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Abstract—Wireless power system is an excellent alternative for 

AGV charging. In order to choose a suitable compensation 

circuit for wireless power transfer system applied to AGV 

battery charging, two types of constant voltage output 

compensation, SP and S/SP topology, are selected and analyzed. 

The effect of mutual inductance, load and working frequency on 

the voltage gain is compared, respectively. The results show that 

S/SP is chosen as the compensation topology of the AGV wireless 

charging system as its voltage gain can be maintained relatively 

stable when the parameters change.  

Keywords- wireless power system;compensation topology; 

AGV. 

I.  INTRODUCTION  

Wireless power transfer (WPT) systems utilizes time-
varying electromagnetic fields to transfer energy. It has been 
widely used in traffic, consumer electronics, underwater, 
mining equipment, and so on. Compared to the traditional 
plug-in power supply system, the wireless power transfer 
system can achieve mechanical and electrical isolation, 
minimize cable and socket applications, and ensure safe 
operation in harsh environments [1, 2].  

Automated guided vehicle (AGV) has been widely used 
for cargo handling inside the factory, which greatly reduces 
the labor burden and improves work efficiency. Traditionally, 
cable and socket is used to charge the AGV, which is 
troublesome and unsafe. However, when WPT system is 
applied, the battery can be allowed to get power automatically 
over an air gap from a primary coil (buried in the ground) to a 
secondary coil (mounted underneath the AGV chassis). 

One of the challenges in designing a WPT system is 
determining the compensation topology. At present, the basic 
compensation topologies are mainly composed of four types: 
series-series (SS), series-parallel (SP), parallel-series (PS), 
and parallel-parallel (PP) [3], while some more complex 
compensation topologies are derived on the basis of these four. 
The hybrid topology on the primary side is proposed in [4], 
and can switch between two basic compensation networks to 

satisfy the constant voltage (CV) and constant current (CC) 
modes for stationary electric vehicle (EV) charging. In [5], an 
S/SP constant voltage gain compensation topology is 
proposed, and, under full compensation, the voltage gain is 
independent of mutual inductance. In addition to the output 
characteristics of resonant networks, some scholars have 
performed research on the primary capacitance [6, 7], input 
impedance [8], soft switching [9, 10], the system transfer 
efficiency optimization method [11, 12], and the image 
impedance matching method [13]. However, most of the 
above papers only analyze the transfer characteristics of a 
WPT system based on a selected compensation topology, 
there is no research about how to choose an appropriate 
compensation topology for a specific application. So this 
paper aims to select a suitable compensation circuit of by 
comparison of the effect of some key parameters on the 
voltage gain 

II. VOLTAGE GAIN OF SP AND S/SP 

The equivalent circuit diagram with S/SP and SP topology 
compensated can be drawn as Fig.1, and the calculation 
formula of voltage gain of SP and S/SP circuit can be derived, 
as shown in Tab.I. 
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Figure 1. The equivalent circuit diagram with S/SP and SP 

topology. (a) S/SP. (b) SP. 



I.  VOLTAGE GAIN OF SP AND S/SP 

The parameters shown in Tab.II are used to analyze the 
effect of mutual, load and frequency on voltage gain.  

TABLE II.   COILS PARAMETERS 

Parameter Value 

Resonant frequency f (kHz) 22.9 

Primary coil inductance LP (μH) 177.2 

Secondary coil inductance LS (μH) 178.1 

Mutual inductance M (μH) 30 

Compensation parameters 
SSP: C1=C2=0.33μF, C3=1.6 μF 

SP: C1=0.28 μH，C2=0.27 μH 

 

A. Effect of mutual on voltage gain 

Since there is no mechanical connection between the 
primary and secondary of the WPT system, the offset of coils 
and the change of the air gap will cause changes in mutual 
inductance, which will result in the transfer characteristics, 
especially voltage gain, changes. As a result, it is necessary to 
analyze the voltage gain of WPT system with different 
compensation topology as the mutual inductance changes. 
The variation of system voltage gain with mutual inductance 
with S/SP and SP topology adopted is shown in Fig.2. 

