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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 non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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procedures used to develop this document and those intended for its further maint
cribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria‘meé
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this document may be th¢
ent rights. ISO shall not be held responsible for identifying any or all suchpatent rightg
patent rights identified during the development of the document will.be'in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents}):
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Stitute an endorsement.
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[ld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see th
L: www.iso.org/iso/foreword.html.

5 document was prepared by Technical Cammittee ISO/TC 108, Mechanical vibration,
ition monitoring, Subcommittee SC 6, Vibration and shock generating systems.
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Introduction

Selection of a suitable vibration generating system is an urgent problem as one needs to purchase new
test equipment or to update the equipment already at one's disposal to perform a certain test or to
choose from among the equipment proposed by a test laboratory or even a laboratory itself which offers
its service to carry out such a test. A problem like this can be resolved only if a number of factors are
considered simultaneously, as follows:

— typeoftesttobe carried out (environmental testing, normal and/or accelerated, dynamic structural
testing, diagnosis, calibration, etc.);

— requirpments to be followed;

— test conditions (single or multiple excitation, one mode of vibration or combined vibrationysingle or
combined test, for example, dynamic plus climatic, etc.);

— objects to be tested.

This document deals only with equipment to be used for multi-axial environmental testing, pnd
procedures of the selection are predominant to meet the requirements of thistesting.

Because the multi-axial environmental test system is composed of more than one exciter, ISO 10813-1
should be Uised along with this document to select the proper exciters:lt is presumed in this docunjent
that the syptem to be selected will be able to drive the object underest up to a specified level. In ofder
to generat¢ an excitation without undesired motions, a suitable control system should be used, howgver
selection of a control system lays beyond the scope of this document.

It should be emphasized that vibration generating systems are complex machines, so the corfect
selection ajways demands a certain degree of engineeriiig judgement. As a consequence the purchgser,
when seledting the vibration test equipment, may resort to the help of a third party. In such a case, fhis
document fan help the purchaser to ascertain if the solution proposed by the third party is acceptable
or not. Desjgners and manufacturers can also use this document to assess the market environment

vi © IS0 2022 - All rights reserved
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Vibration generating machines — Guidance for selection —

Part 4:
Equipment for multi-axial environmental testing
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5 document gives guidance for the selection of vibration generating equipment-for
ironmental testing, depending on the test requirements.

Multi-axial environmental test equipment dealt with in this document refers to“avibration t
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For

ation. In this document, one or more exciter per desired degree of freedom is supposed.
guidance covers such aspects of selection as

number, type and models of exciters,

number, type and models of connectors,

system configuration, and

some components.

Normative references

following documents are referred-to in the text in such a way that some or all of th
Ktitutes requirements of this decument. For dated references, only the edition cited 3

ated references, the latest edition’of the referenced document (including any amendmen
2041, Mechanical vibration,shock and condition monitoring — Vocabulary
10813-1, Vibrationcgenerating machines — Guidance for selection — Part 1: Equ

ronmental testing

15261, Vibration and shock generating systems — Vocabulary

Terms.and definitions

the purposes of this document, the terms and definitions given in ISO 2041 and ISO 157

foll

multi-axial

est system

ing controlled vibration of more than one degree of freedom, including lifiear vibration and angular

Pir content
pplies. For
[s) applies.

ipment for

61 and the

wiho apnply
(=] I J

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

31

ISO Online browsing platform: available at http://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

exciter
vibration generator
excitation source where vibratory forces are generated
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3.2
table

platform on which specimens or fixtures are mounted

3.3
multi-exci

ter system

vibration generating system which includes two or more exciters (3.1) and a control system to

coordinate

3.4
connector

the motion

device use
capability

3.5
spherical
connector

Note 1 to enftry: Normally spherical connector has one or two spherical joints (see Figure 79.

3.6

planar connector

connector
plane

Note 1 to ey
in the plane

3.7

drive rod
stinger
rod with a
direction

3.8

parasitic notion

undesired
(3.2)

3.9
guidance ¢

1 to transmit the excitation force from exciters (3.1) to the table (3.2) or specimens with
bf decoupling the linear motions between exciters (3.1)

Connector
3.4) with spherical joints

3.4) having planar restriction which is capable of movingdin two orthogonal axes in

try: Some planar connectors also have another single-degree-of-freedom (1-DOF) rotational mo

large length-diameter ratio, stiff in thedongitudinal direction and flexible in the transv{

motion of the table (3.2) thatoccurs when multi-axial excitation is carried out over the ¢

jystem

mechanica
motion res

4 Requ

4.1 Mul

device used toyguide the exciter (3.1) to move in the axial direction, providing transvg
raint to the‘exciter (3.1)

rements for multi-axial environmental tests

the

that

tion

Prse

nble

Erse

In the real world, pure single axis vibration does not exist, meaning that the real vibration environment
is multi-axial. However due to test equipment restrictions, multi-axial vibration testing is mainly
conducted one axis after another sequentially, which has different impacts on the specimens than
multi-axial simultaneous vibration tests. It is reported that some devices failed in the real multi-
axial environment after single axis vibration testing was conducted with no abnormities observed.
Therefore, to simulate the real vibration environment and help discover the product malfunction
rationale due to multi-axial vibration, the need to conduct a real multi-axial vibration testing has been
growing dramatically.
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The most common reasons to conduct a multi-axial vibration test are listed below!41[3]:

Distributed multi-axial vibration or shock energy is applied over the specimen in a
manner without relying on the dynamics of the specimens for such distribution.

Multi-axial testing can be selected when the specimen has a high slenderness ratio
distribution considerations.

Multi-exciter system is selected to increase the thrust force in order to achieve the desire
level for large and heavy specimens.

controlled

for energy

d vibration

4.2

C 1as 1ol H N 43 'S s s s o 3 £l 11 &+
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because the tests of different axes can be conducted simultaneously rather than sequent

Multi-axial vibration testing is conducted on inertial measurement units which are
linear and angular vibration and the measuring accuracy is highly dependenton the
environment.

Multi-axial vibration testing is conducted in several directions rotationally or transl3
meet test criteria or to reproduce in-service measurement data, suehyas automotive or g
simulations.

Multi-axial vibration testing can be selected to avoid the need to design and fabrig
expensive fixture that may be used only once.

Multi-axial vibration testing can be selected to provide'a compensating force to count
overturning moments, which may occur during testing of tall structures, such as satg
several meters of height of centre of gravity.

