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Abstract- Inductive Power Transfer (IPT) systems for 

transmitting tens to hundreds of watts have been 

reported for almost a decade. Most of the work has 

concentrated on the optimization of the link efficiency 

and have not taken into account the efficiency of the 

driver.A novel frequency tracking method based on 

short current detection is proposed for IPT 

applications. In addition, an instantaneous short 

current detection method utilizing cheap comparator is 

proposed. Furthermore, a fast and accurate tracking 

method is proposed to calculate the frequency mismatch 

and make a correction. The method can realize accurate 

frequency correction in several oscillation periods. 

Index Terms- Electromagnetic coupling, frequency 

control, inductive power transfer (IPT). 

I. INTRODUCTION 

A typical contactless power transfer system employs 

apower converter to produce a high frequency current 

alonga track loop/coil for magnetic field generation. 

The generatedmagnetic field loosely couples the 

primary track loop/coil andsecondary pickup coil(s) 

to enable power transfer from a primary platform to 

secondary movable loads without cable connection. 

Due to the elimination of physical electrical 

contact,such a power transfer system is preferred in 

many hazardousand clean environments as it 

eliminates sparking, particles andthe risk of electrical 

shock. As such, it has been successfullyemployed in 

many applications, including materials 

handlingsystems, transportation, bio-medical 

implants, semi-conductormanufacturing workshops, 

battery chargers, etc [1]–[5]. 

Nonetheless, therehas been a resurgence in research 

interest in wireless powertransfer (WPT) for medium 

range (i.e. 10s of cm) applications,such as electric 

vehicle charging through resonant inductivecoupling 

[4]–[7]. A basic IPT systems architecture consistsof 

several modules, as illustrated in Fig. 1. The 

architectureincludes dc power supply units (PSUs), 

coil driver (i.e. clockgenerator and power amplifier 

(PA) having an impedancematching network), 

transmitting (TX) coil with separationdistance D 

from a receiving (RX) coil (measured from thecentre-

to-centre of the coils), an optional rectifier/regulator 

anda load. To fully characterize the complete system, 

the end-toend efficiency ηee of all the building 

blocks, from the ac sourceto the load, can be 

considered as follows; where the efficiencyterms are 

shown on Fig. 1 

 
Fig. 1. Inductive power transfer systems architecture 

For a typical IPT system, resonant tanks are very 

commonlyused to produce low-distortion sinusoidal 

oscillation and increase the system reactive 

capability. However, the inherentparameters of the 

resonant tanks may dynamically drift awayfrom the 

designed parameters due to load variation and 

mutualcoefficient change [10], [11]. It is because the 

mutual coupling between the primary and secondary 

sides will producedynamical reflection impedance in 

the primary resonant tankand cause its inherent 

frequency drifting. In order to realizesoft switching, 
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the topology switching signal must keep upwith the 

inherent frequency variation. It should be noted 

herethat the inherent frequency refers to the inherent 

soft switchingfrequency of the primary inverter, 

which transforms dc input tohigh-frequency ac 

output. Typical frequency tracking method isa 

passive tracking method, which completes topology 

switchingby detecting the zero crossing points of 

resonant variables[12]–[15]. This method is efficient 

to produce a self-sustainedoscillation. 

II. THEORY AND METHODOLOGY 

In terms of structures of resonant network at primary 

side,there are normally two types. One is parallel 

resonant, and theother is series resonant. The short 

current typically appearsin parallel resonant structure. 

A typical parallel-resonant-typeICPT system is 

shown in Fig. 2 

 
As can be shown, the inductively coupled power 

transfer(ICPT) system can be divided by primary and 

secondary sides. 

1) At the primary side, the dc input Edcand 

filter compose a quasicurrent source.  

2) In addition, the switching network consists 

of two switch pairs (S1, S4) and (S2, S3) 

and their inherent inverse parallel diodes 

(SD1–SD4).  

3) The two switch pairs operate 

complementarily at the forced switching 

frequency, transform dc current input to 

high-frequency square-wave current, and  

4) Inject it into the resonant network, which is 

composed of resonantinductor LP , 

capacitor CP , and equivalent series 

resistance (ESR) resistance RLP .  

