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Comments by the Editor:

Taking into account the meaning and usage of auxiliary verbs in the German language, in this translation the
following agreements are effective:

shall

shall basically

shall normally

should

may

indicates a mandatory requirement,

is used in the case of mandatory requirements to which specific exceptions (and only
those!) are permitted. It is a requirement of the KTA that these exceptions - other
than those in the case of shall normally - are specified in the text of the safety stan-
dard,

indicates a requirement to which exceptions are allowed. However, exceptions used
shall be substantiated during the licensing procedure,

indicates a recommendation or an example of good practice,

indicates an acceptable or permissible method within the scope of this safety stan-
dard.
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Basic Principles

(1) The safety standards of the Nuclear Safety Standards
Commission (KTA) have the task of specifying those safety-
related requirements which shall be met with regard to pre-
cautions to be taken in accordance with the state of science
and technology against damage arising from the construction
and operation of the plant (Sec. 7 para. 2 subpara. 3 Atomic
Energy Act) in order to attain the protective goals specified in
the Atomic Energy Act and the Radiological Protection Ord.
nance (StrISchV) and further detailed in the "Safety Criteria
for Nuclear Power Plants" and in the "Guidelines for the As-
sessment of the Design of Nuclear Power Plants with Pressur-
ized Water Reactors Against Design Basis Accidents as De-
fined in Sec. 28, para. 3 StrISchV - Design Basis Accident
Guidelines" (the version released Oct. 18, 1983).

(2) Based on the Safety Criteria for Nuclear Power Plants
issued by the Federal Interior Ministry, and here, specifically,
on Criterion 5.1 "Monitoring and Alarm Equipment', Crite-
rion 6.1 "Reactor Protection System" as well as the su-
perordinate Criterion 2.1 "Quality Assurance", the safety stan-
dard KTA 3501 specifies, in particular, that if a successful
service cannot be demonstrated for newly developed or modi-
fied electrical modules, type approval tests shall be performed
before these electrical modules are employed in the reactor
protection system.

(3) It is a basic assumption that the conventional provisions
and standards (e.g., German Accident Prevention Provisions,
DIN standards and VIDE regulations) are met unless other
nuclear power plant specific requirements are specified.

(4) The type approval tests in accordance with this safety
standard are performed by authorized experts to evaluate
whether or not the electrical modules are in accordance with
the data sheet and have the specified characteristics.

(5) Requirements with respect to the type testing of measur-
ing sensors and transducers for the safety-related instrumen-
tation and control system are specified in safety standard
KTA 3505.

(6) Requirements with respect to demonstrating the suc-
cessful service are specified in safety standard KTA 3507.

(7) Requirements with respect to quality assurance and
documentation are specified in safety standards KTA 1401,
KTA 1404, KTA 3506, and KTA 3507.

1 Scope

This safety standard applies to the type approval test of those
electrical modules for the safety-related instrumentation and
control system in accordance with safety standard KTA 3501
that perform measurement and control functions in accor-
dance with Class A of DIN IEC 61226.

2 Definitions

(1) Ageing

Aging is the change over time of the physical, chemical or
electrical characteristics of a electrical module or component
under operating conditions as specified in the design, in so far
as these changes have a significantly adverse effect on the
specified characteristics (technical data in accordance with
the data sheet).

(2) Common-mode failure

A common-mode failure is the failure of several components
on account of a similar cause.

Note:
A common-mode failure can be caused, e.g., by a faulty design
or by faults in a production batch.

(3) Functional unit

A functional unit is an item that is delimited within a system
either on account of its task or its function.

Note:
From the design point of view, a functional unit may be realized
as an individual module, as a group of several modules or as part
of an individual module.

(4) Type approval test

The type approval test is a test performed on representative
samples of a production batch (type series) in order to ascer-
tain the characteristics specified in the data sheet and in the
functional description.

(5) Qualification of a module

Qualification of a module is the certification based on type
testing, on analyses or on operating experience that this
module, under the operating and ambient conditions to be
assumed, will operate in compliance with the required accu-
racy and specified characteristics (technical data in accor-
dance with the data sheet).

3 Test Procedures

(1) The type approval test of a module shall be subdivided
into the theoretical examinations and the physical tests.

(2) Any available operating experience and the results of
previously performed tests may be taken into consideration in
the type approval test, provided, the safety-related require-
ments under this safety standard are fulfilled.

(3) In the case of software-based modules, the test of the
software and its quality characteristics shall be performed
within the framework of the theoretical examinations, and the
functional test shall be performed within the framework of the
physical tests.

(4) The employed interfaces of the test objects shall be
subjected to the same conditions as the test object itself.

