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FPGA-Based Current Sensorless Control for Boost-Type SMR

Student : Yi-Chien Jen Advisor : Dr. Hung-Chi Chen

Department of Electrical and Control Engineering
National Chiao Tung University

Abstract

In this thesis, a novel current sensorless control method is developed and implemented
based on field programmable gate array (FPGA) in order to yield high power factor and
output voltage regulation. Compared to the conventional multi-loop control with one inner
current loop and one outer voltage loop, there is only one voltage loop in the proposed
single-loop current sensorless cantrols. Because of ‘no current loop, the efforts of sampling

and tracking inductor current are-unnecessary.

In this thesis, the effects of input.current waveform are analyzed and modeled with
considering the inductor resistance and conduction voltages. Using the compensation loop can
reduce input current distortion. Then, some simulated and experimental results have been

given to demonstrate the performances of the proposed SLCSCs.
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#2032 LAAM R AR RO PIRRT 200 < B ARRE R
RN F 6TSW

Shid B A K% 32)| B 3.21() (B 3.21(b)| B 3.21(c) | 3.21(d)| B 3.21(e)
3 2300 | 0.1029 | 1.076 | 1.844 | 2392 | 3.081
5 1.140 | 0.05857 | 0.13169 | 0.45836 | 0.57196 | 0.60478
7 0.770 | 0.04048 | 0.10633 | 0.23439 | 0.18655 | 0.0968
9 0.400 | 0.03096 | 0.07907 | 0.09607 | 0.05104 | 0.21259
11 0.330 | 0.02503 | 0.0611 | 0.0159 | 0.09268 | 0.15261
13 0.210 | 0.02097 | 0.04814 | 0.02889 | 0.08934 | 0.03708
15 0.150 | 0.01799 | 0.03828 | 0.04468 | 0.05408 | 0.05606
17 0.132 | 0.01572 | 0.03047 | 0.04295 | 0.0161 | 0.0687
19 0.118 | 0.01392 | 0.02413 | 0.03119 | 0.02239 | 0.03328
21 0.107 | 0.01245 | 0.01889 | 0.01568 | 0.03262 | 0.01531

i 0§ st & 450W

Thik B A K% 12)| B 3.22(a) (B 3.22(b)| 8] 3.22 (c) |8 3.22(d)| #] 3.22(e)
3 2300 | 0.08594{10.7100 | 1.1504 | 1.7832 | 2.1784
5 1.140 | 0.0453 |-0.0817:7f 02741 | 0.3927 | 0.3823
7 0.770 | 0.0307 |“0.0665 | ~0.1480 | 0.0910 | 0.1205
9 0.400 | 70,0232 | 0.0494 | 0.0677 | 0.0823 | 0.1693
11 0.330 | 0.0187 7010382 | 0.0191 | 0.0897 | 0.0870
13 0210 | 0.0156.| 0.0301"| 0.0104 | 0.0543 | 0.0244
15 0.150 | 0.0134 | 0.0240 | 0.0228 | 0.0164 | 0.0578
17 0.132 | 0.0117 | 0.0192 | 0.0253 | 0259 | 0.0410
19 0.118 | 0.0103 | 0.0152 | 0.0212 | 0.0308 | 0.0089
21 0.107 | 0.0092 | 0.0120 | 0.0137 | 0.0193 | 0.0273