Test waveforms

Multi-axial vibration testing mainly deals with the following waveforms:

NOT

4.3

4.3

wide-band random;

time history waveform replication.

efficiency
ially.

subject to
multi-axial

tionally to
arthquake

ate a very

eract large
pllites with

E Sinusoidal testing, incliiding swept and fixed frequency sinusoidal testing, is not common in practice
for gnulti-axial configuration, but is achievable.

Types of multi-axial environmental testing

1 General

Typical multi-axial environmental vibration testing includes the following types.

4.3

20 Parallel thrust testing

Parallel thrust testing is used to excite one specimen at multiple points in parallel directions. The
purpose is to simulate the real multi-excitation parallel working environment. Typical tests include
automobile vibration testing through four wheels under independent excitations and missile vibration
testing through dual excitation points.

4.3.

3 Bi-axial vibration testing

The purpose of bi-axial vibration testing is to excite the specimen from two orthogonal directions. It
is a simplified condition of tri-axial vibration testing, which is suitable when the specimen is firmly
constrained in one direction and therefore the vibration in that direction has little impact. The two
orthogonal directions can be two horizontal directions or one horizontal and one vertical direction.

© IS0 2022 - All rights reserved
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4.3.4 Tri-axial vibration testing

The purpose of tri-axial vibration testing is to excite the specimen from three orthogonal directions
to simulate the actual tri-axial vibration environment for most real-world objects when rotational
excitations are not considered.

4.3.5 Six-degrees-of-freedom vibration testing

The purpose of six-degrees-of-freedom (6-DOF) vibration testing is to simulate a complete 6-DOF
spatial vibration of a specimen, including three-degrees-of-freedom (3-DOF) of linear vibration and

3-DOF of a gn]nr vibration. It is useful for cpnr‘imnnc which are sensitive to nhgn]ar vibration such as

inertial mdasurement units.

4.3.6 Other multi-degrees-of -freedom testing

Depending| on conditions of the actual vibration environment, any number of degrees of freeﬂlom
(DOFs), but no less than 2 and no more than 6 per excitation point, may be required-to-conduct the test.

5 Multitaxial vibration test equipment

5.1 Types of multi-axial vibration test equipment

5.1.1 Geperal

In order tolmeet various multi-axial vibration testing requirements, many kinds of test equipment have
been develpped. Typical types of multi-axial vibration test'equipment are listed in 5.1.2 to 5.1.6.

5.1.2 Pafallel thrust equipment

In order toproduce the force required for a test which cannot be satisfied by single exciters or to adapt to
testing slefder specimens, multiple exciters.are’aligned in parallel. The exciters can be controlled i or
out of syndhronization or completely indeperdently. Angular vibration can be generated when excifers
are driven|at different amplitudes or_phases. The selection of an amplitude and phase synchronjzed
multi-excitler test system can be considered as the selection of a single vibration generator [see
ISO 1081311), and is therefore not{included in this document. Figure 1 shows an example of a parallel
thrust conffiguration in which @'slender specimen is excited vertically by two independent excifers
at two excftation points witli-Connectors decoupling motion contradictions brought about by exditer
asynchrony. A suspension-device is applied to offset the specimen mass.

5.1.3 Bi{axial linearvibration equipment

Bi-axial lirjear vibration equipment is composed of two exciters in orthogonal coordinates. Linjear
vibration tpsting in two orthogonal directions can be generated simultaneously and angular vibration
test cannol_be performed. Figure 2 shows an example of a bi-axial linear vibration configuration, in
which two exciters are arranged in a vertical/horizontal manner. The table is linked with the two
exciters through the two connectors. Adapters can be employed when necessary to couple the table
with the connectors.

NOTE There are occasions when two exciters are not available or it is too expensive to construct a real bi-
axial test system. “Bi-axial” testing can be conducted by a one exciter configuration, in which the axis of the
exciter is at a specific angle, i.e. 45°, with respect to the two concerning axes. This method is essentially a single
axis test but can be taken as a synchronized bi-axial test as well. See IEC 60068-3-3[3] for a detailed description of
this method.

4 © IS0 2022 - All rights reserved
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Key
exciter 1 suspension
connector 1 5 connector2
specimen exciter 2
Figure 1 — Example of parallel thrust equipment
1 2 3 .4 5 6 7
I V]
\
I
Key
1 exciterl 5 connector 2
2 connector 1 6  exciter 2
3 table 7  pedestal
4  adaptor

Figure 2 — Example of bi-axial linear vibration equipment
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5.1.4 Tri-axial linear vibration equipment

Tri-axial linear vibration equipment is composed of many exciters in three orthogonal coordinates.
Simultaneous rectilinear vibrations in three orthogonal directions can be generated and angular
vibration test cannot be performed. Figure 3 shows an example of a tri-axial linear vibration
configuration, in which three exciters are arranged in a Cartesian coordinate. In this example, 6 dual
sphere connectors are used to decouple the table motion and restrain unwanted motions. Air spring
isolations are placed between the equipment and the ground to reduce vibration transmission to the
laboratory.

1 234 5 6 78

Key

1 exciterfl 5. ctable

2 exciter 6~ connectors 3’ and 3”
3  connecfors 1’ and 1” 7  exciter 3

4  connecfors 2’ and 2” 8 pedestal

Figure 3 — Example of three-exciters in orthogonal coordinate configuration

NOTE There are occasions when more than two exciters are not available or it is too expensive to constrict a
real tri-axidl test system. “Tri-axial*“testing can be conducted by two exciter configurations, in which one ex¢iter
is vertically|assigned and the@ther is horizontally assigned. This method is essentially a bi-axial test but cah be
taken as a synchronized tri¢axial test as well. See IEC 60068-3-3 for a detailed description of this method.

5.1.5 Six-degrees-of-freedom test equipment

The 6-DOH test equipment is composed of no less than six exciters. At least two exciters are requjred
to act in pprallel to generate an angular vibration. The basic motion 6-DOF equipment can generate
includes linearvibratton imthe three orthogonat axes and three angutar vibrations about the orthogonal
axes. By controlling the basic motion properly, spatial in-axis or out-of-axis translational and rotational
vibration can be generated.

Typical 6-DOF test systems can be configured as follows:

— System composed of 6 exciters in orthogonal coordinate with three exciters in the vertical direction,
other three exciters in horizontal directions (two in X axis, one in Y axis), shown in Figure 4.

— System composed of 8 exciters in orthogonal coordinate with four exciters in the vertical direction,
other four exciters in horizontal directions (two for each axis), shown in Figure 5.

