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ABSTRACT

A mathematical model of the mass characteristics of composite bodies has been
programmed for digital computer processing. The description and equation development
of the mathematical model are presénted. The technique is of particular interest for
spacecraft whose size or mass prohibits the use of experimental measurement in an in-
ertia laboratory. The computer program is written in the FORTRAN IV (version 13)
language and is operational on the IBM 7094 Direct Couple System of the Lewis Research
Center. A sample problem illustrates the input data requirements and the output format
of the program. The use options of the program and program limitations are fully de-
scribed. ’
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A FORTRAN CODE FOR COMPUTING THE PRINCIPLE MASS
MOMENTS OF INERTIA OF COMPOSITE BODIES
by James E. Cake |

Lewis Research Center

SUMMARY

A mathematical model of the mass characteristics of composite bodies has been pro-
grammed for digital computer processing. The description and equation development of
the mathematical model are presented. The technique is of particular interest for space-
craft whose size or mass prohibits the use of experimental measurement in an inertia
laboratory. ‘

The computer program is written in the FORTRAN IV (version 13) language and is
operational on the IBM 7094 11/7044 Direct Couple System of the Lewis Research Center.
A sample problem illustrates the input data requirements and the output format of the
program. The use options of the program and program limitations are fully described.

INTRODUCTION

Studies of the rotational dynamics of spacecraft require the knowledge of the mass
characteristics of the spacecraft. - These characteristics include spacecraft weight,
location of the center of mass, principal mass moments of inertia, and the directions of
the principal axes of inertia. Laboratories to experimentally measure these character-
istics may not be readily available or cannot handle spacecraft of large size and mass.
Therefore, a mathematical model which treats the spacecraft as a composite body is
desirable. '

This report describes the mathematical model which has been developed and pro-
grammed for digital computer processing. The computer program is written in the
FORTRAN IV (version 13) language and is operational on the IBM 7094 11/7044 Direct
Couple System of the Lewis Research Center.

The report places particular emphasis on data preparation for the computer pro-
gram. A sample problem is included for both illustrative purposes and as a verification



of the mathematical model. The program has been used to calculate the mass character-
istics of the Space Electric Rocket Test vehicle (SERT II).

THE PROBLEM

The mathematical model of the mass characteristics of a composite body is based on
the fact that the moments and products of inertia of composite bodies are found by sum-
ming the moments and products of inertia of the individual components or particles. This
may be shown from a few fundamental principles of rigid body and particle dynamics.

From reference 1, the components of the angular momentum of a rigid body about a
fixed point of rotation, 0, are: '
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where IXO, Iyo, and IZO are the mass moments of inertia and Pyzo, szo’ etc. ,
the mass products of inertia of the body.

are

The total angular momentum of a system of particles is the sum of the angular mo-
menta of the individual particles. '
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Substitute equation (1) into equation (2). By expanding the right side, the compo-
nents of the angular momentum of the system can be expressed in a form similar to
equation (1). The moments and products of inertia of the system of particles or compos-
ite are found to be the sum of the moments and products of inertia of the individual com-
ponents.

Description of Mathematical Model

The spacecraft or other rigid body is composed of n discrete components of mass
m,, each with its center of mass at (xi, Y;» zi) in the reference axis system defined by
figure 1.

Definition of the center of mass. - The center of mass (X, §, Z) of the body with re-
spect to the reference axis system is defined as
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Definition of the inertia tensor. - The mass moments of inertia of each component
are Ix.’ Iy., Iz which are defined about axes parallel to the reference axis system.
i Ji A

The center of mass axis system as defined in figure 1 has its origin at the system center
of mass and is parallel to the reference axis system. Then the system mass moments of
inertia about the center of mass axis system are:
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The mass products of inertia defined about axes parallel to the reference axis sys-

tem are nyi Py X 7 Pyzi szi , and szi szi .

parallel to the reference system are
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The system mass products of inertia
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The inertia tensor is defined as
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From reference 2, the principal mass moments of inertia are found from the determinant
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Evaluating the determinant yields a cubic equation in I whose roots are Il’ 12, 13, the

three principal mass moments of inertia.
Orientation of the principal axes. - If the products of inertia are nonzero in the in-
ertia tensor, then as shown in reference 2, the following method can be used to solve for

the directions of the principal axes.
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Substitute each principal inertia Ij for I in equations (7) and (8). Solve for w Wy
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and wzj /wxj. By arbitrarily choosing w, =1, then wyj /wxj = wyj and wzj /wxj wzj.
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Then the magnitude of the angular velocity vector




The direction cosines are found to be
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where A1 is the axis about which I1 is defined, etc.
The set of direction cosines represents the rotation matrix between the center of

mass axis system and the principal axes of the body.
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If four products of inertia in the inertia tensor are zZero, an alternate method is re-

quired to solve for the direction cosines. Consider the case where X is a principal

axis. Then the inertia tensor is

[1]=1]0 Ly,
0 Ly

(10)



The direction cosine matrix between the center of mass axis system and the principal
axes represents a single rotation a inthe yz plane.

1 0 0 ]
[2]=1]0 cos « sin « (11)
K -sina@  cos o

From reference 2,

[r']= [ et (12)
where [I'] is the inertia tensor about the principal axes of inertia. Substituting (8) and
(9) into (10) and solving for 11‘32’

I = Lo, COSZqr + 1 (Inq - Iyo)sin2a -1 sin2
32 7 32 5 33722 23 o
and since I32 = 123, then

152 = I3y COS 201 +% (133 - Ly5)sin 2a

In the principal inertia tensor IE}Z = 0. Therefore, reducing equation (11) yields

21
= ..]: tan_l _.____.3_2_._.

2 Ipg - I33

A similar approach is used to find the direction cosines whenever y or Z is a principal
axis.

Accuracy of Mathematical Model

The accuracy of the mathematical model is dependent on the accuracy of the mass
characteristics of the individual components. Ideally, accurate mass characteristics of
each component would be found in a laboratory which measures the quantities experimen-
tally. I this is not possible, the component may be assumed to be homogeneous in mass
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distribution and of a regular geometric shape. Standard formulae may be used to calcu-
late the moments and products of inertia about axes parallel to the reference system. K
the center of mass is not found experimentally, assuming a homogeneous mass distribu-
tion locates the center of mass at the geometric center of each component.

Less accurate results will be obtained if any of the above assumptions or simplifica-
tions are made in calculating the inertia tensor and center of mass rather than experi-
mentally measuring these mass characteristics. For any method, the resulting compo-
nent inertia tensor would be the input data to the computer program.

DESCRIPTION OF DIGITAL COMPUTER PROGRAM

The computer program is written in the FORTRAN IV (version 13) language and is
operational on the IBM 7094 II/7044 Direct Couple System of the Lewis Research Center.
The main program, READ, controls the input and output functions desired by the
user. Subroutine INRTIA calculates the principal mass moments of inertia and the direc-
tions of the principal axes. Subroutine OUT lists the input data for the individual compo-

nents, the system inertia tensor, the principal inertias and directions of the principal
axes, the system weight, and the system center of mass.A Schematic flow diagrams of
READ, INRTIA, and OUT are presented in figures 2 to 4, respectively. Subroutine
EIGEN is called by INRTIA to calculate the eigenvalues (principal inertias) of the system
inertia tensor, and subroutine CUBIC solves a cubic équation.

