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Abstract
The paper presents a structural and geometric model of spatial warp-knitted fabrics using 
an angular solid of square cross-section as an example. An algorithm for designing the ge-
ometry of knitted fabric’s spatial architecture with references to two components: the exter-
nal and internal layer was determined. The structure of stitches of the structural elements 
of knitted fabric was presented. An algorithm for modelling the structure of spatial knitted 
fabric and composite was also determined. Computational procedures of the structural and 
physical parameters of knitted fabrics and composites were described, on the basis of which 
the program for simulating their properties was constructed.
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have an individual structure. Further-
more the whole product can be made of 
homogeneous or diversified materials. 
The thickness of the external layers gwzi 
and gwzi’ depends on the linear density 
of threads used, as well as on the num-
ber of component stitches. The internal 
layer is formed by introducing threads 
between the external walls, therefore the 
number of opposite arrangements of ex-
ternal layers determines the maximum 
number of thread configurations of the 
internal layer. The inner layer may also 
be formed as only one configuration  of 
threads. There is also a possibility that 
in both arrangements, the I-I ‘and II-II’, 
threads are not introduced to the internal 
layer. In this case, the structure created 
will only have external walls (Figure 1.a 
– segment of height h2). Throughout the 
report of height HRr of the knitted solid, 
the internal layer can be of a segmental 
structure,  meaning that at the height of 
the solid’s report, there are smaller seg-
ments of identical or diversified height 
hi. Parameter gpi introduced describes 
the thickness of thebarrier, which is an 
arrangement of parallel threads running 
through the internal layer. In the case of 
the solid presented in Figure 1.a, the bar-
rier can be composed of threads placed 
between the two arrangements of the ex-
ternal walls wz1-wz1’ and wz2-wz2’. The 
thickness of individual barriers at the 
height of report HRr of the knitted solid 
can be identical or different. Barriers can 
be placed perpendicular to the external 
layers  (perpendicular barriers), or at an 
angle βi ≠ 90° (oblique barriers). At the 
height of HRr the angles βi of the barrier 
arrangement can be identical or different 
(Figure 1.b). The geometry and arrange-
ment of the barriers described above refer 
to the filled configurations, which means 
that all the barriers have a ‘compact’ 
structure. The use of incomplete thread-

structural model. This article is the first 
of the publications describing  geometri-
cal and structural models of solid knitted 
fabrics. In the next one,  verification of 
these models and analysis of selected pa-
rameters will be presented.

 Geometrical and structural 
model of spatial knitted fabrics

A spatial warp-knitted fabric is com-
posed of at least three external layers, 
forming a triangle-shape cross-section 
of the product, and at least one internal 
layer [9 - 12]. The basic spatial structure 
of significant applicational potential in 
engineering constructions  is  a cuboid 
with the base of a rectangle. A knitted 
cuboid is one of the possible variants of 
geometrical and structural models of the 
spatial knitted fabrics group (Figure 1, 
see page 100).

The model of a knitted solid consists of 
external layers wzi and wzi’, and an in-
ternal layer ww. The external layers are 
formed from plain warp-knitted stitches, 
while the internal layer is a connecting 
link of the opposite loops of external lay-
ers of  distance knitted fabrics’ stitches.
The external walls are the two opposing 
systems, in one of which the walls wz1 
and wz1’ are arranged in parallel, while 
in the second  wz2 and wz2’ are arranged 
perpendicularly. In the case of the knit-
ted solid described, its construction can 
be referred to the architecture of  distance 
knitted fabrics (Figure 2, see page 100). 
The resulting structure of knitted fabric 
C consists of two components: distance 
knitted fabrics A and B.

All the external layers in the spatial 
warp-knitted fabric can have an identi-
cal or diversified structure, depending 
on the configuration, or each wall may 

n Introduction
Spatial warp-knitted fabrics are an in-
novative group of technical textiles of 
a wide area of applications, mainly as a 
spatial reinforcement for fibrous com-
posites, applied in  lightweight yet high-
strength engineering structures of vari-
ous types. In the process of designing a 
knitted fabric, a description of their spa-
tial geometry and determination of their 
physical parameters, including mechani-
cal properties, both in terms of the textile 
reinforcement and composite product, 
are of great importance. The models of 
flat warp-knitted fabrics and distance 
warp-knitted fabrics are well known 
[1 - 7]. Moreover similar structures 
of distance knitted fabrics can also be 
found in the technology of weft-knitted 
fabrics [8]. However, 3D warp-knitted 
fabrics are new structures, thus there 
are no references in literature describing 
their geometry or structural properties 
in the form of  a model. The aim of this 
research is to describe  3D warp-knitted  
fabrics on the basis of a geometrical and 
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tual arrangement in the structure of the 
knitted fabric [13 - 15].