(5) Any modifications on type-tested modules shall be sub-
jected to tests in accordance with the basic principles of this
safety standard. These tests may be theoretical examinations
or physical tests or a combination of two test procedures.

4 Theoretical Examinations

4.1 Extent of the Theoretical Examination

The theoretical examination shall comprise the examination of
the module documents specified in Section 4.2, of the test
certificates to be provided as specified in Sections 4.3 through
4.4 as well as of the test instructions specified in Section 4.5
[and the test program specified in Section 5.1 para. 1].

4.2 Module Documents

4.2.1 General requirements

(1) All module documents shall contain information on the
manufacturer, the module type and state of revision of the
device type as well as information on the associated software.
The documents specified in Sections 4.2.2 through 4.2.9 are
part of these module documents.
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(2) The extent and degree of detail of the documents to be
submitted shall be established in agreement with the author-
ized expert (under Sec. 20 Atomic Energy Act).

4.2.2 Index of engineering documents

The index of engineering documents for the module shall list
all documents required to ascertain the identity of the module.

4.2.3 Functional description

The functional description of the module shall provide infor-
mation on the field of application, the task and the mode of
operation of the module.

4.2.4 Data Sheet

(1) The data sheet shall contain all data that characterize
the module.

Note:
The data sheet shall contain, e.g., the following data together
with the permissible deviations:

4.2.8 Software Documents

(1) The development process of the software shall be sub-
stantiated by software documents.

Note:
These documents can be, e.g.,

a)
b)
C)
d)
e)
0

technical specification,
procedure specification,
specification of development steps
shop documents,
test documentation and
documents regarding configuration management.

a)
b)
C)
d)
e)
0
9)
h)

input parameters,
output parameters,
auxiliary power supply,
permissible ambient condition,
transmission behavior,
electrical properties,
signal processing times, cycle times, and
interfaces, communication protocols.

(2) Superordinate system data may be compiled in a system
data sheet.

4.2.5 Operating instructions, operating manual

(1) The operating instructions or the operating manual for
the module shall normally contain instructions and information
on:

a) mounting and installation,

b) commissioning,

c) adjustment,

d) special accessories,

e) maintenance, and

f) packaging and storage.

(2) Superordinate operating instructions may be compiled in
a system operating instruction.

4.2.6 Hardware documents for modules with discrete com-
ponents

(1) The circuit diagram shall depict all components of the
module and their interconnections.

(2) The parts list shall list all mechanical and electrical com-
ponents of the module that are necessary to be able to evalu-
ate the function of the module.

(3) The positioning plan of the components shall depict the
arrangement of the components and the layout of their inter-
connections.

4.2.7 Hardware documentation for modules with highly
integrated components

(1) The connection diagram shall depict all electrical and
data-specific connections of the module.

(2) All configuration and identification documents required
for the identification of the device shall be submitted. All
hardware and software components and the associated tools
shall be listed in these documents which shall also indicate
the revision level of the individual document.

(2) The structure, programming sequence and temporal
behavior of the software shall be described.

(3) The possibilities for the configuration and parameteriza-
tion of the modules shall be specified as well as the software
tools available for these tasks.

(4) The conditions and procedures to be observed during
configuration and parameterization shall be described.

(5) The specification of the interfaces to other modules or
systems shall be submitted, and the data transferred through
these interfaces shall be specified.

Note:
The requirements for the system environment are based on
these data.

(6) In the case of pre-fabricated software, the procedure for
its qualification or the procedure for demonstrating its suitabil-
ity shall be described together with the results.

(7) The possibilities for protecting the software against ma-
nipulations and the possibilities for identifying, initiating
alarms and documenting such software manipulations shall
be described.

4.2.9 Documents with respect to the self-monitoring
mechanisms

Documents describing the self-monitoring mechanisms im-
plemented for the hardware and the software shall be submit-
ted. The behavior of the module in response to an actuation of
the monitoring or error-handling routines shall be described.

4.3 Determination of Reliability Data

4.3.1 General Requirements

(1) Reliability data shall be determined on the basis of the
documents to be submitted as specified in Sections 4.2.3 and
4.2.6 through 4.2.9.

(2) The failure rates of the modules shall be determined for
the conditions of specified normal operation.

(3) The failure effects of the module and the associated
failure rate shall normally be specified. An experimental de-
termination of failure rates is permissible.

(4) If the failure effects must be known for only a certain
number of functional units, it shall be demonstrated that even
a failure of the remaining functional units cannot have any
reactive effects on the functional units examined.

(5) The procedures used for determining the reliability data
of the hardware and software components shall be specified.

