INTERNATIONAL ISO
STANDARD 14954

First edition
2005-02-01

Space systems — Dynamic-and static
analysis — Exchange of mathematical
models

Systémes spatiaux — Analyse dynamique et statique — E¢hange de
modeles mathématiques

e Reference number
= — ISO 14954:2005(E)

©1S0 2005


https://standardsiso.com/api/?name=7381a479996e19df06be632ad5245214

ISO 14954:2005(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

© 1S0 2005

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. +412274901 11

Fax +41 22749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

i © IS0 2005 — All rights reserved


https://standardsiso.com/api/?name=7381a479996e19df06be632ad5245214

ISO 14954:2005(E)

Contents Page
0T =NV o iv
1 8T o - 1
2 NOIrMAtiVe FEfErE@NCES ..o e e s e s e s e e e e e e e e ee s nn e e eennneeennnnenenn 1
3 Terms, definitions, symbols, and abbreviated terms.........ccccccrrrriiccccvsrrnnncccceeem e 1
4 General description of Models .........ccccciiiiiiicccccerrr e R e e e e 3
5 General reqQUIreMEeNts ..........ceiiiiiiiccccecerer e sses e e e s nnmne e e s adondiibnnnnenennes desmnnneenensnnaen 3
6 Condensation methods ... D e eme e e 5
7 Model delivery CRECKS ... s s n s s snsnsssssnsnsssssdessnnnnnnnnnnnnnnn 8
8 Requested OULPULS.........eee ey N i o n e s mmm e e e e e s e e e 10
9 Size MItatioNS ... e e s e e 10
10 Delivery formats ... i e 10
© IS0 2005 — All rights reserved iii


https://standardsiso.com/api/?name=7381a479996e19df06be632ad5245214

ISO 14954:2005(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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Space systems — Dynamic and static analysis — Exchange

of mathematical models

1 $cope

This [International Standard normalizes the exchange of mathematical models between‘payloa

l contractors

(PLC) and launch service providers (LSP). It identifies standard methods for modelling the dynanpic behaviour

of both launch vehicles (LV) and payload (PL), particularly when they are coupled @rier to launc
the eprly moments of the launch phase.

In stgndard mode, the delivered models represent dynamic and static behaviour at the launcher i
requifements provided in this International Standard are the minimum necessary for dynamic cou
They| may not be sufficient for stress analysis. The payload modelstare full integrated mod
different parts of the payload under the payload contractor authority,{including also their own 3
interface in the case that the adapter is a part of the payload.

This |nternational Standard does not include the validation of‘PL models.

2 ormative references
The following referenced documents are indispensable for the application of this documen
refergnces, only the edition cited applies:lFor undated references, the latest edition of th
document (including any amendments) appliés.

ISO/IEC 646, Information technology.— ISO 7-bit coded character set for information interchange

3 Terms, definitions, symbols, and abbreviated terms

3.1 | Terms and definitions

For tihe purposes\of this document, the following terms and definitions apply.

311
paylgad

h and during

nterface. The
pled analysis.
els from the
dapter to LV

t. For dated
b referenced

system thatis launched hy alaunch vehicle

EXAMPLES Satellite, spacecraft, space probe.

3.1.2
payload contractor
organization in charge of a payload

3.1.2

launch service provider
organization that conducts a launch with a launch vehicle

© 1SO 2005 - All rights reserved
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3.2 Abbreviated terms

ATM  acceleration transformation matrix
CoG centre of gravity

DoF  degree of freedom

DTM displacement transformation matrix

EOF end of file

ICD interfface control document
LSP  laungh service provider
LTM load fransformation matrix
LV laungh vehicle

OTM  outpuit transformation matrix
PL paylgad

PLC paylgad contractor

Si Interpational System of Units

3.3 Symbpls

A acceleration transformation matrix
C damping matrix

D displacement transformation matrix
K stiffness matrix

Kr stiffness matrix of rigidlbody modes, K = ¢EK¢R

L load transformation*matrix

M mas$ matrix

. . T
MR mass-matrix of rigid body modes,_ Mg = go Mgo

Se strain energy
Jis internal degrees of freedom
qj degrees of freedom of the interface

