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Abstract
 The potential of a non-woven 3D fabric-forming process, called uniaxial noobing, remains 
unexploited because it is mistaken for the 3D-weaving process as it imitates the weaving process in 
some ways. Its principle is technically different from that of weaving because the involved sets of 
yarns are not interlaced. The composite materials industry is beginning to be attracted to the 3D 
fabrics produced by the uniaxial noobing process because it fulfils three important conditions to 
advantageously enlarge the market. The foremost being it incorporates linear or crimp-less fibres/
yarns oriented in the length, width and thickness directions of the 3D fabric to improve composite 
materials’ delamination resistance and mechanical performance. Next, it makes available 
individual 3D fabrics in required customised dimensions and object-like shapes for ease of 
handling and direct use, besides lowering production time and costs. Finally, such customised 3D 
fabrics are able to be developed quickly for prototyping and then manufactured in relatively very-
small batch production cycles. This paper presents the necessary technical and practical aspects 
of this unique process to make it industrially relevant.
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1. Introduction
Noobing is a name given to a non-woven process in which a number of sheets, each 

comprising filaments/yarns arrayed parallel to each other, are stacked and bound to produce a non-
crimp 3D fabric. The sheets of yarns are stacked either in relatively same orientation or in 
relatively different orientations. Whereas in the former case it is indispensable to bind the set of 
uniaxially stacked sheets of yarns in its thickness and width directions to achieve the fabric’s 
structural integrity, in the latter case it is sufficient to bind only in the thickness direction of the set 
of multiaxially stacked sheets. Because the former process type produces a 3D fabric by binding 
the set of uniaxially oriented yarns, it is called the uniaxial noobing process. Likewise, the latter 
type, which produces a 3D fabric by binding the set of multiaxially oriented yarns, is called the 
multiaxial noobing process. This paper considers the uniaxial noobing process’ evolutionary and 
technical aspects, and limitations of some existing methods, for providing a basis to evolve a 
framework to make it industrially relevant and commercially attractive.

2. Noobing Process
2.1 General
The technical aspects of the uniaxial noobing process were first examined by Khokar 

(1996, 1997) who investigated and characterized it as a non-woven 3D fabric-forming process by 
proposing the term “noobing”, which is an acronym based on the principal features of the process: 
Non-interlacing, Orientating Orthogonally and Binding. Its product was correspondingly termed 
‘Noobed’ fabric. The term noobing was devised to give a technical identity to this process’ unique 
features and to prevent confusing it with weaving, knitting, braiding and other non-woven 
processes. The principle and technical aspects of the uniaxial type of noobing process have been  
explained by him (1996, 1997, 1999, 2002). 
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The uniaxial noobing process is unique in that it can produce only non-crimp 3D fabrics 
using essentially three mutually perpendicular sets of yarns without interlacing, interlooping and 
intertwining them. This process therefore happens to be technically unlike weaving, knitting and 
braiding processes. Based on Khokar’s (1996) earlier description, it can be further refined as: The 
action of producing a nonwoven 3D fabric by incorporating essentially three sets of mutually 
orthogonally oriented yarns in a linear or non-crimping manner and enabling fabric integration 
through bindings using one or more sets of the constituent yarns.

It is pertinent to complement here the present discussions on 3D fabrics with the definition 
of the term 3D fabric, which according to Khokar (1996) is: A single-fabric system the constituent 
yarns of which are supposedly disposed in a three mutually perpendicular plane relationship.

2.2 Types of Noobing Process
 As indicated in the foregoing, the noobing process is of two types: uniaxial and multiaxial. 
The uniaxial noobing process produces uniaxial noobed fabric using three sets of yarns. The 
multiaxial noobing process produces multiaxial noobed fabric using, typically, five sets of yarns. 
The fundamental arrangement of yarns in these two noobed fabric types are shown below.

