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Abstract 

Under the concept of "Industry 4.0", production processes will be pushed to be increasingly interconnected, 
information based on a real time basis and, necessarily, much more efficient. In this context, capacity optimization 
goes beyond the traditional aim of capacity maximization, contributing also for organization’s profitability and value. 
Indeed, lean management and continuous improvement approaches suggest capacity optimization instead of 
maximization. The study of capacity optimization and costing models is an important research topic that deserves 
contributions from both the practical and theoretical perspectives. This paper presents and discusses a mathematical 
model for capacity management based on different costing models (ABC and TDABC). A generic model has been 
developed and it was used to analyze idle capacity and to design strategies towards the maximization of organization’s 
value. The trade-off capacity maximization vs operational efficiency is highlighted and it is shown that capacity 
optimization might hide operational inefficiency.  
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the Manufacturing Engineering Society International Conference 
2017. 
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1. Introduction 

The cost of idle capacity is a fundamental information for companies and their management of extreme importance 
in modern production systems. In general, it is defined as unused capacity or production potential and can be measured 
in several ways: tons of production, available hours of manufacturing, etc. The management of the idle capacity 
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Abstract

In this paper, we present a new monopole antenna design for WLAN (5.1-6 GHz) application. The proposed antenna fed by a 
microstrip and the radiating element is in the form of a double dolar-symbole. The antenna designed is printed on a partial ground 
plane, and the resulting antenna has been found to possess a compact size of 20 mm × 20 mm, and covers specific bands from the 
frequency spectra. 
A parametrical study is performed to optimize the geometry of the antenna structure and a comparison study also will be 
presented for different kind of ground plane material. The designed antenna structure is simulated using the High Frequency 
Structural Simulator (HFSS).
© 2018 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of the scientific committee of the 11th International Conference Interdisciplinarity in 
Engineering.
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1. Introduction

Recently, many antennas structures in literature have been presented by many authors [1 3]. Antennas are more 
and more used in many systems such as WLAN [4 6], RFID [7 8], WIFI application [9] and others applications [10].
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In the last two decades, the mobile industry and design has seen significant growth. The use of different 
frequencies in a multi-system needs the use of a multiband antenna. So, the multiband micro-strip patch antenna is 
most preferred for the wireless application. The monopole [11 13] and multiband [14 16] antennas allows a very 
large advantages; in particular, their simple structure, low cost, low energy consummation and the small size [17] of 
the system and also their easy integration into frontend circuits, suggests the use of printed technologies.

The increasing demands of wireless, short range, and high data rate transmissions, pushed to propose new 
wireless protocols using different bands of the frequency spectrum, in order to support high data rate wireless 
communications. This rapid development of short-range radio links in the mobile communications and wireless 
industry (especially Wi-Fi and Wireless Local Area Network (WLAN)) calls for antennas able to operate in different 
frequency bands simultaneously (multiband antennas), offering wideband operations covering the whole WLAN 
services. 

The most common desirable requirement consists of providing multiband operations, and the frequency bands 
required to a single antenna are 2.4–2.484GHz for Bluetooth applications, 2.4GHz and 5GHz for Wi-Fi applications 
(following HiperLan protocol), and 2.4GHz, 5.2GHz, 5.4 and 5.8GHz for WLAN applications (following WLAN 
IEEE 802.11 standards). Thus, planar antennas are widely used because of their low profiles, easy design, and 
fabrication.

In this research work, the designed antenna structure is simulated by using the High Frequency Structural 
Simulator HFSS (High Frequency Structure Simulator). The simulations are carried out using the finite element 
method (FEM).

Nomenclature

HFSS High Frequency Structure Simulator
RFID Radio-Frequency IDentification
WLAN Wireless Local Area Network
VSWR Voltage Standing Wave Ratio

2. Antenna configuration

The antenna design is in the form of a double of dollar-symbol as shown in the Fig. 1, and the proposed antenna 
fed by a micro-strip with 50ohm.

( a )                                                  ( b )

Fig. 1. Geometrical configuration of proposed antenna (a) top view; (b) bottom view.
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The antenna designed is printed on a partial ground plane, and the resulting antenna has been found to possess a 
compact size of 20 mm × 20 mm, and covers specific bands from the frequency spectra.

In the first part, a parametric study is performed to satisfy a good resonance and gain of the proposed antenna. In 
the second part, many types of substrate (Rogers RT/duroid5880-5870, RO 4003, Ultralam 2000 and FR4) have 
been used for a comparison study.

The dimensions of the proposed structure are given in the Table 1.

      Table 1. Geometrical parameters of the proposed antenna.

Parameters Value (mm)

W 20

L 20

Wf 2

G 7

Lf 19

L1 15

S1 1

S2 1

S3 11

S4 5

H 1.6

3. Results and discussions

The return loss is another way of expressing mismatch. It is a logarithmic ratio measured in dB that compares the 
power reflected by the antenna to the power that is fed into the antenna from the transmission line.

In the first part, a parametric study was performed to optimize the obtained a resonance at the WLAN frequency 
band. The effect of the thickness H of substrate is presented. As shown in the figure 2, and for different values of the 
parameter H, the optimize value obtained is for the small one H=0.794 mm with a good adaptation -65 dB.

Fig. 2. Simulated return loss for different values of thickness H.
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In the second part, a comparison study of a numerous types of substrate is performed to optimize the side effect
of the return loss. The figure 3 shows the reflection coefficient of the proposed antenna for many different 
substrates. It is clear that the optimize structure is made by the substrate duroid5870.

Fig. 3. Simulated return losses of different substrates.

As shown in the Fig. 4, the VSWR is less than 2 dB at band of frequencies (5 GHz-5.7 GHz). The simulating 
results show that the proposed antenna is suitable for wireless communication system application WLAN.

Fig. 4. The VSWR of proposed antenna.

The figure 5 below shows the areal current distribution of the proposed antenna. 
We can observe that the current distribution is concentrated at the alimentation line for the resonance frequency 

(5.3 GHz).

550 Nisrin Sabbar et al. / Procedia Manufacturing 00 (2018) 546–551

   
                                                          (a)                                                                                              (b)

Fig. 5. Simulated results of the surface current distributions for the antenna: (a). Radiating element (b). Ground plan.

Finally, the figure 6 shows the simulated 3D gain of the antenna structure. The optimum value of the gain is 
given at 6GHz, and it growth from 1 dB to 1.7 dB between the 5 GHz and 6 GHz bandwidth.

         
                                                                    (a)                                                                                       (b)

                 
                                                              (c)                                                                                                    (d)

Fig. 6. 3D Gain of the proposed antenna at (a) f=5.1 GHz; (b) f=5.3 GHz; (c) f=5.7 GHz; (d) f=6 GHz.
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4. Conclusion

In this paper, a new monopole antenna structure in the form of a double dollar-symbol was presented. A 
parametrical study was performed to optimize the final configuration. The proposed structure resonates at frequency
5.3 GHz and is suitable for WLAN application and presents a good surface current distribution.
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