tyyeo YZCO
Tzxco L2yc0 T22¢0
e et
~ 1 -
1 1 /) FI' 0 0 rz 1 1
x'x y'x z'x b4 x'x x'y x'z
1 1 1 0 I 0 1 1 1
x'y y'y z'y y y'x y'y y'z
1, 1, , 0 0 ', o, 1,
_x'z y'z z'z 8 ZJ | z'x z'y z'z

The direction cosines are determined by the method presented in appendix A.
Trensferring Tty Tarallel Axis Theorem

Now that the moments of inertia are in a system parallel to the system
ccordinates, we now translate by the parallel axis theorem

I'XXCO + m[:(Yco - T)E + (Zco - 2)2]

Txx

1l

Iyy = Iyyco * mE(Xco - 2)2 + (Zco - 2)2:]
Tz = Ipgoo * m[(X,. - B2 + (¥, - 1)2]
"2z Z2ZC0 co co

Txyco + m[(Xco - E)(Yco - §)j

el

Ixzco + m[:(xco - i)(zco - Z)]

ﬁH

Iyz = Iygco + m[:(Yco - .Y-)(Zco - Z)]



Where IXXCO’ IYYCO’ and IZZCO are the compenent moments of inertia

rotated parallel to the system coordinates, and X, Y, Z are the system
center of mass coordinates and xbo’ Yco’ Zco are the coordinates of the
component center of mass.

COMPUTER PROGRAM

This computer program is writtenm in Fortran IV computer language. All
names and descriptions are assigned in the first part of the program. Thirteen
sections have been written using 13 common shapes usually found in spacecraft.
The program is directed by the imput data which singles out the section
or shape factor desired to be used through the "go to" statement. The
operation of the program is illustrated in figure 1 with a computer flow
diagram,

The input data for each tiem is listed on two data cards. The basic
input for each item will vary depending on the shape factor used. Each
shape factor with the necessary data is discussed in the input data
instructions.

After the data cards are supplied to the program the following
operations are performed. The component mass properties are first printed
with the moments of inertia about the component axis rotated parellel to the
system coordinates. These mass properties are transferred to the system
center of gravity and the following are computed: System weight, inertias
a-~1: the system center of gra-it:, inertias about the origin, center of
gravity of the system and products of inertias of the system. Based on this
generated information, inertias about the system principal axes and their
location is subsequently computed.

A listing of the computer program is found in appendix B.

Selection of Coordinate Points

The selection of points "i" and "j" determines the length of the member
as well as the first three direction cosines., Point "k" is required to
calculate the other six direction cosines. Shown in figure 2 are the two
coordinate systems used in this program. Point "ji'" locates the system
coordinates (X,, Y., 2,) for the origin of the component axes and point "j
determines thel dirdction of the "x" axis of the component coordinates.

In order to determine the directions of the "y" and "z" axes, point "k
is required. This point can be anywhere in the x-y plane. If it is omitted,
then the program automatically positions the "y" axis parallel to the X-Y
plane. For a body of revolution point "k" is not required. The following
figures (2(a) and 2(b)) describe points 1, j, and k.

The main deck is referred to as the computer program without the necessary
data. It is always necessary to have a 789 card following the main deck and
a 789 card, then a 6789 card following the data. The 6789 card separates one
program from another. A description of these cards and their formats follows
figure 2. 9
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System Coordimate System

Component Coordinate System

ZI

System Origin

LOCATION OF POINTS "i'" AND 'j"
Figure 2(a)

0]

Point "x" (Arbitrarily
Selected For Tonvenience,
However must be in the xy plane)

LOCATION OF POINTS "k"
Figure 2(b) 11



It is to be noted that the input data variables A, B, C, D, and F

Item No.
Description
Shape
Weight or
density

A

B

lst Data Card

I3 format
Columns 1 through 3

2A9 format
Columns 4 through 21

I2 format
Columns 22 and 23

F9.4 format
Columns 24 through 32

F8.3 format
Columns 33 through 40

F8.3 format
Columns L1 through 48

FR.3 format
Columns 49 through 56

F8.3 format
Columns 57 through 6L

F8.3 format
Columns 65 through 72

can be

geometric dimensions, cross-sectional areas, area moments of inertia, and

mass moment of

12

Irarts-

XI

YI

zI

NN N B

2nd Data Card

F8.3 format
Columns 1 through 8

F8.3 format
Columns 9 through 16

F3.3 format
Columns 17 through 2L

F8.3 format
Columns 25 through 32

FR.3 format
Columns 33 through 4O

F8.3 format
Columns 41 through 48

F8.3 format
Columns 49 through 56

F3.3 format
Columns 57 through 64

F8.3 format
Columns 65 through 72

ORIGINAL PAGE IS
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ORDER OF CARDS FOR COMPUTER PROGRAM

(/ 6789 CARD

789 CARD

DATA
789 CARD

MAIN DECK

DATA CARDS AND FORMATS
(38PUT DATA FOR EACH.ITER)

-re

DESCRIPTION I“m" ] I 3 | n| [ |

F8.4 503

reane . ee
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Component shapes in the existing programs are:

Shape 1 Discrete Mass

Shape 2 Cylinder

Shape 3 Truncated Cone

Shape 4 Torus

Shape 5 Beam (Arbitrary Cross Section)
Shape 6 Circular Road (Arbitrary Cross Section)
Shape 7 Spherical Segment

Shape 8 Sphere

Shape 9 Hemisphere

Shape 10 Parallelepiped

Shape 11 Swept Trapezoidal Panel

Shape 12 Symmetric Swept Trapezoidal Panels
Shape 13 Curved Rectangular Panel

This program can easily be modified to include additional shapes.

Frequently where precise weights of components are known it is more
convenient to input this weight rather than an average density which would have
to be calculated. The value of -4 has been chosen as the limiting value for
inputing Rho as density (1b/cu in). A value greater than .4 is used as total
weight (1bs). 1In some cases referred to as "thin wall" the total weight of
the component must be input. The degree of flexibility for inputing various
shapes can be determined from the "shape data input instructions".

The program can be used to determine the mass properties of a component
with hollows or voids. The component is treated as a standard shape with the
hollows or veoids included as solid material. The hollows or voids are then
input as standard shapes having negative values for weight or density. The
program will compute the actual weight, center of gravity, and moments and
products of inertia of the component .

In the following programs for a variety of shapes the inertiag about
the X, y and z component axes are represented respectively by computer symbols
IXXCG, IYYCG and IZZCG. For some of the shapes expressions for the moments of
inertia are given; however, for the more complex shapes they are omitted but
can be found by teferring to the computer program in Appendix B.

Note that component axes have been located so the x axis is a principal
axis and the y and z axes either coincide with, or are parellel to principal
axes. Any other than the aforementioned X, ¥, and z axes locations will
incur an error in the main computer pProgram with shape no. 11 being the sole
exception. 1In this instance, the x, ¥y, and z axes locations were chosen for
convenience in accordance with the "shape data input instruction" and
the x axis is rotated to a principal axis by the program.

14



SHAPE DATA INPUT INSTRUCTION

SHAPE 1
X DISCRETE MASS
¥
Mass Center of gravity %?%82
IZZCG
) 3 > X

QU >

Input Data: Item, Description, Shape,RHO (wt.)

A(IX.X), B(Iyy), C(IZZ)

XI, YI, zI, XJ, YJ, 2J, XK, YK, ZK

OPTIONS AVAILABLE

No.

1 Input data just as indicated above.

No.2 If negligible, inertias A(Ixx), B(Iyy) and C(Izz) may be omitted,

NOTES:

in which case points j and k are not required.

Never locate point j at the system origin and if input, o
A(Ixx), B(Iyy) and C(Izz) must be inertias about principal axes in slug-ft.
y SHAPE 2
4 CYLINDER
Identicsal
. segments—-;
Ve \\ ———————— B /
\ -,

Yolnl

RS

")' ] 0 "

U\) ny

[t

b -

’ W - -¢'
! ic» < /Jj \\._ )
[i L ' i “ 3 .
\ ) _ &$+—— ‘#—-- J
[ !

C dimension

-

of option lo.2

Input Data: Item, Descriptiorn, Shape, RHO (density)
A, B, C (option No. 2 only)

XI, YI, 2I, XJ, YJ, 2J

TIONS AVAILABLE
Input data just as indicated above.

'_l

Total weizht may be input for RHO in both previous
options but only if it is input more than .4 vounds.
Input A and B equal and total weight for RHO

and program treats shape as & thin-wall cylirder.

OTES: Point X is not required with any option and density
as such must never be input more than .4 pourds per cu.

ORIGINAL PAGE 18
OF POOR QU

Cylinder may be segmented requiring a C value be input.

in.
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SHAPE DATA INPUT INSTRUCTION

SHAPE 3
TRUNCATED CONE

Input Data: Item, Description, Shape, RHO (density),A,B,C,D
XI, YI, 2I, XJ, YJ, ZJ

OPTIONS AVAILABLE

No.l Input data just as indicated above

No.2 A total weight may be input for RHO but only if
it is more than .k pounds.

