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CERTIFIED LABORATORY

SEBERT TRILLINGSTECHNIEK BV

S2T-Consultancy

The consultancy activities are dedicated to
exploring the fields of shock, noise, and
vibration. The emphasis lies on the
integration of requirements related to the
engineering phase of products. The rule
‘prevention is better than cure’ certainly
applies here. S2T carries out strength,
stiffness, shock and vibration analyses for
control panels, complex structures and the
like.

S2T-Laboratory

The Sebert Trillingstechniek test lab has her
own independent laboratory with
temperature, shock, vibration, and fatigue
testing machines, inclined plane and drop
testers to test mounts, packaging, and
equipment for shock, vibration, and
transport simulation.

S2T-Sales

When improvements of the properties for
shock, vibration, or noise are no longer
considered feasible, S2T can supply
standard solutions, or develop new types of
resilient or shock mounts to meet customer
requirements. Since we run our own factory,
we can deliver all types of rubber or cable
mounts adapted to the specific type of
equipment in either in standard or custom
shapes

S2T continues where others stop.

In civil and military projects, in transport and
packaging S2T provides the solutions you
need. Whether it is the design and
engineering for the structure borne noise
reduction and/or shock protection of
frigates, sub- marines or protective shelters
or noise reduction on board of ships and
mega-yachts.

S2T-NL and its high degree of flexibility,
complies the ISO 9001 and ISO 17025
requirements. All testing equipment in the
ISTA certified Laboratory is calibrated in
accordance to these standards.

Sebert Nord G

Sebert Tehnology S.R.L.
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CERTIFIED LABORATORY

25 YEARS OF HISTORY

Sebert Trillingstechniek B.V. is a daughter company of the Sebert Group. Sebert Schwingungstechnik
was established in 1984 as sales representative for wire rope cable shock mounts in Germany and a
manufacturer of power supply and ground plugs for airplanes. As of the beginning of 1987, Sebert
became one of the main suppliers for the German Navy and related industries in the field of vibration
and shock control.

In April 1993, Sebert started its own manufacturing plant for wire rope shock mounts in Kirchheim, and
diversified in the production of elastomer and rubber mounts. It was at this time that the company
decided to focus on shock and vibration control. Very soon, this activity developed very successfully.

In 1996, an average of about 2.500 damping elements of all sizes and types were sold on a monthly
basis. In October 1996, a daughter company named Sebert Nord Geratebau was established near
Bremen with a goal to provide better services to the northern German and European areas, and to
extend production operations. In addition, we developed new techniques for manufacturing special
tooling for diesel engines and the Navy. In the year 2000, the first 6-channel vibration battery driven
laptop-measuring system M2S was introduced into the market.

Sebert GmbH completed the manufacturing and service program with the foundation of the Dutch
company S2T-NL: Sebert Trillingstechniek B.V. in 2002, and became a leading company in the field of
noise, shock, and vibration testing. This resulted in a close collaboration effort with the TNO transport
testing department and Kema. S2T-NL and its high degree of flexibility, complies the 1ISO 9001 and
ISO 17025 requirements. All testing equipment in the Laboratory is calibrated in accordance to these
standards. The incoming and outgoing control for the Sales products takes place in accordance with
DIN 40 080, AQL 1.5, level Il. Sebert opened a manufacturing plant for mounts in Romania in 2006.
And exactly to the 25th anniversary of the group a subsidiary in France was successfully established.
The Sebert Group employs seventy people.
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If you have any questions or would like to
speak about shock-, vibration and/or noise
please e-mail us at info@sebert.nl or call us
at +31 (0)10 - 52 40 606.
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- A CERTIFIED LABORATORY

WHAT DOES S2T DO FOR YOU?

S2T has her own test facility for all kind of
dynamic and static tests e.qg.:

Transport simulation tests (ASTM — ISO).
Vibration testing.

Shock, noise & vibration measurements,
including field measurements.
Determination of cushion curves.
Compression- and tensile testing.
Shock-, impact- and drop testing.

Fatigue testing.

Seismic simulations.

Inclined plane testing of pallets.
Packaging testing.

Environmental and climate tests.

FEEFREEEREE O FEE

S2T stands for consultancy, design and
analysis in the area of shock, noise and
vibration:

«% The design and testing of transport
containers including springs.

<+ Noise predictions for all ship types.

<+ Shock strength- and vibration analyses of all
kind of equipment and installations.

%+ Design and analysis of resilient mounting

arrangements for shock, vibration, sea-way

motions, response analysis and such.

Design of low noise equipment.

Design and analysis of high impedance

structures for optimal performance of all kind

of resilient mounting systems.

-+

S2T manufactures e.g.:

<+ All type of cable mountings for vibration and
shock protection, standard or in any shape,
adapted to the type of equipment.

=+ (Intermediate) frames for the fixing of resilient
mountings to specific components (e.g. hard
disks) or equipment.

=+ High quality vibration-, noise and shock
reducing mountings and other rubber
elements.

+ Custom-made mountings for specific
applications.
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S2T invests in R&D:

+ Through continuous R&D, the S2T pro-ducts
are of a high quality. Therefore, S2T
guarantees the proper functioning of all
mounting systems, designed and analysed
by S2T. For cable mounts two years and for
rubber mountings one year warranty applies.

+ S2T develops her own vibration- , noise- and
shock-reducing elements. An exam-ple is the
resilient support (ATM) for pipes, to isolate
structure- and fluidborne noise.

+ Transfer function- and insertion-loss-mea-
surements are done to optimise the
acoustical performance of S2T products.
Taking into account the properties of
supports or foundations and of the equipment
or (pipe)system to be mounted resiliently.

20 Type ATM 1520

0 /\ — Noise Attenuation

W
-20 \J

-40
-60 /

S2T has a cooperation with: dB

800 1600 2400 3200 4000 [Hz]

+« TNO Certification. TNO is specialised in the investigation of the functionality of
packagings, IBC’s and transport units at various environmental conditions.