Hi-tech computer software ProCAD war-
pknitt 5 was used for modelling the spa-
tial architecture of external and internal 
layers of a knitted solid. 

An important element in designing knit-
ted fabrics, besides the selection of yarns 
of relevant properties, specific technol-
ogy and the finishing process, is the 
possibility of spatial visualisation of the 
knitted fabric structure at the very first 
stage of its development. The program 
used enables to realistically reproduce 
the structure of the product, both in the 
stretched state and after relaxation.

Algorithm for  designing the geometry 
of the spatial architecture of a knitted 
fabric 
A designing algorithm  is presented in the 
scheme (Figure 3) [16], consisting of the 
following seven main blocks: determina-
tion of the basic group of warp-knitted 
stitches (plain and distance warp-knitted 
stitches), selection of the stitch type, de-
termination of the number of component 
stitches (number of guide bars), defini-
tion of geometrical parameters of knitted 
fabrics, that is the width of wales, height 
of courses and length of yarn in the 
loop; selection of yarn by determining 
the type of raw material, linear density 
of threads, number of filaments, surface 
type and colour; and analytical recording 
of component stitches for a triple acting 
drum and declaration of threading re-
ports of guide bars. The last two blocks 
automatically lead to generating a sche-
matic drawing of the stitch on the needles 
and enable to obtain a draft of the actual 
threads in the spatial arrangement. The 
algorithm designed also takes into ac-
count the possibility of making changes 
of previously declared yarn parameters, 
technological parameters, recording of 
pattern chains, as well as the threading of 
guide bars.

Results of modelling the spatial 
architecture of 3D knitted fabrics
A model of the structure of  external and 
internal layers constituting the spatial 
knitted fabric was developed. The ex-
ternal walls were designed on the basis 
of plain warp-knitted fabrics, while the 
inner layer was modelled based on the 
internal layer of distance warp-knitted 
fabrics. Selected results of modelling the 
spatial knitted fabric are presented below.

ing of guide bars introducing threads 
to the internal layer leads to obtaining 
a-jour knitted structures. A segment of 
thickness gp1, shown in Figure 1.a, was 
formed from the elements of width b1 
and b3 filled with threads and an area 
without threads of width b2. 

However, it should be noted that the 
model developed, when referring to the 
3D knitted fabric in the form of an an-
gular solid, is of a general character in 
assumptions on the spatial structure of 
knitted fabric as well as in the relation-
ships describing structural parameters 
of knitted fabric and knitted composites. 
The model, using an example of a specif-
ic geometric solid – a rectangular prism, 
can be used to describe the construction 
of other types of 3D knitted fabrics, in-
cluding knitted products of a triangular 

cross-section, in the shape of a T-bar,  
C-bar, or a solid in the form of a spatial 
arc, among others.

 Geometrical model of knitted 
fabric

The geometrical model of a knitted fab-
ric in a spatial configuration describes 
the structure of warp-knitted fabrics in 
the form of a solid, taking into account 
the size of a solid, types of stitches, and 
spatial configuration of threads.

In modelling the geometry of the knitted 
fabric, the following assumptions were 
made: constant cylindrical cross-section 
of threads, the lack of friction between 
threads, and the orientation of threads in 
the stitch designed corresponds to the ac-

Figure 1. Spatial geometry designs of knitted solids: a) general structure of a spatial 
knitted solid, b) internal layer with oblique barriers.

a) b)

Figure 2. Design of spatial warp-knitted fabric on the basis of distance warp-knitted fab-
rics.
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Modelling the stitches of external layers
External layers of spatial warp knitted 
fabrics are made on the basis of plain 
warp-knitted fabrics. Due to the fact that 
the designs presented in the publication 
will be the components of spatial prod-
ucts of a technical purpose, it is impor-
tant that the external walls of knitted 
solids are characterised by high stability 
in both the longitudinal and transverse 
directions, considering  minimum val-
ues  of elongation and, at the same time, 
high strength parameters. Three groups 
of plain warp-knitted structure intended 
for external layers were selected, i.e knit-
ted fabrics on the basis of basic stitches 
- low stretchy, weft warp- knitted fabrics, 
and a-jour knitted fabrics reinforced with 
threads in the vertical and horizontal con-
figuration.