Fig. 1 Noobed fabrics are non-crimp 3D fabrics essentially comprising three mutually perpendicular sets of 
linear yarns XYZ. They are of two types: (a) uniaxial and (b) multiaxial (from Khokar 2002)

 The linear or non-crimping incorporation of the three mutually perpendicular sets of yarns 
X, Y and Z constituting the uniaxial noobed fabric is obvious from Fig. 1a. Likewise, the linear or 
non-crimping nature of the five sets of yarns X, Y, Z, +B and -B constituting the multiaxial noobed 
fabric is apparent from Fig. 1b. As can be noticed in Fig. 1b, the multiaxial noobed fabric 
essentially comprises the structure of uniaxial noobed fabric (X, Y and Z yarns in mutually 
perpendicular orientation) and two additional sets of bias yarns (+B and -B). The structural 
integrity of both these noobed fabric types, in absence of any mechanism such as interlacing, 
interlooping and intertwining, comes from the bindings that occur at the opposite surfaces of the 
fabrics (bindings are not shown in Figs. 1a and 1b for clarity in representing the fundamental 
arrangement of fibres). Whereas in the uniaxial noobed fabric it is necessary to bind the stack of 
sets of uniaxially oriented/arrayed yarns (X) from two directions by using the sets of yarns (Y) and 
(Z) in fabric’s width and thickness directions respectively, in the multiaxial noobed fabric it is 
sufficient to bind the stack of sets of unidirectionally oriented/arrayed yarns (X), (Y), (+B) and     
(-B), laid in mutually different orientations, by the set of yarns (Z) in fabric’s thickness direction. 
 
 It is interesting and important to point out here that the highly successful and extensively 
used commercial product Multiaxial Fabric or Non-Crimp Fabric (commercially called NCF), and 
its numerous variants, in the composite materials industry is technically the multiaxial noobed 
fabric. Its manufacturing process, which requires no introduction, surprisingly has no particular 
technical name. It is called by different names: Multiaxial Technology, Stitch-Bonding, DOS 
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Technology, Multiaxial Stitching etc. All these processes work identically - sets of sheets, each 
comprising unidirectional filaments, are stacked in mutually different orientations and bound or 
stitched in the stack’s thickness direction as shown in Fig. 2. The name ‘Multiaxial Stitching’ is a 
misnomer in that the stitching is not performed multiaxially but only in one direction, the thickness 
direction, of the multidirectionally oriented stack of yarns/filaments. Karl Mayer and LIBA are 
well known manufacturers of machines for manufacturing ‘multiaxial’ fabrics. 

 

Fig. 2 The process of producing multiaxial fabrics, commercially well known as Non Crimp Fabrics (NCF), 
involves stacking sheets of parallel yarns in mutually different orientations and binding/stitching them in 
thickness direction of the stack. This process is multiaxial noobing. Illustration from Healy et al (2009).

 The uniaxial noobed fabric, on the other hand, is not so widely known commercially at 
present although its development happened earlier than that of the multiaxial ‘NCF’. This is partly 
because it is wrongly assumed to be ‘3D woven fabric’ and partly due its production methods 
remaining deeply entrenched in conventional 2D-weaving ideas, which renders its working 
unnecessarily complex whereby possibilities of its commercial exploitation becomes limited.

3. Evolution and Characterization of a Non-woven 3D Fabric-forming Process
To overcome the problem of delamination in composite materials that were reinforced 

with stacked/plied sheets of 2D fabrics, the aerospace industry during 1950/60s developed a novel 
fabric-forming process. It uniquely produced only 3D fabrics by incorporating three mutually 
perpendicular sets of yarns without interlacing them. However, this non-interlacing process came 
to be incorrectly called “3D-weaving”, and the produced material correspondingly “3D woven”. 
This was because certain aspects of it somewhat imitated the traditional flat weaving process, even 
though weaving’s foremost operation, namely shedding, did not exist in it. As a result, the 
produced 3D fabric was a non-interlaced or crimp-less structure. Due to overlooking of the 
defining features of the weaving process and woven material, this new process got misrepresented. 

