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Introduction

The Swedish School of Textiles, THS, the University College of Borås hosts a 
broad range of textile activities which forms a good foundation for interdiscipli-
nary work and artistic development work, technology, engineering and design. 
We have deepened our competencies further by gearing our research towards 
technical textiles, interaction design, environment and sustainable development. 
The unique machine park available at the THS presents a challenge to both sci-
entists and students as they collaborate with the technicians in experiments to 
create materials with entirely new characteristics.
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In 1998 - 2000, Ulla Eson Bodin and 
Folke Sandvik worked together in 
the development project “Scenario”, 
costume-art for the stage (funded by 
the Faculty of Fine Arts, Göteborg 
University). Experiments with trans-
parent and metallic yarns were devel-
oped into three-dimensional textiles 
in computerized industrial machines. 
The intention was to create new 
materials for theatrical costumes, 
reflecting and transparent, with char-
acteristics which would work with 
the lighting to enhance the theatrical 
formation. 
(Ulla Eson Bodin, CTF Journal 1/01)
The “Scenario” project has inspired 
further development of three-dimen-
sional knitted materials.
Already in 2001 the development 
project “Sound absorbing, decora-
tive, knitted textiles for public environ-
ments” was started as a collaborative 
effort across the subject boundaries 
of engineering, technology and 
design. Funds were raised by the 
Research and Education Board at the 
University College of Borås.
Initially professor CH Andersson was 
part of the project. After he passed 
away Hans Bertilsson, professor in 
fiber technology at the THS, and 
Sven-Olof Benjegård, acoustics con-
sultant, have taken part in the devel-
opment process of the project.
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Textiles have often been found in abundance in our pub-
lic environments, where the intention has been to create 
functional spaces. Floors have been covered with carpets, 
windows have been equipped with layers of curtains and 
in some instances even walls have been dressed in tex-
tiles. The characteristics of the textile material have been 
utilized to create an aesthetical and functional environment.
 
Over-use of textiles in public areas has tended to make 
them fire hazards. The textiles may be inflammable, they 
are dust-traps, and some materials give off poisonous 
fumes when burning. For different reasons textiles have 
disappeared almost entirely from public decoration. New, 
big and open architectonic rooms have hard floors, glass 
facades and concrete walls and thus lack sound absorp-
tion. Modern restaurants, offices and technical environ-
ments, schools, day care centers may generate sound 
levels above what is considered dangerous to one’s health.

When inspecting available sound absorbing materials one 
finds that different kinds of acoustic tiles are the most 
common products used to regulate acoustic environ-
ments. They are normally applied in ceilings but also on 
walls to reach desired levels of sound absorption, reduce 
sound reflection, and give the room the reverberation time 
that will provide it with the most beneficial acoustic circum-
stances for its use. This set installation leaves the room 
with a static result that makes the room inappropriate for 
music if it was originally designed for speech and vice versa.

In new buildings acoustic regulation is often performed by 
adapting the reverberation time of the room to its intended 
use – speech, music, machine sounds or noise. The den-
sity of the material – flow resistance, thickness, and weight 
determine the sound absorbing ability of the material. Also, 
the sound absorbing material should be applied on a cer-
tain distance from the wall to reach maximum results.
The term variable absorbents apply to those which may be 
combined and are adjustable for rooms with varied uses.
There should be space for new solutions here, e.g. mobile 
sound absorbents, with regard to flexibility, functionality, 
and aesthetics.  
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Purpose
The project started up with focus on the development of a 
new sound absorbing textile material. The purpose has been 
to create decorative, knitted wall elements and free-hanging 
room dividers and sculptural, three-dimensional shapes.
Further, the purpose has also been to create a mobile, 
textile, architectonic “construction material” which through 
its design may be adapted and which will benefit modern 
public rooms. 

Materials and technology
The point of departure has been finding flameproof yarns 
in which to make the material. In public environments in 
Sweden such as hospitals, pre-schools, and schools fire 
security is important, why strong regulations have been 
placed on textiles. The corporation Trevira Neckelman A/S, 
Silkeborg, Denmark has developed a flameproof polyester 
yarn, Trevira CS, which fulfils current fire security requirements. 
Trevira CS Pemotex is a textured polyester yarn with an 
NSK component, (melting component) which becomes 
inflexible (stiffens and shrinks) when exposed to heat. 
Trevira Pemotex is protected by patent. 

