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Abstract 

Metallized textile has a metallic color with reflective 

effect and smooth handle. This study aims to investigate 

the appearances of the nickel plated fabrics produced by 

different plating conditions including different nickel 

sulfate concentrations and temperatures. Design 

application of the electroless nickel plating on two kinds 

of fabrics was developed. The electroless plating could 

change the original appearance of the fabric through the 

deposition of metal particles on the fabric surface. The 

final pattern was well defined using many details such as 

lines and forms created by the design methods. The 

present study laid the foundation for the electroless 

nickel plated fabric and fashion design.  

 

1. Introduction 

Modern textile design aims to pursue an ideal 

combination of technologies, aesthetics and functions. 

Metallized textile is a kind of new material that has 

attracted the attention of scientists and engineers due to 

its special properties such as electrical conductivity, 

electromagnetic interference shielding, anti-static and 

anti-bacterial properties, UV radiation screen and radar 

reflectivity (Zhou & Zhao, 2001; Wang et al, 2007). In 

particular, metallized textile has the characteristics of 

luxurious and glimmering appearance which can 

generate fashionable effects (Jiang, Newton, Yuen, Kan, 

2004; Higging, 1993). Therefore, metallized textiles 

have a big potential in textile design to achieve brilliant 

performance.  

Many metallizing techniques are employed to deposit 

metals on textiles for aesthetic or functional purposes 

including vacuum deposition (Smith, 1988; Sen, 2001), 

sputtering (Bula, Koprowska & Janukiewicz, 2006), 

electroplating (Clarke, 2005) and electroless plating 

(Guo, Jiang, Yuen & Ng, 2009). Among them, electroless 

plating can endow fabric with irregular look and texture 

by using the traditional techniques to give the fabric a 

unique identity (Jiang, Newton, Yuen & Kan, 2005; Jiang, 

2009). Owing to its wide range of technological 

applications, electroless nickel plating has a great 

potential in the textile industry. In electroless nickel 

plating, nickel deposition is formed as a result of 

chemical reaction between a reducing agent and nickel 

ions present in the plating solution. Since the metallized 

textile design effects depend on treatment conditions, it 

is important to study the influence of deposition 

parameters. However, there is little literature reporting 

the effects of the plating parameters on appearance of 

the nickel plated fabric.  

 

In this study, the appearance of Green-Fabric by 

electroless nickel plating under different deposition 

conditions including concentration of nickel sulfate and 

bath temperature was investigated. Design application 

of the nickel plated Green-Fabric and Black-Fabric by 

innovative techniques was also studied. 

 

2. Experimental  

Two types of fabrics namely Green-Fabric (50% 

polyester and 50% nylon) and Black-Fabric (28% cotton, 

29% vinylon, 30% polyester and 13% nylon) were used. 

 

Nickel sulfate (NiSO4·6H2O), sodium hypophosphite 

(NaH2PO2·H2O), sodium citrate (Na3C6H5O7·2H2O), 

sodium hydroxide (NaOH), boric acid (H3BO3), tin 

chloride (SnCl2·H2O), palladium chloride (PdCl2), and 

hydrochloric acid (HCl) and deionized water were used 

during solution preparation. All the chemicals used were 

of analytical grade. 

 

The textile designs of the electroless nickel plating were 

inspired by the traditional dyeing techniques. Design 

method, namely tie-dye and material shielding were 

chosen to create various shapes. The fabrics were 

gathered together and masked at the designed areas 

with thread, wooden sticks or stainless steel clips to 

achieve the purpose of creating pattern with different 

shapes on the experimental fabrics. When the covered 

materials were removed, the original color pattern of the 

masked area was presented with no nickel plating while 

the nickel color appeared at the areas without shielding. 

All the fabric samples underwent pre-treatment before 

electroless plating. Surface sensitization was conducted 

by immersing the samples into an aqueous solution 

contained 10 g/l stannous chloride and 40 ml/l 

hydrochloric acid (38%) at 25°C for 10 minutes. The 

samples were then rinsed in deionized water and 

activated by immersing them in a solution containing 0.5 

g/l palladium chloride and 20 ml/l hydrochloric acid 

(38%) at 25°C for 10 minutes. They were rinsed again in 

a large volume of deionized water for more than five 

minutes to prevent contamination of the plating bath. 

The samples were subsequently immersed in the 

electroless nickel plating baths. The bath was composed 

of 6-21g/l NiSO4·6H2O, 20g/l Na3C6H5O7·2H2O, 20g/l 

H3BO3 and 20g/l NaH2PO2·H2O. 

 

3. Results and discussion  

The design results of the electroless nickel-plated 

Green-Fabric with different NiSO4 concentration and 

bath temperature are shown in Figures 1 and 2 

respectively. In each photograph, both the covered and 

uncovered areas can be found representing the areas 

where the fabric is covered and uncovered. The results 

showed that the Green-Fabric in the covered areas 

changed to black color throughout the process, while the 

light grey appearance was observed on the surface of the 

plated fabrics. The color change of fabric in covered 

areas was attributed to the strong effect of plating bath 

on fabric. The nickel-plated fabrics obtained showed a 

uniform light grey color under various conditions. The 

grey color had a shining effect on the surface of fabric. 

 

Different treatment conditions produced various value 

effects. The intensity of brightness increased at a higher 

NiSO4 concentration and bath temperature due to the 

rise of the plating rate of nickel plating, resulting in the 

increment of the weight of nickel deposits. However, 

when the NiSO4 concentration was increased to 21 g/l 
and the bath temperature was raised to 85℃, the plating 

bath tended to be unstable with the dark grey color being 

observed on the surface of the fabric.  
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Figure 1. Design results of the electroless nickel-plated 

fabric with different NiSO4 concentrations: (a) 6g/l, (b) 

9g/l, (c) 12g/l and (d) 15g/l 

 

  

  
Figure 2. Design results of the electroless nickel-plated 
fabric at different bath temperatures: (a) 50℃, (b) 60℃, 

(c) 70℃ and (d) 80℃ 

 

The color, shape and texture account for the three 

essential elements of textile design. Metallic nickel 

features such as colorful, shining and smooth surface 

can be used in many different fields such as decorative 

textile and fashion design. Electroless nickel plating was 

carried out on two different kinds of fabrics. 

