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Abstract — Thispaper simulated the field-circuit coupled 
transient response with COMSOL multiphysics for one 
specialelectromagnetic induction system. With the simulation, 
we obtained the magnetic flux density distribution, the current 
density of coils, the voltage waveforms of the transmitting coil 
and the load resistor. We also made a comparison on voltage 
between the simulation result and experimental result.We did a 
more in-depth research on the electromagnetic properties of 
theelectromagnetic induction system. 
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I. INTRODUCTION 
Experimental study of electromagnetic induction can date 

back to the 1820s. Oersted discovered that an electric current 
creates a magnetic field, and Faraday discovered that changes 
in magnetic flux create an electric current[1]. These 
discoveries promote our understanding of electromagnetic 
induction. Jefimenko thinks in time-dependent systems both 
fields are simultaneously created by the time-variable electric 
current. A time-variable electric current creates an electric 
field. This field exerts a “dragging force” on electric charges 
located within nearby conductors thus creates induced 
electric currents in them [2]. Maxwell's electromagnetic 
theories give us a more profound understanding of 
electromagnetic induction, and lay the theoretical foundation 
for the widespread application of electromagnetic induction. 

Electromagnetic induction generates eddy currents in the 
conductor,so the conductor gets hot. This principle can be 
used to develop the electromagnetic induction heating. 
Huang etc. did a research on the electromagnetic induction 
coil design for mold surface heating [3]. Electromagnetic 
induction can be applied to a detector. Li Hua etc. did a 
research on electromagnetic induction of electromagnetic 
tomography [4]. Electromagnetic induction is a very good 
way of wireless energy transmission. Y. Ota etc. did a 
research on the “LC booster method” which is a new 
electromagnetic-induction-based wireless energy 
transmission system [5]. 

Electromagnetic induction setting system can be regarded 
as a special kind of wireless power and signal transmission 
device relying on electromagnetic induction. Zhang Feng etc. 
used the electromagnetic induction theory and equivalent 
circuit method to analyze the energy transmission efficiency 
and signal transmission characteristics of the system [6]. 
GuJihui etc. analyzed the structure of a high-frequency near-
field electromagnetic induction transmitting device, created a 
mathematical model for the device and derived the 
calculating formulas which are able to calculate the magnetic 
field spatial distribution inside the finite sparse spiral current 
carrying coils [7]. Huang Xuegong etc. created a finite 
element model for an electromagnetic induction setting 
system, did a simulation to calculate the electromagnetic 
field generated by the transmitting coil and analyze the 
influences of different materials on the magnetic field [8]. Li 
Changsheng etc. established an improved accuracy 
mathematical model that fully took the influence of eddy 
currents on the electromagnetic induction system into 
considerationand did a relative simulation to analyze the 
process of electromagnetic induction setting [9]. 

As can be seen from their researches, Maxwell’s 
electromagnetic theories can explain electromagnetic 
induction system very well, while analytical solutions for 
such Maxwell’s equations are very difficult to obtain. 
Computer numerical simulation method provides an effective 
way to solve Maxwell’s equations for us. Common 
numerical methods for solving Maxwell equations are the 
finite element method, the finite difference time domain 
method, the method of moments, etc. Each of them has its 
own different scope of application [10]. We also see that 
when using equivalent circuit method to analyze the 
induction setting system, some experts ignored the specific 
structure of the system; when using electromagnetic theory to 
analyze the induction setting system, some of them didn’t 
consider the electromagnetic interaction between the 
transmitting coil and receiving coil, and some others ignored 
the current distribution in the coil and the field-circuit 
coupling properties of the system. 
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In order to learn about the influence of the structure on 
the magnetic field distribution, the current distribution in the 
coil and the field-circuit coupling propertiesof the 
electromagnetic induction setting system, according to the 
characteristics of the system that has small power size and 
low signal frequency, this paper selected the computer 
numerical simulation software COMSOL Multiphysics 
which is based on finite element method to establish a model 
for the electromagnetic induction setting system. And we did 
a field-circuit coupled transient simulation for the system 
with this model. We did a further research on its 
electromagnetic characteristics, and explored an integrated 
optimal design method for the electromagnetic induction 
setting system. 