Common statement symbols used in the program are defined in appendix B, and a
complete program listing is given in appendix C. An understanding of the input data
preparation and output data interpretation is essential to using the program.

Program Use Options

The input and output portions of the program have been written to make its use sim-
ple and efficient. The initial input data to the program is placed on punch cards. This
data may then be written on a magnetic tape. For future calculations, the data is input
using the tape with any changes to the data array made by card input. The tape may then
be changed to the new data array or retained as the original data set-up.

The input options, which are assigned the FORTRAN variable name NOPT, are:

(1) NOPT = 1; the data array is input from cards.

(2) NOPT = 2; the data array is input from magnetic tape. No changes or additions
are made to the array.

(3) NOPT = 3; the data array is input from magnetic tape. Changes or additions are
made to the array. ‘

(4) NOPT = 4, the data array is not input through READ.



The output options, assigned the variable name NOUT, are:
(1) NOUT = 1; subroutine OUT is used for output data.
(2) NOUT = 2; subroutine OUT is not used.
The magnetic tape options, assigned the variable name NTAPE, are:
(1) NTAPE =1 ; the new data array will be written on tape.
(2) NTAPE = 2; the tape is left unchanged from the previous data array.

Program Input Preparation

There are eight possible types of input cards to the program. The use of the card
will vary with the program use option.

Card FORTRAN Format Card Description Units
type variable columns
1 NOPT 15 1-5 Inmput option = c—eee-
NOUT 5 6-10 Output option  ~——----
NTAPE 15 11-15 Tape option  —e--—---
2 DESCRI 5A6 1-30 Component description @ ~ -~------
NCOMP 15 31-35 Component number = -------
IPART 15 41-45 Part number =00 ~ee----
MODEL 15 51-55 Model number ~ m--mee-
IDATE 16 60-61 Month e
62-63 Day  m—eea-
64-65 Year = emeeee-
3 NCOMP 15 1-5 Component number = -------
MASS E12.4 6-17 Component weight Ib
IXC E10.3  18-27 L slug-ft?
i
IYC E10.3  28-37 I slug-ft2
i
1ZC E10.3  38-47 I slug-ft?
i
XC E10.3 48-517 X5 inches
YC E10.3 58-617 A inches
ZC E10.3 68-T1 zZ; inches
4  PXYO E10.3  1-10 Py slug-it>
i
PXZO E10.3  11-20 P, slug-ft>
i
PYZO E10.3  21-30 P slug-ft?



Card FORTRAN Format Card Description Units

type columns
5 IADD 11 1 Change or addition indicator -------
N 14 2-5 List number = -------
6 Same format as card 2, except all zeros punched in the entry fields
(f Same format as card 3, except all zeros punched in the entry fields
8 Same format as card 4, except all zeros punched in the entry fields

Each component requires a set of three input cards (cards 2, 3, 4). For any compo-
nent input by cards, a set of ''zero field'' data (cards 6, 7, 8) must be the last set read
by the program.

Data Array Change Using Tape Input

The program assigns a list number to every component in the data array including
the ''zero field'' data. When changing the data array after a tape input the following
quantities must be specified on card 5:

(1) IADD = 0; the data of a component in the array is being changed.

= 1; a new component is being added and the length of the array is increased.

(2) N; the list number of the data to be changed or added.

When adding components, the list number of the first addition is assigned the list number
of the '"zero field'* data which was on tape. For either component additions or changes,

the new set of ''zero field'' data required to end the read phases is always considered an
addition to the list.

The following examples illustrate the card set-up for the various input options:

Option 1: Cards 1, 2, 3, 4, 2, 3, 4, 2, 3, 4, 6, 7, 8

Option 2: Card 1

Option 3: Cards 1, 5, 2, 3, 4, 5, 6, 7, 8

Option 4: Card 1
Batches of inertia calculations may be run using the program. .

Appendix D contains a sample problem illustrating the input data requirements and
the output format of the program.

Program Limitations

Because of core limitations, the program has reserved storage locations for a com-
posite body with a maximum of 850 components. For larger composites the inertia cal-
culation should be made as separate jobs.
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The magnetic tape is programmed to operate from logic unit number eight. There-
fore, any control cards preceding the program must specify the tape to be ''set-up'' on
that unit.

CONCLUDING REMARKS

The purpose of this report has been to describe a computer program capable of com-
puting the mass characteristics of composite bodies. The input words and output data
have been fully defined by the description of the mathematical model. A sample problem
was used to illustrate the input options, input data preparation, and output data interpre-
tation.’ '

The accuracy of the mathematical model may be increased by experimental measure-
ment of the mass characteristics of the component.

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, December 6, 1968,
704-01-00-17-22.
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APPENDIX A

MATHEMATICAL SYMBOLS

coordinate axes defining the principal mass moments of inertia

angular momentum of a system of components about Xp» Yo» and 24,
respectively, slug-ftz/sec; kg-m?‘/sec

angular momentum of a component about Xgr Yo and zy, respectively,
slug-ftz/sec; kg-mz/sec

mass moment of inertia, slug-ftz; kg-m

2
direction cosine

mass, slug; kg

2, 2
’

mass product of inertia, slug-ft”; kg-m

magnitude of the angular velocity vector, rad/sec

component center of mass in the reference axis system, ft; m

coordinates of the system center of mass in the reference axis system,
ft; m

angle of rotation, deg

angular velocity, rad/sec

- reference axis coordinate system

center of mass coordinate system

principal axes coordinate system

matrix transpose



A

DCSN(J, J)
DESCRI(J, J)
IDATE(J)
IPART(J)
IXC(J)
IYC(J)
1ZC(J)
IXB(J)
IYB(J)
1ZB(J)
IXY(J)
IXZ(J)
IYZ(J)
MASS(J)
MODEL(J)
NCOMP(J)
PIl, P12, PI3
PXYO(J)
PXZO(J)
PYZO(J)
SWEIGH
XBAR
YBAR
ZBAR
XC(J)

APPENDIX B

COMMON STATEMENT SYMBOLS

element of inertia tensor

direction cosines

description of component

date of inclusion into inertia calculation

part number of component

moment of inertia about the x axis of the component
moment of inertia about the y axis of the component
moment of inertia about the z axis of the component
component moment of inertia translated to the X axis

component moment of inertia translated to the axis

<

component moment of inertia translated to the Z axis

component product of inertia translated to the Xy plane

<l

i
N|

component product of inertia translated to the plane

component product of inertia translated to the plane

<
Ni

component weight

component model number

component number

principal mass moments of inertia

product of inertia about the xy plane of the component
product of inertia about the xz plane of the component
product of inertia about the yz plane of the component
total system weight

system center of mass distance from X axis

system center of mass distance from Yo axis

system center of mass distance from z axis

component center of mass distance from Xq axis

13



YC(J) component center of mass distance from Yo axis

ZC(J) component center of mass distance from Zq axis
XWRTCG(J) distance from component to X axis
YWRTCG(J) distance from component to § axis
ZWRTCG(J) distance from component to Z axis