An example of a fabric from the first 
group is illustrated in Figure 4. This 
variant shows a basic configuration of 
a double-guide knitted fabric made of 
two tricot stitches lapping in opposition 
to closed loops. The Figure shows a 2D 
view of the knitted fabric’s structure and 
cross-sections of  products (1) and (2). 
Another example of the stitch configura-
tion in this group can be the combination 
of a tricot and chain stitch. The use of a 
chain stitch reduces the longitudinal ex-
tensibility of the product. A slightly more 
stable arrangement is a double-guide 
plain warp-knitted fabric constructed 
with a chain and weft stitch introduced in 
the area of 2 tu. The use of a weft stitch 
makes a product of  high crosswise stabil-
ity. Plain warp-knitted fabrics classified 
in this group  are well-known structures 
of simple stitch configuration. These 
structures are included in the technology 
of new spatial knitted fabrics due to the 
simplicity of their production and  ease 
of connecting two neighboring external 
layers of the fabric’s solid in its corners 
(stitches with short laps). 

The second group of plain warp-knitted 
fabrics included in the designs developed 
are  weft structures with vertical weft 
threads, horizontal weft threads intro-
duced across the width of the external 
wall, and knitted fabrics with both con-
figurations of weft threads in their struc-
ture. This group is advantageous because 
of their strength parameters. A double- 
guide weft stitch of increased longitudi-
nal strength is presented in Figure 5.a 
(see page 102). A knitted fabric is built 
on the basis of two stitches, i.e a stitch 
of vertical weft threads combined with a 

tricot stitch. In this example, a key role 
is played by the vertical weft threads of 
considerable thickness Φw  compared to 
those of binding yarn of thickness Φpw 
forming a tricot stitch. Assuming that  
Φw > Φpw, then the total thickness of the 
knitted fabric can be generalised to the 
sum of two thicknesses of the binding yarn 
and the diameter of weft yarn, which can 
be written in accordance with the formula:  
g = 2 Φpw + Φw.  A variant of  knitted 
fabric in which vertical weft threads of 
diversified linear density were used is 
shown in Figure 5.b (see page 102). In 
this variant, due to the diversified diam-
eters of weft threads, in the structure of 
the knitted fabric there are segments of 
variable thickness of the textile product 
(g1 and g2).

In order to reduce the surface mass of a 
knitted fabric in the case of threads of 
considerable thickness, yarns of a ‘chan-
nel’ (hollow) structure can be used.

A slightly different structure is presented 
by a woven-like warp-knitted fabric of 

increased longitudinal and transverse 
strength (Figure 6, see page 102). In 
this design the number of vertical weft 
threads placed in the area of one needle 
pitch was increased. Furthermore hori-
zontal weft threads were introduced into 
the structure across the whole width of 
the product. The use of longitudinal and 
transverse thread configurations signifi-

Figure 3. Algorithm for designing the geometry of warp-knitted fabrics using ProCAD 
warpknit 5 software.

Figure 4. Design of a basic structure 
of a warp-knitted fabric on the basis of 
tricot stitches lapping in opposition to the 
horizontal sections along courses (1) and 
wales (2).

OF WARP-KNITTED FABRIC STITCHES
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cantly limits the elongation of a knitted 
fabric and increases strength parameters 
of the composite constructed on the basis 
of the knitted fabric.

All of the above-mentioned structures 
of plain warp-knitted fabrics were ful-
ly-filled structures, therefore they were 
characterised by a high surface mass. Re-
duction of a 3D warp-knitted fabric mass 
can be achieved by reducing the surface 
mass of external walls. This effect can 
be obtained by the use of a-jour stitches 
(group III).

A-jour knitted fabrics are characterised 
by high structural deformability, there-
fore in order to eliminate this disadvan-
tage, additional vertical and horizontal 
weft threads were introduced to the 
knitted structure, as shown in Figure 7. 
A different example is the design of the 
external layer of an a-jour structure based 
on a quadrangular grid, in the structure of 
which two sets of weft threads were also 
introduced.

Modelling the stitches of internal layer
Modelling the stitches of the internal 
layer of spatial warp-knitted fabrics was 
performed for distance warp-knitted fab-
rics – the components of the knitted solid. 
In the classic case, threads of the internal 
layer form approximately parallel planes 
in each spatial course of the knitted solid. 
One course of a spatial warp-knitted fab-
ric is understood as loops in the external 
layers at height B and as links of both 
external layers as well as the internal 
layer at the same height. The thickness 
of warp-knitted fabric gD is the sum of  
values of the thickness of the external 
layers gwz1 and gwz2 and the thickness of 
the internal layer gww, which can be writ-
ten as gD = gwz1 + gwz2+ gww. This thick-
ness can be related to the cross-sectional 
dimensions of the knitted solid, that is  
a3D × b3D (Figure 1).