The knitted material, Cullus, has been developed and 
manufactured in a computer guided flat knitting machine in 
a so called tuck technique with racking, where the binding 
contains tensions. When the material leaves the knitting 
machine it rises up and forms three-dimensional peaks like 
those found in a carton of eggs, while it is still relatively thin 
and soft. 
                                                                           
The distance between the threads may be manipulated 
through knitting with long or short stitches. The number of 
threads, thread distance, needle setting on the machine 
may influence the final result in a positive or negative way.
These three-dimensional shapes have been made in dif-
ferent sizes with different yarn numbers. Furthermore, 
samples with metallic effects have been tried out to find 
varied aesthetical expressions. The computer guided knit-
ting machines allow for development of three-dimensional 
surfaces with adjustable shape and size.
All samples have been fixed in a heating cabinet. 

The thermoplastic yarn Trevira CS Pemotex shrinks when 
exposed to heat and assumes a more stiff form. When 
woven the material has a papery look and feel (Fabric 
Design: Ulla Rangling/Christer Damberg, THS). The knitted 
variant gives a fuller and more flexible material. 
Selected materials have been tested in a stenter at the 
THS laboratory. The knitted material was placed on a cot-
ton running cloth that was attached to both sides in the 
machine. Temperature and time settings were the same 
as for the tests in the heating cabinet. The soft and loose 
material slowly disappeared into the covered machine and 
emerged on the other side in perfect shape according to 
the calculations.
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Sound tests and measurements
After concluding enough different tests the SP Technical 
Research Institute of Sweden was contacted. Test of the 
so-called pipe method were conducted. Small, circular 
samples, 10 cm in diameter, were applied over one end 
of a one meter long steel pipe and a loudspeaker sent 
sound into the other end of the pipe to meet the sound 
absorbing material. 
The test result came up to our expectations. The pure 
Trevira CS Pemotex, which gave the best results in the shrink 
tests, also came out best in the sound absorption tests.
Assessment showed that the material possessed surpris-
ingly good sound absorbing qualities.

After consultation and meetings with Sven-Olof Benjegård, 
acoustician and project advisor, and Sven-Ingvar 
Thomasson from Akustikgruppen in Malmö it was decided 
to manufacture the materials in the different shapes 
required to carry out measurements according to the 
reverberation room method. This kind of measurement 
gives a holistic view on the sound absorbing material. 

The reverberation time is measured in relation to the 
absorbent and the volume of the room. 
Techn. Dr. Pontus Thorsson from the Akustikverkstan in 
Skövde carried out the measurements according to test-
ing procedure SS – EN ISO 354 and measured absorption 
class according to SS – EN ISO 11645. Three materials 
with different structures, “peaks”, were put up in a specific 
reverberation room on the prescribed distance from the 
wall. Ten different samples were measured and assessed. 
Textiles with higher peaks gave a higher absorption factor.  
The three-dimensional surface is important for the mate-
rial to absorb and diffuse the sound. Double textile layers 
heightened the rate of absorption drastically. 
The original idea was to develop mobile sound absorbents 
which may be placed with regard to the use of the room 
and also add a new kind of textile/architectonic formation 
to the room. The absorbents are variable in shape and 
color to create concordance with the architechture, add 
new aesthetical qualities, and at the same time offer a 
good acoustic environment.

Three-dimensional shapes, spheres, cylinders, and rec-
tangles in steel wire constructions with envelope surfaces 
of similar sizes were dressed in the material tested earlier 
(advice from Sven-Olof Benjegård). Tests of sound absorb-
ents have not been carried out previously 
(Pontus Thorsson).

Measurements were performed according to the SS – EN 
ISO 354 standard. Sound absorbents were placed ran-
domly in the reverberation room. The envelope surfaces 
of the cylinder and the rectangle were of equal sizes. The 
absorption results of the cylinder and the rectangle were 
also similar, which indicates that envelope surface is more 
important than shape. The minor envelope surface of the 
spheres yielded lower absorption rates.
The various shapes of the volume absorbents do not 
affect sound absorption. Different shapes with identical 
envelope surfaces yielded identical absorption results. 
The measurements and calculations resulted in how many 
shapes of equal envelope surface are needed in a room of 
a given volume to achieve a good acoustic environment.
The shapes have been tested with a stuffing of mineral 
wool which increased sound absorption markedly, particu-
larly for low frequency sounds.
Calculations of the number of objects for a fictive room 
have been carried out with regard to the regulations in SS 
02 52 68: Acoustics – Measurement of Sound Insulation 
in Buildings – Care premises, teaching premises, day 
nurseries and after-school leisure homes, offices and 
hotels. (Pontus Thorsson)

