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Distributed Damping Reconstruction Control Scheme of Rooftop Photovoltaic Inverters
Based on Dual Stability Limitations
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Abstract: To solve the limitation of the penetration improvement caused by harmonic resonance of rooftop photovoltaic
inverters, a distributed damping reconstruction control scheme based on dual stability limitations is proposed. Firstly, the
coupled relationship between the grid strength and penetration, and the harmonic resonance mechanism were investigated
based on the equivalent impedance model of multi-parallel inverters. Secondly, the harmonic resonance under grid weak-
ening was taken as a constraint, and the penetration characteristics of new energy under different dispatched power and
number of units were analyzed. Thirdly, the economy of the power dispatch was taken into account, and the equivalent
control component of the extra damping was added into the modulation wave of the bottom inverter to form the distribut-
ed damping reconstruction control scheme. Moreover, the dual stability limitation requirements of harmonic resonance
suppression and the self-stability were taken into account, and an evaluation scheme of the maximum ability of the dis-
tributed damping reconstruction was constructed based on the impedance matching and pole-zero diagram, so as to realize
the maximum improvement of the penetration level. Finally, the effectiveness of the proposed control scheme was verified
by simulations and experiments. The research results show that the proposed control scheme can improve the harmonic
resonance suppression ability of the inverters and the penetration level of the grid-connected system, providing a technical
support for the large-scale integration of rooftop photovoltaics.
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Fig.1 Structure of the rooftop photovoltaic system
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[, +4.6593x107*s +0.075313 s + 2.5210x 10713 ,s* +
1.2172x107°78,5% +3.0825x 107212 ,s* +2.1729x 10713 s° +
4.9024x107'73,s° —8.3358x 1072 ,s” —1.2340x 10773 ,s® —
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1.1903x10721%,5° +2.0268x 107 1% 57 +8.1872x 10°I%,s* +
8.8112x107°12,s” +1.2020x 10713, 5"+

! 2.6204 %1075 —2.8162x107%s* +1.3066 x 10> +
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9.2726x 1075’ +4.5521x 105" +9.5123x10 5" +
7.9053 105" +1.8626 x 105" +1.3172x 105"
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—0.188— 13, —0.02285 —0.07537:,5 —1.9901x 10735 +
1.5615x10°°1%,5> +1.0675x 10721%,5* +3.8564x 1012 5" —
4.4196 x IO’ZZdes6 —6.4297 x 10’2513(,57 —-2.7672x 10’2(’13(,58 -
3.0735x1071%,5° —4.2131x 10135 —
6.5783x107*s* +4.0313x107%s* +1.6420x107"°s* +
1.4653x10™5* —1.9781x107"%5° —~2.3808x 10 %" +
5.4006x107s* +9.5813x107's” + 2.4754x 105" +

2.1719%x107%s" +5.1873x 1075 +3.6914x 105"

0.00387%, +1.7748 x10™s +1.3139 x 1071 s —
1.1575x107°I%,5% = 5.3252x 10°1%,5° —6.7610 x 1071 s —
2.3948x 1071, +4.0779x 10'I%,5° +1.6473x 1027 +
1.7728x 10715 + 2.4185x 1071 s°+5.2722 x 10°*s” —

" 5.6663%10°5" +2.6288x 10°"'s* + 27805 1075 +
1.0383x10775° +1.9145x102's +1.8656x 10 ’s* +
9.1588x107s* +1.9139x10*s'* +1.5905x 10 s"" +

3.7475x107%s" +2.6501x107's"
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eagd —
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125617, +0.5871s +43.46191° s —
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3.0297x107%s° +6.3310x 105" + 5.2614x 105" +
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Z(?eqddirevised =
I%, —4.6593x107s — 0.076713,5 —1.2509x 107*I3,s* — 7.8265x 107" I} ,s* —3.0131x 107"} ,s* —9.5882x 107" I* 5° —
1.6344x107"°18,5° —=1.0029 x 1013, s7 —9.1176 x 10712 ,s° +5.3029 x 107" 13,s” +5.9462 x 107°12,5" +1.9278 x 10713 5" +
1.9383x10772,5" +2.6180x107°I%,s" —1.6866 x 10"k, s* —1.1885x 10"k, s* +5.7437x 10k, s* +

damp damp damp

Ceqqd_revised

8.5962x 10k, s° +3.8351x10 %k, s” +8.5073x 10k, 5" +1.4613x10 7k, 5" +1.3581x 107"k, 5" -
4.1458 107k, 5" —1.1852x10 "k, s —=1.9175x 107"k, s" —2.7507 x10 %k, s —3.3242x107s* +1.2972x107"s’ +

