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EXECUTIVE SUMMARY

Background

The European Commission has mandated the European Standardisation Organisation CEN to screen
and to compare the existing national and international standards related to defence procurement and
to give recommendations for preferred application in future.

CEN BT 125 has initiated a CEN Workshop (WS 10) to create a European defence procurement
standardisation handbook. As a first activity, a number of European national Ministries for Defence
have described their national procurement process and have compiled a database of widely adopted
standards used in this procurement process. As a next step eight priority areas were identified for
more detailed review by expert groups. The task of these groups was to compare the technical content
of various standards with the aim of recommending a reference for European defence procurement.

One of these priority areas was to review available environmental engineering standards including the
appropriate environmental testing standards and the environmental program management standards.
The appointed expert group (EG 8), mainly comprising of experts of the European umbrella
organisation of the societies for environmental engineering CEEES, took over responsibility at the
beginning of 2004. The group had a mix of representation from European national Ministries for
Defence as well as European Industry. Many of the experts were also active in national or international
standards committees. One reason for the strong support of Expert Group 8 was that for the first time
in the history of standardisation of environmental engineering a broad comparison survey was been
mandated.

Process

The preliminary list of documents generated by WS 10 and delivered to Expert Group 8 comprised
some 11500 documents, of this number around 600 were environmentally related standards. This
subsidiary list contained a mix of both vertical (product related) and horizontal (non product specific)
standards. With the relatively tight time scales imposed by WS10 and to allow the best use of the
available resources, it was necessary for Expert Group 8 to initiate several parallel activities.

The first priority of the Expert Groups was to identify the horizontal standards relating to environmental
testing. Most standards organisations, whether commercial or military, usually include a number of
horizontal standards which are used as building blocks for the vertical, product related, standards.
Environmental testing standards are usually located in this horizontal group. Those standards are, in
almost all cases, the primary reference source for environmental test procedures. That is the
horizontal standards contain the test procedures adopted as the model or benchmark by other
standards.

A total of six separate horizontal standards were identified as primary sources of environmental test
procedures. This number included one group (ITOPS) added as a result of request made to WS10.
Those six separate horizontal standards were;

International Commercial Standards IEC 60068 and IEC 60721

UK National Defence Standard Def Stan 00-35

French National Defence Standard GAM EG 13

US National Defence Standard Mil Std 810F

International NATO Defence Standard STANAG 4370 and its Allied Publications (AECTP’s)

Quadripartite {US/UK/F/DE} Agreement ITOP (International Test Operating Procedure)
For each of these standards individual procedures were compared and the result documented. The
comparisons were undertaken for in excess of 40 separate groups involving around 160 separate
procedures. In order to undertake consistent comparisons a number of assumptions and criteria were
identified. These assumptions and criteria were reviewed, refined and finally agreed by the Expert

Group as the work proceeded. The outcome of this refinement was a list of ten comparison criteria
which were;

- Technical Innovation.
- Up to Date Techniques.
- Reproducibility.
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- Strength of Reference.

- Interoperability.

- Suitability for Purpose.

- Disadvantages to European Industry.

- Alignment to European Defence Procurement Strategy.
- Backward Compatibility.

- Equivalence of Standard.

Having derived a process to deal with the horizontal environmental standards the Expert Group
needed to review and classify the vertical, product related, standards. The primary concern of the
review of the vertical standards was to identify procedures which may have been missed as horizontal
standards and others which potentially contained primary source test procedures. Essentially no
additional standard was identified which could be classed as a horizontal standard or which contained
primary source procedures.

Summary of Review

Based upon the 40 or so separate outcomes of the comparison exercise, an set of overall conclusions
with regard each of the six horizontal procedures was generated. A summary of those is set out below.

International Commercial Standards IEC 60068. This group of procedures are consistently
formatted with a very clear distinction between guidance information and mandatory requirements.
The test procedures are mostly firmly written and should ensure repeatable results regardless of the
tester, test facility or test equipment utilised. For this reason the test procedures are idea for setting as
contractual requirements and for COTS equipment. The main disadvantages of these test procedures
is that they are old, lack technical innovation and often do not utilise up to date & cost effective
facilities, techniques or methodologies. Although IEC adopt a maintenance procedure these are slow
and do not always bring a test procedure up to the same level of technical innovation as the defence
standards. In addition, the standard lacks a basic and credible environmental management strategy as
well as incorporating antiquated severities in both EN / IEC 60068 and 60721.Overall the document
would require significant and sweeping changes to allow its use for modern defence equipment.

UK and French National Defence Standards Def Stan 00-35 and GAM EG 13. Both of these test
standards adopt a clear distinction between guidance information and mandatory requirements. They
are firmly written but also supply additional test guidance information on test conduct and severity
derivation. The tests are written to facilitate consistency of testing and can be called in contractual
requirements with confidence. The tests commonly used for COTS equipment are included in a
manner such that they are consistent with other “vertical” standards. In particular Def Stan 00-35 &
GAM-EG-13 have made some effort to achieve commonality with EN / IEC 60068. However, they also
incorporate additional, defence specific, procedures and include a number technically innovative
enhancements to existing tests. Both standards are supported by viable environmental management
strategies that is consistent with defence procurement approaches used in the two countries. The
standards include credible and up to date test severities which are specific for defence usage. Both
standards are compatible with the use of tailored severities and give significant advice on natural,
induced and abnormal environmental severities. From a Defence viewpoint both Def Stan 00-35 &
GAM-EG-13 comprise a good practical compromise between consistency with commercial standards
and technical innovation for use in testing sophisticated defence systems. The restriction on the
European wide use of Def Stan 00-35 & GAM-EG-13 is that they have never been targeted outside
the two originating countries. Both standards were considered and extensively utilised in the
generation of STANAG 4370.

US National Defence Standard Mil Std 810F. The main historical advantage of Mil Std is that it has
frequently been at the fore front of introducing technically innovative approaches and methodologies.
The procedures within Mil Std 810 have never been particularly consistent with other group of
standards often adopting different tolerances, procedure & approach to those of other standards. Also
the procedures in the Mil Std do not always adopted a consistent or firm style with no clear distinction
between guidance information and mandatory requirements. From a Defence viewpoint the US Mil Std
810 comprises excellent guidance material particularly relating to severities. However, its test
procedures are insufficiently well defined to confidently use them in contractual requirements. The test
procedures are inconsistent with other standards to an extent that the adoption of the Mil Std for

vi
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European defence applications could give the US defence suppliers an undue advantage over
European suppliers.

Quadripartite {US/UK/F/DE} Agreement ITOP (International Test Operating Procedure). The ITOP’s
reviewed proved to be product related and consequently the ITOPS should really be classed as
“vertical” standards. Only a few ITOPS relate to environmental testing and then they only encompass
an inconsistent and narrow range of topics. Many of the ITOPS were heavily biased towards US
procedures and in those cases seemed to take little account of European or International
considerations. The environmental ITOPS appear to have no general applicability and the niche role
they are purported to fulfil is questionable. The large amount of US content in the ITOPS is a concern
as it could be argued that ITOPS are a means of foisting US approaches on European countries. This
of course could consequently give US suppliers an unfair advantage over European suppliers.
Generally the ITOPS were neither state of the art, technically innovative nor did they appear to be
particularly cost effective. The procedures are reasonably well written but do not appear to have any
underlying strategy or relationship to any procurement approach.

International NATO Defence Standard STANAG 4370 and its Allied Publications (AECTP’s). This
procedure contains a significant amount of identifiable content from the UK Def Stan 00-35, the French
GAM EG 13 and the US Mil Std 810. As such it identifiably takes cognisance of a range of national
European standards. The comparison work has shown that the various individual procedures of
STANAG 4370 are either the best procedure for that type of test, are equally as good as those in other
standards or have the potential to become the preferred procedure. Overall version 3 of the STANAG
encompasses the most technically advanced and innovative components of the three national defence
standards that it is based upon. STANAG 4370 is biased towards supplying advice to establish test
severities. In this regard the majority of the test severity advice is the latest available. However, for
European uses this needs some caution as some of the advice is biased towards US platforms.
STANAG 4370 is supported by an environmental management strategy which is consistent with
defence procurement approaches used in most European countries, but only in an overarching
manner. This has only been achieved with significant compromise and loss of detail. The main
deficiency with the STANAG relates to strength of reference as the test procedures do not always
have sufficient strength and clarity to allow them to be used in contractual requirements. Several
contributory factors appear to be the root case of the poor strength of reference. The lack of industrial
participation in generating the standards, the narrow distribution used in reviewing the documents are
clearly factors as well the absence of the type of control and secretariat support that acknowledged
professional standards bodies find essential.

Recommendations

The environmental management process is a critical feature of both the procurement and development
strategies used for defence equipment. The process needs to align with the European Defence
procurement strategy and practised equipment design and development methodologies. Currently
neither the Mil Std process or the STANAG 4370 AECTP 100 process align with the procurement
strategies adopted by many European countries or that proposed for European Defence procurement.
The adoption of the US based standard for European procurement would, it could be argued, put the
European defence industry at a disadvantage. A similar argument could be made for the NATO
standard which also has not withstood the test of sustained usage. The UK and French standards
have some shortfalls, but together they are far better than the STANAG 4370 AECTP 100 process.
Amalgamation of the French and UK environmental management processes is entirely viable as they
cover similar ground but are aimed at different people. Amalgamation of the two processes would also
allow integration with the proposed European Defence procurement process.

Almost identical arguments apply to the process used to develop test severities from in-service
conditions. Whilst, the STANAG and Mil Std standards acknowledge European based approaches
they have not been used to establish many of the fallback severities contained within STANAG 4370.
Updating these severities will take time but such an approach is essential if they are to fully
encompass European platforms (vehicles, aircraft, ships etc), logistics and in-service conditions. The
recommendation made above, of amalgamating the French and UK environmental management
processes, would resolve this issue also.

The fallback test severities currently contained in STANAG 4370 are an amalgamation of the fallback
severities commonly used in US, UK, France and Germany. As a starting point for European defence
procurement these fallback severities are recommended. However, to ensure a viable procurement

Vii



CEN WORKSHOP 10
STANDARDIZATION FOR DEFENCE PROCUREMENT
Expert Group 8 Environmental Engineering

strategy the ongoing derivation of severities tailored to the required range of European platforms,
logistics and in-service conditions is essential.

The Expert Group review of the available test procedures resulted in an overall recommendation is
that the STANAG 4370 procedures are consistently better, technically innovative and demonstrably
incorporate European approaches and methods. The adoption of the STANAG 4370 procedures
would not appear to put European Defence industry at any particular disadvantage. This
notwithstanding changes are urgently required to the way the STANAG is managed and controlled.
This is necessary to bring the STANAG procedures up to the same quality of firmness and strength of
text as other vertical standards. This will almost certainly mean the current management, CNAD,
sharing control with a professional standards organisation.

The Expert Group has also considered a sizeable number of vertical (product) standards which in part
incorporate environmental test procedures. The recommendation of this Expert Group, along with that
of almost all standards organisations, is for the vertical standards to use test procedures available in
the horizontal standards. Very few vertical standards were identified were this would not be viable,
preferable and cost effective. The only area actively identified were this approach was not viable
related to space equipment which normally includes a handful of tests not encompassed by the
horizontal environmental test standards.

viii
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1. BACKGROUND AND UNDERLYING POLICY

In the course of the political efforts to increasingly see European defence as a joint task and to intensify the
co-operation between the armed forces of the individual member states, the European Commission has
launched several initiatives. Thereby different obstacles have been identified that up to now have lead to
road blocks in common European defence, especially the selection and procurement of equipment. Within
the existing framework of well-established but diverse national supply processes it was hardly possible to
speak of an open European armament market.

CEN BT/WG 125 elaborated a work program in 2001 that among other things planned to issue at the end of
2005 an internet based European handbook for standardisation at the procurement in the defence
equipment. In 2002 WS 10 began its work which was supported and arranged from the beginning by the
Western European Armed forces Group (WEAG), thus the ministries of defence of France, Great Britain,
Sweden and Germany.

In order to achieve the target of harmonisation of the supply process, commonality of the standards and
specifications as necessary. Three years ago the European Commission placed a mandate for working with
the European Standardisation Organisation CEN to compile and to compare the existing militarily relevant
standards and to make suggestions for a harmonisation. Thereby a hierarchy of the standards could be
established. The initial mandate indicated International civil standards should have precedence over
international military specifications. Also that national civil or military standards should only to be used if the
international documents are not sufficient in a specific case.

The representatives of the national ministries of defence, as first step of the procedure, collected the
standards applied in their sectors and compiled them in a common data base. The next phase of this
ambitious task has been distributed onto a number of different expert groups

The initial eight priority fields of action were selected in 2004; one of them was the environmental
engineering and testing of defence products.

As a starting point the CEN WS 10 EG 8 group has assumed that no underlying fundamental difference
exists between the defence and the civil environmental engineering. Specifically that the supporting
methodology of environmental engineering is independent of specific applications and in-service conditions.
Also that the assessment steps required to verify the suitability of equipment are comparable. In short the
Expert Group presumed no intrinsic reason existed for discounting the use of civil standards. The intensity of
the environmental conditions and thereby to the testing severities, was not a sufficient reason for not
considering civil standards.

According to the European defence policy, the following targets of standardisation have been pointed out:

Compatibility: Products, processes and services have to be appropriate for the common application
under special conditions and have to fulfil the relevant requirements without causing unacceptable
reciprocities.

Replaceability: The ability of a product, process or service to be used as substitute and to fulfil the
same requirements.

Commonness: The application of the same principles, the same procedure or the same equipment.

The aims of standardisation of defence-related equipment and behaviours are:
Improvement of the interoperability by standardised interfaces
Reduction of the variety of supply articles by use of standardised components
Common supply logistics
Avoidance of parallel efforts for research, development and testing of defence material
The defence sector is increasingly interested to use commercially available products or components.

Therefore an essential element of the composition of the future standardisation work is to use the results of
the civil standardisation and thereby to widely pass on special military standardisation activities.
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2. STANDARDS IN THE ENVIRONMENTAL ENGINEERING PROCESS

2.1 Historical Background

Many environmental engineering test procedures started as test equipment specific processes , however, by
the 1960's common methods were beginning to be written into national and international standards. Not only
are some of those early test procedures still in use today but the layout, approach and limitations of those
early specifications are still apparent today. At that time most Environmental Engineering standards were
little more than a cook book of test procedures with embedded severities. Relatively little choice of procedure
was available as this was frequently dictated by available equipment. Moreover, severities were, by
necessity, generally simplistic and frequently had only minimal relationship with actual conditions.
Environmental testing was expensive and facilities existed at only a few locations.

In the defence sector the main standard was the US Mil-Std 810 which was adopted in various countries
partly without any change. In the UK the main defence standard was Def Std 07-55 (now replaced by Def
Stan 00-35) and in France GAM EG 13. In Germany there were some environmental engineering standards
in the sector of the defense equipment standards (VG) and of the technical supply conditions (TL) but no
coherent standardization works comparable to Mil-Std, Def-Stan or GAM. At the same time, in the civil
sector, the first of the family of procedures that are now IEC 60068 (but then known by different numbers in
different countries) was making an appearance.

By the mid 1970's test facilities were rapidly improving, new test control, monitoring and instrumentation
were also becoming available. As a consequence many of the older test procedures were been significantly
upgraded. Also the ready ability to make field measurements was starting to indicate deficiencies in the
generic and crude test severities of the 1960’s. In some military areas the need for a revision of the test
severities had become critical as the existing tests were significantly affecting product design, mass, cost or
performance. The main area of concern was with so called induced environments (as opposed to the natural
environment). Induced environments are those created by the system itself often in-conjunction with its
operational conditions. In some cases in-service failures were not been reproduced in test or testing was
causing failures not found in-service. A number of empirical methodologies to determine improved severities
originate from this time as does work to better understand the mechanism causing induced environmental
conditions. severities.

A major issue with the purchasing authority defining fixed cook book severities is that they effectively take all
the risk and consequences of inappropriate values. However, they rarely have sufficient information to judge
the extent of the risk they were taking. Whilst, some environmental standards included processes to partly
alleviate this problem, the real debate, on risk arising from the lack of severities and the need to improve
severities, were only widely addressed with the issue of US Mil Std 810 issue D. This turned around
previous approaches and put the onus on the equipment supplier to establish an environmental strategy as
well as the environmental conditions. This allowed suppliers to adopt representative severities. A process
which became known as “tailoring”. In fact this is not a particularly good description as it has little real
meaning and tends to be use by different people to mean different parts of the process.

The Mil Std 810D process was supposed to be managed by a series of specified formal documents. These
documents were intended to allow the equipment supplier to agree and demonstrate the approach they were
adopting. It should be remembered up to that point contract were a set of firmly written requirements allowing
the supplier little scope for deviation. The process of Mil Std 810 D was allowing suppliers greater
responsibility, scope and flexibility. However, the Mil Std 810 D documents rarely interfaced with the
procurement process used by European countries. Indeed experience would suggest they were never widely
used by US companies either.

The above notwithstanding the Mil Std 810 D process was fairly widely adopted by the European Defence
industry as it had clear advantage when environmental conditions were design drivers. The process also
extended to many areas of commercial work. The adoption of the process increased the need for in-service
measurements and an explosion of measurement exercises occurred allowing further improvements to the
severities embedded into standards. However, the quality of these measurements were not always that good
nor were they always matched by an understanding of the mechanisms involved in generating the
conditions. In short the methodology for deriving test severities from in-service measurements was not
defined and , as a consequence, derived test severities varied enormously.

By the mid 1980’s significantly improved, service based, environmental severities were available and many
of the national Defence Standards were starting to incorporate these improvements. Some, notably the
French Defence Standard were also starting to incorporate methodologies for deriving test severities from In-
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service data. However, the different approaches adopted for severity derivation in the various national
standards meant that in this respect they were diverging and the need for an international approach for
convergence became pressing. The only real international commercial standard was the procedures &
severities of EN/IEC 60068 & 60721. However, the severities of these documents were not self consistent
nor did they appeared to benefit from any credible measurement exercises. As a consequence even for
areas were commercial / military environments overlapped these documents were not considered a credible
base for international agreement.

The solution adopted by the NATO STANAG organisation was to initiate a environmental test standard
based upon available national standards. The majority of the work on this standard occurred in the early
1990’s and in effect encompassed aspects of Mil Std 810, the French GAM standard and the UK Def Stan.

In parallel with the generation of the first NATO Horizontal Environmental testing standard, during the 1990’s
the three main national standards were also been revised. In the case of the French GAM standard,
significant additional information and advice was included on the derivation of test severities from
measurement and for user defined in-service equipment life cycles. The UK standard additionally included
information on induced mechanical and climatic environments as well setting out an environmental
management process compatible with the design process and consistent with the UK procurement process.
The US Mil Std had been updated in the late 1980’s and again in the late 1990’s these revisions included
updated test severities as well as a revised environmental management process. In this period no similar
changes either to severities or the management process were made to EN/IEC 60068 or 60721. Indeed it
was not till the late 1990’s that, long overdue, work to update the environmental and test severities of the two
documents has occurred. Even then that update was restricted to a severity reconciliation between the two
documents rather than a fundament review of severities.

2.2 Commercial and Defence Standards

The IEC / EN 60068 series of test procedures is frequently first choice for civil products that contain
electrotechnical or electronic components (and this is the majority of all technical products). Various goods of
this type are also embedded in defense products. Therefore the IEC 60068 series of procedures can be
regarded as basic standard for dual use products.

Any civil product test procedures are unlikely to fulfill in all requirements set by military environmental
requirements. Specific environmental conditions occur are for example due to vibrations and shocks which
arise when operating guns. Therefore any civil test procedures will at best need to be supplemented by tests
which unique original military requirements.

As a starting point to allow comparisons to be undertake Expert Group 8 has assumed that generally there is
no fundamental difference between the defence and the civil environmental engineering. Especially with
regard the implementation of test tailoring strategies. That is the methodology of environmental engineering
is independent of specific environmental conditions and the assessment steps are also comparable. The
differences mainly refer to the intensity of the environmental conditions and thereby to the testing severities.
As such, whilst, test severities for defence equipment may differ from those required for civil equipment, the
test procedure used should not intrinsically be different.

2.3 Test Tailoring

The term “tailoring” is often used to mean the process by which test methods and particularly their severities
are adapted to improve the simulation of specific environmental conditions. “Tailoring” in this limited sense is
an accepted environmental engineering process. Its development was stimulated by the realisation that
conservative test methods and excessive test severities can result in increased materiel development costs
with no compensating increase in materiel performance or reliability.

The tailoring process has broader application to materiel development programmes. Therefore, for the
purpose of this report “tailoring” is also considered to encompass the optimisation or refinement of the
environmental engineering task, to meet the specific needs of a particular materiel development programme.

It should be noted that although the application of tailoring to environmental testing programmes can provide
significant benefits with regard to materiel development costs, it can also restrict the user’s operational
flexibility to those Service environmental conditions originally specified.

2.3.1 The Use Of Tailored Test Methods And Severities

Tailored environmental test methods and severities are adopted to permit a more accurate simulation of the
anticipated Service environments and allow the performance and integrity of the test specimen to be
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examined whilst being stressed only to representative Service environments. Such tailoring reduces the
probability that the test specimen will incur unrepresentative failures.

Although the use of tailored test methods is technically preferred, alternatives, known typically as minimum
integrity test methods, are often acceptable. These alternative test methods are generally relatively
unsophisticated tests that can be adopted when a precise simulation is not necessary to establish suitability
for Service use and when a degree of over testing can be tolerated. Usually generalised (sometimes termed
fallback) test severities are used in combination with minimum integrity test methods.

To encompass all levels of materiel sophistication, test methods of both types, i.e. tailored and minimum
integrity, are needed. Both tailored and minimum integrity environmental test methods, covering all
significant and relevant environments to which materiel may be expected to be subjected, are contained in
many of the standards compared by Expert Group 8.

The increasing complexity and availability of advanced laboratory test equipment provides the test specifier
with a choice of tailored and minimum integrity test methods for accommodating a particular environment.
Tailored test methods are generally no more expensive to conduct than minimum integrity test methods.
However, they usually require more sophisticated test equipment which may limit the choice of available test
facilities. It is also often more difficult to reproduce the test results should a repeat test be required at a later
date. Repeatability is an important consideration should the test be undertaken for Environmental Stress
Screening or In-Service Surveillance purposes.

The adoption of tailored test methods and severities is usually essential for materiel whose performance,
cost, reliability, mass or configuration could be adversely affected by tests which significantly exceed the
stresses produced by the related Service environments. The degree or extent to which tailoring is to be
applied should be agreed with the materiel designer, who is usually the best placed to quantify the
consequences of overtesting.

When conducting tailored test methods in the earlier phases of a materiel development programme,
adequate information may not be available to allow the use of project specific severities. Therefore the
suitability of a design may need to be evaluated using generalised or fallback test severities from national or
international standards, or from applicable data derived from similar earlier programmes. These generalised
test severities should be replaced for Qualification or Type Approval tests by tailored severities from project
specific data acquisition programmes.

The adoption of generalised test severities throughout the development programme is acceptable and
possibly advantageous where the deployment, location or usage of materiel is difficult to quantify. It is also
relevant when the intended usage or role may be expected to change during its Service life. Consequently,
for such materiel, the adoption of severities from national or international standards should be considered in
comparison with available measured data from appropriate Service environments.

The adoption of generalised test severities can provide a useful means by which a procurement authority
ensures the removal of design weaknesses in components and subassemblies before they are incorporated
into more sophisticated systems. However, the application of generalised test severities to remove design
weaknesses should be tempered with consideration of the potential overdesign penalties in terms of
performance limitations, programme costs and delays that could be incurred through their use.

2.3.2 Tailoring The Environmental Test Requirements

The aim of this aspect of tailoring is to generate an Environmental Test and Assessment Specification that
provides sufficient evidence for materiel certification together with a cost effective series of tests and
assessments. To this end the tailoring process involves making decisions on which environmental tests can
be merged together or even eliminated. It also includes making decisions on the balance to be achieved
between testing and assessment for demonstrating compliance.

A reason for merging environmental tests is that collectively they exercise the same potential failure modes
of the materiel when it is in the same operational state. A reason for eliminating tests is that the materiel
exhibits no failure modes associated with that environmental condition.

Tailoring the environmental test and assessment requirements involves knowledge of the likely failure modes
of the materiel associated with its exposure to specific environmental conditions. In general, tests should
concentrate on the environments to which the materiel is sensitive rather than those to which it is likely to be
robust. This advice would not apply to safety tests which are undertaken to demonstrate that a munition is
not sensitive to an environment condition. In some instances environmental design aid tests may be needed
to generate evidence for the elimination of some conditions and the combination of others.
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2.3.3 Tailoring The Test And Compliance Programme

Tailoring the Test and Compliance Programme develops further the tailoring process to address sequential
testing and combined environments testing.

The purpose of sequential testing is to replicate the cumulative ageing and degradation that the materiel
would experience as a result of exposure to the environmental stresses arising from its planned Service life.
In particular the environmental stresses induced by sequential testing should be representative of the
conditions set out in the Manufacture to Target or Disposal Sequence (MTDS).

Sequential testing should not induce in the materiel any excessive environmental stresses that could cause
unrepresentative failures, but should include environmental stresses that exercise long term damage
mechanisms. There is always some risk that sequential testing will result in overtesting as a consequence of
the cumulative effects of the marginal overtesting that arises from each test within the sequence.

Sequential testing is usually adopted for ordnance and one shot devices, even though it is only at the end of
the test sequence that satisfactory operation can be demonstrated. For these applications sequential testing
can be relatively costly and time consuming, because the test sequence may take many weeks to complete.
Also, because a failure during the test sequence usually means starting all over again, it imposes a
significant risk on completing the materiel development programme on schedule. To minimise this risk, an
approach known as “cascade” testing is often adopted, where a relatively large number of test specimens
are subjected to the test sequence, and where after each appropriate test stage a number of items are
withdrawn for functional testing.

During Service use the materiel will be subjected to several environmental conditions simultaneously, but few
environmental tests replicate simultaneously more than one environment. Combined environment testing is
necessary when the damaging effects of two or more environments applied simultaneously are envisaged to
have greater damaging effects than when the environments are applied separately. The deterrent to
undertaking combined environments testing is, almost always, cost. For effective decisions to be made
regarding the inclusion of combined environments testing into the Test and Assessment Programme, the
Environmental Requirement document should identify when environmental conditions occur simultaneously
or when they are expected to do so at a credible level of statistical probability. Based on this information the
sensitivity of the materiel to combined environments can be evaluated and suitable tests incorporated into
the programme.

24 The Environmental Control And Management Process

The objectives of the environmental control and management process are those that can be adopted for any
task control and management process, and may be listed as follows:

(a) to ensure that concise and unambiguous requirements are defined

(b) to ensure that a strategy is in place for undertaking the task

(c) to ensure that the task is adequately controlled and managed

(d) to ensure that a mechanism exists for demonstrating compliance with the requirements.

These objectives are translated and developed to form the basic elements of the process. The elements are
described as follows:

(a) establish the environmental requirements for the materiel

(b) formulate a strategy for demonstrating the adequacy of the materiel against the environmental
requirements

(c) define the environmental tasks and the programme necessary to allow the strategy to be
implemented

(d) undertake the defined environmental tasks to the authorised work programme

(e) demonstrate, through assessment of the reported information generated by the environmental
tasks, that the materiel meets the environmental requirements.

The environmental control and management process is normally supported by a series of documents. The
environmental control and management process and its documentation should interface directly with the
overall design certification process. In particular, the inputs to the environmental control and management
process are derived directly from requirements emanating from the design certification process. Moreover,
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the outputs from the environmental control and management process integrate directly into the design
certification process evaluating the suitability of the materiel for Service use.

241 The Process And Its Supporting Documentation

The basic elements of the environmental control and management process and its supporting documentation
are indicated in the following paragraphs. Usually the process and its supporting documentation are closely
related, such that the steps of the process can be explained by summarising the aims of the key documents.

The process of defining the environmental requirements for the materiel involves the generation of an
Environmental Requirement document, which establishes the environmental baseline against which the
materiel will be designed and ultimately approved for Service use. The environmental requirements are a set
of environmental characteristics representing each phase of the materiel’s life as defined in its Manufacture
to Target or Disposal Sequence (MTDS).

The strategy demonstrating the adequacy of the materiel against the environmental requirements is set out
in the strategy plan. This plan uses the Environmental Requirement as the primary input to set out how
compliance for each major environmental requirement is to be achieved. Strategy plan provides up-front
visibility of the total qualification task. The major features of the plan include the series of rationales to be
adopted and descriptions of the major tasks to be undertaken to achieve cost effective compliance with the
requirements.

The definition of the environmental tasks and programmes that implement the environmental management
strategy results in two documents, typically known as, the Environmental Test and Compliance Programme
and the Environmental Test and Assessment Specification. The former defines the sequence and timing of
the environmental tasks to ensure that a Compliance Statement is available on time for each condition
specified in the Environmental Requirement, whilst the latter defines the environmental tests and
assessments that will provide the evidence for the Compliance Statements.

To ensure effective control and management of the individual environmental engineering tasks the key
documentation addressed above generally needs to be augmented. The disposition of the subsidiary
documentation within the process will vary from agency to agency. Typically the subsidiary documentation
includes Environmental Test Instructions that expand and supplement for a specific test the broad
requirements of the Environmental Test and Assessment Specification. The outputs from a specific test are
set out in Test Reports and Test Assessments that report respectively, compliance with the requirements of
the Environmental Test Instruction, and the Environmental Test and Assessment Specification.

A feature of the process should be that each requirement or specification document has a matching reporting
document demonstrating compliance. For example, the Test Report responds to the Test instruction, the
Test Assessment responds to the Test Specification and the Compliance Statement responds to the
Environmental Requirement.

Assessing compliance against an Environmental Requirement may take one of several forms, but in practice
it is likely to take one of the four options. The four options are test only, test plus supporting analytical
assessment, analytical assessment plus supporting test or analytical assessment only. A close simulation,
often referred to as a tailored test, usually minimises the risk that the materiel will not function in the
operational environment. Nevertheless, there may be many reasons, such as cost effectiveness, programme
expedience, earlier precedents or engineering judgement, that warrant the selection of an alternative
technically acceptable option. The outcome of this assessment process is a Compliance Statement.

The process requires that the environmental conditions that could significantly influence the design of the
materiel are verified during the course of the development programme. This requirement is achieved with the
aid of an Environmental Verification Plan which contains a strategy and programme for confirming design
related environmental characteristics and severities.

The extent to which each document will exist as a separate document is largely a function of the scale and
complexity of a specific project. For projects where there are few perceived technical and programme risks,
certain documents may be sensibly merged together provided that the basic elements of the process, are
fully embodied in any reduced set of documents.

2.5 Process Documentation

This following sets out the purpose and content of the project specific documents that support the control
and management process for environmental engineering tasks
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2.51 Environmental Requirement

The purpose of this document is to identify and define the characteristics, severities and occurrence rates of
all relevant natural and induced environments and their combinations to which the materiel may be subject
during its Service life. Environmental requirements are derived from the life cycle. The life cycle will usually
include transportation, storage, installation, deployment, maintenance, operation and decommissioning of
the materiel. The Environmental Requirement document forms the environmental baseline against which the
materiel is qualified. The document may form part of the contractual requirement for the materiel
development programme and, in such cases, it is particularly important that this document is both technically
sound and complete.

The precise definition of certain environments may not be available early in the materiel development
particularly for environments that are induced by the materiel itself. Consequently, initial estimates of these
environments may need to be revised as the design develops and when more detailed information becomes
available from the environmental verification programme.

2.5.2 Environmental Test And Assessment Specification

The purpose of the Environmental Test and Assessment Specification is to provide, in summary form and in
one document, the set of tests and assessments on which the certification of the materiel will be based. The
content of the document comprises a summary description of each test and assessment needed to provide
evidence for the certification process. The document expands the rationales contained in the Environmental
Management Plan into specific task requirements. The test and assessment severities are derived from
information contained in the Environmental Requirement document. The Environmental Test and
Assessment Specification should also include summary descriptions for related tests, such as those for
reliability and safety.

The summary description for each test will include the test method to be adopted, the severities to be applied
and any other special requirements considered necessary, e.g.: the functional state of the materiel during the
test. Some of the tests may involve the application of combined environments.

2.5.3 Environmental Test Instruction

The purpose of the Environmental Test Instruction document is to set out the precise and detailed
instructions necessary for laboratory staff to conduct a particular environmental test. Where relevant the
Environmental Test Instruction should reference its associated Functional Performance Test Specification.

2.5.4 Environmental Test Reports

The purpose of the Environmental Test Report is to record observations, data and results of an
environmental test conducted in accordance with the Environmental Test Instruction. In particular, the
content of the Environmental Test Report must respond to each requirement detailed in the Environmental
Test Instruction. In addition, any deviations from the Environmental Test Instruction observed during the test
must be reported.

The Environmental Test Report is the formal output from the test laboratory. It is not, unless combined with
the Environmental Test Assessment document, expected to comment on the success or otherwise of the
test, or on any implications arising.

2.5.5 Environmental Test Assessment

The purpose of the Environmental Test Assessment document is to report objectively an evaluation of the
test observations, data and results provided by the test laboratory and recorded in the Environmental Test
Report. These observations, data and results are evaluated mainly in terms of the materiel’s ability to survive
without degradation the test conditions specified in the Environmental Test and Assessment Specification. A
separate assessment is normally required for each test listed in the Environmental Test and Assessment
Specification document.

The Environmental Test Assessment document is expected to state the adequacy of the materiel to
withstand or function in the test conditions specified in the Environmental Test and Assessment
Specification. Should any materiel inadequacies be apparent, then the assessment should include
recommendations for their removal. These recommendations could take the form of further evaluations,
analyses, laboratory tests, or data acquisition trials.
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3. LIMITATIONS AND RELATED DOCUMENTS
3.1 Limitation of the Study

This study has its focus on environmental testing and engineering, i.e. the evaluation of a product or a
military hardware under various environmental influences. Many specifications of products include
environmental requirements affecting quality, reliability and service life. There is a huge amount of these
standards out on the market. Very often these standards are related to a branch or a group of equipment
such as electronics, telecommunication equipment, vehicles, weapons, missiles, ammunitions, aerospace,
and personal equipment for the soldier. These specifications and standards are often referred to as ‘vertical
standards’ compared to those standards which describe the test procedures independent of the tested
products. These standards are often referred to as ‘horizontal standards’ because they can be applied for
various groups of products.

The limitation of this investigation is delineated by military needs. Many similar standards have been
developed in the past for civilian products and quite a large number of standards are exist for specific
purposes and equipment.

This report clearly focuses on universal standards in the area of military hardware and important civilian
standards dealing with environmental testing. Many so called ‘dual-use-products’ or ‘commercially-of-the-
shelf-products’ (COTS) are to be tested according to these basic test procedures. Due to a limited time
schedule and resources not all existing test standards have been evaluated. There are a lot of specific
environmental testing standards available, e.g. related to automotive application, aerospace application,
optical instruments, telecommunication equipment which could not been addressed in detail.

The experience and knowledge of the experts involved in the field of environmental engineering has ensured
that the most important standards have been included in this study. The history of environmental engineering
tells us that most testing standards have the same roots. Quite often the newly established standards in a
specific branch can be traced back to the basic environmental testing procedures of the area of defence
application.

Certain aspects of environmental testing are closely related to and overlap areas of safety and reliability
testing. Indeed many test procedures used for these purposes are either based upon or similar to
environmental test procedures. The environmental testing to space vehicles and spacecraft equipment was
identified as including some unique requirements. To explain these relationships the following paragraphs
refer to some specific considerations.

3.2 Reliability Standards In Defence Procurement

The following paragraphs addresses the relationships between the reliability assessment process and the
environmental engineering process. For defence equipment the reliability of equipment will almost always
need to be assessed but it may also be necessary to incorporate testing activities aimed at demonstrating
the ability of the materiel to meet specific reliability targets.

The reliability assessment process should generally be able to utlise information from both the
environmental test and the design certification processes. However, the testing undertaken for those
purposes may not satisfy all the needs for reliability assessment. The primary intent of environmental testing
is usually to demonstrate that the equipment will function at the extremes of the specified operational
conditions throughout Service life. To this end qualification tests generally aim to replicate time dependant
effects of ageing and degradation. While, the environmental conditions causing ageing and degradation are
commonly incorporated into qualification test programmes, the environmental conditions are applied at
severity levels which can significantly accelerate the rate of degradation. Accelerating the rate of degradation
circumvents the main aim of reliability assessment which is to quantify the failure rate (or its inverse, such as
time between failures).

Many of the problems associated with defining tests from which failure rate can be quantified are similar to
those associated with replicating ageing and degradation for Life Assessment purposes. In particular the
setting of test requirements, able to replicate degradation credibly, inherently dictates the inclusion of
assumptions and knowledge of likely failure modes. The value of the resultant estimates of failure rate may
be significantly influenced by errors and limitations in those assumptions.

The reliability requirement (including statistical confidence level) will largely influence the approach used for
reliability assessment. However, reliability assessment is influenced by the type and cost of the equipment,
along with the character of its operational usage
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Reliability testing generally commonly adopts two categories of environmental testing, namely Reliability
Growth testing to develop improved equipment reliability and Reliability Demonstration testing to ensure that
the reliability requirements have been achieved. The purpose of the two categories is stated below:

(a) Reliability Growth: The purpose of Reliability Growth testing, also known as Reliability
Development testing, is to improve equipment reliability. In particular it is intended to identify
equipment sensitive to environmental conditions. It is important that any failures induced during
Reliability Growth testing are realistic and typical of those that are liable to occur during Service use.
Consequently, Reliability Growth testing should adopt test severities that are only marginally higher
than the mean levels for a specific environmental condition.

(b) Reliability Demonstration: The purpose of Reliability Demonstration testing, also known as
Reliability Acceptance testing, is to demonstrate that during Service usage equipment reliability will
be compliant with the specified requirements. When this type of testing is conducted on production
standard hardware it is often termed Production Reliability Acceptance testing. Reliability
Demonstration testing normally adopts severities slightly lower than those selected for Reliability
Growth testing. Ideally the severities should be nominal unfactored values for a specific
environmental condition, which will ensure that any induced failures are representative of those from
Service conditions.

Reliability standards ensure that the deliverable equipment is well designed, free of manufacturing process
defects and are demonstrably meeting the contracted reliability levels. The techniques for demonstrating and
improving the reliability of complex, high-value electro-mechanical products, such as modern weapon
systems, typically involve the prolonged application of vibration and temperature stresses, either separately
or in combination to represent the effect of many product lifetimes.

The following table sets out reliability standards which have been identified as overlapping with the
environmental engineering process. No recommendation is made between these standards as to do so is
outside the terms of reference of Expert Group 8. However, Expert Group 8 would observe that to meet the
underlying reliability requirements the reliability standards need to encompass the use of severities based
upon service conditions. In that regard the reliability standards need to utilise the same tailoring process as
adopted for environmental qualification testing.

Title Objective(s) Benefit(s) Disadvantage(s)
NATO STANAG | Allied Reliability | Achieving contracted | Contract Risk reduction | Initial investment
4174 and reliability and Cost-effective product for testing and
Maintainability maintainability proving effort
UK Defence Reliability and Achieving contracted | Contract Risk reduction | Initial investment
Standard 00-40 Maintainability reliability and Cost-effective product for testing and
00-41, 00-43 maintainability in design proving effort
and 00-44 and development
US MIL HDBK Reliability and Achieving required Contract Risk reduction | Initial investment
781 Maintainability reliability and Cost-effective product | for testing and
MIL HDBK 785 maintainability in design proving effort
and development
US MIL-HDBK- Environmental Improving production Defect-free product Extra supplier
344A Stress Screening reliability cost
IEC Reliability Stress | Improving production Includes Extra supplier
56/951/CD screening reliability non-military application cost
61163-3 Ed 1:
IEST Management & Improving production Includes Extra supplier
Recommended Technical reliability non-military application cost
Practice PR001.1 | Guidelines for
ESS Process
IEC 60 605 Equipment
reliability testing

3.3

Abnormal Environments and Safety Tests

Standards containing procedures for environmental test of commercial and defence equipment are usually
against environments that that can be expected in normal service use. However, test programmes may also

10
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contain tests intended to replicate abnormal environments. In defence procurement reference to abnormal
environments is usually used to encompass extreme normal environments, environments occurring as a
result of hostile conditions and accidental events. Whilst, equipment is usually expected to be safe and
serviceable following the application of tests replicating normal environments, it may only be required to
remain safe following the application of testing against abnormal environments. In some cases the only
difference between normal and abnormal testing is the severity and the criteria used to determine whether
the item has “passed or failed”. In many cases the actual test procedure are identical or at least very similar
to those used for replicating normal environments.

The acceptance criteria of safe and serviceable against normal environments and remain safe against
abnormal are not necessarily the only two criteria in current use. Safe for immediate disposal is used in
extreme cases and safe for use if no visible damage may be used in limited extreme normal cases.
Moreover, for dangerous items and particularly energetic materials a whole range of different levels of
reaction to the test may be used as the criteria. In such cases the acceptable level will depend upon usage
requirements and policy as well as the degree of procedural protection that can be offered.

Whilst, in some cases the actual test procedure used for testing against abnormal environments are identical
or very similar to those used for replicating normal environments. Nevertheless a few tests do exist which do
not necessarily have an equivalent in normal testing. For Defence Procurement the most commonly
encountered tests are those used for safety testing of items which could have significant consequences
including loss of life. Such tests, which usually use quite severe severities, do not necessarily have a firm
“pass or fail” criteria but rather the resultant effects are used to establish safe working practices and hazard
procedures.