Report 04-08 
2008-02-20
2 pages, 4 appendices

SOUND ABSORPTION MEASUREMENTS ACCORDING TO THE 
ROOM METHOD (ISO 354) FOR HANGING TEXTILES WITH 
STRUCTURE

CONCLUSIONS
The absorption coefficient for hanging textiles with two different structures have been measu-
red according to the room method, SS-EN ISO 354:2003. The measurements were done with 
the textile hanging on two distances from the backing wall; 50 and 100 mm. Measurement 
results in terms of weighted absorption factor, w, and absorption class according to SS-EN 
ISO 11654:1997 is shown in the table below. 

Specimen w Class

Small structure, 50 mm 0.40(MH) D 
Small structure, 100 mm 0.50(MH) D 
Large structure, 50 mm 0.40(MH) D 
Large structure, 100 mm 0.50(MH) D 

CLIENT
Textilhögskolan, 501 90 Borås 
Contact: Folke Sandkvist, folke.sandkvist@hb.se 

WORK DEFINITION 
To measure the sound absorption coefficient according to the room method (SS-EN ISO 
354:2003) for two different hanging structured textiles.The results shall be evaluated 
according to SS-EN ISO 11654:1997. 

TEST SPECIMENS 
The following test specimens have been measured: 

1. Small structure, hanging on 50 mm distance from backing wall. 
2. Small structure, hanging on 100 mm distance from backing wall. 
3. Large structure, hanging on 50 mm distance from backing wall. 
4. Large structure, hanging on 100 mm distance from backing wall. 

1

Akustikverkstan AB, St Bryne, 531 94 Järpås, Sweden, tel/fax +46 510 - 911 44                   pontus.thorsson@akustikverkstan.se
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MEASUREMENT EQUIPMENT 

Instrument Type Serial number 

Real time analyzer Norsonic 830 11440
Omnidirectional loudspeaker Elton Kub 1 6
Microphone Norsonic 1230 24438
Microphone Norsonic 1230 24355
Microphone Brüel & Kjær 4192 2097389
Microphone preamplifier Norsonic 1201 26022
Microphone preamplifier Norsonic 1201 23686
Microphone preamplifier Brüel & Kjær 883542
Förstärkare Denon POA 2200 -

Table 1: The measurement equipment that were used during the measurements. 

The measurement equipment complies with Class 1 equipment according to IEC 60651, 60804, 
60942 och 61260. Date for the latest calibration is kept in our calibration log. 

RESULTS
The measurements were performed according to the standard SS-EN ISO 354:2003. The measu-
rement results have been evaluated according to SS-EN ISO 11654:1997 in terms of weighted 
sound absorption factor w. The measurement results are presented in condensed form in Table 
2. Complete spectras and evaluations are presented in Appendices 04-08-A1 - A4. 

The textiles hanging at 100 mm distance give results which are very close to absorption class C. 

Specimen w Class

Small structure, 50 mm 0.40(MH) D 
Small structure, 100 mm 0.50(MH) D 
Large structure, 50 mm 0.40(MH) D 
Large structure, 100 mm 0.50(MH) D 

Table 2. Measurement results. 

Pontus Thorsson 
Ph D in acoustics 

2

SOUND ABSORPTION COEFFICIENT ACCORDING TO ISO 354 AND ISO 11654 

Measurement of sound absorption coefficient in a reverberaton room 

Client: Textilhögskolan

Object: Structured textilewith small structure 
Hanging 50 mm from backing 
concrete wall 

Frequency 
(Hz)

s (-) p (-) 

50 0.01
63 0.01 0.00
80 0.03
100 0.04
125 0.03 0.05
160 0.04
200 0.12
250 0.17 0.15
315 0.14
400 0.22
500 0.33 0.35
630 0.47
800 0.57
1000 0.67 0.65
1250 0.76
1600 0.81
2000 0.79 0.75
2500 0.70
3150 0.59
4000 0.61 0.65
5000 0.77
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Test sample
αp
Reference
αW = 0.4(MH)
Class D