The structures of distance warp-knitted 
fabrics investigated were divided into 
three groups including plain distance 
warp-knitted stitches of compact struc-
ture, distance weft warp-knitted stitches 

of vertical and horizontal weft configu-
ration and a-jour distance warp-knitted 
stitches. Due to the fact that the first 
group includes traditional structures of 
distance warp-knitted fabrics, while the 
second group includes only  configura-
tions of weft threads in external layers,  
their designs are not presented in this 
publication.

An important group are the a-jour dis-
tance warp-knitted stitches. Figure 8 pre-
sents  variants of distance warp-knitted 
fabrics, of which the external layer is of 
an a-jour architecture.

These a-jour structures are formed by 
knitting the threads of internal layers into 
one of the external walls of the product,  
forming free spaces. In the areas where  
threads of the internal layer are alternate-
ly knitted in both of the opposite external 
layers, a filled region is formed creating 
a barrier arranged at a right angle to the 
external layers of the product. When all 
the barriers are of equal height hpi and  
distant from one another by a fixed value 
of hki, then the internal layer has a ho-
mogeneous isotropic structure over the 
whole height of the knitted fabric HRr 
(Figure 8.a). The height of  individual 
barriers and the distance between them 
can be identical or different. Another 
variant of a warp-knitted fabric is shown 
in Figure 8.b, which is characterised by 
heterogeneity along its height, therefore 
it is of an anisotropic character, which 
means that all the heights of the barriers 
as well as the distances between them are 
varied.

The variant of  distance warp-knitted 
fabric illustrated in Figure 8.c shows an 
a-jour structure with oblique  barriers. 
Depending on the type of stitch used, 
angles βi of the arrangement of barriers 
with respect to the external layers can be 
identical or different, which results in a 
homogeneous or heterogeneous structure 
of the knitted solid.

 Model of structural and 
technological designing of a 
composite and spatial warp 
knitted fabrics

Structural and physical properties of 
knitted solids, their components as well 
as  composites formed on the basis of 
these knitted fabrics were determined 
in the structural and technological mod-
eling of spatial warp-knitted fabrics and a 

Figure 6. Design of woven-like warp-knit-
ted fabric of increased horizontal and verti-
cal strength.

Figure 7. Design of a-jour warp-knitted 
fabric of increased  vertical and horizontal 
strength.

Figure 5. Designs of exemplary configurations of warp-knitted stitches of a spatial knitted 
fabric’s external layers with increased longitudinal strength: a) of constant linear density 
of vertical wefts, b) of variable linear density of horizontal wefts.

a) b)
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composite by defining the dependencies 
between basic parameters of the threads 
and knitted fabrics.

A computer program was developed by 
the authors in order to determine the pa-
rameters of both knitted fabrics and com-
posites on the basis of the input param-
eters given.

Algorithm for structural and 
technological designing
An algorithm for the structural and tech-
nological designing of the structure of  
warp-knitted fabric described above and 
a composite built on its basis consists of 
the following four blocks:
n parameters of threads
n basic parameters of knitted fabrics
n structural and physical parameters of 

knitted fabrics
n parameters of knitted composites.

A general scheme of the algorithm’s 
structure is presented in Figure 9.

In the first block - PARAMETERS OF 
THREADS, the parameters of threads 
are declared referring to both the external 
and internal layers of the spatial product.
 Among the parameters declared are the 
linear density of threads forming the 
component stitches of external and in-
ternal layers, and the density of the ma-
terial of threads forming the component 
stitches. The thickness of threads is a cal-
culated value.

The second block - BASIC PARAM-
ETERS OF KNITTED FABRICS pre-
sents in three separate segments the basic 
parameters of the external walls, internal 
layer and  parameters of the spatial knit-
ted solid. The most important parameters 
in this block are the height and width of 
the stitch report, the warp and weft densi-
ty, the thickness of the knitted fabric, the 
thread length in a loop, and surface mass 
of the knitted fabric. For this and  other 
blocks of the algorithm, only the param-
eters directly related to the structure of 
the spatial knitted fabric are described 
due to the limited size of this publication. 
The parameters declared directly related 
to the spatial knitted fabric are the dimen-
sions of the cross-section of this struc-
ture, i.e a3D and b3D and the height of the 
report HRr, while the volumetric mass per 
one meter of spatial knitted fabric M3D is 
a calculated parameter.