The most obvious group of safety tests are those used for energetic materials including explosives and
propellants. This group of safety tests are used to verify the sensitivity of Defence Systems to extreme
accident and hostile conditions. The purpose is to establish how the system reacts to allow the appropriate
safety procedures to be developed. In recent years a number of this group of safety tests have become
known as the Insensitive Munition (IM) tests. However, most of these tests have existed for many years
(some dating back to the early years of the Vietnam war) prior to the introduction of IM policy only the level of
acceptable reaction has changed.

Although the safety tests are intended for energetic materials, the majority of the test procedures are similar
to environmental tests. Consequently consideration of the procedures overlaps with the Terms of Reference
(TOR) of Expert Group 8 and as such are partly addressed here. Nevertheless, consideration of the
acceptable reaction criteria falls well outside the TOR of Expert Group 8 as clearly does considerations of
requirements for IM policy.

The usual safety tests for energetic materials are; the fire test, the slow cook off test, the bullet attack test,
fragment impact tests, the sympathetic reaction test, the shaped charge jet test, electro-static discharge and
the drop test. All of these are designated as IM tests under some policies but some such as the drop test and
ESD test are not included in others. As would be expected for safety procedures the tests are firmly written
and are written to ensure consistency of use. However, by the nature of these severe tests repeatability is
not always easy to ensure and a few are notoriously difficult to repeat exactly. Many of the tests such be
preceded by a safety assessment to determine sensitivity i.e. so the item can be tested in its most sensitive
orientation, impacted at the most vulnerable point etc. Potential variability is essentially taken into account
when assessing the level of acceptable reaction. In recent years environmental objections have been raised
against the fire test and some effort has been made to develop modelling approach in place of this and some
of the other tests.

Safety tests appear at both national and international level although in recent years a degree of alignment
has started has become apparent. In the NATO countries the STANAG safety tests appear to have broadly
replaced most top level national procedures or the national procedure intentionally aligns with the STANAG
procedure. In some cases lower level nation procedures still exist which have slight differences to the
STANAG, this seems to be a matter of historical baggage rather than indicating deliberate intent. However,
these do not necessarily appear to be primary source procedures rather this may be the MURAT tests.

Another group of safety test procedures which affects Defence Procurement are the United Nations (UN)
recommendations on the transport of dangerous goods. In this case dangerous goods encompasses a wide
range of materials as well as energetic materials. United Nations document ST/SG/AC.10/11/Rev.2 is a
manual of tests and criteria. It contains a number of separate test procedures as well as test programmes for
various class of dangerous goods. Some of these tests are broadly similar to the safety tests used for
energetic materials, although, no specific attempts appears to have been made to align the two procedures.

11
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Also differences exist in acceptance criteria. Most countries have incorporated these UN recommendations
into their national laws, and mostly this implementation encompasses military equipment.

The United Nations (UN) recommendations on the transport of dangerous goods does not include nuclear
materiel which is covered by IAEA (International Atomic Energy Agency) which has produced recommended
tests for packaged nuclear materiel. These test procedures do align well with the Safety tests for energetic
materials although the acceptance criteria do differ. Again most countries have incorporated these IAEA
recommendations into their national laws, and generally this implementation encompasses military
equipment.

Yet another group of safety tests relate to guided missile equipment used to ensure range safety (i.e. Flight
termination systems). These items are usually required to function in extreme normal environments and
range safety criteria usually require an equipment demonstration. In the us an attempt has been made to
establish a common range safety criteria for such equipment. This common criteria is reasonably consistent
with us commercial and military equivalents (nasa std 7001 & mil std 1540). However, no european
equivalents were submitted for consideration by the expert group. In the us standards the actual test
procedures are from the national horizontal standard (mil std 810) but with specified severity margins which
are imposed on maximum expected (or predicted) environment (mee or mpe). As such the equipment falls
within the criteria used for the primary comparison adopted by the expert group.

3.4 Space Technology
3.4.1. Introduction

General philosophy concepts related to the environmental testing of space systems are pretty similar
aerospace with regard,

Overall testing philosophy

Test conditions and tolerances

Test documentation

On the contrary, significant discrepancies are usually found in the model philosophy to be adopted. In fact,
this approach is, usually, strongly dependent on the number of items involved and, since space activities
very often imply a limited number of items, also the related model philosophy can be heavily tailored. For
example, when science is involved, considerations about risk management, budget and time available,
frequently lead to use flight hardware for qualification, that is the “proto-flight” approach.

For the European space activity within European boundaries, a widely accepted reference document is the
ESA ECSS-E-10-03A — Space Engineering — Testing.

It is both a vertical and a horizontal guide. This means that it gives recommendation both for the test to be
performed (required or optional) on different equipment category such as antenna, battery, pressure vessel,
etc.. (vertical approach) and for the procedure to be followed for each specific item at different level of
integration (horizontal approach).

Other standards are available, for example NASA-STD-7002, recalling many other documents such as:
MIL-STD-461 - Electromagnetic Interference Characteristics Requirements for Equipment
MIL-STD-462 - Electromagnetic Interference Characteristics, Measurement Of
MIL-STD-1818 - Electromagnetic Effects Requirements For Systems
NASA-STD-5001 - Structural Design and Test Factors of Safety for Spaceflight Hardware
NASA-STD-5002 - Load Analyses of Spacecraft and Payloads
NASA-STD-7001 - Payload Vibroacoustic Test Criteria

The approach is similar to the ESA one, addressing both considerations on vertical and horizontal
philosophy. An overview of the suggested philosophy is given in the following chapters.

3.4.2. Test Procedures

Test procedures used in general space test programme have many common features with aerospace and
defence equipment, except of course for the severity values or the duration of the test itself. Tests used for
space equipment found elsewhere would typically include;

Physical properties measurements.
Functional and performance test.
Humidity test.

12
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Leakage test.

Pressure test.

Constant acceleration test.

Sinusoidal vibration test.

Random vibration test.

Acoustic test.

Shock test.

Thermal cycling test.

Audible noise test.

EMC and ESD test

Nevertheless some procedures are either unique to general space test programme or seldom seen
elsewhere. Such tests would include;

Corona arcing detection. Equipment that is energized during ascent or descent and which is exposed
to the critical low pressure atmosphere shall be monitored for corona and multi-pacting detection, as
the pressure is reduced from ambient to 0,1 Pa within 10 minutes (minimum) simulating the launch
profile; equipment operating at a voltage >500 V, shall be tested for corona arcing as well.

Thermal vacuum test. The purpose of the thermal vacuum test is to demonstrate the ability of the
equipment to perform in a thermal vacuum environment that simulates the worst conditions in-orbit,
including an adequate margin. The test aims both to verify that, after the outgassing, the equipment
maintains its physical / electrical / thermal characteristics and that the environmental pollution is
acceptable.

Space Life test. The purpose of the life test is to demonstrate that the equipment can operate during
its ground and sustained in-flight life without degradation.

Microgravity environment compatibility test. The purpose of this test is to verify the Microgravity
Environment Compatibility (MEC) at equipment level, with respect to the specified microgravity
environment limit response spectrum at the receiver location.

3.4.3. Qualification Testing

Environment qualification tests are strongly dependent on the integration level at which they are performed;
an usually accepted subdivision is the following:

Equipment (e.g. electronic box)

Subsystem (e.g. attitude control subsystem —i.e. box, inertia wheel, sun sensor, cabling)

Element (e.g. satellite)

System (e.g. launcher + satellite + ground segment)

3.4.3.1 Equipment Qualification

At Equipment level, a qualification test programme comprising many of the test listed above are
systematically carried out.

3.4.3.2 Subsystem Qualification

The systematic approach used for equipment testing, defining for each type of equipment a series of
required and optional tests, is not feasible for subsystems qualification.

Subsystem testing depends on subsystem type, on project characteristics and verification approach,
therefore only general guidelines are usually given in the general standards.

With the objectives to increase project flexibility and control and to reduce cost and schedule, for example,
functional qualification of the subsystem may become part of the functional qualification of the element or
system, in which they are verified as functions of the whole element or system.

3.4.3.3 Element Qualification
At Element level, qualification testing shall be performed on the following items:

a. Space vehicle. At this level, ad hoc testing specifications are often issued, deeply deviating from
standard ones. This approach is especially adopted for telecommunication satellites, is justified by
severe constraints dictated by schedule and budget and is analyzed through a careful risk analysis.

13
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The conformance to standards is stricter when a scientific mission is to be designed and qualified, the
main reason being the final customer is usually a Space Agency.

b. Launcher. LV qualification testing specifications depend on the LV type, engine concept, mission
and performance definition. Qualification tests should be conducted at both equipment and subsystem
level, while a modal survey test can be conducted on a complete LV stage in order to validate the
corresponding dynamic model and thence the test loads on equipment and subsystems. Complete LV
stages shall be submitted to functional qualification tests as well

c. Ground segment. It is constituted by the functional elements (HW and SW) used in the operations
of the mission. The aim of the qualification is to obtain assurance prior to launch that the integrated
hardware and software facilities perform as intended and that the ground segment can accomplish all
operational mission requirements within the constraints imposed by the operational environment. Due
to the specific characteristics of the ground segment rigid applicability of the space vehicle test
principles should not be imposed. In particular, the ground segment equipment need not to be
subjected to precisely the same qualification and test requirements as flight hardware since post-
launch maintenance and replacement is possible. Furthermore, many essential space vehicle test
requirements are not relevant for ground hardware (e.g. model philosophy and most environmental
testing procedures). Nevertheless, a huge amount of test is required to fulfil the above requirements
but the description of these activities is thought to be beyond the scope of this document.

3.4.3.4 System Qualification

System qualification tests cover the functional (only) aspects relevant to the interrelationship between two or
more elements which constitute the system (i.e. space vehicle, launcher and ground segment) and to
interfaces with other systems and projects.

344 Equipment Acceptance Testing

The purpose of the equipment acceptance test is to detect material and workmanship defects. The set of
tests is slightly reduced and the related parameters (in terms of level and duration) are usually much less
severe with respect to the qualification tests. The exception is the burn-in test which is a modified thermal
cycling test used to accumulate the additional operational hours or cycles required to detect material and
workmanship defects that occur early in the equipment life.

3.4.5 Conclusions of Testing of Space Equipment
3.4.5.1 Role of Testing For Space Equipment

The evidence collected from the testing phase of previous satellite projects indicated that in almost every
case, anomalies were detected in the spacecraft design, which if undetected, can lead to a major reduction
in the spacecraft performance or part failure.

So the role of testing is still very important, but nevertheless, nowadays, sufficient analytical methods exist so
that it is theoretically possible to perform a purely analytical verification of a satellite; moreover, active
controls (for example on thermal aspects) will widen the bandwidth between equipment operative limits: this
makes realistic at least to think in a near future to a virtual qualification process. On the other hand,
however, there is no alternative to acceptance test to detect workmanship defects or local anomalies.

3.4.5.2 Space Testing Standards

The verification method for a given satellite is dependent on project aspects such as the number of
spacecrafts to be manufactured, the payload function, the spacecraft configuration and the state-of-the-art
technology: this means that the test sequence, for example, is strongly customized to the particular mission
or satellite.

On the other hand, historically, only a few customers have been driving the space market and all of them
have followed the path of NASA approach: then, single test procedures do not differ very much between
NASA, ESA or CNES specs.

Moreover, the space agencies have made a significant effort (based on a huge amount of data coming from
test and operative sampling) to the standardization of equipment thermal, structural, electromagnetic limits
aiming to increase the design margins and to make the design less sensitive to environmental uncertainties.

The above tendency has led to almost standard equipments (and then components) independently of their
further application in space programs.
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3.4.5.3 Further Developments of Space Testing Standards

Space qualified components and equipments have a narrow market and then high cost and (sometime most
important) very long procurement time (e.g., for some rad-hard components the time is around 40 weeks and
an ad-hoc export license from US is needed). This kind of problems has suggested to investigate new
approaches.

Within this frame, commercial or MIL qualified components (Commercial Off The Shelf components), have
been considered for space applications, but this option carries a full set of new problems, for example a
completely different reliability approach which means tailored COTS verification plans which have to be
approved by the specific program customer.

The subject is far to be fully understood and then standardised, because acceptance criteria change
significantly among different customers and, for the same customer, among different programs, but while
acceptance process could remain more or less the same, the whole approach to qualification testing could
be deeply impacted.
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INTENTIONALLY BLANK
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4, PRELIMINARY REDUCTION PROCESS

4.1 Overview of Process Used To Reduce Number Of Documents

411 Preliminary List Of Documents

At the start of task Expert Group 8 were supplied with a preliminary list of documents. This list had been
generated by CEN WS10 as an outcome of its phase 2 activity. The initial list comprised around 11500
documents, however, (and not very helpfully) a number of separate additional lists were also supplied. As the
entire listings of documents were far too large to handle, it was subject to preliminary search to produce a
subsidiary list of around 600 environmentally related standards. This was reviewed and several facts noted;

a. The lists contained a mix of both vertical (product related) and horizontal (non product
specific) standards.

b. The way the lists had been compiled included a notable inconsistency. For some standards
every separate test was listed independently yet other standards were included as a single entry
regardless of the number of separate tests it contained . That is some standards had some 40 to 60
separate entries whilst others had only one.

C. The lists contained fewer commercial standards than expected. Based upon the minutes of
WS10 an exception existed that the listings would specifically include a number of commercial
standards. WS10 had made particular mention of AECMA-STANS yet these were notable absent.

Notwithstanding the consequences of the above observations, it was clear to that several further measures
needed to be quickly put in place. These measures were needed to both resolve the shortcomings in the
listings and to allow a review of appropriate standards to be initiated. With the relatively tight time scales
imposed by WS10 it was necessary to initiate several parallel activities and adopt a process allowing the
maximum use of the available resources.

4.1.2 Identification Of Horizontal Standards

The Expert Group took as its first priority to identify the horizontal standards relating to environmental testing.
Most standards organisations, whether commercial or military, usually include a number of horizontal
standards which are used as building blocks for the vertical, product related, standards. The vast majority of
standards organisations maintained standards on environmental testing in their horizontal group. Those
standards are, in almost all cases, the primary reference source for environmental test procedures. That is
the horizontal standards contain the test procedures adopted as the model or benchmark by other standards.

Vertical, product related, standards commonly adopt the horizontal standards test procedures in their product
specific test programme requirements. Some vertical standards do this by direct reference to the horizontal
standard others by extracting and reproducing the relevant aspects of the procedure. The environmental test
procedures in virtually all vertical standards can be identified as originating from a horizontal standard. One
consequence of this is that many environmental test facilities adopt operating procedures based upon the
procedures from horizontal standards.

Whilst, most vertical, product related, standards adopt environmental test procedures based upon those of
the horizontal standards, they are much less consistent at using test severities from horizontal standards.
Whilst, this appears to be more likely for commercial standards than military, it was one of several reasons
the Expert Group separated review of test procedures & process from a review of severities.

Initially five separate horizontal standards were identified as primary sources of environmental test
procedures. However, this number was increased to six as a result of observations made at the WS10 that
an addition group be considered. The final six separate horizontal standards addressed were;

NATO Defence Standard STANAG 4370 and its Allied Publications (AECTP’s)
International Commercial Standards IEC 60068 and IEC 60721

UK National Defence Standard Def Stan 00-35

French National Defence Standard GAM EG 13

US Defence Standard Mil Std 810F

Quadripartite {US/UK/F/DE} Agreement ITOP (International Test Operating Procedure)

The identified horizontal standards listed in Annex C to this report include all the primary source defence
environmental standards and one of the primary source commercial environmental standards. However, with
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the identified limitations on the original document listing, concern existed that further horizontal commercial
standards may be identified. Should this occur and to prevent having to start the comparison work over
again, it was decided to identify one of the horizontal standards as a “reference” against which the others
could be compared. The thinking behind this was also that if the comparison task proved to be more
extensive than anticipated it could be split into one to one comparisons. In the end this option was not
needed and the work compared all the horizontal standards against each other. Nevertheless, should further
standards be reviewed in the future the approach originally postulated would undoubtedly be the most
effective.

41.3 Process For The Comparison of Individual Test Procedures

Six separate horizontal standards was considered a sufficiently manageable number to allow a detailed
comparison exercise to be undertaken. The Expert Group identified the individual test procedures for each of
the horizontal standards. Whilst, some types of test had an easily identifiable equivalents, this was not
always the case. To alleviate this problem an equivalence matrix of the various test procedures was
generated. This matrix is set out in Annex A of this report. The purpose of the matrix was to allow separate
subgroups to work in parallel.

Based upon the equivalence matrix the detailed comparison task, for the primary source horizontal test
procedures, was to be split into six areas of work. The intent was to allow different sub-groups within the
Expert Group to undertake separately the required work. The content of these sections was defined as;

- Environmental management standards

- Vibration test group

- Shock test group

- Miscellaneous mechanical test group

- Temperature, humidity and pressure test group
- Natural and manmade contamination test group

In order to undertake consistent comparisons within each test group a number of assumptions and criteria
needed to be agreed. These assumptions and criteria were reviewed, refined and agreed by the Expert
Group as the work proceeded. The outcome of this refinement was a list of ten comparison criteria which
are listed below. Further information on the assumptions and criteria finally used in the individual
comparisons of test procedure are detailed separately hereinafter.

Technical Innovation.

Up to Date Techniques.

Reproducibility.

Strength of Reference.

Interoperability.

Suitability for Purpose.

Disadvantages to European Industry.

Alignment to European Defence Procurement Strategy.
Backward Compatibility.

Equivalence of Standard.

41.4 Output of Individual Comparisons

The documented output from each of the individual comparisons is set out in Section 6 of this report. The
comparisons are set out in the six sections detailed hereinbefore and each comprises five main components
viz;

a. The portion of the Equivalence Matrix actually addressed is reproduced by way of an
indication to the reader as to the grouping of tests considered in each section.

b. For each test procedure the scope and objectives of the individual test procedures are
reproduced. These are mostly extracted from the actual procedures. The intent of these listing was
to allow the reader an way of comparing the purpose of the various test procedures. It has to be also
said that the compilation of these tables of scope and objectives was a useful way of initiating the
comparison exercise.

C. The third component of the comparison comprises historical information as well as indicating
compliance and deficiencies against the agreed comparison criteria.
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d. The fourth component of the comparison is a textual summary of the results of the
comparison along with a recommendation as to the procedure which best meets the criteria.

e. The last component of the comparison comprises a summary table of the recommendations
of the Expert Group.

41.5 Treatment Of Vertical Standards

Having derived a process to deal with the horizontal environmental standards the Expert Group needed to
classify the vertical, product related, standards. The results of the preliminary search had produced a
subsidiary list of apparently environmentally related standards. Perusal of this list indicated a number of
standards that were not related to the work in hand. However, most related to specific products which were
either purely commercial, had joint military / commercial applications or were mostly military related. As a
consequence the non-relevant standards were culled from vertical product list with the remainder split
between general, military ground (army), military sea (Navy) and military air (airforce). The specific details of
the grouping of vertical standards (which is set out in an annex to this report) is reported in detail hereinafter.

The primary concern of the review of the vertical standards was to identify procedures which may have been
missed as horizontal standards and others which potentially contained primary source test procedures.
Essentially no additional standard was identified which could be classed as a horizontal standard or which
contained primary source procedures. However, that statement requires some further caveat.

As already indicated the Expert Group was surprised that the original list supplied by WS10 from the
phase 2 work did not appear to contain AECMA-STANS. A list of these was identified part way into
the programme and a fair number of environmental related standards identified. The Expert Group
found no horizontal standards and all those identified were clearly product related (mostly related to
connectors).

The Expert Group identified a considerable number of Swedish National environmental test
procedures related to ammunition. These were mostly 10 to 20 years old and could potentially have
been considered for inclusion in the comparison process. Despite a significant Swedish
representation on the Expert Group, these were not proposed for consideration as National
horizontal standard. Moreover, the indications were that these Swedish standards were rarely used
today, rather they were effectively superseded by the STANAG.

A number of French standards were identified related to air, sea and land equipment. The test
procedures of these were considered derivatives of the procedures included in the horizontal
standards already considered.

A commercial aerospace horizontal environmental test standard, RTCA DO160, was identified
towards the end of the study. This had not been included in the listings supplied by WS10 and
relates to commercial aircraft equipment. Undoubtedly this would have been included in the
comparison had it been identified sufficiently early. Nevertheless a review of the procedures
indicated the actual procedures were derivatives of the IEC / CEN 60068 procedures and the Mil Std
810 procedures. No primary source environmental procedure was identified.

The Expert Group noted that the listings supplied by WS 10 did not include any space related test
procedures. As part of the exercise the Expert Group reviewed an ESA standard for environmental
testing and found that the standard contained a number of primary source test procedures that were
not included in the horizontal standards reviewed. However, those were all related to specific
environments unique to operation in space. These were considered as not essential to Defence
procurement. The remaining test procedures were all derivative of those reviewed.

The listings of vertical standards appeared to contain a number of out of date and superseded
standards. This is not surprising as defence equipment tends to stay in-service for long periods (10
to 30 years is fairly typical). To facilitate life extension and mid life upgrades standards cannot
necessarily be eliminated entirely. As new procurements would not be made against such standards
there consideration was not considered necessary.

The listings of vertical standards did not include all the packaging standards containing test
procedures. The military requirements for packages usually contain a sizeable section on
environmental testing. Those tests are mostly derivatives of the horizontal tests procedures already
addressed by this expert group. The Expert Group 8 comparison exercise has included a review of
tests which are also intended for both equipment and packages as well as a number of procedures
that are solely intended for packages. All the known military packaging test procedures are derivative
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of the horizontal test procedures already reviewed by Expert Group 8. A caveat to this is that a few
packaging test procedures are very old fashioned and have been long superseded in the horizontal
tests.

4.2 Assumptions and Criteria Used in Comparison of Test Procedures

421 Assumptions Used in Review of Horizontal Procedures

The main initial assumption in the review of horizontal procedures was to consider test procedure
irrespective of test severity. The rationale for this was that in modern well written horizontal test procedures
the process and severity are intrinsically independent. This separation has become encapsulated into military
standards in particular over the past 20 years due to the wide spread adoption of test tailoring for the
derivation of test severities. That is test severities are now mostly treated as user defined rather than
specification defined.

Most horizontal procedures still include a so called “fallback” severities used when no other information is
available. However, these tend to be crude and conservative estimates of actual conditions. Attempting to
compare these “fallback” severities either separately or along with the procedure would have made the task
in hand considerably more complex. Moreover, it would have supplied little real information as the “fallback”
are rarely used for defence systems but rather only for COTS and MOTS equipment (and then only if the
suppliers knows no better).

The second main assumption was to use the STANAG 4370 as a reference. As already explained, part of
the reason for this was an option to split the test procedure comparisons into manageable sections. For
example if the group of Swedish standards had been included it would have allowed comparison of them
against only the reference horizontal standard rather than all the horizontal standards.

STANAG 4370 was chosen as the reference since it was based on an amalgamation of several National
standards and was the one horizontal standard which had the greatest degree of equivalence to the others.
A cautionary note was given at the when this approach was discussed that the selection of the STANAG as a
reference did not infer that it was the natural preferred standard. As events have transpired the test
procedure comparisons have been undertaken against each other with no use of the STANAG as a
reference. The STANAG was used as the reference in the equivalence matrix, again this had no outcome on
the result.

4.2.2 Criteria Used in Review of Horizontal Procedures

The review of the various test procedures has adopted a number of criteria in comparing the various
standards. The criteria set out below have been identified in the course of the review to be the main
discriminators between the various standards compared.

i. Technical Innovation. Does the test procedure include technically innovative approaches?
Many of the mechanical test procedures originated half a century ago when only limited test facilities
were available. Today these are frequently found to be neither good representations of actual
conditions nor comprise cost effective approaches. Technically innovative approaches can also allow
laboratory simulation of conditions and failure modes that would previously require in-Service
evaluation. The implementation of technically innovative approaches generally results in a cost
effective approach and testing more able to representatively replicate actual conditions. It also has
significant benefits in ensuring equipment does not fail because of a test unrepresentativeness rather
than a real weakness.

ii. Up to Date Techniques. Does the test procedure encompasses the use of up to date & cost
effective facilities, techniques and methodologies? The use of up to date facilities and techniques
such as allowed by up to date computer control system permit either testing that would not otherwise
be possible and/or more cost effective testing.

iii. Reproducibility. Would the use of the specified test procedure generate repeatable results
which a test specifier can rely upon? A good repeatable test procedure should allow the test to be
taken to another test facility or undertaken over a long period of time. A primary goal of standards is
to ensure tests which can be reliably be repeated at different facilities over a long period of time.

iv. Strength of Reference. Does the test procedure have sufficient strength and clarity to allow it
to be used in contractual requirements? The test procedure needs to be presented in a firm, clear,
well formatted manner with an unambiguous distinction between guidance information and the
mandatory requirements of the test.
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V. Interoperability. Does the test procedure allow the use of COTS equipment and facilitate the
use of MOTS equipment without unnecessary re-testing for military use? Many components and
subassemblies are no longer produced specifically for defence applications. In such cases the stated
capability of the COTS items is likely to be against non-military standards. In practice this criteria is
applicable to only a few procedures. Of the mechanical tests only six need be consistent with
commercial standards those are; basic vibration, classic waveform shock, handling & drop, bump,
bounce and constant acceleration.

vi. Suitability for Purpose. Does the procedure actually achieve the objectives it purports to
accomplish? It is very easy for a test procedure to claim it replicates a wide range of in-Service
conditions when in fact it only has the ability to replicates a proportion of the potential failure modes.

vii. Disadvantages to European Industry. Does the test procedure disadvantage European
industry and give advantage to offshore suppliers? Test procedures that are based upon procedures
commonly used by offshore suppliers but not European industry can result in commercial
disadvantage to Europe. Such a strategy may be fine for countries without a significant defence
industrial but can mean redesign and re-testing of MOTS and COTS equipment.

viii. Alignment to European Defence Procurement Strategy. Does the procedure fit into current
procurement strategies? Procurement strategies differ from industry sector to industry sector and in
the defence sector have changed in recent years. The equipment environmental assessment
process forms part of that overarching strategy and the test procedures should be able to support
that strategy.

iX. Backward Compatibility. Does the procedure prevent or limit the use of existing equipment?
Defence equipment is frequently in-Service for periods in excess of ten years and not untypical 20 to
30 years. During that period life extension and the purchase of spares, consumables and life limited
items should be possible to original requirements. The consequences of the lack of backward
compatibility could be removal from use or extensive re-testing.

X. Equivalence of Standard. Are the basic procedures, tolerances & approach identical,
comparable or partly comparable with other standards? Broad consistency of procedure, tolerances
& approach arising from technical similarity of procedures usually implies a broad range of product
applicability and a wider availability of test house availability. Commercial viability require that test
facilities have the greatest range of potential application. Conversely a test specifier requires the
availability of a number of test facilities.

The above criteria have been identified as applicable in the course of the assessments. The classification of
the criteria were found to best discriminate between the various standards. Some overlap exists between the
criteria and they are not necessarily mutually exclusive. Nevertheless the criteria generally express issues
that arise when selecting and adopting standards for particular applications.

It needs to be appreciated the weighting between the criteria will differ for different types of materiel. Large
sophisticated defence system operating in severe environmental condition will probably be biased towards
the use of an up-to-date, technically innovative procedure which strongly aligns with the current defence
procurement strategy. Conversely a small component or subsystem supplied to a range of defence systems
and possibly different industrial sectors will be biased towards a standard which best allows interoperability
and repeatability. Views on the weighting between the criteria will also differ for the end user, the purchaser,
the system integrator and subsystem supplier.

4.3 Equivalence Matrix of Horizontal Standard Test Procedures

The equivalence matrix presented in an Annex A to this report was created from the listed procedures of the
six separate horizontal standards. The individual documents of these horizontal standards are tabulated in
Annex C to this report. It was created because the test procedures did not use common terminology of title or
scope. Whilst, some tests were listed under the environmental conditions they replicated, others were listed
under the type of test facility used. Some additional standards had separate procedures for different variants
of similar tests but others grouped them into a single procedure. Mostly an equivalent procedure for most of
the older tests could be identified relatively simply. However, greater difficulty was experienced with more
recent procedures which tended to have different objectives and scope.

21



CEN WORKSHOP 10
STANDARDIZATION FOR DEFENCE PROCUREMENT
Expert Group 8 Environmental Engineering

44 Grouping Of The Vertical Environmental Test Standards
Tables categorising the vertical environmental standards are listed in Annexes D to G to this report The

vertical standards are grouped between general standards (Annex D) , military ground or army standards
(Annex E), military sea or Navy standards (Annex F) and military air or airforce (Annex G).
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5 CONCLUSIONS AND RECCOMENDATIONS

5.1 Comparison of Horizontal Standards

As described in detail in the previous section the comparison of horizontal standards was undertaken in six
groups encompassing over 40 sets of comparisons and around 160 separate procedures. The results of
these are extensively detailed in Section 6 of this report. To recap the assumptions and criteria used in the
individual comparisons of test procedure were.

- Technical Innovation.

- Up to Date Techniques.

- Reproducibility.

- Strength of Reference.

- Interoperability.

- Suitability for Purpose.

- Disadvantages to European Industry.

- Alignment to European Defence Procurement Strategy.
- Backward Compatibility.

- Equivalence of Standard.

The output of the comparisons of the horizontal test procedures comprise a number of components including
individual recommendations and indications of compatibility. However, it was recognised by Expert Group 8
that procedure by procedure recommendations are not particularly helpful when setting procurement
requirements. For this reason a standard by standard comparison has been generated for all six horizontal
standards, this is firmly based upon the procedure by procedure recommendations.

5.2 Treatment of Vertical Standards

Having derived a process to deal with the horizontal environmental standards the Expert Group needed to
classify the vertical, product related, standards. The results of the preliminary search had produced a
subsidiary list of apparently environmentally related standards. Perusal of this list indicated a number of
standards that were not related to the work in hand. However, most related to specific products which were
either purely commercial, had joint military / commercial applications or were mostly military related. As a
consequence the non-relevant standards were culled from vertical product list with the remainder split
between general, military ground (army), military sea (Navy) and military air (airforce). The specific details of
the grouping of vertical standards (which is set out in an Annexes D to G of this report) is reported in detail
hereinafter.

The primary concern of the review of the vertical standards was to identify procedures which may have been
missed as horizontal standards and others which potentially contained primary source test procedures.
Essentially no additional standard was identified which could be classed as a horizontal standard or which
contained primary source procedures.

The above not withstanding the following was observed;

The original list supplied by WS10 from the phase 2 work did not appear to contain AECMA-STANS.
The Expert Group found no horizontal standards and all those identified were clearly product related
(mostly related to connectors).

A number of Swedish National environmental test procedures related to ammunition were identified.
These were mostly 10 to 20 years old and appeared to be superseded by the STANAG. Moreover,
despite a significant Swedish representation on the Expert Group, these were not proposed for
consideration as National horizontal standard.

A number of French standards were identified related to air, sea and land equipment. The test
procedures of these were considered derivatives of the procedures included in the horizontal
standards already considered.

A commercial aerospace environmental test standard, RTCA DO160, was identified towards the end
of the study. This had not been included in the listings supplied by WS10. Undoubtedly this would
have been included in the comparison had it been identified sufficiently early. Nevertheless a review
of the procedures indicated the actual procedures were derivatives of the IEC / CEN 60068
procedures and the Mil Std 810 procedures. No primary source environmental procedure was
identified.
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The listings supplied by WS 10 did not include any space related test procedures. As part of the
exercise the Expert Group found that space standards contained a few of primary source test
procedures that were not included in the horizontal standards reviewed. However, those were all
related to specific environments unique to operation in space. These were considered as not
essential to Defence procurement. The remaining test procedures were all derivative of those
reviewed.

The listings of vertical standards appeared to contain a number of out of date and superseded
standards. This is not surprising as defence equipment tends to stay in-service for long periods (10
to 30 years is fairly typical).

The listings of vertical standards did not include all the packaging standards containing test
procedures.

53 Conclusions of Review of Horizontal Test Procedures

The review of the test procedures, using the criteria set out hereinbefore, produced a series of conclusions
and recommendations. These are extensively documented in Section 6 of this report. However, these 40 or
so individual recommendations have been reduced to a number of common observations and conclusions
relating to each of the horizontal standards reviewed. These overall recommendations are set out below.

5.3.1 International Civil Standard EN / IEC 60068 & 60721

Standard 60068 is the IEC procedure for environmental testing which is also adopted by CEN and
embedded into national standards by most European countries. IEC 60068 has an associated standard
setting out environmental severities that standard is IEC 60721. IEC 60068 is designated by IEC as a so
called “horizontal” standard and is intended for electro-technical products. Its procedures are adopted by a
many “vertical” product standards either by direct reference or using a reformatted version of the text. This is
particularly the case for the tests which are common used by COTS equipment.

The main advantage of this group of procedures is that they are consistently formatted with a very clear
distinction between guidance information and mandatory requirements. The procedures usually also contain
guidance on how to undertake the test. The application of the test procedures are mostly firmly written and
ensure repeatable results regardless of the tester, test facility or test equipment utilised. For this reason the
test procedures are idea for setting as contractual requirements.

The main disadvantages of these tests is that many of the test procedures are quite old and frequently lack
technical innovation. Moreover, they often do not utilise up to date & cost effective facilities, techniques or
methodologies. Although IEC adopt a maintenance procedure these are slow and even then do not always
bring a test procedure up to the same level of technical innovation as the defence standards. As an example
one “new” mechanical test technique is still not implemented after five years work, even though at the start of
the work that technique was in common use and available in other standards for a decade. Some of the
reason for the lack of technical innovation seems to be that the standard has only a limited scope of
applicability, intended for only electro-technical items. The procedures of EN / IEC 60068 seem to be
intended for equipment whose design, mass, cost and function are not significantly affected by the
environment. That is for equipment which can readily withstand the degree of overtesting imposed by the
adoption of the existing procedures. Some potential users also cite difficulty in reading these procedures as a
reservation.

In addition to the above, the test procedures of EN / IEC 60068 are not supported by an environmental
management strategy that would currently be considered credibly viable. The basic strategy is very dated
and only integrates with current defence procurement strategies at the most basic level. That is one in which
the purchaser takes all the risk and responsibility that the equipment will be suitable. The test severities of
EN / IEC 60068 have a significant number of are inconsistencies with the environmental severities in EN /
IEC 60721. An attempt to resolve this has resulted in “resolution” section in Part 4 EN / IEC 60721 which are
pseudo test schedules inappropriate for most items of defence equipment. The severities of both documents
are archaic and do support tailoring. Overall they constitute, by a very wide margin, the crudest and most
unacceptable of the severities in any of the standards reviewed.

The EN / IEC 60068 standard are supported by IEC, with a formal secretariat, a defined IEC committee
which is in turn supported by national standards organisations. Both IEC and the national standards
organisations make the documents publicly available but at a cost. The IEC secretariat operate
professionally and ensure discipline in the form of consistency of style and format. However, the generation
and extensive commenting procedures can be slow and cumbersome. One cited reason for the unpopularity
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of EN / IEC 60068 is the cost. It is published in around 80 separate parts with each costing around 40 Euro’s.
Moreover, some procedures require separate guidance and cross refer to other procedures. It is not
uncommon for sections to be re-issued with minor changes. This is in contrast to the Defence Standards
which were all publicly and freely available.

The results of this workshop review and comparison has recommend almost no standards originating from
EN / IEC 60068. Moreover, of those recommended either defence standards exist which are equally
recommended or the procedure has little modern application for defence equipment. Many procedures are
missing from EN / IEC 60068, which are essential for defence applications. Moreover, deficiencies exist even
within the published procedures of EN / IEC 60068 which are of importance for defence applications.

Overall the adoption of EN / IEC 60068 test procedures would have significant negative implications of the
testing of defence system. Indeed its use would put European suppliers of defence system at disadvantage.
This is mostly because the capability, mass and performance of defence systems would be compromised by
the degree of overtesting imposed by the use of the EN / IEC 60068 test procedures on complete systems.
This is not necessarily the case for defence components which require only a few basic test procedures. In
those cases the recommendation of procedures that do not at least align with those of certain EN / IEC
60068 would be equally disadvantageous.

It has been questioned whether, at some future date, the EN / IEC 60068 standard could become the
recommended standard for environmental testing of Defence equipment. The view of Expert Group 8 is that
over the past decade the technical content, quality and innovation of the procedures in EN / IEC 60068 has
lagged behind many of the other standards considered. Moreover, the lack of an environmental management
strategy as well as the antiquated severities of EN / IEC 60068 and 60721 would require significant and
sweeping changes to get them into a form compatible with current European defence procurement methods.

5.3.2 National Defence Standards Def Stan 00-35 (UK) & GAM-EG-13 (France)

Def Stan 00-35 & GAM-EG-13 are respectively the United Kingdom and French national standards for
environmental proving of defence equipment. The older tests of both have a clear historic root with older
versions of EN / IEC 60068. It appears that interaction with the three test standards occurred in the late
1960’s. Both United Kingdom and French national test standards appear to still attempt to keep a reasonable
degree of consistency with EN / IEC 60068. Indeed the UK Def Stan makes a statement in the scope of each
procedures as to the commonality with EN / IEC 60068.

Both of these test standards adopt a clear distinction between guidance information and mandatory
requirements. They are both firmly written but also supply additional test guidance information on both test
conduct and severity derivation. The tests are written to facilitate consistency of testing and can be called in
contractual requirements with confidence. The tests frequently used for COTS equipment are included in a
manner such that they are common to many “vertical” standards.

Although both Def Stan 00-35 & GAM-EG-13 have made some effort to achieve commonality with EN / IEC
60068, they have also incorporated additional, defence specific, procedures and include a number
technically innovative enhancements to existing tests. They mostly encompass the use of up to date & cost
effective facilities, techniques and methodologies. Both standards were considered and extensively utilised in
the generation of STANAG 4370. Whilst, Def Stan 00-35 is still maintained and updated, GAM-EG-13 is no
longer supported in favour of STANAG 4370.

Both standards are supported by viable environmental management strategies that is consistent with
defence procurement approaches used in the two countries. Although the two strategies differ that is only
because they address different aspects of the same issue. Representatives from both countries have long
expressed the view that the management aspects of the two documents not only fit together but would be
more useful if merged.

Def Stan 00-35 & GAM-EG-13 include credible and up to date test severities which are specific for defence
usage. Both standards are compatible with the use of tailored severities and give significant advice on
natural, induced and abnormal environmental severities. This advice is clearly separated from the test
specifications and frequently includes background information on the mechanisms causing the environment.

Both Def Stan 00-35 & GAM-EG-13 are supported by standards organisations which make the documents
publicly available at no real cost - the Def Stan can be downloaded from the DSTAN web site. The two
defence standards organisations operate professionally and ensure discipline in the form of consistency of
style and format.
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From a Defence viewpoint both Def Stan 00-35 & GAM-EG-13 comprise a good practical compromise
between consistency with commercial standards and technical innovation for use in testing sophisticated
defence systems. The restriction on the European wide use of Def Stan 00-35 & GAM-EG-13 is that they
have never been targeted outside the two originating countries.

5.3.3 National Defence Standard Mil Std 810 (US)

The US environmental test standard Mil Std 810 has previously been adopted, for testing defence
equipment, by a number of European countries which have not generated their own standards. This US
standard has its origins in the late 1960’s and over the years has undergone several very radical changes of
approach and strategy. Unfortunately, these changes are not always backward compatible with earlier
versions and it is not uncommon to find different versions in use with one company for different products.

The procedures within Mil Std 810 have never been notably consistent with other group of standards. Indeed
the Mil Std 810 procedures have consistently adopted different tolerances, procedure & approach to those of
other standards. Originally the standard was well suited to testing of sub-assemblies and general defence
equipment required to be used in a range of situations. However, this has changed over the various
revisions, such that today it is more applicable to complete systems.

The maijority of the procedures in the Mil Std do not adopted a consistent style. Moreover, they are not
written in a firm style with no clear distinction between guidance information and mandatory requirements. In
some of the previous versions the test procedures were considered very difficult to read, some of the
procedures were poorly defined and contained almost no supporting guidance. To be fair the latest version
of the standard contain a considerable amount of new guidance and are considerably easier to read.
However, almost all this additional guidance relates to test severities. The current document has the feel of a
guidance handbook rather than a firm test procedure capable of been confidently called in contractual
requirements. US companies and DOD organisations frequently refer to Mil Std 810 for guidance but for
contractual purposes use specifically versions in product related procurement requirements.

The lack of commonality with any international standard has not mattered historically in the US were the
defence market is sufficiently large for manufacturers to develop components and sub-systems specifically
for US military use. Today that is less so and has rarely been the case in Europe. The lack of commonality
with any international & European standard would imply that the adoption of the Mil Std for European
defence applications would potentially give US defence suppliers an undue advantage over European
suppliers.

The main advantage of Mil Std is that historically the standard has included technically innovative
approaches adopting up to date & cost effective facilities, techniques and methodologies. In the defence field
the Mil Std has frequently been at the fore front of introducing new techniques and ideas. As a result the Mil
Std has broadened its range of environmental conditions encompassed such that it now addresses most of
the defence environments. However, some of these are not particularly well integrated and some new
chapters relate entirely to the derivation of specific severities, with the procedures themselves not always
that different from existing chapters. The enhancement of the standard has also resulted in further
degradation of the distinction between test procedures and environmental conditions. This is considered by
observers as another indication of the lack of control over the document.