14



APPENDIX C

FORTRAN LISTING

$IBFTC READ

R T L L D R T g g R e T T,
USE OPTIONS

NOPT=1 READ INPUT FRCM CARDS

NOPT=2 READ INPUT -FRCGM TAPE, NO CHANGES

NOPT=73 READ INPUT FROM TAPE, MAKE CHANGES AND ADDITICNS
NOPT=4 INPUT THRCUGH SUBRUUTINE READ IS NCT USED

NOLT=1 USE QUTPLTY SUBRCUTINE CUT

NOUT=2 SUBRUOUTINE OUT IS NGT USED

NTAPF=1 NEW DATA ARRAY WRITTEN ON TAPE
NTAPE=2 TAPE LEFT UNCHANGED FRCM PREVIQUS CATA ARRAY

REMARK S
[F TRE INPUT AND QUTPUT RCUTINES ARE NOT USED, CATA TO
SUBRNUTINE INRTIA IS TRANSMITTED THROUGH

DFESCRIPTION OF AXES

T Tkt REFERENCE AXIS SYSTEM [S DEFINED 3Y THE 1SER

2. THE CENTER GF MASS AXIS SYSTEM IS PARALLEL TO THE REFERENCE
SYSTEM WITH ORIGIN AT THE SYSTEM CM

3. INPUT MOMENTS AND PRCODUCTS CF INERTIA ARE ARBCUT AXES
PARALLEL TO THE REFERENCE AXIS SYSTEM WITH CRIGIN AT THE
COMPONENT C.M.

DESCRIPTICN OF PARAMETERS

MAS 'S WEIGHT GF CCMPONENT (LBS)

XCeYC . 2C LOCATION OF COMPGNENT IN REFERENCE
AXIS SYSTEM (INCHES)

IXCo IYCa 176 MOMENTS OF INERTIA CF CCMFONENT IN
COMPCONENT AXIS SYSTEM  {SLUG-FT2)

PXY (e PXZULPYZN PRODUCTS OF INERTIA OF CCMFCNENT [N
COMPUNENT AXIS SYSTEM  (SLUG-FT2)

XBAR YR AR+ 78 AR CENTER OF MASS {INCHES)

XWRTCO.YWRTCGY ZWRTCG DISTANCE OF COMPCNENT FRCM C.M.  ( INCHES)

Txie [YR 178 MOMENTS OF INERTIA CF CCMFCNENT IN C.M.
AXIS SYSTEM (SLUG-FT2)

IXYo TXZ01YZ PRODUCTS OF INERTIA OF CCMPCNENT IN C.M.
AXIS SYSTEM  (SLUG-FT2)

SWF 1GH WEIGHT 0F SYSTEM (LBS)

PI1.PI2.P13 PRINCIPAL MCOMENTS IF INEKTIA OF SYSTEM

Cosn DIRECTION CCOSINE SET

A ELEMENT OF SYSTEM INERTTA TENSOR

15



C R L g e T O I I s T I TI T ITI T
CCMMONZINPUT/ DESCRI(E50,5) N2 OMP(850) »IPART(850),M0ODEL(850),
#ICATE( 85C) 4MASS(85C),IXC(850),1YC{850),1ZC(850),XC(850),YC{850),
3 JC(850).PXYO{A850) +PXZ0(850) PYZO(850)
CCMMON/ZDUTPT/XWRTCGIBSC) s YWRTCGI850) « ZWRTCGI850),1XBI350), 1YB(850)
¥, 178{350). IXY{850) ,IXZ(850),JYZ(850).,COSD(3,3),PI1,FI2,PI3,SWEFIGH,
*XEFARYBAR, 7ZBAR )
CCMMON/TENSOR/A11,A12,A13,A22,A23,A33
FQUIVAL ENCE(AL2,A21),(A13,A31),(A23,A32)
REALL MASS.IXC,IYC,IZC
4 ICNT=0
RFEWIND 3
C SELECT INPULT AND OUTPUT CPTION
READ(5+103) NOPTNOUT,,NTAPE
GG TO(142+2+500)NUPT
C CARDY INPLT
1 TCNT=TCNT+1
N=ICNT
READI(S5« 101 MIDESCRIINVJI) 9J=1+5) yNCOMPIN) +IPART (N) +MCDEL{N), IDATE(N)
READIS+100) NCOMPIN) +MASSUINY) oI XCUN) I YCUN) oI ZC(N) XCIN),YCIN),»ZCH
*N )
READ(S5,1C2) PXYG(N)-PXZU(N),PYZD(N)
TFIMASSIN) NELO.C) GN TO 1
GG TO SGO
C TAPE INPUT
2 ICNT=ICNT+1
N=ICNT
READ(RIIDFSCRI(NsJ)Y2J=1+5) 4 NCUMP(N) I PART(N) MOCELIN), IDATE(N},
EMASSIN) o IXCINY e IYCINI o [T 2CINY o XCAN) o YCUIN} 2 ZCIN) o PXYC{N)+PXZO{N),
¥PYZO(N)
IF(MASSIN) JNELO0.Q) GO TG 2
TF(NOPT .EQa.2) GN TO 500
ICNT=ICNT-1
10 READI%.104) TADDWN
READ(S, 10LM{NESCRIINGI)+vJ=Ls5) +NCOMP{N)},IPART(N) JMCOEL(N), ICAT E(N)
READ(S5,100) NCOMP(IN) ¢MASSIN) + I XCIN) » IYCUIN) »TZCIN)XC(N),YC(N),
¥7CANY
READ(5y102)-PXYO(N)-PXZO(N)'PYZG(N)
TF{TADD.EQ.1) ICNT=IUNT+1
IFI{MASSIN) NELO.O) GO TO 1O
500 CALL TNRTIA{ICNT)

C SELECT OUTPUT OPTIONS
IFINTAPE.EQ.O) GO TO 600
REWIND 8

D0 5 N=1, ICNT
5 WRITE(BY(DESCRIINsJ)»d=1+5) «NCOMPIN) 2 IPART (N),MODEL(N), IDATE(N),
HMASS(N ) o IXCIN) s IYCAN) » TZCUIN) ¢ XCIN) oYC (N} o ZCUN} sPXYCIN) 4 PXZ3(N},
*PYZO(N) ‘
600 TFINOUT.EV.1) CALL GQUT(ICNT)
GG TO 4
100 FORMAT{I5,E12.4,6F10.3)
101 FORMATIS5A6+15¢5X015:5Xe15,4X,16)
102 FCRMAT{2E1C.3)
103 FORMAT{ I5.15.15)
104 FORMAT(11,14)
END
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$IBFTC INERTIA

e N lel

laEe!