In the third block entitled STRUCTUR-
AL AND PHYSICAL PARAMETERS 
OF KNITTED FABRICS, computational 
dependencies determining the structural 
parameters of knitted fabrics are defined. 
In the block directly related to the spatial 
knitted structure, the dependencies of the 
following parameters are taken into ac-
count:
n surface of threads at the height of one 

course and at the height of a course 
report of the spatial knitted fabric and 
the coefficient of the thread surface in 
the spatial knitted fabric,

n volume of threads at the height of one 
course and at the height of the course 
report of the spatial knitted fabric, 

n volume of the spatial knitted fabric 
at the height of one course and at the 
height of the course report and volume 
coefficient of threads in the spatial 
knitted fabric,

n volume of threads, volume of knit-
ted fabrics and volume coefficient of 
threads with respect to one meter of 
the spatial knitted fabric,

n void ratio of spatial knitted fabric,
n density of the knitted fabric per one 

square meter of a knitted composite.

The fourth block of the computational 
algorithm  PARAMETERS OF KNIT-
TED COMPOSITES describes the pa-
rameters directly related to  composite 
structures made on the   basis of knitted 
fabrics. The only variable input in this 
block is the density of the resin. Accord-
ing to the assumptions made, the com-
posite can take three forms. In the first 
case, free spaces in the volume of the 
knitted fabric are completely filled with 

resin, forming a uniform solid. The sec-
ond case is a composite constructed by 
filling the structure with foamed resin. 
The last and most effective variant, de-
signed to reduce the volume weight of 
the textile composite, is a product ob-
tained by coating the surface of threads 
with resin. Coating the threads with 
resin increases the thickness of threads 
of the external layer stitches. Analogous 
to the approach taken to fill the structure 
of a spatial knitted fabric with resin, the 
parameters connected with the compos-
ite were divided into three groups, that 
is a composite with the maximal filling 
of free spaces with resin, one with the 
filling of free spaces with foamed resin, 
and a composite obtained by coating the 
surface of threads with a layer of resin. 
The computational parameters for all 
three types of composite structure are 
the following:
n factor of volumetric filling with resin, 
n volume, mass and density of the resin 

per one meter of  composite knitted, 
n mass and density of one meter of  

composite knitted, 
n ratio of mass of the knitted fabric and 

mass of the resin to that of the com-
posite.

In addition, for the composite formed on 
the basis of coating the thread surface 
with resin, the following were deter-
mined:
n reduced width a3D/depth b3D of the 

spatial composite in the resin coating, 
n volume of one meter of  spatial knitted 

fabric in the resin coating, 
n volume of resin around the thread of 

an internal layer stitch in one loop of 

Figure 8. Design of external layer of spatial warp-knitted fabric on the basis of distance 
knitted fabrics: a) of parallel barriers arranged evenly, b) of parallel barriers arranged 
unevenly, c) of oblique barriers. 

a) b) c)
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the knitted fabric and at a height of 
one course.

Realisation of the algorithm for calculat-
ing the structural and physical param-
eters of knitted fabrics and composites 
required formulating about 450 calcula-
tion procedures.

Based on the algorithm developed for 
structural and technological designing of 
knitted fabrics and composites, as well as 
computational procedures formulated us-
ing the Microsoft Excel program,  a com-
putational program consisting of four 
blocks of algorithm described above was 
designed. For a deeper understanding of 
the relationship between the structural 
parameters of the knitted fabric stitches 
in the calculation program, it was divided 
into the following three parts : the param-
eters of plain warp-knitted fabrics (exter-
nal layers), parameters of distance warp-
knitted fabrics, parameters of spatial 
knitted solids and  composites formed on 
the basis of the above knits.

The program is of a feedback structure. 
A change in any of the input parameters 

modifies the calculations in all three seg-
ments of plain warp-knitted fabrics, dis-
tance warp-knitted fabrics and spatial 
warp-knitted fabrics. This algorithm and 
the computer program elaborated is a tool 
for scientific research and the designing 
process for the properties of spatial knit-
ted structures and knitted composites. A 
computer simulation of the properties of 
knitted fabrics and composites enables to 
optimise the construction of these struc-
tures.

n Summary
A geometric and structural model of spa-
tial warp-knitted solids was developed. 
The model was illustrated for a selected 
knitted structure in the form of a cuboid 
with a square base. This model can be 
used to describe other variants of spatial 
warp-knitted fabric structures.

