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Abstract  
In this paper an overview of a 3D modelling method and software for warp knitted structures is presented. 
Results, based on fast, geometrical models for single and double needle bed structures, with weft insertions, 
spacer fabrics, tubular fabrics etc. are shown. New, more precise and more complex models, based on the 
computational mechanics are presented, too. These methods allow more precise simulation of the yarn geometry, 
but need more computational resources and require certain computational experience of the users.  
The advantages and challenges of the both methods – geometrical and mechanical – are discussed. Suitable 
application areas of these methods are presented.  
Quick 3D simulation gives new chances to teachers for training and testing the knowledge of students and can be 
very useful especially for complex warp knitted structures with multiple guide bars and partial yarn threading. 
The exported geometry for extended FEM and CFD calculation gives researchers  the possibility to investigate 
warp knitted structures using modern computational methods, without taking long time for the preprocessing of 
the geometry. 
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1. Introduction 
Warp knitted structures are widely used in car interior products, sport clothing, medicine, 
textile reinforced composites, etc. During the last years different steps in the development of 
computer based simulation of these structures were presented. Today a geometrically correct 
calculation and presentation of single bed and double bed structures in a 3D - viewer is 
possible. More exact modelling requires the consideration of the mechanical laws and more 
properties of the yarns.  
This paper describes the state of the art in modelling of warp knitted structures, the state of the 
modelling-tool WirkGeo and the open fields for research in this area.  
 
2. State of the art 
Different mathematical descriptions of knitted loop geometry exist for more than 50 years [1], 
but a detailed description of the loop in the different states of the fabrics still remains an 
ongoing research problem. An explicit classification of the process of loop modelling is e.g. 
described in [2]. Geometrical, mechanical (including the subgroups based on energy- and 
elasticity theory) and empirical models have to be distinguished. Göktepe and Harlok [3] 
demonstrated a modell of simple knitted structures in 3D form, but this was insufficient for 
industrial use. Robatille, et al. [4] presented a method of modelling reinforced knitted fabrics 
with significantly thinner and more flexible looping threads than the warp, weft or diagonal 
yarns (rowings). Both models however were developed for a small group of structures only 
and are thus not suited for broad application. Available investigation of the mechanical 
properties of warp knitted structures, as for instance the bending properties [5] are valid only 
for a certain groups of fabrics, and not applicable in general case.  
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3. Modelling method of WirkGeo and Tools 
 
The first geometrical models for the description of general knitted fabrics, simulated directly 
from the chain links on single bed machines were reported in [6] and [7]. Fig.1 presents two 
structures corresponding to the first generation of the software. 

 
Figure 1. Simulated structures from single needle bed warp kniting machine 

 
The algorithms in this first generation of software use the following assumptions 

·  the thread is simplified to a cylindrical body with a constant circular diameter; the 
representation of yarns with arbitrary cross section (not circular) is possible, but the 
algorithms for such yarns are not implemented yet for all types of structures. 

·  the threads with different fineness can have different diameters; 
·  the friction between threads is neglected; 
·  the structures are modelled so that the orientation of the threads correspond to an 

idealized structure. 
The models are created using the mostly used key-points strategy [2,8] where the coordinates 
of some important points of the loops are expressed parametrically (Fig.2).  
 

 
Figure 2. Key-Points, used for the simulation of the loop form [2,8] 

 



7th International Conference - TEXSCI 2010                                   September 6-8, Liberec, Czech Republic 

The improvement to spacer fabrics on double bed machines was described in [9]. This 
improvement allows the geometrical modelling of structures from double needle bed 
machines, including spacer structures and tubular structures as well. An overview of such 
fabrics, modelled with a second generation of the software, implementing the enhanced 
models is presented in fig. 2. 

 

 
Figure 2. Structures from double needle bed machine 

 
The influence of forces and the refining of the models with mechanical effects were presented 
in [10]. The simulations of the structures in all previous works were based mainly on 
geometrical dependencies and only in some partial cases mechanical laws was taken into 
account for the structures. The third generation of the models and the software consider as 
well the force equilibrium and several mechanical parameters of the yarns during the 
modelling.  