R matrix of rigid body modes

Nk modal coordinates

2 © ISO 2005 — All rights reserved
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4 General description of models

4.1 Matrices

The mathematical model of a PL shall be made of three matrices [mass matrix (M), stiffness matrix (K), and
damping matrix (C)]. It shall be sufficient to characterize the dynamic and static behaviour of the structure,
assuming that no external forces are applied to the payload except through the LV-PL interface.

A modal synthesis method is a typical procedure used to generate a reduced mathematical model.

Additional matrices may be provided in order to reconstitute acceleration, displacement or load in the PL.

Thesg matrices are identified as OTMs in the following clauses.
4.2 | Types of models

4.2.1] Physical models

Phys|cal models shall be represented by matrices, the dynamic and static-behaviour of which|is described
solely by the DoFs related to physical displacement at nodal points, including all interface points.

4.2.2] Modal models

Modal models shall be represented by matrices, the dynamic.and static behaviour of which is degcribed solely
by a|mix of physical and modal DoFs (representing the modes of the structure fixed at previous physical
DoFsg). Only interface DoFs are physical DoFs.

4.2.3| Hybrid models

Hybrid models are extensions of modal models*for which internal physical DoFs other than the interface DoFs
are included.

4.3 | Units

All nimerical input and output data shall be expressed in Sl. Acceleration may be expresseq in g, where
2 =9[81 m/s2.

Use o¢f units other than‘those of Sl is an exception that shall be submitted for the approval of the LSP.

5 Generalrequirements

5.1 | Modelling codes

The software (name and version) and the type of finite elements used for the modelling of the PL shall be
indicated.

The condensation procedure applied to the original dynamic model shall be described.

5.2 Co-ordinate systems

A reference co-ordinate system for the PL model shall be defined. A drawing of the PL ensemble with its co-
ordinate system shall be included in the written report.

© 1SO 2005 - All rights reserved 3


https://standardsiso.com/api/?name=7381a479996e19df06be632ad5245214

ISO 14954:

2005(E)

The orientation of the PL axes with respect to the LV shall be defined by the LSP, based on compliance with
requirements of clearance between PL and LV structures, on pad access to the PL, and on mechanical and
electrical interfaces as stipulated in the ICD.

The same reference system shall be used for the geometrical description of the PL and for the definition of the
DoFs in the mass and stiffness matrices.

The axis system shall be cartesian.

A local co-ordinate system may be used but shall be clearly defined. For interfaces, all reference shall be
made to the reference co-ordinate system.

5.3 Theorletical aspects for modelling

5.3.1

The model s

also clamped at its interface with the launch vehicle. The model shall be representative up to a frequ
specified by the LSP.

5.3.2 Liquid modelling

If the payloafl contains significant liquid propellant mass, the model shall.describe the slosh motions of
liquids, neglecting the surface tension and assuming that the equilibrium surface is perpendicular t
liquid’s quasi-static net acceleration vector, when required by the LSP.

The effects g
Typical valug
5.3.3 Dam

Damping is U
at the PL lev

Gengral modelling

hall describe the complete, dynamic, three-dimensional PL behaviour in freg-free condition

f fluid-structure interaction shall be taken into account in the prescribed frequency range.

s of quasi-static acceleration shall be provided‘by the LSP for loading cases to be considere

bing modelling

sually based on approximations derived from engineering judgement and tests. It may be de
|, in which case a PL damping\matrix shall be a part of the mathematical model.

Damping ma

matrix is reqlired. However, if necessary, the dependence of damping on frequency may be provided.