Date of test: 2004-02-19 Object surface: 10.0 m2 Relative humidity: 82 % 

Date: 2008-02-20 Reverberation room volume: 200 m3 Temperature: 5 °C 

Test report 04-08-A1 
Signature: Pontus Thorsson 

Akustikverkstan AB, St Bryne, 531 94 Järpås, Sweden, tel +46 510 - 911 44                         pontus.thorsson@akustikverkstan.se
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SOUND ABSORPTION COEFFICIENT ACCORDING TO ISO 354 AND ISO 11654 

Measurement of sound absorption coefficient in a reverberaton room 

Client: Textilhögskolan

Object: Structured textilewith small structure 
Hanging 100 mm from backing 
concrete wall 

Frequency 
(Hz)

s (-) p (-) 

50 0.02
63 0.01 0.00
80 0.03
100 0.04
125 0.04 0.05
160 0.06
200 0.18
250 0.26 0.25
315 0.26
400 0.37
500 0.51 0.50
630 0.62
800 0.57
1000 0.73 0.75
1250 0.79
1600 0.73
2000 0.59 0.60
2500 0.55
3150 0.66
4000 0.68 0.70
5000 0.77
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Test sample
αp
Reference
αW = 0.5(MH)
Class D

Date of test: 2004-02-19 Object surface: 10.0 m2 Relative humidity: 82 % 

Date: 2008-02-20 Reverberation room volume: 200 m3 Temperature: 5 °C 

Test report 04-08-A2 
Signature: Pontus Thorsson 

SOUND ABSORPTION COEFFICIENT ACCORDING TO ISO 354 AND ISO 11654 

Measurement of sound absorption coefficient in a reverberaton room 

Client: Textilhögskolan

Object: Structured textilewith large structure 
Hanging 50 mm from backing 
concrete wall 

Frequency 
(Hz)

s (-) p (-) 

50 0.01
63 0.00 0.00
80 0.02
100 0.03
125 0.01 0.05
160 0.04
200 0.13
250 0.15 0.15
315 0.16
400 0.23
500 0.34 0.35
630 0.43
800 0.56
1000 0.67 0.65
1250 0.76
1600 0.81
2000 0.76 0.75
2500 0.71
3150 0.62
4000 0.70 0.70
5000 0.83
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Test sample
αp
Reference
αW = 0.4(MH)
Class D

Date of test: 2004-02-19 Object surface: 10.0 m2 Relative humidity: 82 % 

Date: 2008-02-20 Reverberation room volume: 200 m3 Temperature: 5 °C 

Test report 04-08-A3 
Signature: Pontus Thorsson 

Akustikverkstan AB, St Bryne, 531 94 Järpås, Sweden, tel +46 510 - 911 44                         pontus.thorsson@akustikverkstan.seAkustikverkstan AB, St Bryne, 531 94 Järpås, Sweden, tel +46 510 - 911 44                         pontus.thorsson@akustikverkstan.se
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Patent
During the period of development applying for a patent 
was mentioned. When the absorption tests came out 
positive both Sven-Olof Benjegård and Pontus Thorsson 
suggested a novelty examiniation in order to determine 
whether it would be possible to apply for a patent for the 
innovation, the manufacturing method.
Bengt Alvhage, Innovation Västra Götaland, was given a 
presentation of the project. Funds to pay for the novelty 
examiniation were granted and the patent firm AWA AB 
in Gothenburg was assigned the task of performing a 
novelty examiniation.
In February 2005 a summary of the novelty examiniation 
was presented. A total of five patents were referred and 
attached. Four of those were American. These patents 
differ from our material as the manufacturing technique is 
not the same. We were recommended to proceed with 
our application for the patent. 

Subsequently an application was made to Innovationsbron 
– VIMM II – to further develop the material and to complete 
the patent application process.
The condition on which funds had been granted was that 
there must be no impediments to the use of the innova-
tion (i.e. that the patent application would be dependent 
on another licence mentioned in the novelty investigation). 
This was confirmed by the person in charge of the investi-
gation at AWA Patent, Joakim Frid.
AWA Patent was assigned the task to proceed with the 
patent application.

What is being patented?
A textile sound absorbent including the following stages:

• a thermoplastic thread material which is shrinkable;
• binding together the thread material to make a 

textile material (knitting);
• the binding together stage includes the making of 

local elevations (structures);
• increasing the compactness of the material 

through shrinking of the thermoplastic thread 
material under heating;

• and using this material as a sound absorbent 
(freely after the patent writing).

In April 2006 the application was sent to the Swedish 
Patent and Registration Office.
          