The resonant network converts the square-wave 

current to sinusoidal current for primary coil to 

produce alternating magnetic field.  

1) At the secondary side, the secondary coil 

will pick up energy from the magnetic field 

and produce resonance in the parallel 

resonant network composed of resonant 

inductor LS and capacitor CS. 

2)  With the rectifier and filter network (Lf ,Cf), 

ac energy is transformed to dc output to the 

load (RL). 

3) While the forced switching frequency is 

approaching the inherent soft switching 

frequency of the primary resonant network, 

the switching points will be close to the zero 

crossing points of the resonant voltage 

uCPwhich can producezero-voltage-

switching conditions. 

In system running, when the switching frequency 

drifts awayfrom the inherent frequency, there are two 

possible cases. Oneis higher, and the other is lower 

than the inherent frequency. Thetwo cases are quite 

different in nature and should be 

analyzed,respectively. 

A. Higher Case 

As it can be seen from (a), the waveforms from up to 

downare resonant capacitor voltage uCP, switching 

signal S, andthe input current iac of the resonant tank, 

respectively. For theswitching frequency is higher 

than the inherent frequency,the switching instants 

will appear before the zero switchingpoints of uCP. 

In addition, the mismatches will produce fourshort 

current regions (Region I–IV). In each region, the 

shortcurrent has different path and can be illustrated 

from (b) to(e), respectively.  

a) In Regions I and III, the switch pair (S1, S4) 

turns on and the switch pair (S2, S3) turns 

off. However, as the resonant voltage uCP is 

below zero, two short current loops will 

form in the inverter bridge.  

b) The one shown in (b) is the upper short 

current loop including S1 and SD3.  

c) The other shown in (d) is the lower loop 

include SD2 and S4.  

d) In Regions II and IV, the switch pair (S1,S4) 

turn on and (S2, S3) turn off. However, the 

resonant voltage uCP is above zero.  

e) Similarly, there are two short current loops. 

The one shown in (c) is the upper one 

including SD1 and S3, and the other shown 

in (e) is the lower one including S2 and 

SD4. 
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f)  As the total resistance in the short current 

path is approaching zero, the short current 

can be very large and result in the sharp 

peak of input current Iac shown in (a). 

 

 

 
Fig. 3.Switching frequency lower case. (a) Operating 

waveforms when shortcurrent occurs. (b) (Regions I 

and III) Upper short current loop. (c) (Regions IIand 

IV) Upper short current loop. (d) (Regions I and III) 

Lower short currentloop. (e) (Regions II and IV) 

Lower short current loop. 

B. Lower Case 

When the switching frequency is lower than inherent 

frequency, the short current will appear as well. 

However, it isdifferent from the higher case in nature. 

The lower case canbe illustrated in Fig. 3.As it can be 

seen from (a), since the switching frequency islower 

than the inherent frequency, the switching instants 

willlag behind the zero crossing points of uCP. 

a) Furthermore, the mismatches will produce 

four short current regions (Regions I–IV).  

b) In Regions I and III, when the resonant 

voltage uCP crossing the zero, the switching 

pair (S2, S3) still maintains ON STATE 

because the switching signal is lagged 

behind.  

c) Two short current loops will form in the 

upper and lower bridges, respectively. The 

one including SD1 and S3 is shown in (b), 

and the other including S2 and SD4 is 

shown in (d).  

d) In Regions II and IV, the switch pair (S1, 

S4) will maintain ON STATE. Similarly, the 

upper short current loop including S1 and 

SD3 is shown in (c), and the lower one 

including SD2 and S4 is shown in (e).  

e) However, it should be noted that the short 

current is driven by resonant inductor LP 

instead of capacitor CP as the resonant 

voltage is clamped to zero.  

f) Therefore, the short current peak of input 

current iac shown in (a) is much lower than 

that of the higher case.  

g) In addition, in higher case, the short current 

appears at the front end of the switching 

signal, while in the lower case, it appears at 

the back end. 

 

III. SHORT CURRENT ANALYSIS 

Since the principles of the short current are quite 

different inthe higher and lower cases, the short 

current analysis should begiven, respectively. 