3.6734x107"%* +3.5146x 1075 +1.9296x 107"°s° + 7.7021x107s” + 2.2667 x107%s* +4.4335x107%s° +5.6384 x107's'" +
4.8966x107°s" +3.0006x 105" +1.1622x10%s" +2.2018 x 105" + 1.7516x 105" + 4.0775x 105" +
2.8688x107%s" —=1.3104x107™k2 I® s —9.8161x107°k2 I° s° +8.6756x107k2 I° s°—8.0507x1072k2 I* 5" +

damp” 0d® damp” 0d® damp” 0d® damp? 0d®
9.7266 x10%kg,, I,s* —1.8498x 10 k3, I3,s" +2.4946 x 107 kg, I )s'* —9.8914x10 kg, 1" —7.2398x10 7k, I3, — (A18)
5.4865x 10 ky,, 135> —4.2609x10 "k, I°/s* —9.8917 x 107k, I*s° — 4.1338x10 "%k, I7,s° —4.8961x10 2k, I°s" —

1.0142x10 %k, 1°)s* = 6.0321x10 Ky, I2,5° —9.4362%x 107k, 125" +3.0803x 10 %k, I,s" +4.5933x10 Pk, I 5™ +

7210110 kg, 175" +1.0315x10 %k, 135"

6.2276x107°I%, +2.9109x107°s +2.1961x 10772 ,s —1.8842x 1071 5* = 2.1264x 107" I* 5* — 6.8735x 107" 5" —
7.3582x107°1%,5” +4.0960 x 10713 ,5° +4.6846x 107 I%,s7 +1.8122x107'13,5* +1.9230x 107 7% ,5° +2.6180x 107 /2,s""+

,| 8.8394x107"s* —9.2365x 1075 +3.6983x 10 s* +7.4062x 10775 + 4.7129 x10s° +1.4379x 105" +2.3784x 105" +
2.1698x107's” +1.0228 x 107’5 +2.0979 x 105" +1.7279 x 105" + 4.0611x107"'s" +2.8688 x 105" +
2.2543x10 Pk, I2ys* +7.7570x 107k, 10 s* — 6.8849 x 107k, 135" —1.6593x 107k, I5,s* —3.4801x 10 7k,

damp” o
52147 %107k, I%,s" — 6.9320x10 7k, I',s* +4.1698x 10k, I’ s* +7.1512x10 "k, I,s" +1.0315x107*

damp™ od ‘damp™ od damp

ns

s 6
10,s° —

s 1
10

damp damp damp

damp damp

Zceqdq;evised =
145318273, +0.12225 + 0.40381; 5 +3.7003x 10713 ,s* —1.3194x 10713 ,s” — 6.0487x 107" 13,s* —3.9520x 107" I} ,s° —
1.3301x107°13,s° +4.9707 x 1071257 +2.4040x 10771, 5° +9.8765x 1077 1%,s” +1.0810x 10772 ,s'* +1.4788 x 107 [3,s" +
3.6199% 10 kyy,,,s° +4.1656 3107 kg, 57 +1.1006 x10 7k, s* +5.3529 107k, s° +7.0490x 107k, s° +1.8738x 10k, s +
2.0757x10 kg, s* —=1.1697 x10 %k, s* —3.5868x 10k, 5" —3.0242x 10k, s" —3.9489x10 %k, 5" +

0.0036s” +2.0946 x10%s* —1.0148 x10~s* — 6.5428 x107"s” — 4.0911x 10775 +8.2093x107's” + 8.0696x10s* —

2.4052x 105" —3.4947x 105" —8.8040x 105" —7.6510x107"s" —1.8227 x 10*s" —1.2957x 105" +

1.9251x10°°k,,, I3,s* +1.4454 %107k, I},s* +1.1520x 107"k, I°,s* +8.2213x10 "k, I° s’ +3.8694x10 "k, I’ s°+

damp

lamp lamp ‘damp lamp™ od ‘damp™ od ( A 1 9)
6.6390x10 %k, I°/s" +4.6283x10 %k, I°,s* —6.3826x107 "k, I%,s° —1.6872x10 Yk, I°,s" —1.1835x10 "k, I’ ,s" —
1.4808x 10k, 175"