Note:
Professional experts cannot yet present certifiable quantitative
reliability data for software. Therefore, the reliability of the soft-
ware for electrical devices must be determined quantitatively in
the course of the type approval test of the electrical devices.
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4.3.2 Determination of failure rates on the basis of operat-
ing experience

(1) If the failure rates for devices or components can be
determined with sufficient statistical accuracy on the basis of
the evaluation of operating experience, then an evaluation of
operating experience shall be given preference over a theo-
retical determination of the failure rates.

(2) The determination of failure rates for newly developed or
modified modules shall be based on the failure rates of com-
parable modules or functional units, provided, the comparable
modules or functional units have accumulated at least 107

operating hours and at least ten pieces of the modules or
functional units have been in operation under comparable
operating conditions for two years. Modules or functional units
are considered to be comparable if

a) comparable types of the electrical component,

b) comparable structural elements, and

c) similar design principles

have been used and

d) similar ambient conditions for the components

have been specified.

(3) The following data to be acquired over the last two years
shall be presented for the comparable modules and functional
units:

a) annual number of units delivered,

b) total number of units delivered,

c) estimated number of modules or functional units in opera-
tion,

d) annual number of repairs performed in the manufacturing
plant,

e) estimated annual number of repairs performed outside of
the manufacturing plant,

0 estimated annual number of failed modules or functional
units that but were not repaired.

(4) With regard to comparable modules or functional units
the failure effects, the causes of failure and the evaluation oi
these causes shall be provided for those modules or func-
tional units that were returned to the manufacturing plant.

(5) The mean failure rate and the associated confidence
range shall be specified with a certainty of 95

4.3.3 Determination of failure rates for the module hard-
ware on the basis of failure effect analyses

(1) The failure effects to be specified shall normally be the
physical effects that a failed component has on the function of
the module.

(2) The analysis procedure, the extent of the analysis and
the auxiliary means employed shall be substantiated.

4.4 Critical Load Analysis

(1) Proof shall be presented that the components and their
electrical connections will not be subjected to any static and
dynamic loads greater than the permissible limit values.

(2) Proof shall be presented that the function of the modules
is ensured taking the tolerances of the components into ac-
count. In this context, the effects of component tolerances on
the specified characteristics of the modules shall be investi-
gated for selected component combinations relevant to the
function.

4.5 Test Instructions for the Physical Tests

(1) The test instructions shall describe the type of tests, the
test parameters and their physical values, the testing equip-
ment and the test procedure (sequence and extent of the test
steps).

(2) The individual test cases and test conditions for the
physical test of the test modules shall be specified.

Note:
Certain test cases can only be performed on a functional unit.

4.6 Preparation and Examination of the Documents

(1) Documents shall be prepared for the theoretical exami-
nations specified in Sections 4.2 through 4.5. These docu-
ments shall normally be checked by an authorized expert
(under Sec. 20 Atomic Energy Act).

(2) The documents specified in Sections 4.2 through 4.5
shall be checked, specifically, with regard to completeness,
mutual consistency, and functional design of the modules.

5 Physical Tests

5.1 General Requirements

(1) A test program comprising the test schedule and the test
instructions shall be prepared for the physical tests and shall
be specified in coordination with the authorized expert (under
Sec. 20 Atomic Energy Act)

(2) The test schedule shall specify the procedures and
equipment to be employed during the test.

(3) The test instructions shall specify the objectives and
boundary conditions of the tests as well as the underlying
technical standards.

(4) When performing the physical tests, higher loadings may
be employed than those specified in Section 5 of this safety
standard.

(5) The physical tests shall basically be performed by a
plant expert. An external certified test organization may also
perform these tests, provided, they are so commissioned by
the plant expert.

(6) The physical tests shall be performed at a test location
which, with respect to quality of the test facilities and measur-
ing instrumentation, is suited to meet the test requirements
under this safety standard.

5.2 Test Modules

(1) Three factory tested modules of a single type or produc-
tion batch (type series) shall be selected for the type approval
test. The test modules shall cover the entire spectrum of the
characteristics to be demonstrated for the specific type or
production batch (type series).

(2) Each of the test modules shall be marked accordingly.

(3) The test modules may be selected from the pilot series.

(4) A summary account of the history of each of the test
modules shall be prepared.

Note:
The summary account contains, e.g., fabrication place, fabrica-
tion date, factory testing office, factory tests an date performed,
storage periods and possible additional loadings of the test mod-
ule encountered prior to the type approval test.(3) The proof may be based on experimental or analytical

procedures.
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(5) A visual inspection (identity check) shall b pe 'e toassure that the test module corresponds to the fabrication
documents listed in the index of engineering documents.