It can be seen from Fig.2 that when the other parameters 
of the circuit are unchanged and the mutual inductance value 
changes from 10 to 50μH, the voltage gain of the two 
topologies both decreases with the increase of mutual 
inductance and the voltage gain variation rates of the S/SP 
topology could be seen as same as that of SP topology. 
However, when the mutual inductance is equal to 30μH, the 
voltage gain of SP circuit is about 5.9. When the circuit 
parameters are determined, even if the voltage gain change 
rate is small, the absolute value of the voltage magnitude 
change will be large, which is not conducive to the stable 

operation of the circuit. This means that the S/SP topology is 
better from the perspective of the effect of mutual inductance 
on voltage gain 

B. Effect of load resistance on voltage gain 

When the battery is charged using the three-stage charging 
method, the equivalent resistance of the system will vary over 
a wide range. So, the voltage gain varying with load under 
different mutual inductance values is analyzes next. When the 
equivalent load RE is varied from a wide range of 10 to 500 Ω, 
the curve of voltage gain GV of S/SP and SP for the mutual 
inductance M of 20 - 40 μH is shown in Fig.3 (a) and (b), 
respectively. 

It can be obtained by comparing Fig.3 (a) and (b) that with 
the mutual inductance changed to a certain value, the voltage 
gain of the two topologies both no longer changes when the 
load resistance is large. When the load resistance is very small, 
the voltage gain of S/SP increases slightly with the increase of 
the resistance, with the voltage gain of the SP compensation 
mode varying greatly. This means that the SP topology has 
worse load performance compared to S/SP. At the same time, 
the SP topology has a large voltage gain, which means that a 
smaller primary dc voltage but multiplied current is needed at 
the same output voltage and output power, which is suitable 
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Figure 2. The variation of voltage gain with mutual. 
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for low input-voltage but high output-voltage applications, 
and presents higher requirements on circuit components. 

C. Effect of frequency on voltage gain 

The control strategy could be divided into constant 
frequency control and phase locked loop control (PLL) 
according to whether the system working frequency is fixed 
or not. The PLL control monitors the output voltage and 
current of the primary inverter, and uses the frequency 
tracking method to make the primary and secondary sides 
operate in a resonant state. It can be seen from the analysis in 
Section II that when the mutual inductance changes, the 
resonance state of SP and S/SP compensation topology will 
be affected, so PLL control maybe needed. Next, the influence 
of frequency change on the voltage gain is analyzed with the 
other parameters of the system remained unchanged, as shown 
in Fig.4. 

It can be seen from Fig. 4 that the voltage gain of both SP 
and S/SP compensated topology exhibit a frequency 
bifurcation characteristic, that is, there are two voltage gain 
spikes, and the peak frequency point of the voltage gain is 
related to the mutual inductance. When the mutual inductance 
is small, only a narrow frequency range can ensure that the 
voltage gain of the system is near the rated value. When the 
operating frequency is outside this range, the low voltage gain 
of SP topology could not ensure the system to function 
properly, and the two very high voltage spikes of S/SP may 
damage the circuit components. Therefore, from the 
perspective of ensuring the safe and stable operation of the 
system, it is better to use fixed frequency control regardless of 
the compensation topology. 

In summary, the voltage gain of the S/SP topology can be 
relatively stable when the mutual inductance and load change 
with operating frequency fixed, which is beneficial to the 

stable and safe operation of the system. Therefore, the S/SP 
topology is selected as the compensation circuit of the system. 

II. EXPERIMENTAL VERIFICATION 

The experimental platform shown in Fig.5 is used for 
verification. The parameters of the coupling coils are shown 
in Tab.II. Buck converter is used to charge 15 18650 batteries 
connected in series after the secondary rectifier circuit. The 
battery is charged with a three-stage charging method, where 
the trickle current is 0.2A, the current of constant current stage 
is 2A, and voltage of the constant voltage stage is 63V. The 
experimental results is shown in Fig.6. 

When the three-stage charging method is used to charge 
the battery and the battery is equivalent to a resistor, its 
resistance value range is [31.5 250] Ω. Due to the impedance 
conversion effect of the buck converter, the load chaging 
range is wider for the rectifier. According to the experimental 
results, it can be seen that the change of the rectified output 
voltage is small, about 18V, and the change ratio is about 20%. 
The experiments verify the correctness of the previous 
theoretical analysis, that is, the output voltage of the S / SP 
compensation topology is more stable. 

III. CONCLUSION 

This paper first introduces the common model of loosely 
coupled transformers, and derives the calculating expressions 
of voltage gain with T model for SP and S/SP topologies. Then, 
from the perspective of the influence of mutual inductance, 
load and operating frequency on the system voltage gain, the 
two constant-voltage-output compensation topologies are 
analyzed and compared. The results show that S/SP topology 
can maintain relatively stable when the parameters vary, so it 
is chosen as the compensation topology of the AGV wireless 
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Figure 5. Experimental platform. 
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Figure 6. Output voltage of the rectifier and buck converter. 
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charging system. The experimental results show that when the 
load changes in a wide range, the output voltage does not 
change more than 20%. 
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