SULBROUTINE INRTIA(ICNT)

COMMON/ZINPULT/ DESCRL(ESQ,5) NCCGMP{8B50) o1 PART (850}, MIDEL(B50),
FICATE(850)MASS(ESC)JIXCIB5C) + IYC{850),12C(850)+XC{850),YC(B50),
¥ 7C{R50).PXYO(B50) PXZU(ESC)PYZ({850)
CCHMMON/OLTPT/XWRTCGUBS5C) s YWRTCG(B50) s ZWRTCG{850), IXB(350),1YB(850)
%+ TZB(350) IXY(850)IXZ(850) IYZ{350),CCSD{3,3),PI1,FI2,P13,SWEIGH,
*XFAR, YBAR + ZBAR

CCMMON/TENSOR/A11,A12,A03 ,A22,A023,A33

CIMENSICN PI(3),72(3),Y{3)

EQUIVALENCE (PXYWPYX) 3 (PYZAaPIY )4 (PXZWPIX)

EQUIVALFENCE (A1Z.AZ1),{A23,A32),.(A13.,A31)

ECUIVALENCE (A11.RCOLL)(A22,PITCH) +(A33,YAW)
ECUIVALFENCE(PI(L),PI1)

REAL MASS IXCoe IVCoIZCoIXBIYBaIZBIXYIXZ,1YZ

LOOP FOR CALCULATING SYSTEM CENTER GF MASS

SXCM=0 .0

SYCM=) .0

S7CM=0.0

SMASS=0.0

DG 5 =1, [CNT
MASSIN ) =MASS{N)/22.174C4S
XCIN)=XC(NI/12.D
YCIN)=YCIN)I/12.0
ZCIN)I=ZCINDI/12.0

X CH=XC (N 1EMASS (N)
YCM=YC (N 1¥MASS (N)
7CHM=7C (N IRMASS(N)
SMASS=SHASSEMASS(N)
SXCM=SXCM+XCM
SYCM=SYCN+YCM
S7CM=352CM+ZCM
XRAR=SXCM/SMASS
YFAR=SYCN/ SMASS

7 BAR=S7CM/SMASS
N=TCNT

LOGP FOR CALCULATING SYSTEM MASS MCOMENTS AND MASS PRCDUCTS

ROLL=0,.0
YAW=0.0
PITCH=0,L0
PXY=Q.0
PXZ=0.0
PY7=0.0

DC 3 K=1,N
X=X8A=-XCIK)
Y=YRAR=Y((K)
7=7BAR=-2C{K)

17
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21

IXBIK)=IXCUKI+MASS (K)* (Z%Z+Y*Y)
IYBIK)I=TYC(K)+MASS(K)*(Z%Z+X*X)
IZBIK)=T2CL{K)I+MASS(K)* (X&X+Y¥*Y)
RCLL=ROLL+IXB(K)
PITCH=PITCH+IYB(K)
YAW=YAW+ I7B (K
IXY{K)=MASS(K}*XEY+PXYU(K)
IXZIKY=MASSIK)*X*¥Z24PXZ0(K)
TYZ(K)=MASS(K)*Y*Z+PYZQ(K)
PXY=PXY+IXY{(K)}

PY7=PYZ+1YZI(K)

PXZ=PXZ+41IXZ(K)

SET UP INFERTIA TENSOR, OTHER ELEMENTS BY LQUIVALENCE

A12=-PXY
AZ3=-PYL
A13=-P X7
CONT INUE

IF(AL12 .EQ.0.0.AND.A12,EQ.0.0.AND.A23.EC.C.0) GG TO 24
TF{A12.EQ.0.0.AND,AL13.EQ0.0.0) GO TO 21
TF(A12.EQ.0.0.AND.A23.EQ.0.C) GO TO 22
IF{A13.EQ.0.0.AND.A22.FQ.0.C) GU YO 23

SCILVE THE EIGENVALUE PROBLEM FCGR THE PRINCIPAL INERTIAS

CALL EICEN{PI1,PI2,PI3)
IF(PI1.EQ.0.0) GO TO &

DERIVEVDIRECTION CUSINE MATRIX

DG S I=1,3
ZA1)=(—AZU%A324A3L%(PITCH-PI(I)) )/ (A23%A32—(PITCH-FI(1))=*
Hyaw-pI1011))

YUI)=(=AZ1-A23%Z(1)) /(PITCH-PI(1))
R=SORT(1.0+Y(T)VRY(TII+Z(T)}%Z(I))

COSDU1.1)=1.0/R ‘

COSC(1.,2)=Y(I)}/R

COSDIT1,2)=2{1)/R

CCNTINUE

GC TD 91

DIRECTICN COSINES AND PRKINCIPAL MOMENTS WHEN XX IS-A PRINCIPAL

AXIS.

ALPHA=.5% ATAN((2.0%A23)/(A22-A33))
SA=SIN{ALPHA)
CA=COS(ALPHA)
CCSCi1,1)=1.0
CLSC(2,1)=0.0
CCSDE3.11=0.0
CCShl1.2)=0.0
COSC(2.2)=CA
CGS0(3,2)=-5A"
COSDIE1.3)=0.0
CCSC(2,3)=5A
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OO AN

22

23

COSNIL.1)=1.0
COSC(2.1)=0.0
CCSC(3,11=0.0
CCSntiL,21=0.C
CCSD(2,21=1.0
CeSD(3.2)=0.0
CCSN{1.3)=0.0

cesn(3,3)=CA

PIil=Al1l
P12=A22%CA%XCA+A33=SAXSA+A23%SIN(ALPHA*Z2, 0)
PI2=A22%SA%*SA+AR3RCAXCA-A22%SINIALPHA®2,. ()
GC T 91

DIRECTICN COSINES AND PRINCIPAL MOMENTS WHEN YY IS A PRINCIPAL
AXTS

ALPHA= 5% ATAN{(2.0%A13)/(A33-A11))
CA=COS(ALPHA)

SA=SIN{ALPHA)}

CCSBU1.11=CA

CCSD(2,11=0.0

CGSC(3,1)=5A

COSN(L.2)=0.0

CCSG(242)=1.0

CCSN(3.2)=0.0

COSNDI143)=—S8A

COSD(2.2)=0.0

COSD(3.3)=CA

PII1=A11%CA*CA+A33% SA%SA-A12%SIN(2.C*ALPHA)
P12=A22
PI3=A11%SARSA+A33=CASCA+AL3*SIN{2.0%ALPHA)
GO TN 91

DIRECTIGN COSINES AND PRINCIPAL MOMENTS WHEN ZZ IS A PRINCIPAL
AXIS,

ALPHA=.5% ATAN((2.0%A12)/(A11-A22))
CA=COS(ALPHA)

SA=SINULALFPHA)

CCST1.1)=CA

COSD(2.1)==-5A

CCsn{3,11=0.0

CGSD(1,2)=SA

CeSNE2.21=CA

COSN{(3.2)=0.0

COSCi1,2)=0.0

CCSp(2.3)=C.0

CCSn(3,2)=1.0

PT1=A1LT1%CAXCA+A22% SA*SA+AL2%SIN{(2. OXALPHA)
PI2=AL1%S5A%SA+A22%CA%CA—AL2%SIN(2. 0%ALPHA)
P13=A33

GC TO 91

DIRECTICN COSINES AND PRINCIPAL MGMENTS WHEN THE PRINCIPAL AXES
ARE AL [GNED WITH THE CENTER OF MASS SYSTEM

19



91

20

6

8

4

CCSD(24 )=
COoSDE3,3)=
PIl=A11
PI2=A22
P12=A33
GG TO 91

0.0
1.0

CONVERSIONS FOR QUTPLT BLOCK

SWEIGA=SMASS%32,174G49
XFAR=XBAR%12.0
YEAR=YBAR®12.0
ZEAR=7RAR%12.0

DG 6 K=1,N

MASSIK )=MASSIK)%32.17404S
XC{KI=XC(K)I*¥12.0
YC(K)=YC(K)I%12,C
7CIK)I=ZCIKI%12,0

XKRTCGIK )=XBAR~XC (K )
YRRTCSH(K )=YBAR~YC (K )
ZWRTCH(K I=ZBAR=7C (K)