(6) The test module shall be examined with regard to work-
manlike fabrication.

Note:
This may be an examination regarding, e.g., cleanness, proper
soldering, positioning of the components, transportation dam-
ages.

(7) One test module shall remain available for further testing
up to at least one year after the successful conclusion of the
type approval test.

5.3 Functional Tests

(1) The functioning of the module as specified in the data
sheet shall be demonstrated. This requires combining the
following test parameters within the range limits and with the
input signal forms specified in the data sheet:

a) input signal,

b) output load,

c) ambient temperature,

d) auxiliary power supply, and

e) electrical characteristics.

The number of combinations shall be specified within the
framework the theoretical examination of the module.

(2) In case modules whose function can be altered by an
operating mode selector (e.g., by internal or external circuitry),
the test shall normally be extended to all operating modes.

(3) The specified characteristics of software based modules
shall be tested. This shall include the interaction of hardware
and software components of the test modules, the interfaces
with adjacent modules, the processor loading, the bus load-
ing, the shut-down and start-up behavior of the processor.

5.4 Electromagnetic Compatibility (EMC) Tests

(1) It shall be demonstrated that the functionality of the test
module is not impaired by the loading from electromagnetic
fields to which the test module, in accordance with the data
sheet, may be subjected during transportation, storage and
operation.

(2) The disturbance resistance shall be demonstrated to be
in accordance with the data sheet.

(3) The interference radiation emitted from the test module
shall be measured and compared to the corresponding value
specified in the data sheet.

(4) The tests shall be performed at the nominal values of the
test parameters specified in Section 5.3 para. 1. It is not re-
quired to consider a combination of the different interference
effects.

(5) If the data sheet does not contain specifications regard-
ing a permissible loading of the test object from electromag-
netic fields, then the disturbance resistance of, and the inter-
ference radiation emitted from, the test object shall be dem-
onstrated as specified under para. 6.

(6) These tests shall normally demonstrate the electromag-
netic disturbance resistance of the test module against inter-
ference from those line- and field-oriented interference pa-
rameters that must be considered at the final location of the
module during operation. The minimum required interference
test parameters shall be those specified in the generic EMC
standard regarding EMC immunity for industrial environments,

DIN EN 61000-6-2. Additionally, the specifications in the
standards for specific EMC products or product families (e.g.,
DIN EN 61326) may be taken into consideration, provided,
these do not permit lesser degrees of accuracy than the
specifications in the generic EMC standard,
DIN EN 61000-6-2. In addition, this test shall normally dem-
onstrate that, both, the line- and the field-oriented electro-
magnetic interference radiation emitted from the test module
do not exceed the limit values specified in the generic EMC
standard for emitted interference radiation,
DIN EN 61000-6-4. Here also, the specifications in standards
for specific EMC products or product families (e.g.,
DIN EN 61326) may be taken into consideration, provided,
these do not permit higher limit values than those specified in
the generic EMC standard, DIN EN 61000-6-4. In addition to
the requirements specified in the generic EMC standard for
emitted interference radiation, DIN EN 61000-6-4, it shall also
be demonstrated that the limit values for line-oriented interfer-
ence parameters are not exceeded at the signal and control
connections.

5.5 Interim Functional Tests

(1) The interim functional tests shall be performed in the
course of the physical tests at specific hold points. Selected
individual test steps shall be carried out with one value each
for the auxiliary power supply, the output load and the ambient
temperature, and in only one operating mode of the test mod-
ule.

Note:
Preferably, this would involve a reduced test of

a) the logical function,
b) the signal propagation delay, and
c) the characteristic.

(2) Neither electric interferences nor electromagnetic effects
have to be considered in these tests.

5.6 Monitoring of the Function

(1) When performing the physical test specified in Sec-
tions 5.4, 5.7 and 5.8 the function of the test module shall be
monitored.

(2) Function monitoring shall be performed for one set of
values for the test parameters and at only one operating
mode of the test module.

(3) The function monitoring shall be performed such that
even brief functional failures of the test module can be de-
tected.

5.7 Climatic Tests

5.7.1 General requirements

(1) It shall be demonstrated that the functionality of the test
module is not impaired by the ambient conditions to which the
test module, as specified in the data sheet, may be subjected
during transportation, storage and operation.

(2) The test module shall be subjected to the climatic load-
ing in its unpacked state and in its operating position.

(3) If the data sheet does not contain the characteristic
values relating to the following climatic tests, the tests speci-
fied in Sections 5.7.2 through 5.7.6 shall be performed with
the values specified in those sections.