+ KEMA Quality. KEMA focuses on the reduction of risks and improvement of performance
by means of testing, assessment, inspection, auditing, and certification. KEMA is a
Competent Body for the EMC Directive, and a Notified Body for the Low Voltage (LVD),
the Machine, R&TTE, Outdoor Noise, ATEX and Construction Products directives. In
addition, KEMA is Notified Body for (active implantable) medical devices and in vitro
diagnostics.

S2T delivers:

Complete solutions for all your noise- vibration and shock-problems. From
measurements, analyses, testing and design, to the right product for your problem.

All kind of testing facilities with a high degree of flexibility and working in accordance with
ISO 9001 and 17025.

Technical support for your engineering department. S2T co-operates intensively with her
customers, to achieve cost-effective solutions for their problems.

High quality vibration-, noise- and shock-reducing mountings including interfaces, when
equipment cannot be installed on the mountings directly.

Products that distinguish themselves by durability and no or minimal maintenance.

High level services and 1-2 years warranty on S2T products for good performance.

E O+ &

S2T: YOUR DYNAMIC TEST CENTER FOR ALL YOUR TESTS

-4 -

S2T-NL Tel. no.: +31-10-524 06 06 Bank:

Sebert Trillingstechniek B.V. | Fax no.: +31-10-524 06 05 ABN AMRO - Berkel en Rodenrijs

Weg en Land 18 E-mail : info@sebert.nl Bankaccount: 50.13.23.465

2661 DB Bergschenhoek NL | Chamber of Commerce R'dam no.: 24346465 | VAT no.: NL8121.08.553.B01 www.sebert.nl




SHOCK- AND DROPTESTS

General

Shocks caused by impacts, bumping or collisions can be expected
during the logistic life and lifecycle of a product. Shocks with or
without packaging, can seriously damage the product. With the
shock testing machine, drop tester, or quick release hook, the shock
resistance (= drop height) of a product is easy to determine.

Controlled shock and drop testing utilizing known and reliable shock
pulses is essential when attempting to determine the weakest link of
a product or packaging. Based on these results, the product or the
packaging can be optimized.

The shock or drop test is not considered a destructive test when the
requirements are properly integrated with the design and
engineering of a product. Nevertheless, it remains the ultimate proof
that the products tested meet the drop height or shock requirement
without suffering damage.

In general, products properly designed for shock and vibration are
not costlier, but are more reliable and usually weigh less. The
packaging volume is reduced by using less cushioning material and
this equates to a considerable reduction of packaging and transport
costs.

Shock testing machine type STS -122

Shock testing machine type STS-122

This shock testing machine is suitable for most of the internationally applied standards related to drop
and shock testing, e.g. ASTM, MIISTD 810E, 202F, and IEC. For instance, ASTM D3332 describes the
“Step Velocity and Step Acceleration test” for the so-called “Damage Boundary” procedure. The D-
Bound curves present the critical accelerations and critical velocity changes per axis, below which the
product will not suffer any damage resulting from a shock or drop. The D-Bound curves, including the
various half sine, square wave, and sawtooth shock pulses can be realised on this shock testing

Position Drop tester Type PDT -56E

Drop tester PDT-56E

The precision drop tester guarantees a really flat drop on the floor. A flat
drop on one of the six sides generates the highest shock input on the
packed product. The energy released by the impact is transferred
optimally to the product. During a flat drop test, the cushioning material
inside the packaging exhibits the lowest stress per mmz2, resulting in the
highest acceleration level on the product. The velocity of the downward
movement of the drop tester table is higher than the falling product on top.
The product no longer makes contact with the table and it rotates down
and backwards. The advantage here is that the packaging does not rotate
and this guarantees a pure flat drop. Moreover, the test can be
reproduced reliably. For corner or edge drop tests, the drop tester is
provided with a fixing device to keep the package in the correct position.
The drop tester has a continuously adjustable height ranging between 0
and 3650 mm, and is suitable for packages up to 68 Kg's. In general, the
drop test is the final check used to verify drop height requirements for
packaging and packaged products.
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Quick Release Hook

The QRH (Quick Release Hook) is used for products that are too
heavy or large for the PDT-56E drop tester. Depending on the size of
the packaging, a drop height of about 4 meters is usually available in
the laboratory. A seismic base of 50 tons is available for drop tests
with pallets and containers.

The maximum allowable mass is 1360 kg. Outside the laboratory the
drop height and mass is unlimited.

Bump and mounting impact tester

A bump test is a low-cycle-fatigue

test. The maximum allowable mass

is 1300kgs. The maximum accel-

eration is 6000 m/s2 with a duration

time of 20 ms.

QR-3000 with drum.

S2T designed a drop table with a mass of 650 Kg's to test

mounts and small components. With a drop height over 3

meters, the determination of dynamic stiffness of large and very

stiff mounts is a simple task. Shock deflections of 20 mm can be

achieved for a static stiffness of ~ 300 kN/mm. More stiffness

with fewer deflections is possible. The drop table is provided

with threaded inserts formulated in a 400x400 mm pattern to

test components. Half sine shock pulses can be realized with an

acceleration of 6.000 m/s? and 5 ms duration up to 100.000 m/s?
Bump test on a shaker and 0.3 ms.

Data acquisition — Inclined plane - Various
Shock measurements are carried out with the Test Partner or Dactron analyzers. Test Partner is
a four-channel data acquisition and analysis system. It records and analyses the measured time-
history curves and provides an immediate report in printout form. The Dactron analyzer is similar
to the Test Partner, but has 8-16 channels. This system is also utilized for noise and vibration
measurements in the laboratory or in the field.

S2T offers extensive shock and drop test facilities and excellent services. S2T has also a
pendulum impact and inclined plane tester (for 2000 Kg's and 3.6 m/s). These tests are intended
primarily for the testing of boxes, containers, and pallets containing packaging. S2T is can also
provide any tilt testing you might require. The attached specifications of the shock-testing
machine represent standard specifications. Adjustments made by S2T have significantly
expanded the capabilities of the type STS-122 shock-testing machine. The impact velocity, shock
pulses, and durations have been increased considerably.