In the early 1980’s the Mil Std broke the traditional mould of using simplistic severities by advocating tailored
severities as part of a radically different environmental engineering management strategy. Unfortunately, that
management strategy does not fit well with procurement practices used today in Europe. Moreover, the
adoption of the Mil Std 810 management strategy within the US is at best patchy. The Mil Std is publicly
available and can, with its amendments, be freely downloaded from the US DOD organisation web site.

As already mentioned the Mil Std includes a fair amount of information on the derivation of test severities.
However, as this is frequently embedded within the test procedures, it is frequently confusing and rarely
comprehensive.

In theory the Mil Std is controlled by the US DOD organisation. However, in practice that control is imposed
little consistency of style and enforced no clear distinction between guidance information and mandatory
requirements. Overall, the level of control indicated by the document is nothing like as rigorous as that used
in the UK or French military standards. The US frequently suggest Mil Std 810 has international usage and
call for international views. Nevertheless, historically little real evidence exists of the actual inclusion of
international views. Indeed attempts to influence the Mil Std has lead to the formation of several national
groups and one European wide organisation.
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From a Defence viewpoint the US Mil Std 810 comprises excellent guidance material particularly relating to
severities. It includes technical innovation as well as promoting up to date methods. However, its test
procedures are insufficiently well defined to confidently use them in contractual requirements. The test
procedures are inconsistent with other standards to an extent that the adoption of the Mil Std for European
defence applications could give the US defence suppliers an undue advantage over European suppliers.

5.3.4 International Defence Procedures ITOP’s (US, UK, F, De)

The International Test Operations Procedures (ITOPs) are quadripartite agreements between the US , UK,
France & Germany relating to the “mutual acceptance of test and evaluation for the reciprocal procurement
of defense equipment”. The ITOP working groups are product related (munitions and tracked vehicles) and
consequently the ITOPS should really be classed as “vertical” standards. Only a few ITOPS relate to
environmental testing and then they only encompass an inconsistent and narrow range of topics.

The level of detail contained in the ITOPS is intended for direct use in the test process. Restricting effort to
four-nations is intended to provide for rapid development of procedures (the target is 2 years). The stated
aim of the ITOP is that they should duplicate other international documents, but are intended to replace
national test procedures.

When the environmental ITOPs were submitted for consideration by this Expert Group it was suggested they
were internationally used test procedures, were state-of-the-art as well as promoting technology transfer and
mutual use of test facilities. It was also stated that an understanding had been reached to adopt ITOPs by
NATO as STANAGs.

When the ITOPS related to environmental testing were reviewed and compared to the other standards it was
surprising to find that many were replicating existing STANAGS and in the majority of such cases the ITOP
was issued AFTER the STANAG. This seems in conflict with the stated ITOP intent. Of more concern was that
in several cases the ITOP and the STANAG differed or conflicted in important aspects. In some cases they
also conflicted with existing national approaches. Generally it appeared that ITOPS were not replacing
national test procedures indeed the national signatories to ITOPS had in some cases have no effective
relationship with national standards organisation controlling defence standards.

The overlap and conflict with existing standards is of concern as it suggests inconsistency of policy within the
four nations concerned. Whilst, the stated aim of the NSA (Nato Standards Agency) is to accept the ITOPS
as STANAGs, the actual groups involved with environmental testing appear to have no real aspiration to do
so.

Several of the ITOPS were heavily biased towards US procedures and in those cases seemed to take little
account of European or International considerations. The environmental ITOPS appear to have no general
applicability and the niche role they are purported to fulfil is questionable. A considerable number of ITOPS
appear to be based upon US TOPS which are frequently re-formatted version of Mil Std 810. The large
amount of US content in the ITOPS is a concern as it could be argued that ITOPS are a means of foisting US
approaches on European countries. This of course could consequently give US suppliers an unfair
advantage over European suppliers.

Generally the ITOPS were neither state of the art, technically innovative nor did they appear to be particularly
cost effective. The procedures are modestly well written but do not appear to have any underlying strategy or
relationship to any procurement approach. ITOPS appear to have a limited circulation and (apparently by
design) are difficult to obtain. However, no real reason for this can be identified as the majority of the content
of environmental ITOPS are effectively already publicly available in other standards.

None of the environmental ITOPS contained aspects which justified recommendation as a European
Defence standard in either full or part.

5.3.5 Interational Defence Procedure STANAG 4370 (NATO)

For the purpose of the work undertaken by Expert Group 8 utilised STANAG 4370 version 3 and its
numerous allied publications (designated AECTP’s in this case). That version is essentially complete but not
yet promulgated by the NSA (Nato Standards Agency). As such it was the most recently updated of all the
standards reviewed. The NATO STANAG is also the newest of the horizontal standards reviewed been
initiated less than 20 years ago compared to over 30 year of the other standards.

Version 3 of STANAG 4370 contains a significant amount of identifiable content from the UK Def Stan 00-35,
the French GAM EG 13 and the US Mil Std 810. As such it identifiably takes cognisance of a range of
national standards. This is in contrast to some other STANAGs, such as AOP 20 (a “vertical” standard
relating to fuzes identified from the list of vertical environmental testing standards), which are found to be
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almost entirely a copy of a US Mil Std. It was because of STANAG 4370’s apparent commonality with other
national standards that it was used as the “reference” against which the other standards were compared for
the purpose of this work.

The comparison work has shown that the various individual procedures of STANAG 4370 are either the best
procedure for that type of test, are equally as good as those in other standards or have the potential to
become the preferred procedure. Overall version 3 the STANAG encompasses the most technically
advanced and innovative components of the three national defence standards that it is based upon. The
latest version has achieved a modestly reasonable compromise between the differing US, UK and French
national approaches. In this regard the current version acknowledges European contributions to a far greater
extent than previous versions. However, in some chapters the majority of the content still originates from the
US Mil Std 810.

The current version of STANAG 4370 is also far better written that the two previous versions. With that said it
is doubtful whether either of those earlier versions would have passed muster, if managed by a professional
national or international standards organisation. Having culled the various national standards the STANAG
does include tests for virtually all defence environments likely to be encountered. In this regard the STANAG
could be said to be much better than any one of its contributing parts.

STANAG 4370 is supported by a viable environmental management strategy which is broadly consistent
with defence procurement approaches used in the US, UK and France (and in turn is probably consistent
with that of most European countries). However, achieving that consistency was not without significant
compromise and loss of detail. Indeed it is likely that a more tailored strategy could be considered necessary
for specific European Defence Procurement needs. In this regard a merger of the existing UK and French
national strategies may be more applicable.

STANAG 4370 is still highly biased towards supplying advice to establish test severities. In this regard the
majority of the test severity advice is the latest available. However, for European uses this needs some
caution as some of the advice is biased towards US platforms. The STANAG is far less helpful, than the
French or UK standards, in defining environmental conditions which can be used in the design process. This
is of concern for defence systems were the severities are needed for differing purposes such as design,
reliability etc. It is of less or no concern to components or subsystems were more generic levels are the
norm. In this regard quoting Maximum Predicted Environment (also known as Maximum Expected
Environment), as used in the space industry, may be a better approach. Both  MPE & MEE are unfactored
severities allowing the specifier to set out different factors for different purposes and degree of risk.

As a standard, STANAG 437, is not particularly well formatted with guidance relating to the test procedures
not clearly separated from that relating to test severities. Mandatory requirements and guidance information
are not clearly identified and quite a lot of text is repetitious or has no real value. In a number of areas
confusion appears to exist whether the text was intended for the test specifier or the tester. Moreover, the
mandatory requirements of the test procedure are frequently ambiguous and cannot be relied upon to
produce a repeatable test or a result the test specifier can rely upon. The fact that several “vertical”’
STANAGs and some ITOPS are finding it necessary to re-write sections of STANAG 4370 in a more
mandatory style is an indication of the current inadequacy. For STANAG 4370 to be used as the common
base for equipment specific “vertical” standards better control is clearly required. In all these regards the
STANAG appears to have inherited some of the bad habits of the Mil Std..

In theory the STANAG is controlled by the NATO organisation. However, in practice that control is almost
entirely vested in the technical group. Little external control appears to occur and circulation for comment
happens only at a very limited level and mostly excluding industry. Overall, the level of control indicated by
the document is nothing like as rigorous as that used in the UK or French military standards and far less than
for commercial standards. The availability of 4370 is, like most STANAGSs, patchy but when found is usually
freely available. The NATO/PIP caveat has been noted as causing some problems in certain circumstances.

As already detailed the main deficiency with the STANAG relates to strength of reference. That is currently
the test procedures do not always have sufficient strength and clarity to allow them to be used in contractual
requirements. However, this criticism needs to be put in to context. The procedures are technically sound
and generally the most innovative available. From this strong base the test procedures need to be presented
in a firm, clear, well formatted manner with an unambiguous distinction between guidance information and
the mandatory requirements of the test. This is essentially a control and editorial issue which can relatively
easily be resolved with secretariat support and a rigorous commenting procedure. The Expert Group would
observe that the reverse is not generally the case, a technically weak and out of date procedure cannot be
made good no matter how much editorial control is imposed.
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Several contributory factors appear to be the root case of the poor strength of reference. The lack of
industrial participation in generating the standards and the narrow distribution used in reviewing the
documents are clearly factors. Another is the absence of the control and secretariat support that
acknowledged professional standards bodies find essential to ensure a consistency of style and format.

The current controlling body, within NATO, for STANAG 4370 is CNAD (Conference of National Armament
Directors). If CNAD are unable or unwilling to supply the necessary control and support to the document then
it may be more appropriate for the STANAG to be taken over by a more able body. The NSA (Nato
Standards Agency) has the aim of becoming a professional standards organisation. That body may be able
to support the existing NATO committee with the necessary control and support. Alternatively, control and
management may be invested with a joint body comprising NATO and an appropriate a European standards
organisation. It is understood that the NSA already have such arrangements.

54 Recommendations

The environmental management process is a critical feature of both the procurement and development
strategies used for defence equipment. The process needs to align with the European Defence procurement
strategy and a practised equipment design and development methodologies. Currently neither the Mil Std
process or the STANAG 4370 AECTP 100 process align with the procurement strategies adopted by many
European countries or that proposed for European Defence procurement. The adoption of the US based
standard for European procurement would, it could be argued, put the European defence industry at a
disadvantage. A similar argument could be made for the NATO standard which also has not withstood the
test of widespread usage. Whilst, the UK or French standards have some shortfalls, together they are far
better than the STANAG 4370 AECTP 100 process. Amalgamation of the French and UK environmental
management processes is entirely viable as they cover similar ground but are aimed at different people.
Amalgamation of the two processes would also allow integration with the proposed European Defence
procurement process.

Much of the previous argument also applies to the process used to develop test severities from in-service
conditions. Whilst, the STANAG and Mil Std standards acknowledge European based approaches they have
not been used to establish many of the fallback severities contained within STANAG 4370. Updating these
severities will take time but such an approach is essential if they are to fully encompass European platforms
(vehicles, aircraft, ships etc), logistics and in-service conditions. The recommendation made above, of
amalgamating the French and UK environmental management processes, would resolve this issue also.

The fallback test severities currently contained in STANAG 4370 are an amalgamation of the fallback
severities commonly used in US, UK, France and Germany. As a starting point for European defence
procurement these fallback severities are recommended. However, to ensure a viable procurement strategy
the ongoing derivation of severities tailored to the required range of European platforms, logistics and in-
service conditions is essential.

This Expert Group has expended significant effort in reviewing the available test procedures contained in the
horizontal standards currently used for the procurement of defence equipment within Europe. As already
indicated the overall recommendation is that the STANAG 4370 procedures are consistently better,
technically innovative and demonstrably incorporate European approaches and methods. The adoption of
the STANAG 4370 procedures would not appear to put European Defence industry at any particular
disadvantage. This notwithstanding changes are urgently required to the way the STANAG is managed and
controlled. This is necessary to bring the STANAG procedures up to the same quality of firmness and
strength of text as other vertical standards. This will probably mean the current management, CNAD, sharing
control with a professional standards organisation.

The Expert Group has also considered a sizeable number of vertical (product) standards which in part
incorporate environmental test procedures. The recommendation of this Expert Group, along with that of
almost all standards organisations, is for the vertical standards to use test procedures available in the
horizontal standards. Very few vertical standards were identified were this would not be viable, preferable
and cost effective. The only area actively identified were this approach was not viable related to space
equipment which normally includes a handful of tests not encompassed by the horizontal environmental test
standards.
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6.
6.1

6.1.1

Standards Under Consideration

COMPARISON OF STANDARDS

Review and Comparison of Environmental Management Standards

The standards reviewed and compared with regard Environmental Management are set out in the following

table.

Matrix Environmental Management Process vs Procedures

NATO International UK France us Quadripartite
STANAG 4370 EN/IEC Def Stan GAM-Eg-13 & | Mil Std 810F | US/UK/F/DE
CINEG1 (TestNo/ ITOP
(Method / Procedure) (Test No)
Procedure)
The Environmental | AECTP 100 |Not Addressed |Def-Stan 00-35| CIN-EG 01 Mil-Std 810F | Not addressed
Engineering Part 1 Part 1
Process
Environmental AECTP 200 IEC EN Def-Stan 00-35| GAM-EG13 | Mil-Std 810F |Not addressed
Conditions (either (STANAGs 60721-2 Part4,5 &6 Annex for Part1 & 2
linked to the life 2895, 2914, | (Natural only) environmental | Mil-Hdbk 310C
cycle of the materiel 4242 are being IEC EN data (climatic)
or otherwise) merged in 200)|  0721-3
Guidelines For AECTP 200 |Not addressed |Def Stan 00-35| CIN EG 1 for | Mil Std 810F ITOP
Deriving Test Part4, 5 & 6 |all environment (some 1-1-050
Profiles (Tailoring) GAM-EG13 elements)
Annex for
mechanical
tests
specifications
‘Fall Back’ Test AECTP 300 IEC EN Def-Stan 00-35| Guidance Mil-Std 810 F ITOP’s
Severities AECTP 400 60721-4 Part 3 documents for Part 2 1-2-601
specific 5.2-506
applications
(GAM-EG13 A,
B,C,DandE)
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6.1.3 Technical Comparison

6.1.3.1 The Environmental Engineering Process.

The inclusion of information in standards on how to conduct the environmental engineering process within a
overall design and procurement programme for defence systems, is a relatively new. It originates from the
growing strategy of passing responsibility and risk to the system supplier of ensuring the equipment works In-
service.

Although the Environmental Engineering process is designated as Part 1 of UK Def Stan 00-35, it was
included several years after many of the test procedures and environmental severities had been published.
The current environmental engineering process in Def Stan 00-35 was written in the early 1990’s and is
intended to align with the defence material design process used in the UK. The process sets out to
demonstrate the equivalence in terms of documents and processes between the environmental engineering
process and the design process. Part 1 sets out an overall idealised process which can be used under
almost any procurement approach. It then indicates has this can be tailored into four different procurement
strategies. These four strategies encompass the core approaches used for the vast majority of defence
equipment procurement. Advice on the risks and responsibilities associated with each of these four
strategies is set out. Although the standard explains the process by means of documentation, it concedes
the titles of these documents may change from procurement to procurement and also environmental
documentation may be incorporated into general design process documentation. Although Part 1 of Def Stan
00-35 sets out the management process it does not supply advice on how to implement strategies and
programmes. That aspect is currently in preparation and is to incorporated into Def Stan 00-35 Part 2.

The French military standard CIN EG01 sets out guidelines for accounting for the environment in military
programmes. This document was issued relatively recently in 1999 and is founded on earlier work which
set out the technical aspects of how to implement strategies and programmes. That is the order of the work
was directly reversed from that adopted by the UK. As a consequence of this CIN EGO01 is far more
extensive than the Def Stan and contains considerably more information on how to implement the process
than does the UK document. In this regard the CIN EG01 and the Def Stan appear to be aimed at different
people. Intrinsically the two processes are not actually that different, they are both based upon ensuring the
defence system is able to operate in the service environment and go through the same five stages of
establishing a requirement, formulating a strategy, defining the tasks and work programme, undertake the
task and demonstrate compliance. The French military standard CIN EG01 implements a single process
but does not explain how this can be used for different procurement strategies. But CIN EG 1 has some
features which are unique , such as:

- description of the environmental engineering tasks relative to each phase of a development
programme

- the validation process makes the distinction between the technical functions and the service
functions

the variabilities of the product resistance to the environment on one hand and of the field environment on the
other hand are considered via the uncertainty and the test factors

The US Mil Std 810F sets out an environmental management process that is based upon versions adopted
in earlier version of the standard. The process is comprehensive but does not align with either the UK or
French approaches. This seems to be because the Mil Std process is very much related to the US defence
procurement strategies in which a lot of pre-service environmental testing and assurance is frequently done
by DOD agencies rather than the supplier. The Mil Std environmental management process is very much
built around documentation which does not appear to be particularly flexible. Indeed experience would
suggest it is often not adopted by US defence equipment suppliers.

The environmental management process of STANAG 4370 AECTP 100 is intended as hybrid of US and
European approaches. However, it effectively sets up yet another process which complies with none in
national European use. It also does not appear to be particularly flexible and has not stood the test of real
usage.

Neither the Mil Std process or the STANAG 4370 AECTP 100 process align with the procurement process
that is adopted by many European countries. Nor does it necessarily align with that proposed for European
Defence procurement. The adoption of the US standard for European procurement would, it could be
argued, put the European defence industry at a disadvantage. A similar argument could be made for the
NATO standard which has also not stood the test of extensive usage. Although neither the UK DEF STAN
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0035 part 1 or French CIN EG 1 have shortfalls, together, they are far and away better than the STANAG
4370 AECTP 100 process. Amalgamation of the French and UK environmental management processes is
entirely viable as they cover similar ground but are aimed at different people. Amalgamation of the two
processes would also allow integration with the European Defence procurement process.

6.1.3.2 Environmental Conditions

Since the early 1980’s it has become the norm to use environmental test severities based upon in-service
conditions. When this approach was first initiated it necessitated many data collection exercise. However,
since then it has become common to include environmental conditions in Environmental standards.
Environmental conditions can be broadly divided into two groups, those which describe the natural
environment and those which describe the conditions self induced by defence equipment. Descriptions of the
world-wide natural environment should have a degree of commonality to all countries and equipment.
Conversely, the induced environments are likely to be unique to a particular platform and consequently
country and equipment specific. This notwithstanding some platforms are used by several countries and
anyway similar platforms exhibit similarities. Moreover, common methods of transport of defence equipment
is frequently a necessity.

Natural climatic conditions are described in a number of standards. These are generally reference
documents indicating the extent and likelihood of world-wide natural conditions. Generally, the most
commonly referenced values relate to the temperature and humidity conditions occurring world-wide. Also of
common concern are the occurrence of sand & dust, salt atmosphere, rain, ice snow etc.

The UK Def Stan 00-35 Part 4 presents an extensive description of natural conditions based upon UK
Meteorological Office records. Part 4 of Def Stan 00-35 is extensively based upon information the earlier Def
Stan 07-55 and its use has a significant historical base in the UK. Generally, each section in Part 4
addresses a separate natural environment. Each section comprises two chapters the first presenting data
from the Meteorological Office records and the second offering advice on how this can be used in defence
equipment design. The temperature and humidity distribution maps included in Part 4 are essentially based
on 1in 1000 occurrence and have recently been updated (but the maps are still unpublished) by professional
meteorological staff. The revision has utilised the forecasting meteorological office database which has
considerably more measurements in terms of both location and samples than the historical bases used by
some standards.

The actual meteorological data presented in UK Def Stan 00-35 Part 4 was also the base for the information
contained in STANAG 2895. This STANAG is relatively well known as it is intended to be incorporated in
STANAG 4370 AECTP 200. It is observed that STANAG 2895 has proven difficult to obtain in the past but
now appears to be available from the NATO website. Although containing the same information as the UK
Def Stan 00-35 Part 4 the STANAG is generally acknowledged as much easier to use and understand
(hence the revision of the Def Stan).

GAM EG 13 “ environmental data and models” also contains natural climatic information which is grouped in
a similar manner. The data appears to be based upon French meteorological data, as a consequence, some
differences are apparent but they are generally not that great. As was the case in the previous two cases, the
extreme temperature and temperature/ humidity conditions are presented in map form. Unlike a lot of GAM
EG 13, the climatic conditions are only available in French and this has limited NATO adoption.

In the US natural climatic information is contained in Mil Std 310 (and previously 210). Again this is laid out in
a similar manner to he other standards. In this case the data presented are mostly extreme conditions and
do not appear to be based upon the same level of detailed information as the STANAG / Def Stan or GAM
EG documents.

It would be reasonable to assume that natural climatic information is not limited to defence standards and
that civil standards would present similar information. That is the case with IEC / EN 60721 Part 2 presenting
information on the natural environment. However, the information is notably less extensive than that
presented in the defence standards. Whilst, the extreme temperature and temperature/ humidity conditions
are presented in map form, the criteria used to create these is unclear. The maps are quite different to those
of the STANAG / Def Stan and appear to be based upon considerably courser information. The information
in IEC / EN 60721 Part 2 was last reviewed over15 years ago although currently a programme of revision is
underway. That revision only has access to historical database information only and operates without a
budget or professional meteorological expertise. As consequence, it seems unlikely that the current revision
will produce a result anything like as good as the defence standards.
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Of the information on the natural climatic environment, that contained in STANAG 2895 (and shortly to be
included in STANAG 4370 AECTP200) appears to be the most widely adopted both in NATO and Europe. It
is based upon high resolution UK Meteorological information for world-wide conditions. The UK has updated
their own document and hence the STANAG using funded meteorological expertise. It seems unlikely that
any other defence or civil standard will approach the quality of the STANAG for sometime to come.

Information on induced environmental conditions is contained within a number of national and international
standards. A large majority of this information on induced environmental conditions relates to mechanical
conditions which are in turn relates to the particular platforms and methods of operation in use in individual
countries. As a consequence commonality of induced environmental conditions is unlikely to be achieved by
standards except at a generic level. Even when it is the case that the same platform and method of operation
is used in several countries, the resultant description and derived test severity may vary. This is because
different countries may adopt different methods and factors in the derivation of environmental descriptions
and test severities. As the method of derivation can be significant that aspect is addressed separately in the
next section. As a consequence of these issues the view of the Expert Group has been that direct
comparison of severities would not be viable or meaningful, nor would any recommendation on induced
environmental conditions. Nevertheless the following paragraphs are offered for general information.

Although IEC / EN 60721 Part 2 contains information on the natural environment no information is given at all
on induced environmental conditions. IEC / EN 60721 Part 3 contains quantitative information on
environmental conditions for a variety of conditions, no descriptive information is supplied. Moreover, the
categories for which the quantitative information is supplied are broad, only vaguely defined and frequently
considered out of date. The quantitative information itself is very coarsely specified and set out in the form of
test severities rather than environmental descriptions. Overall IEC / EN 60721 Part 3 contains the sort of
information that was common in the 1960’s and 70’s but which has not been used for anything but minor
defence procurement since the 1980’s. Most vertical civil standards which use IEC / EN 60068 test
procedures specify their own severities rather than adopt those of IEC / EN 60721 Part 3.

The US national standard Mil-Std 810F Part 2 contains more information on induced environmental
conditions than did the earlier versions. However, most of the information is by way of illustration rather than
a deliberate intent to specify environmental conditions. Mostly, Mil-Std 810F Part 2 contains fall back test
severities which may be based upon actual in-service data. Not only is the method of transformation not
generally specified, but different approaches are used for different environments. Some of the in-service
environments are unique to US platforms and a few worst of the cases represent platforms no longer in-
service use.

The French national standard GAM-EG13 contains an annex for induced environmental data. This supplies
sample information for a good range of platforms in common use by the French military for a range of in-
service conditions. Similarly the UK Def Stan 00-35 Parts 5 and 6 contains information on induced
environmental for mechanical and climatic conditions respectively. Again the standard contains a range of
sample information for a good range of platforms in common use by the UK military for a range of in-service
conditions.

The NATO standard STANAG 4370 AECTP 200 contains extensive information on induced environments.
The base for the induced environments seems to be Part 5 and 6 of UK Def Stan 00-35. However,
contributions from the French GAM and the US Mil Std can be identified. Overall AECTP 200 is strongly
biased towards European information. Moreover, the AECTP 200 document appears to contain both the
most recent and extensive information on environmental conditions. Any such information database is
unlikely to be comprehensive and in this case notable absence of data exist from a number of major
European countries who manufacture defence equipment.

6.1.3.3 Guidelines For Deriving Test Profiles (Tailoring).

The strategy of deriving test severities from In-service has lead to the need to supply guidance information
on methods for the deriving test severities from measured In-service data. This information is mostly by way
of guidelines as no single set of procedures has been found to be applicable in all circumstances. As no
consensus exists as to appropriate methods it is unlikely that any real recommendation is possible. The
following indicates the information available.

CIN EG 1 gives how to tailor disregarding the type of environment , but without presenting the details of
operation when they are specific for a type of environment. GAM-EG13 contains a technical annex supplying
extensive guidelines on the derivation of test severities for mechanical environments. This technical annex
proposes a few generic method which can be consistently applied to the vast majority of in-service
conditions. For those methods comprehensive guidelines are supplied which champion a number of novel
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methods. In this regard the French national standard GAM-EG13 has demonstrated significant technical
innovation.

The UK defense standard Def Stan 00-35 presents extensive information on the conditions and mechanisms
causing many induced environments. Understanding the conditions causing the environments is considered
an essential precursor to the use of any test derivation process. The Def Stan also includes some guidelines
on the derivation of test severities but these are neither comprehensive, modern or particularly innovative.

Mil Std 810F contains relatively few guidelines on the derivation of test severities and mostly these relate to
specific test types. It does make reference to a fair number of reports. The guidelines that are contained in
the Mil Std are mostly derived from those reports although the information is not always well or consistently
extracted.

International Test Operating Procedure ITOP 1-1-050 is a Quadripartite agreement between US, UK, F &
DE. This particular ITOP is entitled “The development of Laboratory Vibration Test Schedules”. It effectively
presents the method used to derive the vehicle vibration test severities contained in Mil Std 810. It sets out
the type of (US) test track used and results for a number of individual US vehicles. It also presents a lot of
information on basic vibration & shock analysis. However, apart from the one method, it does not expand this
basic textbook information to encompass any other test severity derivation methods. The vehicle test
derivation method presented is one of two used in Mil Std 810 (the other is entirely different) and it is rarely
used in Europe. In short the ITOP is little more than a supporting document for the Mil Std and is not
consistent with European practice. Like many of the environmental ITOPS this has almost no discernible
European content and relates entirely to US practice. As such it could be argued that it puts European
defence system suppliers at a disadvantage.

Stanag 4370 AECTP 200 contains limited guidelines on the derivation of test severities. This is essentially a
summary of guidelines presented in the French GAM, the UK Def Stan and supporting papers referenced in
the in US Mil Std. For an overview of potential methods the STANAG is quite useful, although users who are
attempting to implement these methods are unlikely to find the STANAG particularly helpful. Nevertheless as
a starting point the STANAG is recommended.

6.1.3.4 ‘Fall Back’ Test Severities.

Historically all environmental test procedures contained related test severities. However, over the last two
decades these have been replaced by a strategy of deriving tests based upon intended In-service use. As a
consequence the severities remaining attached to the test severities are intended only for use when no
information is available or when the item may be used in many platforms (typically COTS and MOTS items).
Mostly use of these fallback severities is intended to be limited to small items, subsystems or components.
Many of the remaining test severities are relatively rudimentary and are frequently intended for use on the
most basic test equipment.

The test procedures of Def-Stan 00-35 Part 3 mostly have fallback test severities appended. Some
procedures also contain guidance on these severities. However, the majority of the guidance is in Parts 4, 5
and 6. The severities are mostly historical and have a long track record. With that said they have all been
reviewed for applicability at reasonable intervals. The severities indicate backward compatibility has been
considered. Whilst, the fallback severities have a degree of commonality with other specifications, overall
they are not precisely equivalent with other standards.

The second part of GAM EG 13 addresses the fall back levels . They are split in 5 documents, in function
of the sector which is concerned :

- GAM EG 13 A for army

- GAM EG 13 B for air force

- GAM EG 13 C for navy

- GAM EG 13 D for missiles

- GAM EG 13 E for ground equipments ( non board ) . These fall back levels were established under
the responsibility of each service, except ground equipment which are multi services.
The above fall back levels haven’t been updated from the original issue and are now superseded by
STANAG 4370 AECTP200 except for air force (not including aero transport) where DO160 is recommended
When STANAG 4370 AECTP200 are not covering the need , GAM EG 13 A, C and D are still applicable.
For aero transport , GAM EG 13 B remains applicable when AECTP200 is not covering.

The test procedures of GAM-EG13 also have fallback test severities appended. Again the severities are
mostly historical and have a long track record. Until recently they were all reviewed for applicability at
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reasonable intervals. The severities indicate backward compatibility has been considered. Whilst, the
fallback severities have a degree of commonality with other specifications, overall they are not precisely
equivalent with other standards.

The test procedures of Mil-Std 810F again contain have test severities. Although a few of these have a long
track record, others have changed markedly as the various revisions of 810. Backward compatibility does not
seem to have been a strong driver in those that have changed. Whilst, the fallback severities have a degree
of commonality with other specifications, overall they are not precisely equivalent with other standards.

A significant proportion of the test procedures of STANAG 4370, specifically the AECTP 300 and 400 series,
relates to fallback severities. Indeed the amount of information frequently swamps that the procedure itself
resulting in a marked loss of firmness of statement. Generally, the fallback severities are based upon the UK
Defence standard, the French GAM and the US Mil Std. In some cases a single fallback severity
recommendation results. However, in other a compromise approach of presenting several options is
adopted. Although it is intended that the STANAG fallback severities will be broadly implemented, at the
moment, it is difficult to identify which severities are used in different countries. It has been argued that in
combining the various national requirements, a test schedule more extensive can result than is required by a
national defence procurement authority. In this regard the STANAG fallback severities may be resulting in
more expensive programmes than is necessary. If the STANAG 4370 fallback severities are adopted for
European defence procurement some rubbing off of the gold plating may need to be considered.

International Test Operating Procedures (ITOP’s) 1-2-601 & 5-2-506 present fallback shock severities for
missiles and vibration severities for wheeled & tracked vehicles as well as the Apache helicopter. All of these
are based upon US fallback test severities and were derived using a US procedure not usually considered
adequate in Europe. The severities are at odds with the European national standards as well as the
STANAG. As is the case for many of the ITOPS considered these ITOPs could be considered to strongly
favour the US defence industry over the European defence industry.

As already indicated IEC / EN 60721 Part 3 contains quantitative information on environmental conditions for
a variety of conditions. However, a review around 8 years ago indicated a significant number of
discrepancies between this document and the test severities set out in the various test procedures of IEC /
EN 60068. To resolve these inconsistencies, IEC / EN 60721 Part 4 was generated to recommend a
resolution for each Part 3 category. IEC / EN 60721 Part 4 is set out as a series of test schedules for some
notional electro-mechanical equipment. As was the case for Part 3 the environmental categories for which
test severities are supplied, the categories used are very broad and frequently considered out of line with
current commercial (and military) practice. The actual test severities are very rudimentary, out of date and
appears to make undefined sweeping assumptions about life cycle (in-service) usage. IEC / EN 60721 Part 4
is based very much on the test definitions of the type common in the 1960’s and 70’s, an approach which is
no longer used for defence procurement for two decades. Vertical civil standards which use IEC / EN 60068
test procedures mostly specify their own severities rather than adopt those of IEC / EN 60721 Part 3 or 4.

Overall the fallback test severities embedded in the STANAG 4370 test procedures of AECTP 300 & 400
contain the most comprehensive array of fallback severities. In the near future these are likely to be
embedded into the remaining European national procedures. As a consequence the STANAG fallback
severities are likely to become a European standard without any recommendations from this Expert Group.
Nevertheless a consequence of combining the various national requirements is potentially test schedules
more extensive than required. If the STANAG 4370 fallback severities are adopted for European defence
procurement then a strategy for limiting the test schedules may result in acceptable cost savings. .
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6.1.4 Conclusions

A summary of the recommendations is shown in the table below which is expanded in the following
paragraphs.

Summary of Recommendations for Environmental Management & Severity Procedures

NATO International UK France us Quadripartite
STANAG 4370 EN/IEC Def Stan GAM-EG-13 Mil Std 810F US/UK/F/DE
AECTP 60068 & 00-35 ITOP
60721 CINEG1
The Set out in No equivalent Jointly Recommended Set outin No equivalent
Environmental AECTP 100 Procedure preferably in a merged form Part 1 Procedure
Engineering
Process
Environmental | STANAG 2895 60721 Pt 2 STANAG Annex Climatic No equivalent
Conditions Recommended contains 2895 based environmental | information in Procedure
for both natural Natural upon Def Stan data and Mil Std 331
climatic and Environmental models
Induced information
conditions.
Guidelines For | Recommended | No equivalent Both contain information on Embedded Limited scope
Deriving Test as a good Procedure different methods. In a within
Profiles overview combined form would constitute Procedures
(Tailoring) a better document than
STANAG

‘Fall Back’ Recommended Severities exist all documents
Test Severities

6.1.4.1 The Environmental Engineering Process.

Neither the Mil Std process or the STANAG 4370 AECTP 100 process align with the procurement process
that is adopted by many European countries. Nor does it necessarily align with that proposed for European
Defence procurement. The adoption of the US standard for European procurement would, it could be
argued, put the European defence industry at a disadvantage. A similar argument could be made for the
NATO standard which has also not stood the test of extensive usage. Although neither the UK or French
standards have shortfalls, together, they are far and away better than the STANAG 4370 AECTP 100
process. Amalgamation of the French and UK environmental management processes is entirely viable as
they cover similar ground but are aimed at different people. Amalgamation of the two processes would also
allow integration with the European Defence procurement process.

6.1.4.2

Information on the natural climatic environment is presented in national defence standards from the UK,
France and the US as well as the civil standard IEC / EN 60721 Part 2. ,Information contained in STANAG
2895 (and shortly to be included in STANAG 4370 AECTP200) is based upon that in the UK Def Stan, but is
better presented and more usable. The STANAG has existed for some time and appears to be widely
adopted both in NATO and Europe. It is based upon high resolution UK Meteorological information for world-
wide conditions. The UK has updated their own document and hence the STANAG using funded
meteorological expertise. The information in the defence standards is markedly different from that in IEC /
EN 60721 Part 2 which is much course no identifiable documented underlying criteria. It seems unlikely that
any other defence or civil standard will approach the quality of the STANAG for sometime to come. As a
consequence STANAG 2895 is recommended for information on the natural environment.

Currently the NATO standard STANAG 4370 AECTP 200 contains the most extensive information on
induced environments and encompasses platforms from a number of countries. It encompasses identifiable
data from both the UK and French national standards and is strongly biased towards European originated
data. For these reasons this document is recommended. However, this document is far from a
comprehensive compilation of induced environmental conditions nor is it likely to be for some time.

Environmental Conditions.
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6.1.4.3 Guidelines For Deriving Test Profiles (Tailoring).

Stanag 4370 AECTP 200 contains limited guidelines on the derivation of test severities. The content is
essentially a summary of extensive guidelines presented in the French CIN EG 1 and GAM EG 13 and the
UK Def Stan 0035 as well as supporting papers referenced in the in US Mil Std810. For an overview of
potential methods the STANAG is quite useful, although users who are attempting to implement these
methods are unlikely to find the STANAG authoritative. Nevertheless as a starting point the STANAG is
recommended.

6.1.4.4 ‘Fall Back’ Test Severities.

Overall the fallback test severities embedded in the STANAG 4370 test procedures of AECTP 300 & 400
contain the most comprehensive array of fallback severities. In the near future these are likely to be
embedded into the remaining European national procedures. As a consequence the STANAG fallback
severities are likely to become a European standard without any recommendations from this Expert Group.
Nevertheless a consequence of combining the various national requirements is potentially test schedules
more extensive than required. If the STANAG 4370 fallback severities are adopted for European defence
procurement then a strategy for limiting the test schedules may result in acceptable cost savings.
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6.2 Review and Comparison of Vibration Test Methods
6.2.1 Standards Under Consideration

The standards reviewed and compared with regard vibration inducing test methods are set out in the
following table.