Complementary materials such as metal clips and 

wooden sticks were employed to generate various 

shapes. Design collections obtained from the deposition 

of nickel on the two kinds of fabrics are shown in Figure 3. 

The figure exhibited the grey color of the nickel plated 

fabrics in the uncovered areas of both fabrics whereas 

black color appeared in the covered area of Green-Fabric. 

However, for Black-Fabric, shallow red color was 

observed in the covered area where the fabric was not 

soaked in the plating bath. This was mainly due to the 

effects of sensitization, activation and plating solution on 

the fabrics. Light grey was uniformly formed on the 

fabric by means of the electroless nickel plating in the 

uncovered areas. The black or red color contrasted with 

the brilliant grey nickel, resulting in creating a beautiful 

and rich visual effect. It is obvious that the sharply 

contrasting values attract attention and the use of light 

color against dark or red can create the illusion of size 

difference and reflect three dimensional effects. 

 

  
Figure 3. Design results of the electroless nickel-plated 

(a) Green-Fabric and (b) Black-Fabric 

 

The nickel-plated fabrics showed very clear patterns on 

the surface of fabrics by means of material covering 

methods. This evidence verified the shielding ability of 

the masking nickel plating on the fabric. The repeated 

line shape was created after plating. The various shapes 

were formed based on the design operation which 

enhanced the versatile features of the fabric. The 

formation of final shapes the electroless nickel plating 

was dependent on the intensity of pressure generated by 

the shielding tools which were closely related to the 

design operation. These plated fabrics could be 

manufactured in a large scale with three-dimensional 

shapes and flexibility. There were boundless potential 

depending on the design operation and application. 

 

The fabrics also exhibited the reflective and shining 

metallic effect after the electroless nickel plating 

treatment. The plated fabrics showed a smooth and 

lustrous surface with beautiful appearance and tactile 

qualities. As a result, the unusual and innovative fabrics 

could be created by means of electroless nickel plating. 

Figure 3 also indicates that the smooth Green-Fabric 

exhibited more shining effects than the Black-Fabric 

after the nickel plating. The results suggested that the 

substrate of fabrics could influence the metal-plated 

effects. There was a minor change in the handle of the 

nickel-plated fabrics when compared with the original 

fabrics. 

 

Electroless nickel plated fashion designs with grid 

patterns are shown in Figure 4. The patterns produced 

by nickel plated fabric were intended to express the 

effects both of metallic nickel color and reflection effects 

onto garment. The results obtained from electroless 

nickel plating and resist design process generated the 

coats an entirely new appearance that are colorful and 

have shining surface. 

 

(c) 

(b) (a) 

(d) 

(c) (d) 

(a) (b) 

(a) (b) 
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Figure 4.  Electroless nickel plated fashion designs with 

grid patterns 

 

4. Conclusions 

The effects of the electroless nickel plating conditions on 

Green-Fabric were investigated for the metallized fabric 

design application. The results indicated that nickel 

showed a light grey and intensity of grey increased with 

the rise of composition of NiSO4 and bath temperature. 

Green-Fabric and Black-Fabric had shining surface and 

clear shape after the electroless plating. By combining 

the electroless plating technology with nickel, there is a 

great potential development of textile and fashion design 

depending on operational condition and techniques of 

masking.   

 

According to the results of design application, some 

advantages were revealed in the nickel plating of fabric 

design including (i) design images were obtained by 

changing the plating condition; (ii) decorated textiles 

with shining surface have been achieved after 

conducting the electroless nickel plating on two different 

kinds of fabrics; (iii) electroless plating operation and 

design creation might produce delicate patterns; and (iv) 

the design images were influenced by plating condition, 

fabric and design method. 
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Abstract 

The possibly deformation performance of fabric is a kind 

of dynamic mechanical properties. There are currently no 

individual research reports on fabric possibly 

deformation performances. The fabric possibly 

deformation types can be divided into two kinds: one is 

multidirectional possibly deformation and the other is 

uni-directional possibly deformation. The uni-directional 

possibly deformation is that a fabric takes shape as 

buckling wave along one direction under the external 

forces and the action of the wind. It is the most basic 

type of fabric possibly deformation. In this paper, 

wavelength and amplitude attenuating coefficient of the 

waveform were revealed by using the self-made test 

equipment to test the possibly deformation properties of 

different fabrics in different widths, lengths and 

analyzing the tested data the relationships between the 

fabric size parameter and the parameters as amplitude. 

This paper will play a guiding role to the study on the 

dynamic mechanical properties of fabrics and to the 

application of clothing materials. 

 

The possibly deformation performance of fabric is a kind 

of dynamic mechanical properties. It is an important 

performance of the esthetic represents of clothing. There 

are currently no individual research reports on the 

testing of fabric possibly deformation. In this paper, the 

uni-directional possibly deformation dynamic mechanical 

properties of fabrics were analyzed by testing the 

possibly deformation properties of different fabrics by 

using the self-made test equipment. And the 

relationships between various parameters and the 

influencing factors were analyzed.  

 

1.The definition and classification of fabric 

possibly deformation 

 

The fabric possibly deformation performance refers to 

the features of morphological changes of the curved 

fabric surface formed under the action of wind or 

external forces.  

 

The fabric possibly deformation types can be divided into 

two kinds: one is multidirectional deformation and the 

other is uni-directional deformation. The multidirectional 

deformation refers to fabric deformation wave spreading 

along more than one direction on the fabric such as  

dynamic drape[2] [3] [4]. The uni-directional deformation is 

that the fabric buckling wave spreading along one 

direction. One end of the fabric is restrained. The other 

end is the free end. This uni-directional deformation can 

also be divided into two kinds as wind blowing 

deformation and the deformation under the external 

forces. The former refers to that the restrained end of the 

fabric was hold and the fabric floats freely under the 

action of wind. The latter refers to that the restrained end 

was pulled under the external forces. so that the fabric 

was caused deformation which is the type tested and 

analyzed in this paper.  