0.0202I%, +9.4385x107°s + 7.1207x 107*I3,5 — 6.1095x 107°I} s> — 6.8947 x 107 I ;s* —=2.2287 x 107" I} s* -
2.3859%x107°7%,s° +1.3281x107°72,5° +1.5190x 10 I3,s7 +5.8762x 1072 ,s° + 6.2354x 10712 ,s° +8.4889x 107 ¢ 5"+
2.8662x107s* —2.9949x 1075 +1.1992x 10™"s* +2.4014x107"%s” +1.5281x107'%s° + 4.6625x 10 "s” +7.7120x 105" +
"1 7.0355%10%5 + 33165105 +6.8023x 105" +5.6028 x 1025 +1.3168x 105" +9.3020x 105 +
7.3097 x10 Ky 148" +2.5152 %10k, I2y5° = 2.2324x10 "k, Iys* —5.3803x10 %k, I5,s° —1.1284x 107"
1.6908 x 107k, I%,s” — 2.2477x10 %k, I%,s* +1.3521x107%k,, I%,s° +2.3188x 10k, 155" +3.3447x10™"k,, I} s"

damp™ od ‘damp™” od

s o6
I, —

damp” o

damp ‘damp damp



(2s2 +4665s + 62200) .

1+0.04085 +3.6199x 107k, s> +1.4507 x 10"%,
14349510 ™%k, 5° 33827 x 10 2k, 57 —1.0936 x 102k, s° =9.3767 x 10k, 5" —1.2281x 10k, 5™ +

4.4230%x107s% +1.7864x107s” + 4.5934x 105" +3.3887 x107'%s° —1.0417 x 1075 —=2.1574x 105" —
1.2077 x 10725 —2.7080x 10s° — 2.3663x 105" —5.6593 x 10*s'' —4.0296 x 105"

o5 +9.1033x 107k, 5" +5.4939x10"%,,,, 5" +

amy amp damp

Z coqqi rovised =~
e 12561, +0.5871s +44.29097: s —3.80011%,5° — 0.00437: 5" —1.3863x107°I%,5* —1.4840x107°I% s” + (A20)
8.2610x 107725 +9.4480x107°I%,;s7 +3.6550x 10713 s* +3.8784 x 10713 ,s° +5.2801x 107 ",5'+
0.0178s> —0.0019s” +7.4588x 10 °s* +1.4937 x 107%s” + 9.5050 x 107%s° +2.9001x 10™"%s” + 4.7969 x 10™"s* +
n| 4.3761x107s° +2.0629x 105" +4.2310x 105" +3.4849x107""s" +8.1905x 10 5" +5.7859 x 105" +
4.5466 % 10k, I5,5° +1.5645x 10k, I3,5* —1.3886 x 10k, 175" —3.3465x10 "k, I},s° —
7.0188% 10k, £5,5° —=1.0517x10 "k, 125" — 1.3981x10 %k, 17 ,s° +8.4099x10*k,, 175" +
1.4423%10 %k, 17,5 +2.0804x10  k,, 175"
(257 +46655 +62200)-
—140.0397s —3.6199%x10 "k, s* +1.4693x 10"k, s +3.5427 x 10 "k, s* +7.4361x10"k,,, s° +
L1164x10 "%k, s® +1.6032x10 %k, s” —8.9256 x10 %'k, s* —1.5310x 10k, s” —2.2085x 10 %k, 5" +
4.5944x107s* +2.1753x 107 +8.6273x1072s* +2.1917x 107"%s* +3.2559x107"%s® +3.1035x 10757 +
P B 2.0694x107s* +8.6668 x 105" +1.7140 x10*s" +1.3937x10*'s" +3.2648 x10™V"s"? +2.3033x 10™%s"
Cex revised <
- 20073, +0.0935s +7.0527I¢ s — 0.60511° ,s* — 6.8289 x 107*I*,s* = 2.2074x 1071} ,s* —=2.3631x 107"} s” + (A21)
1.3154%107°L%,5° +1.5045x 1071257 +5.8200x 107 1%,5* + 6.1759 x 1013 5° +8.4078 x 107 I3 5"+
0.0028s% —2.9663x107*s* +1.1877x107%s* +2.3785x107s* +1.5135x107"*s° + 4.6180x10™'°s” +
n| 7.6383x107's* +6.9683x107%s” +3.2848 x 105" + 6.7373x 107" +5.5492 x 10 s +1.3042x 107 %s" +
9.2131x107s" +7.2398 X107k, I3,5% +2.4912% 10 %k, I3,s* —2.2111x10 "k, I%s* —5.3289%10 "k, 12 ,s° —
LI176 X107 Ky, 13,5 —1.6747 x10 " ky,, 1287 — 2.2262x 10k, I3s* +1.3391x10 %k, 17, +
2.2966 %107k, 108" +3.3127x 107k, I3 5"
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3.6043x10 %k, s* — 1.3890x10" 7k, s° + Table B2 Comparison of the power dispatch indexes
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1.5947x107s% +1.1692x 10°*s* + 7.8154x10 " s* + HRAIRA Poumax n_ Openewaion% g
_ ~ LRI 1 3 35.89 1
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