(4) After the climatic loading, visual inspections and interim
functional tests shall be performed.
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5.7.2 Constant cold. after a rapid temperature change

Note:
This test demonstrates the suitability of the module for transpor-
tation or storage at low temperatures. The requirements for per-
forming this test are specified in DIN EN 60068-2-1 (Test Aa).

(1) The test module being at room temperature shall be
placed in the test chamber which shall normally be at the
lowest permissible storage temperature (Tmin) as specified in
the data sheet. If the data sheet does not specify a corre-
sponding value, Tmi, = - 25 'C shall be used.

(2) The test module in its inoperative state shall normally be
subjected to a temperature Tmin ± 3 K for 24 hours.

5.7.3 Constant dry heat, after a rapid temperature change

Note:
This test demonstrates the suitability of the module for transpor-
tation or storage in dry heat The requirements for performing this
test are specified in DIN EN 60068-2-2 (Test Ba).

(1) The test module being at room temperature shall be
placed in the test chamber which shall normally be at the
maximum permissible storage temperature (Tmax) as specified
in the data sheet. If the data sheet does not specify a corre-
sponding value, Tmý, = 85 *C shall be used.

(2) The test module being in its inoperative state shall nor-
mally be subjected to a temperature of Tmax±2K for
24 hours.

5.7.4 Constant humid heat

Note:
This test demonstrates the suitability of the module for storage or
operation in humid heat without condensation. The requirements
for performing this test are specified in DIN EN 60068-2-78 (Test
of Ca).

(1) If the data sheet does not specify corresponding values,
the test module shall be subjected to the following loads:

sponding values, the test module shall be subjected to the
following loads:

a) The initial temperature of the test module shall be
matched to the initial temperature of the test chamber,
25 *C ± 3 K (cf. Figure 5-1).

b) The relative humidity in the test chamber shall then be
increased to at least 95 % while the temperature is main-
tained at 25 'C ± 3 K.

c) Upon reaching this humidity level (start of the test), the
temperature in the test chamber shall be steadily raised to
55 'C ± 2 K within (3 ± 0.5) hours. During the temperature
rise, the relative humidity shall be at least 95 %; it may
drop to 90 % in the last 15 minutes.

Note:
In the case of test modules with a very small temperature
time constant, condensation will only occur if the relative hu-
midity is very close to 100 %.

d) The maximum temperature shall be maintained for a pe-
riod of (9 ± 0.5) hours at a relative humidity of (93 ± 3) %.
During subsequent cooling, the rate of temperature
change in the first 1.5 hours shall average 10 K/h. Within
the next 1.5 to 4.5 hours, the temperature of the test
chamber shall be lowered to 25 *C ± 3 K.

e) During the cooling off period, the relative humidity should
not fall below 85 However, in the first 15 minutes it may
drop down to 70

Subsequently, and until the end of the test period of
24 hours, the temperature shall be kept at 25 *C ± 3 K and
the relative humidity above 95 %.

5.7.6 Cyclic dry heat (long-term test)

Note:
This test demonstrates the suitability of the module with regard to
specified normal operation. The requirements for performing this
test are specified in DIN EN 60068-2-14 (Tests Nb) and in
DIN EN 60068-2-3a

(1) The initial temperature of the test module shall be
matched to the initial temperature of the test chamber,
25 *C ± 3 K.
(2) The temperature oi the test chamber shall, subse-
quently, be increased within one hour to the maximum per-
missible ambient temperature (Tmax) as specified in the data
sheet for operation of the test module. If the data sheet does
specify a corresponding value, Tmax = 70 *C shall be used.

(3) The test module shall then be subjected to the following
cyclic test conditions:

a) The cycle duration shall be 24 hours.

b) The loading duration in each cycle shall normally be at
least 20 hours at the higher temperature (Tmax) and at
least 2 hours at the lower temperature 25 *C ± 3 K.

c) The test module shall be in operation with a cyclic varia-
tion of the supply voltage between Ulna, and Umin after
every 24 hours in the course of the test. During change-
over of the supply voltage, intermediate values of the sup-
ply voltage as specified in the data sheet are permissible.

d) The test duration shall be 1000 hours.

5.8 Tests with Mechanical Loadings

5.8.1 General requirements

(1) It shall be demonstrated through tests that the functional
capability of the test module is not impaired by those me-

a) temperature:

b) relative humidity:

c) duration:

40 'C 2 K,

(93 +2
-3

48 hours,

d) operating status: test module not in opera-
tion.