6 © IS0 2022 - All rights reserved
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1 234567 8910 .12 _ 14

11, 13
0
@)
[ %\ 0

E ==
Key
1 |exciter1 6 connector 3 11  connector 6
2 |exciter 2 7 exciter 3 12  exciter 5
3 |connector 1 8 connector 4 13, “\exciter 6
4 |connector 2 9  exciter 4 14) " pedestal
5 |table 10 connector 5

Figure 4 — Example of a 6-DOF vibration systemicomposed of 6 exciters and 6 connectors

1 2345 67 8910 12 14 16
11, 13, 15/ 17

Key)

1 |exciter 1 7  exciter 4 13  connector 7
2 exeiter 2 8 connector 5 14 connector 8
3  connector 1 9 table 15  exciter 8

4  connector 2 10 exciter 5 16  exciter 7

5 exciter 3 11 connector 6 17  pedestal

6  connector 3 12  exciter 6

NOTE Connector 4 is hidden.
Figure 5 — Example of a 6-DOF vibration system composed of 8 exciters and 8 connectors

NOTE The exciters can be any type in practice although the examples given in Figures 1 to 5 take
electrodynamic vibration generators as exciters.

© IS0 2022 - All rights reserved 7
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5.1.6 Other multi-axial test equipment

Other multi-axial test equipment can be constructed to meet special testing requirements.

There are also some special multi-axial test systems. For instance, a system in which the coordinate
plane of the exciters and the coordinate plane of the table are neither parallel nor perpendicular can
generate a multi-axial testing environment in accordance with a special axis system. For example, a
Stewart platform is a typical 6-DOF motion platform, which is composed of 6 exciters arranged with a
special angle, neither parallel nor perpendicular, with the table coordinates.