 

 

 

 

2. The driving mechanism for possibly deformation 

test and force analysis   

 

2.1 The formation of the possibly deformation of the 

sample 

 

The driving mechanism of the test device is a the 

slider-crank mechanism. The top end of the sample strip 

1 was clamped by the clamping chuck P, the bottom of 

the strip was hanged freely, as shown in Figure 1. 

 

 
Figure 1  schematic diagram of the driving mechanism 

 

When the crank R rotates as the circular frequency  , 

the connecting rod l drives the slide block to move 

reciprocating along the horizontal rail. When Rl   the 

chuck goes as simple harmonic motion. The 

displacement law of motion[5] is as the follows: 

 

   ty cosA                （1） 

 

When the sample floating steady, a picture of the 

waveform was taken at a fixed point by a digital camera 

and a positioning control system and the date was 

collected for analysis.  

 

3. Test conditions and test results 

 

3.1 Test conditions 

 

The test was done at standard atmospheric conditions 

and in a no wind, vibration-free room. The specimen 

should be preconditioned first before test. The dynamic 

range of the chuck is 8.8 cm. When the chuck speed n 

(rpm), the specimen width B, the length L were changed, 

the amplitude A and the half-wavelength λ of the first 

wave were measured. The average values were shown in 

Table 1 to Table 4. Among them the Table 1 and table 2 

are for silk habotai. The unit of amplitude and 

wavelength is in cm. 
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Table 1 Test results in different frequencies 

n A λ 

100 3.1 41 

112 3.0 38 

120 3.0 37 

132 3.2 33 

140 2.9 32 

148 2.5 30 

160 2.7 29 

168 2.5 31 

180 2.5 28 

188 2.7 26 

208 2.7 23 

224 2.7 22 

240 2.6 20 

248 2.7 18 

Note: Sample length × width = 80 × 10cm. 

 

 

 

 

 

 

 

 

 

 

Table 2 Test results in different widths 

B A λ 

2 1.8 23.0 

5 2.1 20.0 

6 2.3 20.0 

7 2.5 19.0 

10 2.8 19.0 

11 2.7 18.8 

12 2.9 20.5 

13 3.2 19.0 

14 3.3 19.5 

15 3.4 19.0 

Notes: The chuck speed is 180rpm. The sample length is 

70cm. 

 

Table 3 Test results in different lengths 

L A λ 

20 4.8 13.0 

30 4.3 17.5 

40 3.9 18.0 

50 3.5 19.5 

60 3.3 23.5 

70 3.3 23.8 

80 3.0 27.0 

Notes: The chuck speed is 136rpm. The sample width is 

5cm.. 

 

 

Table 4 Test results of printed silk gauze 

No. X A λ No. X A λ 

1 38 1.8 43 41 65 0.8 26 

2 35 1.6 41 42 64 0.8 28 

3 31 2.0 40 43 63 0.8 32 

4 28 2.5 40 44 60 1.0 32 

5 25 2.8 42 45 58 1.0 32 

6 22 3.0 42 46 56 1.3 34 

7 20 3.3 40 47 54 1.2 34 

8 35 1.5 36 48 64 0.8 22 

9 26 2.3 40 49 58 0.9 26 

10 24 2.8 40 50 58 0.9 32 

11 21 3.3 39 51 55 1.0 32 

12 38 1.9 38 52 66 1.0 24 

13 36 1.8 40 53 65 0.9 26 

14 32 1.9 40 54 64 1.0 30 

15 28 2.3 40 55 62 1.0 32 

16 25 2.8 42 56 60 1.0 36 

17 22 3.3 42 57 57 1.0 34 

18 38 1.5 36 58 65 0.6 20 

19 35 1.4 34 59 64 0.5 24 

20 31 1.5 38 60 62 0.5 26 

21 52 0.8 28 61 75 0.3 20 

22 50 0.8 30 62 74 0.3 20 

23 47 0.9 32 63 73 0.3 20 

24 44 1.3 33 64 72 0.3 24 

25 42 1.4 34 65 70 0.3 24 

26 39 1.6 34 66 68 0.3 24 

27 37 1.8 34 67 65 0.3 22 

28 53 1.1 36 68 73 0.5 18 

29 45 1.6 38 69 71 1.0 26 

30 42 1.6 36 70 71 1.0 26 
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31 39 1.9 36 71 68 0.9 26 

32 54 1.0 32 72 75 0.5 18 

33 52 0.9 32 73 73 0.3 16 

34 49 0.9 34 74 74 0.3 20 

35 46 1.0 36 75 72 0.3 20 

36 42 1.3 34 76 70 0.3 20 

37 40 1.5 36 77 68 0.4 22 

38 55 1.0 34 78 74 0.6 18 

39 52 1.0 34 79 73 0.5 18 

40 49 1.3 36 80 72 0.6 20 

Notes: Sample length × width = 80 × 10cm. The chuck speed is 180rpm. The x is the propagation distance.  

 

4. Data analysis 

 

4.1 Analysis of different frequency waveforms 

 

Table 1 shows with the increase of the chuck speed, the 

change of the amplitude do not follow evident law. The 

linear regression [7] equation of wavelength λ and chuck 

speed n is : 

    

 nbna .14210-18.53        （4） 

 

 
Figure 2 Regression relation between wavelength and 

chuck speed 

 

 
 

Figure 3 Regression  straight line of amplitude and width 

of the sample 

 

When the chuck speed increases, the sample shear force 

increases and the curvature increases at the wave crest 

so that the wavelength decreases as shown in Figure 2.  

 

4.2 Waveform analysis in different width and length 

 

Data from Table 2 show the wavelength change does  

not follow any law. The linear regression equation of 

amplitude A and width B is: 

 

BbBaA 1213.047.51        （5） 

 

With the specimen width increases and the air resistance 

increases, the amplitude increases as shown in Figure 3. 

From Table 3, the linear regression equation of amplitude 

A and length L of the sample is as equation (6) and the 

linear regression equation of wavelength λ and the 

sample length L is as equation (7). 

 

LbLaA 0286.057.15        （6） 

LbLa 2146.0596.9                 （7） 

 
Figure 4 Regression relation between the amplitude and 

the length of the sample 

 

 
Figure 5 Regression relation between the wavelength 

and the sample length. 