NOTES: The values of A minus C and or B minus D must never equal zero.
Point i is always at the cones Larger end and point
k is not required.
Density as such must never be input czreater than .} 1bs./cu.in.

SHAPE 3 (SPECIAL CASE)
THIN-WALL TRUNCATED CONE

. Median line

Input, Data: Item, Descrivption, Shape
RHO (Densit;’),4.E,C,F
XI, YI, 21, %J, ¥J, 2J

NOTES: In this case prozram assumes all miss
is concentrated midway belween inner ind outer surfaces.
Point i1 is alwars at the cone's lar;cr end and point % is ro% re-

16 guired.



SHAPE DATA INPUT INSTRUCTION

SHAPE 4
TORUS
y
1‘ é IXXCG = Y11-Y12
A IYYCG = X11-X12
I2ZCG = IYYCG
— x ——X

Z Y Lj
0

Input Data: Item. Description, Shape, RHO (densit:r), A, D
XI, YI, 2I, XJ, YJ, 2J

NOTE: ~Feint "k" is not required.

” SHAPE 5
Cross =section BEAM
4 /" vorircipal axis (ARBITRARY CROSS SECTION)
Point k
{\,,A e (Can lie anywhere
—lf?k\\“\"~ in the xy plane)
I .
ton PR
1 iy < ot D g X
z ! !
IXXCG = RHO ‘Leth)(B + C)
Srincipal axis TYYCG = RHO ((B)(Letn) + ©.0233 (3)(Lgth)d)
122CG = RHO ((C)(Leth) + €.0733 (3)(Lztn)3)

Input Data: Item, Description, Shape, RHO (densitv). 4 (area)
B(Irv), C(Izz) (Area moment of irer<ia ir inches )
71, YI, 2I, XJ, YJ, 2J, XK, YK, 7¥

NOTES: If beam is a body of revolution about the x (centroidal) axis, point k
is not required. 1Iyy and Izz are area moments of inertia about
principal axes of the beam cross section taken in a plane normal to

x axis.
AGE
O Po0R Q0

17



SHAPE DATA INPUT INSTRUCTION

SHAPE 6
CIRCULAR ROD
y 3; (ARBITRARY CROSS SECTION)

Centroidal axes of

area "C" Area "C" o
‘—':;{4'/@; Cross Sect. in inches”)
X X

=

A IXXCG = (RSCG)%wt)
‘ IYYCG = .5(RSCG)2(wt)
x —{"*——>\j x I7ZCG = IYYCG

Input Data:
Item, Description, Shape
N RHO (wt),A,B(Area "C" Ix'x'),C

XI,YI,2I,XJ,YJ,2J X
> t M (Input Area "C" TIx'x' in inches )

NOTES :

Point "k" is not required and weight instead of density 1s the required
input for RHO.

The solution for this shape is approximate in that it may be as much as
one % less than correct if rod dimensions t and w are as much as 25% of
dimension A. (Error incurred tends to increase as this % increases)

SHAPE ~
I .\ICAL SEGMENT

'\r

IXXCG = XI1 - XI2
IYYCG = ACTEMP
IZZCG = IYYCG

Input Data:
Iten, Description, Shape, RHO (dersiz:‘),
B, C (outside radius)

XI,YI,2zI,YJ,YJ,2J

OPTIONS AVAILABLE
No.l Input data just as indicated above
Ne.2 Total weight may be input for RHO if more than .4 1b.

NOTES:
Point k is not required. When computing as a solid spherical segment, B dim,
will become equal the distance between points "i" and "j". Density as such

must never be input greater than .4 lbs./cu. in.

18



SHAPE DATA INPUT INSTRUCTION

y
|
SHAPE 8
SPHERE
B IXXCG = XI1-XI2
- x IYYCG = IXXCG
1 . 220G = TXXCG

Input Data: Item, Description, Shape, RHO (density), 4,B

XI, YI, ZT

NOTE: Points "j" and "k" are not required. If B = A the program selects
thin-wall equations; therefore, weight instead of density should be
input for RHO.

SHAPE O
HEMISPHERE

IXXCG
IYYCG
IZZCG

XI1-XI2
XI3-XIh
IYYCG

Input Data: Item, Description, Shape,
RHO (density), A

XI, YI, 2I, XJ, YJ, ZJ

*»0TES: Point "k" is not required. If A = Lgth (i,j) the prorram selects thin-
wall equations; therefore, weight insted of density should be input for

RHO.
19
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SHAPE DATA INPUT INSTRUCTION

SHAPE 10
PARALLELEPIPED

Point k
(Can lie anywhere
in the xy plane)

[ -
S ) PSS —" *
4 1
|/ //__ —_—— — :L; R
by el DXXCG = XI1-XI2
- IYYCG = XI3-XIh
z P IZZCG = XIS5-XI6
; A
’ ’/1 /Af2 A/'
/ , Vs
) Input Data: TItem, Description, Shape,

Inside Voic ' p
| 7
R

(Must be centrally located
inside parallelpiped)

RHO (density),A,B,C,D,F
XI,Y1,21,XJ,YJ,2J,%K,YK,ZK

OPTIONS AVAILABLE

No.l Input data just as indicated abpove.

No.2 A total weight may be input fer RHO
but only if 1t is more than .4 pounds.

No.3 1Input D equal A and the program
selects thin-wall equations therefore
total weight must be input fer RHO,

NOTE: Density as such must never be input greater than .4 1vs./cu.in.



SHAPE DATA INPUT INSTRUCTION -
SHAPE 11
SWEPT TRAPEZOIDAL PANEL
(THICK WALL)

Input Data;.
Item, Description, Shape, RHO (density),A,B,*C,F

XI,YI,2I,XJ,YJ,2d,XK,YK,ZK
(Assign t to C according to sweep of panel)

Formulas designed to
facilitate input data
determination:

c(B)

& =5 F
b = C(B+2F
- 3(B+F

- L%tth+2F2
~ 3(B+F

OPTIONS AVAILABLE

NOTES :

Dimension F must never be more than

.ensity =

than .4 1b

./cu.in.

iTNo.l Input data just as
indicated above

954 of B, No.2 Total weight may be

input for RHO if

such mast nevw.i oc Input sreater
more than .4 1bs,

SHAPE 11 (SPECIAL CASE)
UNSWEPT TRAPEZOIDAL PANEL
(THICK WALL)

Input Data:
Item, Description, Shape,
RHO (density),A,B,F

XI1,YI,ZI,XJ,YJ,2Jd,XK,YK,ZK

OPTIONS AVAILABLE

No.1l Input data just as
indicated above.

No.2 Total weight may be
input for RHO if
more than .4 lbs.

Point k'(Can lie any- Dimension F must never be more than 98% of B.
where on the v axis Dersity as such must never bhe input greaster
except at point i ) thar .4 1bs./cu.in. 21
18
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SHAPE DATA INPUT INSTRUCTION

— SHAPE 12
SYMMETRIC SWEPT TRAPEZOIDAL PANELS (THICK WALL)
Point k —- Input Data:
(Can lie anywhere Item, Description, Shape, RHO (density),4,B;iC,D,F

in the xy plane) XI,YI,Z1,XJ,¥J,27, XK, YK, 2K
(Assign I to C according to sweep of panel)

—4Axils of Symmetry

y
i

X

et

-—JD ‘—_Lgth‘—J

OPTIONS AVAILABLE

No.l Input data just as indicated above. Formulas designed to facilitate
No.2 Total weight may be input for RHO input data determination:
i h
NoTEs-if it is more than .4 1b, o _ C(BsoF . _ Leth(Besr
- ~ 3(B+F © 3(B+F

Dimension F must be ro mere than 38% of B.
Density as such must never be input greater
than .4 1b./cu.in.

y SHAPE 13
CURVED RECTANGULAR PANEL
(THIN WALL)

1

Poirnt k
(Car lie anvwhere

Z -t
e x; plane)

Irput Data:
Item, Description, Shape
RHO .density},A,B,C

XI,YI1,21,XJ,YJ,2J,XK,YK,2K
NOTE: FPlare xy is one about which symmentry exists.

22




EXAMPLE PROBLEMS

Two example problems are presented in order to show required input data.
These problems were selected due to the simple calculations involved and thus
could be checked by hand calculations. .

Example Problem 1

Problem 1 was taken from reference 3. It is a cylinder skewed in the
y-2z plane. The moments of inertia about the system origins are given in this
reference and are used for comparison in this paper. It should be noted that
"g" (acceleration of grivity) was taken to be 32.0 ft/secZ in this reference
rather than 32.2 ft/sec® (386 in./sec?). Depending on the value of "g" selected
by the program user, the term "cons' has to be changed accordingly.

The axis through the center of the component must always be the x-axds
for the computer program. Therefore, the y3 axis of this problem corresponds
with the x-axis of the computer program; the y] axis corresponds with the y-axis
and the yo axis corresponds with the z-axis.

Find moments of inertia I'j;, I'22, I'33 which corresponds to Ixyq,

I I;20 in our coordinate system.

yyo’®

Given: W = 1 slug = 32 1b
24 inches
= 36 inches

cos "1 3/5 = 530 8"

t
1

e =

Solution: (a) Direction cosines for
the transformation are

1 0 o

- 3 .k

843 =1° 5 5
0 _4 32

5 5.

