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Abstract— The most flexible 3D fabric forming technology 

is knitting, because of principle, control of individual yarn 

feed. The knitting technology gives different decorative 

effects and functional needs for the applications. The 

various flat patterns produced in knitting based on the 

patterning techniques to make 3D shaped products or 3D 

effects on ground surface of the knitted fabrics. This review 

work concentrates the technology and applications of 3D 

knitting. 
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I. INTRODUCTION 

The textile fabrics produced in various technologies 

involved innovative concepts for new product 

developments.  Such products have emerging scope in 

different fields. Apart from raw material constitution of 

textile structures, these fabrics are categorized in terms of 

dimensions.  The one-dimensional material is termed as the 

negligible dimensions between length and its dimension. 

The filaments, natural fibers and synthetic fibers are one 

dimensional textile materials. This dimensional material 

considered as the negligible one in two-dimensional 

materials [3]. 

The three-dimensional material is the concept of 

the relationship between the dimensions found in x- axis, y-

axis and z-axis of the material. 3D textile fabrics 

manufactured with different technologies as shown in table 

1. Among various technologies, most flexible fabric forming 

technology is knitting; the knitted fabrics has high drape 

ability and extensibility, it can be used as form fitting 

through shaping characteristics [5]. The fabric produced 

with intermeshing of loops of yarn in horizontal and vertical 

direction is termed as weft and warp knitting respectively. 

Such 3D fabrics are any one of multi-axial fabrics, sandwich 

fabrics and 3D effects creating on the surface of the fabric 

with available techniques [3]. 

Dimension Principle Examples 

1D Non-woven Roving yarn 

2D 

Non-woven 

Braiding 

Weaving 

Knitting 

Matt 

Bi-axial, lace 

Plain, twill, tri-axial, multi-axial 

Jersey-weft and warp knitting 

3D 

Non-woven 

Braiding 

Weaving 

Knitting 

3D molded nonwovens 

Multi-axial, 3D braids 

Multi-layer, Orthogonal 

Spacer fabric 

Table 1: Textile Structures with their Dimensional Category 

II. PATTERNING 

Generally, patterns reproduced in weft knitted structures 

either by using needle selection to place selected colors in 

the face stitches in a systematic way so that a pattern 

develops, or to produce surface relief effects based on the 

super position or combination of different types of stitch 

such as knit, miss, tuck, and transfer. Different techniques 

available to create patterns in knitted structures to achieve 

the structural effects, change/modify the existing fabric 

properties and to produce the decorative effects on fabric 

surface by color or the combination of basic stitches. The 

patterning in knitting achieves above said requirements as 

individual or in combination with other requirements. In 

weft knitted fabric production, a circular and flat knitting 

machine provides wide range of patterning scope. These 

objectives achieved through various methods in weft 

knitting such as (a) modification in normal knitting cycle (b) 

introduction of additional steps in normal knitting cycle (c) 

variation in yarn feed and (d) combination of above 

techniques. 

III. 3D PATTERN CREATION 

The 3D surface effect is a transformation of flat textile 

surface into textured one. These effects are imparted during 

knitting by various techniques such as raw material 

combinations, altering process variables, techniques in 

knitting cycle and finishing process. The knitted fabric with 

3D effect is produced with higher thickness than normal 

single yarn knitting. All type of flat knitting machines used 

for 3D shape generation. The pattern scope is reduced in 

hand operated knitting machine and increased in 

computerized flat knitting machine. 

Racking techniques 

with knit and tuck 

stitches 

Flexi-stitch 

technique 

 

Links-links 

Interlock 

Tubular knitting 

 

Half gauging 

(Partial 

knitting/Wedge 

knitting) 

 

Transfer stitches 

Outside stitch 

transfer-one stitch 

Inside stitch 

transfer-multiple 

stitches 

Transferring 

multiple stitches 

continually 

Progressive 

narrowing and 

widening of 

stitches 

 

Tubular knitting 

Half-tubular 

knitting 

Unconnected 

tubular knitting 

Change in Stitch 

Architecture 

Change of stitch 

structure 

 

Cable stitches 

Suspended stitches 

 

Knit & wear 

technique 

Double layer 

knitting technique 

Multi-layer 

knitting technique 

Sandwich fabric 

technique 

Combined fabric 

surfaces with 

various 

structural 

parameters 

Miscellaneous 

knitting 

Techniques 

Table 2: Techniques Adopted for 3D Pattern Creation in 

Computerized Knitting Machine 
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The computerized knitting machine has been 

adopted or quick and easy patterning with various 

techniques as shown in table 2. The self-folding knitted 

fabric produced with transforming mechanism using knit 

and purl stitches produced 3D effect on its surface. 

IV. SPACER FABRIC 

Spacer fabrics consist of three layers with to face fabrics. 