Matrix Environmental Test Methods vs Standards
NATO International UK us France Quadripartite
STANAG EN/IEC Def Stan 00- | Mil Std 810F | GAM-Eg-13 | US/UK/F/DE
4370 AECTP | 60068 Part2| 35 Part3 (Test No/ (Method / ITOP
(Method No) | (60068-2-xx) | (Chapter/ | Procedure) | Procedure) (Test No)
test)
Vibration 401 6 2-01/ M1 514 1st Part 2-2-808
57 methods 41, 1-2-601
59 2-02 / M2 42 1-1-050
64
80
Gunfire 405 Included in 519 Included in
general general
vibration vibration
procedures procedures
Acoustic Tests 402 65 2-08 / M8 515 1st Part
(Incl. combined 2-09 /M9 method 48
with temperature 413 2-10/ M10 523
& vibration)
Buffet Vibration 420 Encompassed in general vibration
procedures
Multi - Exciter 421
Vibration

59



CEN WORKSHOP 10
STANDARDIZATION FOR DEFENCE PROCUREMENT
Expert Group 8 Environmental Engineering

INTENTIONALLY BLANK

60



19

UIY}Im WOl UoIj09|9s B JO SISeq ay} U0 apew a(g os|e ued sjusuodwod jo uonesliobalen "Inoineyaq dlweuAp
118y} Apnys 0} Jo/pue suswioads JO SSaUISNQOJ |BOIUBYDSW By} d)eJ}SUOWSp 0} pasn aq os|e Aew poylaw }sa)
oy} ‘seseo awos u| ‘suswioads ayj Jo Ayjiqeidasoe sy} aploap 0} ‘uolealoads JueAslal 8yl yim uonounfuoo
ul ‘uoljewloul SIy} asn 0} pue suswioads jo aouewdsopad payoads sy} ul uonepelbap Jo/pue ssaulEIM
|eoiueyoaw Aue aulwlia}dp 0} S| 1S9} SIy} jo asodind 8yl -uoljelgiA |BPIOSNUIS JO SdIIlIOASS paljloads
puelsylm 0} ‘suawidoads se 0} palisjal Jayeulalay ‘sajolle Jayjo pue jswdinba ‘sjusuodwod jo Ajljiqe
8y} aulwJslep 0} ainpadold piepuels e sapirodd yoiym 1sa} Jo poylaw e saAlb g9009 D3| 4o Med siy] ‘edoog

(IVAIOSNNIS) NOILVHEIA 104 LS3IL 90-2-89009

08 ‘¥9-‘6S ‘LS ‘9-2-89009 O3I/N3

"aJnpadsoid auo uey} aiow 0} pajsa} aq 0} palinbal
8q Aew |audjeW 8y} S8SBD UONS U| "JUSWUOIIAUS PadNpul Jedlie 8y} Se |[dM SB JuswUuoJIAuS uoljenodsuel) ay)
yjoqg o} pajoalgns aq [|IM Yelolie ul pajjeisul |ausjew ‘9idwexa J04 JUSWUOIIAUS UOIJBIGIA SUO UBY)} 8low 0} pasodxa
aq Aew [au@El JUBWUOIIAUS JO 9dA) pue wloje|d Jo uonouny B Se Xljew uoljoajas ainpadold 1s8) e sapinoid | a|qe ]

(' sel01g ) uoneiqip wopuey  A] 8inpadold

uoneiqip wopuey ||| 8inpasoid
uonelqiA |eplosnuig Aouanbai4 paxi4 || 8Inpadold
uoneliqi |eplosnulg Aousnbai4 1demg | ®1npaoold

: $24NpPav0.d N0} SUIBIUOD POoYIaW 1S3} SIUL "00Z dL1D3V - SIUSWUOIIAUT JO UoUYaq 8y} Ul pue 00| 4103V
— sjuswalinbay [eJsuss) 8yl UIYIM )[eap aJe SI0Joe) Jayjo pue assay] ‘odAl [susiew pue JUSWUOIIAUS UONEIGIA
@0IAJ8S-Ul 8y} Bulpnjoul siojoe) Auew Ag pautanob si ainpaoosd 1S8) JO 8210YD 8y ‘Seinpedold 1S JO 8210yD

"wia)l 1S8) 8Y] 0] Uoneoxe uonelqiA ay) Jo uoneoidde Aiojoejsnes ay) Jusaald Aew sjulesisuoo [eoisAyd Jo suoneywi|
2INJX1} 9SNEJ9Q SJUSWUOIIAUS UONEIJIA 82IAI9S [euoljesado [enjoe awos aje|nwis 0} 8|gissod aq jou Aew }| “suoneywi]

"JUSWIUOIIAUD
uonelqia oyoads e Joj ainpadosd }s8) B JO UOND9IBS By} uo aouepinb jeuonippe apirocid 00Z PUB 00l Sd1D3AV
‘aouewlopad |elnjonJis Jo/pue [euolouny S} JO uoljepelBep ajgejdecoeun JNOYNM JUSWIUOIIAUS UONeIgIA palioads
ay} 1sisal 0} Aoenbape sy ajesisuowsp 0} palinbal si |pusjew alaym g|gedldde si poyjew 3s9) siyl -uonesiddy

"suonipuod |euonelado palyoads ayy Buunp ‘|ausiew pa|ied Jayealsy ‘siun pue swaisAsqns
‘swia)sAs AQ palinoul SJUSWUOIIAUS UONEIGIA 8U) JO S)oaye ay) a1eoljdal 0] SI poyiaw 1sal siy) Jo esodind sy ‘esoding

LOY AOHLAN ‘ 00 dLO3V 0.LEY DOVNVLS uoneuaqip
suonejpwi] @ adoag }so]
uosuedwon piepuelg rArAL

Buliesulbug jeyuswiuoliaug g dnoio) padx]

ININFHND0Hd IONF43d HO4 NOILVZIAHYVYANVLS
0l dOHSMHOM N3O



29

“Jnoineyaq olweuAp Jiayy Apnys o} Jo/pue
suswioads Jo SSauISNgod [edlueyoall 8y} SleJjSUoWap 0] ‘Sesed aWos Ul ‘pasn ag osje Aew )| Jou Jo a|qejdeooe si
uswioads e Jaylaym apiosp 0] ‘uoieolioads JueAs|al 8yl Yum uonounfuod Ul ‘uoljeulojul Siyl 8sn 0} pue souewlopad
paljioads Ul uoljepelBap Jo/pue Ssauyesm [BdluBYOSW BulwIslep 0] SI 1s8) siy) Jo asodind ay) "uonduosep |elsusg)

"UONBIQIA JUSISURI) JO SBNIIOASS paljioads pueisyjim
0} usawioads e jJo Ajjige ay) ‘poyldw jeag-auls ay)} Aq ‘Buiuiwisiep Joj ainpssosd piepuels e apinoid 0] 108[qO

‘uswioads ay) Jo asuodsal aal) 8y} Jo ABOSP MO||B 0) JapJo Ul sjeaq auls
|[enpIAlpUl 8y} usamiaq papirold ale sasned 'yioq Jo (9-z-89009 DI|) 1SS} UOIjRIGIA |BpIOSNUIS B JO sueaw
Aq pauuapl salouanbauy ORI ‘salouanbaly paulwislapald aie salouanbaly 1s9) paxily asayl ‘(L ainbiy 8as)
sjeaq auls jJo Jaquinu }asald e ypm salousanbau) paxiy Je pajoxa si uawioads ay} 1s8} siy) u] "Adsuiyoew ul
uonelqin Aq Jo euswouayd aaisojdxa Jo olwslas Aq ‘ajdwexs Joj ‘pasned uoljelnp }Joys Jo sao2.oy Bune|ioso
Jo Bunesind o0} pajoslgns aq ued 821AI8S Ul yolym ( suswioads, se 0} paussjald Jayeulasay) sjonpoud
|eo1uyo9104309|9 Jayjo pue sjuswdinbs ‘sjusuodwoo Bulysa) Joj Spoylow s|ie}op pJepuels Siy] "UoI}ONpPOoIIU|

AOHL13IW 1v39-3ANIS — NOILVHAIA ‘34 1S31 6G-2-89009

‘pajielsp
os|e ale (sall0}sIy-awl} JO Jaquinu pue sa|9A0 asuodsal ssals-ybiy Jo Jaqunu ‘wnJijoads asuodsal palinbal
‘abues Aouenbau} Buipnjoul) senlIOASS JO 8210Yd 9y} IO} pue UuOloOW uolleIgIA 8y} Joj sjusawalinbas ay]
‘sjuiod uaAIb 1B uoljelqIA By} JO JUBWLINSEAW 8y} J0) pue }sa8} ay} Buionpuod Joy paqliosap ale sainpadold

'JUnoooe 0Olul uaye) Ajjetousab
ale sopow pa|dnoo a8y} JO S}09)0 pPauIquod ay} WOol) paAlIep Sassalls 8y} Ajjusnbasuod pue awil} awes
2y} je pa}loxe aq 0} (Soxe 10) SIXe UOIje}IOXa 8y} Ul 8injonJ)s ay) Jo sapow ay} ||e 4o} a|qissod s| ]| ‘wnijoads
osuodsal puegpeolq e dojaAud 0} 9ABM }S9) 9|BUIS B smo||e AIO)SIY-aWI} B JO 8Sn 8] "WIOJOABM PasSISaYlUAs
e ‘ojdwes wopuel {(AI0)SIy-awi} [einjeu) JUSAS |einjeu e :woly paulelqo Jo padojaasp aq Aew Alojsiy-awly

"S92J0} DIWeUAp ay) Jo S}08)18 ay} Bunenwis
sonsiialoeIRyD YIM wnioads asuodsal e Aq paijioads Aloisiy-awi) e 03 uswioads ay) Bunoalgns ul ‘uoneiqia
[epiosnuis yum uonebiiseaul asuodsas uonelqia Aseuiwidid Aue Jaje ‘S}SISUOD 1S9} 8yl "UOI}IPUOD dlE}S
-Apeals e yoeal jou [Im uswioads ay) Jo asuodsal [euoljelqiA ay) 1Byl yons aq Aew usawioads ayj jo Buidwep
9y} pue S$9210} 9Sdy} JO SOIISIIB}0BIEYD By ‘uoleylodsuedy Jo saseyd awos pue suoisojdxs ‘seyenbylies
JO }nsaJs e se juawdinba ul paonpul sassal}s ay} aJe sajdwexa [edaldA} yoiym Jo s8210) olweulp adAy
wopuel uoljeinp-14oys o0} pajoalgns aq ued 9d1AI8S Ul YoIlym (,Suswioads, se 0} paliajal Jajeulalay) syonpoud
|eoluyos}oa}09|d Jayjo pue juswdinbe ‘sjusuodwod HBuljse) 1oy spoyjaw S|ie}dop plepuels Siyl "uolonpouju|

AOHL3IN AHOLSIH-3NIL — NOILVYH4AIA ‘44 LS3L LG-2-89009
‘18] 8y} Ul pajonb sanliaAss ay)

suonejiwi] g adooag }so]

Buliesulbug jeyuswiuoliaug g dnoio) padx]

ININFHND0Hd IONF43d HO4 NOILVZIAHYVYANVLS
0l dOHSMHOM N3O



€9

uoneuqia Juswdinb3g "g|geoydde alow aq Aew g\ 18] 10 ainpadosd sy juswdinbs pajesiidwod Ajjeoiweulp Jabie|
10} JanamoH “Ajuanss pue ainpaoold jo swua) ul Ayjigeoldde [essuab aney o) paubisep Si }S8) 8yl "S}S8) UOINRIGIA
a)isodwod pajedldwoo alow yum Jaylabo) s1se] uoneiqiA Wopuel pue |eplosnuls dIseq Sapnjoul 1S8) SIY] UIYIM
passedwooua sainpaoold jo abues ay| "AjueAas uoneiqia papoads ayy 0] pajoalgns uasym aouewsopad [BINjoNIS
Jo/pue |euonouny sy Jo uonepelbap ajqeidesseun jsisal 0} Juawdinba ue jo Aoenbape ayj ajesisuowap 0} SI 1S} SIy} JO
asodind 8y “JUSWUOIIAUS UOREIQIA B JO S}08)8 8y} pueisyym o} palinbal juswdinbs 03 sigeoidde si1se) siy| "2doog

1S31 NOILVHdIA OISvd - LIN LS31

CIN pue LN 1S31 5€-00 NV.LS 43d

‘palisep aJaym spjal) Joaylo ul pasn
aq Aew pue Way) 0] pajolIsal 10U SI pJepue)s siy) ‘suswioads [ea1uyd810.i08|e o) papusiul Ajuewnud ybnoyly "jjesl
uswioads ay) Jo Ued se passpisuod ag Aew Ja)e| 8yl Usym Jaulejuod uoleuodsuel) 418yl Ul SWa)l J0) pue S8joIyaA
aoeds ‘yelodie ul ajdwexs Jo} ‘SJUsWUOIIAUS 8l [eal Jo uonenodsuel) woly Buinsal ainjeu onsiuiWIglep pue wopuel
JO UOIJBUIQUIOD B JO/pUB WOpUE. B JO uoneiqgiA 0} pajoslgns aq Aew yolym suswioads o) sjqeordde si piepuels siyl

‘suswioads Jo SSauUISNQoJ [BolUBYDSW BY)] S)elIsuowsp o) pasn
Qg os|e Aew pJepue]s sIy] ‘Seseo awos U] ‘suswioads Jo Aljigeideooe ay) ssasse 0] ‘uonjedlyioads JueAs|al ay) Yum
uonounfuod ul ‘uonewloyul Siy asn 0} pue aosuewdsopuad paloads ul uonepelbap pue ssauyeam |eolueyosw Bulnsal
8y} pue ‘wopuel Jo/pue auIS YjIM paxilW ‘uoljelqiA wopuel Aq paonpul SSallS JO S109e pale|nwnode 8y} |eaAsl
0] osje sl ]| ‘sjuswa.inbal }s8) uolkeIqIA Bpow paxiw paloads ay) 0} pajoalgns usym aouewlopad [einjonis Jo/pue
|jeuonouny sy Jo uonepelbap s|gejdasseun 1noym Speo| dILBUAP ay) 1SISal 0} uawioads Jo Aoenbape ay) ajeljsuowap
0] sl 189} sIy} Jo asodind ay] "ainjeu paxiw pue xa|dwoo B JO UOIIBIOXS uoljelgiA Jo palinbal S| uonenwis usym
‘suswioads Jo Bunse) 0) uoneoldde |essuab 1oy papusiul sI Bunsa) uolelgiA dpow paxiw Joj plepuels siy| ‘adoog

JAOW d3IXIN - NOILVHAIA ‘[4 1S31 08-¢-89009

‘sobeJane |eolisijels pue Ajljigeqold Jo swia) Ul paqlIosap aloyaiay) sI Bulisa) uoljelqia wopuel pueq
-peolg ‘senbiuyos} |eoIISIje}S U0 INQg 213SIUIWIS}OP UO pased Jou S| Y4 1S9 ‘s)sa) Jaylo jsow yim paledwo)
Juswabpnl Bulissuibus s|qelopiSuOD JO BSI0IOXS 8y} pue 1s9] ay) Jo Aydosojiyd ayy jo Buipueisiapun
olseq poob e yjoq Buuinbal j098lgns xa|dwoos e si Buipsal uoljeIqIA wWoOpuUel Jeyl palou aq p|noys 1}

*/€-2-89009 D3| 0} ¥€-2-89009 O ‘P 181
‘S]S8) pUBQ-9pIM UOINEICIA WOPURI 8Y) JO SUOISISA anbojeue paysi|geiss ay) 0} sAljeuIs)|e ue sapirold piepue)s
ay| -uonesioads jueasjal ay) Aq paquosald ale asay) JI ‘S8SBO |BNPIAIPUI JINS O) SUOIJBIIBA JO UOIJONPOJIUI
ay] sywJlad )| ‘uonelqIA Wopueld Jo |04U0D [B1BIp UO paseq ale piepuels SIyl ul sanbiuyos) pue spoylaw
ay| ‘eJnjeu 21)SBYDOO0]}S B JO suoleliqiA 0] paloslgns aq Aew 1ey) sjonpoud |BoIUYDS104108|8 JO suswidads
0] uoneoljdde |essusb 1o} papusiul sI Buise)] UONBICGIA WOPURI PUuBQ-pROI] JO) pJepuels SIy| "UoIONPOoJIU|

JONVAIND ANV (TOYLNOD TV.LIDId) NOANVYY ANVE-AvOodd ‘NOILVYHEIA *Hd 1S3L +9-2-89009

suonejiwi] g adooag }so]

Buliesulbug jeyuswiuoliaug g dnoio) padx]

ININFHND0Hd IONF43d HO4 NOILVZIAHYVYANVLS
0l dOHSMHOM N3O



v9

‘101 9|ge1INs 10U Aew 1S8) 8y ‘suonejwn

‘poyiaw sy} buiAidde pue Bupaidisiul ul |ngasn aouepinb Bulesuibus
pue suonulep sapircid g xauuy ‘aouepinb pue suoluyep 1oy g Xauuy 985 "0}8 ‘uolieollienb ‘Aujigelss ‘yuswdolonsp
Buipnour sesodind js8) snouea 0} s|geidepe ale ulaley souepinB pue sainpaoold }s8) 8yl 189} jJo asodind

‘s|ie}ap ainpaoold 1s8)
pue ‘uoronpal ejep ‘suoilelnp ‘S|9A9| }$8) UOIBIJIA JO UOIJBUIWIS}aP 1O} POY}BW SIY} 9SN ‘JOASMOH “UOBJUSWNIOP }S9)
a|geoidde ay} yym aoUBpIOIDE Ul }$8} 8Y} JIONPUOD ‘S)S8) JUSWIUOIIAUS PBUIqUIOD 104 "MO[8] €| UOI}08S Ul pajels se
pue ¢'| ydeibeied ‘auQ Ued ‘40L8-ALS- 1IN Ul pajou se jdeoxa |auaiew jo sadA) |e Joj poyiaw siy) 8sn “uonedljddy

"9]0A0 8}1] B JO sainsodxa uoljelqiA 8y} PUBISYIIM pUB Ul Uoijouny [jIm [aLisjew eyl AJLsA “q

‘wisiBIaUAS [ejUSWIUOIIAUS JO) JUNODJE 0} UIBJaY SPOYjaW JBYlo pue auQ Jed Jo aosuepinb ay} yum poyjaw

sIy} Jo @ouepIinb a8y} auiquio) "dduBUSIUIBW pue ‘9|oAD AINp |ouBleW ‘SI0JoB) |BJUSWIUOIIAUS JBYI0 JO S}O849

onsiBiauAs Buipnjoul 8j9Ao a8yl e JO sainsodxe uoielIqIA 8y} PUBISYIM pue ul uoioduny o) |auelew dojpasq ‘e
:0} pawopad aJe s)sa} uonelqip esoding

1S AOHL3N 4 018 ALS TIN

‘a|ge|ieAe Ajipeal sI uonewloul paysignd aouls ‘Js)dey) Siy) Ul passalippe
Jou aJe ‘sasAjeue |epow pue ‘suonouny asuodsas Aousnbel) Jo uoneulwis}Op ‘SBYIIESS SOUBUOSSI SB UoNs ‘S)So)
uonesualoeleys uoneiqia Juswdinbg 971 1S9 SIY} 0} dAljeUIS)e Ue Se pasn aq Aew (Ql-g Joydeyn a9as) ,uoneliqip
pue ainjesadwa] ‘01ISNOJY paulquio)), OLIN 1S9 Sased awos U] (g0-z J81dey) 9as) ,aqnl aABpA\ BAISsalbold e ul
1891 OSION 211SN0JY, BN 1891 10 (80-Z Jo1dey) 89s) Jaquieyd UuolelaqiaAal B Ul }s8] SSION d1ISNody, 8IA 1S91 Se yons
suoneoxs onsnooe buisn sise} Juswbne o0} pasn aq Aew )s9) siyl ‘Juswabuele Buijunow |ewlou sy el Juswdinba
8yl 0] paniwsuely Ajjesiueyosw aq jou Aew uoneuoxse asoym juswdinba xajdwod Ajeoiweulp ‘ssew ybiy ‘ebie)
10 asuodsal ay} sajeinwis } ey uil (10-g J8ydey) aas) s} uoneiqia diseq, - LN 1S9 WO} SIayIp 1S9) SIY] "UoieIqIA
payloads sy 0} pajoalgns uaym asuewsopad |einong)s o/pue asuewlopad [euoiouny s) Jo uoiepelbap a|qeydaooeun
i1sisas 0} juswdinba ue jo Aoenbape ay} ajesjsuowsp 0} S| 18} SIy} jo asodind ay] -sweisAs abelueo alos
10 Jepel suioqglie obie| aidwexs 1o} ‘sjuswdinbs pue SjUSWUOIIAUS [BUOHEIJIA JBYJO JO uole|nwis ayj 0} a|qedidde
aqg Aew j1s9] siy1 jo sojdioud sy -|ouslew asay) [|e sessedwoous 210)S WId) 8y} 1s8} sIy} Jo asodind ayy Jo4 “spod
pue salojs juswewle auloglie ‘saopadio} ‘suodeam papinb 8)9|dwod Se yons [aldjew Jo) papuajul Si }| "YeJolie uo
abeled jeusaixa wolj Buisue uoneyoxa Aiojeiqia ay) ‘sueaw [ealueyoaw Aq ‘eyeinwis o) paubisap si 1s9) siy| ‘0doog

1S31 NOILVHdIA 3401S 3131dINOD - ¢ 1S31L

*J ydesBeled ul pasLieluWINS 88 SUONEBLIBA IO} SUOSESY
(11L0Z S9) 89009 N3 Sg Ul UsAIB s}s8) uofjeigiA Wopuey pue [eplosnuig ay) o} Jejwis Ajledluyos) sainpeoold
sepnpoul 1s8) siy] ‘s|gejieAe Ajpeal sI uonewlojul paysiignd souls ‘ieydey) SIyl Ul passelppe Jou ale ‘sashjeue
[9pow pue ‘suonoun) asuodsal Aousnball Jo UONEUIWISIEP ‘SBYDJeas 8oUBUOSal SB UoNns ‘S)sse) Uoliesleloeieyo

suonejiwi] g adoog

}sal

Buliesulbug jeyuswiuoliaug g dnoio) padx]
ININFHNOO0Hd FONI43A JO4 NOILVZIALVANYLS

0l dOHSMHOM N3O



g9

uaym Jaleo ayy o) uonerdepe Joud Jo) sapiaoid ) : W)l 18] 8Y) JO Sapoll uoneidIA 8yl JO uolesLia)oeleyo -

: saseo Buimol|o) ayy ul [nyjasn Asan pue sidwis Bulaq
Jo abejueApe ay) 9ABY S}S9) UOIBIGIA |BPIOSNUIS B} SSO|SYMOASN "8Jnjeu WopUel B JO JI S9SBD JSoW Ul Yolym ‘asn
Ul paJajunooud aqg 0} 9|qel| JusWuolIAUS AlojelgIA By} Jo aAljeuasaldal Ajjelauab jou ale s}sa) uoljeligiA [eplosnuls ay |

‘NOILVHSAIA TVAIOSNNIS Ly AOHLIN
v B LY spoyjauw Jed isp €L 93 AVO

‘pJepue)s siy) jo G ydeibeled ‘suQ ped ul paquosap
spoyiaw 1sa) Alojesoge| Joy saulepinb [eieusb ayy Alddy O xipuaddy pue ‘¢ ydeibesed ‘euQ ued ul paquosep
ssaooud Bullojie} ay) uo paseq Ss|oA9| Jajaweled pue ‘sainpadosd ‘spoyjewl 109j9S |enuasse si bBulojie] :S8JoN

‘saseyd jybiy; 981y Jo abeLued yeiodie Buim
paxi} 0} | 8inpadoid Ajdde jou oQq -ejeudoidde se paidde agq Aew uoneiqia Juaisued) Jo alels Apesls "ajqedljdde
se 8]0A0 9)l| S,240)S 8y} JO suonod Iayjo 4oy ||| JO || ‘| ®INpa20Id 8SM "S9|ISSIW payoune| eas Jo punoib jo saseyd
b1 981} 8y} 0] puUE ‘S8I0}S JelolIe [|B JO SB[0AD 9| |ejuaWuoIIAUS By} Jo suoiod Jybiyy @84y pue abelued yelolie
Buim paxiy 0} Al inpaooid Ajddy Jybi4 @214 pue abeulen aanded 210)S Yelolly Pa|quIassy - Al 8Inpadold p

‘ol}sl|eal aJe saljquiasseqns
[Sl/81eW JO) BLISJIO YO0US pue uoneiqia ey} AjueA 0} is9) siy} Buunp pasinboe usyo aJe ejep painsesaw
‘JOASMOH 1S9} SIY} auljop 0] pasn Jou ale ejep UoleIgIA painseaw ‘A||BJausc) JUSWUOCIIAUS Sy} 0) |aliajew }sa)
8y} Jo asuodsal olWeUApP 8y} pue JUSWUOIIAUS UoljeIqIA 8U) Ylog JO uolie|nwis onsijeal ul Bupnsal ‘suoiipuod
90IAISS JO OAlelUSSDIdal SS0BLINS IOAO USALP SI S|OIUSA Sy ‘[oldjew }S8) 9y} O} UONe}oXa |edlueyosw
ay) apinold 01 adA) sjolyaa paloads ay) asn ‘einpadold siyl U] 8oIysA ay) Jo Ued |eibajul ue Buiwio) |jsus1EW
0] pue ‘ssew 8[oIyaA Jo uoluodoid ybiy e Buiwioy sbuidnoib Jo salquesse abie| 0] a|jgeoaldde si ]| "S8[0IyaA
payoeJ) 10 pojeaym Aq pauodsuel) JO paojelsul [alBleW Jo saljquasse abie| Aq palinoul JUSWIUOIIAUS YOo0oys
pue uoneiqian ay} ajeolidas 0} papusiul sI ainpasold siy| -uoneuodsuel| Alquessy abie - ||| 8inpadsold O
‘uledls) ybnod Buisiaaed sappiyan Alelljiw ul Lodsuel) obied 8soo| sjuasaldal
pue a|qelojie} Jou sI AJIaASS 18] 8y "|oIyaA BuiAlies ay) (Ul umop pal}) 0} PaINdas JoU pue SB|IYSA payoel} Jo
‘sJajled] ‘syonJ) uo/ul pallied aq 0) [allslew Jo) ainpasold siy) s "uoneuodsuel] obie) 8so00 - || 8inpadold ‘q
-a)elidoidde se paidde aq Aew uoneiqia
Jusisuel} Jo d)e)s Apea)g "edelalul WS }S8)aINIXl) 8y} Je wa}l }s8) ay} o} paldde sI uoneiqiA pue 1s}Ioxa
uonelqIA B 0} painoas SI W)l }S8) B 21oyM SOSBD oS0V} J0) | 8INpad0ld 9SM "UOKBIGIA |BJauds) - | 8iNpadold ‘e
"UOoI09|es ainNpadold

'(SS3) u9aI0g SSBJ)S |BIUBLIUOIIAUT
aoUBUSJUIBW pUB aInjoBJNUEBIA
"uoloeIBUI |aLBlew/wlofe|d
‘Bunse} A1ajes

suonejiwi] g adoog

}sal

Buliesulbug jeyuswiuoliaug g dnoio) padx]
ININFHNOO0Hd FONI43A JO4 NOILVZIALVANYLS

0l dOHSMHOM N3O



99

"uofeIqIA wopuel pueq apim uo pasodiadns '0jo (s)af ‘siojowl) swisiueyosw Alejol Aq pa2io) UOHBOXS By} -
(sJaLueo ||e) suodeam juasayip jo Buuly -
aous|ngJny JaAe| 1wl 8y -
sJallieo puej -

: Agq paonpoud euswouayd ay} sjdwexa 1o}
ulaouod ‘(zH 000S 410 ZH 000Z 0} ZH 0Z selouanbauy ybiy Jo (zH 00S 01 ZH G) spueq Aouanbauy wnipaw ay; -

"] ‘(JaLued Jie) aous|ng.n} ousydsowle ay) -

(48112 punoB) punoib ayi Jo Jjaljal ay) -

(|jossan |eaeu) [9ssan Jalied ay) Jo sig|jadoud ayy Aq pajelausb suoneiqia 8y} pue Bas ayj Jo alels ay) -
: Aq paonpoud euswousyd sy} s|dwexa 1o} sulaouod zH 0G 0} G'0 pueq salouanbaly mo| ayy -

. PaJapPISUOI SBSED 8y} 0)
Buipioooe ajqeuea si pueq siy} ‘suoneiqia wopuel pueq Aousnbal) apim Agq pasuaioeieyd S| JuswuodiAug Alojelqin ay |

- "lodsuel Jie Jo eas ‘pue| Jisy) -
‘alyunB ‘esn |eonjoey} J1vy) -
: Buunp sjdwexa Joj ‘ayoid ay 18y} Bulnp palsyunodus aq 0} 3|gel] JUSWUOIIAUS
Aiojelqia sy} ul Aposuiod ajelado Jo/pue A[einioniis pueisyjim o} sisuiejuod Jisyy pue juaswdinba jo Ajioedes ay) yoeyoH

'NOILVHGIA INOANVY ¢ AOHLAN
sajouanbauy paxi ypm Buipueisylipy - € ainpasold
(abueus uanlb e ul) Buideams Aouanbal) yum Buipueisylipn - Z 8Inpadold
yoJseasal salousnbaly [eo)ID - | 8INpadold
‘(seo1puadde
[eOlUBYOBW [EDIUYDS) |BJBUSL) 28S) pakojdwa ag ued mojaq paquasap sainpadold ay) sisa} ay} jo asodind ay) 198w 0]

"JB11IBD BU} UO UOlje|[e)sul JO SUOIJIPUOD 8y} 0} pue pald)|ll 8q }shw
Jey) jJuswuodiAue Alojelqin ay) o} a|qissod se ||lom se jdepe 0} suolnelqia jsuiebe uopelnsul Jo juswdojaasp -
sued Bupejod Jo slojow ‘sape|q
Jsjjodoud jo paads uonejol : sapuanbayy jenualeyald pauysp APes|o yim Jauled e uo pajunow juswdinba -
uawdinba Buidojanap 1siym sisa) Bngap : siosss ubisap pue s)ne} [ealbojouyos) Jo uoneolpul -
Sapow UoljeIqIA 8} JO Saneauluou ayy jo Apnis -

suoisnjuod Aouanbauy

[eono ajgesbewep Alybiy spioAe pue ‘sjsa} uoneiqia Aq pue Buipiooas Ag umouy SI JUBWIUOIIAUS NJIS Ul 8U}

suonejiwi] g adoog

}sal

Buliesulbug jeyuswiuoliaug g dnoio) padx]
ININFHNOO0Hd FONI43A JO4 NOILVZIALVANYLS

0l dOHSMHOM N3O



L9

"‘gouewJopad [einjony)s Jo/pue |euoijouny syl Jo uoliepelbap ajqeidsdoeun JNOYHIM JUSWUOIIAUS alyunb aAiledal
8y} 1sisal 0} Aoenbape sy sjesisuowsp 0} palinbal s [susjew asaym o|qedldde si poyjow 3se} siyl “uopneolddy
"suolipuod |euoielado payoads ay) Bulinp ‘[BlBleW paj[ed Jajealay ‘sjun pue sjuauodwod ‘swasAsgns
‘swaisAs Ag pauinoul asuodsas juswuoldiaue aliyunb ay) ayeoldals 0} SI poylew }s8) Siy} Jo asodind ay] -esodind
S0 AOHL3IN 00¥ d1O3V 0.EY OVNVLS alyung

‘spoliad aw pajels Joj Aouanbaly Jo uonoun) e se sapnjijdwe uolela|adde
8QlIOSap 0} Pasn SI 8|NPaYds WId) aY| "SSIOIYSA [BOI}OB]} YIM PBJBIDOSSE JUSWUOIIAUS Uolelodsuel} pjal 8y} ajeinwis
1Byl sajnpayds uonelqia Aiojesoqe| Buidojgasp ul PaAjOAUl SBnbiuyos) pue suonelsapisuod ay} sjussald JO1| Syl
'S3TNAIHOS NOILVHLIINA AJOLVH04aVv1 40 LNJINJO13AIA 050-L-L dOU
Juswdinba jeando pue ‘yuswdinba |esjueyosw ‘quawdinba ojuonose (s9|ISSIW
pue sjoyo0l uoddns-asojo Buipnjoul) uoniunwwe 0} Aldde s}sa) ay| SjUBSWNOOP Sjuswalinbal yym 82UBWIOJUOD
10} pajenjeAs ale wWa}l }sa) 8y} JO uoneolqge; pue ubisap ayy sysa) asay} jo uoneoldde ybnoay | ‘sieydoolay Jo saoIyaA
puno.b uoyul pajjeisul Juswdinba Ag pasusiadxe JaWUOIIAUS UOHRIJIA-|EDI}OR) BY} S)e|nWIS 0} }S8) UONBIQIA paonpul-
uoneoldde ue ‘puooss pue ‘syuswdiys [eonsibo| Buunp obied painoas se |ausiew Auly Jo uonelodsued) ay) ayeinwis
0] 158} obJed-painoas piaiy/uoiIssiw e ‘sli :Alojeloge| ay} ul pajoNpuod S}sa} uoleiqgia Jo sadA} om) saquosap Ol SIUL
'S3TNAIHOS NOILVHIINA AJOLVHO4aVv1 L09-¢-L dOll
"wIv)sAs ay} ul wnJjoads uoieIqIA-pUB-YO0YS By} Ja)je Jo ubisap
ul Juswanoidwil SAIIONIISUOD O} SISE] B UIB}JO 0} SONISH8JOBIBYD 9ONpal O} J8plo Ul 9S8y} aulwliajep 0} jueuodu
s 3 uawdinba ayj Jo 91942 8)1] 8Y} Ul UOKONPal B|qelapisuod Buisned ‘Ybiy ale smalo yuey pue sjusuodwod ‘S9IoIYaA
paxoel) JO S[9AS| UOIBIGQIA PUB YO0US "S8SIN0J pa}os|as JaAo uonjesado Buunp juswdinba pieog-uo Buipnjoul ‘sajoIyaa
poyoel) JO S|9AS| UuOoneIgIA pue M}Ooys |edlueyosw oy} Buluiwisyep 4o} sainpadsosd 8y} S8quUISSp juswnodop Syl
‘NOILVHGIA TVIINVHOIIN FT1OIHIA AIHNOVHL 808-¢-¢ dOLI
0S0-1-1 pue L09-2-1 ‘808-2-¢ dO.LI

"‘Buimo)s Jnoyym pue| uo Jpodsued) - G 8INpadoid

sol|quasse ab.e| Jo pue| uo podsuel) - § 8INpadold

uonelado ul jou juswdinba JoO S)S8) UoljBIgIA - € 8INPad0Id

}s8} aJyunb - g ainpagoid

uonelado ul Juswdinba uo 1s8) UoleIqIA - | 8INPBJ20Id
: paiidde aie sainpasoid Buimoljoy ay) ‘1s8) 8y} JO Wie sy} }8auWl 0} Japlo U]

suonejiwi] g adoog 1S9

Buliesulbug jeyuswiuoliaug g dnoio) padx]
ININFHNOO0Hd FONI43A JO4 NOILVZIALVANYLS

0l dOHSMHOM N3O



89

"JUBLIUOJIAUS 2}SNOo. 213198ds e 10} 8inpadoid
1S9} B JO U01}08[as ay} uo asuepinb [euonippe apiacid 00z PUB 001 Sd1D3IV ©2us|nNgJn} SIWBUAPOISE JO UolBINWIS 8Y}
JO} UONBJIOXD JOJRIGIA [BOIUBYOSW 0} 8oUaJdjaid Ul pasn S| UOIIEJIOXd 8SI0U O1}SN0Jke alaym |audlew Joj ajqeoldde osje
Sl }| "@ouewWIOPad |BINIONJS JO/PUB [BUOIOUNS S} JO Uoiepelfap a|geidasdoeun INOYJIM JUSWUOIIAUS J1}SNOJE paloads
ay) 1sisal 0] Aoenbape sy ajessuowsp 0} palinbal s jpusjew aloym gjgeoldde si poylew 1s9) siy| -uonesiddy

‘suonipuod |euoljelado pauoads ay) Bulnp ‘[usjew pajed Jayealay ‘spun pue
swalsAsgns ‘swalsAs AQ palindul JUSWUOIIAUS 21)Snode 8y} ajeslidal 0} sI poyjaw 1s9) siy} Jo asodind ay| -asodind

3JSION OI1LSNOJV 20y AOHL13N
€LY ® 20 AOHL3N ‘00¥ 103V 0LEY OVNVLS

uoneliqin
R ainjesadwa |
YHM pauiquod
9SION 21)shooy

"a|ge|ieAe ale ejep palnsesw
ouU aJoym AJIaAss s8] pue juswuodiAue aiyunb yelosie pajoipasd jeniul ue Joj aouepinb sepinold g xsuuy elep
painsesuw Jo 8ouasqge ay) ul aiyunb yesolie oy sjeudoidde osje sI | 8INPad0Id ‘|9AS| UONBIGIA Wopuel painsesw
alanes J1sow 8yl aAaoge Apybls Ajuo 1uswuolIAUS BJiJunB uoleIgIA WOPUEL B 8]BdIpul |au8lew ay) Jo sjuiod piey
ajeldoldde e elep painsesw pue ‘uone)oxs aliunb ay) Wolj Ue)SIp SI [aL8lew 8yl uaym ajgeoljdde si A| 8inpadold

‘|| PUB | S8INPad0Id JO asn 8y} apnjoald suonelwi| Ajjioe) 1$8) aJ1aym pasn aq ued
|1l @Inpadoid ‘ing -uonessuab wiojeaem juaisuel) xa|dwod se yons ‘sanbiuyos) SYS Buisn Ajesioaid se pajejnwis aq
Jouued sofsisloeIEyYd asuodsal aJunb ulewop awi} [al8}ew asneoaq || PUe | S8INpadoid O} JOLIBUI S| ||| 8inpadold

"yibus)
1sing auyunb pue uonesiwopuel asind o) psebas yum Ajjiqixaly Buipinoud o) uonippe ul asuodsal olweuAp |suslew
Buneorjdal jo Aoeinooe poob sapiaoid JI 8snesaq ainpadold 9|gelns }1SOW Puo2as 8y} SB papusLIWLODIal S| || 8INPad0id

‘louslew ay) Jo asuodsal olweuAp ay)
o uoneoljdal 8jeinooe 1sow sy sepiaold )l esnedaq ainpaooid 18] 8|qelins JSoW 8y} S papuswWo9al si | 8inpsdold

uonelqip
(4OYgN) wopuey uo wopuey pueq moieN ‘(YOS) wopuey-uo-auig ‘wopuey [aAa7 UYbBiH Al @inpadoid
(SYS) wnuoadg ssuodsay Yooys asind aAnnaday ||| 8Inpadoid
as|nd (onseyoo}s) jenpisay snid (onsiuiwialap) uesjy - as|nd aaniaday pajelouss Ajleonsnels || 8inpajoid
ejeq asuodsay [auslel\ painses|y Jo uoionpoiday 10a1ig | 8inpadold

"}$8) JOAO 1O }$8) JOapUN 3J8A8S B Ul Jnsal Aew uoljoajas ainpadold 1s9) Jadoidw| Juswiuodiaug aliyunb ay) ajeoidau

0} Ajj1oe} 1s83 8y} Jo Ajljige ey} uo paseq aoualaaid Jo JapIo Ul UsAIB ale sainpadold ay| "sainpadold 1S9 JO 8210y

"alipunb 0} anp s}oays ainssaud jse|q 1o ainjeladuwia) a)e|NwWiS 0} papusiul JoU SI Poylaw }Sa) SIYy | Wwa}l 18}
ay} 0} uoneuoxa alpunb ayy jo uonesidde Aioyoejsies ay) JuaAalid Aew jey) sjulesisuod |eaisAyd Jo suoljeyiwi| ainixly Jo
asneosaq asuodsal JUBSWUOIIAUS aliyunb ao1AI8s-Ul [euoljelado [enjoe sy} aje|nwis 0} 9|qissod aq jou Aew }| ‘suone)wi

suonejiwi] g adoog

}sal

Buliesulbug jeyuswiuoliaug g dnoio) padx]
ININFHNOO0Hd FONI43A JO4 NOILVZIALVANYLS

0l dOHSMHOM N3O



69

0) o|qesedwoo ale suoisuswip asoym swa)l 1yblemiybi| AjoAne|al epnjoul 8siou 213sSnNoJe 0] aAlIsuas Ajejnolued sway|

"UOI}B}IOX® |BdluByDaW
Aq paonpoud jey; 0} Jualayip 8q Aew asuodsal ay) pue uawidads ay) uo Apoalip abuidwi suonenjonyy ainssald ‘piai
asiou 2nsnooe ayl u] -Juswdinba pue sjusuodwod ul uoneliqia Juesiiubls eonpoldd Aew 8SI0U 2)}SNOJY “UOIONPOJU|

§9-2-89009 O3I/N3

"S|oA9)
pue sa|joid 1S8) aulWIs}ep 0] ¥ Xauuy Ul pajussaid SI UOIBWIOLUI JUSIDIYNS ‘S|ge|ieA. Jou ale ejep 1Bl painsesw
USUA\ WV XBUUY Ul USAIB SI UONBLLIOJUI UOIBALISP 3|IJ0Jd "SUONIPUOD UOISSIW pue aouewlouad Jeldlie ‘uone|eisul
uelsolie ‘adAy aio1s Aq peousnjul ale sajijoid pue sieleweled ay| |eob ay) s uonenwis asioaid e aisym ejep pjall asn
0] wepodwi Aenonued s 1| "s|aA8| 1s8) dojeAsp 01 pasn aq pjnoys ejep pjall ‘|eanoeld aisyp) “Bleq painses|y Jo asn

"@s10U 21)Snooe ay) Yum Apoadip BuloeLislul seinjonas [jays uiyl buiroud
10} 8|gelns Ajlessa0auU Jou S| )l ‘8ous|ngJn) dlleuApolse Jo uonenwis ay) Joj pasn si 1s8] SIYl aJayp) ‘suonenwiT

“JUBWIUOJIAUS Dl10ads
e Joj ainpaooud 1S9} B JO UoiOsIes a8y} uo asuepinb [euoiippe apiacid 00z PUe Q0L Sd1D3IVY "suonipuod bl ajissiw
Bunp paonpul 8soy} Se Yons ‘SJUsWUOIIAUS UOHBIJIA J8Yl0 JO uoie|nwis ay) 0} a|qediidde aq osje Aew poyjow 1s9)
siy} Jo sojdiould ay| -edouewlouad [BINJONJIS JO/puUe [BuOOUN) S} JO uonepelbop a|gejdaddeun JNOY}JM JUSWUOIIAUS
payoads ay) 1sisal 0} Aoenbape s} ajeljsuowap 0} palinbal si [pusjew ataym a|gqeodldde si 1s8} siy| -uonedlddy

"sa[iyoid uolssiw Yyeuolie oyoads Buunp asiie Jey) sesuodsal
ainjesadwsa} pue uonelqia 8y} ul sebueyo ay) Buionpoidal Jo ajgeded osje sI poylew 18} 8yl ‘Wa)l 18} 8U} JO spun
[BUIBIUI BY} Ul sesuodsal [ewlay} pue [eolueyoawl palinbal ayj 8onpoid 0} MOjjIe PaUOIIPUOD pUE UOIRIGIA [edlueyosw
UM UONE)IOXS 8SIoU DIISNOJE SaUIqUIod Poylaw 1S8) SIY) ‘UoHEINWIS 8]BINJ0E UB SASIYOE O] "SUONIPUOD |euolielado
paloads ay) Buunp yesode souewsopad ybly uo Ajjeuislxe pslIEd UsUM S8|ISSILU pue Salols JO ‘|alslew pa|ed
Je)ealay ‘uswdinba [BUIBIUI Y] Ul PEONPUI JUSWIUOIIAUS 8] a1eolidal 0] SI poylaw 1s8] siy) Jo esodind sy "esoding

NOILVHdIA ANV FHNLYHIdNTL HLIM dINIGWNOD 3SION J11LSNOJV €Ly AOHLIN

8SION 21ISN0JY 8ouUBUOSaY AlIARD ||| @Inpado.d
8SION 211SN0oY 8ouspiou| Buizels) || 8inpadoid
8SION 21}SN02Y pj8l4 asnyiq | 81Npa20Id

:SMOJ|0} se pajuasald ale sainpadoid 931yl ‘00l 4103V
Ul paqLIDSap Se 9|jold [BlUBWUOIIAUT 9J9AD 8)I 8Y} JO UOIJBISPISUOD WO} payijuapl 8q P|NoOYs SIJUBWUOIIAUS 8Say |
‘asodind 18] pue SJUBWIUOIIAUS J1}SN0J. 82IAI8S-UI 8y} Aq paulanob si ainpasoud js8} Jo 8210yd ay] ‘sainpadold 1sa]

"8sI0U 211Snooe ay) Yum Apoadip Buioepeiul sainonus [jays uiyl Buinoud oy s|gelins Ajuessaosu
10U SI )1 ‘8ouU8s|ng.in] dlwWeuApolae JO UoBINWIS 8y] 0] pasn SI 1S8] 8SIoU 2SNOJE plall asnyIp & alayp) ‘suonenwiT

suonejiwi] g adoog

}sal

Buliesulbug jeyuswiuoliaug g dnoio) padx]
ININFHNOO0Hd FONI43A JO4 NOILVZIALVANYLS

0l dOHSMHOM N3O



0.