NOTE Consult manufacturers for special multi-axial system requirements.
5.2 Coordinate system
See Figurel6.
Z
Y
@
\\\\ ‘ < p—
\\:: —— /’ﬁﬁ Y
~~~~~~~ 0 \\\\\\\L/
F
X
Key
1 table
X, Y horizontal axes
Z  vertical axis
a  rotatiof about the X axis
B rotation about the Y axis
y  rotatiomn about thé Z'axis
O centre point enthe surface of the table in geometry
NOTE He centre of gravity of the table (point C) is not shown in the figure. Axes X, Y, Z form a Carte

Sian

coordinate system.

Figure 6 — Coordinate system of a multi-axial system

5.3 Typical configurations for multi-axial testing

Typical configurations of a multi-axial vibration test system can be found in Table 1. The “Conf. Code”
is unique to every configuration so that the code can be used to represent the arrangement of exciters.

© IS0 2022 - All rights reserved
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Table 1 — Typical configuration of multi-axial vibration test system

Conf. Graphical rep- —
Code resentation 2 Description Ne M Na | Ne
C1 Two exciters in parallel. 2 1 1 2
C2 Three exciters in parallel. 2-DOF of angular vibra- 3 1 2 3
A2 Hion-can-be-achieved-when-execiters-are-driven-out
%\é} of phase.
3 Four exciters in parallel. 2-DOF of angular vibra- 3 1 2 4
® ® tion can be achieved when exciters are driven out
® ® of phase.
C4 m Two exciters in orthogonal directions, herizontal- 2 2 0 2
ly assigned.
—
C5 Two exciters in orthogonal directions, one hori- 2 2 0 2
o zontally and one vertic¢ally assigned.
C6 m Three exciters iniorthogonal directions. 3 3 0 3
R =]
w m m Qe exciter in YP axis, providing linear motion 6 3 3 6
along Y axis; Two exciters in X axis, providing lin-
R R ear motion along X axis and rotation about Z axis;
® —] Three exciters in Z axis, providing linear motion
in Z axis and rotation about X and Y axes.
Key
N: Number of total DOFs (see 7.3).
N;: Number of linear DOFs (see 7.3).
N,: Numbepof angular DOFs (see 7.3).
N,: Namber of exciters (see 7.2).

)
[ ]

a  The graphical representation is an abbreviated view of the multi-axial vibration test equipment looking upward from
the bottom. The connectors are not shown in this representation. The definition of the elements used in the graphical
representation is as follows:

A horizontal exciter, including its associated connector.

A vertical exciter, including its associated connector.

The table, fixture or specimen from the bottom view.

b AxesX,Y,Zare according to Figure 6.
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Table 1 (continued)

Code | romtations Description Ne | M| Ny | N
C8 m m One exciter in Y axis, providing linear motion 6 3 3 6
along Y axis; Two exciters in X axis, proving linear
R motion along X axis and rotation about Z axis;
R X [—] Three exciters in Z axis, providing linear motion
in Z axis and rotation about X and Y axes.
Cc9 m m One exciter in Y axis, providing linear motion 6 3 3 7
along Y axis; Two excitersin X axis, providing lin-
R R ear motion along X axis and rotation about Z axis;
R R —] Four exciters in Z axis, providing linear motion in
7 axis and rotation about X and Y axes.
C10 m m Two exciters each in X and Y axes, providing linear| 6 3 3 3
motion along X and Y axes and rotation about Z
R R [—] axis; Four exciters in Z axis, providing linear mo-
R = tion in Z axis and rotation about X and Y axes.
C11 m Two exciters each in X and Y axes, providing linear|” 6 3 3 8
®® = mqtion along X and_ Y axes and roFaFion _about Z
= axis; Four exciters in Z axis, providing lineatvmo-
m tion in Z axis and rotation about X and Y-axes.
C12 m m Four exciters in X and Y axis, providing linear mo- 6 3 3 2
o= tion along X and Y axis and rotatien about Z axis;
% ®® E FOUI: exciters in_Z axis, providing lingar motion in
S 7 axis and rotation about X.and Y axis.
L
Key

N.: Number ¢f total DOFs (see 7.3).
N;: Number ¢f linear DOFs (see 7.3).
N,: Number pf angular DOFs (see 7.3).
N,: Number pf exciters (see 7.2).

a  The graphical representation is an.abbreviated view of the multi-axial vibration test equipment looking upward ffom
the bottom.|The connectors are not'shown in this representation. The definition of the elements used in the grapHical
representation is as follows:

A horizontaléxciter, including its associated connector.

@ A yertical exciter, including its associated connector.

|:\ The table, fixture or specimen from the bottom view.
b AxesX, Y, Z are according to Figure 6.

6 Main components of multi-axial test equipment

6.1 Exciter

The most common types of exciters being used for multi-axial environmental testing are electrodynamic
vibration generators and servo-hydraulic vibration generators.

Typically, electrodynamic vibration generators are suitable for higher frequencies with low waveform
deformation, whereas servo-hydraulic vibration generators are suitable for long stroke and low
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frequency test conditions. Refer to ISO 10813-1 for detailed characteristics and selection procedures of
electrodynamic vibration generators and servo-hydraulic vibration generators.

Other forms of exciters exist, such as mechanical vibration generators, electric servo cylinders or
linear motors, which are not typical components of multi-axial vibration test systems. Selection of such
exciters is not included in this document. Users may consult manufacturers regarding specific test
requirements.

6.2 Table

on-whic e specimens—or fixtures are mountec e forcesof the exciters
meige in the table and are then transmitted to the specimens or fixtures. The table should)|je designed
usimg modal analysis and optimization methods, with the aim of making the table low in\mafs and high
in resonance frequency. This will make the table capable of working over a broader (frequency range
without consuming much vibration force. The table must be constructed in such a‘manner jas to avoid
undesired motions, particularly to be resistant to flexural deformation. An_example of typical table
parpmeters is given in Table 2.

Excjters coupled to the table normally provide a static suspension fgrge. In some situations, extra
suspension may be required. Typical situations include: 1) The load.eapacity of the table provided by
exclters cannot satisfy the loading requirement of the test specimen; 2) The exciters canrot provide
sufficient linear or rotational stiffness (see 7.4) to the table whieh may incur test failure.

Typiical suspension solutions include the following: 1) aif/spring support (including air bags in a
hydiraulic cylinder); 2) steel spring support; 3) elastic cablethanging; 4) rubber. For example fo increase
the|stiffness in the lateral direction for the case shownir'Figure 3, springs (air spring or steel spring)
can|be affixed opposite of the two horizontal exciters\providing a lateral squeezing force to the table.

NOTE1 There are situations where no table is-needed in a multi-axial vibration system and specimens
or fixtures are linked directly with connectors or“exciters. For example, in Figure 1, no table is used and the
conpector is connected with the fixture.

NOTE 2 There are situations where excitéers are installed inside the table as the table has a hollow structure
witlh the outer faces functioning as mounting interfaces.

Table 2 — Example of typical table parameters for multi-axial vibration test systems

Maximum frequepcy!l]
Surface dimension Mass
length (mm) x width’(mm) kg ) Eax
Z

5000500 30 1000

600 x 600 60 800

800 x 800 120 500
1000 x 1000 200 400
1500 x 1500 500 250
2000 x 2000 1000 150
3000 x 3000 4300 100

NOTE 1 The values listed in the table are general estimations and given as an example. Consult manufacturers for specific
parameters.

NOTE 2 The values listed in the table are given when using magnesium as the material of the table because magnesium is
dominant in making key moving structures due to its high stiffness and low density. Other materials can be employed in
manufacturing the table such as aluminium; the mass and resonant frequencies should be calculated accordingly.

NOTE 3 Height of the table is not given in the table because it is heavily associated with the design of the table depending
on connector type, dimensions and other factors.

©1S0 2022 - All rights reserved 11


https://standardsiso.com/api/?name=e7503f4cc9f13d8c8b58b39d302bf5b7

ISO 10813-4:2022(E)

6.3 Connectors

6.3.1 General

As the driving motion of each exciter differs in amplitude, phase or direction, rigid connections between
