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Abstract: By global analysis of the generator, the 
loop antenna and the shielding enclosure with 
FDTD method, the small-loop ,approach for 
measurement of the magnetic field shielding 
effectiveness was simulated numerically in this 
paper. Non-uniform meshes and Reduced c FDTD 
Method were adopted to solve the contradiction of 
selecting space step and time stepf this makes it 
possible to calculate the steel shielding efficiency 
of large dimension. The interaction of shielding 
enclosure and loop antenna was modeled. The 
setup of the simulation coincides with the real 
condition of engineering testing. The conclusions 
from the numerical calculation are: The waveform 
of EMP transparent though the steel shielding 
enclosure is greatly different with the incident 
EMP waveform. The rise time changes to be very 
slow and the width of pulse gets long. The 
calculating and real testing indicate that the 
shielding efficiency of steel enclosure to the EMP 
with longer rise time@ ) and wider duration(1ms) 
is only about 40dB, the rise time of transparent 
pulsed magnetic field reaches ms and the pulse 
width is more than 10ms. The shielding efficiency 
of the steel enclosure to low frequency 
electromagnetic field is much lower. 
Key Words: shielding enclosure, shielding 
effectiveness, FDTD method, pulsed magnetic 
field 

Along with the traction of EMC 
techniques, the advancing of computer and 
especially the developing of FDTD method, 
time domain method was introduced to 
numerical analysis of shielding property. It 
is becoming possible to calculating the 
shielding effectiveness of real conduct or 
ferro-magnetic enclosures. FDTD method is 
non-efficient in analyzing the very thin 
metal shielding layer because the time step 

is constrained by the Courant limit for 
stability, not by a physical requirement for 
fine temporal resolution. Non-uniform 
meshes and Reduced c Method[’’] were 
adopted to solve the contradiction of 
selecting space step and time step, this 
makes it possible to calculate the shielding 
efficiency of large dimension. 

By global analysis of the generator, the 
loop antenna and the shielding enclosure 
with FDTD method, the small-loop 
approach for measurement of the magnetic 
field shielding effectiveness was simulated 
numerically. The 2nd order Mur ABC was 
adopted to truncated the calculate domain. 
The interaction of shielding enclosure and 
loop antenna was modeled. The setup of the 
simulation coincides with the real condition 
of engineering testing. 
1 Numerical modeling 

The numerical model is show as figure 
1, in which the loop antenna’s plane is 
parallel to a wall of the shielding enclosure. 
The dimension of the enclosure is 
2mx 2m x 2m , the thickness of the steel 
wall is d=3mm. In numerical analysis the 
leakage cause by slots, the filter, cutoff 
window and other no-perfect part in the real 
shielding enclosure are neglected. The 
smallest spatial step is d=lmm, the radius of 
the discharge loop is r=5mm, FDTD mesh 
grid is show as figure 2. 
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Fig. 1 Schematic of the relation positions of radiation antenna and shielding enclosure 
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Fig.:! Mesh grid (planform) 

We considered the permeability p of 
steel expressed as formula (1) [21: 

( 1 )  

1 
+ PO Hhigh a + b ( ~  - H,) 

( 2 )  
The parameters of steel in above 

equation are : a=400, b=l.22; v=13.369, 
v, = 2.142 x , B,, =0.257T, 
B,, =0.535T, H ,  =194A/m, ,ui =lo0 , 
CT = 2 . 5 ~  106S/m, ~ , = l  . The relation of 
B versus H is set nonlinear with no 

hysteresis. In FDTD model, it is necessary 
to advance by iteration p ( H f ( j ) )  is first 
approximated by ,u(Hz" ( j ) )  . 
2 The global analysis of the loop 
antenna 

The electric schematic of square 
antenna is shown in figure 3. In the first 
stage, the switch S2 is opened, switch S1 is 
on, the high voltage DC source charges the 
capacitance C via the switch S1, when the 
voltage of C reaches a demand value, opens 
S1 and closes S2 !, at that moment the 
capacitance C discharge through resistance 
RI inductance L and loop antenna. L is the 
sum of distributed inductance and 
inductance of the loop antenna. This circuit 
is a two order circuit which works in over 
dappling state. 

- Fig.3 Electric schematic of square antenna 
and exciting source 
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The radiation field of loop antenna was 
modeled by FDTD method with lumped 
elements. That is the source was added in 
charging and discharging process of 
lumped circuit. The part of loop was 
modeled in common FDTD method. If the 
mesh range of spurce is from nx4 to nx5, 
along the x direction the spatial step is hx 
then we have 

I i=m5 

The current density J equals ID divided 
by the area of a mesh grid. 

The radius of loop is 2.5" and the 
edge length of the loop is 25cm. the thin 
wire approximation m e t h ~ d [ ~ - ~ ]  was adopted 
to analysis the loop antenna. 
3 The calculating results of the steel 
shielding enclosure 

Two different groups of magnetic 
pulses was modeled as the radiation wave. 
The first group is that the widths of pulses 
are same and the risetimes are different (as 
shown in figure 4(a)). The second group is 
that the risetimes are same and the widths 
are different(as shown in figure 5(a)). The 
parameters of exciting source and fictitious 
dielectric constant were shown in table 1. . 