And numerical values of the IiJ are

- 0 0
Component
IiJ =10 Y 0 | Moment of
; Inertia
0 0 2
ORIGINAL PAGE IS - 23
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The results of problem 1 as computed in reference 3 are now given. Hence,
“rom the transformation equations

System Monments of Inertia

+ 2a,,8,21 + 2a + 2a

- T
Iy, = &yq8y 1)) + 89581515, + 8585155 10813123 11813113 1822

Taw = ()P4 +0+0+0+0+0=5%=siug £t2 (I = I1))
[ T -+ :..
Thp= Bp1851 10y + Bon8onlos + BnsBosTas + 28,508,510, 28585515 + 280800005

. 52 1-].2 —68_ 2 [+ _ TN
1 -0 + (5) L o+ <§> 2+0+0+0 = = 2.72 slug ft (Lyy = -5pe

- 2

~%: = a}laBlIll + 832832L22 + a53a33‘53 + 28.32"155123 + 2331353115 + 2a31a32‘;2
- 14 2 ' 2 ~ | -~ -~ 52 o - 2

Zzz =0+ - 5 Lo+ % 2+ 3 +2+3J = %5 = 3.20 slug £t

?rogram KDC772. Shown below are

nC coorginates of points I, , and x for problem 1.

Fw =N
oend =
- e ot
Point "I (=, =0
- -
kh: = v
-~ -
; -
- = o
- . e . PP ' ~2 2
Joint <-: = 5T 351 D/B = 20.0
o
b
. ~.D . T
KZ = 0 CJS DD 8 = el
o
Tt et .t S U B S SN “naw
P DR Y 4 4TLL SLACC NCU edulired 10r cy.lnlcs

Fclerence 1s now made Lo the rnelessary dala cards U2 compute tnis problen.
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ITEM NO.

DESCRIPTION

SHAPE

WT. OR
DENSITY

L INDERSTEST

Tioq

TaTeny
ey

113
£

32,9

FORT

ca,]
s]»

AN TATEMENT

e d
Wl
13

Ql

s
L

nmnn

== » &Jcom

~

ﬁzzzz 12222222 11122132

1?3 I PRI 33 331

lylll 'WRNRRRLRYIIEY

sksssss S §55

]
17

Bies plissssscenesssess)

[] +
sss;shlsss lssnass 3¢
. 3 ' ¢y oy e
: ulllS‘z

e

A
rrrmn
1222

A8 r
yve

BRUNDNN R

GRS BRDBDBELNY BPOBOCOBRINRBUEBOBIIRURBORSIREIIS

5 LERR )
T

0006600 as0c00C6UB0C880sC0Gcy

LR R R ERELIGGEREDEEE HENEFEE K 2

IR R R R R R R R R R R R R RN R R R R RN
21222227 22122222222222122122102222222222222

1ST DATA CARD

5555555555555 55 S55555555555555555595555555555555555555555§
GE666 SEE6HCE6G06C5 66U E0CGE066CEFEES6GECEGEE0GCCEE6E666666666C5668
TITII I I I I I I It It irI1111i111111)

LW .CATION

300066568008

ARRUESNEAR N

)
-z -
- e

2
1313333333133
NN NN
§
¢
1
'

T dn

L X
nw
]

1111222
3313133
FRRNYY
5595555
ECEEEES
11117101 ’
FRRAR]]
1

sy

1993
‘X

YJ

r

28. 5|

b—— — - - —_—— ..

C .o
LAl L A%

meang

é
S

FORT

AN S

_/

WL .CATION

s00. 0c6cdpgaac

nHN s KNI ANNDN

sidEs
ey

[

2688
RN
1Tt

zhzzzz

:ﬁz:s:x::aa:saisssxa

494:::L‘4n¢t4t4444t4

P3003000(

BENAEBIN R

AR R RN R R EE R RE

sbssss

]
SEG66
1

b
i!lllFl!lllf!i!llllilllllllllllll

"“l!:”ﬁ!i"!!ﬂ'” $5999°09498933519)
\: . B y FEAN R TR IS SR

T

¢lb 5

39668 |
SRR
TH

»paunm

1

HH
W

I

o &
Y
R

-y as
-y a3

o i1seeté
» ul HNMUR
13 it

122222222222222222 22222022222 1222220 122222222222222222222222201

2ND DATA CARD

S8 855555 55555555855 558855555855555555585958555559555555555555555$
CEEEBOGEEBOEOEEEOESOECEOCEECGC0CFGEESEEBE0 BECESEGECEE66CEC6666666¢6
lhlllpﬂ117777111)71111111111111711111177111111]11111111111111171111)1111

$RBRRE BEBRRECCINNNS
S

1
$94959951999¢

u‘lllllﬂ

llLl

LR R
T

It

:" [T]

taN

¢
ot

|

ry
L
n

— g e
-— -

6481
tau
RN

0 ]
L] iy
] 1
?
1133321323333

IR R R NNRERIL

121122
31313331
(EEERXN

§55555813%
G6EEEGEE
1111100 q
sesssaccsesujsessti

99869899899
GE R i Ve e




We uow have the results of problem 1 using Computer Program
(Note that the gravitational constant used here was 32,166 rather thaa 32.0 uted in ref.)

a

INPUT Data LISTED BELO®

1rem QEBCAIPTIOY sHarg . g 'y » [ °
1 Criinoge, TFOT 2 JJ2000000E¢02 20,000 0,000 9,000 0,000
i vt 11 L] vJ 13 =" v
0,000 0,000 0,000 0,008 28,800 21,008 0,000 0,000
CONPOuENT Dats LISTED  BELOe
1em OtaCAIPTION -t laxco lvveo tteco 114244 ¥(6eCO [{1744 1aveo
) CYLinoEm, TE3Y 12,00000 1.,7400) 1,90010 1,83047 0,00000 18,00000 10,00000 0,00000

SYSTER DaTA LISTED BELO= (oTaLhd, INERTISGeBLUGS FT SQUARED, C,6,8In8, BECOND <DwEvTeBLL6 FT SAUARED)

YD @t [$ 11 1vv0 1210 TV ] vean
32,000 3,470 2,700 3,203 9,000 18,400
[$1] ivy i 1314 1z e

1,7009) 1,90010 1,830a7 V,00000 0.00000 1830

1vico 1x2¢0

211938 o,00008

i84a
16,000

INEATIAS (LIGENVALUES) AWOUT SYSTE™ PRINCIPAL 4NLS w]Tw 4KLS DIQECTION COBIVES (LIGEWVELTONS) RELATING TwE PAINCIPLE AKES

VO g N, ¥, anD 7 SYBTEM ANl In Tual SEOULNCL

EISENvYALUE(L) = «1T80%E 00

EISENVECTOR(Y)

106000800} 0. [

CISTNvaALUL(R) & ,1TaQ%te0)

LIGEnvECTOR(2)

0, *, 8000000400 W800000L 00
CISENvALUE(3) »  ,10890te0]

LIGENvECTIR(Y)

o, +800000§ ey +9000008 000

Example Problem 2

Problem 2 was taken from reference 2. In this space structure,

the weight has opeen 'lumped' or concentrated at the joints. 1In the
program being presented, this is not required but is used here only
for illustration, To compare moment of inertia, the numbers given
in reference 2 should be converted to slug-ftz.

_ _ 22038.464 _ _e.2
IXX = IYY ~%.608E3 4.783 slug-ft
_ 9000.00 _ e 2
12z = %.0608F3 - 1.953 slug-ft

26
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Example Problem 2

IO‘——-——1\

10.0

INPUT:
MEMBER AREAS - 0 0l in?

WEIGHT AT EACH JOINT =150 ib
MODULUS OF ELASTICITY =107 psi
SEE THE FIRST TWO PAGES OF THE

SAMPLE

PROBLEM FOR DETAILS OF THE INPUT

JOINT LCOADINATES

- JOInt m 12 53
1 o. 0. (B
? 10. 00000 -] a.
3 10.00000 10.00000 0.
. 0. 10.00000 0.
s 0. 10.00009 10.00000
. 0. 0. 10.00000
’ 10.00000 . 10.00000
L] 16.00000 10. 80000 10.00000
. 1000000 10, 00000 20.00000
10 ©. 10. 00000 20,00000
11 o. 0. 20.00000
it 1¢. 00000 ¢. 20.00000
[} $.00000 $.00000 30.00000

10.0
100
y .
10.0 in

Tris, aflEMTs. 193,000 193,000 193,000 LN or -Be L. L B
~ENTEADE WL 1Gn! A $.000, Ye $.000, (14 11.338 e ———
WLiun] MOMENT. UF SNERTIA AGOUT CEMIch OF WEIGHT [
1XRe 2203¢ 4624 I¥ve 22008.462) 1lts  %000.900, I1Eve -0. . 153 0, 004, (A2 {J

WOTE:

This problem is now computed using Computer Program ND1702

The results of problem 2 as computed in reference 6 are now given.

0. 000

: <aTvs aC List De converted IO CODParTe Wil Tesuils Prograc viells.
Inertias are given in pound inches s{JaTvs aic t.ist de o comp

27



T teut sa¥aTLE0tEe BOL0P - e .

