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1.

SCOPE

This method provides a basis for determination of the vibration
and shock characteristics of standard DIN/IEC 19-inch circuit
card frames (subracks).
The method is not concerned with assembled, functional
products. Card frames are qualified as sub-components of
products.
With reference to the method, the vibration and shock resistance of different card frames can be stated in a uniform way.
For applications with given vibration and shock requirements,
it will then be possible to select an optimal card frame to hold
the required circuit boards.
The method contains 4 vibration and shock test procedures of
increasing severity, arranged such that one procedure covers
all previous procedures. A card frame which has passed one
of these test procedures is classified by the procedure number
(1, 2, 3 or 4) followed by the total weight [kg] of inserted
dummy-load cards. Example: A card frame which has passed
severity 2 fitted with 3.7 kg of cards is designated: NT ELEC
021 - 2 - 3.7. (021 is the number of this method).

2.

FIELD OF APPLICATION

The method can be used for all standard 19 in card frames
designed for circuit cards of the sizes 3U or 6U times 100,160,
or 220 mm. The frame may be designed for any combination
of these 6 card sizes.

points about this. Electrical contacts (edge-connectors)
require special attention in the final functional product.

also

The resistance of assembled cabinets including one or more
card frames also depends on possible amplifying or shielding
effects of the outer mounting rack or cabinet.
Using a qualified card frame will be a good starting point for
the final shock and vibration design of a product.

3.

REFERENCES

This method is based on the following standards:
Ref. 1. IEC 297-1: Dimensions of mechanical structures of the
482.4 mm (19in) series. Panels and racks.
Ref. 2. IEC 297-2: Dimensions of mechanical structures of the
482.4 mm (19in) series. Cabinets and pitches of rack
structures.
Ref. 3. IEC 297-3: Dimensions of mechanical structures of the
482.4 mm (19in) series. Subracks and associated plugin units.
Ref. 4. IEC 68-1: Environmental testing. Part 1: General and
guidance.
Ref. 5. IEC 68-2-47: Mounting of components, equipment and
other articles for dynamic tests.
Ref. 6. IEC 68-2-6: Test Fc and guidance: Vibration (sinusoidal).

Only a complete card frame can be qualified: Card guides, front
plates, top and bottom plates etc. must be defined.

Ref. 7. IEC 68-2-36: Test Fdb: Random vibration wide band Reproducibility Medium.

The method is not intended for assembled racks or cabinets,
and the method is not suitable for card frames where vibration
isolators are used or where mounting is prescribed in other
places than in the 2 front flanges.

Ref. 8. IEC 68-2-29: Test Eb and Guidance: Bump.

It is important to note that the use of a classified card frame
does not guarantee the vibration and shock resistance of the
final product, even if the actual weight load is within the limits
applying to the class. The circuit boards may be mechanically
susceptible to vibration and shock. ANNEX 3 mentions some
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Ref. 9. IEC 68-2-27: Test Ea and Guidance: Shock.

4.

The following definitions and concepts are specific or important to this test method. Refer to Ref. 1-9 for items not found
in the following.
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METHOD

Classification

The classification refers to the ability of a card frame (subrack)
to withstand given vibration and shock requirements when
loaded with a given weight of printed circuit boards.
The classification of a card frame is stated by referring to this
method and giving two digits S and L: NT ELEC 021 - S - L.
S is a digit 1, 2, 3 or 4 referring to the Severity of vibration and
shock according to sect. 6.4 below. ANNEX 1 gives a survey
of the severities.
L is the total weight in kg of inserted dummy Loads, given with
one decimal place. The dummy loads are defined in sect. 6.2.
They all have a weight of approx. 1 gram/cm2.
A card frame of a given classification will conform also to other
classes with lower S and L numbers.

NT ELEC 021 2

6.