the exciters and the table would result in a solid assembly with the exciters and table incapable of
moving in any direction at all. Connectors are the mechanical device used to connect the table and the
exciters, flexible in certain directions in order to decouple the motion between the exciters. Normally
one connector brings in 2 degrees to 5 degrees of freedom to the system.

Connector

6.3.2 Spherical connector

Spherical ¢onnectors can have one or two spheres. One single sphere connector has, one spheifical
joint (shown in Figure 7 a), providing 3 DOFs of rotation and incapable of moving in the translatignal
direction. Plate A and plate B in Figure 7 are connecting interfaces used to couple~the two objects in
relative mqtion, such as exciter and table. For single sphere connectors, the spherical joint is conne¢ted
rigidly with Plate A and the coupling joint is connected rigidly with Plate B. A-double sphere conneftor
has two spherical joints (shown in Figure 7 b), providing 3 DOFs of rotation and 2 DOFs of translatignal
motion, which is a good choice for decoupling multi-axial motion conflicts. The sphere connecfion
between the spherical joint and the coupling joint creates 3 DOFs of rotation at the connection surface
by preloadjng and lubricating the interaction surface.

[ F— 5
1 6
2
3
4 8
| —9
a) [Single sphere connector b) Double sphere connector
Key
1 plateA 5 plateA
2 spheridal joint 6  the 1stspherical joint
3 couplinjg joint 7  coupling joint
4  plate B 8  the 2M spherical joint
9 plateB
Figure 7 — Typical designs of a spherical connector!6]
NOTE Single sphere connectors can serve as the decoupling component in such a way that they are connected

to each end of an actuator, i.e. servo-hydraulic actuator. This usage has the same decoupling utility as double
sphere connectors. In this document, the use of double sphere connectors can be replaced by the use of two
linked single sphere connectors.

Classified by lubrication methods, there are normally mechanical spherical connectors and hydrostatic
spherical connectors used for multi-axial test systems. Mechanical spherical connectors have simpler
structures, but the friction force is relatively higher causing a high force loss and high transverse
motion in the table performance. Hydrostatic spherical connectors, having the quality of low friction
and high frequency transmissibility, are used widely in decouple multi-axial vibration motion.

Double sphere connectors have transverse motion capabilities as illustrated in Figure 8. Plates A and B
have relative motion in a transverse direction relative to the exciter axis. In Figure 8, it can be seen that
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when the spheres rotate by an angle 6, the transverse displacement of the connector is D; =1-sin@. The
connector gets shorter in the vertical direction by D, =1- (1 — COSO) . This indicates that when selecting

double sphere connectors, the displacement of the exciters is not equal to the displacement of the table
in one particular axis with the difference being D;. When 6 is small, D; could be neglected in practice.

2 ' 3
B | [ —
SA A ) / S n
/{ — =~ o /{ -
~N LY
1 S ] 1 4
— | [ —
Z Z
D¢
Key
1,4| plateA
2,3| plateB
Figure 8 — Transverse displacement of double sphere connectors
Sphferical connectors are also used in combination to restrain a certain degree of freedom. Ih Figures 9

and| 10, an example of a dual spherical connector canibination configuration is given to ill
ratipnale of DOF calculations. The combination of two spherical connectors restrains one

istrate the

rotational

DOF as illustrated. Translational motion along.the X and Y axes, and rotational motion about the X and

Z axes are free in this configuration, DOF =2 (linear) + 2 (angular) = 4. Likewise, a confi
thr¢e spherical connectors restrains another rotational axis, resulting in a free motion
trapslational motion along the X and Y axes, and rotation about the Z axis, DOF = 2 (linear) +
= 3 |Figure 10 demonstrates X axis niotion in a dual sphere connector combination configurg

An pxample of specification for Spherical connectors is given in Table 3. Such data can be u
thelselection procedure (see A32.5). However different manufacturers provide different prg
varjant parameters. Consult manufacturers for specific connector parameters.

L. L
AN i

Key
1,4
2,3

| = B

a) Frontview b) Side view

plate A
plate B

Figure 9 — Dual spherical connector combination configuration (static)
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1 1 1 1 1 I I /1
] L "
a) Frontview b) Side view
Key
1,4 plate|]A
2,3 plate[B
NOTE Rotation about the Y axis is restrained due to two spherical connector cofifiguration.
Figure 10 — Dual spherical connector combination configuration (translational motion
position)
Table 3 — Example of typical parameters of spherical connectors![®]
Maximum sine force Maximum random.force Mass of connectors

kN kN kg

30 15 15

60 30 25

120 60 80

180 90 450
6.3.3 Planar connector
Planar cornectors enable plafiar motion between the sliding plate and the fixed plate. Figurd 11
illustrates pn example of constructing a bi-axial vibration system with planar connectors. Two excifers
are configlired in orthegenal directions and connected with the table using planar connectors. [The
sliding plate is connésted rigidly with the table and the fixed plate is connected with the moying
element of|the exciters. Two sliding planes are formed as the sliding plate is hydrostatically lubricated
and clampegd byithe opposing contact surfaces of the fixed plate. The sliding motion of the sliding pllate
and the fixpd.plate enables relative motion between the exciter and the table.

The displacement along each axis is restrained by the size of the motion gap between the sliding plate
and the fixed plate.

14
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3
/ A
2 N 5
N
1 §%§
- . 6
N
L&A\ 7
\Vm%ﬂm\ 8

Key

sliding plate of planar connector 1 7  sliding plate of planar connector 2
2,5| motion gap 8~ Ufixed plate of planar connector 1
table 9" exciter 1
exciter 2 a  Direction of excitation.
6 fixed plate of planar connector 2

Figure 11 — Top view of a\bi-axial system composed of planar connectors!7]

As h result of the planar restriction, each planar connector provides a 2-DOF translational motion
and| 1-DOF rotational motion:-For example, in Figure 11 due to the circular gap between |the sliding
plale and the fixed plate;~2 DOFs of translational motion can be realized within the area [of the gap.
Using the coordinatesCin-Figure 6, the planar connector mounted on exciter 1 restrains the rotation
of the table about the,Y and Z axes and the connector mounted on exciter 2 restrains the [rotation of
theltable about the X and Z axes. Therefore, all rotational DOFs of the table have been restrgined. With
appjropriate comibinations of planar connectors, bi-axial or tri-axial translational vibration systems can
be donstructed:

6.3/4_Orthogonal linear bearing set

Orthogonally arranged linear bearing sets function similarly to planar connectors, providing 2-DOF
translational motion but no rotations. They can be used to construct a bi-axial or tri-axial vibration test
system as planar connectors do.

As shown in Figure 12 a), an orthogonal linear bearing set is composed of perpendicularly arranged
linear bearings. The vertical and horizontal guide rails slide in the rail housing, enabling 2-DOF planar
motion like a planar connector. The vertical and horizontal guide rails are connected with the moving
elements of the exciter and the table respectively. Thus the relative motions of the table and the exciters
are achieved.

© IS0 2022 - All rights reserved 15


https://standardsiso.com/api/?name=e7503f4cc9f13d8c8b58b39d302bf5b7

ISO 10813-4:2022(E)

9 10
3 12
2 4 a
1
— 14
7
~J
6
a
a) Orthogonal linear bearing set b) Top view of bi-axial system
Key
1,2,7,12 vyertical guide rail 6 exciter1
3,11,14 fail housing 9 table
4,5,8,10 horizontal guide rail 13 exciter 2

a Direction of excitation.

Figure 12 — Bi-axial system composed of orthégonal linear bearing sets

6.3.5 Drjve rod

A drive rod, also known as a stinger, is a flexible red with a large length-diameter ratio, used in multi-
axial vibraftion testing where vibratory force and“displacement are relatively small. Figure 13 shpws
an example of a bi-axial system composed of.drive rods. The rod is relatively rigid in the longitudjinal