 

A. Higher Case 

According to the analysis of the Section III, the 

equivalentcircuit of the short current loop can be 

shown in Fig. 4. 
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Fig. 4. Equivalent circuit of short current loop. 

 

As can be seen, the short current is iC, and resistance 

RCis the sum of conducting resistances of switch 

devices anddiodes on the short current loop. 

Moreover, the resistance RPis the sum of ESR 

resistance RLP and reflecting resistancefrom 

secondary side. 

 

B. Lower Case 

In the lower case, the resonant voltage is clamped to 

zeroand cannot drive the short current. The short 

current is actually the freewheeling current of the 

resonant inductor LP . 

The equivalent circuit of the short current loop can be 

shownin Fig. 5.In the short-time interval of the short 

current, the resonantcurrent iP can be seen as a 

constant, which equals the instantdetection 

circuit.current iP (0) when the short current occurs. 

 

 
 

Fig. 5. Equivalent circuit of short current loop. 

 

IV. FREQUENCY TRACKING 

CONTROLS 

The frequency tracking control is to make the 

switchingfrequency accurately and rapidly keep up 

with the inherentfrequency variation of the resonant 

tank. 

A. Short Current Detection 

 

However, as the duration time of the short current is 

normallyless than 1 μs, it is quite difficult for normal 

analog to digitalchip to detect it. In this paper, a short 

current detection circuitusing normal comparator chip 

LM319 is designed. It can beshown in Fig. 6. 

 
 

Fig. 6. Short current detection circuit. 

As can be seen, a comparator L1 is used to detect the 

duration time TC of the short current. As analyzed in 

Section III, two identical short currents will form in 

the upperand lower bridges simultaneously in no 

matter the higher orthe lower case. Moreover, in the 

upper bridge, the two shortcurrent loops should 

include (SD1, S3) and (S1, SD3) in nomatter the 

higher or the lower case. 

 

 It can be seen that theshort current in any diode of 

SD1–SD4 will be identical. Inorder to simplify the 

detection circuit, only SD1 is selected todetect the 

short current. However, as the inherent diode SD1is 

normally embedded in switch device, it is difficult to 

detectthe current on it. Therefore, an inverse parallel 

diode recoverydiode (RD) with low conduction 

resistance is added to replaceit. In addition, a block 

diode is put in series with the switchS1 to invalidate 

the diode SD1. Furthermore, with a 

currenttransformer, the short current on RD can be 

detected. 

 

B. Determining the Mismatch Direction 

The second step of tracking is to determine whether 

thefrequency is higher or lower than the inherent 

frequency. Ascan be seen from Figs. 2 and 3, the 

short current on SD1 willselect different occurrence 

regions for the higher or lower case.For higher case, 
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the short current will select Regions II and IVfor 

occurrence, and for the lower case, the short current 

willselect Regions I and III. 

 

C.  Mismatching Calculation and Correction 

The third step of tracking is to calculate the deviation 

between the switching frequency and the inherent 

frequency.  

 

 
 

Fig. 7. Frequency mismatch calculation method for 

the higher case. 

Thetracking method should be different according to 

the higher andlower cases. For the higher case, the 

frequency mismatchingcalculation method can be 

illustrated in Fig. 7. 

 

V. SIMULATION RESULTS 

 

 
 

Fig. 8 

 

 
Fig. 9 

 
Fig. 10 

 

 
Fig. 11 

 

 
 

Fig. 12 



© September 2015 | IJIRT | Volume 2 Issue 4 | ISSN: 2349-6002 

IJIRT 142577 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 45 
 

 
Fig. 13 

 
Fig. 14 

 
Fig. 15 

 

VI. CONCLUSION 

In this paper, a novel accurate frequency tracking 

methodbased on short current detection has been 

proposed for anIPT system. An instantaneous short 

current detection methodutilizing cheap comparator 

is proposed. Furthermore, a fast andaccurate method 

is proposed to calculate the frequency mismatch and 

make a correction. Compared with the 

conventionalautonomous oscillation method, this 

method is an active onewhich can overcome the 

common problems such as feedbackdelay, resonant 

failure, and additional start-up circuit. 
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