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Ugra's accredited testing laboratory specialises in the testing of security prints such as bank-
notes. The testing of security threads is an essential part of the testing portfolio. With an 
adapted test procedure, the adhesion of the embedded security thread is now to be tested 
qualitatively and metrologically.

Adhesion of windowed security threads

The security thread as a mark of authenticity 

The security thread is usually a 1-3 mm wide metal-
lised strip that lies within the paper, as it is already 
introduced into the paper mass during substrate 
production. A variant is the window security 
thread, which lies open in sections by reducing the 
thickness of the paper as with a watermark. This 
is usually 3-6 mm wide and can also be provided 
with additional optical or invisible properties. 

Security threads cannot be reproduced by printing 
or forgery by photocopying. They are used for 
cotton paper substrates and three-ply hybrid subst-
rates, which consist of cotton and polymer subst-
rates. In the case of hybrid substrates, a distinction 
is made between two variants in which the inner 
layer (substrate core) consists of either the cotton 
or the polymer substrate. On pure polymer subs-
trates, the integration of a security thread is not 
possible due to their manufacture, so that this is at 
best simulated by a similar imprint. 

Authentication

The security thread is an "eye-catcher" on the 
banknote and offers a variety of visually visible 
features that enable the consumer to verify authen-
ticity. These features are called first-level security 
features because they can be identified without 
technical aids, i.e. only by visual observation. Thus, 
security threads of the latest generation are usually 
provided with optical colour changes, dynamic 
movement effects (tilt effect) up to three-dimen-
sional effects.Demetallisation of the upper thread 
layer creates legible text elements in positive and/
or negative characters. When viewed against the 

light, the security thread appears to be embedded 
in the substrate throughout. When viewed under 
UV light, additional fluorescent elements may be 
visible on the thread.

Quality expectations from the customer's 
point of view

High quality expectations are placed on banknotes 
in general, but also on security threads in parti-
cular. The customer perspective refers to both the 
perspective of the purchaser, i.e. the national banks, 
and that of the consumer. Among other things, the 
national banks are interested in a durable product 
with a high level of protection against counter-
feiting, which cannot simply be reconstructed 
by "reverse engineering". The consumer associ-
ates, partly unconsciously, with a good quality 
banknote a higher confidence in the means of 
payment or the currency. Since banknotes have a 
value, the nominal value of their currency unit, the 
verifiable authenticity of the banknote is also an 
important criterion from the consumer's point of 
view. In some countries there is a custom of tearing 
the banknote near the security thread to check 
whether there is actually a thread there 1.

Test methods for security threads

Security threads are tested either as a raw material 
(semi-finished product in the banknote production 
process) or embedded in the substrate or on the 
basis of the finished banknote. Essentially, a distin-
ction is made between tests relating to mechanical 
resistance, chemical resistance and optical proper-
ties under various conditions. 
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For testing the mechanical resistance, which is 
aimed at the lifetime of the security thread, the 
following test methods are usually used:

– IGT crumpling test 2 
– Life time test acc. to G+D 
– Circulation Simulator Method nach Crane 3 

– Banknote roll-off test acc. to Dr. Andreas Rippert 4

The list does not claim to be complete. Often, 
depending on the specific problem, existing 
test methods are adapted or resistance tests are 
applied and the degraded sample is then visually 
assessed and evaluated. 

The "OFS 500" anniversary banknote of Orell Füssli 
Security Printing Ltd. The security thread is embedded 
in the Durasafe® substrate of Landqart AG and visibly 
exposed in the half window. (Fig. Ugra)

Banknote with window security thread. The thread has 
completely detached at the edge of the paper. The extent of 
the damage could increase if the detachment continues along 
the entire thread. (Fig. Ugra)  

Complete detachment of the security thread in the window ("bridge"). The adhesion of the 
thread is insufficient and the damage pattern is perceived as reducing the quality. (Fig. Ugra) 

Security thread with text. The nominal 
value of the banknote appears fluorescent 
under UV light. (Fig. Ugra)

Figure right: Banknote viewed under transmitted light. A tear 
in the substrate is visible along the security thread, which was 
repaired by the consumer with adhesive tape. (Fig. Ugra)
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Testing the adhesion of window security 
threads

The test method is adapted on the basis of the 
International Standard ISO 1924-2. This part 
of the ISO 1924 standard specifies a method 
for measuring the tensile strength, elongation 
at break and energy absorption in tension of 
paper and board using a testing machine with a 
constant elongation rate (20 mm/min).