00 gegagrtion uarg e -
¢ 1 [ : 1 +19000000¢ 08 _—
" " L . [
. G000 000 8,899
1t seAChtPTLON
=. wst ¥
ag A3 .
T 10,000 0,000 N -
T prgm egaceiPrIon T gwang awg ——-
) wet 3 ] «18000000Le02
(1} " I
T 10,000 10,000 0,000
11en 0RCNIPTION [ LT § g
. wgot & 1 RLLITITTIRY? S
" Al 4 LX)
0,000 10,008 0,000 .
1gm ctsceterIon suang [P
9 oot & NELIIITIIRY Y]
1] " _._u
- . 10,000 19,000
3] L] QEOCAIPTION Sang
. w00t o ) 900000
]
0,000 19,000
Tgrgm ogacaisrtion T awaeg g
] wot ¢ 1 113000000t 00R
1 13 vl H LF]
10,000 0,000 19,000 0,000
trgm otCeIPTION Snarg (2] T B e T — e T r - -
[ 0ot [} «19000008¢Ce42 8,009 0,000 o, 800 1,000 N
L1} ] 14} e vy e =
. 18,000 16,000 1o, 040 0,008 0,000 I VY 1T S A Y T T R 0,000
Trgw T seseetetyee L [4 ’
] wwot o _ L 8,080 00 0,000
L v t3] L1 L
to, 000 10,000 20,000 0,000 0,000 T g,000
AL orsceteryon T Tameng T omwg T T LN L
e w0t 10 L J190000000002 0,008 — 9,000 T
R | " 2] e i ————
0,000 10,000 22,000 1,000 0,008 0,000 T -
e A REARRE T T s i I S 4 T T
1 NGoe i . W130830000000 ) . 0,000 8,000 _ . 0,000 -
13} AR 1 LT o I £ | - [T . { | in .
_ 4,000 0,000 20,000 Dol00_ 0000 0,000 __ T 0,00 _ ___ e.000 0,000 ———
jiea L37 TU R CYY T 2e0 o Iy P ——— ’ _—
. 1 s1900000¢e02 0,000 _ 0,000 __ T T _
. ] 1 L2 - - . - J—
16,000 0,030 10,000 0,000 9,900 _ R 8,000 .
ree T T ogecererien T Tgmasg” T T awp ” ” T = “
1) g 1) 1 J132000000 e8¢ 0,000 T 4,000 .
1] v 13 z) v 1] T
9,000 8,000 30,000 0,000 o000 0,000
T C9mPONENY  04Ta  LISTED T BELOw T — o -—— IS
T1rgm T oogaemprIge T T T g0 T T TrvagdT T THwve0 T Trrzee T meetd T vesee T leecco T tmved 1veco - oprzeo T
] 0t 9 0,00000 0, 00000 00000 0, 00000 0,00008 0,00000 4,00078 0,00008 0,00000
TTTRTT w0t 2T T T ge,00000 T 0,00000 7 e,00900 T 0,00800 TT10,00000° T 0700090 5,000007 0.80000 6,00008 9,00088 T
I | “wog 3 19,00000 0,00000 0,00000  0,00000 10,00000 10,00000 0,00000° 0,00000 0,00000
? “woe o 15,00000 0 00000 0,00000 9,00000  10,00000 0,00000 ,90000 9,00000 0,00000
[ ] wdt 3 15,00000 ¢, 00008 6,00000 9,00080 10,00000 10,90008 0,00000 0,00000 0,00000
. .t » 19,00000 €, 00008 0,00000 0,00860 10,00000 $,00000 8,00088 0,00009
. “wet ? 0,00800 0,00000 13,00000 9,00000 £8,00%08 4,00808
TTTeTT T w0 0T T ° T 7o, T 10,000007 10, 00000 T, 00000 #,000007 9,00008 " ¢,00000 -
[} ot ¢ s,00000 10,00080 10,0000 J0,00000 $,00000 49,000049 0,00000
10 wee 10 0,00000 0,00800 0,00000  10,00000 20,0000 ©,00000 q,00008 9,00000
TT T e 4T T T 00000 T 0,00008 T A, 000007 0,000007 0,00000 20,80080 0,00000 0,00000° 0,00080 ~
11} 0ot 12 15,00000 0,00000 3,00000 0,0000¢ 10,00000 0,00000 20,00000 0,00030 0,00000 0,00000
1 .0t 13 13,0000 9,080000 o, 00800 o, $,30000 $,000%0 35,00800 0,00000 $,00000 0,00006
SYITE= DATA LIBTED SELIa CaToLBl, INEOTIANONLUEY FT QOUStED, €,6,010, SLCOND =OnEvTesiud #7 §3UaRED) m— - - - - -
l‘l ot 1o teve Wit T T T e -
I | " : ti,or8 1,008 P Y1) 11,338
SO’ tve 11t U 44 = -
8, 70208 ., 1828 1,99013 PLLLL L LTt

28
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EXAMPLE PROBLEM 3
A COMPOSITE STRUCTURE

X
ﬁ ( %r SCALE )
Item No.1l
(1.5 1b. t;t_u\
wt.) Item No.
/— (1.5 in. thick)
!/
Sta. 35.0 —;—'{ -
5 in.
~Item No., 3
2 in./
NOTES :
Sta., 25.0 Points i and j shown on the struc-
ture are those assumed when data
I was input to the inertia program.
{ Also, some salient dimensions are
i included on the components to
Item No. 6 ] ! assist in relating componen*t data
(Cutout in Cylinder)'l | to the computer input. Except
Il | for {teme o. 1 &nd No. 7 dencif:-
‘KT iz input for RHO.
|
|
Sta. 11.0 ;‘\i | Ttem No. 7
(5 1b. wiring etc. evenly
'\'*8'O D |l distributed inside c:lirder)
f
- - 4 | _
i ; i | J
| I
§ta.0.0 —* — Y
l L%
Iter No. 4- |
(.37 trick) /
: Item No. 5
S+a, -Z.0 .

oLk
= 1.0 in.

Tre computer output relative to example problem 3 follows and
i-n1des, the Ga+~ i-nu*. -he ~omp.ter calculated component dsta,
the sunmed data and lastly, the inertias about the system principal
exes and the individual axis locations. 29
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TPyl Salrs LISTIO BELOV

[4(1] seIcetorTION NP (] 4
1 antgmma ] 190000084 o1 0.000
nt vy 1] 24 93
35.000 “3.000 0.000 19.008 8.000
ven ofSCRIPTION swasg (] '
3 OLELECTRIC et 1 «130000006+00 1.900
\[ i 1] 7]
11,000 8 0.000 13.000 <008
men stIcatITION SHart "™ 'Y
3 w0er ¢ H +100000008+80 4.000
11 vt [ 7] "9
29.008 8.008 9.000 0.000 9.000
17an SESCRIPYION SHare tng [
. sing 12 +66000000¢-81 «380
n o n 12
[} -10.008 0.000 430 14,000
TN agscatrriaon SHarg (] .
9 SLARED aDaPTER 3 +10000000§ +00 6,000
st 1] ] X9 vy
-8,000 8.000 0.800 0.000 0.080
}3 L] QESCRIPTION Suark ewg’ s
. CrL 3G vOID 13 =.10000000€00 3.900
it " 11 1] A ]
11.000 «3.290 0.000 z1.000 ~3.280
17en ogscelPrIon Suarg (LY ] s
? uiilng €I1C vor 2 +30000000€+01 3.600
L} v: 4 | ¥ v
0.000 8.000 6.000 23.000 0.000
CONPOMENT DaTA LISTED 9€LOW
F3{L] 0ESCRIPTION »? traco tvYveo 172¢0
1 nTENna 1.30000 +00937 .00051 «03337
2 BITLECTRIC sany 18.23300 N LYY .0603¢ +G3349
3 s30Y €L . 12.2%221 040206 «157%0 «13790
. (L} 3 70200 00644 «00430 «09881
[ FLARED ADASTER 14.71007 07771 «03281 +03261
. CvL 3EG vOID ~1.56000 -.00150 -.00420 -.0020}
T winING €7C wOL 3.20900 0277 00012 08012

SYSTE® OaTa (ISTED BELOW (WTeL8S, [MERTYIASeSLUGS FT SQUARED, C.5.a1NS,

134 0 ting
$1.00% -109
112 144)
20797 277704

trvg
“.091
1

2.49100

[241]
108
1ty

-.02017

L] € LJ
« 900 9.000 0.000
. 29, = ”
0.000 0. 000 0.000
. ¢ : .
0.680 *2.030 8.000
24 m "
.000 23.000 3.000
(] U [
3.800 0.000 9.000
2] i ”
.008 . 000 0.800
L] e ]
10.800 =-1.308 4.000
u L3 L\l
0.000 10.800 10.000
e [ 4 ]
2.000 .00 3. 000
12 L3 143
e.000 9.000 0.000
L] < 0
+200 1.000 0.000
14 m 1 {3
8.000 q.000 g.000
] < ]
9.000 0.000 Q.000
4 m e
0.000 0.000 0.000
5C6CO vi6co 1{41<] ixvco
33.00000 ~2.42146 0.00000 0.00060
28.20000 +$4000 0.00003 -,0079%
12.50000 Q0.00000 2.00000 0.00003
431300 0.00000 0.00000 0.00000
-3,07337 0.02090 0.00000 0.00000
16.00300  ~-3.29000 0.00000 0.00000
12.30300 0.03000 0.00008 0.90000
SECOND ACNENTeSLUS #T Sauaeg0)
1882 voae
12.372 223
a2 ive
0.0000¢ 0.00000