 
Figure 3. Structure, simulated with the second generation software (links) and with the third 

generation – the new tools WirkGeo and WirkFEM (right) 
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To consider this, the yarns are modelled as trusses or beams, depending on this, if the bending 
rigidity has to be taken into account  

 

ER K= ×d (1) 
where R and d  are the reactions and the displacements in vector form at the ends of each 
element (truss), respectivelly, and KE is the element stiffness matrix, which consider the 
tension properties of the yarns, all in local coordinate system. The stiffness matrix in global 
coordinates GK is calculated from local (element) to the global coordinate system using the 
transformation matrix T, consisting the direction cosines of each element: 

 
T

G EK T K T= × ×  (2) 
 

and finally, the linear system (3) is solved, in order displacements u of each node to be found: 

 

GF K u= ×  (3) 
 

The practical work is done as follows: first, the input data for the sample is read or edited 
using the WirkEdit tool. The geometrical algorithms for the 3D modelling are implemented in 
the WirkGeo, which simulate the structure. The WirkFEM tool build a special mesh of finite 
elements from the simulated structure and the WirkFEM-Truss solves the matrix equation (3). 
Finally, WirkCorrect tool reads the solution and make update of the structure (Fig.4). 

 
Figure 4. Structure of the software tools, which implement the algorithms for 

the modelling of the warp knitted structures. 
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An overview of the entire software package is presented on the Fig. 4, and first verifications 
and model limitation are reported in [13]. 
 
4. Chances and challenges for the researchers  
 
Several years ago it was difficult to produce a 3 D representation of warp knitted structures. 
With our models it is possible to create this in a very short time. The presented package 
WirkGeo and the tools around it can calculate some of the properties of the fabrics. To cover 
all possible structures, materials, application areas and engineering task is not possible. Thus, 
once the geometry of the structure is available, the full set of the engineering tasks can be 
started, here are described only a few of them.  
 

·  Prediction of the mechanical properties 
 The mechanical properties, like elasticity modulus, bending rigidity etc, as well as various 
tests can be performed numerically. Since the 3D geometry can be exported for FEM Software 
like Ansys, Abaqus, every kind of mechanical load cases can be performed.  
 
 

 
Figure 5. Tricot structure, meshed for export to FEM Software. 

 
·  fluid flow trough the fabrics (CFD Simulation) 

The exported geometry of the yarns can be used as boundary for the meshing of the air volume 
between the fibres. This allows as well performing various fluid flow simulation like fluid 
trough the structure, flow of the resin during moulding process, air permeability calculations 
etc. 
 

·  Heat transfer, acoustics  
The geometry of the yarns can be used as well as for mechanical and fluid flow, as for other 
type of calculations like heat transfer – for the heat conductivity of the fabrics, acoustics 
properties and many other task can be performed.  
 
5. Educators  
 
The implementation of the algorithms in a software package allows to the educators 
completely new possibilities for teaching of warp knitting patterns and technology .  
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Figure 6. Possible sequence during the education in the area of patterns of 

warp knitted structures. 
 
A possible working sequence is presented on the Fig. 6. During the first step a real sample has 
to be analysed and the data for this sample has to be written. This data can be given to the 
program quick and easy with the Editor (Fig. 7), after that the program check if it is correct 
and produce the 3D view of the fabrics, as presented on the Fig. 1, 2 and 3. This allows the 
students to check themselves immediately, if the chain links and the entire information for the 
sample (row high, machine fineness) corresponds to the real sample.  
 

 
Figure 7. WirkEdit-Form for input of the data for a new sample. 
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This is an advantage for more complex structures, produced with several guide bars with not 
full threading, as well as for spacer fabrics, where the manual control require larger time and 
experience (Example on the Fig. 8). Especially the possibility of “hiding” threads by making 
them transparent can help the students to understand the way of one yarn within the fabric.  
 

 
 

Figure 8. Simulated fabrics, produced with 5 guide bars. 
 
 
4. Conclusion 
An overview of a new software package is presented, in which new algorithms for modelling 
warp knitted structures are implemented. It contains a complete set of tools for editing input 
data, calculation the geometry and displaying it in a 3d-Window. Furthermore it is possible to 
model displacements in the fabrics for a wide range of warp knitted structures. The export 
possibilities allow it, to export mesh-data for FEM and CFD software, which gives to the 
researchers new chances in the optimisation of warp knitted structures. The simulation tools 
open completely new possibilities for teachers as well, which have their advantages especially 
for complex structures from multiple guide bars. 
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