OPS/images/fenrg-12-1486478/inline_20.gif
Dy

G






OPS/images/fenrg-12-1486478/inline_19.gif





OPS/images/fenrg-12-1486478/inline_2.gif





OPS/images/fenrg-12-1486478/inline_17.gif





OPS/images/fenrg-12-1486478/inline_18.gif





OPS/images/fenrg-12-1486478/inline_15.gif





OPS/images/fenrg-12-1486478/inline_16.gif





OPS/images/fenrg-12-1486478/inline_13.gif





OPS/images/fenrg-12-1486478/inline_14.gif





OPS/images/fenrg-12-1486478/inline_12.gif





OPS/images/fenrg-12-1488029/inline_32.gif





OPS/images/fenrg-12-1488029/inline_31.gif





OPS/images/fenrg-12-1488029/inline_30.gif





OPS/images/fenrg-12-1488029/inline_3.gif





OPS/images/fenrg-12-1488029/inline_29.gif
R’





OPS/images/fenrg-12-1488029/inline_28.gif
Vonin = 0.95p.u.





OPS/images/fenrg-12-1488029/inline_27.gif
Sey"





OPS/images/fenrg-12-1488029/inline_26.gif





OPS/images/fenrg-12-1486478/math_1.gif
(1)





OPS/images/fenrg-12-1486478/inline_8.gif





OPS/images/fenrg-12-1486478/inline_9.gif
min





OPS/images/fenrg-12-1486478/inline_6.gif





OPS/images/fenrg-12-1486478/inline_7.gif





OPS/images/fenrg-12-1486478/inline_4.gif
"





OPS/images/fenrg-12-1486478/inline_5.gif
Ay

>






OPS/images/fenrg-12-1486478/inline_31.gif





OPS/images/fenrg-12-1486478/inline_32.gif





OPS/images/fenrg-12-1486478/inline_30.gif
u, K





OPS/images/fenrg-12-1486478/inline_29.gif





OPS/images/fenrg-12-1486478/inline_3.gif





OPS/images/fenrg-12-1486478/inline_27.gif
Ui

Wl





OPS/images/fenrg-12-1486478/inline_28.gif





OPS/images/fenrg-12-1486478/inline_25.gif





OPS/images/fenrg-12-1486478/inline_26.gif





OPS/images/fenrg-12-1486478/inline_23.gif
(X, X5





OPS/images/fenrg-12-1486478/inline_24.gif





OPS/images/fenrg-12-1486478/inline_21.gif





OPS/images/fenrg-12-1486478/inline_22.gif
Gy, Go





OPS/images/fenrg-12-1506095/fenrg-12-1506095-t001.jpg
cteristic evaluation index

Power exchanged by DG
with main grid, MWh

Power generation

Relibllity ndex utilization rate of DG, %

Reliability rate of
clectricity supply, %

Powerload matching
degree

Proportion of
controllable energy, %
Stability index

Power balance degree, %

System inertia
permeability, %

umeric value

42731

67.25

99.87

5498

63.636

79.967

55432

racteristic evaluation index meric valu:

Flexibility index

Economic index

Coordination index

Amplitude-adjustable 7
power, MW

Climbing speed, %/min 0262

Comprehensive line loss 124
rate, %

Demand response cost 0
ratio, %

Proportion of 0
spontaneous and
self-generated electricity

consumption shortage,
%

Remaining proportion of 271534
self-generated electricity
consumption, %

Energy storage capacity 18835
toabsorb electricity, %

Rl et paraslet s ol Dasls v R o eahaa L T et dis b I Yabiss Gk






OPS/images/fenrg-12-1506095/fenrg-12-1506095-g017.gif
(@i microgrid mode  (b)In vl power plant mode (¢) In source-grid-load-sorage
e





OPS/images/fenrg-12-1506095/fenrg-12-1506095-g016.gif





OPS/images/fenrg-12-1506095/fenrg-12-1506095-g015.gif





OPS/images/fenrg-12-1506095/fenrg-12-1506095-t007.jpg
Numeric value, million yuan Numeric value, million yuan

Wind power cost 18264 Photovoltaic cost 2371
Diesel generator #1 cost 7.961301 Diesel generator #2 cost 2652355
Energy storage system cost 1597524 Electricity purchasing cost 0536088

Income 35.1053 Net proceeds -5.710464
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Wind power cost 18264 Photovoltaic cost 2371
Diesel generator #1 cost 2244356 Diesel generator #2 cost 2630973
Energy storage system cost 1597425 Electricity purchasing cost 0

Income 1059017 Net proceeds 51.353585
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Wind power cost 18264 Photovoltaic cost 2371
Diesel generator #1 cost 13.80 Diesel generator #2 cost 2384484
Energy storage system cost 1597425 Electricity purchasing cost 0
Income 41705 Net proceeds 19716051
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Diesel generator #1 combustion cost coefficient ¢,
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Diesel generator #2 combustion cost coefficient b,