 

With the length of the sample increases, the amplitude 

decreases while the wavelength increases as shown in 

Figure 4 and Figure 5. 

 

4.3 The attenuation analysis of amplitude and 

wavelength 

 

Obtained from Table 5, the regression equation of the 
amplitude A  and the propagation distance x  is as (10). 

The regression equation of the wavelength   and the 

propagation distance x  is as (11). 

 
xbx eaeA 03576.04168.6          （8） 
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03397.0

-56.86 x

b

xa





       （9） 

 

 
Figure 6 Relation between the amplitude and the 

propagation distance 

  
Figure 7 Relation between the wavelength and the 

propagation distance 

 

As the sample is with a variety of damping, with the 

propagation distance increases, the amplitude   

decreases by an exponential function, while the 

wavelength decreases according to power function, as 

shown in Figure 6 and Figure 7. 

 

4.4 Confidence interval of coefficient and the test of 

goodness of fit 

 

The confidence interval of the coefficients a, b as shown 

above (4) - (9), the coefficient of determination and the 

coefficient of determination after adjusting the degrees 

of freedom are shown in Table 6. 

 

It can be seen that the two coefficients of determination 

of all the equations are close to 1. The confidence interval 

of every coefficient does not include 0. This indicates that 

the regression equations above are valid and the effect of 

the regression equation is good. 

 

 

Table 5 The confidence interval of the regression 

equation and the coefficient of determination 

 

5. Conclusion 

1) The fabric possibly deformation tests can be divided 

into two kinds as multidirectional deformation and 

uni-directional deformation; According to the force types 

applied to the fabrics the uni-directional deformation can 

also be divided into two kinds as wind blowing 

deformation and the deformation under the external 

forces. 

 

2) With the chuck speed increasing, the wavelength 

presents linear decrease but the amplitude is without 

obvious law.  With the sample width increases the 

amplitude presents linear increase but the wavelength is 

without obvious law. With the sample length increases 

the wavelength linear increases but the amplitude 

decreases linearly.   

 

3) With the propagation distance extends, the amplitude 

decreases exponentially. But the wavelength decreases 

according to a power function relation. 

 

4) The relationship between fabric density, yarn bending 

stiffness and waveform parameter needs further 

research. 
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Abstract 

The tourist sector in Mauritius is aiming at welcoming 2 

million tourists by the year 2015.  This is an opportunity 

to come up with creative ideas and products with the 

„Made in Mauritius‟ brand to boost its craft sector.  This 

project looks into the manufacture of yarns from paper. 

Different types of paper were cut into ribbons of varying 

widths and then converted into yarn by two methods: 

twisting and folding. The folds were made along the axis 

of the ribbon while twisting required prior moistening 

and then twisted on a modified yarn-twist measuring 

device.  The relation between number of folds / number 

of twists and the strength of the resulting paper-yarn has 

been investigated.  Good quality yarns can be obtained 

by twisting ribbons of relatively smaller widths while it is 

more appropriate to fold relatively wider ribbons. The 

yarns can be used as manufactured or converted into 

craft products. 

 
Keywords: paper-yarns, twist, twist-contraction. 

 
1. Introduction 

Very few people would associate yarn or threads 

manufacture with paper; yet paper-yarns are known to 

have been used for a long time in Japan.  Earliest 

records mention the use paper-yarns since 1638 [1, 2] 

to make woven cloth, also known as shifu.  According to 

Leitner [2], the Japanese were initially using strips of 

paper to make clothing items such as ties and laces as 

well as for binding and packaging; and this is how the 

idea to twist the materials originated. For the 

manufacture of shifu, paper sheets with high degree of 

fibre orientation were made and then cut, along that 

direction, into narrow of about 2 mm width [3].  The 

narrow strips were then twisted into yarns manually or 

on a wooden spinning wheel [4]. 

 

Paper-yarns are still manufactured by twisting a 

continuous length narrow paper ribbon on simple hand 

spindles and on spinning wheels. They are also 

manufactured on industrial scales on spinning machines.  

The first paper spinning machine was patented in 1898 

by Emil Claviez from Leipzig, Germany [5]. Marks [6] 

patented a „Continuous Process and Apparatus for 

Making Paper Yarns‟ in 1957.  This improvement 

enabled the evenly wetting, continuous slitting and 

twisting of the strips as on a single machine.  Research 

is ongoing to improve the manufacturing process of 

paper yarns: recently a team from the „Korea Institute 

for the Knit Industry‟ has designed a spinning frame that 

allow to wind a larger amount of paper-yarn onto the 

cone thus eliminating the process of winding from 

smaller cops to larger cones as in conventional frames 

[7].   This invention undoubtedly reduces 

manufacturing and labour costs. 

 

There are many advantages associated with the use of 

paper as a raw material for the manufacture of yarn.  

Paper is an eco-friendly material that is made up of an 

interesting network of fibres and it is renewable [8, 9].  

Paper waste is available abundantly in most part of the 

world and recycling facilities are becoming more 

accessible as the world is becoming increasingly 

conscious of the necessity for a better environment.  

Also, most papers can be converted into yarns [10].  

Paper should be wetted before spinning to overcome its 

stiffness and brittleness and improve its flexibility [11] 

so that it may be easily twisted.  On drying, the 

paper-yarn retains the imparted shape. 

 

Good quality yarns would be produced if the following 

conditions are met: 

 the paper should be thin and soft and its fibres 

long, flexible and strong [12]; 

 because paper is moistened before twisting, it 

should have sufficient wet-strength to resist the 

different forces on it‟s the yarn forming 

process; 

 paper should be evenly moistened during the 

process; 

 the network of fibres in the paper should be 

uniformly distributed while their orientation 

should be in the machine direction; 

 the paper should be free of imperfections, dirts 

and any other impurities that would otherwise 

compromise its strength; 

 the width of the paper-ribbon should be 

constant over the whole length of the roll. 