Our specialists in the field of shock and vibration can help your engineering department with the
integration of such requirements during the design phase of your product. They can also resolve
any shock or vibration problems you might have. S2T guarantees that integrating shock and
vibration (transportation) requirements into the design of your product will result in lower
packaging costs. Feel free to call us for information and questions regarding any specific shock or
vibration problems you might have.
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Manufacturer:
Type:

Test method:
Dimensions table:

Mass product (maximal):
Acceleration (maximal):

SHOCK TESTING MACHINE

Y sine / square wave / sawtooth

(%2 sine optional)

Duration:

% sine / square wave / sawtooth
Maximum velocity change:
15 sine / square wave / sawtooth

Lansmont Corporation
STS-122

free fall

1.220x1.220 mm
1.135 kg

6.000 / 2.100 / 3.000 m/s?
(50.000 m/s?)

1-65/4-65/3-40ms

73/7,6/4,6m/s

Manufacturer:

Type:

Dropheight:
maximal
minimal

Mass product maximal:

Dimensions product:

DROPTESTER
Lansmont Corporation

PDT-56E

3.650 mm
0 mm
68 KGs

length / width no limitations

depth

Dimensions baseplate:

Drop directions:
Tests according:

910 mm

1.520 x 1.360 mm
flat, corner, edge
ASTM D775 and D4169, ISO 2248

QUICK RELEASE HOOK
Lansmont Corporation
QR-3000

4 m inside laboratory
outside no limitations
1.361 KGs

no limitations

no limitations
N/A.

flat, corner, edge

ELECTRO-DYNAMIC SHAKER/ BUMP TESTER

Supplier

Type

Frequency range
Max. amplitude
Max. mass product
kg

Max. Force
Dimensions table
Test modes

Vibration/bump direction

Tira
59355/AIT-440
ca. 4 tot 3.000 Hz
63,5 mm peak-peak
Vertical ca. 1.300 kg — Horizontal ca. 2.400

55.000 N

1.200 x 1.200 mm

Half sine, square wave, SRS and such
Vertical en horizontal

Manufacturer:

INCLINED PLANE TESTER

Dimensions table maximal:

Mass product maximal:

Velocity:
Tests according:

Sebert Trillingstechniek B.V.
2.000x1.500 mm
2.000 KGs
~3,6 m/s
ASTM D4169

S2T: YOUR DYNAMIC TEST CENTER FOR ALL YOUR TESTS
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DAMAGE BOUNDARY METHOD

1. DAMAGE BOUNDARY METHOD

With the Damage Boundary (shortened D-Bound) test method:
The quality, operational, and functional reliability of a product is secured at a constant level.
In practice, modifications on existing products or on new products being placed on the market will not
present any problems when the ‘old’ and new products have identical D-Bound curves.
No damage occurs during a drop or impact as long as the critical velocity change or the critical
acceleration is not exceeded during testing. This also applies for any specific shock or drop test
requirement.
A product with a critical acceleration level of say 300 m/s2 will meet any type of shock requirement with
an acceleration level below the critical one, regardless of the shock pulse (¥ sine, sawtooth, square
wave) and duration.
Cushioning material is not required (saves on costs) when the critical velocity change is above the
velocity change due to the required drop height for the packaging and/or product. The velocity change is
a measure for the drop height.
The reliability factor of translating test results into practical situations is high.

2. APPLICATIONS
Some of the applications are:
- Reducing or determining the minimum required amount of cushioning material in packaging.
Verifying shock resistance of equipment and products for the defence and civil industries (transport,
earthquake, reliability).
Optimising products or component joints, e.g. (adhesives, bolts, pop rivets).
Comparing similar products or verifying product modifications.
Guarding against excessive safety measures implemented in the design (overkill)..
Reduction of the number of tests, e.g. skip long duration bump testing (unless intended for low-cycle
fatigue).

3. EXECUTION DAMAGE BOUNDARY TEST

The D-Bound-curve measures the fragility level of a product. A programmable shock-testing machine is used to
determine the D-Bound-curve. Two types of shock pulses are used for this determination: a half sine and a
square wave shock pulse. The duration and acceleration of the square wave is adjustable.

The measured critical acceleration (Ac) and critical velocity change ( Vc) determine the D-Bound curve. The
product is tested per axis (+/-). Depending on the planes of symmetry, a 2x3 test series is required to determine
the critical velocity change, and 2x3 test series is required for the critical acceleration. The maximum number of
test series is 12, requiring 4-5 shocks per direction to determine the first point of damage. Above the critical
velocity change and acceleration levels, the possibility of damaging a product is almost 100%.

Based on our knowledge and experience, only one prototype product is needed to carry out a full D-Bound test.
However, the test must be stopped just before the anticipated damage occurs, and in doing so, the results of the
D-Bound curve might be slightly conservative. Nevertheless, the number of prototype products (most of the time
expensive) is kept to a minimum this way. The margin between actual testing and the D-Bound-curve outcome
can become significant when the single product method is applied on products or components that are brittle.

3.1 Determination critical velocity change:

The critical velocity change is determined with a half sine shock pulse. This shock pulse has a fixed duration (1-
1.5 ms) and a wide range of acceleration levels (1000-6000m/s?). The drop height of the shock table is
increased gradually until the first point of (unacceptable) damage to the product is attained.

