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Abstract: Power amplifiers based on power electronic converters have become one of the ideal physical interfaces for
grid voltage simulation due to their flexibility and ease of control. Addressing the drawbacks of existing power amplifier
control methods, which can amplify frequency deviations, cause filter circuit parameter drifts, and make it difficult to
simulate high-frequency harmonics, an ultra-wideband control strategy for harmonic power amplifiers with mixed feed-
in adaptive compensation is proposed. This strategy aims to accurately reproduce wideband voltage signals while
balancing dynamic and steady-state performance. Next, a multivariable mixed feed-in loop is designed to compensate
for the transient characteristics of the system. In the time domain, an adaptive method considering parameter drifts is
derived using the Lyapunov function to compensate for uncertainties in filter parameters. The limitations of digital
implementation in mixed adaptive compensation are thoroughly analyzed and overcome. The performance enhancement
of the proposed method as a repeated embedded control is discussed. Finally, a prototype is built, and simulations and
experiments are conducted to verify the dynamic performance and steady-state accuracy of the proposed strategy. The

results indicate that compared to existing controls, the proposed method offers faster dynamic response, higher steady-
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state accuracy, and a wider range of harmonic frequency tracking. It can achieve rapid and error-free tracking of ultra-

wideband reference voltages.

Key words: emulation of power grid; power amplifier; wide bandwidth; adaptive control; repetitive control
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Figure 1 Topology of power amplifier
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Figure 18 Output voltage and its FFT analysis under

harmonic content condition of 5%

20 i 7R o

Hi & 18 T LA Y, 24 7 A 590 I I A, XLHA] 38
PR G A [R) 451 22 385 I o 43 1 R B2 12 g 22 55 W
8, %5 3 YR U A BR R R 22 O 10 %6, % 5.7 A9 Yl
T T R B 15 2 1 KA 30 %0, X T v LI U5 A R I
REU BT 2% . AT 5, HE AC B BR i 158 25 76 4 91 Bt
0 B — SRR B AR R FEAE 1026 LA . SR,
3X 4 1 AL B 1 I A T R DA, X e A B I U A
BB (19 R % 4 6.766 %) , X 5 &l 7 B &g 71 Y
HF AC J 5 45 P 43 A7 25 SR O 4 — 8. HFAC-RPC
WG LS AT RPC, W I IR 5 1 e AR5 3 i — 45 i 42
Fb, A0 B PR R IR E R R 120~5% . MEA10%
WP REAS 2RI (&119) .

ful :49.998 8 Hz  Urmsl : 105.280 V'

. 0007 Uthd! : 26015%
=1 100000 1155859 21: 0274 cp
5| . 0339 12:0054 220017 '
<l . 11086 13: 3904 23. 0230
“ 0516 14: 0044 24, 0004 lem
N . 13822 15:2915 25.0214 U
5 . 0230 16: 0057
= 14361 17: 2303 i Contert
g . 0.143 18: 0031 % of Fnd
| 2 9390 19: 1951 MAX Order
. 0177 20: 0022 25th

10 ms/div vo HH A5 U U B

(a) AUHI#F PLEE

ful : 50.002 8 Hz Urmsl : 104.846 V

0: 1426Uthdl : 15.737%
S 1:100000 11: 10452 21: 0738 -~y
St 2. 0668 12: 0.115 22: 0078
=l 3: 9680 13: 10462 23:0.142 1
“ 4: 0131 14: 0192 24:0083 Item
o 5: 11442 15: 10990 25: 0297 U
ZN 6: 0396 16: 0117 Content
§ 7:11.018 17: 12167 ” °;‘F”d
z 8: 0.377 18: 0083 2 O11TK
@l 9:10.783 19: 14.098 MAX Order
10: 0.206 20: 0.109 25th
vo VA YIRS Ik Fr 1
(b) HFAC
ful : 50.025 6 Hz Urmsl : 104.185 V
0. _0291 Uthdl :29.749%
1:100000 11:9961 21:0.142 CH
> 2. 0142 12:0165 22:0098 1
s} 3: 9745 13:9943 230155
< 4: 0142 14:0.188 24:0104 ltem
" 5: 10043 15:9946 25:0.157 u
= 6: 0220 16: 0.186 Content
s} 7:10.183 17: 9941 o of Fnd
> 8: 0.168 18: 0217
2 9:10.116 19: 9946 MAX Order
L 10: 0.144 20:0.192 25th
10 ms/div vo P& YRS IR 5 ik
(¢) HFAC-RPC
B19 #E4FTAHA10% T THHE e ERLFFT 547

Figure 19 Output voltage and its FFT analysis under

harmonic content condition of 10%
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Figure 20 Comparison of fundamental and

odd harmonics of 3rd to 19th RMSE
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