Gn 10 4

WRITE(6,233)

233 FORMAT(93HOEXECUTION HAS BEEN TERMINATED.

ILUE PROBLEM RESULTED IN COMPLE X RUCTS)
CONT INUF

RETURN

END

SCLUTICN T4

THE EIGENVA



¢IBFTC CUT

SLRROVTINE OQUT(ICNT)
COCMMON/ INPUT/ DESCRI(ES0,5)NCOMP{850) ,1 PART(850) 4 NCDEL(850),
LCATEL850) «MASSTESCYIXCLESD) IYC L8500 ,12C(8501)XC(850),YC (8501},
* 7C(850).PXYO( 8501 PXZO(85C) +PYZO(850)
COMMON/UGLTPT/XURTCGIESC) « YWRTCG(B50) » ZWRTCG(850) ,I1XB(8501),1YB(850)
¥, TZ7R(350) ., IXY(B50),IX2{850),1YZ(850).C05D{3,3).PI1,F12,PI13,SWEIGH,
*XEAR,YPARLZBAR
CCMMON/TENSOR/ALL.AL2,A13,A22,A23,A33
EQUIVALENCE{A12.A21),(A13.,A31) ,(A23,A32)
REAL [XYsIXZeIYZ MASSLIXC,IYC,12C,1XB,IYB,12ZB
WRITE({6.213)
213 FOCRMAT(1HL)
WRITE(6.216)
216 FOCRMAT( 1KLY
WRITE(A.215)
215 FORMATE 30X, 46H* #xk* COMPONENT MASS CHARACTERISTICS  #%k&kx)
WRITFE(6.216)

INGIVIDUAL COMPONENT QLTPUT BLOCK

S0 0

N=TCNT

JONT=0

0 6 K=1«N

JONT=JCNT+1

WRITE {64200) JONTLIDESCRI(KeJ) ¢J=1+5) JNCGFP(K)IPARY(K) MODEL(K),
*ICATE(K)

200 FORMATI2X.GELIST NOo +15+4X,506,9ACCMP. NO.+T16,10H PART NO. , 16,

L1IH MODEL NO. o16.L9H DATE OF ENTRY- L16)

WRITE(64201) MASS(K) «XC(K) »YC(K) +2C(K)

201 FORMAT(6X. BHWEIGHT= ,E12.4,184 °  PCSITIGN- XC=yE1l.4,
*GF INCHES  +6X46H YC=+E11e449H INCHES s6Xe4H ZC=4E11.4+8H INCRHE
*S )
WRITE(6,251) IXCUK)IYCUK) IZCIK)
251 FORAAT(6X . 3BHINPUT MOMENT OF INERTIA- IXX=4Elle4,
*¥9H SLUG-FT2.8X,4HIYY=,E11.4,9H SLUG—FT2 46Xs4HIZ7=4E11.44+9H SLUG-FT
*2)
WRITF(6.252) PXYO(K)PXZCUK)PYZO{K)
25?7 FORMAT(6X«38HINPUT PRODUCT OF INERTIA- PXY0O=yEll.4,

AR SLUG-FT24TX+5HPXZ0=9E1l+499H SLUG-FT245X,5HPYIO=,E11.4)
WRITE{64214) XWRTCGIK) +»YWRICG (K) +ZWRTCG (K)
214 FORMATU3EH COMPONENT POSTTION WRT SYSTEM CM,T7H CM-X= ,E10.3,
19F INCHES  +6XeTH CM=-Y= H,ELC.3,9H INCHES ,6X+5HCMZ= ,E10.3,
19F INCHFS )
WRITE(6.,212) [XB(K)-IYB(K)viZB(K)
212 FCRMAT(38H MOMENT (F INERTIA CONTRIBUTION -,7H IXC= ,E10.3,
19+ SLUG-FT12.6Xs7H IYC= +E1C.3+9H SLUG-FT2,6X+5HI7C= ,E1D.3,
19F SLUG~FTez)
WRITE(64234) TXYIK)}JIXZ(K) ,TYZ (K}
234 FURMATL 38N PRODUCT CF INERTIA CONTRIBUTICN-.7H PXY= 2E10.3,
19F SLUG-FT2.€6XsTH PXZ= JE1Ce3,49H SLUG-FT2,6X,5HPY7= ,E10.3,

21



19 SLUG-FT2)

WRITE(6.211)

211 FORMAT{1HL)
6 CONTINUE

e NaNel

INERTIA TENSQR QUTPUT BLOCK

WRITE(&,213)
WRITE(6.217)
217 FCRMATI(1H4)
WRITE(6,218)
218 FORMAT( 40X, 48HINERTIA TENSCGR AT SYSTEM CENTER (OF MASS
WRITE(6,216)
WRITE(6.219)
219 FORMAT{ 15X, ZHE®,23 X 2HE% 411X, 2 H¥% 446 X+ 2H%%)
WRITE(6,220)
220 FORMAT( 15X, 2H% ,23Xe2H %41 1X2H% ,46Xs2H %)
WRITF(6+221) A1L,A12.,A13
221 FURMAT(15X,6E% T1146X,3H112,6X%X,6HI13 %411X,2H% 4E11.4,6X,
1E11.4¢6XeE11a4,3H %)
WRITE(€,220)
WRITE(6.222) A21,A22,A23 ,
222 FURMATU 15X, €H%* 121 +6Xe3HI22,6X46HI23  #,5X41H=45X,2H% ,E11l.4,
16X.E11.446XeE11.4,3H %) ’
WRITE(64220)
WRITE(64222) A21,A32,A33
223 FORMATI 15X, €H% 131,6X,3HI32,6X,6HI33 *,11X2E% ,Flle%4,6X,
1F11.4e6XeF 11040 3H %)
WRITE(6,720)
WRITE(6.219)
WRITF(6.217)
WRITE(6,224) _
224 FORMAT(40X.37THPRINCIPAL MASS MOMENTS OF INERTIA)
WRITF(6.211) '
WRITE(6,232)PT1L,P12,PI3
232  FORMAT(ABROROOTI= ,E12.5+9H SLUG-FT2,6X.THROOT2= ,E12.5,9H SLUG-FT2
1o 6Xe THRUOT3= LEL12.5,9H SLUG-FT2)