3.2 Determination critical acceleration level:

The critical acceleration is determined by means of a square wave shock pulse (20-1000m/s2 - 5-60ms). A
square wave is defined by 19 frequencies that excite all frequencies present in a product. A half sine shock
pulse will usually excite only one frequency. At a constant drop height, the acceleration level increases gradually
as duration decreases. The decreasing duration ensures that every possible frequency of the product will be
excited eventually. .9-
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EVALUATION TEST RESULTS
TYPICAL DAMAGE BOUNDARY CURVE Damage mostly concerns joints, incorrect loading of (brittle)
[mis? O area with almost 100% materials and stress concentrations, whether or not combined
with bending moments. Most damage is unnecessary and
rate of damage simply avoidable, without complex analyses.
0 Some attention paid in the design and engineeringphase to
Y these aspects prevents 80-90% of this type of damage. Full
| integration of transport or shock requirements in the design
! gives almost 100% reliability to prevent this damage.
Acrit. | ______ Lo 0
| 0 For S2T, a shock test is a non-destructive test. It means, a
area ioo%free of damage O test proving that a product meets the shock requirements
: > without damage .
[mi/s] ! velocity change
Veritical
CASE:

S2T performs many D-Bound tests for Sony Ericsson. Sony
Ericsson carries out these tests on their mobile phones and
accessories:

To ensure that their products meet the T V shock and bump
tests (for the automotive industry) without sustaining damage.
To quantify levels of quality and ruggedness.

For comparison purposes between products and accessories.
To simulate user environments.

- To reduce the number of tests.

The mobile phones are mounted in various directions on the shock table. The cost of mobile phones is lower
when compared to the cost of the shock test, and this makes it cost-effective to test three prototypes in three axes
simultaneously. Mounting the mobiles on the shock table and verification are the most time consuming tasks. It is
possible to determine both by utilising a 2x2 test series: the critical velocity change and critical acceleration.
Decisions for improvement can be taken based on the test results. For instance, it is possible to determine the
brittle or ductile behaviour of glue and the weakness or strength of glued joints; this being extremely valuable for
the design of the phone and any subsequent modifications. Another reason for using the D-Bound method for
Sony Ericsson is to realise cost reductions by optimising material type and thickness, dimensions, glued joints,
etc. Mobiles requiring less material are lighter and can therefore be designed more compactly. This does not
affect the quality of the mobile and the shock resistance does not change; it actually improves most of the time.
The optimisation procedure for Sony Ericsson fits in nicely with the S2T philosophy. The S2T philosophy is that
given identical product costs, a higher shock resistance will result in less weight, better quality, and lower
production and service costs.

A good shock design is realised when material properties concerning strength and stiffness are optimised and
superfluous material is kept to a minimum. Superfluous material causes higher loads on joints because each
kilo/gram of mass has to be multiplied by 50 - 500 m/s2, or more.

Higher loads require stronger, and/or more bolts and glue; bending moments increase and create the stresses on
the same material thickness or dimensions.

The damage usually affects the joints; the incorrect loading of (brittle) materials, stress concentrations, possibly in
combination with bending moments. Yet, most damage is unnecessary and can be easily avoided, even without
complex analyses.

Dedicating more time and effort into the design and engineering phase will prevent 80 to 90% of this type of
damage from occurring. Full integration of transport or shock requirements in the design phase gives a near
100% reliability factor towards damage prevention.

Arrangement Sony Ericsson mobiles on shocktable.
(S2T thanks Sony Ericsson for her co-operation
concerning the picture and her working procedure).

Do we have your attention? S2T would be pleased to send you information about the possibilities we have to

offer. You are also welcome to visit us for a demonstration or support.
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SAVER DATARECORDER

Applications :

De SAVER is a data recorder for remote (field) measurements. The SAVER is a stand-alone unit and can be
installed on remote locations or locations where stationary data acquisition systems don’'t have access. Due
to the limited size (125x97x56 mm) there are many applications suitable for SAVER. The SAVER can for
instance be installed in/on a (fragile) product, mounted on a pallet unit or in a trailer.

The measured data can be used for :
Determining vibration, shock and handling requirements of transporting products;
Transport simulations in the laboratory instead of relatively expensive and not reproducible real-time
test transports;
Determining criteria for acceleration and vibration levels;
Monitoring of expensive and/or sensitive products;
Improving and optimizing products;
Insurance issues including: When and where is the damage occurred? What were the acceleration
levels? Who is liable?

The SAVER is often used as an input for transport simulations in the laboratory. The results of real-time test
transports have a lot of variables, like the driver, speed, driving style, road conditions, route planning, humidity,
temperature, handling etc. The final results of identical real-time test transports are therefore not mutually
comparable. These real-time test transports usually have to be performed several times to give reliable
results.

The costs of a simulation in the laboratory in comparison to real-time test transports are 50% to 80% lower
depending on product type, path length, (final) control(s) etc..

Left
SAVER with external channels.

Right:
SAVER mounted under pallet.

Measurement Capabilities:

For standard measurements, the SAVER has a single 3d accelerometer and a temperature/humidity sensor.
External sensors are optional. In total fourteen channels are available, including eight for "dynamic" and six for
'static' measurements.

The ‘dynamic’ channels can be used for the measurement of shock, vibration and the 'static' channels can be
used for temperature and humidity. The SAVER records hundreds the ‘dynamic' samples and combines these
with one of the "static" channels at fixed intervals depending of the set up.

The SAVER:

- Can record various types of data, despite different measuring ranges and filters;
- Has 6 programmable measuring ranges and 128 programmable filters;

- Provides complete freedom in adapting the instrument to your needs.
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S.AV.E.R.

Dimensions | x w x h:

Mass:

Data converse:
resolution

dynamics range

Channels:

Sample frequency:
Memory for data:

Memory setups:

Memory allocation:

Internal accelerometer:
Acceleration range:

Acceleration channel filters:
Temperature-/ humidity sensor:

Temperature range:
Accuracy

Relative humidity range:
Accuracy

Power supply:

Operating temperature:

SAVER

Shock And Vibration Environment Recorder
125 x 97 x 56 mm
1 kg
12 bits (4095)
62 dB normal
8 dynamic:
4 acceleration channels
4 current channels
6 static channels
1800 tot 7200 samples/sec per channel
4 Mb
- stop when memory is full
- Overwrite the old data by new
- Overwrite the lowest by the highest level

signal data en time data (trigger)

triaxial, piézo electrical
50, 100, 200, 500, 1000 en 2000 m/s? full scale

20 to 2560 Hz, in steps of 20 Hz
built in

—29<C tot +85TC
+0,5C

0 to 100% by +25C
2% by + 25T

4 x C-size (1,5 Volt)

-29<T tot +55C

S2T: YOUR DYNAMIC TEST CENTER FOR ALL YOUR TESTS
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TRANSPORT SIMULATION TESTS

Transport
The word ‘transport’ is a familiar one. Manufacturers transport their products from A to B around

the globe. The question is; what exactly are the variables that influence the product or packaging
during this transport?