The top and bottom layer of fabric is interconnected with 

tuck stitches as connecting layer. The inner/connecting layer 

can formed with verity of shapes including pleats, tubes and 

engineered forms. The spacer fabric has three directional 

axes such as x-axis, y-axis and z-axis as shown in figure 1.  

The spacer fabric produced from weft and warp 

knitting. The flat knitting machine and its techniques are 

preferred mostly for the production of spacer fabric as 

compared to circular knitting machine. The flat knitting 

machine with presser foot or holding down sinker in 

computer controlled knitting machine increases the 

patterning ability to great level. Spacer fabrics are produced 

with cylinder and dial needle-knitting machines. The 

needles used in double jersey machine can be controlled 

with jacquard patterning to produce variety spacer fabrics. 

Double needle bar knitting machine is used to produce 

spacer fabric in warp knitting technologies. Normally two 

needles bar Rachel machine is preferred, guide bars 1 and 2 

feed the yarn for one face of fabric production, guide bars 5 

and 6 feeds the yarn for other face of fabric layer 

production, finally guide bars 3 and 4 is used to feed the 

yarn to connect two surfaces of the fabric. 

 
Fig. 1: 3D Spacer Fabric 

V. 3D EFFECTS ON FABRIC SURFACE 

The surface of the ground structure is decorated with 3D 

effects by either patterning technique, processing and 

production methods like plush fabrics, pile fabrics, corduroy 

fabrics and fleecy fabrics. Stitch architecture, ratios of 

various stitch types and the combinations of various patterns 

creates 3D surface patterns. The 3D shapes are produced 

from transformation of two dimensional patterns, which is 

produced through increasing or decreasing of the number of 

knitting needles (fashioning) in a course of entire pattern. 

The knitting commences in each course with the variable 

number of needles is termed as spatial fashioning. The 

three-dimensional plush fabric and fleecy fabrics is 

produced form flat knitting machine, the plush loops are 

firmly fixed with ground structure. 

 
Fig. 2: Apparel 

 
Fig. 3: Self Folding 3D Knitted Fabric 

 
Fig. 4: 3D Knitted Lighting Fabric 

2D Pattern 3D Knitted Product 
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FB-Front Needle Bed, BB-Back Needle bed, 

↑ - Take down direction 

Table 3: 3D Shape Production from Knitting -2D Pattern 

VI. APPLICATIONS 

The preparation for the manufacturing of 3D knitted fabrics 

is quick and easy in knitting. Because of loop distortion 

during manufacturing of composite, the knitted composites 

can be used for high elastic behavior and energy absorbing 

application. But not suitable for the application of composite 

having high mechanical properties. 3D knitted fabrics are 

used as apparels because of weight reduction, improved 

breathability. Apart from apparels many diversified 

technical applications such as transportation, packaging, 

geo-textiles, constructional textiles, medical textiles, 

sportswear textiles. The figure 3 shows the knitted 

reinforcement used for composites application (Three-

dimensional products from two-dimensional patterns). 

The knitted fabrics plays important role in 

electronics. The unique characteristic of 3D knitted fabric is 

very much suitable for specific functional requirements. Due 

to sufficient pressure and elastic properties of spacer fabric 

is suitable in skin sensor technology. The wearable 

electronics and flexible textile activator are made with 3D 

knitted fabrics. The decorative lighting panels are made with 

knitted fabrics. The monofilament, copper and interlaid 

optical fibers are used for the production of variety of 3D 

knitted fabrics. The knitted reinforcements used as 

component in composites for automotive, aerospace and 

marine applications. The lightweight thermoplastic 

composite materials with flat knitted U shaped and V-

shaped 3D structures are developed from hybrid yarns of 

polypropylene and glass components. Due to annealing 

process, the polypropylene melts and keeps the shape of the 

glass yarn in its structure.  

The glass fiber 3D knitted fully fashioned 

reinforcement knitted fabric is used for the timber 

construction to improve the density and reduce the problems 

caused by the load in wood [10]. The cellular geo net are 

made from two needles bar warp knitting machine for 

geotextiles applications.  To improve the comfort and 

performance of the sports person the spacer fabrics are used 

to manufacturing of active wears, footwear industry and 

sports accessories. The capacity to trap air, light weight, 

high performance in activity the sportswear manufacturers 

are preferred 3D spacer fabrics for making of sports 

products. 

VII. CONCLUSION 

The knitted fabrics produced from 3D shapes and 3D 

surface effects are used for extensive range of application in 

day to day life. This overview of 3D knitting reveals the 

production techniques, applications of such 3D knitted 

structures. The highest scope of 3D knitting in terms of 

performance and aesthetic application is applied in new 

product development in technical textiles. 
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