C
C DIRECTION COSINE DUTPUT BLGCK
C

: WRITF16.,225)
225 FORMAT(I1HL)
WRITEl 6.226)
2726 FCRMAT( 40X, 22HDIRECTICN COSINE ROTATICN MATRIX)
WRITE(6,216)
WRITF{6,227)
WRITE(6.,228)
227 FORMAT( 25X 2H4% 21 Xo 2H% % 3 13X 2H %% 4 26 X 4 2H¥%)
228 FORMATI26Xs2H% 421 Xe2H % o13X42H% 426X +2H #)
WRITE(6,229) (COSD(Lsd)}ed=1,3) =
229 FORMAT (25X, 7HE L 1XBye4X+4HL1YB,4X6HLLIZB *%,13X43H%  FT.64,1X,
LF7.8s X FTabe3X, H%) '
WRITE(642238)
WRITE(6+4230) (COSD(2+J) +J=1,3)
230 FORMATI 25X, THE  L2XB 44X, 4HL2YB 44X 6HL2IB #,6Xs1H=46X,3H%
1F 71a4e UXe FTads LXaFTabe3X, LHX)

22
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WRITFE(64,228)
WRITE(6,231) (COSD(34J)+d=1,3)
231 FORMAT{25Xs TH®  L3AXB4X4HLAYE 14X e6HLIZB #,13Xe3H%  4FT.441Xy
IFT72401X e FTa4e3Xs1H¥)
WRITE(H,228)
WRITE(64227)

SYSTE4M QUTPLT BLOCK

WRITF(6sc11)
WRITE(6,2G9) SWEIGH
209 FORMAT{16H SYSTEM WEIGHT= ,F12.5,7H POUNECS)
WRITE( 642361
WRITE(6,2051) :
205 FORMATI(30X,45HSYSTEM CENTER (OF MASS WRT REFERENCE SYSTEM !
WRITF(£,.208) XBAR,YBAR,ZBAR :

206 FORMAT(T7FOXBAR= ,E12.5,7H INCHES,6X,7H YBAR= ,E12.5,7H INCHES,

16X TH IBAR= 4E12.5¢7H INCHES)

WRITE(E,226)

WRITE(6,208) N
208 FCORMAT(2GH TOTAL NUMBER OF CCMPGNENTS= L16)
236 FORMAT( 1HY)

RETURN

END

23



$IBFTC ETCGEN

SLRROLTINE EIGEN(EV1.EV2,EV3)
FQUIVALENCE(A12,A21),(A31,A13),(A23.,A32)
CCMMON/TENSHIR/ATL1,A12,A13,A22.,A23,A33

COMMON/COEFF/P 40K ’

P=—(A11+A224A32)
O=—(-A11%AZ2-A11*%A33—-A22%A23+A12%A21+A13%A3]1+A32%A23)
R==(ALL¥A22%A33-A12%A21¥A33+A12%A31%A23+A13*A21%A32-A13%A22%A31
1-222%A23%A11)

CALL CURBIC{EVI «EV2,EV3)

RFTURN

END

24



$IBFTC CuBIC

SUBROGTINE CUSIC(R14R2,R3)
COMMON/COEFF/P ,0.R
DATA CONRTN/57.2957795/
A=(1.0/3.0)%(3.0%0~P%P)
B=(1.0/27.0)%(2.0% (P¥%2) =9, 0¥P%*0+2 7.0%R)
TF((B%B/4.0+A%A%A/27.0).6T.C.0) GO TN 9
TF((BXB/4.0+A%A%A/27.0).E0.0.0) GO TO 7
c THREF REAL AND UNEQUAL ROOTS
PHIZARCOS(—B/(2.0%SORT(~(A*A%A)/27.0)) )
FACTOR=2 .0%SORT(=A/3.0)
R1=FACTUR%COS(PHI/3.0)-P/3.0
RZ=FACTOR*COS((PHI/3.0)+(120.0/CGNRTD) 1-P/3.0
R3=FACTOR®COSI(PHI/2,0)+1240.0/CONRTD))=P/3.0
6C TO 5
c THREE RFAL ROOTS, AT LEAST TWo EGUAL
T AR=4(=R/2.0)%%11.0/3.0)
R1=2.0%AA-P/3.0
RZ==AA ~P/3.0
R2=-AA=P /3.0
GC 1005 :
C ONE REAL RCOT, AND TWO CONJUGATE IMAGINARY
9 R1=0.0
R2=0.0
R2=0.0
5 RETURN
END

25



APPENDIX D

SAMPLE CALCULATION

A sample problem and its solution are presented to demonstrate the preparation of
input data and to illustrate the output format. Using the proper matrix relations, a check
is made on the computed principal mass moments of inertia and the directions of the
principal axes.

Problem

A composite body consists of six regular geometric shaped components located
within a cylindrical shell. A top view of the body is presented in figure 5. Assume a
reference system coincident with the geometric axes through the base of the shell. Com-
ponent II has its principal axes rotated 45° from the reference axes. The principal mo-
ments of inertia of component II are

2
L= 2.5 (slug-ft“)

Iy' =2.5 (slug-ftz)

Iz' =1.0 (slug-ftz)

The inertia tensor of component II must be found about axes parallel to the reference
axis system. The relation between the principal moments of inertia and moments of in-
ertia about axes parallel to the reference system is

T
[0 = 2151 [2) (Y
where [l]is the direction cosine matrix between the principal axes and axes parallel to
the reference system. For this case, [1] represents a single rotation in the xy plane
through @, or
cos -sin o
[2] = - (D2)

sin « cos «

and
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L Ly
[1] = (D3)
1 I
yX ¥
ne o]
[1I'] = (D4)
0 I
¥y
Substituting equations (D2), to (D4) into equation (D1), then
L I I, cos®a + L, sinla | (I, -1)sin a cos «
X Xy X! y' A X!
= (D5)
Iyx Iy (Iy' - IX,)sin @ Cos ¢ L sinza + Iy, cosza

For component II, @ = 45°, 5o equation (D5) becomes

The input data required for the problem is shown in table I. Table II shows the input
card requirements.

The computer output for the problem is given in table III. The component mass
characteristics are individually listed. The component moment of inertia contribution
and product of inertia contribution represent the inertia of the component about the cen~
ter of mass axis system. The inertia tensor is consistent with the definition of equa-
tion (6). The principal mass moments of inertia are numbered to correspond with the
nomenclature of the direction cosine matrix defined by equation (13). In the output direc-
tion cosine matrix, L1XB represents the direction cosine between the axis about which
ROOT1 is defined and the X axis of the center of mass coordinate system. The center
of mass location is with respect to the reference axis system.

The matrix [Z] in equation (D1) is an orthogonal transformation and therefore pre-
multiplying (D1) by [Z] and postmultiplying by [Z ]T

('] =211 [2)F (D6)

From matrix theory, the trace of any square matrix is invariant under an orthogonal
transformation. By inspection of the computer results, the trace of [I] equals the trace

27



of [I'l. As a further verification of the computer results, the matrices are substituted
into equation (D6).