The world of transport relies on such information as vehicle type, handling, road type and distance
covered, and warehouse storage. Unfortunately, not all of these factors can be eliminated.
However, it is possible to protect and to design products in such a way to prevent them from
sustaining damage during transport.

Our extensive experience in the field enables us to save 10 to 30% on costs related to packaging,
transport, and damages for products and packaging before optimisation. The proper design of your
product or packaging makes it possible to increase the shock and vibration performances without

increasing the costs.

Transport shipments test

Many suppliers test their packaging during a
so-called trial shipment. Products are
verified for damage at the end of the
shipment packaging. This is oftentimes an
expensive and time-consuming method.
The results of ‘identical’ trial shipments may
differ by a factor 2-3. Transport depends
strongly on driver capabilities, road
conditions, handling, humidity, temperature,
and the driver's emotions at any given
moment. Emotions affect the speed and
style of the driver. Transport simulations in a
test facility amount to half the cost of trial
shipments. They are always identical and

can be carried out qwckly. Recorder measuring vibration, shock, humidity etc. during transport

Data recorder and transport simulation tests

A transport route is measured several times. The analyzed data can be used directly for shaker
control. The shaker can reproduce multiple transports from A to B accurately and reliably, making it
possible to compare test results of the different packaging, products, and modifications.

Optimisation or improvement of packaging and products can be easily verified in a controlled
manner based on a measured transport environment. S2T applies ASTM, IEC, ISO, or other
standards when measured data is not available. S2T can compare measured data with these
standards and select the most suitable ASTM, ISO, or standard providing the best fit. Your
transport simulation also becomes an acceptance test.

Transport simulations (including climate controlled) allow designers and manufacturers to develop
new packaging and products. Products and packaging arriving at their destination, guaranteed to
be free of damage or to have an accepted and calculated level of damage.
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Case 1

A biscuit is a brittle product, vulnerable to breakage or other
damages. To put a proper product on the market, a series of
environmental measurements were carried out during various
transports with a particular brand of biscuits in an existing and
well-known packaging concept.

The data recorder registered the (random) vibration levels of
shocks and impacts at fixed time intervals. The analysed data
was used to control the S2T hydraulic shaker. The road
conditions were simulated accurately, because the (acceptable)
amount of broken biscuits and their locations in the stack were
identical with the live transport. Convinced of the reliability of
this simulation method, the decision was made to stop all trial
shipments. A savings of more than 70% could be achieved on
costs. Moreover, it shortened the duration of the development
and verification of the packaging.

Because of this reliable method, new, alternative, and cheaper
packaging can and will be developed and verified more easily.
The transport simulation gives accurate and sufficient
information necessary to make the appropriate decisions. The
expected cost savings will amount several millions Euros

Case 2

Plants and flowers have to endure a lot during transport. A series of
transport simulations were carried out at 20C on a large amount of plants
and flowers. The S2T selected vibration level (in accordance with ASTM and
equivalent ISO standards) compared well with the measured route running
from the Netherlands deep into Germany.

After investigation, it appears that a certain type of (stress) hormone
develops during the vibration tests. According to experts, this hormone
results in similar damage to flowers and plants in freezing conditions. A
transport simulation with a particular type of flowers, fastened differently in
identical boxes, proved that the fastening of flowers also could result in
serious damage, as was demonstrated by the plants. Based on this
information, our customers are developing new methods to eliminate or
minimize damages. This will reduce costs and provide a better-supplied
product.

Case 3

S2T can also optimise your product and packaging against vibration and shock problems resulting from
transport or other causes.

Your transports can be monitored at very low costs, and this will enable you to optimise your products
and/or packaging in accordance with your environmental requirements. Based on the measurements,
the most appropriate standard (ASTM, 1SO, etc.) will be selected for the measured data.

Our extensive knowledge and experience enables us to save 10-30% on the costs for packaging,
transportation, and damages of the products and packaging that have not been optimised yet. By
creating the proper design for the product or packaging, one can increase the shock and vibration
performances without increasing costs. Do we have your attention? S2T would be pleased to send you
information about the possibilities we have to offer. You are also welcome to visit us for a demonstration
or support.
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VIBRATION TESTS

Vibrations and vibration requirements

Vibration always occurs during the transportation of (packaged) products; this could be caused by
environmental equipment on board of airplanes, ships, or trains, the effects of wind and similar phenomenon,
or possibly by the equipment itself, e.g. diesel engines. Oftentimes, the actual excitation vibration level can
be quite low. However, local vibration levels can increase significantly in the equipment or supporting
structures due to a resonance amplification factor. Amplification can increase the original excitation vibration
level locally by a factor of 10-20x. The packaged product or equipment can be vibrated at various
frequencies and levels, including acclimatised conditions, to verify whether it meets vibration requirements
such as the ASTM, ISO, IEC standards of Lloyds, DNV, Veritas and the like. Based on the test results, the
product or packaging can be modified or optimised to meet these requirements.

Vibration requirements and  design

Focussing on the integration of vibration
requirements of the product during the
engineering phase can avoid setbacks during
the vibration test. S2T is at your service, backed
by many years of experience in the design of
vibration resistant equipment. The effort spent in
the engineering phase to increase the product’s
vibration resistance represents only a fraction of
the total engineering cost of the product.