 

Nowadays, woven paper strings, bedroom accessories, 

different types of furniture such as armchairs, sofas, 

beds [13], filters for air purifying devices [14] are being 

made using value-added paper yarns.   Carpets, 

upholstery farics and blinds are made either entirely of 

paper yarn or in combination with cotton and wool [15, 

16].  As people are becoming more environment 

conscious, these products are gaining popularity.  New 

technology is required, however, to overcome the cost 

hurdle as the articles are still expensive to manufacture 

and the products mentioned seem to target the elite 

market only. 

 

Mauritius does not manufacture paper; however about 

120 tonnes of paper waste is generated everyday 

according to „Factsheet‟ published on the site of the 

Ministry of Environment and National Development Unit 

[17].  That figure is set to increase while only 9% of that 

waste is recycled [18].  Therefore there is a huge 

potential for paper recycling in Mauritius and the 

manufacture of paper-yarn is one of the possibilities that 

may be considered.  The main cost components of such 

a process would be to recycle the paper, slit it into log 

narrow strips and wind onto a paper roll as required by 

both the spinning wheel and spinning frame. 

 

Paper ribbons are also extensively used as „Raffia‟ or 

„Wraphia‟.  In such cases, the paper is either used flat, 

folded or „condensed‟ and therefore there is no loss in 

length per mass i.e. twist contraction is zero. 

 

The aim of this study is to investigate the possibility of 

manufacturing twisted and folded paper-yarns at a 

minimal cost.  It is proposed to use readily available 

paper, cut them into strips.  The strips are then twisted 

on a specially modified twisting device.  The manually 

operated device can twist paper strips of a maximum 

length of one metre.  A wide range of paper-yarns may 

mailto:jchummun@uom.ac.mu
mailto:s.rosunee@uom.ac.mu
mailto:ravinnaraynen@hotmail.com
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be manufactured without modifying the device.  The 

second method consists of manually folding paper strips 

parallel to their axis.  In both cases, the strips are cut 

along the paper in the machine direction.  With some 

creativity, a lot of potential uses may be identified.  

That would certainly open up new dimensions and 

possibilities for the local designers and SMEs to tap into.  

The proposed project is in-line with the country‟s policy 

to encourage the creation of SMEs; more so, Mauritius is 

expecting to welcome about 2 million tourists every year 

by 2015. 

 

2. Materials and methods 

 

2.1 Materials 

2.1.1 Paper 

Three different types of readily available papers were 

used: „kite poster‟, grease and „kraft‟. 

 

2.2 Testing 

All samples were conditioned at 50% relative humidity 

and at a temperature of 220C for a minimum of 24 hours 

before testing. 

 

2.2.1 Grammage of paper 

A circular cutter was used to cut the paper sample of 

area of 100 cm2.  The sample was then measured on an 

electronic balance according to T410 - Grammage of 

paper and paperboard. 

 

2.2.2 Yarn Strength 

Yarn tensile strength was measured on an Instron-1114 

Tester, using the pneumatic yarn grips testing jaws 

using the ISO 2062:1995 Standards.  All tests were 

carried out at constant rate of elongation. 

 

2.3 Apparatus used 

2.3.1 Slitting of paper into strips 

A Polar-92 automatic paper cutting machine was used. 

Paper strips of widths 0.5, 1.0, 1.5 and 2.0 cm were cut.  

 

2.3.2 Twisting device 

In order to manufacture paper-yarns, an existing manual 

yarn twist tester was modified so that yarn ribbons of 

width up to 30 mm and having length up to 500 mm 

could be twisted.  The modified device (Figure 1) has 

the following features: 

 

 clamps on the twisting side (side A in diag.), 

that would hold firmly one end of the paper 

ribbon while it is turned; 

 a pair of nip rollers that would allow for the 

paper ribbon to move towards side A as it is 

being twisted.  It would, at the same time, 

prevent the ribbon to twist on the left hand-side 

of the rollers; 

 a guide that will allow the ribbon to hang so that 

the necessary tension could be imparted (by 

hanging) to the length of paper. 

 

The yarn-twist measuring device notes the amount of 

twists imparted during the manufacture of yarns.

 

 
Fig. 1 Paper twisting device 

 

2.4 Manufacture of paper-yarns 

2.4.1 Twist method 

Paper strips were initially steamed in a low pressure 

steaming device for 5 minutes to ensure that the paper 

was uniformly moistened.  Twist was imparted to the 

ribbon until the yarn started to snarl on itself.  This twist 

level was noted for a particular yarn and all the samples 

were twisted at values less than the noted twist level ie 

less than the maximum twist possible without the yarn 

snarling.  The procedure was repeated for all the paper 

types.  For each paper type, yarns of four different 

counts were made by varying the width of the paper 

strips as mentioned in section 2.3.1.  To prevent paper 

to tear while twisting, the strips had to be „condensed‟ as 

shown in Figure 2.  An example of the resulting 

paper-yarn is shown in Figure 3. 

 

 

 

 

Figure 2. Condensing paper strips Figure 3. (a) Condensed strip, (b) paper-yarn after twisting 

 

2.4.2 Manual fold method 

Paper strips were folded in three different ways as shown in Figures 4a, 4b and 4c. 
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(a) (b) (c) 

Figure 4. Folding of paper strips 

 

3. Results 

3.1 Twisted paper-yarns 

Table 1 summarises the results obtained for the different 

tests performed on paper and the resulting twisted 

yarns. 

   

Table 1. Test results for papers and twisted yarns 

tpcm Specific Mass (g/m2)  Yarn Count (tex) Breaking load (g) Elongation (%) 

Kite poster 

2.6 

17.0 

86.4 215.0 1.36 

2.5 177.4 504.8 2.16 

2.4 273.2 950.0 3.97 

2.3 372.7 1097.3 2.86 

Kraft 1 

1.6 

36.0 

189.0 90.0 1.21 

1.5 382.0 179.4 3.65 

1.4 580.6 600.0 2.23 

1.3 791.2 1114.9 3.91 

Grease paper 

1.2 

40.0 

203.0 383.3 3.23 

1.1 409.1 789.6 2.78 

1.0 623.3 1762.0 5.30 

0.9 879.1 2216.4 6.29 

Kraft 2 

1.2 

80.0 

408.2 1521.8 3.25 

1.1 833.3 3375.7 4.87 

1.0 1263.2 5586.3 4.83 

0.9 1696.1 8009.4 6.57 

 

3.1.1 Tenacity 

Figure 5 shows the relationship between the tenacity of 

the yarns and the level of twists imparted to them.  The 

general trend shows a decrease of the tenacity of the 

yarns as the number of twists per unit length increases.  