(2) Following an interim functional test the test module shall
be subjected to the following loads:

a) temperature:

b) relative humidity:

c) duration:

40 'C ± 2 K,

(93+2)%,
3

24 hours,

d) operating status: test module in operation
with a cyclic variation of the supply voltage between Umax
and Umin after every six hours of the test. During change-
over of the supply voltage, intermediate values of the sup-
ply voltage as specified in the data sheet are permissible.

5.7.5 Cyclic humid heat

Note:
This test demonstrates the suitability of the module for storage in
high humidity and with temperature changes and including con-
densation. The requirements for performing this test are specified
in DIN EN 60068-2-30 (Test Db).

The test module shall normally be tested with the test module
not in operation. If the data sheet does not specify corre-
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chanical loads that are permissible during transportation and
operation in accordance with the data sheet.

(2) The test module shall be subjected to the loads in its
unpacked state.

(3) The tests related to operation shall be performed on a
test module that is mounted in the test facility in the manner
specified in the module documentation for the final location of
the module (e.g., in the module assembly frame).

(4) Visual inspections and interim functional tests shall nor-
mally be performed before and after each type of loading.

(5) When changing from one type of loading to another, it is
permissible to perform only a single interim functional test. In
this context, the test module may remain mounted in the test
facility.

(6) When testing the test module in operation, the function
shall be monitored.

5.8.2 Resistance to vibration in the frequency range be-
tween 5 Hz and 35 Hz

Note:
This test demonstrates the resistance of the module to vibrations
in the frequency range between 5 Hz and 35 Hz, e.g., due to
seismic events. The requirements for performing this test are
specified in DIN EN 60068-2-6 (Test Fc).

(1) If the data sheet does not specify otherwise, the tests
shall normally be performed with the deflection amplitude
(maximum value) and the acceleration amplitude specified in
para. 2.

(2) The test shall normally be performed with a sinusoidal
loading and a smooth change of frequency as follows:

(1) If the data sheet does not specify otherwise, the tests
shall normally be performed with the acceleration amplitude
and the duration specified in para. 2.

(2) This test shall normally be performed with a sinusoidal,
saw-tooth or trapezoidal shaped shock and an individual
shock actuation as follows:

a) acceleration amplitude:

b) duration:

c) number of shocks in each
direction:

d) total number of shocks:

e) operating status:
tion.

30 - 9.81 m/sI,

11 ms,

3,

18,

test module not in opera-

a) deflection amplitude:

b) acceleration amplitude:

c) rate of change:.

d) duration per main axis:

e) operating status:

(10 ± 2.5) mm,

(1 ± 0.2) - 9.81 M/S2,

1 octave/min,

1 cycle,

test module in operation.

5.8.3 Resistance to vibrations in the frequency range be-
tween 5 Hz and 100 Hz

Note:
This test demonstrates the resistance of the module to vibrations
in the frequency range between 5 Hz and 100 Hz, e.g., due to
plane crash. The requirements forperforming this test are speci-
fied in DIN EN 60068-2-6 (Test Fc).

(1) If the data sheet does not specify otherwise, the tests
shall normally be performed with the deflection amplitude and
the acceleration amplitude specified in para. 2.

(2) The test should be performed with a sinusoidal loading
and a smooth change of frequency as follows:

5.9 Behavior of the Test Module upon Plugging and Unplug-
ging

(1) If the electrical input and output circuitry or the signal
connections are designed as plug-in connectors and an un-
plugging of the connectors is permitted, then the behavior of
the test module shall be tested by plugging and unplugging
the connectors.

(2) This test step shall be repeated ten times.

5.10 Sequence of the Physical Tests

(1) The physical tests shall normally be performed in the
following sequence:

a) visual inspection of the test module as specified in Sec-
tion 5.2 para. 5,

b) functional tests as specified in Section 5.3,

c) behavior of the test module upon plugging and unplugging
as specified in Section 5.9,

d) climatic tests as specified in Section 5.7,
e) tests with mechanical loadings as specified in Section 5.8,

and

f) functional tests specified in Section 5.3.

(2) The electromagnetic compatibility tests specified in Sec-
tion 5.4 may be performed independently from the sequence
of the other physical tests.

5.11 Measures in the Event of Failures During the Physical
Tests

If a failure occurs, the time of the failure and its effects shall
be determined. An investigation report shall be prepared con-
taining details of the investigation performed and a statement
on the determined cause of failure. If the investigation reveals
the presence of a common-mode failure, appropriate im-
provement measures shall be taken. The extent to which the
type approval test must be repeated shall be specified in
cooperation with the authorized expert (under Sec. 20 Atomic
Energy Act).If the failure is not a common-mode type, the
tests specified in Section 5.2 para. 5 and Section 5.3 shall be
repeated after repairing the test module, and type testing shall
be continued after repeating the test step that had been inter-
rupted.