0] JueAS|al SI poyleWl 18] 8y 'SeinionJ)s pa|quiasse JO 90eLINS 8yl JoAO 8ous|ngin] olweuApolse Ul 1sIXxe se yons
‘@ousploul BuizelBb 1e suonenjon|) ainssaid SAIJOSAUOD JO S}oale ay) ajeolidal 0] sI poyjaw 1s8) siy) Jo asodind ay|

'389N1 IAVM FAISSTHO0Hd V ONISN 1S31 ISION OILSNOJV 6N 1S3L

OSION 21}SNOJY, - Z0Y POUIBIN ‘Z UonIPT ‘00% 103V ‘0/£¥ DVYNVLS J0 suoioss ajeudoidde
oy} syuswa|dwi poyiew Ise} sIUL "G661:59-2-89009N3T Sg 0} Jejiwis A|[eoluyos) si }sd) 8y JusdS8|0SGO MOU SI YoIym
00l € Sg Ul 1S9} ,uoneiqgiA 213SNodY, 8y} woly padojaasp usaq sey 1S9} SIY| 'SWo)sAs Jayeys OlWeUAp-01109]9 JO
sueaw Aq sjuiod paxiy Je uey} Jayjel uoleoxs onsnooe aynguisip Aq juswdinba ojul uoneiqia 8onpui 0} ajqesaaid si i
aloym ajqeoljdde osje si s8] 8y "asiou 213snode Ajisuaiul ybiy Jo saaunos Jayjo pue sjueld Jamod ‘sojoiyan aoedsoloe
Aq peonpoud jey) se yons pjal} 9SIOU J1ISNOJE UE JO |SLdJEW UO S}O8i8 8y} dulwialdp O} pajonpuod S| 1s8] Syl

"HIFGNVHO NOILVHIFGHIATY V ONISN LS31 3SION OILSNOJV 8N LS3L

OLIN ® 61N ‘SIN LS31 S€-00 NV.1S 430Q

‘suswiioads Jo aoue)sisal anbije) Jo ssaulsNgod [eslueyosw ay) Buiysijgelss Jo sueall e se pasn aq os|e
Aew }s9) JO spoyjaw a8y} ‘saseo awos u| “AJjiqejdsooe Jisy) apiosp 0} ‘uoneolioads JueAs|al 8y} Yim uonounfuod ul
‘uoljewloul Sy} 8sn 0} pue suswioads Jo souewlopad ay) Ul uonepelbep Jo/pue SSBUNESM [BOIUBYDSW SUIWISISP O]

‘paJinbal Ajjewiou jou aJe S}s8} 21)Snode gp 0Z] UBY) SSO| JO SJUSWIUOIIAUD |[9A3] ainssald punos 1o “pajoalgns ‘aq
0} 9|qgel| SI JO ‘Sl I YdIyM 0} JUSWIUOIIAUS [9A8] ainssald punos payioads e Ag pasned uoljeiqin puejsyym o} uswioads e
10 AJjIge ay) aulwia}ep 0} JopJo Ul S}1S8) 213snode Bunjonpuod 1oy asuepinb pue sainpasold piepue)s apiaoid 0] 198lq0

‘uoljeAlasuod Buleasy jo juiodpue)s ay) wody a|qissiwiad se papiebal [aA)] e 0} 1s8) ay) Buiwiopad
siojesado Jo ainsodxa asiou ay) pue uonesado Alojesedasd eonpas 0} usye} aq 0} pasu sainsesw sjeudoidde
‘Bueay uewny o} Buibewep Ajenusjod aq 0} ybnous ybiy aie Bunss) Buunp BuIND20 S|AS| d1ISN0oE 8y} 82uUIS

"9sn papusjul s}l pue uswioads sy} Jo ainjeu sy} Jo JuNoooe Buye) ‘AJlIeAss Jo sanjeA pue 1s9) Jo poyiaw ajelidoidde
Jsow 8y} 109]|9s 0} pajoadxa s| uoledlloads JueAs|al By} JO JSlIM Byl 89009 D3| Jo Hed siy) ul papiroid souepinb
8y} uo paseg ‘uswioads a8y} jo Jaseyoind oy} pue Jaiddns/iainioeinuew ayy Ag yjogq pasiubooss aq pinoys siy)
pue juawabpn( Buliesuibus Jo aa1bop uleLsd B spuewap 8SI0U 21}Snode Ag pasned uolelqiA JO S}oay8 ay) Jo) Bunsa |

"'smoy} seb pajesedas Aloojan-ybiy woly Bunnsal 9ousinginy Aq pasnes asuodsal uolje}ioxs ay) aje|nwis 0} pasn
aq os|e ued pue saseb g|qissaldwod ul Buiss) osnooe Yum sjeap pepuels siy] 0}e ‘siojejnalio seb pasamod-ybiy
‘slojow 19004 ‘swaysAs uoisindoud yeuoldie 1ayjo pue saulbus 8l Aq pajessusb aq Aew sjaag| ainssaid punos ybiH

"UOIB}IOXd |BOIISNOOR pUB |BOIUBYOSW SNosue)NWIS 0} pajoalgns aq Aew uswioads a8y} ‘SUOIJIPUOD B2IAISS Japun ‘jey}
pajou aqg p|noys }| ‘s|eAs| ainssald punos ybiy JO suonipuod ul uoiduny 0} palinbal Jo/pue 0} pasodxa aq 0} 9|qel| ale
yolym ‘,suswioads, se 0} pailajal Jayeulalay ‘syonpoud Jayilo pue uswdinbs ‘sjusuodwod 0} sjgedldde si 1s9) SIy|

"0} ‘sjuswale |eondo ‘Buuim ‘spieoq }inodio pajuld ‘saoiaep oluoJ}oale ‘sjaued Jejos pue
seuuajue ysip Se yons ‘Mo| s! eale Jiun Jad ssew asoym pue jsaliaiul Jo abues Aousnbal) ay) ul yibusjeaem o1)SnNooe ue

suonejiwi] g adoog

}sal

Buliesulbug jeyuswiuoliaug g dnoio) padx]
ININFHNOO0Hd FONI43A JO4 NOILVZIALVANYLS

0l dOHSMHOM N3O



L.

'saoepns ups Buoje uonebedosd anem oisnooe/moy) sjuasaldal Aj9sojo alow asiou o1snooe aouapioul buizelb
‘asiou jal J0 @ous|ngn} olweuApoiae 0} pasodxa SUS [BUIB)Xd J04 "ajeulwopald sainjonis BuieiqiA wol uonelpel
-2 pue UuoIjOd|4al [ED0] DIBYM SSIIABD |eUIBUI Ul SOIISnode sjuasaldal Japag aslou 2ljsnode plal asnylp ‘ojdwexa
104 ‘synsaJ 1s9) Bupaidisyul ul se ||om se Ajjloe} 1s9) pue adA) 1sa) e Buisooyo usym suoljeliwl 9say} JopIsSuo)

,-onsnooe, se passe|o sbuipeo| ainssaid Buiienjon)) [eal sy Jo Auew wouy Jusiayip Apueoiiubis aq ueo spial) onsnooe
Alojeioge| sny| "SJUSWIUOIIAUS 21})SNooe Alojeloge| JO [04Ju0D pue uoionpold JoL)Sal suolje)wl| [eSIUydS | "SUoie)wIT

"90U9|NQg.N} dlweuApoloe
JO uUoneNWIS 8y} JOj UONBHOXd UOHRIQIA |EDIUBYDSW O} 9oualajald Ul JO YlIM UOIBUIqUIOD Ul pasnh SI UOIJe}IoxXa asiou
21}SNOJE 8JBYM Pa}edo| |a1ialew Joy a|qeoljdde os|e si 1S9} SIY| "JUSWUOJIAUS BSIOU D1}SNOJE 8I9A8S B Ul DAIAINS Jo/pue
uonouny }SNW YdIym ‘|jausjew pajieo Jayealay ‘sjun pue ‘swalsAs-gns ‘swaisAs 0} ajqeoijdde si 1s9) siy] -uonedljddy

‘AuBajul jeanjonais Jo/pue aouewlopad jeuonjouny si jo uonepelbap ajqeidasoeun JNOYHIM JUSWUOIIAUS
onsnooe payoads ay) jsisal 0} |audjew Jo Aoenbape ay) sjelisuowsp 0} pawlopad S| 1S9} 8Siou 21)Snooe ay ]

JSION O1LSNOJV G1S AOHLIN

€29 ® G515 AOHL3IN 4 018 ALS TIN

‘poylaw 1s8] pJepuels ysig jusjeainbs ou si aiay] ",uoneigiA pue ainjeladwa) Yum pauiquioo asiou
oSNOdY, - €L POYIBIN ‘Z UolIPT ‘00F dLO3AV ‘0S¥ OVNVLS sjuswaldwi poyjow }sd) siyl "S|Issiw Jo uonleiqin
b1y @314 youne| 1sod se yons SjUSWIUOIIAUS UOIJRIGIA JBYO0 JO uonenwis ay} 0} o|gedlidde aq osje Aew poyiaw }sa)
siy} Jo sajdiound ay| “selobaleo 1s8) Jaylo 0] ajgedlidde si )i ‘Bunsel Ajljigeradl 1oy Ajuewiid papusiul SI poyiaw 1S9} Siy)
ybnouyyly "eouewlopad |einjonss pue [euoiouny s) Jo uonepelbap sjgejdesdoeun JNOYIM SUORIPUOD [BJUSWIUOIIAUS JO
suofeulquod payoads ay) puelsyyim o) Aoenbape s} ajeljsuowap 0} palinbal s jsusjew asaym a|qedijdde si poyjow
189 siy] "yesodie souewlopad ybiy Buim paxiy uo Ajjeulsixe paled suodeam auloglie pue sa|issiw ‘sa10)s Aq palinoul
ainjesodwa) pue 8ouUs|NQIN} JlWEBUAPOISE JO S}08YS paulquiod 8y} ajedlidal 0} sI poylaw }sa) siy) jo asodind ay|

'NOILVHEIA ANV FHNLYHIJWNIL “DILSNOJV A3INIGINOD 0N 1S3L

"paonpul Ajledlsnode uolelqIA Z4 ¥s91 G9-2-89009N3
Sg 0} Jejiwis Aj[ed1uyos) si ise} ayL "8SION diSN0dY, - Z0F POUIBN ‘Z UOHIPT ‘00% d1O3V 0/E7 OVNVLS JO suonoes
ajeudoidde ay) sjuswajdwi poyjaw i8] siy| “sesuodsal uoneiqin Aouanbaly ybiy sjelausb 0y pasinbal sI uoneyoxs
onsnooe alaym ‘(zo-z Jeydeyn ees) Jso1 uonelqip alo)g a1ejdwo), - ZIN 1S9l 0} Alejuswa|dwod se palapisuod
8Qq Os|e ued }| "Jamod 2d13snode pajiwll YIM S|9A3| asiou dnsnode ybiy ajessusb 0} padinbal si ) aiaym paussjaid aq
Aew 1] ('g0-g J1eydeyn 99s) Jaquey) UoBIagIoAayY B Ul }S8] SSION 211SN0dY, -8\l 1S91 0} dAIjBUIS)E UE SEe palapIsuod
8g ued pouyjew }sa} siy} suoneoldde sjeudoidde 104 “AlUO BpIS BUO UO }SIXd |[IM UONBHOXS SIBYM S3l|quasse
[dued jelosie o} uoneoldde eAey osje Aew poyldw 1S9} SIY] "SO|ISSIW puB SBI0)S duJogile pauled Ajjeulaixs
apnoul suoieoldde yong "a2euNs [BUIBIXS [B]0} 8Y} JO [|B J0 Med 8)I0Xa ||IMm 8ouajngin} OlweuApoiae aiaym [sLajew

suonejiwi] g adoog

}sal

Buliesulbug jeyuswiuoliaug g dnoio) padx]
ININFHNOO0Hd FONI43A JO4 NOILVZIALVANYLS

0l dOHSMHOM N3O



¢l

‘Juasayip aJle syjed asoym suibLio o13snooe pue [edjUBYDSW JO SUlel)S pue sassalls 0} pajoslgns si juswdinbe ay; Ji 1s8}
uonelqIA [eolueyosw ay) 0] Alejuswa|dwiod aq Ued 1| “JUBLLIUOCIIAUS SIYl Ul A108.100 8)elado 0] Jo ‘uoljelado ul Jou uaym
JuswuolIAUS SIy) Moddns o) Juswdinba Jo wa)l ue Jo Aveded ay) ¥08yo 0} SI 1S8] Uolje.qgIA a13snode ay) Jo asodind ey

87 POUISIN ed IsiL €1 O3 NVO

‘pJepue)s siy; jo G ydeibeled ‘suQ ped ul paquosap

spoylaw 1sa) Alojesoge| Joy saulepinb [eieusb ayy Alddy O xipuaddy pue ‘¢ ydeibesed ‘euQ ued ul paquosep
ssao0.4d Buuojie} ayy uo paseq s|aA9| Jojdweled pue ‘sainpadold ‘spoyjew 108|9S ‘|eiuasss si Buuojie] :8Jo0N

‘Bunysal Ayjigeljal 0} pajejal sjuswuodIAuS alnjesadwa) pue ‘01snooe
‘uoljelqIA paulquiod 8y Joj ey} jdeoxa ajjoid 819AD 8 8yl Jo sjuswalinbas ay) Ajsnes o) 1se) Auy O
‘Aubajul
|elnionJ)s 4o} sjusuodwod [Binjonuis Jayjo 1o swelpie 810)s e Jo }$8) uonedyijenb ubisap |ejuswuoliAuS Uy ‘q
‘(apniny ‘uonelgiA ‘Aypiwuny ‘ainjesadwa ] ‘Z'02S Poylew pue
No0ysolAd ‘/1G poyldW HO0ys ‘G'9LG PoYldW BSION OBSNOdY ‘G'GLG POYIdW [UoheIgIA ‘G¥LG poylew
‘{uonels|eddy ‘G'SLS poylaw ‘AlpiwnH ‘¢°20S poylaw Hooys ainjeladwa] ‘pe0S poylew ‘ainjeladwa |
MO ‘$'Z0G Poyrew aunjesadwa] YBIH ‘v LOG pouylew epnily ‘'00S poulew a9s Bunsse) yons 1o4)
‘Aljeuonouny 4oy sjusuodwod [enpIAIpul S JO Aue JO 2J0]S B JO 1s9) uoledlyijenb ubisap [ejuswuolIAUS Uy "B
210} @pinoid 0} papus}ul JOU S| poyldw Siy] “SUOiB)WIT
"Blep }nsal }s8} oy} Bunaidisjul usym pajou aq jsnw ainsodxa
yons JO S}08[e 8y} pue alojs ay} Jo ainsodxd ainisiow ul sabueys aonpul Aew uonelea [ewJssayy ‘Bunssl sy jo ued
[BJUSPIOUI UB SY ‘JUSWUOIIAUS ainjeladwa)/olsnode-oIgiA B Ul AJI[euoljouny J0) 810)S 8y} UIYIM Sal|quiasse |edlueyoaul
-0JJ09[8 JBUJO pue SOIUOJIO9I8 1S9} 0} Ajuewnd pspusjul SI poyldw siy} ‘salois palued Ajanded Jo4 -uopeolddy

"(3s9) uosuedwon 821n0g) syun ayj jo sjdwes
|lews e jo ainjie} 0} awl} Swa}l 1S9} ay} uodn paseq syun Buowe Ajjigelal aAle|al 8y} aulwlayep 0] ‘9
"(3s9] @oue}daooy 107) s}un ay} Jo a|dwes |[ews e Jo aJn|ie;
0] awi} s,wa}l 1$8) 8y} uodn paseq sjun Jo 10| e Jo (491IN) 8Injied usamjag awi] UBS|\ a8y} 8jewiiss 0] p
‘(3s91 Bulusalog)
Alqwasse jo aoe|d ay) saAes| yun uononpoid e alojeq Ss1o9jep jusuodwod 10 diysSuewIOm [eaAal O] O
"(3s9) uonessuowa Ayjigelay) wawsalainbas Ayjigelal payoads e syeaw ubisap e Jayjpym auiwliayep 0] °q
(189} (4vV.L1) XI14 pue ashjeuy ‘1s9] ) sassauyeam ubisap 081100 pue [eanal 0] ‘e
:sasodund Buimojjo) 8y 0} pajousal Jou Jng ‘Joj [njasn aq Aew
uoneulwlislap yong ybiy Auued aandes Buunp selo)s Jelddie palied Ajjeulaixa uo alnjesodws) pue ‘asiou dljsnode
‘uonelqin Jo sjoaye onsiblouls oy} aulwuslep 0} pawldopad si ainpadoldd ainjesadws)onsnode-oiqgia 8yl “esodind

FAN1LVHIdINTL/OILSNOIVY-OHIIA €25 AOHLIN

suonejiwi] g adoog

}sal

Buliesulbug jeyuswiuoliaug g dnoio) padx]
ININFHNOO0Hd FONI43A JO4 NOILVZIALVANYLS

0l dOHSMHOM N3O



€L

2I0]S ‘awelMie a1 Joj buunixiy ejenbape selinbal uoneiqiA 184Ng JO UOHENWIS AlOJeloge| 8]einddy ‘Suoneju

‘uolslo) pue Buipuaq Buim yesouie woly Buisie uonow Apoq pibiry

uswdinba abelued syl Jo Ajjigixals 8yl wody Buisue 810)s ay) Jo uonow Apoq pibry

‘Buipuaq 2101S Y)Im pajeloosse ag Ued sepowl 8say] 'zH 001

uey) sso| sapowl Aousnbaly mo| ssassod ued ‘uole|jelsul 1By} JO ‘810)S aU} JoYIe asnesaq salols ofjes joadse

ybiy s|qixayy Joy onews|qosd aq ueod joyng ‘osuodsal uoieiqiA Jo apnyjdwe sy} souanjul IM S10}S pajeisul

ay] Jo pue yJelosle ay) Jo solslIeoeIRYD Bsuodsal |epowl 8y "soisueloeiey) dlWeUAq alo1S pue yelody

‘'sasuodsal paonpul 18ng Jo apnjiubew ay) pue JnoiAeyaq asuodsal olweuAp

[ledoAo 8yl @ousnjul osje pue BuliAnaouew ul Ajjibe s) @ousnjjul |IM JeIodie 8yl Uo pajjelsul peo| uodeam

Jejnoijed e JO SSew paulquwod [Bjo} 8yl 'Salo}s abejasnj-lepun uey} UONE}OX® Jayng alJow aousliadxe

Ajlessuab sau0)s pajunow Buipy 1ung 03 Ajjiqndaossns 8y} sdusnjjul [|IM BI0}S dU} punole Mmojuie ay)

ul Juasald sal0)s Jay}o JO Jaguinu pue Jelddie 8y} U0 pajunow S| 810)s ay} uonedso| ay "uoneinbiuon yesdly

"9J0}S 9} Ul UOIJBIIOXS UOIJBIgIA [BUORIPPE S8oNPUI JBy) S82.0} OlweuApoliae pue ‘[euonelrels

‘lebnyyued woly Buipeo] ul }nsal saianaouew paads ybiy Jo jJequiod Jelodie uonelnp JOYS "UONRHOXD

Aouanbaly mo| Ajjueuiwopald sI Mojuie jusjngin} a8y} Jo ainjeu ay| "a10)s oy} 0} ABisus uoneiqia Buuedw

SNUY] ‘WealiSUMOp J8X2IY]l pue jusjngin] SaWwo2aq 1Yl 8S0U 810)S 8yl Je WO} [IM Jake| Alepunog Y "seoeLns

pesodxa J1aA0 MoO|} olweuApolee Aq paloxs aq |Im saliols ‘1ybll) [eas| pue yblens Buung 18ynq ul 810]S

oy} Jo asuodsal ay) Buousnjur Joyeweled Aay e si yelodie }soy ay} JO yoeye Jo 9jbue ay] -uonipuod ybi4
‘sJ0)oe}
Buimojjo) ay) uodn Ajewnd spuadap 810)s a8y} UO UOHBIGIA PAONPUI Y] JO JUBIXd 3y "Spoylaw }sa} pasijelausb 1oy
9|geyns jou pue ‘alo)s Jejnoiued ay) Jo s|ielap |ednjonds ayy uodn Juspuadap Alybily ase sasuodsal yong ‘paddinbas i
sul} 210)s pue sjpued ups 210}S a8y} JO UONBHOXS By} SI }8NQ Ul UoneIgIA 810}S JO 82In0s a|qissod Jayjouy "salojs Buim
J0 abejasny pauled Ajjeulaixa ay) Buipnjoul ‘sainionys yelolie uo Bunoe ainssaid dlweuApolse Apeajsun Jo }nsal e
SE SIN000 UOIjBIgIA }aNng "aJnjonJis Jo/pue aouewlouad alojs ay) jo uoiiepelbap ajqejdaooeun jnoyum Ajgjes uolelqia
124nq }sisal 0} Aoenbape ajesnsuowap 0} palinbal ale salojs aloym o|geolidde sI poyjow }so) SIy| "passalppe osje
ale sopow UofeIqgIA 210}S 8y} pue abejasny Jo Buim Jelolie JSoY 8y} Usamiaq UoIjoeISIU| ‘PasSSNISIp aJe Uoljedo| pue
‘ssew ‘onel 10adse ‘adA) a10)s 0] anp S108ll8 BAIIR|a] BY) pue palnuapl aJe 18)ng a1elauab jey) seianaouew ybij sy
‘sio)oe] Buneaelb6e pue ‘sesned ay) ‘uouswousyd 18)JNg SY] JO UOISSNISIP S8pNnjoul poylaw 1s8) ay| ‘uoneolddy

‘JUsA® 8y} JO uonelnp
Hoys ay} Jo asneoaq (uoneiqip) L0y POUIBIN WOy JUSISyIp le SUOlelapISU0D 1S8) 8y "SepoWl UoljelqIA [ednjonls pue
MOJ} olweuApolae 0} anp saianaouew bl paywil Bunp Bulinooo uonelqia apnydwe ybiy e si uoneiqia 1oyng “syue)
|an} pue ‘spod (J\D3) ainseawtsiuno) d1U0J109|g ‘SO|ISSIW ‘SqUIO] ‘SWB)SASgNS ‘SWIB)SAS |BdIUBYOBW-04108]0 A||eoidA)
S| ‘salo)s se 0} pallajel Jayealay ‘|ausjew ay| "uoielqiA Jayng paonpul by Buunp yelode uo [gUBleW pajunow
abejasny 1o Buim 1o} JUBWIUOIIAUS UOIJBIgIA UOIjeINp JoYS 8y} a)jeoldal 0} S| poyiaw 1sa] siy} Jo asodind ay]| ‘asodind

0Z¥ AOHL3IN 00¥ d1O3V 0LEVY OVNVLS

uoneiqiA Joyng

suonejiwi] g adoog

}sal

Buliesulbug jeyuswiuoliaug g dnoio) padx]
ININFHNOO0Hd FONI43A JO4 NOILVZIALVANYLS

0l dOHSMHOM N3O



v.

uoneinByuoo yS3N o|dwis e ‘aseyd pauaaul aibap gl J0 ‘oseyd Ul SI19}I0Xe oM |

‘Bunysa) uoneoldal WIoeABM ‘SUOIJRISPISUOD [BUOIIPPE SWOS YIM pue ‘Bunsa) 3ooys sixe-jinw o) s|jgeoldde

os|e ale suofeinbyuod syl "mojeq pauysp sI suoneinbiyuod uswdinba 1s8) uowwod jsow 8y} Jo Alewwns vy
"|oJjuoo

wnuoads sy oidnyinw Jo josjuod aseyd pue spnydwe wnioads Aousnbaly ajbulis e Jayue aq ued ABojopoylew
[0JUOD By [OJ3UOD UOKOW UONjelol pue uofe|suel; 40 9 [eited Jo 819jdwod Joy 04juod (YATIA) SIXe-ijnw Jajoxa
-njnw s1 8seo |esauab ysow ay| ‘|0,3uod (ONIIN) Indino aidiynw pue ndul ajdyNnw se 0} pallajel AJlUoWWOD ‘sjpuueyd
elep asuodsal pue aAup Jajoxe o|dijnw uo paseq SI |oAuU0D 1S9} 8y ‘Bunss) Jsjoxa-jnw o) a|gedldde osje ale
uonow (40Q) wopaaly jo saibap )nw Jo swnuioads uolelqia a|dijnw JO |0JjJU0D snhosue}NwIs 10} sjuswalinbal syse |

‘Bunsay 1o} a|qey dijs [euoziioy e o} ‘eseyd papaAul Jo
‘aseyd ul pajdnoo aq os|e Aew SIs}oXe alow Jo om] ‘Buiiss} yooys pue uoleliqia 1o} apow (YSIN) sixe a|buls Ja}ioxs
-ninw ui pajesado si juswdinbe ‘palinbal si Aloedeo aolo) able| B uayp) ‘swalsAs Jsnoxe a|buls uey) Aljigedes 1sniy)
Jaybiy e AjeoidAl pue ‘ainions |alelew ay) uo uonnguisip ABisus Jo souejeq e jwiad spoylaw 1S8) Ja)oxs-in

"WIv)SAS a|Issiw e se yons ‘ofjel Jajawelp o} Yibus| ybiy e yum [susjew Japusjs buoj jo Buissy si uoieordde
J8}I0Xa-1}|NW UOWWOD \y "JUSWIUOIIAUS DIWEBUAP B JO uoie|nwis Alojeloge| Joj Spoyjaw Ja}ioxa-ljnw Jo asn ay} alinbal
JUBWIUOIIAUS 92IAISS-Ul 21j198ds U0 ‘asuodsal dlweuAp xajdwod ‘suoisuswip |eaisAyd ‘Jyblem s wayl 1s9) e Ajjuanbalg

uawdinba 1s9) oljnelpAyoAlas 10 JlweuApoaog|d Jayle 0} a|qedldde si poylaw 18} 8y “JUSWUOIIAUD
uonelqin ooads e Joj ainpadosd 1s8] B JO UONO9IdS 8yl uo aouepinb jeuonippe apinocid 00Z Pue Q0L Sd1D3V
‘gouewlopad |eunjoni)s Jdojpue jeuonouny sy Jo ‘uoiepelbap sjqejdesoeun INOYHIM JUSWIUOIIAUS OlWeUAp payioads
ay) 1sisas 0} Aoenbape s} ajesnsuowap 0} palinbal si jpuslew aleym ajqedlidde si poyaw 1s8) siyl “uonedlddy

"suonIpuod |euonelado paloads ay) Buunp ‘[eLsjew pajed Jeyeaisy ‘sjun pue swelsAsgns
‘swia)sAs AQ palinoul SjUSWIUOCIIAUS YO0UsS pue uoheldia ay) ajeolidal 0} sI poyjew 1sa) siy) Jo asodind sy ‘esodind

L2y POYISIN 007 1OV 0LEVY OVNVLS

uoneIqIA
19)19x3 - BINW

"uoIe)oxXe UolkeIqgIA pajelausb 8101s [BuJBUI BPN|OUI JOU OP SBIILIBASS 1S8) |BlliUl poylaw 1S8] ay |
‘yibugj aloys ay) Buoje Jejowelp
a|geLleA B yum salols ofnel joadse ybily o) sjgeoldde aq j0u Aew seljlIoASS 1S9 |elUl poylew s8] a8y
"JUSWUOIIAUS UOljeIgIA JUBISURI] IO UBISSNED)
-Uou B 0} 8np UoljeIgIA painseaw 8y} slejnwis 0} a|ge aq jou Aew juswdinba |0JUOD UOHRIGIA JuBLIND
SUOI}BOO| ||B 18 W)l }S9)
8y} 0] uoneNOXa uonelqIA 8y} Jo uonedldde wiojun Alojoejsies ay) Jusaaid sjulesisuod [eoisAyd uswdinba
1S9} J0 suofeyiwi| ainjxyy asneoaq a|qissod aq Jou Aew JUBWIUOIIAUS }81NQ d2IAIBS-UI |EeNjOB 8y} JO uolenwig
"MOJ8q aJe sainpadoid uoie|nwis Alojeioge| 8y} Jo suolenwl|
UOWIWOD "SUORIPUOD SDIAISS-UI [BNjOB By} 0} douepadwil wa)l }s8) pue juswdinbs jsa) jo Buiyojew pue ‘Buiunow

suonejiwi] g adoog

}sal

Buliesulbug jeyuswiuoliaug g dnoio) padx]
ININFHNOO0Hd FONI43A JO4 NOILVZIALVANYLS

0l dOHSMHOM N3O



Gl

"'SpoYlaW UO[}BIUSWNOOp 1S9} pue uonisinboe ejep juaionsul Uo paseq s 1S9} 8y} 4 sapowl
alnpie} aoiales-ul ajealidnp Ajny jou Aew sjsel uonenwis Alojeloqe| ‘Apewig “ssaeodoid uonisinboe eyep syl Buunp
paule}qo Jou SI Sjauueyd ejep ay) usamiaq uole|allod pue aseyd Jadoud JI s}s9) Jaoxa-ijnw 0y a|geolidde aq jou Aew
suonenwis olweuAp Alojeioge| sixe ajbuls [ea1dA} Jo) palinboe ejep 1sa “wa)l 1S9} 8y} 0} UOIJR}IOXd JIWRUAD 82IAI8S
-ul ay} jo uoneoidde Aioyoeisines ayy jusnasd Aew sjuielisuod |eaisAyd Jo suoneywl ubisep Buunixi4 “suonejwi

"(VIN3IN) uonow sixe-ijinw pue siajoxa ajdiniy
(OINIIN) swnaoads uoneiqia aidiinw Jo dUo YIM sia)ioxa ajdiiniy
‘wnJoads uoneiqia a1buls e yum (YSJ ) uonow sixe ajbuls pue siayoxa adnniy

suonejiwi] g adooag }so]

Buliesulbug jeyuswiuoliaug g dnoio) padx]
ININFHNOO0Hd FONI43A JO4 NOILVZIALVANYLS
0l dOHSMHOM N3O



9.

MNVI19 ATIVNOILNZLNI

Buliesulbug jeyuswiuoliaug g dnoio) padx]

ININFHND0Hd IONF43d HO4 NOILVZIAHYVYANVLS
0l dOHSMHOM N3O



CEN WORKSHOP 10
STANDARDIZATION FOR DEFENCE PROCUREMENT
Expert Group 8 Environmental Engineering

6.2.3 Technical Comparison

6.2.3.1 Vibration Test Procedures

The general vibration test in UK national defence standard Def Stan 00-35, the two tests in the French
national standard GAM EG 13 and two basic vibration tests in the commercial standard EN / IEC 60068
display a distinct common base. However, the point of commonality appears to be some time in the early
1970’s.

The original UK Def Stan vibration tests were based upon the tests in BS2011 which was in turn a copy of
the IEC 60068 procedures. The original two tests were augmented for military use in the late 1970’s and
amended to allow the use of digital control equipment. A decade later the original two tests, one
encompassing sine sweep vibration testing the other random vibration testing, were combined into a single
test procedure. Further additions were made to allow its use for military applications. Those modifications
added new procedures that had become commercially available and formalised the method to allow
controlled response testing which had become commonly adopted. The modifications also tightened
tolerances to improve repeatability. However, even with these extensive changes the procedure made a
declared effort to ensure backward compatibility with EN / IEC 60068. Essentially a limited portion of the
procedure viz. for basic sine and random tests using single point controlled input, the procedure was entirely
compatible with EN / IEC 60068. The UK Def Stan had to adopt its own approach for more complicated tests
simply because they were not encompassed by the EN / IEC 60068 tests.

The French GAM EG 13 follows a similar development history to the UK Def Stan excepting that the original
vibration tests and the original IEC 60068 tests were developed in parallel with significant overlap and
interaction between the two. As a consequence the two groups of test procedures originally had
considerable commonality. Although over the years the GAM EG13 test procedures have been augmented
for military use and to accommodate commercial advances in test control capabilities. The French GAM still
includes separate test procedures for sine and random but the pressure to advance the procedures for
military use are apparent and seem identical to those in the UK.

In the early 1970’s the commercial standard EN / IEC 60068 included vibration test procedures that were as
good as any available. However, since then they have continually lagged behind advances in test control
technology. The random test switched to a procedure for digital control systems almost a decade after the
UK, French and US military standards. Currently IEC 60068 are developing a new vibration test procedure
for “mixed mode” testing (sine on random, narrow band on random etc). After 5 years work that procedure is
still not published even though similar procedures were available in the UK Def Stan test and the US Mil Std
810 at the end of the 1980’s. Currently, the vibration testing of a large number of defence systems would not
be viable using only the procedures in EN / IEC 60068. This not withstanding the procedure of EN / IEC
60068 are adequate for small component and sub-assembly tests. Moreover, for COTS equipment the test
procedure of EN / IEC 60068, or more commonly derivatives called in product (vertical) standards, are often
adopted.

Unlike the tests so far reviewed the US vibration test procedure of Mil Std 810 has no apparent commonality
with any international standard. Every re-issue of Mil Std 810 appears to frequently make significant changes
to the vibration test procedures this has generally accommodated commercial advances in test control
capabilities. Unfortunately, these advances are frequently not backward compatible with earlier versions or
indeed compatible with any other standard. Additionally in recent times the text of the Mil Std 810 procedures
have become less firmly written and consequently they are no longer particularly good at ensuring
repeatability of testing. Indeed statements indicating equipment is tested to Mil Std 810 no longer has any
great value. Traditionally the Mil Std has been used mostly a guidance document and in the US deviations
from it are commonly noted. This is not surprising in that the procedure has no clear distinction in layout and
terminology between mandatory and advisory (guidance) information. In circumstances were tight control
over test procedures are required, such as contractual and manufacturing requirements, the Mil Std use is
frequently re-written in a more firm style and issued as procedures such as TOPs (Test Operating
Procedures).

The latest version of the vibration test procedure in the NATO STANAG 4370 contains identifiable
contributions from the latest US Mil Std, UK Defence Standard and some inputs from the French national
defence standard. The vast majority of the vibration standard relates to severities for different types of
application. The portion related to the actual test procedure is relatively small and not particularly well laid
out. Also the distinction between mandatory and advisory (guidance) is in a fair number of areas unclear. In
this regard it seems to adopt much of the guidance style of Mil Std 810 rather than the firm style of EN / IEC
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60068, Def Stan 00-35 and GAM EG 13. Those test procedures also have a clear distinction in their layout
and terminology between mandatory and advisory (guidance) information. The NATO STANAG 4370
procedure has sufficient similarity with Def Stan 00-35 and GAM EG 13 to allow the more sophisticated
vibration testing to be undertaken in an almost identical manner. Although whether it does so with an
acceptable degree of repeatability is questionable. For simple controlled input tests used for small
components and COTS equipment, the STANAG fails to achieve the clear definition and repeatability of EN /
IEC 60068. Overall the STANAG appears to have centred on ensuring commonality with the more
sophisticated portions of Mil Std 810, Def Stan 00-35 and GAM EG 13 rather than ensuring it meets the
basic requirements necessary of a test procedure.

Three quadripartite agreements (between the US/UK/F/DE) known as ITOP’s (International Test Operating
Procedures) include three documents related to vibration testing. Of these ITOPS one (2-2-808) concerns
procedures for the measurement of vibration in tracked vehicles. Another (1-1-050) contains a more
comprehensive description of methods of making measurements and deriving severities. It also contains
extensive (entirely US) originated test severity which expand upon those in Mil Std 810. The last of the
three (1-2-601) is the only procedure containing a test procedure although the majority of the document
relates to severities (again entirely US based). The test procedure is however a cookbook of basis test
operations rather than than an overarching test requirement. The procedure appears to be entirely US Mil
Std based. Overall the ITOPS have a narrow range of applicability mainly towards ordnance items. The
ITOPS are not publically available and the majority of the content are encompassed by other more generally
available standards. The ITOPS organisation state that an advantage of these standards is that they can be
generated rapidy (less than 2 years). This would imply that these standards incorporate new and innovative
approaches. Not only is this not the case for of the three documents reviewed here, but contributions from
the UK, France and Germany seem minimal if any at all.

So far this review has centred on the general vibration testing of equipment, however, several of the military
standards also include specific test procedures related to testing of complete stores and missiles. Those
tests mostly originate from test facility limitations of the 1970’s and 80’s. Whilst, testing of stores and missiles
can still present some difficulties, mostly problems with vibration only testing have been overcome. In this
regard the STANAG, Def Stan and Mil Std procedures all resolve the problems with sufficient commonality
for none to have any real advantage over the others. In recent times the store & missile vibration test has
developed into a combined acoustic / vibration / temperature test and multi-vibrator tests which are
addressed separately.

None of the vibration test standards addressed in this section deal comprehensively with the testing of
packaged equipment. Whilst, most can accommodate the testing of some packages none can be said to
allow all forms of package to be tested reliably. In this regard both very stiff and very soft packages will be
difficult to adequately control under test with the current procedures. Also large and palletised equipment can
only be tested with difficulty with existing procedures and then neither consistently or repeatable.

In selecting a vibration test procedure as a recommended standard for military equipment it is necessary to
consider two apparently conflicting criteria. The test procedure needs to encompass commercial advances
in test control capabilities in a manner to allow testing of large sophisticated defence systems in a cost
effective manner. However, it also needs to be able to allow simple tests on the large number of smaller less
sensitive equipment in a consistent repeatable manner. Such consistency is required for contractual reasons
and to ensure consistency in testing of components and COTS items. To achieve consistency and
repeatability in such cases a clear distinction in layout and terminology between mandatory and advisory
(guidance) information is essential.

Currently the NATO STANAG 4370 encompasses the key portions of the Def Stan 00-35 and GAM EG 13
with regard testing of sophisticated equipment and when using the more complicated vibration test
procedures. In this regard the STANAG is as good as the two European contributing standards. However,
the manner in which this information is included is poor. Specifically the poor format, consistency in
terminology and weak underlying strategy are a concern. The procedure does not, at its core, include a firm
and clear mandatory process which a test specifier can contractually rely upon as a basis for purchasing
components, sub-systems and COTS equipment. In this regard the two European standards, Def Stan 00-35
and GAM EG 13, combine both tests for sophisticated equipment and a well defined mandatory process
which a test specifier can contractually rely upon. Whilst, the commercial standard EN / IEC 60068 contains
several very well defined vibration test procedures, they have little technical innovation and marked
limitations. Indeed the vibration testing of a large proportion of defence systems would prove practically
impossible using only the procedures in EN / IEC 60068.
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6.2.3.2 Gunfire Test Procedures

The gunfire vibration / shock test included in several of the military standards are mostly intended to
simulate the effects of aircraft gunfire on aircraft equipment and missiles / stores. Although the procedures
could be used for other gunfire conditions, the procedures contain no guidance or information on severities
for those. None of the procedures are intended to simulate the effects of gunfire blast directly but rather the
secondary vibration / transient effects on equipment. Over the years many reports, papers and specific
procedures have been generated addressing the effects of gunfire. These have postulated a considerable
number of approaches for specific conditions and only a few have also been developed into full blown
generic test procedures. Part of the reason for this was the historic difficulty of undertaking a suitable test
and establishing suitable test severities. Also historically some of the most commonly used approaches can
be undertaken perfectly well with the general vibration test procedures.

Since the Mid 1970’s issues of the US Mil Std 810 has contained versions extensive process to establish
gunfire vibration severities for aircraft equipment. This historic US Mil Std 810 process was relatively easy to
implement as a test as it comprised narrow band random vibration superimposed upon a broad random
background. Although frequently subject to technical criticism the severity derivation processes were used
for several decades to establish equipment gunfire vibration severities for many aircraft and their equipment.

As the derived test severity could be applied perfectly well with the general vibration test procedures, a
common strategy in Europe was to use the US severities with their own general vibration test procedure.
Hence, the UK and French military standards consider they include gunfire even though no specifically
named test procedure exists. The UK and French military standards would consider their tests procedures
are more suitable in a contractual situation.

The main criticism of the historic US Mil Std 810 process was that it was really only applicable for aircraft
equipment located some way from the excitation source (in this case the gun muzzle). In those cases the
multiple transmission paths and intervening aircraft structure meant that the effect at the equipment was
dominated by structural responses not blast pressure pulses. The US Mil Std 810 process usually produced
severities that were overly severe when sophisticated muzzle breaks were utilised. Conversely the use of
such devices usually means that the narrow band random vibration superimposed upon a broad random test
type was valid for equipment located even closer to the muzzle.

For equipment close to the muzzle and for items subject to blast pressure pulses (frequently including
missiles and stores), then the waveform experienced is usually dominated by the repeated shock pulses.
Several ways of testing for these conditions have been postulated over the years and some included in latter
editions of Mil Std 810. However, not all of these were realistically practical and the test procedures were
commonly very poorly defined. Although this situation has slowly improved, the alternatives are still quite
complicated and considerable user interpretation (and consequently poor repeatability) is still required.

In recent years practical alternative test methods have become available, developed for the automotive
industry, which can be adapted to allow simulation of the repeated gunfire shock pulses. Currently there is
considerable ongoing activity to verify the efficacy of such methods for this application. As such changes to
the existing military standards may be expected in the very near future.

The current US Mil Std 810 contains a much simplified version of the historic test severity derivation process
previously used with the narrow band random vibration superimposed upon a broad random test. It also
contains three alternative approaches for directly simulating the gunfire shock pulses. Currently the NATO
STANAG 4370 procedure is close to a direct copy of the Mil Std test. As such the European commercial
concern still exists that the test procedures are not defined adequately for contractual purposes. This can be
particularly relevant as gunfire vibration may only occur for a short period but for aircraft equipment it is
frequently the major vibration amplitude imposed on the equipment. As such it is often a major consideration
in the equipment design process.

6.2.3.3 Acoustic Test Procedures

Acoustic test procedures are usually used to replicate either a high intensity acoustic field or the effects of
fluid flow such as the aerodynamic flow effects on aircraft skins and external equipment. The intent may be
to simulate the acoustic field itself or more commonly the vibrations that are induced. Testing of equipment
using acoustic methods requires large and costly facilities. In consequence such methods are only used for
high cost equipment when no other methods are suitable. Acoustic testing of commercial equipment has
included items such as satellites, nuclear reactor interior equipment and civil aircraft external surface
equipment.
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Historically two main types of facility have been available; progressive wave tubes and reverberent
chambers. The former originated as simple ducts able to raise high acoustic power levels with modest
powered transducers. They are frequently used to establish fatigue damage of panels (typically mounted in
one wall of the duct) such as those used on aircraft skins. A reverberent chamber is generally a much larger
facility using room reverberations to both to hold the complete equipment and generate the characteristics of
the acoustic field.