A geometric model of spatial knitted 
fabric’s architecture consists of two 
components: a model of the external lay-
ers made of multi-guide warp-knitted 
stitches and one of the internal layer of 
the knitted fabric, in which the straight 

sections of threads can be referred to the 
structure of spatial warp-knitted fabrics. 
A unique program - ProCAD warpknit 5 
was used for designing the stitches of the 
knitted fabrics’ components, while Auto-
CAD was used for modelling the spatial 
solid and  composite. Models of the knit-
ted fabrics’ components were presented 
in a spatial arrangement taking into ac-
count the parameters of threads and their 
arrangement in  knitted fabric stitches.

The basic parameters of the structure 
of knitted fabrics and the dependencies 
describing the structural characteristics 
of knitted solids with reference to the 
whole solid of a knitted fabric as well as 
their components were determined in the 
structural modeling. Physical properties 
of knitted fabrics and knitted compos-
ites were also determined for the three 
following structural variants: complete 
filling of the free spaces with resin and 
two unfilled cases (foam resin and resin 
coating). A structural algorithm for a 
knitted fabric consisting of four blocks: 
parameters of threads, basic parameters 
of knitted fabrics, structural and physical 
parameters of knitted fabrics and param-
eters of knitted composites was elabo-
rated.

On the basis of the algorithm determined, 
a worksheet with a recording of about 
450 calculation procedures formulating 
the relationship between the parameters 
of knitted fabrics and a composite was 
constructed using the Microsoft Excel 
program. The program developed ena-
bles to study the structure and technology 
of knitted fabrics as well as the properties 
of composites in the form of a computer 
simulation. 

A description of the spatial knitted fabrics 
and composites presented in this publica-
tion is the first software of its kind, which 
aims to develop and analyse  lightweight 
high-strength structures in the field of 
material engineering.
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INSTITUTE OF BIOPOLYMERS  
AND CHEMICAL FIBRES

LABORATORY OF PAPER QUALITY

Since 02.07.1996 the Laboratory has had the accreditation 
certificate of the Polish Centre for Accreditation  
No AB 065. 

The accreditation includes tests of more than 70 proper-
ties and factors carried out for:
n	pulps
n tissue, paper & board, 
n cores,
n transport packaging,
n auxiliary agents, waste, wastewater and process water in the pulp and 

paper industry.

The Laboratory offers services within the scope of testing the following: 
raw -materials, intermediate  and final paper products, as well as training 
activities.

Properties tested:
n general (dimensions, squareness, grammage, thickness, fibre furnish 

analysis, etc.),
n	chemical (pH, ash content, formaldehyde, metals, kappa number, etc.),
n surface (smoothness, roughness, degree of dusting, sizing and picking of 

a surface),
n absorption, permeability (air permeability, grease permeability, water 

absorption, oil absorption) and deformation,
n optical (brightness ISO, whitness CIE, opacity, colour),
n tensile, bursting, tearing, and bending strength, etc.,
n compression strength of corrugated containers, vertical impact testing by 

dropping, horizontal impact testing, vibration testing, testing corrugated 
containers for signs „B” and „UN”.

The equipment consists:
n	micrometers (thickness), tensile testing machines (Alwetron), Mullens 

(bursting strength), Elmendorf (tearing resistance), Bekk, Bendtsen, PPS 
(smoothness/roughness), Gurley, Bendtsen, Schopper (air permeance), 
Cobb (water absorptiveness), etc.,

n crush tester (RCT, CMT, CCT, ECT, FCT), SCT, Taber and 
Lorentzen&Wettre (bending 2-point method) Lorentzen&Wettre (bend-
ing 4-point metod and stiffness rezonanse method), Scott-Bond (internal 
bond strength), etc.,

n IGT (printing properties) and L&W Elrepho (optical properties), ect.,
n power-driven press, fall apparatus, incline plane tester, vibration table 

(specialized equipment for testing strength transport packages),
n atomic absorption spectrmeter for the determination of trace element 

content, pH-meter, spectrophotometer UV-Vis.

Contact: 

INSTITUTE OF BIOPOLYMERS AND CHEMICAL FIBRES
ul. M. Skłodowskiej-Curie 19/27, 90-570 Łódź, Poland

Elżbieta Baranek Dr eng. mech.,  
tel. (+48 42) 638 03 31, e-mail: elabaranek@ibwch.lodz.pl