METHOD OF TEST

6.1

Principle

A card frame is tested for its ability to carry a specified weight
load under defined environmental vibration and shock conditions.
The test methods of vibration, bump and shock are defined in
Ref. 4-9. The principles of the methods and their reproducibilities are defined herein by the characteristics of the motion
imparted to the test specimen.
The tests are usually carried out using an electrodynamic or
electrohydraulic vibrator for vibration and bump. A special
shock machine is normally used for shock. The exposure
levels in all cases are documented by the acceleration recorded from accelerometers during exposures.
To comply with the requirements of a certain class, the specimen shall be without mechanical failures.

4.2 Fixture
The fixture is the mechanical means by which the card frame
is mounted to the vibrator or shock machine. The fixture
simulates the standardized rack mechanical interface for the
card frame. The interface dimensions are defined in Ref. 1,
and are given in ANNEX 2 for reference. Fixtures are subject
to requirements of rigidity as specified in Ref. 5 to Ref. 9.

4.3 Amplification factor
The ratio of response acceleration to input acceleration during
sine vibration.
The input acceleration is the level applied in one of three axes
at the mounting interface (fixture) of the card frame. The
response acceleration is the level measured at a point of the
card frame structure.
For a given measuring point on the card frame, the amplification factor will be a function of the frequency of applied vibration. If distortion is present in the response signal, the amplification is measured through a third octave bandpass filter
centered on the frequency of applied vibration.

6.2 Dummy loads
The following Fig. 1 to Fig. 6 define the dummy loads on which
this method is based. Each load simulates one of 6 sizes of
printed circuit boards with an added weight of components.
The loads are based on 1.5 ± 0.1 mm aluminium plates in one
of the 6 standard board sizes covered. To simulate a component load, and to provide a stiffening of the boards, square
section 8 x 8 mm aluminium beams are mounted on the bottom
plate and another 1.5 mm aluminium plate is mounted on top.
The assemblage is screwed together with M3 screws as
indicated. It is required that a thin layer of a hard glue is used
as well. Generally, the tolerance is ±0.1 mm or as indicated.
By keeping the total height above the bottom plate below 11
mm, the dummy loads can be used with card frame frontplate
width of 3 x 5.08 mm. This requires that countersunk screwheads be used.
The nominal weights of the dummy loads are given in the
following table. The weights shall be within ±5 % of the nominal
figures given.
Table 1.

5.

SAMPLING

The test specimen (card frame) shall be complete in the sense
that it is ready for insertion of standard printed circuit boards,
and it must be equipped with print guides in all relevant
positions.
The test specimen must be given a unique identification by
serial number, type number and list of parts, such as screws,
printguides, brackets etc. Front panel plates shall be defined
as an obligatory part of the definition of the test specimen.
Information must be given as to which classification the test
specimen shall be qualified.
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Fig. 2.
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a

Burrs and sharp edges removed

Burrs and sharp edges removed

Fig. 5.

6.3

Fig. 6.

Preparation of card frames

If the supplied front panel
mounted to printed boards,
dummy loads. Holes may
purpose. (Such covers are
and do not count as part

covers are designed for being
then they shall be mounted to the
be drilled in the dummies for this
considered part of the card frame,
of the dummy weight load.)

The dummy boards are not equipped with electrical connectors or any devices simulating these.
The dummy boards
the card frame. The
throughout the card
every second slot,
on the total weight

are inserted and fastened as relevant for
boards shall be evenly distributed
frame, preferably such that every slot,
etc. is equipped with a board, depending
of dummy loads required.

Generally, the card frame is assembled and/or checked according to the supplied documentation. Quantitative values for
tightening torques etc. shall be stated in the report.

6.4

vibration in all three of its axes. During bump and shock it is
not required to keep the card frame in its normal orientation.
Before testing with any of the severities, a response investigation is carried out with sine vibration in all 3 axes according to
Ref. 6:
Frequency/amplitude: 10-150 Hz: 1 g.
With slow variation of frequency, the equipment is observed in
stroboscobic light in order to determine resonant locations on
the frame structure. During logarithmic frequency sweeps,
vibration response is then measured with an accelerometer
mounted on the resonant locations. Response shall always be
measured on the dummy boards in order to obtain information
about the card guides. Results of the response investigation
are included in the report for use by the manufacturer of the
final product.
Next, random vibration, and, if required by the severity, bump
and shock is carried out in this sequence. It is allowed, however, to carry out vibration and bump in one axis/direction at a
time.