A generic acoustic test procedure for commercial equipment exists in EN / IEC 60068. However, that is a
relatively recent procedure written 10 to 15 years ago. Although this commercial standard claims to include
procedures for several different types of acoustic test facility, in fact, it is predominantly only for revereberent
chambers and offers little information on progressive wave tubes. The standard sets criteria which are
attempts at ensuring the acoustic pressure field has specific reproducible characteristics notably an
uncorrected random pressure field with a similar spectra occurring over the entire equipment.

The main use of acoustic test methods in military applications is to simulate the effects of aerodynamic flow
on say high performance aircraft equipment, missiles and externally carried stores. Whilst, the acoustic
characteristics set out in commercial procedure could achieve the required simulations for these applications,
it was found many years ago that better simulations could be achieved by the deliberate contravention some
of the criteria of earlier standards. Additionally it was found even better simulations could be achieved by
including enhancements to the procedure such as adding mechanical vibrations at low frequency.

The French national defence standard (GAM-EG-13), two of the three UK Def Stan procedures and earlier
versions of the US Mil Std all contain acoustic test procedures based around commercial acoustic test
procedures. However, they do contain refinements specifically for use in the military testing of externally
carried missiles and stores. All theses military procedures contain a significant amount of additional guidance
on the derivation of acoustic tests for military applications. The French and UK standards have specific
procedures for both revereberent chambers and progressive wave tubes. The third UK procedure and the
latest US Mil Std standard incorporate even further refinements for combined acoustic, vibration and
temperature testing. The latest version of the NATO STANAG contains significant identifiable contributions
from the latest US Mil Std, UK Defence Standard and some inputs from the French national defence
standard.

The military use of acoustic testing has developed considerably from the equivalent commercial tests.
Indeed the level of evolution of the military test has become so great that the military and commercial tests
are now arguably entirely different animals. To illustrate this acoustic test facilities able to undertake the
latest and most effective military tests would be prohibited under the commercial standards. Conversely, it
would be impracticable to use the commercial standards for military applications. The latest version of the
NATO STANAG not only combines the majority of the national standards but also adds additional
enhancements.

6.2.3.4 Buffet Vibration Test Procedures

The so called buffet vibration tests are specifically intended to simulate the transitory aerodynamic conditions
that occur when an high performance aircraft adopts flight attitudes which give rise to shedding large scale
vortices. The creation of these vortices gives rise to vibration at the location they are generated. However,
the vibration (and loading) induced is far greater when the vortices impinge, downstream, on aircraft
structure. Aircraft shed large scale vortices in only a small range of flight conditions which are only
maintained for short periods (a few seconds at most). Moreover, the worst case conditions occur over only a
very narrow range of flight conditions, are very location specific and vary considerably from aircraft to aircraft.
Vortices normally excite a single response mode of the aircraft structure, wing or external weapon.

An early 1980’s version of the US standard Mil Std 810 included buffet in the vibration test procedures. It is
understood this inclusion arose from experience and problems with one specific US aircraft. Moreover, the
severities were based upon very limited data. Nevertheless, the severity proposed for that aircraft remains
to this day. The test severity comprised a crude Power Spectral Density envelope of a single response
mode. This was applied separately to the normal flight vibration test severity as its total duration was typically
a few hundred seconds. However, it adopted the normal random vibration test procedure. The US , UK and
French national military standards all utilised the general random vibration test procedure to apply buffet
vibrations.

The above notwithstanding NATO STANAG 4370 includes a specific chapter for buffet. However, the real
content is essentially only guidance on test severities. As guidance the content is better than anything else
currently available. With that said, it does not use a test procedure different from the general vibration test
and the guidance does not justify a separate chapter.
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6.2.3.5 Multi - Exciter Vibration

NATO STANAG 4370 includes a specific chapter relating to multi-exciter test methods. Although multi-exciter
testing has been undertaken for some time in both the military and automotive fields, they were adopted as
solutions to only a very small range of military problems. The STANAG chapter is an attempt to impose a
generic military procedure.

Frequently a test item’s weight, physical dimensions, complex dynamic response, or specific in-service
environment require the use of multi-exciter methods for laboratory simulation of a dynamic environment. A
common multi-exciter application is testing of long slender materiel with a high length to diameter ratio, such
as a missile system. Multi-exciter test methods can permit a better distribution of vibratory energy on the
structure than could be achieved with a single exciter. Two or more exciters may also be coupled in phase,
or inverted phase, to a horizontal slip table for testing.

Currently NATO STANAG 4370 is the only military standard containing a multi-exciter system. No equivalent
procedure exists in EN / IEC 60068.

81



CEN WORKSHOP 10
STANDARDIZATION FOR DEFENCE PROCUREMENT
Expert Group 8 Environmental Engineering

INTENTIONALLY BLANK

82



CEN WORKSHOP 10
STANDARDIZATION FOR DEFENCE PROCUREMENT
Expert Group 8 Environmental Engineering

6.2.4 Conclusions
A summary of the recommendations is shown in the table below which is expanded in the following
paragraphs.
Summary of Recommendations for Vibration Tests
NATO International UK us France Quadripartite
STANAG 4370 EN/IEC Def Stan Mil Std 810F GAM-Eg-13 US/UK/F/DE
AECTP 60068 00-35 ITOP
Vibration Could be Inadequate Joint Inadequate Joint Mostly
recommended Recommend- Recommend- concerned
with better ation ation with test
control over severities.
mandatory Procedure
aspects Essentially Mil
Std 810
Gunfire Recommended | No equivalent No specific STANAG No specific No equivalent
With test procedure procedure essentially procedure test
reservations on rather identical rather
procedure undertaken undertaken
using existing using existing
methods. methods
Acoustic Recommended | Various very similar test procedures exist, however, these do not | No equivalent
tests (incl. necessary encompass all the procedures of the STANAG and/or test.
combined are as up to date.
with
temperature
& vibration)
Buffet Best guidance | No equivalent Joint No specific Joint No equivalent
available test procedure | Recommend- procedure Recommend- test.
ation rather ation
undertaken
using existing
methods
Multi - Recommended No equivalent test procedure
Exciter
Vibration
6.2.4.1 Vibration Test Procedures

In selecting a vibration test procedure as a recommended standard for military equipment it is necessary to
consider two apparently conflicting criteria. The test procedure needs to encompass commercial advances
in test control capabilities in a manner to allow testing of large sophisticated defence systems in a cost
effective manner. However, it also needs to be able to allow simple tests on the large number of smaller less
sensitive equipment in a consistent repeatable manner. Such consistency is required for contractual reasons
and to ensure consistency in testing of components and COTS items. To achieve consistency and
repeatability in such cases the procedure needs to be firmly written with a clear distinction in layout and
terminology between mandatory and advisory (guidance) information.

Currently the NATO STANAG 4370 encompasses the key portions of the Def Stan 00-35 and GAM EG 13
with regard testing of sophisticated equipment and when using the more complicated vibration test
procedures. In this regard the STANAG is as good as the two European contributing standards. However,
the manner in which this information is included is poor. Specifically the poor format, consistency in
terminology and weak underlying strategy are a concern. The procedure does not, at its core, include a clear
mandatory process a test specifier can contractually rely upon as a basis for purchasing components, sub-
systems and COTS equipment. In this regard the two European standards, Def Stan 00-35 and GAM EG 13,
combine both tests for sophisticated equipment and a well defined mandatory process which a test specifier
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can contractually rely upon. Whilst, the commercial standard EN / IEC 60068 contains several very well
defined vibration test procedures, they have little technical innovation and for military use are considered out
of date. Indeed reliance on these EN/ IEC vibration test procedures make the testing of a significant number
of defence systems practically impossible.

The main review undertaken here related to the general vibration testing of equipment. However, several of
the military standards also include specific test procedures related to testing of complete stores and missiles.
Whilst, testing of stores and missiles can still present some difficulties, mostly problems with vibration only
testing have been overcome. In this regard the STANAG, Def Stan and Mil Std procedures all resolve the
problems and have sufficient commonality for one to have any real advantage over the others. In recent
times the store & missile vibration test has developed into a combined acoustic / vibration / temperature test.

None of the vibration test standards addressed in this section can be considered to adequately deal with the
testing of packaged equipment. Whilst, some can accommodate the testing of some packages none can be
said to allow any form of package to be tested reliably. In this regard both very stiff and very soft packages
will be difficult to adequately control under test with the current procedures. Also large and palletised
equipment can only be tested with difficulty with existing procedures and then neither consistently or
repeatably.

In summary the NATO STANAG 4370 is technically innovative, up to date and encompasses key
components of the two European national standards Def Stan 00-35 and GAM EG 13. However, it lacks
firmness of statement and does not include a clear mandatory process such that a test specifier could not
contractually rely upon it. The procedures in Def Stan 00-35 and GAM EG 13 successfully demonstrate that
both technically innovative and firmness of statement can be practically combined. The procedures in EN /
IEC 60068 are by comparison to the military standards limited in scope and outdated. Reliance on these civil
procedures could have significant detrimental consequence on equipment weight, size and performance.
Indeed vibration testing of a range of defence systems would be essentially impossible. For these reasons
the recommendation is for either of the two European national defence standards Def Stan 00-35 and GAM
EG 13.

6.2.4.2 Gunfire Test Procedures

Since the Mid 1970’s issues of the US Mil Std 810 has contained versions extensive process to establish
gunfire vibration severities for aircraft equipment. This historic US Mil Std 810 process was relatively easy to
implement as a test as it comprised narrow band random vibration superimposed upon a broad random
background. Although frequently subject to some technical criticism the severity derivation processes were
used for several decades to establish equipment gunfire vibration severities for many aircraft.

As the derived test severity could be applied perfectly well with the general vibration test procedures, a
common strategy in Europe was to use the US severities but with their own general vibration test procedure.
Hence, the UK and French military standards consider they include gunfire even though no specifically
named test procedure exists. The UK and French military standards would consider their tests procedures
are more suitable in a contractual situation.

The main criticism of the historic US Mil Std 810 process was that it was really only applicable for aircraft
equipment located some way from the excitation source (in this case the gun muzzle). For equipment close
to the muzzle and for items subject to blast pressure pulses (frequently including missiles and stores), then
the waveform experienced is usually dominated by the repeated shock pulses. Several ways of testing for
these conditions have been postulated over the years and some included in standards such as latter editions
of Mil Std 810. However, not all of these were realistically practical and the test procedures were commonly
very poorly defined. Although this situation has slowly improved, the alternatives are still quite complicated
and considerable user interpretation is still required.

The current US Mil Std 810 contains a much simplified version of the historic test severity derivation process
previously used with the narrow band random vibration superimposed upon a broad random test. It also
contains three alternative approaches for directly simulating the gunfire shock pulses. Currently the NATO
STANAG 4370 procedure is close to a direct copy of the Mil Std test. The European commercial concern still
exists that the test procedures are not defined adequately for contractual purposes. This can be particularly
relevant as gunfire vibration may only occur for a short period but for aircraft equipment it is frequently the
major vibration amplitude imposed on the equipment. As such it is often a major consideration in the
equipment design process. Currently there is considerable ongoing activity to verify the efficacy of such
methods for this application. As such changes to the existing military standards may be expected in the very
near future.
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In summary the NATO STANAG 4370 is technically the most complete procedure which includes alternative
approaches and is technically compatible with earlier versions. As such it is the recommended procedure.
Nevertheless, the procedures are largely written as guidance on the derivation of test severities but not
necessarily used in conjunction with their own test procedure.

6.2.4.3 Acoustic Test Procedures

The Acoustic test procedures are usually used to replicate either a high intensity acoustic field or the effects
of fluid flow such as the aerodynamic flow. The main use of acoustic test methods in military applications is
to simulate the effects of aerodynamic flow on say high performance aircraft equipment, missiles and
externally carried stores. Acoustic test methods have developed considerably in the military field from their
use in testing commercial items. Indeed the level of evolution of the military test has become so great that
the military and commercial tests are now arguably entirely different animals. To illustrate this acoustic test
facilities able to undertake the latest and most effective military tests would be prohibited under the
commercial standards. Conversely, it would be impracticable to use the commercial standards for military
applications. The latest version of the NATO STANAG not only combines the majority of the national
standards but also adds additional enhancements.

In summary, the primary reason for using acoustic testing in military applications differs from that of
commercial applications. With that said , the actual test procedures for military and commercial applications
should be interchangeable. However, the commercial standards are markedly less advanced than the
military standards and lack technical innovation. Of the military standards NATO STANAG 4370 are the most
sophisticated and recommended.

6.2.4.4 Buffet Vibration

The US , UK and French national military standards all utilised the general random vibration test procedure
to apply the so called buffet vibrations. Whilst, NATO STANAG 4370 includes a specific chapter for buffet,
the real content is essentially only guidance on test severities. As guidance the content is better than
anything else currently available. With that said, it does not use a test procedure different from the general
vibration test and the guidance does not justify a separate chapter. Moreover, the existing general random
vibration tests of the UK and French national military standards comprise far better test procedures than that
of the STANAG. As such either of those are recommended here.

6.2.4.5 Multi - Exciter Vibration

Currently NATO STANAG 4370 is the only military standard containing a multi-exciter system. No equivalent
procedure exists in EN / IEC 60068. As such the STANAG 4370 is recommended here.
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6.3 Review and Comparison of Shock Test Methods
6.3.1 Standards Under Consideration
The standards reviewed and compared with regard mechanical shock conditions are set out in the following
table.
Matrix Environmental Test Methods vs Standards
NATO International UK us France Quadripartite
STANAG 4370 EN/IEC |Def Stan 00-35| Mil Std 810F | GAM-Eg-13 | US/UK/F/DE
AECTP 60068 Part 2 Part 3 (Test No/ (Method / ITOP
(Method No) | (60068-2-xx) |(Chapter /test)| Procedure) Procedure) (Test No)
Classical 403 27 2-03 /M3 516 Method 43 5-2-506
Waveform Shock
Handling And 414 31 2-04 / M4 516 Method 43 4-2-602
Drop 32 2-05/M5 Proc ILIILIV & | Proc 3,4 &5 7-2-509
\
Safety Drop Test STANAG UN “Orange” 5-03/FX3 4-2-601
4375 BOOK BR8541
(ST/SG/AC.10/
Rev.12)
Shock Response 417 57 2-06 / M6 516 Method 43 5-2-506
Spectra 81
Pyroshock 415 517 Method 43 5-2-506
Proc 7
Rail Impact 416 (within 27) (within 2-03 516 Method 43
/M3) Proc VII Proc 6
Undex Test 419 2-07 | M7
Ballistic Shock 422 522
Catapult (Severity only 516 Method 43
in Part 5) Proc VIII Proc 8
Bump 29 2-12/M12 Method 43
Proc 9
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CEN WORKSHOP 10
STANDARDIZATION FOR DEFENCE PROCUREMENT
Expert Group 8 Environmental Engineering

6.3.3 Technical Comparison
6.3.3.1 Classic Waveform or Basic Shock Test

The classic waveform or basic shock test procedure is one of the oldest shock test procedure available. In all
cases the procedures encompasses three basic shock pulses viz. a half sine pulse, a trapezoidal pulse and
a trailing edge saw tooth. All of the procedures allow a range of test equipment to be used provided the
requirements to be met. This is because from the very early days a range of different test facilities were in
use to generate this type of shock.

This test procedure has been used historically by suppliers of COTS components and sub-system (both
military and commercial) to demonstrate their equipment has a degree of hardness against shock conditions.
It is important therefore that the test procedure is common to both commercial and military equipment.

By design the UK and French national defence standards have historically adopted the same basic
procedure of the International standard that is now EN / IEC 60068. Indeed two way interaction occurred in
the generation of the International standard that is now EN / IEC 60068 and the French defence standard.
The type of pulse permitted, the tolerances on the pulses and the general confirmation tolerances are all
identical in all three standards.

Consistency between standards is not the case for the US Mil Std 810 procedure (although it also appears in
other Mil Stds such as 331) which only intrinsically includes trailing edge saw tooth and trapezoidal pulses.
The tolerance on the pulses and the general confirmatory approach are also markedly different to those of
the EN / IEC 60068 (albeit the tolerances on the pulses are tighter). Additionally the latest US Mil Std sets
out a Shock Response Spectra definition as a permitted “alternative” to the use of basic pulses. This
“alternative” is intrinsically inconsistent with the basic pulse and differs in both potential damage and
tolerances (more lax than EN / IEC 60068). The latest version of the NATO STANAG appears to be broadly
based upon the EN / IEC 60068. However, for no explicable reason, the trapezoidal pulse is defined
differently and has different tolerances. The defined trapezoidal pulse seems to have no commonality with
other standards and is more difficult to achieve than that used in European standards.

Quadripartite (US/UK/F/DE) agreement ITOP 5-2-506 comprises a procedure for shock testing missiles and
rockets. It mostly contains a basic pulse shock test procedure but also purports to contain SRS and pyro-
shock proceedures. The basic pulse test procedure is basically a reformatted copy of Mil Std 810 which is
inconsistant with the UK and French national standards as well as EN / IEC 60068 and effectively precludes
there use. Contributions from the UK, France and Germany seem minimal and (in the case of France and the
UK) the procedure is inconsistent with existing national approaches and procurement strategy. Moreover, the
rationale for the existence of the procedures in ITOP 5-2-506 is unclear. A perfectly adequate procedure
existed in commercial standards and national military standards for a very long period. Also, NATO Stanag
4375 existed when the ITOP was issued (1999).

As this test is used by suppliers of COTS equipment commonality between commercial and military
procedures is highly desirable. Both the UK and French military standards align with the procedure of EN /
IEC 60068. In two out of three cases this is also the case for NATO STANAG 4370. However, the procedure
of US Mil Std 810F differs from all others to a significant extent. Moreover, the US Mil Std permits an
“alternative” process which can result in yet greater variations. It has to be observed that the use of both the
Mil Std or ITOP is disadvantageous to European industry.

6.3.3.2 Handling Drops and Impacts

This group of tests simulates both drops and impacts that occur during packaged and unpackaged handling.
They differ from the classic shock tests in that rather than reproduce the effects of the shock they reproduce
the causal conditions. In order to reproduce the correct effects of the causal conditions the equipment has to
comprise a complete assembly with (if applicable) the equipment in its normal packaging. As a consequence
it is not usually possible for this test to be used by suppliers of COTS equipment or OEM suppliers.

A group of tests are actually encompassed viz. vertical drop, topple & roll, horizontal impact and bench drop.
The test severities are essentially hardness criteria based only approximately on maximum credible
conditions. The equipment (packaged or bare) would be expected to remain “safe & serviceable” following
exposure to these tests. For equipment with safety implications (such as those containing dangerous items
and particularly energetic material) a significantly more severe “safety impact test” would be adopted.
However, in those cases the equipment would be expected to remain “safe only”.
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By design the two UK Def Stan tests align with the two EN / IEC 60068 tests, albiet with some slight
amendments. The UK Def Stan and to some extent the two EN / IEC 60068 tests are not perscriptive on
severities allowing a degree of flexibility to be adopted. Whilst, the Def Stan & EN / IEC tests both include
Drop & Topple neither include Bench Handling tests. The vertical impact tests include drops onto each face,
corner and edge.

The US Mil Std does not reflect the two EN / IEC 60068 test to any real extent. Moreover, the vertical impact
severities are perscriptive and based upon mass of the item. The French GAM test procedures are
somewhat similar to the US Mil Std but do include a greater contribution from the two EN / IEC 60068 tests.
The vertical impact severities adopt mass related prescriptive severities but are slightly lower than the US
procedure. The US and French tests include bench handling tests although the GAM severity appears to be
10 times that of the US test. The horizontal impact test velocities are identical.

The NATO STANAG incudes three procedures vertical impact., horizontal impact and bench handling. The
horizontal impact and bench handling impacts are essentially those of the US Mil Std and GAM standards
but with the US severity for bench handling. The vertical impact severity is perscriptive and based upon mass
of the item (from the US standard).

Quadripartite (US/UK/F/DE) agreement ITOP 4-2-602 includes 2.1 m drop test as part of a series of rough
handling tests. Although the ITOP is stated a encompassing any military equipment, the procedure itself
repeatedly makes reference to ammunition. It is clear, that this originated as an ammunition specific
procedure, but has had pretentions of grandour it cannot actually achieve. The procedure appears to be
based upon the NATO saftey drop test (Stanag 4375) but with a lower drop height. This may be useful for
facilities undertaking the safety drop test but it effectively precludes equipment tested to either the both UK &
French national standards as well as EN / IEC 60068. Once again the rationale for the existence of the
procedures in ITOP 4-2-602 is unclear. Generically the test procedures included in this ITOP (loose cargo
vibration, temperature cycling and drop tests) have all existed in commercial standards and national military
standards for a very long period. Moreover, the NATO standards 4370 & 4375 both existed when the ITOP
was first issued (1996) and last modified (1999). ITOP 7-2-509 contains test procedures related to the
airdrop of equipment, this really only relates to testing airdrop arrangements, and those arrangements should
be designed to protect the equipment against capabilities derived from other tests. As such this test is has
only niche applicability and is not considered further.

In practice the NATO STANAG is the US Mil Std with apparently only modest acknowledgment to other
specifications. In particular the procedures differs from the two EN / IEC 60068 tests arguably without
apparent good cause. Moreover, the use of perscriptive “hardening” severities for the vertical impact test
could be seen as limiting the use of commercial equipment and packaging in circumstances were full military
hardening criteria are not necessary. Superficially this would suggest an implication on European industry,
however, the various procedures have become so intertwined over the years that the effect is likely to be
relatively modest. Moreover, this is not usually adopted for COTS equipment.

6.3.3.3 Safety Drop Test

For systems containing dangerous items and particularly energetic materials a separate set of handling tests
are commonly mandated either by national or international requirements. These can be grouped as “safety
impact test” in which the equipment would be expected to remain “safe only”. In fact several criteria may be
adopted dependant upon purpose and whether the equipment or package is under consideration.

The current UK Def Stan 00-35 Test 5-03 (or FX3) was specifically intended for munitions and impliment
the requirements of Stanag 4375 issue 1 as well as the requuirements of an earlier UK Def Stan and the
safety drop test of UK specification BR8541 (Explosive Safety Requirements for Armament Stores for Naval
Use). The UK Def Stan test was required above and beyond the NATO Stanag 4375 because of the need for
a potentially greater drop height and drops onto spigots. Nato Stanag 4375 issue 1 required drops of not less
that 12 m onto face and edges of the packaged and / or unpackaged weapon. Following the such drops the
munition is required to be safe for disposal only. The impact surface was 75 mm of steel on a substantial
concrete or gravel base. As this was a more robust impact surface than had been specified previously a
concession to use existing surfaces was included. Nato Stanag 4375 issue 1 include a test to verify the
munition was ‘safe to use if no visible damage’. The drop height for this was upto 3m. This aspect of the test
has been deleated from the latest Nato Stanag 4375 issue 2. Generally the UK Def Stan includes
considerably more information than the STANAG test.

Quadripartite (US/UK/F/DE) agreement ITOP 4-2-601 includes a safety drop test as part of a series of drop
tests. The procedure appears to be based upon NATO Stanag 4375 (saftey drop test). The rationale for the
existence of the procedures in ITOP 4-2-602 is unclear. The test procedures included in this ITOP (loose
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cargo vibration, temperature cycling and drop tests) have all existed in commercial standards and national
military standards for a very long period. Moreover, the NATO standards 4370 & 4375 both existed when the
ITOP was issued (1997).

The UN “Orange” Book (or more formally Recommendations On The Transport Of Dangerous Goods
ST/SG/AC.10/Rev.12) contains a drop test which is intended as an international requirements for
demonsterating the adequacy of packages when transporting dangerous goods. Dangerous goods in this
instance are catagorised as a range of materials one of which is explosives. UN certification against
nationally implimented versions of this standard is required before dangerous goods can be transported
using most commercial means. This is especially the case for international transportation. Although the test
procedure of the UN test is relatively similar to all those so far addressed, the severity and criteria differ.The
drop height required for explosives in the drop test set out in the UN standard is significantly less than the
heights required in the specifically military tests already addressed. However, the criteria required to be
achieved are more demanding. These differences will not normally allow the military safety drop tests to
encompass the requirements of the UN test or vice versa.

Stanag 4375 is frequently listed along with a number of other safety tests (fire, bullet impact etc). These are
frequently used to demonstrate ‘insensitive munition’ (IM) criteria. However, the safety drop test is not
strictly a so called IM test.

6.3.3.4 Shock Response Spectra Based Procedures

The Shock Response Spectra (SRS) test method is a relatively new shock procedure made possible by
improvements in test equipments over the last 20 years. The procedure allows simulations of the effects of
shocks to be achieved rather than attempting to replicate the source of the shock. In many cases this is
potentially more realistic than permitted by the basic shock tests. Additionally, the SRS test method is
undertaken on vibration test equipment. As such if vibration testing is also been undertaken, (as is usually
the case; additional special test equipment and rigs are not required, reducing both test time and costs. A
deficiency of the SRS test method is that an SRS severity is not a unique definition and consequently, unless
the procedure is specific, can result in lack of repeatability of testing. The problem is such that it can be
difficult for a test specifier to be certain as to the test actually undertaken and whether the assumed damage
modes have correctly exercised. The generation of adequate acceptance criteria i.e. tolerancing can also be
problematic. This problem of repeatability is made worse by the range of methods and assumptions used in
the various commercial software packages used to undertake this test.

The UK Def Stan test is probably the oldest of the procedures and was intended primarily to replicate
compound decaying sinusoidal type profiles. The problem of ensuring repeatability was circumvented by
requiring the components of the shock time history to be defined. The International EN / IEC 60068-2-57 test
procedure was originally intended to simulate the effects of earthquakes but was significantly modified to
allow the use of SRS severity definitions. Again the method was based largely around decaying sinusoidal
type profiles. The latter International EN / IEC 60068-2-81 test procedure is quite recent and is significantly
different to its predecessor as it is centred around the more modern wavelet approach. However, it has
limitations in terms of ensuring repeatablity relying mostly on extensive guidance as a means of ensuring
repeatability.

The original US Mil Std adoption of the SRS test methods lacked any real test procedure and seemed to be
a way of allowing more flexible tolerancing of the classic waveform shock. The French GAM method seems
to be a reasonable working compromise between the EN / IEC 60068-2-57 test procedure and the Mil Std.
The most recent version of the US Mil Std includes more information than earlier versions, but still does not
really address the main testing issues.

Quadripartite (US/UK/F/DE) agreement ITOP 5-2-506 comprises a procedure for shock testing missiles and
rockets. It mostly contains a basic pulse shock test procedure but also purports to contain SRS and pyro-
shock proceedures. The SRS procedure is extremely basic and seems to be based upon an older Mil Std
810 which is inconsistant with the UK and French national standards and effectively precludes there use.
The rationale for the existence of the procedures in ITOP 5-2-506 is unclear. The basic test test procedures
included in this ITOP has existed in commercial standards and national military standards for a very long
period. Moreover, the NATO standards 4375 both existed when the ITOP was issued (1999).

The latest NATO STANAG method is extensively revised from earlier versions. It appears to encompasses
issues from the UK Def Stan, the French GAM method and the Mil Std. In addition it contains a lot of
background information on the derivation of SRS severities from measurements. However, it does not seem
to address issues related to repeatability and is entirely different to the recent EN / IEC 60068-2-81 test
procedure.
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The latest NATO STANAG method and the recent the EN / IEC 60068-2-81 test procedure undoubtedly
comprise the most up to date SRS methods available. However, they are entirely different from each other
and so far both are unproven in the real world testing of equipment. Both give considerable flexability to the
test house in the conduct of the test and the waveform actually applied. However, this is a disadvantage to
the test specifer who canot necessarily be certain the assumed damage modes have correctly exercised. In
contrast the UK Def Stan and the French GAM method have been shown to work and address the problems
of associated with ensuring repeatability. However, they do not necessarily allow use of the latest
techniques included in commercial control software packages.

6.3.3.5 Pyroshock

This procedure is intended to simulate the effects of high frequency shocks such as those induced by the
operation of explosively operated cutters, bolts, line cutting charges etc. It could also be used to simulate
other high frequency shocks particularly those arising from high velocity impact. For the most part this type of
shock is unique to military equipment, the main exception to this is the separation shocks arising in
commercial satellites / boosters. Consequently, it is not surprising that this test method is not contained in
any general commercial standards (although it is both an ESA and NASA requirement).

Historically a separate pyroshock test was included in military specifications as it required entirely different
test equipment and a different approach to that used for other types of shock. At that time simulating high
frequency shocks either required very specialist simulation equipment (gas guns etc) or the reproduction of
the event itself (by firing the pyrotechnic device). Since then the simulation of the effects of the using SRS
methods has become possible albeit for a limited range of conditions.

The latest US Mil Std procedure supplies advice the test specifier on appropriate strategies for simulating or
reproducing shock responses. The US procedure also supplies considerable information on how to measure
and quantify the shock environment as well as how to verify that the shock has been adequately
reproduced. However, it has to be said that the source of this information (an IEST working practices
document originally commissioned by the US DOD) is far more comprehensive. As a considerable range of
test equipment may be adopted then the procedure is able to give only basic information in this regard. The
Mil Std procedure has been enhanced significantly over the years as better simulation and verification
methods because more readily available. The French GAM EG13 procedure is slightly older than the latest
US Mil Std procedure (or more accurately has not been updated quite as recently) and consequently does
not encompass the latest information and methods. However, it is essentially equivalent to the preceding
version of the Mil Std.

Quadripartite (US/UK/F/DE) agreement ITOP 5-2-506 comprises a procedure for shock testing missiles and
rockets. It mostly contains a basic pulse shock test procedure but also purports to contain SRS and pyro-
shock proceedures. The pyro-shock procedure is extremely basic and seems to be based upon parts of Mil
Std 810. Once again the rationale for the existence of the procedures in ITOP 5-2-506 is unclear. The basic
test test procedures included in this ITOP has existed in commercial standards and national military
standards for a very long period. Moreover, the NATO standards 4375 both existed when the ITOP was
issued (1999).

The latest NATO STANAG method was revised from earlier versions as well as the latest version of the US
Mil Std procedure. It appears to based largely on the Mil Std with additional information but would seem to
adequately encompass the relevant aspects of the French GAM EG13 procedure. As such the NATO
STANAG would seem to be the best document available. Although firmness of the standard could be an
issue with the STANAG, in practice documentation for this type of test is mostly treated as guidance because
of the range of methods that can be adopted. Nevertheless if repeatability were essential the user would
need to re-write the document.

6.3.3.6 Rail Impact

The rail impact test procedure is essentially intended to simulate the effects of rail shunting shocks on
packaged goods. Two different strategies are observed to be adopted by the different standards reviewed.
The strategy adopted by one group of standards is simulate the actual rail shunting / impact conditions by
forcing rail wagons into one another at defined velocities. The other strategy is to simulate the effects of the
impact using procedures such as the classic waveform test procedure with appropriate test severities.

Earlier versions of the US Mil Std test appear to have been based upon a US Federal Test in which rail cars
are subject to impact of various velocities. Historically the US Federal Test was utilised for large commercial
equipment viz. by US and European car manufacturers. The latest version of the Mil Std has substantially
modified the original procedure but it is still US rail system specific and needs to be done with rail wagons.
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The French standard GAM-EG-13 also contains a rail impact test. Whilst., this procedure also requires
complete rail wagons, very little definitive information is contained in GAM-EG-13.

EN / IEC 60068 does not contain a specific rail procedure, although EN / IEC 60721 (the associated
environmental severities) does encompass rail shock by means of classic waveform test procedure. A similar
strategy is adopted in the UK standard 00-35 for reasons set out below.

NATO Stanag 4370 contains three procedures; two of these impact loaded rail wagons to produce the shock,
the third allows laboratory simulation using either the classic waveform test or the SRS procedures. Of the
two procedures that impact loaded rail wagons, one is stated as mandatory for the US rail system (although
why it should be mandatory is not clear) the other is indicated as a requirement for the European rail system
(again why it should be a requirement is not clear). The required amplitude severities for the latter are
quoted, are modest and can be sensibly achieved on laboratory equipment.

In recent times rail shock severities on the European rail systems have decreased substantially. This is
because European rail vehicles now use better buffing equipment (hydraulic buffers produce much lower
shocks than spring) and more significantly as operating procedures have changed. The latter reducing and
eliminating shunting impacts because rail train sets are rarely broken into individual vehicles (especially
when loaded). Today the need for a specific procedure to reproduce rail impact appears to originate almost
entirely from consideration of the US rail system. For European defence equipment laboratory simulation is
the only cost effective and practical approach, that is if a test is needed at all.

The NATO Stanag 4370 appears to contain the most options for undertaking such. However, the European
need for such a test is doubtful and the severities (significantly exceed) the European need and commercial
standards such as EN / IEC 60721.

6.3.3.7 Undex Test

The simulation of the shock effects from non-contact explosions adjacent to warships have historically used
a range of specialist facilities. Generally each of the various facilities had accompanying specific test
procedures. Consequently, the test was not usually included in more general military procedures. A move
towards the use of a broader range of test facilities has necessitated the inclusion of appropriate test
procedures in military procedures. As the type of test is entirely military, no commercial equivalents are
available. Of the procures reviewed the UK Def Stan 00-35 includes a very basic procedure aimed at setting
up the test but does not include information on tolerances or severities. The NATO Stanag 4370 contains a
specific and recent procedure. The procedure contains extensive guidance and allows the use of both
general and specific equipment. It also includes information on tolerancing.

6.3.3.8 Ballistic Shock

The Ballistic shock test method simulates a high-level transient shock that generally results from the impact
of projectiles or ordnance on armoured combat vehicles, hardened targets, or other structures. Such impact
may produce a very high rate of momentum exchange at a point, over a small finite area or over a large
area. The high rate of momentum exchange may be caused by collision of two elastic bodies or a pressure
wave applied over a surface. Ballistic shock can be considered as a specific application of transient or
pyrotechnic shock.

Historically a separate ballistic shock test was included in military specifications as it required entirely
different test equipment and a different approach to that used for other types of shock.

The latest NATO STANAG method is effectively identical to the latest US Mil Std procedure. Whilst, the
Stanag is somewhat more readable than the Mil Std, the severity defined as a Shock Response Spectra is
not included in the Stanag making it essentially inoperable. The test does not appear in French military
specification GAM EG13 or the UK Def Stan 00-35. Arguably the ballistic shock requirement is included in
those standards within the generic shock test procedures. As it is entirely a military requirement the test
method does not exist in IEC or EN commercial standards.
Both the latest NATO Stanag and the Mil Std 810 methods includes several sub-procedures

i. Ballistic Hull & Turret

ii. Large Scale Ballistic Shock Simulator

iii. Light Weight Shock Machine

iv. Medium Weight Shock Machine

Vi. Drop Table
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The first of these sub-procedures uses actual conditions and hence is not strictly a laboratory test. The last
sub-procedure uses a commonly available basic drop test facility but the sub-procedure is only permitted for
items below 40 Kg. The remaining three sub-procedures relate to US specific facilities which would be
expensive to reproduce in Europe. Moreover, alternative methods of simulating ballistic shock, gas guns etc,
are not addressed. It has to be concluded that the adoption of the Stanag ballistic shock test could put
European industry at a disadvantage. This could be easily resolved in the procedure is written in terms of
the real requirement rather than as a procedure relating to specific types of equipment.

6.3.3.9 Catapult Launch /Arrested Landing

The US Mil Std has included, a virtually identical, catapult launch / arrested landing shock test procedure,
since almost the earliest version. The test has limited application for Naval aircraft equipment and weapons.
It is a relatively simple decaying sinusoidal waveform of modest amplitude (about 2 g). In most cases the
severities are likely to significantly encompassed by other environments. Today the test can readily be
undertaken on various shock test equipment. The French GAM-EG-13 references a severity for the
environment but has no specific procedure rather uses existing shock test procedures. Similarly, the only
reference to catapult launch / arrested landing in the UK Def Stan is a severity that uses the SRS test
method as the appropriate procedure. Of all the available procedures (but not necessarily intended for this
environment) the one that would best replicate this environment is the SRS test procedure of EN / IEC
60068-2-57 time history test procedure. That procedure is essentially the SRS procedure for low frequency
applications (earthquakes). Whilst, the EN / IEC procedure is currently the most applicable and up to date
method published, a soon to be published revision to the UK Def Stan would be more applicable.

With todays equipment the catapult launch / arrested landing transient can easily be reproduced using
existing procedures such as the SRS method. The latest NATO Stanag method does not include a specific
test procedure but the SRS procedure could easily be adapted. This seems to align with current thinking that
a specific test procedure for this is not required.

6.3.3.10 Bump

The bump test has similar providence to the classic waveform or basic shock test procedure. It is quite an
old test using relatively simple mechanical test equipment and allowed the application of repetitive shocks of
reasonable amplitude at a time when vibration test equipment was expensive and not widely available. A
test using this procedure typically utilises several a half sine pulse, repetitively applied, with a few seconds
interval between each pulse. None of the procedures specify a particular item of test equipment, but test
equipment specifically for this procedure are relatively cheap and widely available.

The test is generally not considered to replicate a particular environmental condition but rather to
demonstrate equipment has a degree of hardness against shock and vibration conditions. It has been used
historically by many COTS component and sub-system suppliers (both military and commercial) to indicate
the capability of their equipment. Although used to a lesser extent today it is still common to see the test
listed in technical specifications for smaller electrical and mechanical components. It is important therefore
that the test procedure is common to both commercial and military equipment.

As was also the case for the classic waveform or basic shock test procedure, the UK and French national
defence standards have, by design, historically adopted the same basic procedure of the International
standard that is now EN / IEC 60068. The test set up, the tolerances on the pulses and the general
confirmation tolerances are all identical. The test procedure does not appear in the US standard nor is it
addressed in the NATO Stanag. The argument for the latter is that it does not replicate a particular
environmental condition.

Although, the original rationale for this test has long been superseded, it is still used by suppliers of COTS
and OEM equipment to demonstrate the ruggedness of components and subsystems. For this reason,
commonality between commercial and military procedures is highly desirable. Both the UK and French
military standards align with the procedure of EN 1 IEC 60068. The test does not appear in NATO Stanag
4370 largely because it does not replicate a particular environmental condition.
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6.3.4

Conclusions

A summary of the recommendations is shown in the table below which is expanded in the following

paragraphs.

Summary of Recommendations for Shock Test Procedures

NATO STANAG International UK us France Quadripartite
4370 AECTP EN/IEC Def Stan Mil Std 810F | GAM-Eg-13 | US/UK/F/DE
60068 00-35 ITOP
Classical Nearly Jointly Equivalentto | Significantly | Equivalentto | Reflects US
waveform equivalent to Recommended EN/IEC differs from EN/IEC test
shock European Procedure 60068 other 60068 procedure
standards common to UK standards
| F standards
Handling & | Recommended Jointly Equivalent to | Differs from Essentially Significant
drop but concerns Recommended EN/IEC other equivalentto | reservations
over differences Procedure 60068 standards EN/IEC (cut down
with EN/ IEC common to UK 60068 safety drop
60068 | F standards test)
Safety drop Stanag 4375 UN “Orange” Implements No equivalent test. Reservations
test Recommended | book drop test STANAG (differs from
also required with Stanag)
additions
SRS shock | Recommended Various versions of procedure exist in all standards but Reflects US
but with differences exist test
concerns on procedure
repeatability
Pyroshock | Recommended No test procedure. Early version | Included by Reflects US
of STANAG STANAG test
procedure
Rail impact | Recommended Various procedures and severities exist in all standards but No
but question differences exist particularly in severity, reflecting different equivalent
European need systems test.
Undex test | Recommended | No equivalent Inadequate No equivalent test.
test. as Procedure
Ballistic Recommended No specific test procedure Same as No specific Reflects US
shock but with STANAG test test
reservation on procedure procedure. procedure
disadvantage
imposed on
European
industry
Catapult No specific test | Recommended | No specific Specific but No specific No
but SRS but question test but SRS | old fashioned | test but SRS equivalent
method could need method could procedure method could test.
be adopted be adopted be adopted
Bump No equivalent | Recommended | Equivalent to No Equivalent to No
test. but question EN/IEC equivalent EN/IEC equivalent
need 60068 test. 60068 test.

The simulation of shock events encompasses a wide range of requirements and has historically utilised a
wide range of test equipment. Many of the shock methods date back around 50 years when they needed to
adopted innovative approaches to allow the simulation of shock events. Whilst, shock analysis & verification
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methods also date back around 50 years, the common use of these has only been practical with high speed
digital computing. In recent years viable techniques to allow representative shocks to be undertaken on
vibration test equipment has become commonly available. Just as importantly, the experience to use such
facilities has been more widely promulgated.

Historically a number of shock tests have been essentially unique to the military field with little or no general
commercial application. Although, with modern methods the distinction has become less clear, the more
difficult and specialist methods still remaining the province of only the military test facility. It is not surprising
then that in such cases no real commercial test procedures are available. The NATO Stanag appears to
comprises the most comprehensive specification incorporating all the specialist test requirements. It also
encompasses the requirements of the national military specifications. Moreover, NATO Stanag specification
seems to be the most up to date incorporating options that have recently become viable.