direction gnd flexible in the cross-axial direction. Vibration can be transmitted to the table by|the
stiffness of the rod in the axial direction while cross-axial motion is decoupled by bending or torsi¢nal
deformatidn of the rod.
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Key
exciter 1 4 ,drive rod 2
drive rod 1 S  exciter 2
table a  Direction of excitation.

Figure 13 — Top view of a bi-axial system composed of drive rods

6.3/6 Other connectors

Sphierical connectors and planar connectors are the most common solutions for multi-axidl vibration
sysfems and therefore this decument mainly deals with the selection of the above two kindg,

Othler connectors existin practice. Consult the manufacturers for more information on conngctors.

For|example, these.are also connectors composed of a sphere joint and a planar restriction} providing
5-DOF motionsthe same as a double sphere connector. This kind of connector can be an alternative to
doupble sphefe)connectors.

For|ser{o-hydraulic vibration systems, mechanical joints with 1-DOF, 2-DOF or 3-DOF of rptation are
alsq tsed.

6.4 Other components

Other components in a multi-axial test system may include power amplifiers, hydraulic power supplies,
servo valves, cooling facilities, vibration controllers, vibration transducers and seismic foundations etc.

See ISO 10813-1 for the selection of power amplifiers for electrodynamic vibration generators and
hydraulic power supplies for servo-hydraulic vibration generators.

Cooling facilities, normally air-cooling or water-cooling facilities, must provide sufficient cooling
capability for consuming the heat generated during vibration testing.

MIMO (multiple input multiple output) controllers may be selected according to the number of axes
needed for a test.
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Tri-axial vibration transducers or orthogonally aligned single axis transducers can be placed on the
control/monitor position as determined by the test purpose.

Normally air springs are placed between vibration equipment and the ground to isolate or absorb any
vibration that would be transmitted to the ground. This approach is useful when the mass of the
specimen is relatively small compared with the mass of the vibration generating system. For a test
system with a heavy specimen, this approach may result in a high level of equipment vibration and
therefore a seismic foundation is required. The weight of the seismic foundation is suggested to be no
less than 10 to 20 times of the maximum force in a multi-axial system. When no air springs are placed
between the vibration generating system and the ground, the higher value should be selected. For

20\1/2

. /[ 2 2
example, the Toundation mass for a tri-axial system 1s suggested to be ZU“"X“ +ry +iy

)

where Fy, ¥y and F;; are maximum forces in each axis.

NOTE

he interlock function between components in a multi-axial system should be employed, mea

the running status of different components are monitored and managed in an integrated contrél'board enalj

system shu

7 Syste

7.1 Gen

Aside from
parameter
capability

during selg

down when an abnormality is detected in one component.

In parameters

bral

the basic parameters of individual exciters constituting“the multi-axial system, spe
5 for multi-axial test systems are given below. The parameters can be used to describe
hnd characteristics of multi-axial systems, and also“are important factors to be considg
ction of multi-axial systems.

7.2 Number of exciters

This is the
analysis of
DOFs of the
to exorcisd
total DOFs

total number of exciters, N, used in themulti-axial test system. It is important in kinem4
the parallel mechanism. When the-number of exciters is greater than the number of t
system, it is an over-actuated system, meaning some exciters need to be controlled in p}
the impacts of the over actuation. Also, if the number of exciters is less than the numbd
it is an under-actuated system; some specified motions of the table cannot be achieved.

7.3 Number of total, linear-and angular degrees of freedom

The numbyg

r of total DOFs, IV is'the number of degree of freedoms the table has in total, including lix

motion and angular motion=-It is an important parameter of the multi-axial test system describing

most basic
permit line

motion capdbilities. The number of linear DOFs, N, is the number of degrees of freedom
ar motion; the number of angular DOFs, N,, is the number of degrees of freedom that pe

angular m¢tion. Thexumber of total DOFs is calculated as the sum of the number of linear DOFs and|

number of

angular DOFs by Formula (1):
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According to mechanism and machine theoryl8], the number of total DOFs can be calculated by

Formula (2):
5
Ny =6Ny, - Y iN; (2)
i=1
where,
N,, isthe number of moving elements in the kinematic system;
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i is the number of DOFs that have been restrained by a certain kinematic pair;

N.

. is the number of the kinematic pairs that have i restraints.

EXAMPLE Taking configuration C7 from Table 1, the number of moving elements, N, in the kinematic
system is 7, including 6 armatures and 1 table. There are 6 double sphere connectors, each having 1 restraint
so N; = 6. The armature of each of the 6 exciters has 5 restraints, so N5 = 6. Thus the number of total DOF is
determined by the following formula:

Ny =6N,, —1N; —5N5 =6X7-1X6-5x6=6.

7.4 Maximum displacement

For| each axis, the maximum displacement is the maximum displacement of the'tablel along the
conferning vector direction.

The system maximum displacement provided by the manufacturer should besialler than thg maximum
displacement of the exciters in the same direction given some safety tolerarnce. Also, transverse motion
of epch connector, i.e. the motion in the plane perpendicular to the direction of excitation prdvided with
a cdnnector, needs to be checked to be within designated limits, if relevant.

NOTE The axial displacement of the table can be equal to the displacement of the exciter in thatdirection or
not,|depending on connector characteristics.

7.5 Maximum velocity

For|each axis, the maximum velocity is the maximum*velocity of the table along the concerping vector
dirg¢ction.

NOTE The axial velocity of the table can be-equal to the velocity of the exciter in that diredtion or not,
depgnding on connector characteristics.

7.6 Maximum acceleration

For|each axis, the maximum «@cceleration is the maximum acceleration on the bare tahle without
payloads, including sine accelepation and random acceleration (r.m.s. value).

NOTE The axial accelération of the table can be equal to the acceleration of the exciter in that direction or
not,|depending on conneetor characteristics.

7.7| Maximum-angular displacement

For|each axis,/the maximum angular displacement is the maximum angular displacement ¢f the table
abojut theconcerning vector direction.

The rélationship between rotation and linear excitation motion can be interpreted through Figure 14.
A beam labelled AB with a length of I rotates about its centre by an angle 6. After rotation, the beam
position is A'B’. Dy is the linear motion of point B. The geometric relationship between the quantities is

given by Formula (3):

Dy
sinf =— 3
2 (3)

In practice, when 6 is relatively small, it equals to sin 8 as an assumption and can be calculated by

Formula (4):
_Dg

/2 (4)
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/2

Figure 14 — Illustration of angular motion
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beam AB,
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exciter and

7.8 Max

For each a
concerning

By differen
Formula (6

w

otation is driven by a pair of exciters applied at points A and B in directions perpendiculg
he angular displacement is given by Formula (5):

s the difference between linear displacements generated by the excifers, in metres;
s the angular displacement generated by the pair of exciters,inpadians;
s the distance between the excitation points, in metres.

situations where the rotation is produced by a single exciter with proper suspen
In this case, Formula (5) still stands with AD being the displacement generated by
I being the distance between the exciter and therotation centre.

imum angular velocity

Kis, the maximum angular velocity ig the maximum angular velocity of the table about
vector direction.

tiating Formula (5), the anguldr velocity can be calculated through a given linear velocit