0.2015 0.7473 -0.6332](295.8 -5.472  -25.23][0.2015 0.8440 0.4970]
. 8440 . 1956 .4994 |1 -5.472 343.0 -15.61}| .7473 . 1956 -.6394
.4970 -.6349 -.5915] L-25, 32 -15.61 328.3 JL-.6332 .4994 -, 5915J

354, 754 0.013 -1.11 7
= .013 279, 585 -. 252

1.083 -.014  333.704]

TABLE I. - SAMPLE PROBLEM INPUT DATA

Component Description Weight,| Center of | Mass moment of inertia, slug-ft2
1b mass,
I I
ft Ixi Vi 24
I Cylindrical shell: 640 | (0,0, 5) 208.4 208.4 83.4

Length, 10 ft
Inner radius, 24 in.
Outer radius, 25 in.

o Cube: 160 [(1,1,7) 1.3 1.3 1
1by 1by 2 ft

I Sphere: 128 (—%, %, 3) 1.6 1.6 1.6
Radius, 1 ft

v Thin plate: 8 |(-3-35) 0.1 0.1 0.1
1by 11t

v Cylinder: 80 (1, -1, 2%) 5.4 5.4 0.3
Length, 5 ft
Radius, 1/2 ft

VI Cylinder: 64 |(-1,1,5) 1.6 1.6 0.3
Length, 3 ft
Radius, 1/2 it
o 1

VI Cylinder: 1024 ( 12,0, 4) 4 4 174.6
Length, 8 ft

Radius, 1/2 ft
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LIsST

LIST NG. . 2

LIST NC. 3

LIST NC. 4

LIST

COMPONENT POSITION WRT SYSTEM CM CM-X= -0.194E 02
MOMENT OF INERTIA CONTRIBUTICN - IXC= 0.179E 02
PRODUCT OF INERTIA CONTRIBUTION- PXY= -0.441E O1
LIST NO. 6 CYLINDER L=3,R=1/2 ccrp.
WEIGHT=  0.6400E_02  POSITION- _XC=-0.1200E 02
INPUT mUMENT OF INZRT1A- IXx= 0.1600E 01
INPUT PRODUCT OF INERTIA- PXY0= O,
COMPONENT POSITION WRT SYSTEM CN CM-X= 0.459E Ol
MOMENT OF INERTIA CONTRIBUTION - [XC= 0.382E 01
. PRODUCT OF INERTIA CONTRIBUTION- PXY= -0.686E 00
LIST NO. 7 CYLINDER L=8,R=1/2 CCMF.
WEIGHT=  0.1024E 04  POSITION-  XC=-0.1800E 02
INPUT MOMENT OF INERTIA- [XX= 0.4000E 01
INPUT PRODUCT NF INERTIA- PXYD= 0.
COMPONENT POSITION WRT SYSTEM CM CM-X= 0.106E 02
MOMENT, OF INERTIA CONTRIBUTION - [XC= 0.108E 02
PRODUCT OF INERTIA CONTRIBUTION- PXY= 0.272E OL
LIST NC. 8 END OF DATA coMP.
WEIGHT= O, POSITION-  XC= Q.
INPUT MOMENT DF INERTIA- IXX= 0.
INPUT PRODUCT OF INERTIA- PXY0= 0.
COMPONENT POSITION WRT SYSTEM CM CM-X= -0.741E Ol
MOMENT OF INERTIA CCNTRIBUTION - IXC= 0.
PRGDUCT OF INERTIA CONTRIBUTION- PXY= -0,

30

cerses

NG. 1 CYLINDRICAL SHELL
WEIGHT= 0.€400E 03 POSITION-
INPUT 4CMENT OF INERTIA-

INPUT PRODUCT OF INERTIA-
CO¥PONENT POSITION WRT SYSTEM CM
MOMENT OF INERTIA CONTRIBUTION -
PROCUCT OF INERTIA CONTRIBUTION~

CURE

WE IGHT= 0.1600E 03 POSITINN-
INPUT MOMENT OF INERTIA-

INPUT PRODUCT OF INERTIA-
CGFPONENT POSITION WRT SYSTEM CM
MOMENT OF INERTIA CONTRIBUTICN -
PRODUCT OF INERTIA CONTRIBUTION-

SPHERE

WEIGHT= 0.1280E 03 POSITION-
INPUT MOMENT OF INERTIA-

INPUT PRODUCT OF INERTIA-
COMPONENT POSITION WRT SYSTEM CM
MGMENT OF INERTIA CONTRIBUTICN -
PRODUCT DF INERTIA CONTRIBUTION-

THIN PLATE
WE IGHT= 0.8000E 01 POSITION-
INPUT MCMENT OF INERTIA-
INPUT PROCUCT 0OF INERTIA-
COMPONENT POSITICN WRT SYSTEM CM
MOMENT OF INERTIA CONTRIBUTICN -
PRODUCT NF INERTIA CONTRIBUTION-

NO. 5 CYLINDER L=5,R=1/2
WE IGHT = €.8000€ 02 POSTI TION-
INPUT MOMENT OF INERTIA-

INPUT PRODUCT OF INERTIA-

TABLE OI. - SAMPLE PROBLEM OUTPUT LISTING

comp.
XC= 0.
[ XX= 0.2084f 03

PXY0= 0.

CM-X= -0.741E 01
1 x 0.215€ 03
PXY= -0.119E 01

CGMP.

XC= 0.1200E 02

1xX= 0.1300€ 01
0.

-0.194E 02

0.377€ 02

PXY= 0.727€ 01

CCMF.

XC= 0.6000E 01

1XX= 0.1600€ 01

PXY0= 0.

CM-X= -0.134E 02
IXC= 0.106E 02
PXY= 0.179E 01

ceoMP.
XC2-0.6000E 01
I1XX= 0.1000E 00

PXY0= 0.

CM~X= ~0.141E Ol
IXC= 0.462E 00

PXY= —0.175E-01

CCMP.

XC= 0.1200E
IXX= 0.5400F
PXYD= 0.

02
01

COMPUNENT MASS CHARACTERISTICS

NG.
[NCHES
SLUG-FT2
SLUG-FT2
INCHES
SLUG-FT2
SLUG-FT2

1 PART

NC. 2 PART
INCHES

SLUG-FT2

.SLUG-FT2

TNCHES
SLUG-FT2
SLUG-FT2

NG.
INCHES
SLUG-FT2
SLUG-FT2
INCHES
SLUG-FT2
SLUG-FT2

3 PART

NC. 4 PART
INCHES
SLUG-FT2
SLUG-FT2
INCHES
SLUG-FT2
SLUG-FT2

NG.
TNCHES
SLUG-FT2
SLUG-FT2
INCHES
SLUG-FT2
SLUG-FT2

5 PART

NO.
INCHES

SLUG-FT2
SLUG-FT2
INCHES

SLUG-FT2
SLUG-FT2

6 PART

NeC.
INCHES

SLUG-FT2
SLUG-FT2
INCHES

SLUG-FT2
SLUG-FT2

7 PART

NC.
INCHES
SLUG-FT2
SLUG-FT2
INCHES
SLUG-FT2
SLUG-FT2

0 PARY

BEEBEE

NO. 1 MODEL NO. DATE OF ENTRY- 90268
YC= 0. INCHES 70 = 0.6000E 02 INCHES
1YY= 0.2084E 03 SLUG-FT2 122= 0.8340E 02 SLUG-FT2

PX20= 0. SLUG-FT2 PYI0= 0.