The misrepresentation of this new 3D fabric-forming process continued for long because 
there existed no suitable terms for differentiating it from the traditional weaving process. New 
names given to this non-interlacing process invariably had the suffix “weaving”, and its products 
too were suffixed with “woven/weave”. For example, crimp-less weaving (crimp-less 3D woven), 
zero crimp weaving (zero crimp 3D woven), 3D orthogonal weaving (3D orthogonal non-woven
(!)), XYZ weaving (XYZ woven) etc. Further, even though certain weaving related terms were 
cautiously indicated/used by some inventors, still a number of patents got classified incorrectly 
under the weaving category. Due to these aberrations many non-interlacing processes and their 
products eventually got incorrectly identified with weaving, both academically and commercially. 
For about four decades the development of this unique non-weaving process was thus pursued on 
traditional weaving ideas using weaving related terms whereby appropriate solutions for its 
technical advancement and commercial exploitation were never attempted. 
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The idea of uniaxial noobing process has been gradually accepted in the past fifteen years. 
It has now attracted the attention of the composite materials industry. This is because, unlike other 
traditional 2D fabric-forming methods which produce only sheet-like materials, the uniaxial 
noobing process can directly produce non-crimp 3D fabrics in ready object forms such as bars, 
blocks, plates, cones, cylinders, grates etc., besides presenting economical and technical 
advantages. To provide a starting point for enabling practical advancement of this process to 
exploit and benefit from its potential in the context of composite material industry’s requirements, 
it is important to understand the fundamental working and other aspects of this process.

 Presently commercial uniaxial noobing machines are not available. A few companies have 
designed proprietary methods using modified conventional weaving machines. However, these 
non-interlaced 3D fabrics produced on modified weaving machines tend to be expensive and the 
process economically and commercially unviable due to limited possibilities. The continuing lack 
of a suitable uniaxial noobing method, and machines thereof, for over fifty years calls for 
developing a framework based on the understanding of the limitations of existing non-exploitable 
methods. Doing so would not only advance the field of textile technology and create new markets 
for the products thereof, but also contribute, at least to some extent, towards making today’s means 
for transportation relatively lighter to lower CO2 emissions and thereby global warming.   

4. Producing 3D Fabrics from Same Machine but by Different Processes
 The ability of a conventional 2D-weaving machine to produce an interlaced 3D fabric 
does not render the process 3D-weaving. This is because the process remains unchanged whether 
producing 2D fabric or 3D woven fabrics. Woven 3D fabrics like double cloth, paper clothing and 
belting cloth have been produced for over 100 years and the process was never called 3D-weaving 
because there was no alteration in the process from that of 2D fabric production. The manner of 
shedding and weft inserting remains identical in both cases and they bring about the characteristic 
interlacing between two sets of yarns, the warps and the wefts, notwithstanding whether the warp 
yarns are supplied in one or more sheet forms. 

 Therefore, the process dealing with three mutually perpendicular sets of yarns and 
producing the characteristic non-interlaced 3D fabric structure using a modified conventional 2D-
weaving machine, cannot be technically weaving. Consequently the produced non-interlaced 3D 
fabric cannot be considered technically a woven fabric. 

 For a process to technically qualify as 3D-weaving it should deal with three mutually 
perpendicular sets of yarns and produce the characteristic interlaced 3D fabric structure. Thus, the 
set of axial yarns (i.e. warps), supplied in column-row arrangement, should interlace with yarns 
(wefts) of vertical and horizontal directions. Such a weaving is practically feasible as demonstrated 
by Khokar (1997, 2001) and commercially exploited by Biteam AB, Sweden.  
 