However, two of the yarns (kite poster and grease) show 

an initial increase followed by a decrease in tenacity: 

there is an optimum twist value for which the strength is 

maximum.  For kraft 1 & kraft 2 yarns, the curve show a 

decrease in tenacity for increasing twist level.  In the 

latter cases, it is likely that the optimum twist values are 

below the investigated range of twist level. 

The results obtained are similar to those obtained by 

Broughton and Wang [19] for yarns made on industrial 

spinning machines. 

 

Figure 5 reveals another interesting feature.  Kite 

poster paper has the smallest specific mass (17 g/m2), 

yet the tenacity of the yarns made from it is in the range 

of 2.4 – 2.9 cN/tex.  For the remaining three yarns, the 

tenacity values of the paper-yarns increase as the 

specific mass of the respective paper increases.  It was 

possible to impart a relatively higher number of twists 

per cm to kite poster paper during yarn formation.  This 

result is in agreement with conclusion made by Reynolds 

et al. [11], whereby it is recommended to use paper 

having the lowest grammage cut to the narrowest 

possible width.
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Figure 5. Relationship between twist level and yarn tenacity 

 

3.1.2 Percentage elongation It can be seen in Figure 6 that the percentage elongation 

increases as the twist factor increases: with more twist, 

there is more elongation. 

 

 
Figure 6. The influence of twist factor on percentage elongation of paper-yarns (NB.: Curves for yarns made from Kite 

poster paper and kraft 2 paper coincide with each other.) 

 

The small number of twists imparted to the Kraft 2 paper 

explains the relatively lower elongation.  Yarns made 

from heavier paper tend to have more elongation. 

 

The highest tenacity is obtained from yarn made from 

the heaviest Kraft2 paper (Figure 7); however its 

percentage elongation is quite high.  Too much 

elongation is not desirable [19] as yarns cannot recover 

back completely after extending under load and would 

therefore tend to get weaker.  For three remaining 

yarns, the ones from the lightest (Kite poster) paper 

have highest tenacity and the lowest elongation.  They 

would be considered as the best suitable paper-yarns. 

 

 

 
Figure 7. The relationship between yarn tenacity and percentage elongation of paper-yarns 

 

3.1.3 Twist contraction 

When a length of paper-yarn is untwisted and the paper 

it is made from it is straightened, the length of same 

would be longer than that of the yarn.  The ratio of the 

length of paper to that of the yarn is termed 

„twist-contraction‟ [20].  Twist contraction, therefore, 
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characterises the „loss of length for a given mass‟ of 

paper strip [19].  For economic reasons, a yarn with low 

twist-contraction would be most welcomed.  In Figure 8, 

the twist-contraction increases as the twist factor 

increases and, for a given twist factor, the lightest paper 

would yield yarns of lowest twist contraction.

 

 

 
Curves for yarns made from Kite poster paper and kraft 2 paper coincide with each other.  

Figure 8. The influence of twist factor on twist contraction 

 

3.2 Folded paper-yarns 

Figure 9 shows the result for the relationship between 

the breaking load of folded paper-yarns and the width of 

the paper strips used to make them.  The increase of 

the breaking load is almost linear and it seems that the 

type of fold has negligible effect on the breaking load of 

the yarn. 

 

 

 
Figure 9. Breaking load for folded paper-yarn vs width of paper strip 

 

4. Conclusion 

Traditionally an endless length of paper strip is 

converted into yarn.  This study has presented two 

simple means of converting waste paper into 

paper-yarns: twisting and folding of short paper strips.  

It has been found that paper-yarns of relatively higher 

tenacity and lower percentage elongation can be 

manufactured from lighter paper.  Higher amount of 

twists can be imparted to lighter paper strips.  If 

compared to heavier papers, and for the same twist level, 

the lighter paper would require paper strips of smaller 

length.  These results are similar to those obtained for 

yarns made on industrial machines.  Heavier paper may 

be converted into yarns by folding rather than twisting. 

 

Acknowledgements 

The authors would like to thank: 

 Mr R. Awatar, Technician in the Knitting Lab. of 

the Textile Technology Department, Faculty of 

Engineering for his devotion and support for 

this work; 

 Mr S. Butt, Technician, Textiles & Paper Dept., 

University of Manchester.  He has been 

instrumental in constructing the winding 

device. 

 

References 

1. Sahlstrand, M. & Koplos, J., 1984.  Paper clothing, 

East and West.  Fiberarts Magazine, 11 (2), pp. 

36-42. 

2. Leitner, C., 2005. Paper Textiles. London: A. & C. 

Black. 

3. Longenecker, M. (Curator), 1985.  Paper 

Innovations: Handmade Paper and Handmade 

Objects of Cut, Folded, and Molded Paper.  Mingel 

Interantional Musuem of World Folk Art, La Jolla, 

CA. 

4. Barrett, T. 2005. Japanese Papermaking: Traditions, 

Tool and Techniques. Floating World, Warren, CT. 

5. Claviez, E., Kunst-Weberei Claviez and Company, 

Leipsic, Germany (1898). Apparatus for Making 

Yarn or Thread from Paper. US Pat. 604350. 



8ISS Symposium-Panel on Technology 

149 

6. Marks, R.H. Dallas, US. 1959.  Continuous Process 

and Apparatus for Making  Paper Yarns. US Pat. 

2896393. 

7. Kim, H.C., Kim W.Y., Kim, S. B., Choi, C.Y., Oh, Y.S. 

(2007). Method for Manufacturing of Paper Yarn.  

World Intellectual Property Organisation. 

International Publication Number: WO 

2007/024059 

8. Park, T. Y., 2007.  Manufacture and tensile 

property of fine paper yarn.  Hankook Sumyu 

Gonghakhoeji, 44(6),  pp.333-338.  (Article 

written in Korean.). 