5.3.4

When the intprface between the PL and the LV may be considered rigid, as approved by both the PLC an

LSP, the int

Modelling of| then\PL-LV interface shall require greater accuracy when the flexibility of the interface
induce higher 1oads on the PL. This issue shall be discussed by both parties prior to the preliminary co

Interface modelling

y be defined at the system level by agreement between PLC and LSP, in which case no dar

ace canbe condensed to one node with six DoFs.

5 and
ency

hese

b the

fined

nping

d the

might

Lipled

analysis cycle.
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Condensation methods

Condensed physical model

6.1.1 General

The choice of method of condensation is left to the discretion of the writer of the model. The condensed model

shall

The

be compliant with requirements given in Clause 7.

nodal points and DoF shall be defined as in 6.1.2.

6.1.2] Requirements

6.1.2|1 Unless otherwise specified, each physical nodal point of the interface shall have six
refergnce co-ordinate system:

Ty =DoF 1, Ty = DoF 2, T,=DoF 3, Ry = DoF 4, R, = DoF 5, R, = DoF 6

where T is translation, R is rotation and X, Y, Z are the axes.

6.1.2|2 The DoFs shall be ordered in the matrices first according to the numbering of th
secohnd according to the numbering of the DoFs as listed in 6.1.2. 1

6.1.2|3 A local co-ordinate system may be used but shalhbe defined. In general, local co-
excluded for the interface DoFs.

6.1.2|4 Nodal point co-ordinates shall be expressed in the reference system of the PL.
6.1.2|5 As a result of these rules, the mass, stiffness and damping matrices may have a s
6N x 6N, where N is the number of nodal points.

6.1.2|6 The OTMs may be suppliedwith related user instructions. The output parameters sh

depepdent on the acceleration and/or displacement of nodal points.

Thus| the OTMs are likely to_have the same number of columns as the stiffness and mass
P rows, where P is the numbenr.of output parameters.

6.2 [ Modal model
6.2.1| General
The gdynamie-behaviour of the PL shall be described by the reduced stiffness, mass and damp

relatiye to_the elastic modes (modal co-ordinates, 7,) and the interface nodes (the interface DoF,

DoFs in the

e nodes and

prdinates are

ze less than
bll be linearly

matrices and

ng matrices,
Yj)-

This size of the stiffness and mass matrices (and the damping matrix if provided) is Q rows x Q columns, such

that

0=01+0Onm

where:

O = number of degrees of freedom of the interface

Oy = number of elastic modes

© 1SO 2005 - All rights reserved
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6.2.2 Requirements

6.2.2.1

reference co-ordinate system:

T, =DoF 1, Ty = DoF 2, T, = DoF 3, R, = DoF 4, R, = DoF 5, R, = DoF 6

where T is translation, R is rotation and X, Y, Z are the axes.

6.2.2.2

second according to the numbering of the DoFs as listed in 6.2.2.1.

Unless otherwise specified, each physical nodal point of the interface shall have six DoFs in the

The DoFs shall be ordered in the matrices first according to the numbering of the nodes and

The modal D
only one deg
the modes.

6.2.2.3
excluded for

6.2.2.4

6.2.2.5
nodes and e

OTMs shall 1

[

qa

where 4 is th

qd

where D is th

F=[L1

where L1 an

oF s shall be numbered differently from the interface nodes because they are considered\to
ree of freedom. The modal DoFs shall be ordered in the matrices according to the number

L ocal co-ordinate systems may be used but shall be defined. In general, local-co-ordinate
the interface DoFs.
Nodal point co-ordinates shall be expressed in the reference system ofithé PL.

'he OTMs shall be delivered in order to reconstitute loads, accelerations and displaceme
ements that will allow a verification of the payload design.

e separated according to the type of output:

e displacement transformation matrix (DTM);

i)l

] L2 are'the load transformation matrices (LTM1 and LTM2).

have
ng of

S are

hts of

The size of t

mass or stiffness matrix, and P is the number of output transformation parameters.