——— -

1]
9.000
"=

’
9.000
0.000

[
0.000
hel

1vic3

¢.003912
0.30003
0.00309
09,0059
7,003
0,0¢000

84,0903

9.00¢

LR R 5]

2.00230
J.€3:332
2403332
2.€333%
J.20%92
2.0633%

0.30533

I3
0.900

IWERTIAS (ELCEVVALUES) #83UT STSTED RINCIPAL AXEY WITH 4705 OIRECTION COSIMES (EIGEMVECTIRS) SELATING THE PRTNCIPaL asEs
TO TwE T, v, 48D ! SYSTEN ATES IN THAT SEOUENCE

CICERVALUEILY o

TlGEmvECTONIL)
«999810E00

CICENVALUEI2Y «

eIeERVECTOv Iy
caA29820(-0)

QIetavaLvEls) o

tIGEavECTOO L)
Q.

30

+«20700¢ 00

+1298208-01

+23780€ 01

« 9999 10¢ <00

o2431REe0)

+1000007 491



CONVERSION TO INTERNATIONAL SYSTEM OF UNITS

SLUG FEET2

ORIGIN
OF POO

CONVERT FROM TO MULTIPLY BY
INCHES METERS .025 Loo
TNCHES® METER82 .000 645 167
FEET " METERS . 304 800
FEET® METERS® .092 903 OLC
POUNDS XILOGRAMS .L53 592 370
POUNDS /INCHES5 KIT_ocRAM/METER3 27 679.905 .
poumas/FEET5 KILOGFAM/METERB 16.018 LE3 ...
SLUS KITOTRAMS 1L.593 9c2o .

1.%335 8170 ...

AL PAGE 15
R QU

31



32

CONCLUSIONS

A computer program for determining mass properties of a
rigid structure is presented. The structure is broken down

into preselected shapes with known properties, and inpu*t data

are supplied to completely describe each shape. For -ompli-
cated structures skewed in space, this program offers a practical
sclution to a z2dious and time-consuming task. I% i{s als> prac—

tical %o use this program for problems that invelve rapa+i*isus

°r lengthny calzulations.
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APPENDIX A

DIRECTION COSINE DERIVATION

The direction cosines are used to transform the properties

from the component coordinate system x,y,z to system coordinates

X Z. Three points {i, i, k) shown in the figure below, define
— — y
the vectors V1 and Vg
k
L
z

Z J x
Vector Vl is arbitrarily selected to be coinecidernt withk e

X' axis. A unit vector on “hiz axis can be written

— v
1. = 1
X T—-
'l’
—r— —
Taking the vector :ros: product of V. witrn T and di--23dinz

-
— " i
1, = ‘1X -
2
AL
z
SimiZarily, a uni=s =:2ar on the "o avis i found Sweew
— - —-
1= X 1
Tne direction ocsinas are tne N, I, 7, ecneonents o tne ol



The direction cosine for the x axis is written as

LX = (X0 -XI )/LGTH
MX = (Yd -YI )/LGTH
NX = (20 -ZI )/LGTH

where the length is

WGTH = ((xd XTI )2 +(vd -y )2+ -1 D)%

-’
The vector V2 can be written

Tl = XK =XI
T27= YK -YI
T3=2ZK -II

A vsctor on the z axis is found by taking the vector cross product
of lx and V2

LZ = MX*T3-T2*NX
MZ = NX*T1-T3*LX
NZ = T2*LX-T1*MX
The length is
T4 = (z% + m2? ¢ nz?)s

Normalizing to get a unit vector

LZ+L2/T4; MI-MZ/T4; NI-NZ/T4

The unit vector on the y axi§ has a*magnitude of one and is determined
by the vector cross product lz and 1x

LY = MZ*NX-MX*NZ.
MY = NZ*LX-NX*LZ
NY = MX*LZ-LX*MZ

Writing the nine terms in matrix form, we get

LX MX KX
(OC]=|LY MY NY
LZ MZ Nz

OF POOR QU
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APPENDIX 8

PROGRAM NAME, (INPUT,UUTPHToTA°E5=]NPUTqTAPF6=ﬂUTPHT)
c LATEST DIRCOS. IN MAIN NECK AND 13 SHAPES 12/20/72

QJMENSLQN__lIEM(ZQOlLSHAPE(200),RHU(200),A(ZOO)'R(700).C(?00),
1 D(200),F{200), XITE20M)oYTU200),71(200)4XJ(200),YJ(200),7.1(>
?OO)QXK!ZQQliYK(?OO);ZK(ZOO)yIXXCG(2OU),IYYCG(?OO),YZZCG(ZUO).IXYCG
3(700)9IYZCG(200)zIXZCG(ZOO)pXCG(ZOO).YCG(ZOO),ZCG(?OO).YL(200),YL‘
4200),ZL1290!11&XQUJZQO),IYYCD(ZOO),IZZCﬂ(?OO).IXYCﬁ(?ﬂﬂ).IXZCH(?O“
s).Ivzanzno).05513,200).w(207).n(POO).p(znn),ARR(%.a).ﬁ(a;.caa(z)
REAL IXXe1YYZ1ZZoIXXCGIYYCGWIZZOR,IXYCG,IX7CG,
1IYZCG.LX.ijNX.LY'MY.NY.LZ.MZ.NZ.IXY,IXZ,IYZ.LGTH.IXYCH.]vvcn.
2LZZCNIXYCO IXZCOsTYZCy IXXO G IYY G T77N0 KT oKTT KT TTolXYKIXYCGEO
INTEGFR SHAPF
1=0
1010 1=1+1
105 FAR™MAT(IS)
READ(S54101) FTEMIT)QNFSILaT) e dFSU2, 1) aSHAPF () oRHIIT)oA(TI1a(T]).
ICII)GN{T),F(I), XTI oY T D) 7 0T uX (R YA (T g7 00T ) uX (T},
PYK{T ) 9ZK (1)
161 FORMAT (134289,172,F5,4,5F8 ,4/GEx,2)
[FIFME(5)Y)100Q.1N10
1009 IMAX:I—!
WRTTF(A42T71)
271 FORMAT(IHOx IMPOIT DATA |LJSTE™ RZf,yxy/)

NQITC(A.IOE)(ITFM(I).HFS(I.I).WCQI?.T).<HAPF(I).4H”lI).A(T).~'T‘.
TC(T YT )Y oF(T), XTODY oY T{TI) a7 10T XTI Y T ) 7001 ax i,
PYKAT Y eZK(I)yI=1almAX)

103 FORMAT (2X=]TFRwm NESCHE =TT S-4aPF R
1 & =) s ) =
N R X2 LR TR B RS A A - S X T vy
3 Z1 X! N 7.1 ¥ <
4 YK IK: /G 1a 32 7)

AT TREA.2461)
251 FURYAT (3XGHCNMPONEMT 2X6HNATA2 XA [STENPXGURE| (iw/ /)
WRITE(H.250)
PR8N EORNMAT (1505 [TrM DESCATLT IO aT Tyxr
Poivyenn 1zzcn XC i1 LA Netony 7C000 TYv(Cn: Tw7r
7 IXZ2C0sy/)
Ta=0,
XM=,
YlENsM=n
IMOM=
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[a N el

Toa

1vveo, - U

1220, e U,
Ixyno, L o :
I1xZa0,

1vZao,

1Xx0=0,

lvvOmo,

1220m0,

PI=3y, 141593

CONBB4632,

DOSH Isi,I¥AX

XL(1)moO,

YL(I)=o0,

ZL(I)=0,

IYYLG(Ill=0,

IX2CG(Y)=o,

1Y2CG(1)=0,
LOTHESQRT((XJITI)eXI (1)) wr24 (Y (I oYY (1))}ne2+(2J013nZ2 (2))en2)
ITEMPESHAPE (1)

GO TN (1,2,3,8,5,6,7,8,9,10,11,12,13),1TEmp

DISCRETE ™“ASS *SHAPE 1+
POINT g wJST BE SELECTED ANYWHERE O~ Twg X AXIS FOR DIR, COSINES

~(1)eRHG(])

IXXCG(1)BA(I)*CONS
IYYCG(1)SB(I)wCONS
122CG(1)sC(1)=COMS

JEr S mex ety NF L 0,),0R, (ARS(YJ(I)),NE,0,),09, (AHS(ZJC(]1)) NE,O,
1)) 623 T 7?4

