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Abstract

Knit fabrics are created on diverse machines with diverse knit loops and conditions to make different patterns 
and fabric types1). Dimensional modifications of knit fabrics can also be achieved by numerous methods such as 
different knit-loop structures, different types of yarns, or different finishing processes including heat setting, steaming, 
chemical treatment et cetera. This research develops and explores sophisticated three-dimensional knit fabrics by 
combining the several different knit stitches including rib and purl. This study focuses on 3D knit models created 
on modern electronic weft (flat V-bed) knitting machines which have capability of individual needle selection. 
Several samples of the 3D knitted fabrics are also examined in this research. This research furthermore suggests 
new types of knitted fashion garment made by using the interesting physical effects. 
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Ⅰ. Introduction

Numerous manufacturing techniques such as stitch-
ing, weaving, knitting and braiding are used to pro-

duce three-dimensional structures of fabrics2～4). Three- 
dimensional structures can be more easily accomplished 
on knitted fabrics since knitted fabrics tend to have 
elasticity and flexibility which facilitate a formability 
and deformability of fabrics5). Thus, knitting including 
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both warp knitting and weft knitting is ideally suited 
to the creation of 3D complex shapes. Knitting is 
capable of providing versatile ways of creating com-
plicated three-dimensional structures. Weft flat knitting 
is specifically one of the most critical technologies to 
make intricate 3D models. A modern electronic flat 
knitting machine makes possible to develop three- 
dimensional complicated knit structures by using the 
technical features, which contain individual needle 
selection capabilities6). A large number of 3D complex 
knit structures can be made by various knitting tech-
niques including knit, tuck, float (or miss), loop trans-
ference, racking, and other techniques created on the 
automated flat knitting 2 machinery. 

Among the numerous knit techniques, this study 
explores the combination of two different knitting struc-
tures that involve rib and purl (links-links) in order 
to create the 3D knit-loop models. By knitting together 
the rib and purl structures, which are the most common 
types of weft knitting, sophisticated three-dimensional 
knit-structural effects can be accomplished. On the 
vertical lines, a front loop is protruded, while a back 
loop is sunk. It creates a rib structure. On the horizontal 
lines, a back loop is protruded, while a front loop is 
sunk. It creates a purl structure. Hence, three-dimensional 
knit structures can be made by effectively utilizing 
the two structures. The three-dimensional knitted fabrics 
created on the modern weft-flat knitting machines have 
a number of advantages and can be used in various 
end uses. This study reviews various basic knit loops 
utilized to create weft knitted fabrics. This research 
also examines how the three-dimensional knit structures 
can be achieved using the two knit structures which 
contain rib and purl (links-links). This study additionally 
explores and develops several knit fashion garments 
made by the 3D knitted models. Moreover, this re-

search discusses the potential benefits of the 3D knitted 
fabrics and further applications.  

Ⅱ. Theoretical Background

1. Knit Structures

A number of knit structures can be achieved by 
use of varied types of knit stitches.〈Table 1〉shows 
fundamental weft-knit structures and knit-loop notations. 
All knitted fabric structures can be created by knit, 
tuck and float (miss) loops which are basic stitches 
on weft knitting. A knit loop is formed when a needle 
receives a new yarn and knocks over the old loop. 
A tuck loop is achieved when a needle receives a new 
yarn, but does not knock over the old yarn which 
makes a held loop. A float loop or a miss loop is 
accomplished when a needle is presented a yarn but

<Table 1> Fundamental Weft-knit Structures and 
Knitting Notations

Loop 
Notation

Fabric 
Structure

Loop 
Notation

Fabric 
Structure

Plain single 
jersey

1×1 rib

Feed stripe 2×2 rib

1×1 cross 
tuck

Half 
cardigan

2×2 cross 
tuck

Full 
cardigan

Satin stitch Links-links
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does not grasp it, thus it displays the missed yarn as 
a float on the back side of the held loop7). In general, 
tuck and float stitches show the major routes for 
modifying knit structures to accomplish specific mac-
roscopic properties in knitted fabrics8). However, app-
ropriate combination of knit loops also creates three- 
dimensional fabrics. A variety of shapes of knit struc-
tures can therefore be created by combining the three 
fundamental loops including knit, tuck and float 
(miss) as can be seen in〈Table 1〉. The combination 
of the three basic loops which are made on front and 
back needle beds or on a cylinder and a dial produce 
an assortment of knit structures including ribs, purls, 
cardigans, cross tucks, satins et cetera〈Table 1〉.

2. Rib & Purl Structures

Rib and purl structures are patterned knits which 
are composed of front and rear loops in the direction 
of wale or course. Rib structures can be produced by 
two sets of needles (a front bed and a back bed on 
a flat machine or a cylinder and a dial on a circular 
machine) being alternately set or gated between each 
other.〈Fig. 1〉illustrates face and back loop wales 
in a 1×1 rib. As can be seen in〈Fig. 1〉, rib struc-
tures have a vertical cord appearance since the face 
loops have a tendency to protrude in front of the 
back loops. Because of the properties of rib struc-
tures, rib structures have no curl and heavier fabrics 
than plain structures9). Also, rib structures are elastic, 
form-fitting, and preserve warmth better than plain 
structures. On the other hand, purl structures are 
achieved by alternately knitting one or more courses 
on a front bed and a back bed. Hence, purl structures 
have a horizontal cord appearance because the reverse 
loops tend to protrude in front of the face loops.