 Fig. 3 illustrates production of two fundamentally different 3D fabric structures using the 
same machine but by two different processes. In Fig. 3a the machine comprises a shedding unit 
(S) to create a shed by crossing the yarns of multilayer warps (R) for inserting weft yarns (T) to 
produce an interlaced 3D fabric with two sets of yarns - the warp yarns (R) and the weft yarns (T). 
This method complies with the principle of weaving. In Fig. 3b the machine does not have a 
shedding unit at all and hence the axial yarns (Z) are never crossed to create any shed. There is a 
different unit (M) which varies only the distance between relatively upper-lower rows of axial 
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yarns (Z) to enable laying the first set of binding yarns (X) there between and oriented in 3D 
fabric’s width direction. There is also an additional unit (N) for laying the second set of binding 
yarns (Y) oriented in the 3D fabric’s thickness direction. The unit (N) lays the set of binding yarns 
(Y) in between the columns of the axial yarns (Z). Neither of the units (M and N) create a shed by 
crossing the axial yarns (Z). This method does not comply with the principle of weaving and 
therefore the constituent axial yarns (Z) do not interlace with either of the binding yarns (X and Y) 
and the produced 3D fabric has a non-interlaced structure.  

Fig. 3. The two processes, which are assumed to be similar, are fundamentally different in their principles. 
Technically, method (a) remains 2D-weaving as its shedding system enables interlacing of only two sets of 
yarns, the warp (R) and the weft (T) yarns, and method (b) is not weaving because it does not have any 
shedding system to interlace the axial yarns (Z) with horizontal (X) and vertical (Y) sets of binding yarns. 
The produced two 3D fabrics are thus structurally different, the former being interlaced and the latter being 
non-interlaced. Because method (b) does not comply with the principle of weaving, the production of non-
interlaced 3D fabric does not require a weaving machine; it can be produced in many other ways.   
 
 The 3D fabric in Fig. 3a comprises two interlacing sets of yarns and the 3D fabric in Fig. 
3b comprises three sets of non-interlacing yarns. Whereas each of the interlacing warp and weft 
yarns occur in different planes of their respective traversal directions in the woven 3D fabric 
according to Fig. 3a, none of the axial, horizontal and vertical sets of yarns in the 3D fabric 
according to Fig. 3b occur in different planes of their respective traversal directions because they 
remain linear due to non-interlacing. Whereas the structural integrity of the former 3D fabric is 
due to the interlacing between the warp and weft yarns, that of the latter is realised by binding the 
set of uniaxial yarns (Z) with two sets of binding yarns, the horizontal (X) and the vertical (Y) 
yarns. 

 Clearly, the two processes are technically different in their operating fundamentals and 
hence they produce the characteristic interlaced and non-interlaced 3D fabric structures, which 
naturally have different properties and performance attributes. 
 
5. Patent Classification of Noobing Process and Noobed Fabrics

It is important to state here that the noobing process comes under the non-woven processes 
category (D04) of the International Patent Classification system. This is because the process 
neither interlaces (as characterised by weaving; D03), nor interloops (as characterised by knitting; 
D02) nor intertwines (as characterised by braiding; also under D04) the involved sets of yarns. The 
correct group for noobing process and noobed fabrics is D04H 3/04 (non-woven fabrics formed 
wholly or mainly of yarns or like filamentary material of substantial length in rectilinear paths, e.g. 
crossing at right angles).
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6. Technical Differences between 2D-Weaving, 3D-Weaving and Uniaxial Noobing Processes
 It is pertinent at this point to present briefly the most relevant comparative aspects of the 
three processes in question. Table 1 summarises the technical differences.

Table 1: Comparison of technical features of 2D-weaving, 3D-weaving and uniaxial noobing processes
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Feature              Process 2D-Weaving 3D-Weaving Uniaxial Noobing

Number of yarn sets 
processed Two Three Three

Names of the yarn sets Warps and wefts Warps, vertical wefts, and 
horizontal wefts

Axial yarns, horizontal 
and vertical binding yarns

Shedding requirement Yes Yes No

Shedding type

Mono-directional Dual-directional

None

Warp/axial yarn 
displacement direction

Fabric-thickness 
(up-down)