9. Murate, H., Terasaki, F., Shigematsu, M. and 

Tanahashi, M. 2008. Improvement in the Stretching 

Property of Paper Yarn by Shape Memorization 

Produced with High-pressure Steam Treatment. 

Sen'i Gakkaishi, Vol. 64, No. 3, pp.74-78. [The 

Society of Fibre Science and Technology, Japan] 

10. Anon, 1942(b). Melliand Textile, 23 Sept. 

11. Reynolds, W.F. Newell, W.A. Egerton, G., 1962.  

Paper yarns and fabrics, Parts 1-3. Modern Textiles, 

43 (8), pp.28 + 30-32 + 35-38. 

12. Yamada, K., 1967.  Japanese paper fibers.  XXXV. 

Effects on strength of the length/width ratio of raw 

paper.  Kami Pa Gikyoshi, 21(6), pp.358-62). 

13. Lloyd Loom Furniture Vincent Sheppard 

Contemporary furniture, 2008.  Lloyd Loom. 

Available at: 

http://www.lloyd-loom-furniture.co.uk/ 

[Accessed on 16th August, 2011]. 

14. Textile Course Summary. Paper yarn Introduction, 

History, Properties, Disadvantages, Color, Blends, 

2005. Paper Yarn. Available at: 

 

http://www.isunte.co.uk/TextileInfo/Textile_Course/Te

xtile_Course_Paper_Yarn.htm. 

[Accessed on 10th August, 2011]. 

15. Welcome  to Woodnotes. Product Ramge. 

Available at: http://www.woodnotes.fi 

[Accessed on 14th August, 2011] 

16. Industrial Paper Yarn. 

Available at: 

http://www.paperphine.com/?tag=industrial-paper-yar

n 

[Accessed on 14th August, 2011] 

17. http://www.gov.mu/portal/goc/menv/files/waste.p

df 

[Accessed on 10th August, 2011] 

18. Mohee, R., Karagiannidis, A.,  Themelis, N. and 

Kontogianni, S.T. 2010.  The Mounting Problems 

with Managing Wastes in Rapidly Developing Islands: 

The Mauritius Case. Third International Symposium 

on Energy from Biomass and Waste, organized by 

the International Waste Working Group. Venice, 

Italy. 8 – 11 November 2010. 

19. Broughton, G. and Wang, J.P., 1955.  An 

Experimental Study of the Factors Involved in the 

Manufacture of Paper Yarn. TAPPI Journal, 38(4), 

pp.237-241. 

20. Hearle , J.W.S. and El-Behery, H.M.A.E., 1960.  

The Deformation of Filaments within Yarns Due to 

Transverse Forces.  Textile Research Journal, 30(4), 

pp.322-324. 

  

http://www.isunte.co.uk/TextileInfo/Textile_Course/Textile_Course_Paper_Yarn.htm
http://www.isunte.co.uk/TextileInfo/Textile_Course/Textile_Course_Paper_Yarn.htm
http://www.woodnotes.fi/
http://www.paperphine.com/?tag=industrial-paper-yarn
http://www.paperphine.com/?tag=industrial-paper-yarn


8ISS Symposium-Panel on Technology 

150 

Design and Development of Seamless Knitted Bra 
 

WF LAUa, W YUb, JT FANc, R ZHENGd 

 

aInstitute of Textiles and Clothing, The Hong Kong Polytechnic University, Hong Kong, 09902257r@polyu.edu.hk 
bInstitute of Textiles and Clothing, The Hong Kong Polytechnic University, Hong Kong, tcyuwm@inet.polyu.edu.hk 
cInstitute of Textiles and Clothing, The Hong Kong Polytechnic University, Hong Kong, tcfanjt@inet.polyu.edu.hk 

dThe Beijing Institute of Fashion Technology, Beijing, yuki.zheng@gmail.com 

 

 

Abstract 

Circular knitting can eliminate the lateral seams while 

some cut-and-sewn are still required for the gusset of 

underpants and shoulder straps of bras. The bra cup 

tension often compresses the wearer‟s breasts due to 

the limitations in the knitting process. To design an 

improved seamless knitted bra, a functional apparel 

design framework was used to guide the development 

process in a systematic manner. The existing apparel 

design process frameworks were reviewed and combined 

to form an integrated design framework comprising of 

six step: problem identification, statement of goal, idea 

generation, prototype development, evaluation and 

implementation. This paper shows the design processes 

and the systematical approach in developing the final 

design of a total seamless knitted bra with enlarged cup 

volume. This study makes a significant contribution and 

provides useful information for the advancement of 

close-fitting knitwear design and technology.  

 

1. Introduction 

Traditional fashion design approach seemed a „black-box‟ 

because how a design idea was developed is seldom 

explained. The most valuable part of the design is inside 

the designer‟s head. Therefore, a framework of apparel 

design process is needed to translate the intuitive 

creativity into a systematic analysis of garment purpose 

and user needs (DeJonge, 1984), so that the design can 

be monitored and controlled in a „grass box‟ approach 

(Jones, 1970). There are various frameworks guiding the 

designers to go through steps from the initial design idea 

to an evaluation of the final (Hanks, Belliston, & Edwards, 

1977; Jones, 1970; Koberg & Bagnall, 1981; Lamb & 

Kallal, 1992; Watkins, 1988). knitwear design and 

technology.  

 

2. Apparel design Framework 

Figure 1 shows that the citation network among three 

earliest design frameworks (Jones, 1970); (Hanks et al., 

1977) and (Koberg & Bagnall, 1981) and three most 

adopted frameworks (DeJonge, 1984); (Watkins, 1988) 

and (Lamb & Kallal, 1992) by the textile and apparel 

research. 

All design approaches appeared similar although the 

design sequences and focuses were different. As shown 

in Figure 2, (DeJonge, 1984) devoted efforts for 

understanding the problem situation and determining 

the critical factors while (Lamb & Kallal, 1992) used a 

more user centered and look-ahead approach to 

understand the consumer needs and conduct preliminary 

studies in the early stage. This approach is considered 

the most suitable to form a basis of the integrated design 

framework to be developed in the present study. 