):

s the linear‘velocity difference between the two exciters which provide angular vibratios
metreswper second;

rto

(5)

bion
the

the

I by

(6)

), in

s@he angular velocity generated by the two exciters, in radians per second;

l

is the distance between the centres of the two exciters, in metres.

In the case of rotation produced by a single exciter with a proper suspension structure, Formula (6)
still stands with Av being the velocity of the exciter and I/ being the distance between the exciter and the

rotation ce

ntre.

7.9 Maximum angular acceleration

For each axis, the maximum angular acceleration is the maximum angular acceleration of the table
about the concerning vector direction.

20

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=e7503f4cc9f13d8c8b58b39d302bf5b7

1SO 10813-4:2022(E)

After differentiating Formula (6), the angular acceleration is given by Formula (7):

Aa
I

where

Aa
metres per second squared;

Q

(7)

is the linear acceleration difference between the two exciters providing angular vibration, in

uared;

In t
stil
and

7.1
Thd
Thd
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test

For
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For
exc

Thd
less
gen

7.1

7.1
Am

along a specific,sometimes rather exotic orbit. This orbit may be either strictly determined (f

for
exc
ade

he case of rotation produced by a single exciter with a proper suspension striicture, F

isthe nngn]nr acceleration gpnprnfpd by the two exciters in radians per second sqg

I is the distance between the centres of the two exciters, in metres.

stands with Aa being the acceleration of the exciter and I being the distance;between
the rotation centre.

0 Frequency range
frequency range is the range of frequencies within which the specified parameters appl

frequency range is limited by the resonance frequencies of-all components constituting
em. Therefore it is ideal that the resonance frequencies®©fthe components be outside th
ing frequency range.

electrodynamic vibration generators, the frequencyrange is highly dependent on the first
Juency of the table. The lower frequency limit dépends on the vibration generator isolat
an air spring isolated body, the lower frequency limit is normally 5 Hz, whereas for a rigi
ter the lower frequency limit can reach dowi to 2 Hz.

upper frequency limit is generally a disadvantage of servo-hydraulic vibration generator

Prators.
1 Parasitic motion

.1 General

ulti-exciter system forces every point of the table or specimen, assumed to be a rigid bo

time-histoty- excitation) or specified by some statistical parameters (for broad-ba
tation).~However, the target orbit is actually distorted by some parasitic motion which

than 200 Hz, but the lower limit{is down to DC which outperforms electrodynamif

prmula (7)

the exciter

.

fhe moving
e required

resonance
on system.
mounting

5, normally
vibration

y, to move
r example,
d random
cannot be

guately>compensated by the control circuit of the system. Such a distortion can be prima
ne of the followmg effects: non-linear transfer function of the system non-rigid table or

distortion, non- unlformlty ratio, and transverse mOthD respectlvely

7.11.2 Harmonic distortion

rily caused
ransverse

¥ harmonic

For translational sine excitation, non-linearity is commonly described through harmonic distortion
(see ISO 15261). The parameter is used in selection of exciters according to test requirements. For those
tests having stringent distortion requirements, electrodynamic vibration generators are suggested
because normally servo-hydraulic vibration generators have higher levels of harmonic distortions.

Harmonic distortion is also important in assessing if the guidance system or connectors provide smooth
boundary conditions for the moving table. In a multi-axis system, a poorly assembled exciter guidance
system or connector can cause high distortion over the table which may bring in undesired signals to
the testing specimen, which may induce over-testing.
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7.11.3 Non-uniformity ratio

This is the value of an acceleration ratio as a function of frequency indicating the non-uniformity of the
table when outputting a vibration force along three or two coordinate axes. The non-uniformity ratio is
an indication of the level of excitation force being uniformly the desired value across the surface of the
table or not. High levels of non-uniformity may not be accepted by the test requirements and therefore
a well-suspended and high-resonant table is to be selected. The value of the non-uniformity ratio is
associated directly with the numbers and types of connectors used in the multi-axial test system and
also their configurations. At non-rigid-body frequencies, the non-uniformity of the table is related to
the mode shapes at those resonant frequencies.

For multi-gxial linear vibration test systems, the non-uniformity ratio can be calculated through|the
maximum |absolute value of the difference between the acceleration at a point on the tableand|the
acceleratiii at the reference point (point used to control the test, see IEC 60068-2-64[2]) divided by|the
acceleration value at the reference point by Formula (8):
a; (f)=ao (f
O'(f)zl 1( ) 0( )|max x100% (8)
ap (f)

where

o(f) | isthe non-uniformity ratio of the table at the frequency, f;

a;(f) | is the peak acceleration value of the ith monitor accelerdmeéters placed on the table surfjce;

ay(f) | is the peak acceleration value of the control accelerometer.
NOTE1  Kor single-channel control scenario, ay(f) is normally*the acceleration value of the table centre} for
multi-chanijel control scenario, ay(f) is the average value of the control channels.
NOTE 2  Hor each axis, there is a value of non-uniformity ratio, symbolized as oy(f), oy(f), o7(f).
In order to| catch the peaks of vibrations over the table at relevant resonance modes, it is suggestef to
include as many typical structures of the table as possible in the selection of monitor locations[8] quch
as orthogohal axes, diagonal axes and off-diagonal locations.
7.11.4 Transverse motion
7.11.4.1 General
Transversd¢ motion is undesired motion of the table in one direction brought about by controlled mofion
in a perpendicular direction. At non-resonant frequencies of the moving element, transverse motidn is
mainly caysed by characteristics of connectors, suspensions and exciter guidance systems etc. When
resonance pf the moving element happens, transverse motion is mainly caused by resonance.
For instange;the transverse motion brought about by double sphere connectors (see Figure 8) Calll be
assessed b_y Formuta |”)‘|.

T=Dy /Dc=[I(1-cos 0)]/(I sin 6)=tan(6 /2)

(9)

In this document, only transverse motion in linear vibration test equipment is considered.

7.11.4.2 Transverse motion ratio for bi-axial linear vibration test equipment

This value is the maximum ratio of the acceleration along the “third” axis, which is not required as
a control axis in the bi-axial linear vibration test system, to the resultant acceleration of the two
controlled axes. This value is usually expressed as a function of frequency. The transverse motion ratio
for bi-axial linear vibration test equipment indicates the level of unwanted “third” axis motion, which
may be required by the test specification and therefore is considered during selection.
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7.11.4.3 Transverse motion for tri-axial linear vibration testing equipment

Normally transverse motion is not concerned in a tri-axial linear vibration test system because
all motions in the three axes are desired. However, when excitation levels along three axes differ
considerably, an axis having relatively low vibration levels may not be controllable to the desired levels
at some frequencies as a result of transverse motion brought about by perpendicular axes having high
levels of vibration.

To measure the transverse motion for the above reason, a method is recommended as follows. Control
one axis and leave the other axes free. Measure the uncontrolled motion in the transverse direction
brought about by the motion of the controlled axis. For an electrodynamic vibration generator, the field
shojild be switched on for all exciters. For each uncontrolled axis, the ratio between theumcontrolled
levgl and the controlled level can be expressed as a function of frequency 6(f) by Formula (1D):