Procedures

There are 4 procedures corresponding to the 4 possible severities. The following requirements are common to all four
severities.

6.4.1 Severity 1
Random Vibration according to Ref. 7.

The card frame is mounted in a fixture, which shall be rigid, i.e.
free of natural frequencies in the relevant test frequency range.
These requirements are detailed in Ref. 5-9.

Acceleration
Spectral Density:

Vibration shall be carried out in three axes of the card frame,
without the frame being turned upside down, i.e. the frame
must retain its normal orientation with respect to gravity during

Corresponding
rms acceleration:
Duration per axis:

10-20 Hz:
20-150 Hz:

0.02 g2/Hz
-3 dB/octave

(10-150 Hz):

1.0 g
2 hours
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breaks in the frame structure or in the printed card guides. If
such critical failures are found, the card frame cannot be
classified.

6.4.2 Severity 2
Random Vibration as for severity 1.
Bump according to Ref. 8.
Bump pulse:
Directions:
Number of bumps:

10 g, 16 ms (halfsine)
3 perpendicular
1000 per direction

6.4.3 Severity 3
Random Vibration according to Ref. 7.
Acceleration
Spectral
Density:
Corresponding
rms acceleration:
Duration per axis:

10-20 Hz:
20-150 Hz:

0.1 g2/Hz
-3 dB/octave

(10-150 Hz) :

2.2 g
2 hours

The critical failures do not include normal signs of wear corresponding to several years of use. To be critical, a failure must
include structural damage which in normal use would classify
the card frame as defective and subject to immediate repair or
replacement.
If there are
classification
obtained by
sect. 6.2. It
place.

no critical failures, the card frame is given a
code as defined in sect. 4.1. The load figure is
adding up the nominal weights from Table 1 in
is given in kilogrammes, rounded up to one decimal

An important part of the test results are the natural frequencies
and vibration amplifications obtained during the initial response investigation. Although not explicitly included in the
classification, these results are important for the final vibration
and shock design with the card frame.

Bump according to Ref. 8.
Bump pulse:
Directions:
Number of bumps:

40 g, 6 ms (halfsine)
3 perpendicular
1000 per direction

Random Vibration according to Ref. 7.

Corresponding
rms acceleration:
Duration per axis:

10-20 Hz:
20-500 Hz:

0.1 g2/Hz
-3 dB/octave

(10-500 Hz):

2.7 g
3 hours

Bump according to Ref. 8.
Bump pulse:
Directions:
Number of bumps:

40 g, 6 ms (halfsine)
3 perpendicular
1000 per direction

Shock according to Ref. 9.
Shock pulse:
Directions:
Number of shocks:

TEST REPORT

The test laboratory shall issue a signed and dated test report
with an identification number. The report shall include at least
the following information:
a) Reference to this Nordtest method with the classification
for which the card frame was qualified.

6.4.4 Severity 4

Acceleration
Spectral
Density:

7.

Halfsine, 100 g, 6 ms.
Both directions of the 3 axes.
3 per direction, 18 total.

b) Identification of involved parties: Company/organization
and responsible persons of both supplier and test laboratory.
c) Identification of the card frame tested, including parts and
components from which it is assembled: general description, manufacturers, designations, type numbers, serial
numbers. Photos of the card frame shall be included.
Documents identifying the card frame may be listed or
included as appendices in the report.
d) Date of supply of the card frame to the test laboratory.
e) Dates of the start and termination of the test period.
f)

g) Documentation of vibration/bump/shock exposure levels
by curves obtained during exposures.
h) Identification of the test equipment and instruments used,
including date of last calibration.
i)

Results of response investigation: The most critical frequencies and amplifications in each axis of the card frame.

j)

Results of visual inspections after each exposure.