LGTm=10,

xJ(T)=2y  1=xl(]1)+10,
TFIXJCI)JERXI(I)IXxJ(IIBX]I(])e) 0,
x {(I)se 0

T &

Cyl1%DEw *S=LAPE 2#

TE(RIT),ED,A01))60 TO 33

TE(RIT) LT,0,)R8(1) =0,

JFLC(Y) LT, 0, 3C(1)=0,

VOLCYL sPTea(A(])esReR(])aed)a(LGTHeC(]))
Af1)ERHDCT)aVvOLCYL

TF(RHNIT) BT,0,4) wf])sRRO(T)

RO (TY/VILEYL

IXACRPTYISL , San(T)atA(])adeRIT ) nn2))

IVYCGIIYE 2Son(T)wlA(1)an24BrY)na2)ea(1)e( GTHaeTal(T)ned)

$/(12,%(LGT=al(T)))

122CG(TYRIVYYLEG(I)
XL(IYRLGTH/D,
GO T &0
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CYLINDER (THIN WALL)  aSHAPE 2x

33 ~(I)=RHOC(])

XL(1)=LGTH/2,

IXXCOLI)B(RHOCI)eA(])xn2) :
IYYEG(1)8 SaRHO(T)IA(T)#x2eRNO(I )0 (LGTHR#30C (1) ar3)/
2((LGTHeC(1))*12,0)

IZ2CG(II=IYYCG(])

60 TD &0

TRUNCATER CONE #SHAPE 3 (REFwaR, mULL)

3 IF(B(I),EQ,ALI)IGO T0 30

VoL =
Sl.O“?ZtLGTHt(A(I)*tZ¢A(I)tC(I)#C(I)*quB(I)t*Z-B(I)tO(I)-D(I)tﬁz)
«(1) B AMOIT)evOL

IF(RAO(1),6T,0,4) «(]1)8R=D(])

ANOLI) =B w(I)/VOL

xL(l)s (LGTH**Z)*(A(I)**2*?.'5(1?'C(I)#3.'CCI!*tavﬂflit*?cz.'ﬂfl)'
$CLI)mY anN(1)naD) 0, 2618/V0L

<Y =.05*3.101593tR“O(1)~((C(1)--S-A(l)t-S)aLGTN/tCtI)eArI)1-
S(O(T)amSuBlT)aaS) R GTH/(D(T)eR(T)))Y
*!I=3.lulbtRHO(I)tLGT“t-BttlAII)tna-B(I)atealj.o-.Sat(AtIJ-
ﬂC(I))tlt!!-(BtI)-D(TJ)*B(I))*.Zt((A(I)-C(I))-tZ-ISIIi-U(!))'tZ))
4III=1.0072n(LGTH)t(AtI)tﬁEoA(I)-c(I)oC(I)ttZ-Brllttz-ﬁtIJ-O(I)-
SOUI) w21 aRHNO(T1YwxX L (TYen?

TxXCG(1)22,0a(KT])

I CH5(T)sKTesTlaxI]]

12206GCYYSIYYCGLY])

AT SARNY Vs

TRUNCATED CONE (THIM wall) *SHAPE

V0L=‘fI)wSQRYt(I(I)-C(Y))-:20LGTHa.21.1,10159.(5(gj¢c(1))

«01) 8 YOLSRHOCT)

XLAT)ISLGTH/S o (P, #C (T oA TV /LCCTI4A(TY))
I'VCG(I”’QNO(T’/“.'(A(I)*tPOC(!\a-E)oQHﬂ(I).L;Y-aaallﬂ.tf1.‘Zo“f
1TYCII)/CACT)4CT)YanD))

TZZICG(TYRTIYYCG(T)

TllCGfI)=(QHﬂlT]/2,itA{T!tt?on!!ttZ))

GD T2 o

THao8§ *SHAPF U

A(T)BRA(]))elLGTH
POt LT, 0,00¢C1Y20,
VOLIS2,%PT  ea2ea| GTHR228A( 1)
vI_2E2 %P1 a4l (1Yea2aa (1)
ACVIL3VD 1avDL P
~lTYSRHNET)eACYOL

Y12 fRHNETYaVOY 1Y
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o

xlll,1251!%1t(ﬂ,tlll)xnzos,tLGTHjnaj .
XM2E(RHO(TIAVOL2)Y . e
X123, 125aXM2a U wALI)en24S #N(1)n02)
TYYCG(I)=txT1eX]2)

172C6C1)=IYYCG(D)

YI18 254X MIn (U wA(] %0243, alGTHERD)
YIZ2E ,25aXM2u (U oA (T)ww2e3, aD(]1)an2)
IXXCG(1)eyYlieyv]2

GO TN ¢

BEAY (ARBITRARY CROSS SECTION) ASHAPE S»

XL(IYsLGTH/2,
IXXCOCT)R(RROCII*LGTHA(BIT)+C(TY))
IVVCGII)S(RHDtIJ*tS(IJtLGTﬂo.OGSS*A(I)tLGTHaa!))
IZZCGrI)=(PHOfI)n(C(I)'LGTH+.0533¢A(I)tLGTH-QSJ)
VOLZA(IY YL GTH

“(I1YIERHD(TIYevNL

6N TN an

CIRCULAR RND (ARBITRARY CROSS SECTION) ASHAPE Sa

»{1)sRHN(T)
RSCG=(AIT)wnd#C(IY4R(IIYI/(A(CTIYI*C(T))
IXXCGITIZRSLGaw2aw(])

TYYCG(TI)Ys SaRSCLwx2au ()

TZICLITYSTIYYLG (DY
30 Y2 a0

SPHERTCAL SEGMENT *SHAPE Ta

F(I1)YsC(1)eRTT)Y

SR IASSEIR AL

G SLAT~aB (1)

VOLIST (Nud2e L GTHAw2a (3 40 (1wl GTm)

VLA, NuT 246 *e2a (3 #F(1)eG }
ACvIiLsvD | levNL 2

CATISACYD eRHN(T) ,
IF(S=O(I),53T7,0,4) ~{1)sRN0(T)

PrN(T)Y 3 «01Y/ACVDL

XEAQIEB, 75w (2, #C (1)l GT™1#02/(3 ,0C(T1)al3T=)
XBARPS 7158 (2, 2F (]1)eh; Y222/ (3,*F(T)eG )
X1Y  s(yA231wvD1aXBAR2avN| 2Y/8CVD,
YL({TYexLY «D(1)

XMVt 1 #R=O(T)

XH2av 2al=N(1)

TvEYX“lwx~?

XVIZI2 #LGTHaX 1/ (8,20 (1)mGTM) ) a(C(T)Ina2a ,7SaL (1Yo GTHS, IS# GTH

14229

GE IS
RIGINAL PA
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X12m(2,.45 *XM2/(3,2F(1)al NetF(IIna2n,ISxF ()45 +,15%G
1ax2)

IXXCG(IdetxT1aX]2)
TEMPI®,05236aRHO(TII & (1S, 2C(T)a%xdal(1)o10, 20 (2 naPuC (I wn3e3 2C(])
1#%5)¢ ,209UdnRHOCT)I RS, *+C(I)nn24C (1) na3al «L(])nnS)
TEWPZ:,OS?lbtRHD(I)ﬂ(15.*C(I)tnﬂthI)-10,:C{I)tt2a0(!)ut!tl.tb(!)
1#205)¢,209UUnRHO(I)I RS, #C(1)ar22D (1 an3ad aD(1)22S)
TE”PSB.OSZSQtRHD(I)thS.tF(I)ttUthI)rlO.tFtI)tt?tF(IlttSOE.tF(I)
122S5) ¢, 200UU4aRHO(IIA(S  #F (T)aa2aF () 2n3al aF (1)anS)
TE“PQ!,OS?S&!RHO(I)'(is.ﬁF(I)R*OnDtI)-IO.iFfI)itZQD(Y)tt}o}.-ﬁ(!)
1weS5) ¢, 209U0UaRMOCI) R (S 4P (T)0a24N(1)nn3eS #D13anS)
ACTEMPS((TEMPLeTEMPRIe (TEMPILTEMPU) al(TMaXLT w#2)
IYYCG(I)=ACTEMP

12ZCG(1YsYIYYEG(])

GO TD &0

SP=ERFE #SHAPE 8=«

LGTHBAL(T)
KJOIYSXP(2)elGTH
YJftievien

ZJi1y=21( 1)

1) = XT(I3+10

TF(A(D) ,EQ,A(I)IGD 1O 3y
VOL 1S4 ,1887Q01#2(])xe]
VL2230 ,{RATQt«B (T2}
ACVILEYVNL 1evnl 2
C(TYSR=N(CTINACYDY

M1 (REC(TYavNL L)
XM2S(R-O(]1)avDL2)
xTis(,daXvial GTreanD)
YTP2( ,6ex“22R(1)es2)
IXXCH(1IStxTtex]2)
TYYCARlT)=TXXCG(Y)
T122C511)s1xxCG(1)

GO T af

SPHFEF FTwmIv NALL)Y 2SHAPE A

NSEELLEINNS ]
TXXCRITYIS( 0T RRmN TYatlTYan2)
TYYeG(TysIxxCG(1)

172050131 xXCGIT)