Vibration transport simulations have amounted
to considerable savings on packaging costs of
products to be shipped in large quantities.
Savings over 20% are possible. Moreover,
transport volume and claims decrease, and
hence the costs as well. A transport simulation
tests the quality of a product and can reduce
annual packaging costs by more than two million

Vibration test with a cabinet for medicines mounted against a Euros.

simulated container wall of a transportable hospial.

Vibration tests

There are various types of vibration tests, e.g. sine, random, sine on random and the like. Vibration levels
and frequency ranges differ per requirement. A sine test with a fixed frequency and amplitude is the DOT-
test for the packaging of dangerous and other goods. A sweep test is a sine test over a frequency range with
a given amplitude and velocity, e.g. 1 oct/min. The sine sweep test also determines the resonance
frequencies of equipment or packaging. The equipment is then subjected to a long duration vibration test at
these frequencies. In practice, resonance is the primary cause for damage.

Transport simulations in accordance with ASTM, IEC, ISO standards, or documented measurements can be
categorised as random vibration tests. These tests simulate the vibration behaviour of trucks, trains,
airplanes and the like. A wide frequency spectrum with varying vibration levels is simultaneously excited.
During the test, the product, and/or the packaging are examined and possible damage is recorded
chronologically. Transport simulations serve to verify materials, modifications, improvements, acceptance
tests, and ensure the quality of the product.

Transport testing can take several weeks. In most cases, by increasing the vibration level, the duration of a
transport test down to several hours. This depends partly on the required reliability and assurance levels.
Material properties, such as vibration test system options, validation with practice results, and the like play a
role as well.
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Supplier

Type

Frequency range
Max. amplitude
Max. mass product
Dimensions table
Test modes
Vibration direction

HYDRAULIC-DYNAMIC SHAKER

Lansmont Corporation

VTS 10.000-10

ca. 1 tot 300 Hz

64 mm peak-peak

ca. 2.725 kg

1.520 x 1.520 mm

sinus, random, sinus on random and such
vertical

Supplier

Type

Frequency range
Max. amplitude
Max. mass product
Dimensions table
Test modes
Vibration direction

HYDRAULIC-DYNAMIC SHAKER

Lansmont Corporation

1800-5

ca. 1 tot 300 Hz

64 mm peak-peak

ca. 703 kg

1.520 x 1.520 mm

sinus, random, sinus on random and such
vertical

Supplier

Type

Frequency range
Max. amplitude
Max. mass product
Max. Force
Dimensions table
Test modes
Vibration direction

ELECTRO-DYNAMIC SHAKER

Tira

59355/AIT-440

ca. 4 tot 3.000 Hz

63,5 mm peak-peak

Vertical ca. 910 kg — Horizontal ca. 2.400 kg
55.000 N

1.200 x 1.200 mm

sinus, random, sinus on random and such
vertical en horizontal

ELECTRO-DYNAMIC SHAKER COMBINE WITH TEMPERATURE TEST

Supplier

Type

Frequency range
Max. amplitude
Temperature test
Max. mass product
Max. Force
Dimensions table
Test modes
Vibration direction

Tira

5140

ca. 4 tot 3.000 Hz

20 mm peak-peak

-40°C-180T (climate test 10° C-95T - RH 10-98%)
ca. 128 kg

6.000 N

Vertical @ 250 mm en horizontal 800 x 800 mm
sinus, random, sinus on random and such

vertical en horizontal

Supplier

Type

Frequency range
Max. Amplitude
Max. mass product
Max. Force
Dimensions table
Test modes
Vibration direction

ELECTRO-DYNAMIC SHAKER

Gearing & Watson

GWV20

ca. 4 tot 20.000 Hz

10 mm peak-peak

ca. 1kg

100 N

@ 50 mm

sinus, random, sinus on random and such
vertical en horizontal
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Effects of shocks and vibrations
on products and packaging

A variety of factors can cause damage to products during transport: temperature, humidity, vibrations,
and shocks. Here, we will only be covering damage due to vibrations and shocks.

Introduction

A certain basic level of knowledge is required in order to gain insight into why products break during
transport. This basic knowledge is the theory behind shocks and vibrations. This basic knowledge of
shocks and vibrations can explain the damage. The theory discussed below can shed light on
concerns such as “we used double packaging and it still got broken”.

Spring-mass system

All of the parts in a product can be regarded as a spring-mass system, a collection of masses and
springs. Some are rigid and others are quite flexible. A packaged product can also be regarded as a
spring-mass system. This approach allows us to examine the basic effects of shocks and vibrations.

< Spring

<«—— Mass

Vibrations

To get a better idea of why a vibration causes damage, we will first look at the basic principles of
vibrations.

What does a vibration look like in a graph and what units are used to measure it?

If we set a spring-mass system into motion, then we see that the mass is displaced from one side to
the other over a certain period of time. We can illustrate this in a graph with the horizontal axis
representing time and the vertical axis representing the displacement or acceleration of the mass.
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CYCLE

FREQUENCY

/TN

AMPLITUDE

ACCELERATION

TIME

We can now perform a simple calculation to determine how many times a second the mass moves
back and forth. We call this the frequency. If you go to the lavatory four times in one hour, then the
frequency is 4/hour. Instead of hours, we will be using seconds. If the mass moves back and forth 10
times in a second, then it has a frequency of 10/sec, or 10 Hz, named after a Mr. Hertz.

In formula form f=1/t
fis frequency in Hz
t is time in seconds

A product’s response to a vibration

One property of a spring-mass system is that its oscillation speed (frequency) is always the same. As
long as nothing changes with respect to the mass or spring, the combination will have the same
natural frequency. This fact has a lot of explanatory power.

If a spring-mass system is forcibly set into motion, then we have three possible final outcomes:

the mass moves along with the excitation
the mass moves more than the excitation
the mass moves less than the excitation

We can demonstrate this in an experiment, for instance, with a piece of elastic, a spring, and a mass,
such as a set of keys.

