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ABSTRACT 

Recently, the advantages of protective textile materials such as cost-effectiveness, flexibility, 

lightweight, etc. over metal plates are emphasized in many studies. However, these studies did not 

provide a comparison of protective performances between fabrics and metal plates. In this study, 

electromagnetic shielding performances of copper plate and metal composite woven/knitted fabrics were 

compared. For this purpose, electromagnetic shielding effectiveness of single and double layer copper 

plate and metal composite fabrics were measured in vertical and horizontal directions. As a result, the 

copper plate showed better performance than composite fabric samples for both measurement directions. 

In general, the EMSE of the composite fabrics were lower than 10 dB for horizontal directions. Only the 

copper plates provided electromagnetic shielding at a significant level (up to 60 dB) against horizontally 

polarized waves. EMSE behavior of copper plate was similar for both directions due to the isotropic 

structure and this performance maintained at higher frequency level. On the other hand, gaps in the 

structure of composite fabrics caused a decrease in EMSE performance against increasing frequency. 
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1. INTRODUCTION 
 

Nowadays, various electrical and electronical devices are 

being used in daily life with developing technology. There are 

also concerns about the effects of electromagnetic waves 

emitted from these devices on human health. Therefore, 

electromagnetic shielding materials are the subject of many 

kinds of research. Shielding is the main approach to protection 

against the electromagnetic waves. In conventional 

approaches, metallic materials are preferred because of their 

well electromagnetic shielding ability. Whereas the traditional 

textile products are transparent in the electromagnetic field due 

to their nonconductive structure. Electromagnetic protective 

textile materials are easy to produce, flexible, and cost-

effective when compared to metal plates [1-3]. In addition to 

these advantages, if these textile structures could show similar 

or better EMSE performance than metal plates, they may be 

replaced the metal plates. 

There are various studies about the EMSE of textile 

structures. These researches can be classified as woven, 

knitted, and nonwoven surfaces in terms of protective 

surface types. Studies on weaving and knitting generally 

examine the effects of weave type, number of layers, metal 

type, and metal density in structure [4-11]. Previous 

researches show that the increase in metal density and the 

number of layers increases the EMSE of textile structure [2, 

5, 9, 12–15]. Some studies stated that the orientation of 

conductive yarns is effective on EMSE. It was noted that 

the weft-knitted fabrics have EMSE ability in their course 

direction [11, 16, 17]. Also, metal composite woven 

structures provide EMSE only in the direction that 

including the metal component, and both the weft and warp 

yarns must contain a conductive component for providing 

multi-axial shielding [18]. 

This study aims to compare EMSE characteristics of copper 

composite woven and knitted fabrics with a copper plate 

having 50µ thickness.  For this purpose, knitted and woven 

fabrics were produced by using composite yarn including 50µ 

copper wire. EMSE, absorption, and reflection properties of 

the composite fabric samples and copper plate measured and 

compared each other. Obtained data were analyzed 

statistically. The differences between electromagnetic 

shielding performances of metal plate and composite fabrics 
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were examined and possible reasons for the difference were 

discussed.  

Most of the studies in the literature mentioned the advantages 

of electromagnetic protective textiles in comparison with 

metal plates. However, they did not provide information 

about the performance of electromagnetic protective fabrics 

in reference to metal plates. The novelties of the research 

can be listed as follow; the copper plates having the same 

thickness with the copper wire in fabric structures were 

used for objective comparison; single and double layers 

samples were examined separately; EMSE, absorption and 

reflection properties analyzed and compared together. 

 

2. MATERIAL AND METHOD 
 

2.1 Material 
 

2.1.1 Composite yarn production 

In the study, metal composite yarns were produced by the 

commingling technique. The composite structure consisted 

of metal wire that centered two nylon filaments. Details of 

the production technique can be seen in Figure 1.  

Copper (Cu) wire with 50µ diameter was used as 

conductive components. The commingling process was 

conducted with 5 bar air pressure and 150 m/min 

production speed. The technical features of raw materials 

are given in Table 1. 