XLeT)y=a, ¢

YT kA0

u‘\‘YSDhI’L)E *S~APF Qn

TRILARTR F3,877)960 T 35
TRCatI) LT, 0, 18(7)=0,
VOLIE2 P40 GTHaed
VI 28P,P0U9al 1 an}
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ACYDLmYOLlevOL 2
w(I)=RMD(IISACVOL
XRARI® ,37SalGTH
XBARZE Y7524 (])
XLIIIZ(XBARIwVOL 1wXBAR2AVDL2)/7ACVOL
XMI1s(RHO(IYwVOLY)
XM2B(RHO(I)aVOL2)Y
X1is({ 4aXVialGTHRE2)

e XJR2RL URXM2RA(1) A0 2)
IXXCO(I)s(x1tlaX12)
XIVZ( 268X alGTHR2)
X164 ,26aXM2nA(T)en2)
IYYCO(Ii=(XT3eX1d)
172CG(1)Ya1YYCG(])
G0 10 60

c HEMISPHERE (THIN wallL) 1SHAPE QO»

IS A (I)=RHO(T)
XLII)BLGTH/2,
IXXCO(IIS , 666 RHO(IINLGTHa2
JYYCG(TIS U AbHRRO(TIIXRLGTHARD
172CG5(1)81YYCG(])
60O T kY

s PARALLFLEPIPEN »S™ARE (Mg

1A TRIA(TY EQ,A(1))G0 T 34
IF(DCI),LT,0,)0¢(1)Y=0,
VOLI=SLGT=eR(IYaA(])
VRL2EC (T ) aF (1YxN (1)

ACVNL EVAL_ {ev]

S0TYske (TYa VN

TRLR@=r Yy  mY G,0) «(1)saen(T)
ILI) = oAfY)ZACVOL

XL(I)=L6GY~/2,

XMISvNLt#REO(])

XM22YNL 2#R~N(1)

XT12( NA3I3TTaxia(RITInn248(])na2))
Y12l ARETITaXVURa(F T we2eN{T)0n2))
TYXCR(I)=2tYTimx]?)

XT3, ARTIATax M (| CTHR®20A (1) na2))
YTUs( N8 2axM2a(C{TIwe2eN(T)ne2))
TYvChRtlis(xTlmxTu)

FIS2( PR3 4X | w (LGTH2wP 4R (1) nep))
XYTHS(,DRIIITaxu2e (L (T)wa2eF(I)aa2))
T27C6G(1)S(YTSaX1p)

ST AR

®»
Go
OB ?Ag
og’% 008
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.9

"PARALLELEPIPED (THIN wALL) #SHAPE 10

36 XL(1)SLGTH/2,
IS RELLLISS]
TEMPIo (| GTH#B[I)eA(]))
TEMPRB(LGTHaBCI)4B(IIRA(LI)SLGTHRA(T))
IXKCG(I)!t.oalllltRHO(I)t(B(I)ﬂ*Z#A(I)ttZ)O(RHDtI)/b.)ttTE%Pta
1{BCI)eACIY)/TEMPR)Y)
IYYCGLYIIR( ORI ZARMOLIIN(LGTHR224A(1)an2)¢(RHD{TIV/6,I0(TEMPL A
1(LGTHeA[I))/TEMPR)Y)
122CGC1)8t ,0833334RHO(TIIN(LGTHen24B (I )442)e(ANDCTI)/6,)0{TEMP e
{(LETHeBLIYYI/TEMRR)Y)
GO TC 60

S4EPT TRAPEZDIDAL PANEL (THICK «ALL) «8SHAPE 1i» (REFeeR, =uUlL)

11 wWILImACT)RRHOLIIN(LOTRa(R(T)eF({1))/2,)

IF(RHAr1) 6T,0,4) w(1)=R=P(I

RMHDCI)S(NLT1)) ZC((BITIYSF (1)) /72,0)x GTHaA(]))
XLOI)BLGTH&(B(I)42,0#F (1)) /7 (3,08(B(1)+F (1))

XT = P13l GTH/(BR{I)wF (1))

TNTAL ‘s C(1Y/LGTH

FETAN = (F(Y)/2,= RL1)/2,¢ CC1))Y/LGTH

AFTAN 3 (C(I)oF(1)72,0¢8(1)1/72,0)/7LGTH

THRRELGT=exY

RCOI((FETANGAFTANY/2, )% (THRRaX (1))

XPANESAFTAVCaEFTAN

IYYEGUIYE Wm (T a{(XPA oaf])and el T=REnaldeXTun2))/ /24, XPANEA(T) o
S(THRRenUaYTaal) /U ol (THRBRaXL (1)) xn2Yawn(])

XFRYX2 XPAN®A(T)e (HCGwa2e(THRBa#2eXTa2) /2, «RCGa(FETANGAFTAN) @
1(THRA e w daXTaa3) /T ¢ (FETANGAFTAN a2 a(THRRasyaXThad)/18,)

TYXXCOHIATYs RuD(I)w (XPA2al aA(I1)n(THRRseldaXTand)/UR, sXPANRA(]I)ax]
t* (TwRBewdeXTae2) /24, +XPIXX)
1Z20G(TYSA(T)IRRMED(IYa(XYPAN a a3 a(THRAWalaXT2ay)/UR sXPAVA(((THRRmX| (
31))at&oﬂCGtt?)a(TMJF*.?-:Y.Q&)/2.-(2..(7~RR.XL(1)1¢(FEY‘~¢AFTA%).R
UCCEY o (T=ORawTaXTaad) /3 (U, o(FETANGAFTAVI ##2)o(THRA2aUsXTeau)/1h,))
IF (ABES(CeTY), LY, L001) G2 T &0

APlC"-:H(I)/Z.OAHS(TNTA‘JQXI_(T))

SNSARXCGSART (XN ([T IV aaR4 (YR (T)aYT (J)Vas24 (2K ()] (1))nn2)
(G2l PY(H

PRHZTHRRe| [TH

Svmz~ePIR/)THRA

PRTXYKE BaF 1) e(2, a5 raF (1)) #(LGT~#PRA/T +PRHaR2/12,)
IXY(=T~99¢QEt(uQ-2.(~.E(I))oa?)/QU.-DQTYVK
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20

21

12

IXYCGP = ARS(IXYKwA(I)#RHO(I) ww (1)aCGKAXLLIYIC(T)/ABS(C(I))
PAXRCE,7854#4BS(C(1))3/C(1) oo
IF(ABS(IXXCG(T)eIYYCG(I)I, LY, ,001) GO YO 20

PAXICE ATAN((2,0+IXYCGP)/ZCIYYCG(I)=IXXEG(I)))/2,0

TFCIXYCG(IY,GT,IYYCG(Y1)) PAXRC 2,52 (ABS(2,#PAXRCIw3, 1416)2

1 PAXRC/ZAWS(PAXRL)

TYPTxx s1YXCG(1)eCOS(PAXRC)#a24I1YYCG(IInSIN(PAXRCIn#2e

12,001 XYCGP2SIN(PAXRCI*COS(PAXRC)

IYYCO(IYm IXXCG(II#*SIN{PAXRCIwn2+ IYYCG(I)*CDS(PAXQC)"B *
2(2,2IXYCGP+SIN(PAXRC)I*COS(PAXRC) )

IXXCL(I)aTvPIXX

SHPTISAAS(TAN(PAXRCI)I#XL(])

xJ(1)s= (!1(I)*(LGTH-!L(I))OXJ(X)tXLfliJILGTH

YJOT)E (YI(I)a(LGTHeXL (1) YeYI(T)aXL(I)Y/LGTH

2JC1)=2 (Z21(])w(LGTHeXL (T))42JC1)eXL(T))/LGTH
XICIIBIXI(I)n(SHFTI4CON) wYK(T)*SHFTT)/LGK
YTCY)2(YT(1)a(SHFTI4COK) myYX(])aSHFTI)/CEXK
ZICI)E(ZI(T)w(SHFT]I4CGK) »IK(IIaSHFTI)/CEK

LBTmESTRT (Y J(T)eXT (1)) wa2e(YI(T)@YI (1)) 2224(2)(1)aZI(]))n22)
XL(T) = L GTH

50 TC AN

SYV“ETHIC TRAPEZOIDAL PANVELS (TWICK «ALLI#SHAPE (2w (REFeaR, HULL)

LAT= = (LGT» @ 2,0x N(]))/2,

V"L=(Lf7“‘(“(l‘*F(T)) )lA(Y)

ATl SeTrTYevL

TE(R= (1), 5T, 0,u) «(])sk~nr(T)

RUI(TYSA-0TYY /ZC(IR(T1)«F (1)) Y GTHeA (1Y)

XL (])2 aTwe(R(1)2,08F(I))/7C3,0e(BII)eF (]

TYYES(T) = (LGTHanl)e (F(I)YnaPed wF (T1)2B (1148 (1 aeD)nA(])ea=0(1)/
CLI3M (k[ TYGRCTIIIR Sy (A(T)nad/ 2, ¢(N(])eXL (1)) 2w2)an(])

X1 =2 F{1)a GTm/(R(])eF (1))

TF(RITY,.T,F(1Y) XTERI 1Y GTR/(R(I)eF (7))

TRTA = CUIV/LGTR
EFTA = (FrY)/ 2, @ B1TY/2,¢ CLIXV/LGTH
AFTE. 2 106t )ab (1)/2,043(01V/2,0)/ 0T

TEERETY, LY, F(TY)) LGTH = 0,0
CIBARSIS=Nr13aa (1) (FFTANOaSAFTaAN®RY) /] 0)

K1Y 2 (RET)ea(I)#(RD(YIYI/Z(LGTHOXTI)(THTAU(LGTHeXTaX  (T)))anp?
«TYTmANS I«

TELRLTY, T,6(1)) LGV~ = (1 ,0aF(1)/R(1)YexT

YTLGTw 8 5T~ o AHS(YT)

IXXCZOINSUKT ol (XTLGTr Yo2ldalXT)and)/2,0)aK 1al(XT | GYT  )aadeXTenp)
1« AfTYea2aatlV/s12, .