6.5 Test results
After the test, the card frame is examined by normal visual
inspection for loosened joints and screws and for visible

Description of the dummy loads inserted in the card frame
under test, weight and distribution.
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ANNEX 1

SURVEY OF SEVERITIES
The following is a summary of the vibration and shock severities defined in sect. 6.4 of the main document.
The application examples given below are not, and cannot be,
precise but they refer to terms commonly used when choosing
vibration and shock severities.
The relevant severity for a card frame should preferably be
derived from a specification for the equipment in which the card
frame is to be mounted. Alternatively, a more precise description of the vibration and shock environment should be obtained.

Severity
number

Application
examples

Random
vibration

L

Mounted in
larger
vehicles,
ships

2

Mounted in
cars,
trucks,
trains

3

Moveable
equipment
or mounted
in/on
moving
machinery

10-150 Hz
2.2 grms
2h/axis

Mounted
close to
machinery,
moving
parts
impacts

10-500 Hz
2.7 grms
3h/axis

1

4

I

10-150 Hz
1 grms
2h/axis

Bump

Shock

N/A

N/A

10 g
16ms
3x100

40g,
6 ms
3 x 1000

100 g,
6 ms
6x3
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ANNEX 2

FIXTURE INTERFACE TO CARD FRAME
The mechanical rack mounting interface for card frames is
defined in Ref. 1. The interface shall be simulated by the fixture
and is given below for reference. The height indicated will
accommodate one 3U or one 6U card frame.

This method does not cover other mounting means or locations than those defined for the two front flanges of standard
card frames. Holes indicated with small circles are not normally
used.

4
-7

12.7 (4x)

7 min

Tol. between any 2
holes ±0,4 mm
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ANNEX 3

DUMMY LOADS VERSUS CIRCUIT BOARDS
This method is based on testing card frames, also named
subracks, including their holding mechanism for the printed
boards. In an application, however, the printed boards themselves must also be able to survive vibration and shock. The
boards are different for each application, with different types
and numbers of components mounted.
Damage is primarily caused by resonance conditions, occurring when the excitation frequency (-ies) coincide with the
natural frequency of the board. Here the response level on the
board can be 5-30 times the input level on the board edges.
The flexing board can produce fatigue in component leads or
wear in connectors. Serious design to vibration and shock
includes at least some estimates of natural frequencies in the
chain: Environment - cabinet - rack -frame - printed boards.
The first concern is that the frequencies do not coincide such
that the amplification factors are multiplied.
The following table contains some guiding natural frequencies
for 1.6 mm epoxy fiberglass printed boards of the 6 sizes
covered in this method. The frequencies are based on a board
weight of 0.32 gram/cm2, an E-module of 3 x 1010 N/m2 and
simple support along all four edges.
Board weight refers to board without components. The frequencies are given for total weights including components, in
multiplies of board weight. The figures can be used only for
assessing orders of magnitude. Dense packing of larger IC’s

can stiffen the board to almost twice the given frequency.
Simple support on only 3 sides will lower to about 60 % of the
given values.

I==
Size

Board
weight

32 g

Nat. freq. for multiples of board weight
1

2

3

6

100x100
100x160
100x220

51 g
70 g

640 Hz
445 Hz
386 Hz

453 Hz
314 Hz
273 Hz

370 Hz
257 Hz
223 Hz

261 Hz
182Hz
158Hz

233x100
233x160
233 x220

75 g
119g
164g

379 Hz
184Hz
125 Hz

268 Hz
130 Hz
88 Hz

219Hz
106Hz
72 Hz

155Hz
75 Hz
51 Hz

The dummy loads used in this method to simulate the printed
boards have a weight of about 1 gram per cm2, (1.04-1.08)
referring to the total nominal area. This corresponds to about
3 times the weight of the epoxy board itself. In practice, most
boards are below this weight, but some are above 2 g/cm2.
The natural frequency of all the dummy load boards is designed to be above 600 Hz. This is above the upper frequency
of all test exposures in this method, and uncontrollable resonance conditions are thus avoided.