It was now possible to publicly exhibit the material/prod-
uct, Cullus, together with the Swedish School of Textiles’ 
exhibition BODY & SPACE in Milano, the principal furniture 
and interior decoration fair in Europe. The exhibition was 
noticed and the Swedish School of Textiles was invited to 
a summer exhibition in Paris by MateriO, an independent 
information center on materials. Since then the exhibition 
has been travelling in the care of MateriO to Brussels, 
Prague, Eindhoven and Lille. 
In june 2007 Cullus was presented at the Avantex exhibi-
tion in Frankfurt – now in bright colours

Already in October 2006 a Swedish patent was granted 
and registered.

SOUND ABSORPTION COEFFICIENT ACCORDING TO ISO 354 AND ISO 11654 

Measurement of sound absorption coefficient in a reverberaton room 

Client: Textilhögskolan

Object: Structured textilewith large structure 
Hanging 100 mm from backing 
concrete wall 

Frequency 
(Hz)

s (-) p (-) 

50 0.01
63 0.01 0.00
80 0.02
100 0.06
125 0.04 0.05
160 0.07
200 0.18
250 0.24 0.25
315 0.27
400 0.37
500 0.51 0.50
630 0.61
800 0.72
1000 0.79 0.75
1250 0.70
1600 0.58
2000 0.57 0.60
2500 0.71
3150 0.70
4000 0.76 0.75
5000 0.83
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Test sample
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Reference
αW = 0.5(MH)
Class D

Date of test: 2004-02-19 Object surface: 10.0 m2 Relative humidity: 82 % 

Date: 2008-02-20 Reverberation room volume: 200 m3 Temperature: 5 °C 

Test report 04-08-A4 
Signature: Pontus Thorsson 

Akustikverkstan AB, St Bryne, 531 94 Järpås, Sweden, tel +46 510 - 911 44                         pontus.thorsson@akustikverkstan.se
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External collaboration
A dialogue has begun about collaboration and further 
development of sound absorbents. The tricot corpora-
tion Ivanhoe in Gällstad, which has been involved in the 
project, holds equipment for the making of prototypes. 
In the spring of 2007 the interested parties in question 
gathered to plan for and develop the material for 
industrial production.
The research project “Good sound environment for 
pre-school and schools” has started in the municipal-
ity of Mölndal, a project lead by Kerstin Persson Waye, 
docent in Public Health and Community Medicine at 
the Sahlgrenska Academy. The project includes Daniel 
Vestfjäll, techn. dr., dr. in Psychology, Applied Acoustics 
at the Chalmer’s University of Technology and the 
Department of Psychology at the Göteborg University, 
Marie Hult, techn. dr. White Arkitekter AB, and Bo 
Ljunggren, property administrator, the municipality 
of Mölndal.
Kerstin Persson Waye has initiated a collaboration with the 
Swedish School of Textiles. A description of the Cullus 
project has been sent to the project group and an invi-
tation has been extended to participate with tests and 
objects for tests in environments according to the recom-
mendations of the group of scientists.
In May 2007 Västerbergsskolan, Mölndal was presented 
with a suggestion for sound absorbents in the Cullus 
material to be placed in the canteen at the school. The 
proposal consisted of large fruit shapes, orange and 
lemon, in strong citrus colours.
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Further development
Some environments demand specifically tested materi-
als to absorb and reflect sounds in a satisfying way. 
The material should be variable both when it comes to 
absorbing ability and aesthetical formation. Surfaces and 
structures, both colour and pattern, have to be able to be 
adapted to different environments.
The purpose has also included the shapes/volume 
absorbents being programmed directly into and manufac-
tured by the knitting machine. As an example, channels 
for supports (metal or Plexiglass) have been composed 
directly into the textile and adapted to different geometrical 
shapes such as pyramids, rectangles, and cubes.
Textiles in synthetic materials contain static electricity, i.e. 
they absorb particles from the surroundings such as dust. 
Allowing a conductor thread into the knitting eliminates the 
static electricity. Metallic threads may readily be included in 
the knitting moment. Tests with yarns that are spun togeth-
er and twisted have been carried out with varying results. 
The metal thread should be no thicker than 0,04-0,07 mm 
to maintain flexibility. Too thin threads will burst.
The Cullus material may include different components and 
partly consist of non-sound absorbing materials. Through 
the addition of transparent intarsia patterns light may pour 
into and alter the product. Furthermore, additional charac-
teristics may be added through interaction design: 
the material/product may be allowed to illuminate, change 
colours, and also create sound!
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