The above notwithstanding for a number of shock test types commercial equivalents are available and have
been for some considerable time. As some of these tests are used by supplier of COTS and OEM
equipment, commonality with commercial procedures is important. The European national military
specifications reviewed here appear to take cognisance of this and in such cases reflect the commercial
equivalents. That does not seem to be the case for the US national specification which is markedly different
from commercial equivalents. The NATO Stanag reflects the essence of both European and US
requirements and the resultant compromise does not align as well with the commercial procedures as did the
European national military specifications.

6.3.4.1 The Classic Waveform or Basic Shock Test

The Classic Waveform or Basic Shock Test is used by suppliers of COTS equipment commonality between
commercial and military procedures is highly desirable. Both the UK and French military standards align with
the procedure of EN / IEC 60068. Mostly that is also the case for NATO Stanag 4370, although the form and
tolerances on one pulse type differ for no apparently good reason. The procedure of US Mil Std 810F differs
from all the other standards to a significant extent. Moreover, the US Mil Std permits an “alternative” process
which can result in yet greater variations.

In summary, the difference between the UK and French military standards and EN / IEC 60068. Is
insignificant and any of these could be adopted. The US Mil Std 810 procedure differs from all others to an
extent that its adoption could be considered a disadvantage to European industry. The NATO STANAG 4370
military standard has the potential to replace any other European military standard or commercial procedures
if it were not for ensuring total commonality. Unfortunately, this type of test procedure is likely to be used for
COTS equipment and further work is need to align the details of STANAG to European and commercial
standards. For this reason the procedure either of the UK and French military standards or EN / IEC 60068
could be recommended.

6.3.4.2 The Handling Test

The Handling Test comprises several procedures. The NATO STANAG incudes three procedures vertical
impact., horizontal impact and bench handling. The horizontal impact and bench handling impacts are
essentially those of the US Mil Std and GAM standards but with the US severity for bench handling. The
vertical impact severity is perscriptive and based upon mass of the item (from the US standard). In practice
the NATO STANAG is the US Mil Std with apparently only modest acknowledgment to other specifications.
In particular the procedures differs from the two EN / IEC 60068 tests arguably without apparent good
cause. Moreover, the use of perscriptive “hardening” severities for the vertical impact test could be seen as
limiting the use of commercial equipment and packaging in circumstances were full military hardening criteria
are not necessary.

The NATO STANAG 4370 military standards currently cannot be considered a replacement for European
military standard or commercial procedures. This type of test procedure is likely to be used for COTS
equipment and commonality with commercial standards is . For this reason the procedure either of the UK
and French military standards or EN / IEC 60068 could be recommended.

6.3.4.3 The Safety Drop Test

For systems containing dangerous items and particularly energetic materials a separate set of handling tests
are commonly mandated either by national or international requirements. These can be grouped as “safety
impact test” in which the equipment would be expected to remain “safe only” or “safe only for disposal’.

The main test procedure is Nato Stanag 4375 requires drops of not less that 12 m onto face and edges of
the packaged and / or unpackaged weapon. The impact surface is enhanced from previous definitions but
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the procedure is backwardly with existing surfaces. The current UK Def Stan 00-35 Test sets requirements
above and beyond the NATO Stanag 4375 because of specific UK need for a potentially greater drop heights
and drops onto spigots. ITOP 4-2-601 includes a safety drop test as part of a series of drop tests. The
procedure appears to be based upon NATO Stanag 4375 (saftey drop test). Stanag 4375 is frequently listed
along with a number of other safety tests (fire, bullet impact etc). These are frequently used to demonstrate
‘insensitive munition’ (IM) criteria. However, the safety drop test is not strictly a so called IM test.

The UN “Orange” Book (or more formally Recommendations On The Transport Of Dangerous Goods
ST/SG/AC.10/Rev.12) contains a drop test which is intended as an international requirements for
demonsterating the adequacy of packages when transporting dangerous goods.The drop height required for
explosives in the drop test set out in the UN standard is significantly less than the heights required in the
specifically military tests already addressed. However, the criteria required to be achieved are more
demanding. These differences will not normally allow the military safety drop tests to encompass the
requirements of the UN test or vice versa.

The NATO STANAG 4375 encompasses other national military requirements and is consequently
recommend. However, this test does not encompass the UN Transport Of Dangerous Goods drop test which
may also additionally be required.

6.3.4.4 The Shock Response Spectra Test

The Shock Response Spectra Test included in the latest NATO Stanag method is extensively revised from
earlier versions. It appears to encompasses issues from the UK Def Stan, the French GAM method and the
Mil Std. The latest NATO Stanag method and the recent the EN / IEC 60068-2-81 test procedure
undoubtedly comprise the most up to date SRS methods available. However, they are entirely different from
each other and so far both are unproven in the real world testing of equipment. Both give considerable
flexability to the test house in the conduct of the test and the waveform actually applied. However, this is a
disadvantage to the test specifer who canot necessarily be certain the assumed damage modes have
correctly exercised. In contrast the UK Def Stan and the French GAM method have been shown to work and
address the problems of associated with ensuring repeatability. However, they do not necessarily allow use
of the latest techniques included in commercial control software packages.

In summary, the primary reason for shock testing in military applications differs from that of commercial
applications. Nevertheless, ideally, the actual test procedures for military and commercial applications should
be interchangeable. Of the military standards NATO STANAG 4370 is the most sophisticated and uses the
most up to date methods, it is consequently recommended. However, the approach is not well proven in real
world use and does not address repeatability particularly well. If repeatability is an issue a test specifier may
find thee UK Def Stan and the French GAM method are more useful.

6.3.4.5 The Pyrotechnic Test

The Pyrotechnic test procedure is intended to simulate the effects of high frequency shocks such as those
induced by the operation of pyrotechnic operated cutters, bolts, line cutting charges etc. Mostly this type of
shock is unique to military equipment, the main exception is the separation shocks arising separation
systems in commercial satellites / boosters. Consequently, it is not surprising that this test method is not
contained in general commercial standards, excepting specialist ESA or NASA requirements. The latest
NATO Stanag method is updated from earlier versions as well as the latest version of the US Mil Std
procedure. It appears to based largely on the Mil Std with additional information but would seem to
adequately encompass the relevant aspects of the French GAM EG13 procedure.

In summary, the NATO Stanag appears to encompass existing tests and is consequently recommended.
6.3.4.6 The Rail Impact Test

The rail impact test procedure is essentially intended to simulate the effects of rail shunting shocks on
packaged goods. Two different strategies are observed; one to replicate the actual rail shunting / impact
conditions by forcing rail wagons into one another at defined velocities, the other strategy is to simulate the
effects of the impact using procedures such as the classic waveform test procedure with appropriate test
severities.

The latest version of the Mil Std has substantially modified earlier (Federal) procedures but it is still US rail
system specific and needs to be done with rail wagons. The French standard GAM-EG-13 also contains a
rail impact test. Whilst., this procedure also requires complete rail wagons, very little definitive information is
contained in GAM-EG-13. EN / IEC 60068 does not contain a specific rail procedure, although EN / IEC
60721 (the associated environmental severities) does encompass rail shock by means of classic waveform
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test procedure. A similar strategy is adopted in the UK Defence Standard 00-35. NATO Stanag 4370
contains three procedures; two of these impact loaded rail wagons to produce the shock, the third allows
laboratory simulation using either the classic waveform test or the SRS procedures. Of the two procedures
that impact loaded rail wagons, one is stated as mandatory for the US rail system (although the justification
for the mandatory statement is questionable) the other is indicated as a requirement for the European rail
system (the justification is questionable).

In recent times rail shock severities on the European rail systems have decreased substantially. This is
because European rail vehicles now use better buffing equipment (hydraulic buffers produce much lower
shocks than spring) and more significantly as operating procedures have changed. The latter reducing and
eliminating shunting impacts because rail train sets are rarely broken into individual vehicles (especially
when loaded). Today the need for a specific procedure to reproduce rail impact appears to originate almost
entirely from consideration of the US rail system. For European defence equipment laboratory simulation is
the only cost effective and practical approach, that is if a test is needed at alll.

In summary, the NATO Stanag 4370 appears to contain the most options but contains implied requirements
for testing and the severities which do not align with commercial standards such as EN / IEC 60721. Concern
exists that the STANAG may be over specifying requirement to meet US criteria which do not exist in
Europe. Nevertheless as a procedure the STANAG is reccomended.

6.3.4.7 The Undex Test

The Undex Test simulates the shock effects from non-contact explosions adjacent to warships. The test has
historically used a range of specialist facilities. Generally each of the various facilities had accompanying
specific test procedures. Consequently, the test was not usually included in more general military
procedures. A move towards the use of a broader range of test facilities has necessitated the inclusion of
appropriate test procedures in military procedures. As the type of test is entirely military, no commercial
equivalents are available. Of the procures reviewed the UK Def Stan 00-35 includes a very basic procedure
aimed at setting up the test but does not include information on tolerances or severities. The NATO Stanag
4370 contains a specific and recent procedure. The procedure contains extensive guidance and allows the
use of both general and specific equipment. It also includes information on tolerancing.

In summary, as a test the NATO Stanag 4370 is really the only coherent procedure as such is
recccomended.

6.3.4.8 The Ballistic Shock Test

The Ballistic Shock Test method simulates a high-level transient shock that generally results from the impact
of projectiles or ordnance on armoured combat vehicles, hardened targets, or other structures. The latest
NATO Stanag method is effectively identical to the latest US Mil Std procedure, although without severity
information. The test does not specifically appear in French military specification GAM EG13 or the UK Def
Stan 00-35 although it could be argued that it is included within the generic shock procedure. As it is entirely
a military requirement the test method also does not exist in IEC or CEN commercial standards. The main
issue with both the Mil Std and Stanag procedures is that three of the five sub-procedures utilise US test
facilities. Moreover, the only sub-procedure that uses facilities that are commonly available in Europe has
limited applicability to equipment with a mass of 40 Kg.

In summary, although the STANAG procedure is recommended, it is with significant reservations as to the
disadvantages it imposes on European industry. Also the absence of severities in the Stanag makes the
procedure of doubtful practical value. These issues could be resolved with further work to define
requirements as is the norm in Europe rather than cook book procedures to use specific test equipment
which seems to be the norm in the US.

6.3.4.9 The Catapult Launch /Arrested Landing Test

The Catapult Launch / Arrested Landing Test has appeared in the US Mil since almost the earliest version.
The test was intended for Naval aircraft equipment and weapons. The French GAM-EG13, the UK Def Stan
and the NATO Stanag refer to a severity but use the existing SRS procedure. If a test is required the SRS
test procedure of EN / IEC 60068 2-57 time history test procedure is the most up to date and applicable.

In summary, the EN / IEC 60068 2-57 time history test procedure is the most applicable and up to date
procedure even if it was not intended for this application. With that said, the SRS test procedure included in
all the defence standards can easily be adapted to this environment if its ever required. Currently such a
need is highly questionable given the modest conditions compared with other environments Naval aircraft
equipment and weapons are likely to experience.
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6.3.4.10 The Bump Test

The Bump Test uses relatively simple test equipment and allowed the application of repetitive shocks of
reasonable amplitude at a time when vibration test equipment was not widely available. A test using this
procedure typically utilises several a half sine pulse, repetitively applied, with a few seconds interval between
each pulse. Although, the original rationale for this test has long been superseded, it is still used by
suppliers of COTS and OEM equipment to demonstrate the ruggedness of components and subsystems.
For this reason, commonality between commercial and military procedures is highly desirable. Both the UK
and French military standards align with the procedure of EN / IEC 60068. The test does not appear in
NATO Stanag 4370 largely because it does not replicate a particular environmental condition.

In summary, the procedure of EN / IEC 60068 is reflected in other standards which still contain this test. As
a procedure to test both assemblies and sub-assemblies, it is undoubtedly inappropriate, it may still have
value for components, but only to a limited extent.
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6.4 Review and Comparison of Miscellaneous Mechanical Test Methods
6.4.1 Standards Under Consideration

The standards reviewed and compared with regard miscellaneous mechanical conditions are set out in the
following table.

Matrix Environmental Test Methods vs Standards

NATO International UK us France Quadripartite
STANAG 4370 EN/IEC Def Stan 00-35| Mil Std 810F | GAM-Eg-13 US/UK/F/DE
AECTP 60068 Part 2 Part 3 (Test No / (Method / ITOP
(Method No) | (60068-2-xx) [(Chapter /test)| Procedure) Procedure) (Test No)
CONSTANT 404 7 2-13/M13 513 1st Part
ACCELERATION method 45
BOUNCE / LOOSE 406 55 2-11 /M1 514 1st Part 4-2-602
CARGO Procedure Il | method 42 -
procedure 5
MATERIEL 407
TIEDOWN
MOTION 418
PLATFORM
LARGE 408 2-14 / M14 514 1st Part
ASSEMBLY Procedure lll | method 42 -
TRANSPORT procedure 4
MATERIEL 409 2-15/M15
LIFTING
MATERIEL 410 UN “Orange” 2-16 / M16
STACKING Book
ST/SG/AC.10/
Rev.12
MATERIEL 411 2-17 I M17
BENDING
MATERIEL 412 2-18/M18

RACKING
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6.4.3 Technical Comparison

6.4.3.1 Constant Acceleration

The constant acceleration procedure is one of the oldest mechanical tests and appears in many
compendiums of standards for most types of equipment especially for aerospace components. It is also one
the simplest mechanical test procedures with variations mostly centred on guidance and severities. It is
frequently the case that this test procedure experiences very few changes most related to guidance and
severity. The most common type of test equipment for undertaking this test is a centrifuge although in certain
cases sled tracks can also be used. Although the latter are sometimes used for commercial equipment they
are more frequently employed on military equipment requiring higher levels of acceleration.

In the majority of cases the use of the constant acceleration tests is likely to be limited to sub-assemblies
rather than complete systems (the capabilities of which are likely to established by computation). As these
sub-assembles may be COTS equipment it is important that commercial and military test procedures align.

The commercial procedure EN / IEC 60068 and the UK Def Stan procedure are specifically written for use
with a centrifuge. Although, both could be adapted for use with sled tracks. The French GAM-EG-13
standard and the US Mil Std both address both centrifuge and sled tracks. The latest STANAG has a degree
of commonality with the UK, French and US national standards. However, the latest version contains
considerable amount of guidance mixed within the procedural requirements. This is to such an extent that
the actual requirements are difficult to ascertain and firmness of content could be considered to have been
compromised.

6.4.3.2 Bounce / Loose Cargo

This is again a very old test procedure originally written around a particular piece mechanical test equipment.
The test equipment causes a platform able to move in two dimensions onto which sits the packaged
equipment under test. When the platform is stimulated at a fixed frequency by cams the packaged equipment
moves as a loose item and is able to “bounce” on the platform. The original intent was to crudely simulate the
most severe motions of a wheeled transport vehicle and consequently the impacts that an item of loose
cargo may experience. The particular piece of mechanical test equipment utilised originates from around the
1950’s and can only be utilised for this specific purpose.

The test amplitudes are set intrinsically by the mechanical construction of the particular piece of test
equipment utilised and the only real variable is test duration. The machine uses two cams to produce
platform motion each running at a fixed speed but at slightly different speeds from each other. The cams via
linkages produces two dimensional motion of the platform.

The test was originally derived for packaged items transported by wheeled vehicles. The test severities were
originally developed for commercial applications. However, they are generally no longer considered
applicable for that use. This is mostly because vehicles and road surfaces have improved. As a
consequence the test was frequently found to induce damage not generated in practice. As the test
amplitudes cannot be readily adjusted the use of the test has significantly decreased for commercial
applications. The severities were found to be more realistic for military items carried either off-road or on
degraded roads. Although, originally intended for packaged equipment, for military applications it is often
utilised for unpackaged equipment in its tactical configuration. For military applications the test may be called
to simulate transport in tracked vehicles, however, the particular piece of mechanical test equipment used for
“bounce” testing has no real technical basis for use in simulating those conditions.

The commercial procedure EN / IEC 60068, the UK Def Stan procedure, the French GAM EG 13 standard
and the US Mil Std 810 are essentially written around the use of the original 1950’s mechanical test
equipment. A slight difference exists in the way the cams transmit motions to the platform in the US test
procedure from that set out in all the other procedures listed. This is a subtle difference as it seems likely to
generate a smaller difference in equipment response than the differences between different manufacturers
test equipment. The latest STANAG is also written around the use of the original 1950’'s mechanical test
equipment. However, it does resolve the subtly differences in motion between the US and European national
procedures.

Quadripartite (US/UK/F/DE) agreement ITOP 4-2-602 includes a loose cargo test as part of a series of rough
handling tests. Although the ITOP is stated a encompassing any military equipment, the procedure itself
repeatedly makes reference to ammunition. It is rather clear, that this originated as an ammunition specific
procedure, and a rather poor attempt has been made to make it more general. The loose cargo procedure

127



CEN WORKSHOP 10
STANDARDIZATION FOR DEFENCE PROCUREMENT
Expert Group 8 Environmental Engineering

adopts the Mil Std platform motions and is consequently incompatible with either the UK Def Stan procedure,
the French GAM EG 13 standard or EN / IEC 60068. As such the ITOP is disadvantageous to European
Industry. The rationale for the existence of the procedures in ITOP 4-2-602 is unclear. The test procedures
included in this ITOP (loose cargo vibration, temperature cycling and drop tests) have all existed in
commercial standards and national military standards for a very long period. Moreover, the NATO standard
existed when the ITOP was first issued (1996) and last modified (1999).

Some alternatives to the 1950’s mechanical test equipment do exist but none are universally accepted. The
UK Def Stan and to some extent the STANAG allow the use of alternative equipment but only provide they
generate similar motions to the 1950’s mechanical test equipment. Such alternative equipment is usually a
two dimensional platform excited by (usually) four hydraulic rams. The (quite old) US Mil Std 331 permits the
loose cargo testing of packaged fuzes on a single axis electro-mechanical vibrator. The loose cargo testing
of commercial packages is frequently achieved on single dimensional electro-hydraulic or electro-dynamic
vibrators as part of a vibration test. Similar methods have been utilised for some specific military ordnance
items in several countries. These alternative commercial methods are already enshrined in some product
specific international commercial standards. Moreover, generic CEN and ISO standards encompassing such
procedures are likely to be issued shortly.

The STANAG has a slight advantage over both EN / IEC 60068 and the various national military standards.
Although this is only because it resolves the subtly differences in motion between the US and European
national procedures. This notwithstanding, the specific 1950’s mechanical test equipment all these methods
resolve around is not particularly flexible or repeatable. The use of modern and more flexible test equipment
is permitted by some product specific commercial procedures and generic CEN and ISO standards are likely
to be available shortly.

6.4.3.3 Materiel Tiedown

NATO STANAG 4370 includes a test method used demonstrate the adequacy of a package or container to
resist, during tiedown, the applied loads without unacceptable degradation of its structural and/or its
functional performance. It is particularly applicable to materiel having integral attachments such handles, eye
bolts and shackles. None of the European national military standards include a similar test nor does EN / IEC
60068. However, various CEN and ISO package standards do include similar basic requirements.

The STANAG test is a basic static loading test of container handling features which does not necessarily
encompass CEN, ISO or European legislative requirements. Military use may require loadings in excess of
those specified (in CEN & ISO standards) by commercial use. However, the specified lowest loadings should
be the commercial standards and European legislative requirements.

6.4.34 Motion Platform

NATO STANAG 4370 contains a test to replicate the motion that may be induced on platforms such as a
large ship during a rough sea state. The test is intended is intended to replicate rigid body motion in terms of
linear and rotational motions. The need for an equipment to operate at different angular positions is
requirement of many platforms. Compliance with these requirements is normally verified by a range of
methods. These methods are not normally included as environmental tests. Nevertheless ship board
equipment may be COTS intended for fixed installation, consequently a standard method of verifying
adequacy is useful. Although no equivalent test exists in EN / IEC 60068, a Ship platform specific (vertical)
IEC standard does exists and the NATO STANAG 4370 should adopt that procedure.

6.4.3.5 Large Assembly Transport Test

This test procedure was intended to be an alternative to laboratory simulation when items were very large or
massive. The procedure may be used for large / heavy packaged items, large packs of artillery rocket, large
command & communications shelters or large NBC monitoring systems. Essentially the procedure permits
mounting of the equipment on appropriate vehicles which then transits appropriate surfaces (usually test
tracks), at appropriate speeds for appropriate durations.

The UK Def Stan 00-35 includes a specific test procedure for large assembly transport testing. It does not
specify specific surfaces, speeds or durations. Rather it suggests these should be derived from knowledge of
intended usage. A alternative option for large equipment is also permitted in the French GAM-EG standard
and the US Mil Std. The latest STANAG includes a specific large assembly transport test procedure as an
alternative to laboratory simulation. This reflects all the components of the national standards. Again the
basic procedure does not contain specify requirements for surfaces, speeds or durations. Whilst, it does
include some guidance, that resolves entirely around US test track surfaces and test operating procedure.
No equivalent exists in the commercial procedure EN / IEC 60068.
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6.4.3.6 Materiel Lifting, Stacking, Bending And Racking Tests

The four test procedures materiel lifting, stacking, bending and racking tests all originate from packaging test
standards. They were originally intended to verify the adequacy of packages but can also be used to verify
that the conditions do not degrade the equipment within the package.

The original UK Def Stan 00-35 tests are effectively identical to those of Def Stan 81-41 Part 3. The
STANAG 4370 tests reflect the UK Def Stan procedures. The Def Stan 81-41 part 3 test procedures are also
those of STANAG 4340 AEPP-3. No equivalent exists in the commercial procedure EN / IEC 60068.
However, various CEN and ISO package standards do include similar basic requirements. Given that they
encompass a larger range of package type is difficult to understand why the Stanag does not encompass
such commercial procedures.

The UN “Orange” Book (or more formally Recommendations On The Transport Of Dangerous Goods
ST/SG/AC.10/Rev.12) contains a stacking test which is intended as an international requirements for
demonsterating the adequacy of packages when transporting dangerous goods. Dangerous goods in this
instance are catagorised as a range of materials one of which is explosives. UN certification against
nationally implimented versions of this standard is required before dangerous goods can be transported
using most commercial means. This is especially the case for international transportation. Although the test
procedure of the UN test is the same as that in the Def Stan & STANAG tests, the severity and criteria differ.
Although these differences would currently dictate separate they are not so great as to be insurmountable.
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6.4.4 Conclusions
A summary of the recommendations is shown in the table below which is expanded in the following
paragraphs.
Summary of Recommendations for Miscellaneous Mechanical Tests
NATO International UK us France Quadripartite
STANAG 4370 EN/IEC Def Stan Mil Std 810F GAM-Eg-13 US/UK/F/DE
AECTP 60068 00-35 ITOP
Constant Could be Essentially equivalent to STANAG Test. Recommended | No equivalent
acceleration recommended test.
but with
reservations as
to quality of
procedure
Bounce / Recommended Essentially equivalent to STANAG procedure but note differences in motion
loose cargo but new between US/ITOP procedures and European procedures.
CEN/ISO Stds
will probably
surpass
Materiel Cannot be No equivalent test
tiedown recommended
in current form
Motion Cannot be No equivalent test
Platform recommended
in current form
Large Recommended | No equivalent Equivalent to STANAG Test. No equivalent
assembly test. test.
transport
Materiel, Recommended | UN “Orange” Equivalent to No equivalent test.
lifting, book test for | STANAG Test.
stacking, stacking
bending and would also be
racking required.
6.4.4.1 Constant Acceleration

The Constant Acceleration test procedure is usually limited to sub-assemblies rather than complete systems
(the capabilities of which are likely to established by computation). As these sub-assembles may be COTS
equipment it is important that commercial and military test procedures align. The procedure in EN / IEC
60068 and the UK Def Stan are specifically written for use with a centrifuge. Although, both could be used
with sled tracks. The French GAM-EG-13 and the US Mil Std both address both centrifuge and sled tracks.
The latest STANAG has a degree of commonality with the UK, French and US national standards. It also
addresses centrifuge and sled tracks. However, the latest version contains considerable amount of guidance
mixed within the procedural requirements. This is to such an extent that the actual requirements are difficult
to ascertain and firmness of content could be considered to have been compromised.

In summary, the difference between the various tests is not particularly significant and any of those reviewed
could be adopted. The NATO STANAG 4370 has the greatest degree of commonality to the other military
standards, however, it is compromised by the lack of firmness of content. As this test is likely to be used for
COTS equipment greater effort is also required to align the STANAG to commercial standards. If it were not
for this it would be the most applicable single standard and recommended. Otherwise the French
GAM-EG-13 is recommended.
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6.4.4.2 Bounce / Loose Cargo

The Bounce / Loose Cargo test procedure is quite old and written around a particular piece mechanical test
equipment. The test amplitudes are set intrinsically by the mechanical construction of the particular test
equipment utilised and the only real variable is test duration. The commercial procedure EN / IEC 60068, the
UK Def Stan procedure, the French GAM-EG-13 standard and the US Mil Std 810 are essentially written
around the use of the original 1950’s mechanical test equipment. The STANAG has a slight advantage over
both EN / IEC 60068 the various national military standards. Although this is only because it resolves the
subtly differences in motion between the US and European national procedures. This notwithstanding, the
specific 1950’s mechanical test equipment all these methods resolve around is not particularly flexible or
repeatable. The use of modern and more flexible test equipment is permitted by some product specific
commercial procedures and generic CEN and ISO standards are likely to be available shortly.

In summary, the NATO STANAG 4370 addresses the slight differences between the US and European
approaches, something the EN / IEC test fails to do. As the NATO STANAG has greatest degree of
commonality to both civil and other military standards it is recommended here. However, all the procedures
utilise very old equipment and badly require a degree of technical innovation to update this approach. Shortly
to be available generic CEN and ISO standards are likely to be more applicable than any procedure
reviewed.

6.4.4.3 Material Tie-down.

The STANAG test is a basic static loading test of container handling features which does not necessarily
encompass CEN, ISO or European legislative requirements. None of the European national military
standards include a similar test nor does EN / IEC 60068. However, various CEN and ISO package
standards do include similar basic requirements. Military use may require loadings in excess of those
specified (in CEN & ISO standards) by commercial use. However, the specified lowest loadings should be
the commercial standards and European legislative requirements. As such the STANAG 4370 test cannot be
recommended in its current form.

6.4.4.4 Motion Platform.

NATO STANAG 4370 contains a test to replicate the motion that may be induced on platforms such as a
large ship during a rough sea state. The test is intended is intended to replicate rigid body motion in terms of
linear and rotational motions. The need for an equipment to operate at different angular positions is
requirement of many platforms. Compliance with these requirements is normally verified by a range of
methods. These methods are not normally included as environmental tests. Nevertheless ship board
equipment may be COTS intended for fixed installation, consequently a standard method of verifying
adequacy is useful. Although no equivalent test exists in EN / IEC 60068, a Ship platform specific (vertical)
IEC standard does exists and the NATO STANAG 4370 should move towards adopting that procedure. As
such the STANAG 4370 test cannot be recommended in its current form.

6.4.4.5 Large Assembly Transport

The Large Assembly Transport test procedure was intended to be an alternative to laboratory simulation
when items were very large or massive. The UK Def Stan 00-35 includes a specific test procedure for large
assembly transport testing. An alternative option for large equipment is also permitted in the French GAM-
EG standard and the US Mil Std. The latest STANAG includes a specific large assembly transport test
procedure as an alternative to laboratory simulation. This reflects all the components of the national
standards. However, the basic procedure does not contain specify requirements for surfaces, speeds or
durations. It does include some guidance on this but that resolves around US test track surfaces and test
operating procedure. No equivalent exists in the commercial procedure EN / IEC 60068. In summary this
test reflects the large nature of certain military equipment and the need to use other than laboratory test
facilities. The NATO STANAG 4370 reflects other military standards and is hence recommended.

6.4.4.6. The Four Materiel Lifting, Stacking, Bending And Racking Tests

The Four Materiel Lifting, Stacking, Bending And Racking test procedures all originate from packaging test
standards but can also be used to verify that the conditions do not degrade the equipment within the
package. The original UK Def Stan 00-35 tests are effectively identical to those of Def Stan 81-41 Part 3. The
STANAG 4370 tests reflect the UK Def Stan procedures. The Def Stan 81-41 part 3 test procedures are also
those of STANAG 4340 AEPP-3. No equivalent exists in the commercial procedure EN / IEC 60068.
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In summary the NATO STANAG 4370 reflects other military standards and is hence recommended.
However, the STANAG stacking test does not encompass the UN Transport Of Dangerous Goods stacking
test which may additionally be required.
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6.5

6.5.1

Standards Under Consideration

Review and Comparison of Temperature, Humidity and Pressure Test Methods

The standards reviewed and compared with regard temperature, humidity sand pressure test methods are
set out in the following table.

Matrix Environmental Test Methods vs Standards

NATO International UK IR France Quadripartite
STANAG 4370 EN/IEC Def Stan 00-35| Mil Std 810F | GAM-Eg-13 | US/UK/F/DE
AECTP 60068 Part 2 Part 3 (Test No/ (Method / ITOP
(Method No) | (60068-2-xx) |(Chapter /test)| Procedure) Procedure) (Test No)
High Temperature 302 2 Test B Dry 3-01/CL1 501 Part 1 2-2-816
Heat 3-02/CL2 Method 02
14 Change of 3-11/CL11 Hot
Temperature
Low Temperature 303 1 TestA 3-04/CL4 502 Part 1 2-2-816
Cold 3-05/CL5 Method 01
14 Change of Cold
Temperature
Thermal Shock 304 14 Change of | 3-14/CL14 503 Part 1
Temperature Method 7
Thermal Shock
Solar Radiation 305 5 Test Sa 3-03/CL3 505 Part 1 4-2-826
9 Guidance Method 9 Solar
Radiation
Humidity 306 30 Damp Heat| 4-07/CL7 507 Part 1 4-2-820
Cycle 4-06 / CL6 Method 03
38 Humid Heat
Temperature
Humidity Cycle
Low Pressure 312 13 3-21/CL21 500
3-20/CL 20
3-09/CL 09
Temperature, 317 39 3-11/CL 11 520 05
Humidity Altitude 40 3-12/CL 12 10
41 3-13/CL13 11
Icing 311 3-10/CL 10 521 14
Freeze Thaw 315 3-24/CL 24 22
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CEN WORKSHOP 10
STANDARDIZATION FOR DEFENCE PROCUREMENT
Expert Group 8 Environmental Engineering

6.5.3 Technical Comparison

6.5.3.1 High and Low Temperature Test Procedures

Constant temperature testing, either hot or cold, is undertaken to demonstrate equipment functions correctly
at elevated or reduced temperature. In the defence field this type of constant amplitude test is frequently
used by suppliers of COTS equipment to demonstrate a high and low temperature operational capability. In
this form the test procedures are relatively old and exists in both Civil standards and national military
standards. As it is needed for COTS equipment commonality between civil and defence specifications is
important. For this use the specifications should also be firmly written such that the test actually undertaken
is well understood.

Many standards have separate hot and cold procedures. However, this comparison found almost identical
arguments regardless of whether hot or cold procedures were considered. To avoid repetition they are
addressed together here.

It has been found that constant amplitude temperature testing is not particularly useful for testing defence
systems. Were a demonstration to operate or survive in a thermal cycle has shown to be more significant.
Tests to allow realistic thermal cycling mostly appear in the Defence Standards.

The main difference between the civil procedure international IEC EN 60068 and the military standards is the
absence of good temperature cycling procedure. IEC EN 60068-2-1 Cold and IEC EN 60068-2-2 Dry heat
are both firmly written constant high temperature test. A separate procedure exists IEC EN 60068-2-14 Test
N Change of Temperature which permits a course cyclic test. This latter test is not particularly sophisticated
and does not permit user defined temperature cycles. One of the cycle types set out in this procedure was
commonly used in the 1960's and 70’s for defence applications. However, it was found to generate
unrepresentative failures and as a consequence the cycle used in most Defence standards now allows the
tailoring of the cycle profile to replicate either actual daily cycles or user defined cycles.

The UK national Defence standard Def-Stan 00-35 contains two high temperature test procedures. Test Cl1
Constant High Temperature - Low Humidity Test is essentially identical to IEC EN 60068-2-2 Test B Dry heat
test procedure. Test CL2 High Temperature, Low Humidity And Solar Heating Diurnal Cycle Test is
technically comparable to test procedures of Method 302 (AECTP 300). Procedure A of the Def Stan
corresponds to Procedure | of the AECTP procedure, whilst, procedure B corresponds to procedure Il and
offers some test temperature values for predetermined situations. The diurnal cycle test uses a
representative 24 hour thermal cycle as well as permitting use of older courser cycles for reasons of
backward compatibility.

The UK national Defence standard Def-Stan 00-35 also contains two low temperature test procedures. Test
CL4 Constant Low Temperature Test is technically similar to BS EN60068-2-1 Part 2 Tests A Cold. Test
CL5 - Low Temperature Diurnal Cycle Test is technically comparable to test procedures of Method 303
(AECTP 300).

The French national defence standard GAM-EG13 Cold and Dry Heat test methods are comparable with the
IEC constant amplitude methods. The test severities can to be tailored but the amount of guidance
information is lower than in other military standards. The French standard also contains a Thermal Cycles
procedure as well as a Climatic Cycles procedure. The former is a cycle test which includes a course cycle
similar to the IEC procedure as well as more representative “sinusoidal” type cycle. This is more
representative than the IEC cycle but not as representative of real conditions as the Def Stan / STANAG
cycle. The Climatic Cycles procedures combines hot and cold cycles and is essentially a derivative
procedure.

International Test Operating Procedure 2-2-816 is a quadripartite agreement between the UK, US, F & DE.
This particular test relates specifically to tracked vehicles and as such could be regarded as a vertical
standard. The process set out is very basic subjecting the vehicles to a few constant amplitude tests. It is
unclear why such a basic procedure warrants a specific agreement. Moreover, the existence of such an
agreement could be used to circumvent more sophisticated and realistic requirements. In this regard the
rationale for procedure could be in conflict with European defence procurement strategy.

The high (Method 302) and low (Method 303) temperture tests within Nato STANAG 4370 each includes
three procedures the first two of those related to storage and operating. The storage procedure allows both
cyclic testing as well constant amplitude testing, the operating procedure is a cyclic test. In both cases the
cyclic conditions are based upon a realistic daily thermal cycle. The use of the storage procedure at constant
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amplitude is very much a secondary option and this aspect is not written in a particularly firm manner which
is would allow its use or COTS equipment. The third radiative procedure for the hot test is used when the
effects of solar radition need to be included in the cycle but whemn the equipment only experiences indirect
heating from solar radiation viz. solar radiation is not experienced directly. The third manipulative procedure
within the cold test is used to determine whether equipment can be manually operated, assembled or
disasembled. A major benefit offered by Nato Stanag 4370 is its very comprehensive guidance information.
This supplies information to the test specifier to tailor the procedure keeping in mind the following aspects:

effects of high temperature on materiel
heat transfer physics

choice of test parameters
determination of test severities

The US National defence Mil-Std 810 procedures for high and low temperature testing are similar to Method
302 & 303 of AECTP 300, but not identical. In this case the “storage” procedure is constant temperature
only, whilst, the “operating” procedure allows cyclic or constant temperature testing. Neither constant
temperature test procedure is sufficiently firmly to allow its use for COTS equipment. Although radiative
heating situations are mentioned, no specific test procedure is presented. The cold test does includes a
“manipulation” procedure . This method is not generally practical for:

a. Evaluating time-dependent performance degradation (ageing) effects that occur during constant
long-term exposure to high temperatures (under storage or operational modes) where synergetic
effects may be involved. For such high temperature ageing effects, test in the natural environment.

b. Evaluating materiel in a high temperature environment where solar radiation produces significant
thermal gradients in the materiel. For simulating direct solar impingement, use method 505.4, Proc |.

As already indicated the main difference between defence standards and civil standards with regard high
and low temperature testing is that the former includes procedures which allow temperature cycling rather
than essentially constant temperature test. Whilst, some defence systems require verification of operation at
constant elevated temperature, determining the degradation effects of temperature cycling is also a strong
requirement. Historical experience has indicated that temperature cycling procedures identify in-service
failure modes that cannot be determined from essentially constant temperature testing. Experience also
indicates that unrepresentative cycles induces unrealistic damage and degradation. For this reason the
deficiencies in the civil procedures preclude their recommendation with regard temperature cycling. Of the
military procedures Stanag 3470 Method 302 contains methods that technically encompass those of the
other national defence standards.

Notwthstanding the above constant high and low temperature testing procedures are required for COTS
equipment to demonstrate an operational capability. For this purpose the IEC 600068 procedure appears to
be common with the Def Stan 00-35 or GAM EG 13 tests and generally suitable for COTS testing. It is a
common observation that the existing constant temperature test procedures are not necessarily appropriate
for equipment which is self generating significant levels of thermal output.

6.5.3.2 Solar Radiation Test Procedures

For most defence equipment the simulation of the thermal effects of solar radiation is usually far more
common than simulating the actinic effects. For defence equipment subject to solar radiation the induced
temperatures can be significantly greater than the climatic temperatures. Moreover, operational military
requirements may preclude the use of protection against solar radiation. This notwithstanding civil and
military test procedures are generally quite similar.

The International civil standard IEC EN 60068 contains both a solar radiation test procedure 60068-2-5 as
well as associated guidance 60068-2-9. The latter provides extensive guidance information, but some parts
are outdated. The guidance was published in 1975 and gives information on the available radiation sources:
carbon arc, xenon, tungsten lamps and mercury vapour lamps. There has been progress in lamps
technology since 1975 (metal halide sources can be used for heating effects for instance).

The UK National Defence standard Def-Stan 00-35 Test CL3 Solar Radiation Test is technically similar
60068-2-5. Extensive guidance and bibliography given in Annex A.

The French national Defence standard GAM-EG13 method is comparable with the IEC method.

The US National defence standard Mil-Std 810 simulates the ultraviolet portion of the solar spectrum only in
a general way, but most people consider this simulation as adequately representative of levels in most
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geographic areas. This method does not simulate uniform heating that occurs in enclosed environments or
indirect heating in shaded areas, or in covered storage conditions. Due to the possible change in irradiance,
this method is not intended to be used for space applications.

International Test Operating Procedure 4-2-826 is a quadripartite agreement between the UK, US, F & DE.
This particular test relates to all military equipment and consequently has the same as the STANAG. The
process set out is basically a mix of hot wet temperature cycling and solar radiation testing. The procedures
are those of the Mil Std 810 and consequently could be deemed to put the European defence industry at a
disadvantage. As the STANAG effectively supersedes this agreement its continued existence has doubtful
value.

NATO STANAG 4370 contains extensive guidance and bibliography in Annexe A. Most this information is
similar to IEC 60068-2-9 but is often more up to date. Guidance paragraphs address the following topics to
conduct the tailoring process:

effects of solar radiation

rationale for the choice between the two procedures
specification of the test severities

warning on the health hazards.

The various solar radiation test procedures are comparable and technically similar. The main difference
between them is that NATO STANAG 4370 contains up to date guidance using the latest technology.

6.5.3.3 Thermal Shock

The thermal shock test is a relatively specialist test replicating only a few real world conditions. Historically
the test has not been particularly easy to undertake and tailoring the procedure to specific applications has
previously had advantage. Real world conditions producing thermal shock exist which are essentially unique
to a small range of defence equipment. Generally in those cases the rate of change of temperature is greater
than experienced by civil equipment.

Civil International standard IEC EN 60068-2-14 Tests Na and Nb allows a form of thermal shock test to be
undertaken.

The Def-Stan 00-35 Part 3 Chapter 3-14 Test procedures A and B incorporates the test methods of IEC EN
60068-2-14 Change of Temperature Tests Na and Nb respectively. However, it changes the rate of change
of temperature for defence use.

The French national Defence standard GAM-EG13 method is broadly comparable with the IEC method. It
allows different rates of temperature change and multiple cycles.

The US National Defence Standard Mil-Std is not compatible with the IEC test. This method does not
address the temperature shock experienced by materiel transferred between air and liquid or two liquids, the
thermal shock caused by rapid transient warm-up by engine compressor bleed air, or aerodynamic loading.
Except for ESS, this method is inappropriate if the actual transfer time in a service environment will not
produce a significant thermal shock.

The International NATO STANAG 4370 method 304 encompasses a procedure able to be used for defence
applications specifically related to air to air thermal shocks.

Rapid change of temperature can exercise damage mechanisms that are not exercised by slower
temperature cycling tests. The military test procedures include a procedure specifically for this purpose, the
civil standard IEC EN 60068-2-14 is a slower temperature cycle and not really comparable. The STANAG
4370 procedure encompasses the relevant national Defence procedures.

6.5.3.4 Humidity

As was the case for high and low temperature testing, two forms of humidity test exist; one at essentially
constant temperature / humidity and the other in which temperature and humidity cycle. In this case not only
is the constant temperature / humidity test applicable to COTS equipment it is also replicates a few situations
in which defence equipment may be cited. Nevertheless the cyclic temperature / humidity is also very
commonly adopted for defence systems as it replicates the effects of equipment “breathing” in moisture. It
also is a commonly adopted extension of the hot temperature cyclic test. Mostly for defence systems a
realistically profiled daily temperature / humidity cycle is adopted.

International civil procedure IEC EN 60068 has two humidity tests; the first 60068-2-30 damp heat cycling
and the second 60068-2-38 temperature humidity cycle. The 60068-2-30 damp heat cycling test uses a
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simple two level temperature cycle during which the humidity is kept at nearly a constant high RH level. The
test allows a user defined upper temperature but not a user defined temperature profile. The 60068-2-38
temperature humidity cycle uses a slower rate of rise and fall of the temperature levels and a modest change
of humidity. This is to stimulate “breathing” failures caused by the ingress of moisture. However, the test
does not readily allow user defined profiles as severities are embedded into the procedure.

