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Nuttakron Keratipaiboon 2014: A Control Design for Inductively Coupling Power
Transfer Systems. Master of Engineering (Electrical Engineering), Major Field:
Electrical Engineering, Department of Electrical Engineering. Thesis Advisor:

Assistant Professor Siriroj Sirisukprasert, Ph.D. 171 pages.

This thesis presents a maximum power transfer technique for Inductively Coupling
Power Transfer (ICPT) Systems by searching the appropriated switching frequency based on the
maximum direct current of the DC power supply. In this thesis, an ICPT system is studied in the
frequency response between the direct current (Ip¢) on the primary side and the output power
(Pp) on a load side when the components of an ICPT system (the capacitor compensation
topologies, the shape of coil, air-gap and resonant frequency) are changed. To understand and
verify the designing of the proposed control method, two experiments have been conducted in this
thesis. The first experiment is set up to understand the frequency response of the direct current
and the output power when the components of the ICPT system are changed. By the first
experiment, the results show that the output power is related to the direct current. While the input
direct current reaches the maximum value, the output power also reaches the maximum value. This
happens regardless of the changes of e the capacitor compensation topologies, the shape of coil,
the air-gap and the resonant frequency. In the second experiment, the efficiency of the proposed
control method has been verified by the comparing between the proposed control method and the
conventional method (direct charging from the DC power supply) in case of the portable
electronic devices charging. From the research results, a high efficiency wireless power transfer

control technique can be simply achieved.
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Characteristic of the Capacitor Copensation Topologies
topology SS-Topology | SP-Topology | PS-Topology PP-Topology
Dependence of the
primary compensation None None Dependent Dependent

capacitance on load

Circuit equivalent
Minimum Minimum Maximum Maximum

impedance at resonance

Voltage Sourec | Voltage Sourec
Types of ac source to

Voltage Voltage at high at high
applied so as to transfer
Source Source voltage/Current | voltage/Current
maximum power
source source
Power transferred Lower Higher Lower Higher
Peak Efficiency Higher Lower Higher Lower
Tolerance of efficiency to
Lower Higher Lower Higher
variable frequency
Tolerance of power factor
Higher Lower Higher Lower

to variable frequency
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0.98
0.99

0.931397
0.929294
0.927135
0.924918
0.922639
0.920297
0.917886
0.915403
0.912843
0.910202
0.907472
0.904648
0.901721
0.898683
0.895522
0.892225
0.888774
0.885151
0.881327
0.877266
0.872917
0.868201
0.862983
0.85698

0.848826




41

1.2.4 MImuIANLHTetingINseINvaalanagsIuLIuNaN

]
o I

MIMUIUAINNNHUENNTINTERINVAaIA gtz el Tuvaade

[

= A a z:gll o Y 9 a 9 a an
nagINuuuunay lasnluanuddsimrualvvaadanuilguginazdunasgiivuag
MInu naasnsiieniisznivaatalguguaznag i Idasnini 27 nazuaaanis
o Yo = = . v A
Aurn laasaunsi 15 Fuiuaun15ved Frederick W. Grover 91041190 “Inductance

Calculation Working Formulas and Tables” NN 77-87

QOO0 = CXXD) samaming

sreernesEnIeanadn(d)

X X)) Y XX X)) weanilguns

MNN 27 Mamteniuluvaalamnasisutuuna

M = N,N,fm, (15)
A d o A = v a
o Wusalvesvaaranasrnunuunanmuilyugl
< ' { A . { d
f Wurmeinnmsidamseii o lunsiil — <1
14
@ 1 { a { { 2T
Wio f Aumasnanmatlaasnd 10 lunsain —2<1