B9 f o 225W

THk = B A AE(% 1) W] 3.23() (M) 3.23(b)| 8] 3.23(c) |B) 3.23(d)| ®] 3.23(e)
3 2300 | 0.0723 | 02510 | 0.3400 | 0.9999 | 1.4157
5 1.140 | 0.0342 | 0.0283 | 0.0324 | 0.1898 | 0.1265
7 0.770 | 0.0222 | 0.0144 | 0.0259 | 0.0722 | 0.1908
9 0.400 | 0.0164 | 0.0100 | 0.0189 | 0.0717 | 0.0759
11 0330 | 0.0129 | 0.0076 | 0.0146 | 0.0422 | 0.0484
13 0210 | 0.0107 | 0.0062 | 0.0117 | 0.0176 | 0.0549
15 0.150 | 0.0090 | 0.0052 | 0.0094 | 0.0236 | 0.0085
17 0.132 | 0.0078 | 0.0045 | 0.0077 | 0.0197 | 0.0321
19 0.118 | 0.0068 | 0.0040 | 0.0063 | 0.0085 | 0.0163
21 0.107 | 0.0060 | 0.0036 | 0.0052 | 0.0105 | 0.0135
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233 L EH R R AL EET LS ) 2 DERE R
A F 675W
24k = D £5(% 32| 3.21(a)| B 3.21(b)| M) 3.21(c)| B 3.21(d)|®l 3.21(e)

3 2.295 0.1029 1.076 1.844 2.392 3.081

5 1.283 0.05857 | 0.13169 | 0.45836 | 0.57196 | 0.60478
7 0.675 0.04048 | 0.10633 | 0.23439 | 0.18655 | 0.0968
9 0.338 0.03096 | 0.07907 | 0.09607 | 0.05104 | 0.21259
11 0.236 0.02503 | 0.0611 | 0.0159 | 0.09268 | 0.15261
13 0.200 0.02097 | 0.04814 | 0.02889 | 0.08934 | 0.03708
15 0.173 0.01799 | 0.03828 | 0.04468 | 0.05408 | 0.05606
17 0.153 0.01572 | 0.03047 | 0.04295 | 0.0161 | 0.0687
19 0.137 0.01392 | 0.02413 | 0.03119 | 0.02239 | 0.03328
21 0.124 0.01245 | 0.01889 | 0.01568 | 0.03262 | 0.01531

B0 p 0 T A50W
sk = 8D A(3 32| B 3.22(a)| B 3.22(b)| B 3.22(c)| @) 3.22(d)| B 3.22(e)

3 1.530 0.08591 11707100 | 1.1504 | 17832 | 2.1784
5 0.855 0:0453 |-0.08177°4 0.2741 | 0.3927 | 0.3823
7 0.450 0.0307 |°0.0665 1-0.1480 | 0.0910 | 0.1205
9 0.225 0.0232 1.10.0494 | -0.0677 | 0.0823 | 0.1693
11 0.158 0.0187. | .0.0382 -1 0.0191 | 0.0897 | 0.0870
13 0.133 0.0156. | 0.0301" | 0.0104 | 0.0543 | 0.0244
15 0.116 0.0134 | 0.0240 | 0.0228 | 0.0164 | 0.0578
17 0.102 0.0117 | 0.0192 | 0.0253 0.259 0.0410
19 0.091 0.0103 | 0.0152 | 0.0212 | 0.0308 | 0.0089
21 0.083 0.0092 | 0.0120 | 0.0137 | 0.0193 | 0.0273

B9 E 5 225W
sk = 8D #1(3 12| M) 3.23(2)| B 3.23(b)| @] 3.23(c)| @) 3.23(d)| B 3.23(¢)

3 0.765 0.0723 | 0.2510 | 0.3400 | 0.9999 | 1.4157
5 0.428 0.0342 | 0.0283 | 0.0324 | 0.1898 | 0.1265
7 0.225 0.0222 | 0.0144 | 0.0259 | 0.0722 | 0.1908
9 0.113 0.0164 | 0.0100 | 0.0189 | 0.0717 | 0.0759
11 0.079 0.0129 | 0.0076 | 0.0146 | 0.0422 | 0.0484
13 0.067 0.0107 | 0.0062 | 0.0117 | 0.0176 | 0.0549
15 0.058 0.0090 | 0.0052 | 0.0094 | 0.0236 | 0.0085
17 0.051 0.0078 | 0.0045 | 0.0077 | 0.0197 | 0.0321
19 0.046 0.0068 | 0.0040 | 0.0063 | 0.0085 | 0.0163
21 0.042 0.0060 | 0.0036 | 0.0052 | 0.0105 | 0.0135
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