The initial voltage of the H, =18kA/m. when the radiation field were 
in the form of that shown in figure 4(a) and 
5(a) the transmission magnetic field in the 
same sample point were shown in figure 4(b) 
and 5(b)  respectively. The calculate results 
can be summarized as table 2. 

capacitance is 1.528MV, the time step of 
FDTD is calculated by formula At =-A, 
The y component of magnetic field2& the 
point in the axis of the loop antenna and 
60cm away from the center of the loop is 

A 

Fig.2 The peek value shielding results of steel shielding enclosure 
when the radiation mlsed manetic waveforms are varvine 
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(3)The calculating results show that along 

with the decrease of the pulse width or rise 
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射 频 和 天 线 设 计 培 训 课 程 推 荐 

 

易迪拓培训(www.edatop.com)由数名来自于研发第一线的资深工程师发起成立，致力并专注于微

波、射频、天线设计研发人才的培养；我们于 2006 年整合合并微波 EDA 网(www.mweda.com)，现

已发展成为国内最大的微波射频和天线设计人才培养基地，成功推出多套微波射频以及天线设计经典

培训课程和 ADS、HFSS 等专业软件使用培训课程，广受客户好评；并先后与人民邮电出版社、电子

工业出版社合作出版了多本专业图书，帮助数万名工程师提升了专业技术能力。客户遍布中兴通讯、

研通高频、埃威航电、国人通信等多家国内知名公司，以及台湾工业技术研究院、永业科技、全一电

子等多家台湾地区企业。 

易迪拓培训课程列表：http://www.edatop.com/peixun/rfe/129.html 
 

 

射频工程师养成培训课程套装 

该套装精选了射频专业基础培训课程、射频仿真设计培训课程和射频电

路测量培训课程三个类别共 30 门视频培训课程和 3 本图书教材；旨在

引领学员全面学习一个射频工程师需要熟悉、理解和掌握的专业知识和

研发设计能力。通过套装的学习，能够让学员完全达到和胜任一个合格

的射频工程师的要求… 

课程网址：http://www.edatop.com/peixun/rfe/110.html 

ADS 学习培训课程套装 

该套装是迄今国内最全面、最权威的 ADS 培训教程，共包含 10 门 ADS

学习培训课程。课程是由具有多年 ADS 使用经验的微波射频与通信系

统设计领域资深专家讲解，并多结合设计实例，由浅入深、详细而又

全面地讲解了 ADS 在微波射频电路设计、通信系统设计和电磁仿真设

计方面的内容。能让您在最短的时间内学会使用 ADS，迅速提升个人技

术能力，把 ADS 真正应用到实际研发工作中去，成为 ADS 设计专家...

课程网址： http://www.edatop.com/peixun/ads/13.html  

 

HFSS 学习培训课程套装 

该套课程套装包含了本站全部 HFSS 培训课程，是迄今国内最全面、最

专业的HFSS培训教程套装，可以帮助您从零开始，全面深入学习HFSS

的各项功能和在多个方面的工程应用。购买套装，更可超值赠送 3 个月

免费学习答疑，随时解答您学习过程中遇到的棘手问题，让您的 HFSS

学习更加轻松顺畅… 

课程网址：http://www.edatop.com/peixun/hfss/11.html 
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网址：http://www.edatop.com 

CST 学习培训课程套装 

该培训套装由易迪拓培训联合微波 EDA 网共同推出，是最全面、系统、

专业的 CST 微波工作室培训课程套装，所有课程都由经验丰富的专家授

课，视频教学，可以帮助您从零开始，全面系统地学习 CST 微波工作的

各项功能及其在微波射频、天线设计等领域的设计应用。且购买该套装，

还可超值赠送 3 个月免费学习答疑… 

课程网址：http://www.edatop.com/peixun/cst/24.html  

 

HFSS 天线设计培训课程套装 

套装包含 6 门视频课程和 1 本图书，课程从基础讲起，内容由浅入深，

理论介绍和实际操作讲解相结合，全面系统的讲解了 HFSS 天线设计的

全过程。是国内最全面、最专业的 HFSS 天线设计课程，可以帮助您快

速学习掌握如何使用 HFSS 设计天线，让天线设计不再难… 

课程网址：http://www.edatop.com/peixun/hfss/122.html 

13.56MHz NFC/RFID 线圈天线设计培训课程套装 

套装包含 4 门视频培训课程，培训将 13.56MHz 线圈天线设计原理和仿

真设计实践相结合，全面系统地讲解了 13.56MHz线圈天线的工作原理、

设计方法、设计考量以及使用 HFSS 和 CST 仿真分析线圈天线的具体

操作，同时还介绍了 13.56MHz 线圈天线匹配电路的设计和调试。通过

该套课程的学习，可以帮助您快速学习掌握 13.56MHz 线圈天线及其匹

配电路的原理、设计和调试… 

详情浏览：http://www.edatop.com/peixun/antenna/116.html 
 

我们的课程优势： 

※ 成立于 2004 年，10 多年丰富的行业经验， 

※ 一直致力并专注于微波射频和天线设计工程师的培养，更了解该行业对人才的要求 

※ 经验丰富的一线资深工程师讲授，结合实际工程案例，直观、实用、易学 

联系我们： 

※ 易迪拓培训官网：http://www.edatop.com 

※ 微波 EDA 网：http://www.mweda.com 

※ 官方淘宝店：http://shop36920890.taobao.com 
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