Fabric-width (left-right); 
fabric-thickness (up-down) None

Warp/axial yarn supply 
arrangement

Multiple layers; yarns 
occur side-by-side 

Multiple layers; yarns 
occur in columns-rows 

Multiple layers; yarns 
occur in columns-rows 

Shed orientation ‘Horizontal’ ‘Horizontal’ and ‘Vertical’ None

Number of sheds created Single
Multiple in each of the 
horizontal and vertical 

directions
None

Number of wefts/binding 
yarns laid Single

Single / multiple 
corresponding with number 

of sheds created

Varies depending on the 
method employed

Mechanism of fabric’s 
structural integrity Interlacing Interlacing Binding

Fabric types producible 2D, 2.5D, 3D 3D 3D

Basic
representative
fabric structure

2D Fabric 3D Fabric 3D Fabric



7. Framework for Making Uniaxial Noobing Process Industrially Relevant
 7.1 Realising Uniaxial Noobing is Not Weaving
 Because the principles of uniaxial noobing process and conventional 2D-weaving are 
different from that of 3D-weaving process, and given that endless forms of 3D fabrics would be 
required to be produced for the composite material components’ manufacture, and not in only 
continuous sheet form, using a modified 2D-weaving machine would never allow production of 
customised 3D fabrics because of its inherent lengthy-production design. Therefore, foremost to 
making the uniaxial noobing process industrially relevant is the fundamental understanding that it 
is technically not the weaving process. Further, the traditional 2D-weaving process with its 
specific working limitations cannot enable it to be devised for: 
 (i) Producing customised 3D fabric items in categorised shapes and dimensions;
 (ii) Enabling quick and easy setting up;
 (iii) Lowering fibre wastage;
 (iv) Producing a given item either singly or serially with equal ease;
 (v) Producing integrated customised 3D fabric for easy and safe handling; and
 (vi) Creating generally the XYZ fibre orientations, in required volume-fractions, to meet 
most of the performance related demands, and when required, enabling inclusion of additional (+B 
and –B) bias fibre orientations in one of length, width and thickness directions of the 3D fabric.

 These indicated requirements can be met by employing the uniaxial noobing process. 
These requirements are not the specifications of the uniaxial noobing machine, but a basis for 
evolving its working design. While the process remains unaltered, the specifications of machines 
can vary from one to the other depending on the market and production demands. 

 7.2 Evolving Specifications for Uniaxial Noobing Machines
 Production of 3D fabrics presents a unique situation. Because 3D fabrics can be produced 
in endless forms, unlike one sheet form of 2D fabrics, the specifications of machines required for 
manufacturing one form of 3D fabric can be significantly different from that required for another 
form. It will be economically unviable to manufacture machines for each 3D fabric form and 
practically unmanageable to run them. 

 To sustainably serve the composite materials industry it is necessary to limit the forms of 
3D fabrics to a manageable number of categories, and thereby correspondingly the 3D fabric-
forming machine types. Of course the machines in each category would be required to have certain 
flexibility to enable manufacture of a reasonably large selection of products in terms of preform’s 
shape, minimum and maximum dimensions, and performance level to be achieved. 
 
 7.3 Limitations of Select Uniaxial Noobing Processes
            As mentioned in the foregoing, a variety of uniaxial noobing methods have evolved in the 
last 60 years, even if they have been called differently, to produce non-crimp 3D fabrics mainly for 
composites application. Some of these methods are illustrated in Fig. 4. Most of these methods 
remain unsuitable for industrial use because they cannot meet the requirements of the composite 
materials’ industry listed in the section below. That the suitability of a process is also governed by 
its ability to process/handle carbon fibres gently/satisfactorily should not be overlooked. It is 
important for the textile technologists to know the collective shortcomings of these processes so 
that suitable new solutions can be developed for advancing the field of 3D fabrics technologically 
on a technically sound foundation, and commercially for benefitting the society.
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Fig. 4. A number of methods evolved, especially in the second half of the last century, for producing a 
variety of non-interlaced 3D fabrics for composites application. The last indicated method (l), unlike the 
rest, uses composite rods, instead of yarns, to produce a bigger composite, not a fabric.
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(a) Gingher (1942) USP 2283802

       

(g) Mohamed and Zhang (1992) USP 5085252

 

(b) Greenwood (1974) USP 3818951

    

(h) Anahara et al (1993) USP 5270094

        

(c) Fukuta et al (1974) USP 3834424

   