6 Criteria for a Successful Type Approval Test

The type approval test is considered as successfully passed if
the theoretical examination specified und Sections 4.2
through 4.5 gave no cause for concern and the functional

a) deflection amplitude:

b) acceleration amplitude:

c) rate of change:

d) duration per main axis:

e) operating status:

(10 ± 2.5) mm,

(2 ± 0.4) - 9.81 M/S2,

smaller than or equal to
10 octaves/min,

1 cycle,

test module in operation.

5.8.4 Shock Test

Note:
This test demonstrates the suitability of the module for transpor-
tation. The requirements for performing this test are specified in
DIN EN 60068-2-27 (Test Ea).
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capability has been demonstrated by the physical test speci-
fied in Sections 5.5 through 5.11.

7 Test Documentation

7.1 Documentation of the Theoretical Examinations

(1) The documentation of the theoretical examinations shall
include the following records:

a) module documents specified in Section 4.2 together with
the stated opinion of the authorized expert (under Sec. ý20
Atomic Energy Act) with respect to these documents,

b) reliability data specified in Section 4.3 with the stated opin-
ion of the authorized expert (under Sec. 20 Atomic Energy
Act) with respect to these reliability data,

c) critical load analysis specified in Section 4.4 with the
stated opinion of the authorized expert (under Sec. 20
Atomic Energy Act) with respect to this critical load analy-
sis,

d) test instructions for the physical tests specified in Section
4.5 with the stated opinion of the authorized expert (under
Sec. 20 Atomic Energy Act) with respect to the test in-
structions.

(2) The results of the stated opinions shall be summarized
in test certifications.

7.2 Documentation of the Physical Tests

(1) A test record shall be prepared for each test step and
this test record shall contain the following information:

a) identification number of the test record,

b) module type and module designation including state of
modification,

c) identity of the test module,

d) manufacturer of the test module,

e) test step,

test assembly, test equipment, test facility,

g) number of measurement value tables,

h) test result,

i) place and date, and

k) organization, name and signature of the tester.

(2) The test record shall specify any failures, visible defects
and damages that occurred during the test step.

(3) The measurement values shall be listed in measurement
value tables which shall normally list the required values in-
cluding the permissible deviations.

(4) The results of the tests shall be summarized in test certi-
fications.

7.3 Test Report

(1) The theoretical examinations and physical tests per-
formed and the test results shall be compiled in a test report.

(2) If the test modules are selected from a production batch
(type series), the selection criteria shall be specified and sub-
stantiated.

(3) Possible application restrictions and special application
areas shall be specified.

Note:
This also includes comments with regard to system tests to be
performed at a later date.

7.4 Test Certificate

(1) The test certificate shall contain information on the fol-
lowing:

a) identification number of the certificate,

b) module type and module designation including state of
modification,

c) list of the test records,

d) manufacturer of the tested module,

e) identification of the test instruction,

f) test result,

g) place and date, and

h) organization, name and signature of the tester and the
experts.

(2) Several test certificates may be combined in one com-
prehensive test certificate.

(3) The test certificate shall remain valid for newly fabricated
components, provided, it is regularly confirmed in three-year
time intervals, e.g., by quality audits in accordance with safety
standard KTA 3507, that no modifications have been applied
to the module that would influence the tested characteristics
documented in the test certificate (including the test report).

7.5 Storage Location and Duration

Requirements regarding storage and archiving of the test
documentation are specified in safety standard KTA 1404.
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Figure 5-1: Time history of relative humidity and temperature during the climate test specified in Section 5.7.5
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Appendix A

Regulations Referred to in this Safety Standard

Regulations referred to in this safety standard are valid only in the versions cited below. Regulations which are referred to
within these regulations are valid only in the version that was valid when the latter regulations were established or issued.