NOTE

P is not necessarily the same for each type of matrix.

hese matrices is P rows x Q columns, where Q is defined in 6.2.1 and represents the size of the

© ISO 2005 — All rights reserved
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For the modal model, if a damping matrix is provided it shall be defined as follows:

— damping relative to interface nodes shall be assumed to be 0, or shall be defined by agreement between
LSP and PLC;

— damping relative to the elastic modes shall be modal damping.
6.3 Hybrid model

6.3.1 General

A hybrid model is an extended modal model with more physical DoFs than those solely for _the|interface. Its
use i$ the same as for the modal model.

The gynamic behaviour of the PL shall be described by the reduced stiffness, mass and dampjng matrices,
relatiye to the elastic modes (modal co-ordinates, 7,), the interface nodes (interfac€DoF, ¢;), and completed
by infernal nodes (internal DoF, g;5) representing the static deformation of the jPL*when displgcements are
restricted to the chosen physical DoF, g;.

The $ize of the stiffness and the mass matrices (and the damping matrix if*\provided) is O rows k O columns,
such|that

Q=0+ 0+ 0Onm
wherg
O = number of physical internal DoFs retained;
¢ = number of interface DoFs;

@,, = number of elastic modes.

m
6.3.2] Requirements

6.3.2]1 Unless otherwise specified, each physical nodal point of interface shall have six|DoFs in the
refergnce co-ordinate system:

Tx=DoF 1, Ty=DaeF2, T,=DoF 3, R,=DoF 4, Ry=DoF 5, R,=DoF 6
wherge T is translationyR is rotation and X, Y, Z are the axes.

6.3.2|2 The)DoFs shall be ordered in the matrices first according to the numbering of the nodes and
second aceording to the numbering of the DoFs as listed in 6.3.2.1 for physical nodal points.

The mmodal DoFs shall be numbered differently from interface nodes and internal nodes becalise they are
considered to have only one degree of freedom. They shall be ordered in the matrices according to the
numbering of the modes.

To differentiate the interface nodes from the internal nodes, the interface nodes should be ordered first.

6.3.2.3 Local co-ordinate systems may be used but shall be defined. In general, local co-ordinates are
excluded for interface DoFs.

6.3.24 Nodal point co-ordinates shall be expressed in the reference system of the PL.

6.3.2.5 The OTMs shall be delivered in order to reconstitute the loads, accelerations and displacements
of nodes and elements, in order to allow a verification of the payload design.

© 1SO 2005 - All rights reserved 7
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OTMs shall be separated according to the type of output:

4a :[

Tk
A] | g
fiis

where 4 is the acceleration transformation matrix (ATM);

qd

1

where D is th

7Tk Mk
F=[11]| g |+[L2] | g
Jis is
where L1 anfl L2 are the load transformation matrices (LTM1 and LTM2).

The size of
stiffness mat

NOTE P

7 Model

7.1 Gene

(]

o)

dis
e displacement transformation matrix (DTM);

these matrices is P rows x Q columns, where Q is_defined above and is the size of ma
Fix, and P is the number of output transformation parameters.

s not necessarily the same for each type of matrix.

delivery checks

al

SS Or

The following checks shall be performed on the condensed model before delivery by using one copy o¢f the

files to be su
7.2 Confd
7.2.1 Stiffy

The stiffness|
definite (for &

bplied. Check results shall be delivered with their data when requested.
rmity check

ess matrix

matrix;“K, shall be symmetric (KT = K , where KT is the transposed matrix), positive and
ny.vector X, X TKX shall be positive or null).

5emi-

7.2.2 Mass matrix

The mass matrix, M, shall be symmetric and strictly positive (for any non-null vector X, X TMX shall be
strictly positive).

7.2.3 Damping matrix

The damping matrix, C, shall be symmetric, positive, and semi-definite.