v f 1] 1] d
319 9 firaadl £ lunsain — <1
14

42

d/2r, f d/2r, f d/2r, f d/2r, f
0.01 0.0501600 0.26 0.0107230 0.51 0.0048 0.76 0.0024659
0.02 0.0414700 0.27 0.0103400 0.52 0.004664 0.77 0.002406
0.03 0.0363900 | 0.28 | 0.0099740 | 0.53 0.004532 0.78 | 0.0023479
0.04 0.0328000 | 0.29 | 0.0096270 | 0.54 | 0.0044050 | 0.79 | 0.0022916
0.05 0.0300300 0.3 0.0093960 | 0.55 0.004283 0.8 0.0022369
0.06 0.0277700 | 0.31 0.0089800 | 0.56 0.004165 0.81 0.0021838
0.07 0.0258800 0.32 0.0086790 0.57 0.004051 0.82 0.0021323
0.08 0.0242400 0.33 0.0083900 0.58 0.00394 0.83 0.0020823
0.09 0.0228100 0.34 0.0081140 0.59 0.003834 0.84 0.0020337
0.1 0.0215390 0.35 0.0078500 0.6 0.00373 0.85 0.0019865
0.11 0.0203960 | 0.36 | 0.0075970 | 0.61 0.003631 0.86 | 0.0019407
0.12 0.0193610 | 0.37 | 0.0073540 | 0.62 0.003534 0.87 | 0.0018962
0.13 0.0184170 0.38 0.0071210 0.63 0.003441 0.88 0.001853
0.14 0.0175500 0.39 0.0068980 0.64 0.003351 0.89 0.0018109
0.15 0.0167500 0.4 0.0066840 0.65 0.003263 0.9 0.0017701
0.16 0.0160090 0.41 0.0064770 0.66 0.003179 0.91 0.0017304
0.17 0.0153190 0.42 0.0062790 0.67 0.003097 0.92 0.0016918
0.18 0.0146760 0.43 0.0060890 0.68 0.003018 0.93 0.0016542
0.19 0.0140730 0.44 0.0059060 0.69 0.002941 0.94 0.0016178
0.2 0.0135070 | 0.45 | 0.0057300 0.7 0.002866 0.95 | 0.0015822
0.21 0.0129750 0.46 0.0055600 0.71 0.002794 0.96 0.0015477
0.22 0.0124730 0.47 0.0053960 0.72 0.002725 0.97 0.0015141
0.23 0.0120000 0.48 0.0052390 0.73 0.002657 0.98 0.0014814
0.24 0.0115510 0.49 0.0050870 0.74 0.002591 0.99 0.0014496
0.25 0.0111260 0.5 0.0049410 0.75 0.002528 1 0.0014186
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a519h 10 A £ lunsdiii % <1
2r,/d f 2r,/d f 2r,/d f 2r,/d f