 

To solve the design problems of the existing seamless 

knitted bras, an integrated design framework was 

formulated with six design stages. They are problem 

identification, statement of goal, idea generation, 

prototype development, evaluation and implementation. 

The corresponding design elements in the existing 

frameworks were summarized in Table 1 as references. 

The six design stages were adopted in this study with an 

aim to design an improved seamless knitted bra that 

meets the user needs for specific user situations. 

 

 
Figure 1. Citation network of design frameworks 

 

Figure 2. Citation network of frequently cited scholars in 

apparel design framework 

 

 

3. Seamless knitted bra 

 

3.1 Problem identification 

 

The first design stage “problem identification” 

incorporates a literature search, market analysis and 

pilot wear test to identify the existing design problems. It 

was found that the major complaints of the existing 

knitted bras were breast compression due to insufficient 

cup volume and the unwanted seams and stitches on the 

neckline and shoulder straps because they would affect 

the fit perception.  

 

3.2 Statement of goals 

 

To solve the identified problems, it was aimed to develop 

a total seamless and sew-free knitted bra-style with 

increased cup volume. 

 

3.3 Idea generation  

3.3.1 Design without seams and stitches 

 

To eliminate the seams on the neckline and shoulder 

straps, accessories must be omitted. The armhole may 

use a “mock welt” knitting structure like mesh which is 

formed by plain and float stitches. 
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3.3.2 Increase the bra cup volume 

 

Each bra cup is formed using a plain single jersey stitch. 

To increase loop length, various stitch cam settings, 

stitch length and stitch construction can be used to knit 

the bra cups with graduating elasticity in different areas. 

The stitch density should be most dense at the bottom of 

the cup gradually decreased towards the top cup. The 

computer program for the circular knitting machine can 

control the stepper motors to regulate the yarn tension 

to vary the stitch length. 

Another idea was to increase the loop length by heat 

setting. “Flat boarding” is commonly used for 

maintaining the shape of circular-knitted tube, but it 

shrinks after the process. Therefore, three-dimensional 

form of cup shape should be used for controlling he 

shrinkage ratio in heat setting the knitted bra cups with 

permanently retained shape. 

 

 

Table1 Summary of the design elements in six design stages 

Design 

framework 

Problem 

Identification 

Statement 

of goal 
 Idea generation 

Prototype 

development 
Evaluation Implementation 

Jones 

(1970)  
[1] Analysis  [2] Synthesis [3]Evaluation 

Hanks 

(1977)  
[1] Problem identification  

[2] Preliminary 

ideas 
[3] Design refinement 

[4] Analyze 

[5] Decision 

[6] 

Implementation 

Koberg & 

Bagnal 

(1981)  

[1] Request 

[2] Explore 

[3] Identify 

problem  
 

[4] Specifications  

[5] Criteria  
[6] Develop prototype  

[7] 

Evaluation 
 

DeJonge 

(1984)  

[1] Accept 

[2] Analysis 

[3] 

Definition 
 

[4] Ideation 

[5] Selection 
[6] Implementation 

[7] 

Evaluation 
 

Watkins 

(1988)  

[1] 

Acceptance 

[2] Analysis 

[3] 

Definition 
 

[4] Ideation 

[5] Idea selection 
[6] Implementation 

[7] 

Evaluation 
 

Lamb & 

Kallal 

(1992)  

[1] Problem Identification 

(FEA model) 

 

 

[2] Preliminary 

Ideas 

[3] Design 

refinement 

[4] Develop prototype  
[5] 

Evaluation 

[6] 

Implementation 

Regan et al. 

(1998)  

[1] Problem 

Recognition 

[2] Define 

[3] Explore  

 

 

[4] Search for 

alternatives 
[5] Evaluation 

[6] 

Specification 

of solution 

[7] 

Communication 

of solution 

LaBat & 

Sokolowski 

(1999)  

[1] Problem definition & 

research 
 [2] Creative exploration [3] Implementation 

3.4 Prototype development 

 

The ideas were worked out. The final design and the 

knitting structures of a total seamless knitted bra is 

illustrated in Figure 3 and Figure 4 respectively. The 

design were knitted in three yarn combination for fit and 

comfort evaluation. 

(a) 78/68 Nylon yarn + 44-78/68 Nylon covered yarn 

(b) 78/68 Nylon yarn + 22-44/34 Nylon covered yarn 

(c) 78/68 Nylon yarn + 20-20/10 Nylon covered yarn 

 

 
Figure 3 Final design of seamless knitted bra 

 

 
Figure 4 Knitting structures of final design 

 

3.5 Evaluation & Implementation 

3.5.1 Pressure test 

 

The three bra specimen was then worn on a soft 

mannequin of size 75B in Metric Sizing System for 

pressure measurements at three points for three repeats 

using Novel X-Pliance Pressure sensor. The mean 

pressure of all specimens of seamless bras in our study 

was 3.07±0.15, 0.62±0.03, 1.67±0.21kPa at the 

shoulder point, underbust, and lateral top respectively. 

These values were smaller than the most comfortable 

skin pressure (3.2, 1.5, 2.1 kPa corresponding) as 

suggested by Makabe et al. (1991). 

 

Tensile test 

The tensile data were collected according to ASTM 

D4964-96 procedures using INSTRON 4411 (CRE type 

tensile testing machine). The tensile test was applied to 
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the underband, shoulder straps of the specimens. The 

data were used to associate with the subjective wear test 

data. 

 

4. Discussion and Conclusion 

A modified six-step design framework: problem 

identification, statement of goal, idea generation, 

prototype development, evaluation and implementation, 

was adopted by the author to re-design the seamless 

knitted bra for achieving desirable fit and solve the 

design problem: breast compression and bra cup 

restriction. This current paper shows the design 

processes step-by-step. Finally, the final design is a total 

seamless knitted bra with enlarged cup volume. This 

study makes a significant contribution to the seamless 

industry. The outcomes from this project can provide 

useful information for the advancement of this 

technology for design and development of seamless 

knitted bras to satisfy customer‟s requirements.  

 

The possibilities and limitations of circular knitting such 

as the yarn and knit construction methods were 

systematically studied, and the relationship between the 

knitting parameters and the finished garment properties 

was analyzed. 
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