If we gradually increase the excitation from a low frequency to a high frequency and measure the
mass’s response, then we can calculate the transfer function. The transfer function is the quotient of
the response and the excitation. We divide the response by the excitation. For example, if the mass
displaces twice as fast as the excitation (2/1), then the transfer function is 2. If we make this
calculation at each frequency and plot all of these points in a graph, then we get a line as shown in
the figures below:
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The highest point of the resonance curve is also called the resonance frequency.

Why vibrations break products

We have seen that the mass undergoes the greatest amount of displacement during resonance. If the
product is subject to constant vibration during transport, this will cause fatigue. The degree of
displacement is a crucial factor here.

We can demonstrate this using a paper clip. First, we unbend the paperclip into a straight rod. If we
hold the rod by its end, then we can bend it back and forth either:

Slightly- the paperclip will not break quickly

Or far (all the way to one side, then the other) - the paperclip will break after a few bends

So, it appears that there is a relationship between how far you bend the paperclip and the number of
times (frequency) that the paperclip can be bent.

That precisely is the failure mechanism for vibrations. We have a resonance, large displacement, and
regularity of displacement, which often result in fatigue failure.

What can you do about vibrations?

At the risk of stating the obvious, try to prevent vibrations. If there are resonances, try to keep these
resonances outside of the range of the most powerful excitation. Measurements have shown that the
highest vibration levels during lorry transport are between 4 and 16 Hz. The natural frequencies of
products and packaging should preferably be outside this range.

-19-

S2T-NL Tel. no.: +31-10-524 06 06 Bank:

Sebert Trillingstechniek B.V. | Fax no.: +31-10-524 06 05 ABN AMRO - Berkel en Rodenrijs

Weg en Land 18 E-mail : info@sebert.nl Bankaccount: 50.13.23.465

2661 DB Bergschenhoek NL | Chamber of Commerce R'dam no.: 24346465 | VAT no.: NL8121.08.553.B01 www.sebert.nl




Shock

Shocks are not very different from vibrations, but shocks often only occur once. The basic principles
are practically the same as for vibrations. However, there is a minor difference in the failure
mechanism.

What a shock looks like in a graph, and what units of measurement are used

The shock pulse shown below looks like a vibration in disguise. Multiple consecutive shocks could be
a vibration. If we take the spring-mass system again and give it a smack, then it will move far once
and then vibrate out.

The pulse is shown as a function of time (t), the horizontal axis, and acceleration (a), the vertical axis.
As time advances, acceleration increases up to a maximum, after which it decreases. The pulse’s
maximum point often called “so many [g]”, or better [m/s®]. However, this value does not indicate how
long the acceleration lasted.

Just like vibrations, a shock pulse has a frequency, which can be calculated in the same manner. The
figure shows half of a sine wave, so the frequency of a shock pulse is:

In formula form f=1/2t

/ WAVESHAPE

AMPLI[TUDE

DURATION

fis frequency in Hz
tis time in seconds

Here, we multiply time by two because the shock shown in the figure is a half sine wave.All of this
may be a bit technical, but what it boils down to is that a shock has its own natural frequency just like
a vibration does.

A product’s response to a shock

Acceleration, which has received a lot of attention, is not actually the most important component of a
shock. As we have seen with vibrations, a spring-mass system responds to a certain excitation
frequency. This is also the case with shocks.

For instance, if you smack the table with your hand, this may register as much as 1,000 [m/s?] (1 g =
9.81 m/s?), but in all likelihood the table will not break. If the pulse had lasted a bit longer, say a few
seconds, then the table would have broken. This shows that it is not only the acceleration that
matters, but also the duration.
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The two figures below show two different pulses. The first pulse has a lot of acceleration but a short
duration, and the second one has little acceleration, but a long duration.

The first pulse has a high frequency and the second pulse has a low frequency. A spring-mass
system’s response to this pulse will depend on its natural frequency. The red lines in the figures below
shows how a mass-spring system might respond to the two pulses.

The natural frequency of a product or packaging will determine whether or not it responds to the
shock pulse. If the frequency of the shock pulse is the same as the natural frequency of a product or
packaging, then the product or packaging will respond to it, just like with vibrations. You can see that
the resonance of the spring-mass system in figure two is higher than in figure one. In spite its lower
acceleration, the second pulse will probably break the product.

In order to compare these two pulses, we have to look at their areas. The area is equal to the rate of
change in speed delta v ( v) in [m/s]. The rate of change in speed is also the drop (energy).

In mathematical terms, acceleration is integrated into time: f(a)d(t) gives us the speed. A high
acceleration with a very brief duration will result in a low rate of change in speed, and so may not
cause immediate damage.

In sum: a shock pulse is defined by two values, acceleration [m/s?] and duration [ms]. The “energy” of
the rate of change in speed [m/s] can be determined by this acceleration and duration. The rate of
change in speed is a measurement of the shock’s potential for damage.
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Why shocks break products

A shock is one-off. Just as with the paperclip vibration experiment, the shock involves displacement,
but it is also a matter of the energy contained in the shock (rate of change in speed). This is explained
below.

Products can be roughly divided into two groups: tough products and brittle products. Tough, elastic
products have a higher ductility or yield point than brittle products. Tough products include steel,
many plastics, and fresh wood. Examples of brittle products would be ceramics, concrete, glass, and
old wood. An elastic band can absorb energy well, but a piece of concrete less so. (You'd rather jump
onto a sofa than onto the street: the sofa will absorb the energy of your fall; the street won't.)

Because a shock will suddenly introduce an amount of energy (rate of change in speed) into the
product, the degree of energy absorption, called the ‘elasticity’, will determine whether or not the
product will break.

To sum up, the failure mechanism for shocks is displacement (response), just like for vibrations, and
the capacity to absorb energy, or elasticity.

In the real world

Now that you are familiar with the theory, a great deal of damage can be avoided. Suppose you
double-package a product in the softest, most elastic packing material that you could find, but it still
breaks. How is that possible? Evidently, you have made the packaging (the spring) and the product
being transported (mass) into a spring-mass system whose natural frequency is exactly the same as
the excitation frequency of the means of transport. Also, if the product has parts that resonate at this
frequency, large displacements will occur and the damage will be obvious.