2.1.2 Productions of knitted and woven fabrics  

1x1 rib knitted fabrics were produced using the copper 

composite yarns by Shima Seiki SFF152 flat knitting 

machine. Plain weave fabrics were produced with 22 

ends/cm and 12 picks/cm densities by a projectile weaving 

machine. Copper composite yarns were used as weft and 

150den/36f textured polyester yarns were used as the warp in 

the woven structure. The previous studies noted that the 

EMSE of fabrics could be increased with an increase in the 

number of layers [2, 15, 19]. With a similar approach, two 

layers of knitted and woven fabrics were also produced by 

using the sewing technique. Besides, the two-layer copper 

plate was prepared for objective comparison. Surface images 

of samples with a 20x magnification ratio are given in Figure 2.   

 

 

 
 

Figure 1. The composite yarn production process 

 
Table 1.  Technical features of raw materials 

 

Filaments Technical properties 

Polyamide 6.6 (PA) 78 denier/ 68 filaments 

Copper Monofilament (Cu) 157 denier (50µ diameter)  

Composite yarns 

PA + Cu + PA 306 denier/ 137 filaments 

Copper Plate  50µ thickness/ 300x600 mm 

 

   
Figure 2. Copper composite (a) woven fabric, (b) knitted fabric and (c) copper plate 
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Sample codes and descriptions with different properties 

were given in Table 2.  

2.2 Method 

2.2.1 Electromagnetic shielding effectiveness test 

The free space test method allows the measurement of the 

reflection (S11/S22) and transmission (S21/S12) coefficients 

in the usage environment of materials. Thus, this method 

was preferred for determining the electromagnetic 

characteristics of samples. Measurements were carried out 

between 0.8–5.2 GHz frequency range by Agilent PNA-L 

model network analyzer. In the measuring process, single 

and double layer samples were placed between two horn 

antennas (Figure 3).  

Table 2. Description of samples 
 

Sample Codes Description 

SCP Single layer copper plate 
DCP Double layer copper plate 
SKF Single layer knitted fabric 
DKF Double layer knitted fabric 

SWF Single layer woven fabric 
DWF Double layer woven fabric 

 

 

Figure 3. Measurement diagram 

 

When the electromagnetic wave encounters a shield, it is 

attenuated by the reflection, absorption, and multiple-

reflection (generally neglected) components of EMSE. 

Shielding effectiveness is the sum of these three 

components. However, reflection and absorption are the 

major mechanisms in this phenomenon. The combined 

effect of reflection and absorption losses determines the 

effectiveness of the shield. The mentioned shielding 

mechanism can be seen in Figure 4 [1]. 

 

Figure 4. Electromagnetic shielding mechanism [1] 

EMSE is the logarithmic form of the ratio between the 

electric field intensity,  (E) electric field intensity (H), or 

power intensity (P) with (ET, HT, PT) and without (E0, H0, 

P0) shielding material. EMSE calculates as dB with the 

following Equation (1) [3, 20]: 
 

     (1) 

 

Both reflection and absorption support the EMSE. 

However, secondary interference occurs with increasing 

reflection [21]. Özkan and Telli noted that the absorption 

and reflection components of shielding should be evaluated 

separately for better shielding characterization [2]. 

Reflectivity (R) and transmissivity (T) can be obtained 

experimentally and the absorptivity of samples can be 

expressed by using R and T as given in following Equations 

[22].  

 

           (2) 

          (3) 

           (4) 

 In the statistical analysis, measured scattering parameters 

of composite knitted/woven fabrics and copper plates were 

used for the calculations in the mentioned equations. The 

EMSE, reflection, and absorption components of shielding 

were analyzed and compared statistically. Kolmogorov-

Smirnov test was applied for determining the normality of 

data. Test results showed that the distribution of data was 

not normal. Therefore, the Kruskal–Wallis and Mann–

Whitney U tests that are distribution-free and rank-based 

nonparametric methods were used for statistical 

comparisons [23, 24]. 

 

3. RESULTS AND DISCUSSION 

In the study, the shielding performance of copper composite 

knitted and woven fabrics were compared with a copper 

plate having the same thickness with copper wire that used 

in fabric structures. All samples were prepared as both 

single and double layer. Shielding measurements were 

carried out in vertical and horizontal directions. EMSE, 

absorption, and reflection properties of samples were used 

for comparisons.  

Measurements were conducted both vertical and horizontal 

directions of samples for determining the attenuation of 

electromagnetic waves that have different polarizations. 