<Fig. 1> 1×1 rib Structure.

<Fig. 2> Purl Structure.

Thus, the purl structures also have no curl and heavier 
fabrics than plain structures〈Fig. 2〉. Generally, double- 
bed machines are utilized to create rib and purl fa-
brics in the knitting industry.
〈Table 2〉reveals various types of rib and purl 

(or links-links) structures. As can be seen in〈Table 
2〉, rib structures can be produced in numerous shapes 
such as 1×1 rib, 2×2 rib, 3×3 rib, 3×2 rib, and other 
ribs by use of two needle beds. Links-links also 
makes assorted knit structures such as purl and other 
structures by double-ended latch needles or by loop 
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<Table 2> Various Types of Rib and Links-links Structures

Structure 1×1 Rib 2×2 Rib Purl Links-links

Figure

transfer on two needle beds. 

3. 3D Knit Models through Rib & Purl Structures

When a rib structure meets a purl structure at a 
portion of a fabric, specific 3D knit-structural effects 
occur. As shown in〈Fig. 3〉, when front loops in a 
vertical line meet rear loops in a horizontal line at a 
position of a knitted fabric, the two different loop 
structures tend to push up each other at the meeting 
position of the fabric. Dimensions of the three dimen-
sional shapes can be varied according to the number 
of front or back loops. 

<Fig. 3> 3D Knit Fabrics Created by Using Rib and 
Purl Structures.

Effectual use of the rib and purl structures thus 
creates numerous shapes of three-dimensional knit 
models. The rib and purl structures can be knitted 
on both flat knitting machines and circular knitting 
machines. However, the three-dimensional effects made 
by combining rib and purl structures require a loop- 
transfer action, which can only be performed on V- 
bed flat knitting machinery. It is because cams of 
V-bed flat knitting machinery can be changed after 
every course (even every stitch) and they are able to 
knit one or both beds easily10). Therefore, all designs 
in this research are created on electronically-controlled 
V-bed flat machines which enable individual needle 
selection. 

4. Potential Benefits and Application for 3D

Knitted Fabrics

According to Mouritz et al.11), advantages of three- 
dimensional knitted fabrics over two-dimensional fabrics 
are as follows:

1. 3D knitted performs have better formability be-
cause they are more drapable.

2. 3D knitting can produce more complex near- 
net-shape (fully-fashioned-shape) performs.

3. Some types of 3D knitted composites have high 
impact damage tolerance and energy absorption (crash) 
properties.
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4. 3D knitted fabrics have the potential to greatly 
lower production costs by reducing the time needed 
to produce perform.

Three-dimensional knitted fabrics can be created 
in several styles such as sandwich, non-crimp, fully- 
fashioned shape, et cetera. Through the several knitting 
methods, 3D knitted fabrics have recently been utili-
zed in numerous industries including apparel, home 

<Fig. 4> Knitwear by Using 3D Knit Models12).

<Fig. 5> 3D Knit Chair13).

furnishing, automotive textiles, geo textiles, medical 
textiles, aerospace textiles and other industries. This 
is due to numerous potential properties of 3D knitted 
fabrics such as better formability, high impact damage 
tolerance and energy absorption properties, greatly 
lower production cost et cetera. 3D knitted fabrics 
provide artificial design effects as well as can be 
seen in〈Fig. 4〉. 

5. Yarns and Machines

In order to make more effective three-dimensional 
knit models, 100% wool or wool blends such as a 
wool crepe (80% wool and 20% rayon) are utilized 
in this research. Wool, a natural protein fiber, has 
commonly been used to produce knitwear because of 
its softness, elasticity, resiliency, cohesiveness and 
heat retention14,15). Elasticity, cohesiveness and flexibility 
of wool specifically permit more efficient three- 
dimensional knit models. Knit structures are actually 
dependent on yarn’s physical properties. Yarns with 
good drape such as silk would not be appropriate to 
create 3D knit models. Therefore, it is significant to 
choose appropriate yarns to create effective 3D knit 
fabrics. Unique 3D fabric designs can moreover be 
created by use of felting properties of wool. 

Computerized flat knitting machines facilitate a 
large number of intricate 3D knit structures as the 
electronic knitting machines have greater flexibility 
in loop structure combinations and patterning by means 
of individual needle selection. In this research, a 
Shima Seiki 7-gauge V-bed flat knitting machine is 
used to make knitted fabrics with the three-dimensional 
knit structures. Although actual knit fabrics have 
three-dimensional shapes, knit-loop structures are shown 
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<Fig. 6> A 3D Knit Design Created on the Shima Seiki 
SDS-ONE® CAD System.

as a two dimensional design on a computer-aided 
design (CAD) screen (see Fig. 6). Prior to actual 
knitting, a Shima Seiki SDS-ONE® computer design 
system is exploited to create a 3D knit design.〈Fig. 
6〉shows a 3D knit design created on the Shima 
Seiki SDS-ONE® CAD system, which is an all-in- 
one knit design system that enables all stages of 
product production including planning, design, evalua-
tion and production of knitted fabrics and garments. 
The state-of- the-art CAD controlled machines result in 
higher-speed, lower cost, and larger-volume textile 
production16).