5(f)="ue ) 1009, (10)

A (f)

whére

A,.(f) isthelevel of vibration along the uncontrolled axis;
A.(f) isthelevel of vibration along the controlled axis.

The level of vibration can be expressed as power spectral dénsity (PSD) or peak acceleratign value for
ranflom and sine tests respectively.

NOTE The method proposed in this document is an inifial investigation into this problem. In prjctice, many

factprs affect the controllable transverse motion levels<such as profile characteristics, system resgnances and
confroller capability. The user may consult manufacturers for solutions to specific test requirements|

7.12 Maximum payload

Thik is the maximum static mass that:the'table can withstand without malfunction.

7.13 Maximum torque

Thig is the limiting torque in pitch, C,, roll, Cﬂ, and yaw, C},, due to static and dynamic forceq which can
be ¢xerted on the table without damage.

7.1 Table suspension stiffness

Table suspension stiffness is the rigidity of the table, referring to the capability of the tpble at the
conpectionpoints of suspension structures to resist deformation in response to applied forc¢ or torque.
Tabje suspension decides the boundary condition of the testing system; thus, the suspensign stiffness
maftersiwhen certain boundary conditions, such as free or flexible, are required by test spegifications.

Table suspension stiffness includes linear stiffness along three coordinate axes, Ky, Ky, K, In Newtons
per metre, and rotational stiffness about three coordinate axes, Ky, K.y, K.z, in Newton metres per
radian.

8 Selection procedures

8.1 General
Test requirements are the basis for selection of multi-axial environmental test equipment.

In selection of a multi-axial vibration system, the following procedures are recommended.
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8.2 Determination of the exciter and connector numbers

Appropriate selection of the number and type of connectors and exciters should be made according
to the DOF number and vibration type (linear or angular) of the test requirements. For example, for a
test requiring a 3-DOF linear vibration, planar connectors and hydrostatic spherical connectors can be
selected accordingly. The number of exciters to be selected is always at least the number of DOFs in the
test requirements.

Recommended configurations of exciters and connectors are given in Table 4.

Table 4 = F‘vampln of recommended rnnfignraﬁnnc for I-ypiral multi-axial test rnqnirnmn ts
Testing requirements Suggested configuration
N, N, N, Description Conf. Connector
Code
2 1 1 |Two independent excitations in vertical direc- C1 Option 1: 4 spherical connectofs 2

tion, such as missile testing. Option 2: 2 sphetical connectof's 2

2 2 0 |Two-axial excitation in orthogonal direction. C4/C5 |Option 12 planar connectors

Optio2: 2 spherical connectofs @

Option 3: 5 spherical connectofs 2

3 3 0 |Tri-axial excitation in Cartesian coordinates. C6 ~|Option 1: 6 spherical connectofs

Option 2: 3 planar connectors

Option 3: 3 spherical connectofs @

3 1 2 |Four exciter independent excitation in vertical C3 |4 spherical connectors 2
direction.
6 3 3 |6-DOF excitation. C7 |6 spherical connectors

C10 |8 spherical connectors

C12 |12 spherical connectors

Key
N Number ¢f total DOFs.

N;: Number ¢f linear DOFs.
N,: Number pf angular DOFs.

a2 This strjucture is not fully determined. Additional suspension apparatus will be needed to stabilize the table fand
specimen. The suspension device should suspend the table and specimen at the centre of the balanced position angl be
flexible enoygh to travel along desixed vibration directions.

NOTE Th¢ suggested configurations are not the only possible or best solutions for each test requirement. Consulf] the
manufacturgrs for other possible solutions.

8.3 Determination of exciter types

8.3.1 Geheral

The following factors should be considered to select or eliminate a certain kind of exciter according to
the characteristics of different vibration generators.

8.3.2 Test waveform

The required waveform is considered whether it is sinusoidal at a fixed frequency, sinusoidal sweep,
random or time history. Appropriate types of exciters can be selected for the required test waveforms.

Refer to ISO 10813-1 for detailed selection procedures of exciters according to test waveforms.
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8.3.3 Frequency range

Appropriate types of exciters can be selected according to the required frequency range.

Refer to ISO 10813-1 for detailed selection procedures of exciters according to frequency range.

8.3.4 Maximum displacement, velocity, and acceleration

Appropriate types of exciters can be selected according to the maximum displacement, velocity, and
acceleration requirements.

For[angular vibration test requirements, linear displacement, velocity, and acceleration of the exciters
can| roughly be calculated from the given angular displacement, velocity, and acceleration values
follpwing 7.7, 7.8 and 7.9. In this way, angular vibration requirements can be transformed|into linear
vibfation requirements and vibration generators can be selected accordingly.
Refer to [SO 10813-1 for detailed selection procedures of exciters according to-maximum digplacement,
velqcity, and acceleration.
8.3]5 Maximum force
Appropriate types of exciters can be selected according to maximuim'force requirements.
The linear and angular acceleration of the moving element\are generated by the forces| of related
exclters. An example of two exciters in one axis providing-linear and angular vibration [is given in
Figlire 15. The forces can be calculated by Formula (11)E;
ZFi =ma
(11)
N Fli=la

whgre

F; is the force of the ith exciterin the axis under consideration;

[; is the distance between the ith exciter to the centre of gravity of the table and specimep assembly;

m is the mass of the.table and specimen assembly;

a is the linear acceleration at the centre of gravity of the table and specimen assemhly;

a is the.angular acceleration about the centre of gravity of the table and specimen afsembly;

1 isthe moment of inertia about the centre of gravity of the table and specimen assgmbly.
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Key
1,4 excitdtion point
2 table
3 specimen
a Centrje of gravity of the specimen and table assembly.
Figure 15 — Force calculation example of two exciters
NOTE The moment of inertia is achieved through calculation based on the physical and geom¢
characteristics of the specimen, fixture, and the table.
Based on the above calculation, the requirements for each¢exciter can be determined. Appropr
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Annex A
(informative)

Examples of selections

e
The process of determining system requirements can be simplified into a mechanistid approach.
However, there are many considerations that have to be made which can only come [frfom xperience
and| detailed knowledge of the subject.
The examples below consider that the device under test is symmetrical and)a true mass, which may
not|be possible in practice. For these examples, only the basic system parameters are considered. Such
parpmeters as load support capability, suspension stiffness and isolation system resonarjce are not
confkidered as it would make the example too complex.
The selection of standard electrodynamic vibration generatérs and servo-hydraulid vibration
gengrators are based on data given in ISO 10813-1:2004, Tables.f.and 2.
The definitions of the symbols used in this document can be found in Table A.1.
Table A.1 — Symbols‘ised in Annex A

mg Mass of the specimen (including fixturgs)

m Mass of the table

m, Mass of the moving element of'the exciter

m, Mass of the moving elementof the connector

ay Acceleration along the X axis

ay Acceleration along the Y axis

a, Acceleration alohg)the Z axis

Fy Vibration forcein the X axis

Fy Vibratiof-force in the Y axis

Fy Vibration force in the Z axis

F, Vibration force of exciters

F, Vibration force of connectors

ay Angular acceleration about the X axis

ay Angular acceleration about the Y axis

MZ Ausu}al Cl\f\.«\.«l\,l Clt;Ull abuut \,h\— Z GA;D

NOTE The combination usage of symbols can be found in the calculation process, which can be interpreted as both
meanings of subscripts.

A.2 Example 1: Selection of a tri-axial linear test system

A.2.1 Test conditions

The test conditions are specified in Table A.2.
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