EMSE of fabrics and copper plates were calculated using 

Equation 1. Measurements were performed at 1000 

different frequency points. Woven fabrics were designed to 

contain metal only in the weft yarns (horizontal direction) 

since they can be easily produced in this way. In the weft 

knitted fabric structure, metal composite yarn shows 
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continuity in the horizontal direction due to the nature of 

the production technique.  Therefore, the EMSE values of 

knitted and woven fabrics generally were lower than 10 dB 

in horizontal directions. Only the copper plate samples 

provided electromagnetic shielding at a significant level 

against horizontally polarized waves (Figure 5). Thus, 

comparisons of metal plates and fabrics were made on the 

results in vertical directions. The measurement results were 

presented graphically in Figures 5 and 6. 

3.1 EMSE and Absorption/Reflection Behaviors of 

Single and Double Layer Samples 

Kruskal–Wallis and Mann–Whitney U test results of single 

layer samples for vertical direction are given in Table 3. 

There was a significant difference between the EMSE of 

copper plate and fabric samples for single and double layer 

types. The copper plate showed better performance than 

knitted and woven fabrics including copper wire. Maximum 

EMSE values are given in Table 4. 

  

 

 
 

Figure 5. EMSE, absorption, and reflection results of copper plate in the horizontal direction 

 

 

 
 

Figure 6. EMSE, absorption, and reflection results of samples in the vertical direction 
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Table 3. Kruskal-Wallis and Mann-Whitney U tests results for single and layer samples 

 
Sample type 

Single layer Double layer 

EMSE Absorption Reflection EMSE Absorption Reflection 

Mean  

Ranks 

Copper Plate (CP) 2375.03 1547.89 1666.06 1960.26 1587.19 1595.90 

Knitted Fabric (KF) 649.18 1490.20 1473.12 851.25 1607.67 1408.95 

Woven Fabric (WF) 1477.29 1463.42 1362.32 1689.99 1306.64 1496.66 

Asymp. Sig. 0.000 0.083 0.000 0.000 0.000 0.000 

* Groups that marked in bold are statistically different from each other. 

 

Table 4. Maximum EMSE values of samples 

 EMSE (dB) 

Sample type 
Vertical direction Horizontal direction 

Single layer Double layer Single layer Double layer 

CP 65.86 66.83 59.04 59.98 

KF 56.66 57.12 11.09 9.34 

WF 52.08 72.69 2.62 2.37 

 

 
 

In Table 4, although the copper plate showed EMSE both 

vertical and horizontal directions, knitted and woven fabrics 

provided significant electromagnetic protection only for the 

vertical direction. In previous studies, it was noted that the 

fabrics show better electromagnetic shielding in the 

direction containing metal wire [2, 11, 16, 17, 25, 26]. Also, 

the increase in the number of layers increased metal content 

and thickness of shield and decreases the gaps in the 

structure. Thus, the increase in the number of layers 

increased the EMSE of samples at a statistically significant 

level for both directions. These results are consistent with 

the literature [2, 5, 6, 14, 27]. Mean rank values showed 

that the performance of the double layer fabrics was close 

to the copper plate for the vertical direction. 

The reflection ratio of the copper plate was significantly 

higher than the knitted and woven fabrics for both single 

and double layer types. Moreover, woven fabrics have 

higher reflection values than knitted samples. Possible 

cause of this result that the copper wire follows a straight 

path in the woven structure than knitted fabrics. In previous 

studies, it was noted that the metal type has a significant 

effect on the absorbed and reflected power ratio of woven 

and knitted fabrics [2, 28]. Since all samples contain copper 

as metal content, their absorbed and reflected properties 

were similar to each other. 

In the literature, it was emphasized that the EMSE of fabric 

samples decreases with an increase in frequency due to the 

smaller wavelengths of high frequency waves [2, 9, 29]. 

For this reason, copper plate and fabric samples were 

compared to determine the electromagnetic shielding 

behavior against increasing in wave frequency. Spearman 

correlation analyze was applied for determining the level 

and direction of the relation between EMSE and frequency. 

Correlation results are given in Table 5. 