CM-Y= 0.116F 01 INCHES CMZ= -0.659E Ol INCHES

"1YC=  0.222E 03 SLUG-FT2 fIC= 0.912E 02 SLUG-FT2
PXZ= 0.675E 01 SLUG-FT2 PYZ= ~0.106E Ol SLUG-FT2

NO . 1 MODEL NO. DATE OF ENTRY- 90268

YC= 0.1200E 02 INCHES L= 0.8400E 02 INCHES
1YY= 0.1300€ 01 SLUG-FT2 17Z= 0.1000€ 01 SLUG-FT2

PX10= 0. SLUG-F¥2 PYZ0= 0, -

CM-Y= -0.108E 02 INCHES CMZ= -0.306€ 02 INCHES
IYC= 0.466E 02 SLUG-FT2 12C= O0.1BlE 02 SLUG-FT2
PXZ= 0.205E 02 SLUG-FT2 PYZ= 0.114E 02 SLUG-FT2

NO . 1 MODEL NO. DAYE OF ENTRY- 90268

YC= 0.6000F Ol INCHES ZC= 0.3600F 02 INCHES
1YY= 0.1600E 01 SLUG-FT2 127= 0.1600E 01 SLUG-FT2

PX10= 0. SLUG-FT2 PYZ0= 0.

CM-Y= ~0.484E 01 INCHES CMZ= 0.174E 02 TNCHES
IYC= 0.149E 02 SLUG-FT2 12C= 0.722E 01 SLUG-FT2
PXZ= -0.645E£ 01 SLUG-FT2 PYZ= -0.233E 01 SLUG-FT2

ND. 1 MODEL NO. DATE OF ENTRY- 90268

YC=-0.6000E 01 INCHES IC= 0.6600€ 02 INCHES
1YY= 0.1000E 00 SLUG-FT2 12Z= 0.1000E 00 SLUG-FT2

PXZ0= 0. SLUG-FT2 PYZO= 0.

CM-¥=  0.716F 01 INCHES CMZ= -0.126F 02 INCHES
I¥YC=  0.377E 00 SLUG-FT2 1ZC= 0.192E 03 SLUG-FT2
PXZ= 0.308E-01 SLUG-FT2 PYZ= -0.156E 00 SLUG-FT2

ND. 1 MODEL NO. DATE OF ENTRY- 90268

YC=-0.1200€& 02 INCHES IC= 0.3000F 02 INCHES
1YY= 0.5400€ Ol SLUG-FT2 12Z= 0.3000E 00 SLUG-FT2

PXZ0= 0. SLUG-FT2 PYZ0O= Q.

CM-Y= 0.132E 02 INCHES CMZ= 0.234E 02 INCHES
IYC= 0.214E 02 SLUG-FT2 1Z2C= 0.980E 01 SLUG-FT2
PXI= -0.785E€ 01 SLUG-FT2 PYZ= 0.532€ 01 SLUG-FT2

NO . 1 MODEL NO. DATE OF ENTRY- 90268

YC= 0.1200F_02 INCHES ZC=_0.6000E 02 INCHES
[YY= 0.1600E OI SLUG-FT2 1ZZ= 0.3000E 00 SLUG-FT2

PX20= 0. SLUG-FT2 PYIO= 0.

CM-Y= -0.108E 02 INCHES CMZ= -0.659E 01 INCHES
[YC=  0.249E 01 SLUG-FT2 1ZC= 0.221F 01 SLUG-FT2
PXZ= -0.418E 00 SLUG-FT2 PYZ= 0.98TE 00 SLUG-FT2

ND . 1 MODEL Nf. DATE QOF ENTRY- 90268

YC= 0. INCHES IC= 0.4800E 02 INCHES
LYY= 0.4000€ 01 SLUG-FT2 172= 0.1746E 03 SLUG-FT2

PX20= 0. . SLUG-FT2 PYZ0= 0.

CM—Y=  0.116F 01 INCHES CMZ= 0.541E 01 INCHES
1YC= 0.352E 02 SLUG-FT2 1IC= 0.200€ 03 SLUG-FT2
PXZ= 0.126E 02 SLUG-FT2 PYZ= 0.139E 01 SLUG-FV2

NO . 0 MODEL NOD. DATE OF ENTRY- [}

YC= 0. INCHES 2L= 0. INCHES
1YY= 0. SLUG-FT2 122= 0. SLUG-FT2

PXZ20= 0. SLUG-FT2 PYI0= 0.

CM-Y= 0.116E 01 INCHES CMZ= 0.534E 02 INCHES
1YC= 0. SLUG-FT2 12€C= 0. SLUG-FT2
PXZ= -0. SLUG-FT2 PYL= 0. SLUG-FT2



TABLE HI. - Concluded. SAMPLE PROBLEM OUTPUT LISTING

INERTIA TENSGR AT SYSTEM CENTER OF MASS

*
*

o
#
LR K BRI BE RN R

—
—

112 I3 0.2958E 03 -0.5472E 01 -0.2523E 02

~
—

122 123 -0.5472E 01 0.3430E 03 -0.1561E 02

-0.,2523€ 02 -0.1561€ 02 0.3283€ 03

w
—

132 133

B R H R

LI I I NI Y
[

R R I N

*
#
#*
&
®

PRINCIPAL MASS MCMENTS OF INERTIA

RONT1=  (.3547SE C3 SLUG-FT2 RCOT2=  0.27959E 03 SLUG-FT2 ROOT3= 0.33279E 03 SLUG-FT2

DIRECTICN COSINE RCTATIDN MATRIX

i *¥x ®3 5%
%* * * L4
* L1XB L1YB L1ZIB = = 0.2015 0.7473 -0.6332 *
* ® * *
*  L2XB L2vys L2178 * = * 0.B440 0.1956 0.49%4 *
x® = & *
*  L3x8 L3ys 1328 * * 0.4970 -0.6349 -0.5915 *
*® = # ¥
%k ¥ £ &%

SYSTFM wEiGHT= (.21040E 04 PCUNDS

SYSTEM CENTER 0OF MASS WRT REFERENCE SYSTEM
XBAR= —(C.74144E 01 INCHES YRAR= 0.11635E 01 {NCHES T28AR=  0.53407E U2 INCHES

TOGTAL NUYBER GF CGMPGNENTS= g
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Read
from
cards

Tape
additions or
changes

No

Input through
external routine
using common
blocks

Call
INRTIA

Yes

Write new
data array
on tape

NTAPE = 0

r-—————————————————

Figure 2. - READ is used as Main Program,



INRTIA

Do5N =1, ICNT

Calculate
center of mass

Do3K=1LN

Calculate component
inertia contributions

|

Set up
inertia
tensor

/

dor6

Check
0's in tensor

Alternate principal
inertias and direction
cosine block

2 or less | Call

EIGEN

Call
CUBIC

Derive direction
cosine matrix

Figure 3. - INRTIA calculates principal moments of inertia and direction of prin-

cipal axes.

Conversions
for output
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Component
output
block

Inertia

tensor
output

" Direction
cosine
output

Figure 4, - OUT prints mass characteristics
of each component and entire system,

Yo

X

1~

Figure 5. - Sample problem definition.
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