(i) Sakatani et al (1994) USP 5343897

                        

(d) King (1976) USP 3955602

      

(j) Weinberg (1995) USP 5449025

        

(e) Holman et al (1977) USP 4019540 (k) Khokar and Peterson (1998) WO9803712

             

(f) Hirokawa (1987) EP0236500

      

(l) Kimbara et al (1991) USP 5076330
 

   



8.   Uniaxial Noobing Process in the Context of Composite Industry’s Requirements
Composite materials are being used with confidence now. The initial idea to replace large 

and heavy metal parts with those of composite materials to gain significant weight reductions has 
now reached a stage where relatively “smaller” metal components are beginning to be replaced by 
composite parts for gaining further savings in weights. This is because small components 
collectively become significantly heavy. Relatively smaller composite material components are 
also needed now for enabling improved material compatibility, for example when joining 
composite material members, for overall improvement in performance and safety of the end 
products. Problems associated with metal-composite constructions, such as performance 
uncertainty and production difficulties arising from thermal mismatch, need suitable solutions.

To expand the application of composite materials in newer areas, such as manufacture of 
certain components for aero, automotive and engineering industries, certain economic aspects and 
technical requirements become even more relevant. Composite materials produced using stacked 
sheets of unidirectional tapes and fabrics tend to delaminate and their manual handling and 
processing renders them relatively expensive. Further, the existing methods devised for producing 
large composite material parts are not necessarily suitable for manufacturing relatively small 
components. Accordingly, the main requirements relating to production of “smaller” composite 
material components’ manufacture are:

- Reducing production costs; 
- Facilitating quick prototype development; 
- Enabling production of small and large serial quantities; 
- Automating production of preforms to lower contamination risk; 
- Increasing resistance to delamination for higher material reliability; and
- Improving material performance by reinforcing with linear or crimp-less yarns.

A way to meet this set of economic and technical challenges lies in the selection of a 
suitable 3D fabric-forming process. After all, the textile reinforcement constitutes the basis of a 
composite material. Given that the commercial manufacture of 3D fabrics is at present in its 
evolving stage, it is important to realize early on that unlike 2D fabrics, which have only the sheet 
form, 3D fabrics have endless forms. Therefore, the manufacturing processes of 3D reinforcements 
need not necessarily follow those of conventional 2D fabrics required for clothing-furnishing 
purposes, and produce 3D fabrics in only continuous ‘thick’ sheet form such as those of double-
cloth, paper clothing, conveyor belting etc. Whereas the traditional 2D textile processes are 
devised to produce continuous-length sheet fabrics to clothe countless people economically, 3D  
fabric-forming processes are required presently mainly for composite applications, particularly to 
increase delamination resistance. Newer application areas for 3D fabrics are still being explored. 

The traditional fabric manufacturing methods and approaches are unsuited for 
manufacturing 3D fabrics for components application. This is because they have not been devised, 
either in their capability or scope, to produce individual or customized preforms, or in relatively 
small serial quantities, or in odd / non-planar forms etc. to quickly satisfy the varying demands of 
the market. Also, the practice of plying or stacking 2D fabric sheets to produce ‘large’ composites 
cannot be considered a suitable method for producing ‘small’ composite components. There is no 
reason why new possibilities or solutions should not be considered for solving a problem 
differently. The uniaxial noobing process is a new tool for engineering reliability and performance 
in composite materials and for producing customized 3D fabrics economically.
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Conclusions
The uniaxial noobing process is a nonwoven 3D fabric-forming process. It characterises 

itself from both 2D- and 3D-weaving processes by not involving the shedding operation. As a 
consequence, it produces a 3D fabric without interlacing, interlooping and intertwining the 
involved yarns. It is a textile technology advancement that particularly offers new capabilities in 
engineering 3D fabrics and augments their manufacture. Its potential is in direct manufacture of 
customized 3D fabric items/objects for satisfying the varying market demands. Suitably developed 
industrial uniaxial noobing machines can enable economic production of customized 3D fabrics 
and thereby create new opportunities for composites application. 
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