1 0.0014186 0.75 | 0.0007345 0.5 0.00025999 0.25 0.00003683
0.99 | 0.0013882 | 0.74 | 0.0007110 | 0.49 | 0.00024622 | 0.24 | 0.0000327
0.98 0.0013579 0.73 | 0.0006879 0.48 0.00023287 0.23 0.00002888
0.97 | 0.0013279 | 0.72 | 0.0006651 | 0.47 |0.00021994 | 0.22 | 0.00002535
0.96 | 0.0001298 | 0.71 | 0.0006427 | 0.46 | 0.00020743 | 0.21 | 0.00002212
0.95 | 0.0012686 | 0.7 | 0.0006206 | 0.45 |0.00019533 | 0.2 | 0.000019165
0.94 | 0.0012393 | 0.69 | 0.0005989 | 0.44 | 0.00018365 | 0.19 | 0.000016478
0.93 | 0.0012103 | 0.68 | 0.0005775 | 0.43 |0.00017239 | 0.18 | 0.000014049
0.92 0.0011814 0.67 | 0.0005565 0.42 0.00016154 0.17 0.000011865
0.91 0.0011529 0.66 | 0.0005359 0.41 0.00015109 0.16 0.000009916
0.9 0.0011246 0.65 | 0.0005157 0.4 0.00014106 0.15 0.000008189
0.89 0.0010966 0.64 | 0.0004959 0.39 0.00013143 0.14 0.000006672
0.88 | 0.0010688 | 0.63 | 0.0004764 | 0.38 |0.00012221 | 0.13 | 0.000005353
0.87 | 0.0010413 | 0.62 | 0.0004573 | 0.37 |0.00011338 | 0.12 | 0.000004218
0.86 | 0.0010141 | 0.61 | 0.0004387 | 0.36 |0.00010495 | 0.11 | 0.000003255
0.85 | 0.0009871 | 0.6 | 0.0004204 | 0.35 |0.00009692 | 0.1 | 0.000002449
0.84 0.0009605 0.59 | 0.0004025 0.34 0.00008926 0.09 0.000001788
0.83 0.0009341 0.58 | 0.0003850 0.33 0.000082 0.08 0.000001257
0.82 0.0009081 0.57 | 0.0003680 0.32 0.0000751 0.07 0.000000843
0.81 0.0008823 0.56 | 0.0003513 0.31 0.00006858 0.06 0.000000532
0.8 | 0.0008569 | 0.55 | 0.0003350 | 0.3 | 0.00006242 | 0.05 | 0.000000308
0.79 0.0008318 0.54 | 0.0003192 0.29 0.00005662
0.78 | 0.0008070 | 0.53 | 0.0003038 | 0.28 | 0.00005116
0.77 | 0.0007825 | 0.52 | 0.0002888 | 0.27 | 0.00004605
0.76 | 0.0007583 | 0.51 | 0.0002742 | 0.26 | 0.00004128
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[

Seud Mdamsdeny
1 while(1) // Continue Loop
2 T1=T+dm; // Start loop by modifies timer
3 if (SW_1==0) // SW_1 pushed
4 { _ delay32(1500000); //0.05 s delay using delay32
5 T1=T1-5; } // Increase Frequency by decrease period(T)
6 if (SW_2==0) // SW_2 pushed
7 { _ delay32(1500000); //0.05 s delay using delay32
8 T1=TI1+5;} // Decrease Frequency by increase period(T)
10 if (T1 <200){T1 =200;} // Lower limit of T (250 = 120kHz)
11 if (T1>30000){T1=30000;} // Upper limit of T (30000 = 1kHz)
12 else {T1=T1;} // No action on SW1 and SW2
14 Square_out(T1); // Generate square wave by T1
15 JEEEEERR Rk Waiting for Stable State ¥k tttttsok/
16 __delay32(30000000); // 1s Delay for wait stable state
18 ADC n1 =mean_ ADC(); // read ADC to ADC _nl variable
19 ADC diff=ADC nl - ADC n0; // Diff ADC nl and ADC n0
20 Idc = 0.0488*(ADC _n1-486);  // Convert ADC to Idc
21 Rk kool Calculate switching frequency (fs) ****/
22 fs =29.4912/T1; // Convert to fs
23 fs = £s*1000; // convert unit to kHz
24 fs ml = fs;
25 fs_diff =fs ml - fs_ mo;
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a @ t4 A
AT NHUINT V2 i‘l”iﬁcl,uﬂﬁllﬁﬂ\mﬁﬂNQﬂﬂimu@a“ﬁﬂ

S mdamsdany
2 SetDDRamAddr(0x00); // Start Cursor Line-1
3 sprintf(text,"Tdc=%4.2f %d %d\n",Idc, ADC _n1,ADC_diff);
4 PutsLCD(text);
5 SetDDRamAddr(0x40); // Start Cursor Line-2
6 sprintf(text,":%4.21:%4.2f:%4.2f\n",fs_ m0,fs m1,fs_diff);
7 PutsLCD(text);

m31awuIndl ¥3 sialumsasmanaoiugdegiullgaoiuzae 'l

Seud Mdamsdaanu
1 /***************** Prepare fOI' next state *******************/
2 ADC n0=ADC nl; // ADC nl1--> ADC n0 for next state
3 fs m0=1fs ml; // fs_ m1 -->fs_mO for next state
4 T=TIl; // T1--> T for next state