According to Table 5, EMSE of knitted and woven fabric 

samples showed a decreasing trend against increasing 

frequency. There was a moderate level negative correlation 

between EMSE and frequency. The correlation was weaker 

for double layer samples due to the increasing amount of 

metal content and the reduction of gaps in the structure. On 

the other hand, there was a positive weak correlation 

between frequency and EMSE of copper plates differently 

than the fabric samples. It can be said that the EMSE 

performance of copper plate increased against the increase 

of frequency. When Figures 5 and 6 examined together, 

EMSE of copper plate showed a more stable shielding trend 

than fabric samples against increasing frequency. The 

possible reason for this difference is that there is no gap in 

the surface of the metal plate as distinct from fabric 

samples. Similar correlation coefficients were obtained in 

the horizontal direction of the copper plate for EMSE 

(Single layer=0.280; Double layer=0.378). The copper plate 

exhibited similar EMSE values in different directions 

because of its isotopic structure. In a study about the metal 

composite fabrics, it was stated that these fabrics exhibited 

different electrical properties in different directions due to 

their anisotropic structure [30]. 

It was observed that the absorbed power ratio increased 

with the increase in the frequency for both copper plates 

and fabric samples. The possible cause of a similar 

tendency was the same metal content. Similar but the 

opposite trend was observed in the result of the reflected 

power ratio. The reflectance and absorption that are two 

important components of total shielding exhibited inverse 

changes as expected. The inverse trend between absorbed 

(Single layer: 0.299, Double layer: 0.490) and reflected 

power (Single layer: -0.298, Double layer: -0.486) ratio 

very close the each other for copper plate due to the 

isotropic structure of metal plate. The addition of a layer 

increased the absorbed power ratio against increasing 

frequency for all samples (Figure 5, 6 and Table 5). 
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Table 5. Results of correlation analyze 

Layer type Single layer Double layer 

Sample code CP KF WF CP KF WF 

Correlation coefficient* 0.202 -0.693 -0.473 0.321 -0.541 -0.150 

Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000 0.000 

*Frequency and EMSE 

 

Correlation coefficient** 0.299 0.526 0.703 0.490 0.434 0.599 

Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000 0.000 

**Frequency and absorbed power ratio 

 

Correlation coefficient*** -0.298 -0.693 -0.535 -0.486 -0.342 -0.428 

Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000 0.000 

***Frequency and reflected power ratio 

 

 

 

4. CONCLUSION 

In this study, electromagnetic protection performance of 

metal composite knitted and woven fabrics were compared 

with the copper plate in terms of EMSE, absorbed, and 

reflected power ratios. For this aim, copper wire with 50µ 

diameter was used in the fabric structure. A copper plate 

having 50µ thickness was preferred for objective 

comparison. EMSE tests were carried out with the Agilent 

PNA-L model network analyzer according to the free space 

test method between 0.8–5.2 GHz frequency range. Tests 

were applied for vertical and horizontal directions of the 

samples (rotating 90 degrees clockwise) separately. The 

obtained results were analyzed statistically. The results 

were summarized below. 

 Measurement results in vertical and horizontal 

directions showed that the copper plate has shielding 

ability against electromagnetic waves that come from 

various directions. However, woven and knitted fabrics 

can provide electromagnetic interference only in the 

direction of metal wire. 

 According to EMSE results, copper plate showed better 

performance than fabric samples at a statistically 

significant level. However, the EMSE performance of 

double layer fabrics was close to the copper paper. 

Although EMSE increased with the increase in the 

number of layers, the shielding was not multi-axis for 

fabric samples. The copper plate exhibited similar 

EMSE values in different directions due to the isotopic 

structure. 

 Absorbed power ratios of copper plate and fabric 

samples were close the each other due to the same metal 

type in structures.  On the other hand, the reflected 

power ratio of the copper plate was significantly higher 

than the knitted and woven fabrics. Moreover, woven 

fabrics have higher reflection values than knitted 

samples. Possible cause of this result that the copper 

wire follows a straight path in the woven structure than 

knitted fabrics. 

 Correlation results between EMSE and frequency 

showed that the copper plate maintained its 

electromagnetic protection performance against 

increasing frequency. EMSE of copper plate showed 

more stable shielding behavior than fabric samples 

against increasing frequency. The possible reason for 

this difference is that there is no gap in the surface of the 

metal plate as distinct from fabric samples.  

 As a conclusion, knitted and woven fabrics have the 

potential of electromagnetic shielding. However, 

different design alternatives should be studied for 

providing a stable and multi-axial electromagnetic 

shielding at the metal plate level. The results of this 

study reveal that the gaps in the fabric structure, the 

number of fabric layers, and the orientation of the 

metals in the structure are important factors to reach 

shielding at the level of the metal plate.  
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