Ⅲ. Creation of 3D Knitted Fabrics

and Garments

<Table 3> Three-dimensional Knit Shapes by Use of Rib and Purl Structures

Structure Rib & Purl 1 Rib & Purl 2 Rib & Purl 3

Figure

In this research, several different types of three- 
dimensional knit fabrics by use of rib and purl struc-
tures are created〈Table 3〉. As shown in〈Table 3〉, 
an assortment of three-dimensional loop models is 
accomplished according to positions that rib structures 
meet purl structures. 

Based on the thee-dimensional knit samples, three 
pieces of knit garments are created. 

The creating process of the garments is as follows:
First, three-dimensional knit fabrics are created on 

a 7 gauge computerized flat-knitting machine which 
is capable of loop transference by using latch needles 
with a transfer spring. Three dimensional knitted fabrics 
are produced through basic knit techniques including 
rib and purl structures. By knitting together the rib 
and purl structures, specific 3D knit-structural effects 
are achieved. It also makes interesting distorted fabric- 
edge lines and special geometric models. After knitting, 
binding-off process is performed on the knitted fabrics 
by linking machines. Binding off is the process that 
consecutively passes each loop over the adjacent 
stitch from the edge17).

After binding-off process, snap fasteners are attached 
on each edge portion of the knitted fabrics. Each 
knitted fabrics can be freely connected and removed 
by the snap fasteners, and it makes a number of design 
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<Table 4> Fashion Garments

Work 1 Work 2 Work 3

Design

Machine 7 gauge flat knitting machine 7 gauge flat knitting machine 7 gauge flat knitting machine

Structure Combination of rib & purl Combination of rib & purl Combination of rib & purl

Detail Image

Explanation
Effective use of rib and purl structures create sophisticated 3D shapes as well as interesting distorted 
outlines. In addition, meeting positions of rib and purl structures, various types of 3D knit shapes are created. 

patterns. A sheer dress which can be used in inner 
wear is created by a cut-and-sew process. Finally, the 
three-dimensional knitted fabrics are suitably fastened 
and connected by the snap fasteners on the sheer dress. 
The three-dimensional geometric shapes and distorted 
edge-line movements provide a new type of repeating 
images on the sheer dress.〈Table 4〉 depicts three 
pieces of garments created with the 3D knitted fabrics. 

Ⅳ. Conclusion

This research explores three-dimensional knit-shaped 
fabrics made by effectively combining rib and purl 
structures. Rib and purl structures can be combined 
on the modern V-bed flat knitting machines which 
allow individual loop transferences. 

Rib and purl structures have characteristics as 
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follows:
1. When front and rear loops are knitted in a 

vertical line, front loop is protruded and a rear loop 
is sunk. This creates rib structures.

2. When front and rear loops are knitted in a 
horizontal line, rear loop is protruded and a front 
loop is sunk. This creates purl structures.

By using the two characteristics of rib and purl 
structures, numerous types of three-dimensional knit 
models are accomplished. The combination of rib 
and purl structures also creates interesting geometric 
shapes which comprise distorted outline effects. Accor-
ding to the positions that rib structures meet purl 
structures, various types of three-dimensional knitted 
structures can be accomplished. Additionally, this 
research shows that the dimensions of 3D shapes are 
different according to the number of loops for rib 
and purl structures. Based on the three-dimensional 
knit models, three pieces of knitwear are created in 
this research.

3D knitted fabrics have a number of advantages 
such as better formability and drapability, high impact 
damage tolerance and energy absorption properties, 
greatly lower ‘production cost and others. The poten-
tial benefits of 3D knit models allow the 3D model 
to be utilized in apparel, upholstery, automotive, me-
dical, and aerospace industries.

국문초록
편성물은 여러 가지 형태의 편성 조직을 얻기 위

해서 횡편기나 환편기 등의 다양한 니트 편기를 이
용하여 다양한 형태의 니트 편환과 조건에 의해서 
편성을 하게 된다. 입체적인 형태의 니트 편지는 
각기 다른 니트 편환 조직의 병용, 다양한 편사의 
이용, 또는 여러 가지 가공공정 등을 거쳐서 얻을 
수 있다. 본 연구는 컴퓨터화된 자동 횡편기를 이
용하여 편성에 있어서 기본이 되는 조직인 리브편
과 펄편의 편성조직을 효과적으로 혼합 편성하여 
새로운 형태의 입체 니트구조를 갖는 편지를 개발
하는데 그 목적이 있다. 이러한 입체 니트조직을 

바탕으로 하여 몇 가지 다른 형태의 입체구조를 갖
는 편성물을 개발하고, 새로운 형태의 니트 패션 
의복을 제작한다. 또한 리브편과 펄편에 의한 입체 
편성조직의 원리와 특성 등에 대하여 논한다. 
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