Ais acceleration in m/s ?, F is force in Newton'’s

In conclusion, we would like to discuss a complaint that a lot of people have about g forces. This is
not a good name because, as we have seen, acceleration is cited in [m/s’]. A force F would be in
Newton’s. So there is no g force. Nevertheless, the formula F=m*a, allows us to multiply the mass by
the acceleration in order to get the force.
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THEORY: SINE SWEEP VS RANDOM VIBRATION TESTING

Sine sweep vibration tests are used much more for research than for acceptance testing. They are
used to determine certain natural frequencies in structures, which should not coincide with excitation
frequencies from the environment or the device. If the frequencies do coincide, then an endurance
test can be conducted at the natural frequencies found. An endurance test is a form of fatigue testing.
Lloyds Register, Germanische Lloyd, and other classification societies use these.

In a sine sweep test, we attempt to simulate real world situations by increasing and decreasing the
vibration level. Some vibration standards which require a sine sweep vibration test give the
user/designer free reign in choosing the vibration level (with suggestions based on possible
applications).

However, in reality, the excitation is usually not a sine wave, but a much more complex signal. Unlike
in a sine sweep test, some frequencies are of a much higher level than others. Excitation of these
different frequencies typically occurs in parallel and not one after the other, as in a sine sweep test. A
random vibration test is therefore a much better reflection of reality because it features the specific
frequencies that can occur from, for instance, trains, cars, aircraft, etc., as well as near railroad tracks,
and they also occur simultaneously. This interaction between such a varied and complex excitation
and the natural frequencies and vibration forms in a device or system can result in a completely
different pattern of damage.

Incidentally, this does not mean that a sine sweep test is useless. It is quite useful when you are
aware of its limitations and the possibility of overtesting and undertesting in certain frequency ranges.

A frequently used (military) standard, the MIL-STD-810, prescribes random vibration spectrums
almost exclusively (as do, for instance, the ASTM standards for transport simulations, see ASTM D
4728). These spectrums are based on measurements. Where field measurements are not available, a
standard PSD spectrum is required for a random vibration test as an acceptance test.

Sine sweep vibration tests (and related standards) came about in part because in the early days of
formulating vibration requirements, a sine (sweep) vibration test was (practically) the only thing a
vibration table could do. Modern electronics with software is much better suited for complex random
vibration tests, especially when it comes to random-on-random or sine-on-random. For this reason,
there is currently a movement underway to switch to random acceptance vibration tests.

Duration and vibration level

In a vibration test, duration plays a more important role with respect to fatigue. Almost all standards
require an endurance test of at least one hour, and often up to a maximum of three hours. For
endurance tests for two or more frequencies in a device, a total time limit is usually placed on the
tests, e.g. 4 hours per direction.

For a random vibration test, in which the entire spectrum is excited at the same time, a timeframe is
applied of at least 1 hour and up to maximum of 3 to 4 hours. Sometimes we look at the total product
life that a device must be operational. To avoid extremely long vibration times, we can increase the
vibration level.

If a measured vibration spectrum is expected to occur for 1000 hours over the operational life of a
device, it would be a costly affair to carry out a vibration test of this kind. For three directions, you
would have to run vibrations for 3000 hours. MIL-STD-810, among other standards, gives a method
for reducing vibration time by increasing vibration level.

Increasing the PSD spectrum by a certain factor enables us to either reduce the vibration time or
simulate a longer vibration time. The equivalent vibration time is the product of the “standard”
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vibration time and the fourth power of the ratio between the increased PSD level and the one from the
norm. Or expressed as a formula:

Tequivalent = (selected PSD level : standard vibration level)* x testing time

Example: A PSD level multiplied by 2 gives us a simulated duration that is 24 times the original
vibration time for the test. Theoretically, you can set the vibration level so high that it reduces a
vibration time of one hour down to, say, 1 minute. In practice, a minimum of 1 hour and a maximum of
3 hours are typically applied per direction as a general rule. If we reduce the vibration level by a factor

of 2, then we will have to extend the vibration time by a factor of 16 (= 24).
Note: The fourth power (as a conversion factor) is an average value. It varies between approx. 2-6 depending on the
materials or products being tested.

Ageing/fatigue:

For devices, housings, or components, you could theoretically simulate the entire product life in a
single vibration test using the above method. One requirement for this is that a reliable vibration
spectrum be available. It is also a question of whether this is necessary, and if so, what conversion
factor should be used.

For fatigue, we generally assume a maximum of 106 to 107 changes because in excess of that
amount the delta peak-to-peak value for fatigue does not change. If you include this in the sine
vibration requirements and compare it with these values, you will never get this number of changes.

Example:

In a sine sweep test with a speed of 1 octave per minute, we vibrate at 16 Hz (as natural frequency of
a component in the device) for around 6-7 seconds. This corresponds to 7x16 110 changes per
sweep. So, at 10 sweeps up and down (around 1 hour of vibration), the device will only get a total of
2x10x110 = 2,200 changes at that frequency. Yet this is only a fraction of the expected product life or
of the 10° changes in fatigue tests. At higher frequencies, the duration per frequency decreases
(logarithmically), which means the number of changes only increases slightly. At lower sweep speeds,
such as 0.5 oct/min, the number of changes may well double, but this is quite different from a real
fatigue test.

In a sine seep vibration test, time as a factor plays a very limited role when it comes to ageing. Thus,
a sine sweep vibration test is often used to pinpoint critical natural frequencies for or in a device,
followed by an endurance test for the frequencies found in the area of interest. An endurance test of
one hour at a frequency of 16Hz is equivalent to 3600x16 = 57,600 changes, which is significantly
more than with the sine sweep test. Conversion of a sine seep test into a random vibration test.

The frequently used MIL-STD-810 standard states that a 1-to-1 conversion of a sine sweep test to a
random vibration test is not possible and that a measured vibration level is the best basis for
formulation of vibration requirements.
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