The French national defence standard GAM-EG13 Damp Heat test method is comparable with the IEC
constant amplitude methods. The test severities can to be tailored but the amount of guidance information is
lower than in other military standards. The French standard also contains a Thermal Cycles procedure as
well as a Climatic Cycles procedure. The former is a cyclic temperature test but with constant humidity. The
Climatic Cycles procedures combines hot and cold cycles but again with constant humidity and is essentially
a derivative procedure.

The UK National Standard Def Stan 00-35 contains two humidity tests. The first Is Test CI7 Constant High
Temperature - High Humidity Test. This is technically similar to the IEC / EN constant humidity test. It is
firmly written and can be used for either simulating actual defence conditions or COTS equipment. The
second procedure is Test C6 High Temperature, Humidity And Solar Heating Diurnal Cycle Test. This is a
combined cyclic test which can be used to include the indirect effects of solar radiation. The test includes
three procedures; the first procedure uses a realistic daily cycle of humidity and temperature (including if
required the indirect effects of solar radiation, the second procedure is a course cycle intended to be
equivalent to IEC EN 60068 Test Db And Guidance: Damp Heat, Cyclic, the third procedure is intended to
simulate the effects of unventilated storage and transit.

The US national defence standard Mil Std 810 includes a humidity test. This is essentially a constant level
test but does allow a specific (aggressive) temperature cycle. This latter cycle would allow the stimulation of
“breathing” failure modes.

International Test Operating Procedure 4-2-820 is a quadripartite agreement between the UK, US, F & DE.
This particular test relates specifically to ammunition and as such could be regarded as a vertical standard.
The procedure sets out essentially the Mil Std 810 temperature / humidity cycle method but using the
STANAG 2895 temperature / humidity severity cycles. The STANAG 2895 temperature / humidity severity
cycles are now included in STANAG 4370 and are those of the UK Def Stan 00-35. This ITOP procedure
was last issued after the STANAG 4370 procedure was published and the need for its continued existence is
questionable.

The high humidity (Method 306) test within Nato STANAG 4370 includes two procedures. Procedure Il
allows constant / stable amplitude humidity conditions and Procedure | a cyclic test. The constant humidity
test is mostly intended for replicating in-service conditions but could equally be used for COTS equipment.
The procedure is reasonably firmly written and could be used for COTS purposes. A major benefit offered by
Nato Stanag 4370 is its very comprehensive guidance information.

Superficially the observations for humidity testing are similar to those for temperature testing. For defence
equipment a cyclic test has been found to be more representative and commonly used for defence systems.
On the other hand firmly written constant amplitude tests are also required for COTS equipment. This is
reflected in the various standards reviewed here, with the defence standards encompassing a far broader
range of procedures than the civil standard. To some extent this reflects a difference in overall philosophy
between the documents. That is IEC EN 60068 is more concerned with setting a standard for OEM and
COTS equipment rather than evaluating systems against in-service use. Although the various defence
procedures are incorporated in different ways, the STANAG encompasses the majority of the overarching
requirements and contains a useful amount of guidance. As constant amplitude humidity testing is also an
in-service defence requirement this aspect is reasonably well written and could be used for COTs equipment
with a reasonable degree of confidence. However, it is still not as good as the IEC 600068, Def Stan 00-35
or GAM EG 13. The latter two procedures had a deliberate intent of commonality which is not apparent in the
STANAG. Neverthless the STANAG is the best procedure in many areas and acceptable in others,
consequently it is reccomended.

6.5.3.5 Low Pressure

The low pressure test exists in civil and defence standards for several reasons. The most common is to
demonstrate that equipment survives and / or operates at elevated locations (high ground) and transported
by air. For this purpose a constant pressure test is required. However, for defence applications such as air
carried missiles, change of pressure can also be significant. For equipment carried inside aircraft the effects
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of rapid or explosive decompression is also required. Generally the equipment will be required to remain safe
and serviceable after rapid decompression but only remain safe following explosive decompression.

The international Civil standard IEC EN 60068-2-13 test for low air pressure is a simplistic test allowing
demonstration that equipment will survives and / or operates at elevated locations and can transported by
air. It comprises subjecting the equipment to constant low pressure without excessive change of pressure.
This test may be used for COTS equipment.

The UK national defence standard Def Stan 00-35 contains three test procedures. The first Test CL21 - Low
Air Pressure And Air Transportation Test is technically equivalent to IEC EN 60068-2-13. The second test
CL20, Rapid Pressure Change Test is intended the defence related applications related to applying rapid
rates of change of pressure associated with maneuvers of guided weapons and high performance aircraft.
The third test is CL09 Rapid or Explosive Decompression Test which imposes a very rapid change of
pressure to simulate rapid or explosive decompression of aircraft compartments.

The US national defence standard Mil Std 810 encompasses four procedures for equipment; stored and/or
operated at high ground elevation sites, transported or operated in pressurized or unpressurised areas of
aircraft, exposed to a rapid or explosive decompression and carried externally on aircraft.

The STANAG procedure also includes methods to encompass the defence requirements for low pressure
testing. Whilst the procedure is based upon the Mil Std it incorporates the main components of the UK Def
Stan and were applicable the IEC EN test procedure. However, the latter does not encompass all defence
requirements. Nevertheless the STANAG test is not as firmly written as the IEC EN procedure or the basic
constant altitude Def Stan procedure. For COTS equipment either of these two tests may be preferable.

6.5.3.6 Temperature, Humidity Altitude

The various standards reviewed contain procedures allowing the simultaneous application of various aspects
of temperature, humidity and altitude (and in some cases vibration also). The objective behind subjecting
equipment to such a combined test arises when combining several environmental conditions produces
damage or degradation that would not be found by applying the environments singularly. When the effects of
several environments combine in this way is often referred to as synergism.

The reason the subjecting equipment to combined environmental conditions will very much depend upon the
type of failure expected. Compromises in the way combined conditions are applied can lead to some tests
been able to exercise some failure modes better than others. For this reason selecting a specific procedures
may be dependant upon the identified failure modes.

For the most part the various procedures adopt those of the individual environmental conditions. As these
have largely already been addressed it is not intended to reiterate earlier comparisons. Nevertheless some
of the combined procedures, usually encompassing a pair of environments, are intended to be firmly written
for specific applications. Conversely others are intended as a model, which a user can make specific
amendments for specific equipment.

Procedures intended primarily for equipment located in unheated and unpressurised areas of aircraft (subject
to low temperature and low pressure) include IEC EN 60068-2-40, Def Stan 00-35 CL12 and GAM EG 13
method 05.

For aircraft equipment subject to the effects of kinetic heating or imposed thermal conditions tests at altitude
may adopt the procedures in IEC EN 60068-2-41, Def Stan 00-35 CL11 and GAM EG 13 method 05.

For equipment subject to a cold soak at high altitude and then rapid decent to lower altitude (higher pressure
& temperature) which includes humidity applicable procedures are those of IEC EN 60068-2-39, Def Stan
00-35 CL13. These condition are frequently encountered by missiles were optical sensor systems as well as
control surfaces may be degraded by the effects of these environments.

The maijority of procedures specifically exclude space applications, however, the French GAM EG 13
includes two specific procedures methods 10 and 11.

The Mil Std 810 and STANAG procedures offer generic procedures which can be adopted by the user to
allow the simulation of specific conditions. In this regard the STANAG test in particular can be used as a
model for the majority of applications set out above. As it is the most flexible procedure it is generally
recommended. However, this strategy may not be contractually acceptable for every application. In those
cases the IEC EN, Def Stan and GAM EG procedures are all firmly written and application specific. As such
in those cases would be recommended.
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6.5.3.7 Icing

Traditionally the icing test procedure has been used to demonstrate the ability of equipment to survive and /
or function when exposure to icing conditions when subjected to water, spray, fog or mist at sub-zero
temperatures. The procedure also provides a means for evaluating the effectiveness of de-icing equipment
and techniques.

The UK national defence standard Def Stan 00-35 icing test procedure includes two methods. The first
general method requires a specified depth of ice to be produced on the equipment. This is achieved by
spraying water (or salt water solution). The second method in the Def Stan is included specifically to comply
with EEC Directive 78/317/EEC to determine the effectiveness of vehicle windscreen de-icing systems.

The French national defence standard includes an icing test very similar to the general procedure in the Def
Stan. Both procedures reduce the test item temperature before spraying with water or salt water solution. For
ice thickness up to 13 mm this is done at -10 °C whilst for thicknesses of between 25 to 75 mm the test item
is at -25 °C. The purpose of the lower temperature appears to be to allow large ice build in a sensible time.

The US national defence standard is again similar to the general method of the Def Stan and the procedure
of GAM EG 13. However, the procedure only uses a temperature of -10 °C regardless of ice thickness. The
procedure requires at least 4 hours for the ice to harden.

The icing procedure with the international NATO standard STANAG 4370 effectively uses the Mil Std
procedure rather than the European methods. Although it has to be said the difference is not that significant.
However, the STANAG does incorporate a procedure intended to incorporate the EEC Directive 78/317/EEC
to determine the effectiveness of vehicle windscreen de-icing systems.

6.5.3.8 Freeze Thaw

The Freeze thaw test exists mostly in European procedures. The test is applicable to equipment which may
experience temperature cycling through 0°C combined with high humidity, producing a mixture of ice and
water and where alternate freezing and melting, may induce stress or cause interference between
components and moving parts.

The UK national defence standard Def Stan 00-35 includes a Freeze-thaw test procedure. This procedures
reduces the temperature of the equipment to -4 °C and then water is sprayed on the item until ice 3 to 6 mm
deep is produced. The equipment is then subject to temperature cycle between -4 °C and +2 °C.

The procedure within the French national defence standard GAM EG 13 is markedly different from the UK
approach. The French procedure reduces the temperature of the equipment (between -10 °C and -40 °C )
and then raises it to 0 °C whilst subject the item to high humidity. The temperature is then reduced again to
harden the ice and then brought up to +20 °C.

The NATO STANAG 4370 contains a Freeze — thaw procedure comprising three methods. These appear to
be an enhanced variants of the methods in the two European standards. Although the three methods are
clearly loosely based upon the GAM EG 13 procedure, they have marked differences. These differences
appear to be intended to better simulate actual conditions causing Freeze thaw induced damage.
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6.5.4 Conclusions
A summary of the recommendations is shown in the table below which is expanded in the following
paragraphs.
Summary of Recommendations for Temperature, Humidity and Pressure Tests
NATO International UK France us Quadripartite
STANAG 4370 EN/IEC Def Stan GAM-Eg-13 Mil Std 810F US/UK/F/DE
AECTP 60068 00-35 ITOP
High All three constant temperature tests
Temperature recommended specifically for COTS equipment.
Recommended Cyclic test
for cyclic Equivalent to
procedure for STANAG
Defence
systems
Low All three constant temperature tests
Temperature recommended specifically for COTS equipment
Recommended Cyclic test
for cyclic Equivalent to
procedure for STANAG
Defence
systems
Solar Recommended
Radiation
Thermal Recommended No equivalent
Shock test.
Humidity Recommended Equivalent to Similar to
STANAG STANAG
Low Recommended Suitable for Essentially No equivalent Essentially No equivalent
Pressure COTS equivalent to test. equivalent to test.
equipment STANAG STANAG
Temperature, | Recommended | Recommended for specific applications related to Essentially No equivalent
Humidity for generic aircraft equipment and space equipment equivalent to test.
Altitude procedure STANAG
Icing Recommended | No equivalent Very similar except UK Essentially No equivalent
test specification also implements equivalent to test.
EEC directive STANAG
Freeze Thaw | Recommended | No equivalent These procedures differ from No equivalent | No equivalent
test each other and the STANAG test test

6.5.4.1

High and Low Temperature Test Procedures

The main difference between defence standards and civil standards with regard high and low temperature
testing procedures is that the former include procedures which allow temperature cycling rather than
essentially constant temperature test. Whilst, some defence systems require verification of operation at
constant temperature, determining the degradation effects of temperature cycling is also a strong
requirement. Historical experience has indicated that temperature cycling procedures identify in-service
failure modes that cannot be determined from essentially constant temperature testing. Experience also

indicates that unrepresentative cycles induces unrealistic damage and degradation.

For this reason the

deficiencies in the civil procedures preclude their recommendation. Of the military procedures Stanag 3470
Method 302 contains methods that technically encompass those of the national defence standards for that
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reason it is reccomended. However, for COTS equipment the STANAG ios not sufficiently firmly written and
for this purpose only the IEC 600068, Def Stan 00-35 or GAM EG 13 procedures are all suitable.

6.5.4.2 Solar Radiation Test Procedures

The various solar radiation test procedures are comparable and technically similar. The main difference
between them is that NATO STANAG 4370 contains up to date guidance using the latest technology, for that
reason it is recommended.

6.5.4.3 Thermal Shock

Rapid change of temperature can exercise damage mechanisms that are not exercised by slower
temperature cycling tests. The military test procedures include a procedure specifically for this purpose, the
civil standard IEC EN 60068-2-14 is a slower temperature cycle and not really comparable. The STANAG
4370 procedure encompasses the relevant national defence procedures and is consequently recommended.

6.5.4.4 Humidity

Superficially the observations for humidity testing are similar to those for temperature testing. For defence
equipment a cyclic test has been found to be more representative and commonly used for defence systems.
On the other hand firmly written constant amplitude tests are also required for COTS equipment. This is
reflected in the various standards reviewed here, with the defence standards encompassing a far broader
range of procedures than the civil standard. To some extent this reflects a difference in overall philosophy
between the documents. That is IEC EN 60068 is more concerned with setting a standard for OEM and
COTS equipment rather than evaluating systems against in-service use. Although the various defence
procedures are incorporated in different ways, the STANAG encompasses the majority of the overarching
requirements and contains a useful amount of guidance. As constant amplitude humidity testing is also an
in-service defence requirement this aspect is reasonably well written and could be used for COTs equipment
with a reasonable degree of confidence. However, it is still not as good as the IEC 600068, Def Stan 00-35
or GAM EG 13. The latter two procedures had a deliberate intent of commonality which is not apparent in the
STANAG. Neverthless the STANAG is the best procedure in many areas and acceptable in others,
consequently it is reccomended.

6.5.4.5 Low Pressure

The STANAG procedure also includes methods to encompass the defence requirements for low pressure
testing viz. for equipment; stored and/or operated at high ground elevation sites, transported or operated in
pressurized or unpressurized areas of aircraft, exposed to a rapid or explosive decompression and carried
externally on aircraft.. Whilst the procedure is based upon the Mil Std it incorporates the main components of
the UK Def Stan and were applicable the IEC EN test procedure. However, the latter does not encompass all
defence requirements. Nevertheless the STANAG test is not as firmly written as the IEC EN procedure or the
basic constant altitude Def Stan procedure. For COTS equipment either of these two tests may be
preferable.

6.5.4.6 Temperature, Humidity Altitude

The Mil Std 810 and STANAG procedures offer generic procedures which can be adopted by the user to
allow the simulation of specific conditions. In this regard the STANAG test in particular can be used as a
model for the majority of applications set out above. As it is the most flexible procedure it is generally
recommended. However, this strategy may not be contractually acceptable for every application. In those
cases the IEC EN, Def Stan and GAM EG procedures are all firmly written and application specific. In those
cases the following are recommended;

For equipment located in unheated and unpressurised areas of aircraft (subject to low temperature
and low pressure; IEC EN 60068-2-40, Def Stan 00-35 CL12 and GAM EG 13 method 05.

For aircraft equipment subject to the effects of kinetic heating or imposed thermal conditions tests at
altitude; IEC EN 60068-2-41, Def Stan 00-35 CL11 and GAM EG 13 method 05.

For equipment subject to a cold soak at high altitude and then rapid decent to lower altitude (higher
pressure & temperature); IEC EN 60068-2-39 and Def Stan 00-35 CL13.

For equipment in space applications; GAM EG 13 methods 10 and 11.
6.5.4.7 Icing

The icing procedure within the international NATO standard STANAG 4370 effectively uses the Mil Std
procedure rather than the slightly different European methods. Although it has to be said the difference
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between the European and US procedures is not that significant. The STANAG incorporates a procedure
(from the UK Def Stan) intended to incorporate EEC Directive 78/317/EEC to determine the effectiveness of
vehicle windscreen de-icing systems. As the STANAG effectively encompasses all aspects of the need for
icing testing, it is recommended.

6.5.4.8 Freeze Thaw

The NATO STANAG 4370 contains a Freeze — thaw procedure comprising three methods. These appear to
be an enhanced variants of the methods in the two European standards. Although the three methods are
clearly loosely based upon the GAM EG 13 procedure, they have marked differences. These differences
appear to be intended to better simulate actual conditions causing Freeze thaw induced damage. As a
consequence the STANAG procedure is recommended.
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6.6 Review and Comparison of Natural & Man Made Contaminate Test Methods

6.6.1

Standards Under Consideration

The standards reviewed and compared with regard natural & man made contaminate test methods are set
out in the following table.

Matrix Environmental Test Methods vs Standards

NATO International UK IR France Quadripartite
STANAG 4370| EN/IEC |Def Stan 00-35| Mil Std 810F | GAM-Eg-13 | US/UK/F/DE
AECTP 60068 Part 2 Part 3 (Test No/ (Method / ITOP
(Method No) | (60068-2-xx) |(Chapter /test)| Procedure) Procedure) (Test No)
Immersion 307 17 3-29/CL29 512 1st Part
18 4-05/ CN5 method 15
Mould Growth 308 10 4-01/ CN1 508 1st Part
method 13
Salt Fog 309 11 4-02 / CN2 509 1st Part
52 method 04
Rain and 310 18 3-27 / CL27 506 1st Part
Watertightness 3.28 / CL28 methggs 12,
Sand And dust 313 68 3-25/CL25 510 1st Part
method 18
Contamination By 314 74 4-04 | CN4 504 1st Part
Fluids method 16
Explosive 316 511 1st Part
Atmosphere method 24
Acidic Atmosphere 319 60 4-03/CN3 518
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6.6.3 Technical Comparison

6.6.3.1 Immersion

The immersion test procedures are intended to demonstrate the ability of equipment to operate whilst
submerged or to survive accidental immersion in water. The test procedures are not intended to replicate the
effects, such as corrosion, of long term immersion. The test procedures are relatively simplistic submerging a
pre-heated specimen a specified depth below water for a specified period. Mostly the differences between
the test procedures relate to severities.

The UK national defence standard (Def Stan) procedure and international civil test procedure in EN / IEC
60068 are technically similar. The specimen is pre-heated to between 5 and 15 °C above the water
temperature. A range of partial or fully submerged depths are allowed although 1 m is suggested as the
usual case. A duration of the immersion is also suggested.

The French national defence standard GAM EG 13 very similar to the UK and EN / IEC procedures
exception the specimen is pre-heated to either 10 or 27 °C (+ 2 °C) above the water temperature. The
immersion time is generally longer than the previous procedures although a common 1 m / 2 hour test
severity appears. The GAM EG 13 appears to have commonality with the US Mil Std procedure.

The US national military standard Mil Std 810 procedure includes an immersion and a fording test which
appears to be a particular case were the item is driven into the water rather than lowered into it. The Mil Std
uses the same pre-conditioning temperatures as the French national standard. Although the severity is
stated in guidance rather than a mandatory section. The depth / duration of immersion is specified as 1 m for
30 minutes.

The NATO defence procedure STANAG 4370 immersion test appears to be a hardly modified copy of the Mil
Std procedure. It has the same problem with regard including pre-heating temperatures in guidance and only
one recommended severity.

Essentially the test procedures fall into two groups those compatible with EN / IEC 60068 and those
compatible with the Mil Std. However, as the French standard falls into the latter the differences are not
polarised between the US and Europe. For COTS / MOTS equipment compatibility with EN / IEC 60068 is
important for that reason the Def Stan / IEC EN 60068 procedures are jointly recommended for immersion
whilst the STANAG is recommended for fording aspects.

6.6.3.2 Mould Growth

The fungal growth tests are intended to determine whether materials are susceptible to fungal growth. Given
the right climatic conditions (warm and wet), spores and nutrients that are commonly present will give rise to
fungal growth. The purpose of this test is to determine whether material will be damaged or degraded by this
growth. The test accelerates growth of selected species to determine whether damage arises. The species
are selected as those that will damage particular ranges of material. Normally the test is done on samples of
material rather than on defence systems. Over the years the historical tests has generated databases of
materials which are susceptible or resistant to fungus induced damage. In the first instance a designer would
select material from these databases. this regard the test is really a means of obtaining design information.

The test procedure has potential health risks particularly with certain species. As the test needs to be done
under controlled conditions the number of facilities that commonly undertake the test is today very limited.

Until very recently the international civil standard IEC EN 60068-2- 10 Test J, the UK national Defence
standard Def Stan 00-35 and the French national defence standard GAM EG 13 all aligned and utilised a
common group of mould species. As this has been the case for many years a reasonable base of data has
accumulated in Europe.

The US national Defence standard Mil Std 810 uses an entirely different group of species from the IEC, UK
and French standards. Again these have been used in the US for some time and reasonable base of data
has accumulated in the US. However, it has been observed that access to the listed species outside the US
can be difficult.

The very recent update to IEC EN 60068-2- 10 Test J (published whilst the Expert Group was working) has
changed the species to a group which are claimed to be as equally effective as the previous species in both
the 60068 procedure and those of the Mil std. However, these species are intended to be more readily
available and constitute a lower health risk. Obviously no base of data has yet accumulated.
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The International STANAG 4370 test procedure lists both European and US species. However, it has been
indicated that next edition may include the new IEC species.

If the purpose of this requirement was entirely related to the test then the new IEC EN procedure should be
recommended. This is because the procedure has demonstrated technical innovation in the change of
species. However, if the purpose really to generate a database for use by designers then the STANAG has
the greatest value. As existing databases will undoubtedly continue to be used then the overall
recommendation must currently be the IEC EN procedure.

6.6.3.3 Salt Fog

Within the generic group salt fog lies environmental test procedures intended for several objectives. For
military purposes the most common usage is to evaluate the resistance of the material to a salt laden
atmosphere. The procedure used for that purpose is not necessarily suitable to establish corrosion
resistance of an equipment which generally requires some form of cyclic test in a salt laden wet / warm
atmosphere. The maijority of test procedures used for the first of these objectives quite specifically include
the phrase “to evaluate” the resistance of the material to a salt laden atmosphere. This is largely because the
salt concentrations are quite high and the test represents an accelerated exposure to actual conditions.
However, the relationship to actual conditions is far from clear.

The international civil standard EN / IEC 60068 includes two procedures for salt atmosphere. The first
procedure (Ka) is intended to be used to evaluate the resistance of the material to a salt laden atmosphere.
The second procedure (Kb) is a cyclic test used to stimulate corrosion. The two test procedures have a clear
common base and both procedures are clearly and firmly written allowing them to be set contractually.
However, neither test procedure includes any significant guidance on the test procedure and none on
severities.

The UK national Defence standard Def Stan 00-35 contains a single salt atmosphere test which contains two
sub-procedures. The procedure explicitly states that the two sub-procedures are technically similar to the
Ka & Kb procedures of EN / IEC 60068. Unlike the EN / IEC 60068 procedure, the Def Stan procedure
supplies guidance on both test procedure and test severity. The 6 or 7 severity options included in the EN /
IEC 60068 procedures are reduced to two specific options for each of the two sub-procedures. Essentially
testing is undertaken for either 24 hours (limited expose) or 28 days (prolonged expose). Although the Def
Stan procedure is both clearly and firmly written it is annoyingly incomplete. In order to determine the salt
composition and concentration the user has to refer to the EN / IEC 60068 procedure.

The French national defence test procedure GAM EG 13 also includes a single procedure which fulfils both
the objects addressed previously. The GAM EG 13 procedure differs from that of EN / IEC 60068 although
whether the effects of the differences are significant is debatable. Like the Def Stan test the GAM EG 13
procedures sets two specific severities and supplies advice on their applicability. Unlike the earlier test
procedures addresses the GAM EG 13 gives advice on what to inspect following the application of the test.

The US national Defence Standard Mil Std 810 contains a single test procedure. The test is broadly similar to
the EN / IEC 60068 procedure but not precisely so or to the same extent as the UK Def Stan test. The
procedure does contain significant amount of information on how to undertake the test. Indeed in this respect
is undoubtedly the best information available . However, this guidance is at the cost of firmness of the text.
The latest version of the Mil Std procedure aligns much better to the international test than did earlier
versions.

The international NATO defence procedure STANAG 4370 is better written than the Mil Std but is not as
firmly written as the Def Stan or EN / IEC 60068 procedures. The severities are unclear and this also
suggests a degree of unresolved compromise. The procedure does not indicate it is technically similar to EN
/ IEC 60068 but is probably very close to achieving that.

In this case all the different test procedures seem to have some aspects which is better than the others. The
EN / IEC 60068 procedures are the most firmly written, the Def Stan procedure is explicitly technically
similar to the EN / IEC 60068 procedures but has best defined severities. The GAM EG 13 procedures has a
good advice on inspection whilst the Mil Std has the best advice on how to undertake the test. Whilst, the
STANAG seems a credible compromise it also seems to have missed the best parts of the national
standards. As a credible compromise it is recommended but with the caveat on poorly defined severities and
lack of explicit commonality with EN / IEC 60068 for COTS and MOTS equipment.
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6.6.3.4 Rain And Watertightness

The rain and watertightness tests are attempting to replicate a highly variable environmental phenomenon.
The rain test procedures generally are based upon historical methods which are in turn based around
specific equipments. All the procedures reviewed go into some details of the arrangement of the test
equipments and nozzles to be used. They also embed aspects of the test severity within the procedure. As
the various procedures define the equipment to be used quite differently, direct comparison of the
procedures is not really practical or useful. Excepting to note that almost all the national standards use
different equipment and none (except the STANAG) seem to attempt to correlate their procedure with any
other.

Notwithstanding the above no real evidence seems to exist that one approach is better than another.
Generally the procedures are intended to ensure a degree of reproducibility rather than an accurate
replication of environment that is quite difficult to fully replicate.

Generally, the UK national Defence Standard spray’s the equipment with droplets whilst the US and French
national standards allow drops to fall on the equipment. None of the tests indicate compatibility with IEC / EN
60529 (Degree of Protection Provided by Enclosures) which would seem essential for COTS / MOTS
equipment.

The NATO STANAG procedure comprises a composite of the national standards and attempts to put some
logic and methodology around the use of each. In short the STANAG has already attempted a comparison
and appears to have come to the conclusion that all the approaches need to be included. The STANAG does
not make a conclusive recommendation between procedures but rather includes an extensive annex on
guidance for tailoring rain. This includes information on the natural environment.

6.6.3.5 Sand And Dust

It is difficult with the sand and dust tests, like many in the group, to cleanly separate test procedure and test
severity. The test procedure has aspects of test severity embedded within it. The sand and dust tests
generally comprise three different test procedure viz. blowing dust, blowing sand and settling dust. The
severities are broadly defined by composition in terms of material and size distribution of the dust and sand
as well as the concentrations of sand and dust utilised. Other aspects such as duration, air velocity and
temperature also are defined as severities.

In addition to the commercial standard IEC / EN 60068 addressed throughout this comparison, a more
commonly used commercial standard is IEC / EN 60529 (Degree of Protection Provided by Enclosures). This
latter specification is very commonly used by suppliers of both COTS and MOTS equipment.

The international commercial standard IEC / EN 60068-2-68 provides the three previously indicated
procedures viz. blowing dust, blowing sand and settling dust. The blowing dust test is indicated as
equivalent to that of IEC / EN 60529.

The UK Defence Standard CL25 also offers the same three procedures and explicitly states that the blowing
dust test is equivalent to IP5X of IEC / EN 60529. The procedure explicitly sets out the severities that need to
be defined to achieve a repeatable test as well as defining the material composition, with several options
available, size content and concentrations to be used. The procedure is clearly defined and its use should
ensure a test as repeatable as those of IEC / EN 60529 and IEC / EN 60068-2-68. The procedure offers
good guidance which is clearly distinguishable from the mandatory aspects. The procedure indicates specific
differences in severity between the UK procedure and the STANAG 4370 procedure. The severities and the
associated guidance are related to military applications and service use.

The French Defence standard GAM EG 13 Method 18 is a dust test which appears to be intended to be
technically similar to the IEC / EN 60529 procedure but this is not explicitly indicated. The procedure contains
less guidance than the previous procedure and is less explicit in definition of the severities. The method has
the look and feel of the same test as the UK Def Stan and the STANAG but slightly older in layout and
format.

The US Defence standard Mil Std 810 Method 510 has the same three procedures as many of the other
procedures viz. blowing dust, blowing sand and settling dust. The general procedures and severities appear
to be technically similar to those of the other tests. However, that is neither explicitly stated nor is the
information presented in a way that gives any positive indication the procedure was intended to align with
international procedures. The guidance and mandatory aspects are not particularly well separated and the
firmness of the procedure is seen as a potential issue.

193



CEN WORKSHOP 10
STANDARDIZATION FOR DEFENCE PROCUREMENT
Expert Group 8 Environmental Engineering

The international NATO defence standard STANAG 4370 Method 313 is much better laid out than the Mil
Std although essentially identical paragraphs can be easily identified. The three procedures appear to
encompass aspects of the UK standard and are technical to the other tests compared. The procedure is
weaker than some others with regard firmness of the standard but not to the extent that it could not be called
within a contract. Although a user would need to ensure all aspects of the severity are explicitly defined (the
UK Def Stan s more specific in this regard). The procedure refers to IEC / EN 60529 but does not state how
it relates to that procedure.

The Sand and Dust tests are used extensively or military items particularly land vehicles land and equipment.
The dust test is also very commonly used for commercial equipment and the stated capability against IEC /
EN 60529 is commonly quoted for many COTS and MOTS equipments. Generally military severities are
quite onerous frequently requiring at least two of the three procedures. All the comparable procedures
appear to be technically similar. However, the way severity conditions are embedded differently within the
various procedures does makes establishing similarity particularly difficult. The sand and dust procedures
are a good example of when statements on technical similarity are particularly useful to a user.

Generally the UK Def Stan appears to have the clearest and best laid out and procedure. Nevertheless the
STANAG has sufficient commonality to the others for it to form a reasonable international consensus.
However, two particular caveats needs attaching to any recommendation, the firmness of standard is not
particularly good and its absence of explicit correlation to IEC / EN 60529 for COTS and MOTS equipment
may have equipment procurement cost penalties.

6.6.3.6 Contamination By Fluids

The contamination by fluids test procedures are intended to determine if materiel is unacceptably affected by
temporary exposure to contaminating fluids (liquids) such as may be encountered during its life cycle, either
occasionally, intermittently, or over extended periods. Generally the procedures used samples of material
rather than systems. As such material databases are generated which allows historic information to be used
in the design process. Generally the test procedures place the material in the in potential contamination fluid
and undertake an inspection for degradation.

Mostly the test specifications supply only a general guidance on the fluids to be considered. This is
reasonable as different equipments may experience expose to different fluids and different fluids could arise
at any time. The US national defence standard does include the most comprehensive list but is obviously US
service life related.

The various test procedures are almost entirely identical. This is useful as databases of material reactions
from all the standards are interchangeable. The only exception is the French national defence standard
which is different from the others. Mostly it appears to be more severe as it subjects the material to longer
periods of exposure. As the STANAG is compatible with the majority of standards it is recommended.

6.6.3.7 Explosive Atmosphere

The explosive atmosphere test is performed to demonstrate the ability of materiel to operate in fuel-air
explosive atmospheres without causing ignition or to demonstrate that an explosive or burning reaction
occurring within encased equipment will be contained, and will not propagate outside the test item. Only
three procedures exist in the standards reviewed and the US national standard Mil Std 810 and the STANAG
4370 procedures are almost identical. The only other procedure is in the French national defence standard
GAM EG 13. That procedure is defined slightly differently but appears to be technically similar to the other
two.

6.6.3.8 Acidic Atmosphere

The acidic atmosphere test procedures are intended to determine the resistance of materials and protective
coatings to acidic atmospheres. Like the contamination by fluids test this procedure is intended to evaluate
material rather than attempting to simulate actual conditions. The test severities included in the defence
standards represent a highly accelerated evaluation. The defence standards all include a choice of two
severities replicating occasional expose to acidic atmosphere and the other to prolonged expose. The test
procedures available are all very similar excepting that the temperature for the UK Defence standard test is
40 °C compared to 35 °C for the others. This would suggest the UK standard is somewhat more severe.
Other than this the only real differences are firmness of text and guidance. The UK Def Stan is firmly written
with little guidance except an explicit severity, the US Mil Std contains significant guidance but the firmness
of the standard is poor. The STANAG is compromise between the two and includes an explicit severities.
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6.6.4 Conclusions
A summary of the recommendations is shown in the table below which is expanded in the following
paragraphs.
Summary of Recommendations for Natural & Man Made Contaminate Tests
NATO International UK France us Quadripartite
STANAG 4370 | EN/IEC 60068 Def Stan GAM-Eg-13 Mil Std 810F US/UK/F/DE
AECTP 00-35 ITOP
Immersion Recommended Jointly Recommended for Technically Technically
for Fording Immersion aspects similar to similar to
aspects STANAG for STANAG
Immersion
Mould growth Compatible Recommended
with three as Latest
national Procedure
defence
standards
Salt fog Recommended Technically similar Technically
but needs to be similar to
made STANAG
compatible with
commercial
standards
Rain and Recommended
water- as procedure
tightness encompasses
various
national
methods
Sand and Recommended
dust but needs to be
made
compatible with
IEC/EN
60529
Contaminat- | Recommended | Technically Similar to STANAG Technically
ion by fluids Similar to
STANAG
Explosive Recommended Technically Technically
atmosphere Similar to Similar to
STANAG STANAG
Acidic Recommended Technically Technically
atmosphere Similar to Similar to
STANAG STANAG
6.6.3.1 Immersion

Essentially the test procedures fall into two groups those compatible with EN / IEC 60068 and those
compatible with the Mil Std. However, as the French standard falls into the latter the differences are not
polarised between the US and Europe. For COTS / MOTS equipment compatibility with EN / IEC 60068 is
important for that reason the Def Stan / IEC EN 60068 procedures are jointly recommended for immersion
whilst the STANAG is recommended for fording aspects.
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6.6.4.2 Mould Growth

If the purpose of this requirement was entirely related to the test then the new IEC EN procedure should be
recommended. This is because the procedure has demonstrated technical innovation in the change of
species. However, if the purpose really to generate a database for use by designers then the STANAG has
the greatest value. As existing databases will undoubtedly continue to be used then the overall
recommendation must currently be the IEC EN procedure.

6.6.4.3 Salt Fog

The international NATO defence procedure STANAG 4370 is better written than the Mil Std but is not as
firmly written as the Def Stan or EN / IEC 60068 procedures. The severities are unclear and this also
suggests a degree of unresolved compromise. The procedure does not indicate it is technically similar to EN
/ IEC 60068 but is probably very close to achieving that.

In this case all the different test procedures seem to have some aspects which is better than the others. The
EN / IEC 60068 procedures are the most firmly written, the Def Stan procedure is explicitly technically
similar to the EN / IEC 60068 procedures but has best defined severities. The GAM EG 13 procedures has a
good advice on inspection whilst the Mil Std has the best advice on how to undertake the test. Whilst, the
STANAG seems a credible compromise it also seems to have missed the best parts of the national
standards. As a credible compromise it is recommended but with the caveat on poorly defined severities and
lack of explicit commonality with EN / IEC 60068 for COTS and MOTS equipment.

6.6.4.4 Rain And Watertightness

The STANAG 4370 procedure is recommended as it has attempted to reconcile the diverse methods of test
procedure included in the various standards. These national standards are almost impossible to compare as
they define important aspects of the test by setting out physical details and arrangements of the equipment
to used to create the rain. The STANAG solution is essentially to encompass the various national standards
and give guidance on how to select the most appropriate. Despite this it seems likely that users will continue
to use the method they have historically used and this is possible within the STANAG.

6.6.4.5 Sand And Dust

The Sand and Dust tests are used extensively or military items particularly land vehicles land and equipment.
The dust test is also very commonly used for commercial equipment and the stated capability against IEC /
EN 60529 is commonly quoted for many COTS and MOTS equipments. Generally military severities are
quite onerous frequently requiring at least two of the three procedures. All the comparable procedures
appear to be technically similar. However, the way severity conditions are embedded differently within the
various procedure does makes establishing similarity particularly easy. The sand and dust procedures are a
good example of when statements on technical similarity are particularly useful to a user.

Generally the UK Def Stan appears to have the clearest and best laid out and procedure. Nevertheless the
STANAG has sufficient commonality to the others for it to form a reasonable international consensus.
However, two particular caveats needs attaching to any recommendation, the firmness of standard is not
particularly good and its absence of explicit correlation to IEC / EN 60529 for COTS and MOTS equipment
may have equipment procurement cost penalties.

6.6.4.6 Contamination By Fluids

The various test procedures are almost entirely identical. This is useful as databases of material reactions
from all the standards are interchangeable. The only exception is the French national defence standard
which is different from the others. Mostly it appears to be more severe as it subjects the material to longer
periods of exposure. As the STANAG is compatible with the majority of standards it is recommended.

6.6.4.7 Explosive Atmosphere

The STANAG test is recommended as essentially identical to the procedure in the US national defence
standard and technically similar to the procedure in the French national standard GAM EG 13.

6.6.4.8 Acidic Atmosphere

The test procedures available are all very similar excepting that the temperature for the UK Defence
standard test which would suggest it is somewhat more severe. Other than this the only real differences are
firmness of text and guidance. The UK Def Stan is firmly written with little guidance except an explicit
severity, the US Mil Std contains significant guidance but the firmness of the standard is poor. The STANAG
is compromise between the two and gives an explicit severities. As such it is recommended.
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ANNEX A

Matrix Environmental Test Methods vs Standards
(Equivalence sheet)
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Summary of Recommendations for Specific Test Procedures
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CEN WORKSHOP 10
STANDARDIZATION FOR DEFENCE PROCUREMENT
Expert Group 8 Environmental Engineering

ANNEX C

GENERIC
Environment related (Horizontal) Standards

(Standards and Standard-Like Documents For Development
and Procurement of Defence Materiel)
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CEN WORKSHOP 10
STANDARDIZATION FOR DEFENCE PROCUREMENT
Expert Group 8 Environmental Engineering

ANNEX D

GENERAL
Specific or Product related (Vertical) Standards

(Standards and Standard-Like Documents For Development
and Procurement of Defence Materiel)
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CEN WORKSHOP 10
STANDARDIZATION FOR DEFENCE PROCUREMENT
Expert Group 8 Environmental Engineering

ANNEX E

GROUND FORCES
Specific or Product related (Vertical) Standards

(Standards and Standard-Like Documents For Development
and Procurement of Defence Materiel)
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CEN WORKSHOP 10
STANDARDIZATION FOR DEFENCE PROCUREMENT
Expert Group 8 Environmental Engineering

ANNEX F

AIR FORCE
Specific or Product related (Vertical) Standards

(Standards and Standard-Like Documents For Development
and Procurement of Defence Materiel)
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NAVY
Specific or Product related (Vertical) Standards

( Standards and Standard-Like Documents For Development
and Procurement of Defence Materiel )
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ANEXH STANDARD ORGANIZATIONS

AECPT Allied Environmental Conditions and Test Publications / STANAG NATO / Mil
AECMA European Association of Aerospace Industries European
AEP Allied Engineering Publication NATO / Mil
AFNOR Association Francaise de Normalisation FR
French National Standardization Organization
ANEP Allied Naval Engineering Publication NATO / Mil
ANSI American National Standards Institute USA
ASTM American Society for Testing and Materials USA
BSI British Standards Institution GB
BW Bundesamt fur Wehrtechnik / the Federal Office of Military Technology GE
BWB/FODTP |Bundesamt fir Wehrtechnik & Beschaffung / Federal Office of Defense GE
Technology & Procurement
BWB-TL Bundesamt fir Wehrtechnik und Beschaffung - Vorlaufige Technische GE
Lieferbedingungen / the German Procurement Agency
CEN European Committee for Standardization European
CENELEC |European Committee for Electrotechnical Standardization European
DEF STAN |Ministry of Defence, UK Defence Standard UK / Mil
DIN Deutsches Institut fir Normung E.V. GE
German Standards Institution
DO RTCA standards USA / Int
DOD U.S. Department of Defence USA / Mil
EN European Standards European
ESA European Space Agency European
FSD Swedish Defence Standards Swe / Mil
GAM EG  |Guerre Air Mer - Essais Généraux / War Air Sea - General Tests - FR / Mil
French National Defence Standard
IEC International Electrotechnical Comission International
ISO International Organization for Standardization International
ITOP International Test Operations Procedures Quadripartite (US/UK/FR/GE) | US/UK/FR/GE
Agreement
MIL-STD  |US Defence Standard USA / Mil
NEMA US National Electrical Manufacturers Asssociation USA
NF Norme Francaise / French Standards FR
QSTAG Quadripartite Standardization Agreements NATO / Mil
RTCA Radio Technical Commission for Aeronautics USA/ Int
STANAG |Standardization Agreement North Atlantic Treaty Organization (NATO) NATO / Mil
VG Verteidigungsnorm — German Defence Standard GE
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