II. THE QUASI-STATIC MAGNETIC PRINCIPLE 
The magnetic field in the induction setting system is 

quasi-static. 

Maxwell's equations: 
DH J
t

∂
∇× = +

∂             (1) 
BE
t
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∇× = −

∂          (2) 
D ρ∇⋅ =        (3) 

0B∇⋅ =          (4) 
In electromagnetic induction setting system, the 

transmitting and receiving coils are separated by a layer of 
air. Normally, the air conductivity is zero.Thus, air can be 
regarded as an ideal medium. In ideal medium, assume the 
field motivated by the source which is at r is sinusoidal 
electromagnetic field: 
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This is the limitation that time-varying electromagnetic 
field can be regarded as quasi-static magnetic field in ideal 
medium [11]. It means that only if the distance from the 
source point to the field point is much less than the 
wavelength of the field, ignoring the displacement current 
density is reasonable; it also means that if the problem can be 
solved with a quasi-static method, the size of the system must 
be much smaller than the wavelength of electromagnetic 
waves. 

In normal electromagnetic inductive setting system, the 
frequency does not exceed tens of megahertz, the diameters 
of induction coils do not exceed tens of centimeters, and the 
distance between coils also does not exceed a few 
centimeters. If the frequency is 20MHz, for example, the 
maximum size of the system is much smaller than the 
wavelength of the electromagnetic wave. Thus, the general 

problem of normal induction setting system belongs to the 
quasi-static problem, and can be solved by quasi-static 
magnetic field method. 

Thus, ignoring the displacement current density, equation 
(1)can be written as follows: 

H J∇× =                                                          (8) 
In quasi-static magnetic fields, E, B, A and φ still havethe 

followingrelationships [11]: 
B A=∇×                                                           (9) 

AE
t
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2 ρϕ

ε
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                                                        (12) 
Thus, if we know the distributions of the current and the 

charge, we can use these equations to calculate A and φ, and 
then obtain B and E. 

III. FIELD- CIRCUIT COUPLED SIMULATION FOR 
INDUCTION SETTING SYSTEM BASED ON COMSOL 

MULTIPHYSICS 
As mentioned above, the induction setting process 

belongs to the quasi-static magnetic field category. 
COMSOL Multiphysics is a finite element simulation 
software. The AC/DC module of COMSOL Multiphysics is 
specifically designed to solve quasi-static electromagnetic 
problems, and it is very suitable for the simulation of 
induction setting system. 

A. Building Model 
The structure of the induction setting coils is simple,and 

the system is symmetrical. Thus, two-dimensional simulation 
is suitable for induction setting system. In this way, without 
affecting the accuracy, it can effectively reduce the amount 
of calculation, improve the reliability of the simulation, and 
save a lot of time. Two-dimensional geometric model of 
theelectromagnetic induction setting system is shown in 
Figure 1. In order to be more realistic, the model includes 
transmitting and receiving coils, a barrel, a fuse body, a hood 
and a projectile body.The transmitting coil has two turns, and 
it is represented by two circles; the receiving coil has four 
turns, and it is represented by four circles. Transmitting and 
receiving coils’ material is copper, the barrel is glass fiber, 
the material of the fuze body and projectile body is 
aluminum, the material of the hood is resin, and the entire 
system is put in air. The relative properties of each kind of 
the materials are shown in Table 1. The conductivity of the 
glass fiber and resin uses anintermediate value of this kind of 
materials according to some relative information and 
literature[12]. 
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result, found the relative error between the simulation value 
and the measured value was less than 10% and this indicated 
that the simulation is accurate. The field - circuit coupled 
transient simulation for the induction setting system studied 
the electromagnetic characteristics of the system, built a 
bridge from the field to the circuit for the research on the 
system. This kind of simulation could give good references 
and recommendations for selecting materials, the circuit and 
structural design and was meaningful for the integrated 
optimization design of the electromagnetic induction setting 
system. 
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