Atomic Energy Act

KTA 1404

KTA 3501

KTA 3507

Act on the peaceful utilization of atomic energy and the protection
against its hazards (Atomic Energy Act) of December 23, 1959
(BGBI I, p. 814) in the version of July 15, 1985 (BGBI I, p. 1565), most
recently changed by Act of August 12, 2005 (BGBI I, p. 2365)

(2001-06) Documentation during the construction and operation of nuclear power
plants

(1985-06) Reactor protection system and monitoring equipment of the safety sys-
tem

(2002-06) Factory tests, post-repair tests and demonstration of successful ser-
vice for the instrumentation and control equipment of the safety sys-
tem

DIN EN 61000-6-2

DIN EN 61000-6-4

DIN IEC 61226

DIN EN 61326

(2002-08)

(2002-08)

(2005-09)

(2004-05)

Electromagnetic compatibility (EMC) - Part 6-2: Generic standards -
Immunity for industrial environments (IEC 61000-6-2:2005);
German version EN 61000-6-2:2005

Electromagnetic compatibility (EMC) - Part 6-4: Generic standards;
Emission standard for industrial environments (IEC 61000-6-4:1997,
modified);
German version EN 61000-6-4:2001

Nuclear power plants - Instrumentation and control systems important
to safety - Classification of instrumentation and control functions
(IEC 61226:2005)

Electrical equipment for measurement, control and laboratory use -
EMC requirements (IEC 61326:1997 + IEC 61326/AI:1998 + IEC
61326-1/A2:2000 + Appendices E & F of IEC 61326:2002 + Corrigen-
dum: 2002);
German version EN 61326:1997 + EN 61326/A1:1998 + EN
61326/A2:2001 + EN 61236/A3:2003 /
Attention: DIN EN (2002-03) is also still applicable until 2006-10-01
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Appendix B (informative)

System Standards of DIN Regarding Computer Based Instrumentation and Control Systems Relevant to Safety

DIN IEC 60780

DIN IEC 60880

DIN EN 60068-2-1

DIN EN 60068-2-2

DIN EN 60068-2-6

DIN EN 60068-2-27

DIN EN 60068-2-30

DIN EN 60068-2-33

DIN EN 60068-2-78

DIN EN 61000-4-5

DIN EN 61131-1

DIN EN 61131-2

DIN EN 61508-3

DIN EN 61508-4

DIN IEC 61513

(2000-12) Nuclear power plants - Electrical equipment of the safety system - Qualifi-
cation
(IEC 60780:1998)

(2004-07 draft) Nuclear power plants - I&C systems important to safety - Software as-
pects for computer-based systems performing category A functions
(IEC 45A/523/CD:2003)

(1995-03) Environmental testing - Part 2: Tests; tests A: Cold
(IEC 60068-2-1:1990 + Al:1993 + A2:1994);
German version EN 60068-2-1:1993 + Al:1993 + A2:1994

(1994-08) Basic environmental testing procedures - Part 2: Tests; tests B: Dry heat
(IEC 60068-2-2:1974 + IEC 68-2-2A: 1976 + Al:1993);
German version EN 60068-2-2:1993 + A1:1993

(1996-05) Environmental testing - Part 2: Tests; test Fc: Vibration (sinusoidal) (IEC
60068-2-6:1995 + Corrigendum 1995);
German version EN 60068-2-6:1995

(1995-03) Basic environmental testing procedures - Part 2: Tests; test Ea and guid-
ance: Shock
(IEC 60068-2-27:1987);
German version EN 60068-2-27:1993

(2000-03) Environmental testing - Part 2: Tests - Test Db and Guideline damp heat,*
cyclic (12 h + 12 h cycle)
(IEC 60068-2-30:1980 + A1:1985);
German version EN 60068-2-30:1999

(2000-09) Environmental testing - Part 2: Tests; guidance on change of temperature
tests
(IEC 60068-2-33:1971 + Al:1978);
German version EN 6068-2-33:1999

(2002-09) Environmental testing - Part 2-78: Tests; Test Cab: Damp heat, steady
state
(IEC 60068-2-78:2001);
German version EN 60068-2-78:2001

(2001-12) Electromagnetic compatibility (EMC) - Part 4-5: Testing and measurement
techniques; Surge immunity test
(IEC 61000-4-5:1995 + A1:2000);
German version EN 61000-4-5:1995 + A1:2001 (VDE 0847 Parts 4-5)

(2004-03) Programmable controllers - Part 1: General information
(IEC 61131-1:2003);
German version EN 61131-1:2003

(2004-02) Programmable controllers - Part 2: Equipment requirements and tests
(IEC 61131-2:2003);
German version EN 61131-2:2003

(2002-12) Functional safety of electrical / electronic / programmable electronic
safety-related systems - Part 2: Requirements for electrical / electronic I
programmable electronic safety-related systems
(IEC 61508-2:2000);
German version EN 61508-2:2001

(2002-11) Functional safety of electrical / electronic / programmable electronic
safety-related systems - Part 4: Definitions and abbreviations
German version EN 61508-4:2001

(2002-10) Nuclear power plants - Instrumentation and control for systems impor-
tant to safety - General requirements for systems
(IEC 61513:2001)
(VDE 0491 Part 2)