The pulling method is modified especially for 
sample preparation. First, the security thread 
is precisely exposed with a scalpel at the upper 
cut edge of the sample and detached from the 
substrate. This part of the thread with a length of 
approx. 5 mm is fixed to the upper clamp of the 
tensile machine during the test. 

The lower part of the sample is notched and 
the sample is fixed in the lower clamp, i.e. only 
the substrate without clamping the thread. This 
ensures that the security thread can be pulled out 
of the substrate during the tensile test.

The test conditions of the tensile test are as 
follows:

– Clamping length: 50 mm 
– Speed: 20 mm/min

During the tensile test, the window thread, fixed 
to the upper clamp, is pulled upwards out of the 
substrate and the shear strength F in Newton is 
measured. 

In experimental tests, it was observed that the 
thread broke before it could be completely pulled 
out of the substrate. In this case, the adhesion 
between the substrate and the thread was equal to 
or greater than the tensile force, required to break 
the thread (layer structure based on PET film). 

If, on the other hand, the thread can be pulled 
completely out of the substrate, then the shear 
strength is determined as the measure of the 
adhesion between substrate and security thread. 
The adhesion between substrate and security 
thread is the decisive factor in the manufacturing 
process, i.e. the embedding of the thread in the 
substrate, in order to achieve a long-lasting bond 
between these two elements.

The definition for this is: Adhesion describes the 
adhesive forces at the contact surfaces of two 
different or identical substances. In the case of the 
security thread, adhesion represents the adhesive 
force between the adhesive and the substrate. A 
high adhesion of the adhesive therefore guarantees 
a particularly good adhesion to the substrate.

During the test, three weak points or error patterns 
can occur in summary:

1. Adhesive failure:

The thread can be pulled completely out of the 
substrate. This means that the thread is not opti-
mally embedded and can be too easily removed 
from the substrate. The shear strength is low and 
the thread adhesion is less than the tensile strength 
of the thread. 

2. Partial adhesion and thread breakage:

The thread can be partially pulled out of the subs-
trate and then breaks in the course of the tensile 
test. This means that the thread is so well adhered 
and embedded that complete removal of the 
thread is not possible. The shear strength corres-
ponds to the tensile strength of the thread.
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1. revealed thread revealed 
off the substrate, fixed in 
clamp

2. embedded thread
3. Durasafe® half window
4. Durasafe® substrate

Figure right: Schematic test set-up of the tensile test. While the 
thread is fixed at the upper clamp, it is free at the lower clamp, 
i.e. only the substrate is clamped (Fig. Ugra).

3. Thread breakage:

The thread breaks and cannot be pulled out of the 
substrate. In this case, it is not the adhesion of the 
thread that is determined, but the tensile strength 
of the thread itself. The shear strength is greater 
than the tensile strength of the thread.

Validation of the test method

The laboratory engineers of Ugra are currently 
working on the validation of the test method. 
Comparative measurements with other laboratories 
or customers are planned within the scope of the 
validation. Interested parties may contact Ugra in 
this regard. After completion of the validation work, 
the test method is to be included in the STS 0455 
list of validity and thus offered as a test service 
under the accreditation of Ugra.
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Figure left shows examples 
of different window 
security threads. Essentially, 
the width of the thread, 
the length of the window, 
the number of windows, 
the distance between the 
windows (substrate bridge) 
as well as the position of 
the windows in the context 
of the banknote design can 
vary. (Fig. Ugra)