~ @ 1 1 9 ) [ < 3 aa o
ATTNNUINN V4 5Wﬁ1uﬂ’ﬁ@’luﬂ’]ﬂjgllﬁﬁi\iﬂjﬂﬂqﬂ“]fullﬂa\j tlJtUﬂmlmuzaE)ﬂLﬂuﬂima

]
[

S Mdamsdaan
1 unsigned int read ADC(int channel)
2 { ADCHS = channel; // Select the requested channel
3 ADCONI1bits.SAMP = 1; // Start sampling
4 ADCON1bits.SAMP = 0; // Start Converting
5 while ({ADCON1bits. DONE); // Should take 12 * Tad = 3.2us
6 return ADCBUFO0; } // returned is between 0 and 1023 inclusive.
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~ @ ° ' A o Y 3 ' P~
AT NNUINN US i‘l)iﬁclumimuammﬂimm@liwm”lmﬂummaﬂ

S Mdamsdan
1 unsigned int mean  ADC() // Calculation for Avg of ADC
2 Count
3 { int n; // n variable for correct ADC
4 int m; // m variable for sum ADC
5 unsigned int ADC_value[60]; // Build ADC array 20 samples
6 unsigned int D; D=0; // D variable for Avg. ADC
7 for(n=0; n<60; n++){ // correct ADC value 20 data
8 ADC value[n] =read ADC(6);} // from read_ ADC channel AN6
9 for(m=0; m<60; m++){ // Sum ADC value 20 data
10 D =D+ADC value[m];} /!
11 D =D/60; // Avg 20 data
12 return D; } // send Avg ADC by D variable

d' Y 9 [ A A s =1 [ U
ATNNHINN V6 ﬁ‘Hﬁaluﬂ"liﬁSNﬁﬂJuﬂJUWillg‘lJﬁ!ﬁﬁﬂhﬂWﬂﬁﬂﬂ%ullﬁﬂUm&‘U UYIUTIDON

S Mdamsdany
1 M Square Wave from Output Compare 1-Output Compare2 ////////1111111111]/
2 void Square out(unsigned long T1)
3 { // Fcy = 117.9648 MHz/4 = 29.4912 MHz --> Fcy/PR =F out
4 PR2=TI; // Set Frequency = Fcy/T
5 TMR2 = 0; // TMR2 and TMR3 start at count "0"
6 OCIR =0; // OC1 start at TMR2 =0
7 OCI1RS = (0.5*PR2)-(0.05*PR2);  // OC1 Stop at TMR2 = 0.5*PR2-Dead Time
8 OC2R = 0.5*PR2; // OC2 Start at TMR2 = 0.5*PR2
9 OC2RS = PR2-(0.05*PR2); } // OC2 Stop at TMR2 = PR2-Dead Time */
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d' @ Y 1 9 ana 9 1
AITNNUINN YT i‘l”iﬁcl,uﬂ1iﬂuﬁ1ﬂ1gﬂ@ﬂﬂ’)ﬁl’3ﬁﬂuLﬂl1ﬂ’38ﬂ1ﬂ‘i$t!ﬁ@]ﬁﬁijx‘l§(ﬂ

S Mdamsdaany
1 Jrrmmmmmrrrrrrnns Searching Method *H##H itttk
2 if (ADC_diff > 0) // Check ADC increase
3 { if(fs_diff<0){dm = 8;} // in case of fs decreased --> decrease fs
4 else {dm=-8;}} // in case of fs increased and NC --> increase fs
5 if (ADC_diff < 0) // Check ADC decrease
6 { if(fs_diff > 0){dm=8;} //in case of fs increased--> decrease fs
7 else {dm=-8;}} // in case of fs decreased and NC --> increase fs
8 if (ADC_diff == 0)
9 {dm=0;} //'in case ADC no change set dm to 0
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