122€5(1) 3 T1XXEGCIY ¢ Twyeo(l)=2" 2% 70 5.0

XLETY =2 (6T & D(1)

;57"3‘ ST (TYmX (1)) e w2l Y J(T)mYI(T))ne24 (2 {T)=Z2T(]) Y00a?2)

nn o ~



13

60

Q0

CURVED TWIN wWALL PANEL #SHARE {3

W(I)e 2, x GTHaA{I)*#B(1) 2C(1) wRMO(I)
IF(RMO{1),6T,0,4) w(l)mRMO(T)

RHD(I) & W(l)/(@,8LOTHRACI)IAB(I)C(]))
KIS@,2C(1)®A(1)2B (1)L GTHaRNO(])
KI1IsLGTHes2/12,

xL(1)aLGTH/Q,

IXXCG(1)=_ QTN

) *RHO(IINACI)wuSaR(T)n(2,#C(I1)e(2,#SINCC(I))N22)/C(1))

1YYCG(])mK]

3 #(A(1)w22a(C(1)eSIN(CLIIINCOSEC(I))I)/(2,2C(1)) o¢X1])

122C6(1)mxY

$ * (A(T)aw@e(C(T)4BIN(CLIIINCOS(C(I) )2, aSIN(C(I))Rn2/

1CCI))/7(2,#C(1))ex]T)
GO 10 &0

BEGIN DIRCOS

IFCIABS (XX (1)) NE, 0,),0R,(4BS(YX(1)),vE,0,),0R, (ABS(ZK(I)), NF,0,

1)) 60 70 90
XK(1)sXI(1)elYJ(I)eYI(]))
YE(IIBYT(I)+(XJ(T)eXI(]))
IK(1)=Z1(1)

IFCIYJOTI) G NEGYT(I))0R, (XYJ(T) NELXT(TINIBO T2 99

YR (1) GTmer ()
LXS(XJ(I)mXI(]))/LGTH
YXB(YJ(I)eYI(]))/LGTH
NXE(ZJ(1)eZI(T))/LGTH

Tis XK(1)eXI(])

Tés YX(1)eY](1)

T3z Zx(1)e21(1)

L% MxeTleT2aNX
MZsNXaTleT3al X

\13T2e  XeT wMX

Tuz SART(LZaw2¢ MZaw2d oNZawD)
LZ2BL 27748 M2BM2/TU4S NZENZ/TY
LYE MIaNXeuXaN?

vYYysnZa XeNXan|Z
NYsMxa|l el X#MZ

END NIRCOS



ROTATE COMPONENT MOMENT OF INERTIA T0 SYSTEM COORDINATES

[ ]

IXICO(I)Bt!XxCG(I)«(LX)wt2¢IVYCG(I)ifLY)*tZOIZICGfT)'(LZ)**Z)/CONS
IYYCO(I)BtIlXCG(!3*t”l)*i201¥YCG(I)l(MY)**2¢IZZCG(1)*(Mz)**Z)/CONS
IZZCD(IJB(IXXCG(I)t!NX)ttZtIVYCG(I)t(NY)tt2¢!22CG(I)G(VZ)‘tZ)/CONS
Txygntllye ((IXXCG(I)*(LX)*(HXJ*IYYCG(I)!(LV)'(MV1¢IZZCGII)t(Ll?i(N
12)))Y/CONS
Ixzenel)= ((IXXCG(IJRILX)trNx)+IYYCG!I)ttLY)t(NY)éIZZCG(I)l(LZJltN
123))/C0NS
1v2C0()Ys t(IXXCG(l)t(%X)trNx)OIYYCGfT)ttﬁvﬂt(NV\&TZZCG(I)*(“Z)‘(N
1231))/7CONS

c CALCULATE COMPONENT CENTER DF MASS CNOIIDINATES AND wRITE 0u?

XCHOIYSYT (I IeXL (I)nLX

YCHOIISYICTI#XL(T)mMX

2C0G(1)S21(TY+x (I)#NX
-EIYE(b.SOO)IYE“fIl.DES[1.I)oDES(?.I).'(I).IXXCO(I).IYYCOII).TZZCO
(I).XCG(I)-VCG(I);ZCG(I)uIXVCO(I)aIYZC3(!10Y!ZCO(13

3NN BNIVAT(15,5Y,249,hF11,5,4F9,5/)

-

o caLCiLATE SYSTE™ wEIGWT, SECOND “OMENT AT JRGIN AND C,G,

Ta2lre: {Ij
!1r“=Yl!¢¢IY!C“(I)o“(I)-!ZEGrI)t-2+'c5(1)t-2)/c0\s
!'V?=IVVCOTVVC°(!JO*(I)*(ZCG(I)"2+XCG(I)n*2)/COMS
!ZZ?=!ZZ°¢IZZCO(I)¢*(I)t(XCGtI)t*20VCGtI)**Z)/C0“S
v vy nt e (T)RXCG(])
veNuzy At 1YaYEGET)

§n ZenusZonMe (13206 (1)

Y

Frwpi TR SYSTEM™ .G, COURDIVATES

YSAIZAUNU/T
YRAIZY M T
IR AR
-R1TE(6,262)
2e2 E73wAT(t1~C+ SYSTEM™ DATA LTSTED BELOs (. TsL2S, INERTTASESL USRS FT 82
Va3F, C,6,2108, SECOND VOMENT=2SL UG FT SACARENIR/ /Y
ARITE (6, 10A T W, TXXD,TYYN, 1720, XHAR,Y343,784AR
v ‘3=V57f!!1545V31l?“*TlZXUHYXKOlude!YYJQuluklllﬂlh!uHxaAaquQHVRAR
1luYa=2Kas/T76 1R, 3)

B 15 45
aL PAG
ORIC o QAL



78

200

$4d

LR N
339

538
336

382
133
LX XN

DO70 Ist,IuAX N
DELXEXCG(I)mXBAR

DELYBYCG(1)aYBAR

DELZ®=ZCG(I)=2ZBAR

1AXSIXXSIXXCOLYIY4wW I)A(DELYRR24DE_ Z2022) /CONS
IYYRIYYeIYYEOCLI)4NCI)A(DELXn224DEL2022) /CONS

1222 [Z22¢1Z2ZCOC1)¢w(1)n(DELYan2¢DELXn22)/CONS
IXVERIXYSIXYCOCI)ewtI)#DELX®DELY/ZLONS
IXZRIXZeIXZCOCI)+w({I)eDELX®DEL2Z/CQONS
IvZelYZ+IYZCOCIYenw(I)RDELY#DELZ/CONS

ARITELOL,200)IXX, 1YY, 172,1XY,1X2,1Y2 }

FORMAT (12X NI XX I AYIHIYYISXIHTIZZIOXIHIXYISXIWMIXZ1SXSIHIY2/6F18,5/)

CA»PUTE INERTIAS (LIGENVALUES) ABOUT PRINCIPAL 4YES AND EACH AX1S
NIRECTION COSINES (EIGENVECTNRS)Y AMD wRITE Nu7Y

PRINTY 340

FORUAT(/1X,xINERTIAS (EIGEAVALUES)Y ARDIT SYSTEYM PRIVCIPAL AXES wl]T
1= AX]S DIRECYION COSINES (EIGENVFLTCRS) RELATING THF PRINCIPAL AXE
1S0/1X,«T0 THE X, Y, &ND 7 SYSTE™ AXES 1IN THAT SF2IFNCE®///)
“Yaysy

el

ARS (1,11 XX

ARR(2,1)YapaRn 2 -7~y

AST(1,3)=APR(3,1)2]Xx7

ASR(2,P)2T1vYY

aRA(,2)=AQ(2,8)1=1Y2

403 (3,3)=122

CALL SYVILIMAX N, ARR,E,CRI,TERR)

IFLIFRR ,NE, MY GO TP 332

Nt 33s 021,

SRINY 37,0, EC00)

EZSvaT( 1y ,«FIGENVAL F(alla) 2 %612 ,5//)

SEINT 339,07

FrSueT (I X, #EIGENVELTNR (4T eYny)

PRI LT SRR, LARR(T,JY,I=1,3)

FoSwaY(1X,3¢(F14d,6,5Y)7//771Y

C2TINLE

30 TT 334

31T 333, TFRR

FIa tT(1X,2EQRDR me JFW2 = #18)

€T-p

EL T
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