© ISO 2005 — All rights reserved
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7.2.4 Rigid mode checks

The rigid-body modes ¢ are the displacements of the structure based purely on model geometry rather than
stiffness or eigenvector calculations, with the hypothesis of small displacements. The origin for this rigid-body
mode is the origin of the reference co-ordinate system. Six unit displacements and rotations are imposed on
this node. For a nodal point with co-ordinates (X, Y, Z), the displacements for the six rigid-body modes are as
follows: (column 1 corresponds to the translation along X, ..., column 4, to a rotation around X axis, ...):

For modal co-ordinates, the displacements for rigid body modes are null.~This leads to a mptrix with six
columns, one for each rigid mode.

7.3 | Mass properties check

The fligid mass matrix of the condensed model shall give the ‘correct mass (n), moments of inertig (Zyy, Lyy, Iy,
Iyy, 7, 1), and the correct values of the CoG (X6, YoodiZcog)-

The test to be performed is to calculate Mg as definedbelow:

T
Mr =gr Mor

This matrix M gives the desired values:

m 0 0 0 -mZ CoG mYCOG
0 m 0 mZ coG 0 -mX coG
M R = 0 0 m _mYCOG mXCOG 0
0 mZcoc —MYcoc  xx Ixy Ixz
—mZ o 0 mX coG Tyx Iyy Tyz
mYcog' —mXcoG 0 Izx Izy I77

The (ifference between theoretically derived non-zero elements of the Mg matrix and the dgsired values
shall pe-‘provided by PLC and submitted for approval by the LSP when requested.

Different approaches can be used to obtain positive products of inertia. If this is the case, it should be clearly
stated.

7.4 Strain energy check

A constraint check shall be performed when the condensed model is in free-free configuration. The test to be
performed consists of calculating the strain energy as defined below:

1
Se=—K
e 2 R

The resulting Kz matrix shall be provided to the PLC and submitted to the LSP for approval when required.

© 1SO 2005 - All rights reserved 9
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For diagonal elements of Kg, verify that the three translation values are less than 102 and that the three
rotation values are less than 10~ (in the SI).

7.5 Free-free eigenfrequencies test

In order to check the stiffness and mass matrices without any constraint, a modal calculation in free-free
configuration shall be performed with the condensed model, and the results shall be provided to the LSP.

There shall be exactly six eigenfrequencies for the rigid modes. These values shall be less than 10-3 and shall
be submitted to the LSP for approval if this requirement is not met.

Mass and stiffressmmatrices shattbecatcutatedmtheSt:

7.6 Cantilevered modes

An analysis |of the modes shall be performed for the condensed model in the configuration with the PL
clamped to L}V interface, in order to check the stiffness and mass matrices.

Results shalllbe provided to the LSP.

The effectivd masses or mass fractions for each mode within the range of frequencies accepted by thg PLC
and the LSP|shall be delivered.

8 Requested outputs

Required outputs shall be defined by the PLC and the LSP.
These shouldl include the modelling codes, the finite elements and the condensation procedure (see 5.1), the
co-ordinates|[systems (see 5.2), the modelling description files (see 5.3 and Clause 6), the modelling defivery

check result$ (see Clause 7), the files for the nodes, DoFs and matrices (see Clause 10), and may include
other supporfing information. The minimum basic:requirements are given in the relevant sections.

9 Size limitations

Model size shall be defined by an agreement between the PLC and the LSP.

10 Delivery formats

10.1 General

The preferrgdsformats are defined below. All other formats shall be agreed among LSP, PLC and [other
contracting parties-

All tables or matrices shall be delivered in separate ISO 7-bit files in accordance with ISO 646.

The following format shall be used:

— An integer (I) shall be written in 2 characters (FORTRAN format 12), 8 characters (FORTRAN format I8)
or 20 characters, (FORTRAN format 120). In the following paragraphs, values with this format are denoted
by ‘5('2)”’ “(IB)” Or “(I20)”_

— Arreal value (R) shall be written in the FORTRAN format E22.16. In the following paragraphs, values with
this format are denoted by “(E22.16)”.

EXAMPLE -.2407199523591110E+01.

10 © IS0 2005 — All rights reserved
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