Diesel generator #2 combustion cost coefficient ¢,

20,000 yuan/MW

20 yuan/MW

6,700 yuan/MW
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rameter name

Symbol

Value

High voltage capacitance 9 5.1 % 10-9F
Medium voltage capacitance Cc10 1.4 x 10-7F
Compensation inductance Lk 67H
Inductance equivalent resistance Rk 13000
Inductance stray capacitance Ck 10-10F
Excitation winding resistance Rm 16x 1070
Excitation winding inductance Lm 46x 104H
Damping equivalent resistance Rd 250000
Damping equivalent inductance Ld 318 x 105H
Transformer stray capacitance Cs 2x107'0F
Transformer leakage inductance Ls 0.766H
Transformer resistance Rs 6500
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Time Time Load/MW
00:00-01:00 1,024 12:00-13:00 1365
01:00-02:00 1,067 13:00-14:00 1387
02:00-03:00 1,042 14:00-15:00 1374
03:00-04:00 984 15:00-16:00 1374
04:00-05:00 1,089 16:00-17:00 1487
05:00-06:00 1,134 17:00-18:00 1470
06:00-07:00 1,194 1800-19:00 1558
07:00-08:00 1,289 19:00-20:00 1,550
08:00-09:00 1,437 20:00-21:00 1458
09:00-10:00 1,469 21:00-22:00 1364
10:00-11:00 1,507 22:00-23:00 1164
11:00-12:00 1,341 23:00-24:00 1,108
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Parameter item Set valu

Total number of countries 100
Initial number of empires 10
Initial number of colonies 90

Number of empire competitions 200

Crossover probability 08
Mutation probability ol

Maximum number of iterations 120
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Algorithm Convergence Time(s) Tracking Time(s) Convergence speed Stability
HPPO 012 003 Fastest Most stable
SO Lo oo  Moderate Moderate
CUCKOO 018 007 Slower Higher oscillations
FPA 018 007 Slower Higher oscillations
GWO 025 010 Slow Less stable
Fuzzy 025 0.10 Slow Less stable
ANFIS 025 010 Slow Less stable
Neural Network 030 012 Slowest Least stable
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Economic indicators Scenario 2 Scenario 3 Scenario 4

Investment and O&M cost of ship charging and swapping station ($) 30,116 19,658 39,907
Operating benefit of ship charging and swapping station ($) 77,879 78,780 73,316

Output-to-input ratio of ship charging and swapping station (%) 258.59 400.75 183.72





OPS/images/fenrg-13-1536201/fenrg-13-1536201-t005.jpg
Capacity of ship charging Operational benefit of Operational benefit of Operational benefit of

and swapping station dual-ring network wiring “double-petal” wiring two-main-two-backup
(MW) mode ($)/ mode ($)/ wiring mode ($)/
Output-to-input ratio (%) Output-to-input ratio (%) Output-to-input ratio (%)
2 31,234/ 429 18,605/ 300 23472/232
50 56,613/ 439 51,785/ 371 59,373/ 294
75 74,401/ 407 72,422/305 68,286/ 242
100 83,853/ 370 76,987/ 265 72,199/ 187
150 85,265/ 269 75,824/ 184 68,437/ 106
200 77,432/ 197 64,653/ 110 58,863/ 82
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Economic indicators Scenario 2 Scenario 3 Scenario 4

Investment and O&M cost of ship charging and swapping station ($) 1457111 9,364.18 19,244.97
Operating benefit of ship charging and swapping station ($) 38,6304 38,590.00 35,396.74

Output-to-input ratio of ship charging and swapping station (%) 12803 19528 88.49
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Cost ($) Scenario 1 2

Start-up and shutdown cost of thermal power units 6987 5,035 5,546 5,576
Operating cost of thermal power units, 575,112 560,399 555,398 549,901
Reserve cost of thermal power units 46,121 25,627 33425 20,217

Deep peak shaving loss cost 17,244 131 2431 10455

Deep peak shaving fuel cost 7,044 884 453 6259

Wind curtailment cost 71,503 8428 13,534 12,848

Deep peak shaving compensation income 15,655 1432 978 10232
Investment cost of ship charging and swapping station - 24,534 15252 37,123

Operation and maintenance cost of ship charging and swapping station — 5,582 4,406 2,784
Total cost 708,356 630,368 629,467 634,931
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Scenario  Generation cost Reserve cost (102 CNY)  Curtailment Total cost (102 CNY)

(10% CNY) (102 MW)/cost (CNY)
1 899,987.9 46,062.3 1,481/2,132.7 948,182.9
2 862,706.1 47,839.6 0/0 910,545.0

1,000,434 41,377.7 4,364/7,754.3 1,082,1280
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Symbol Value

Coil resistance RI1 230
Coil inductance L0 165 10-4H
Coil capacitance c7 8.96 x 107'0F

Load resistance R 5000

Amplifier resistance RI2 1040

Amplifier resistance RI3 1060

Amplifier capacitance cs 10-7F
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Parameter name Symbol Value
High voltage arm resistance RI 4% 1080
High voltage arm capacitance c1 4% 1070F
Low voltage arm resistance R2 35x 1040
Low voltage arm capacitance c2 45%10:3F
Divider resistance R3 9% 1050
Divider resistance R4 69% 1040
Divider capacitance C3 43x 107'0F
Divider capacitance [ 6% 10-9F
Amplifier resistance R 1000
Amplifier resistance RI0 100000
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arameter name

Val

AC grid voltage/kV 66

DC side voltage/kV/ 252
Number of bridge arm sub-modules 36

Rated capacity/ MW 32

Arm inductance/H 0.057

Arm equivalent resistance/Q 1x10°°
Sub-module capacitance/F 15%107

Voltage outer loop control parameter 0,024 +0319/s

Current inner loop control parameter
Circulating current suppression control parameter
Active power control parameter

Reactive power control parameter

117 +1172/s

39+ 117.2/s

0.002 + 0.05/s

0.002 +0.05/






OPS/images/fenrg-12-1496025/fenrg-12-1496025-g019.gif





OPS/images/fenrg-12-1496025/fenrg-12-1496025-g018.gif
)

ATtTET 8T8

Aabandh 36

FYERN

elbiaod ad

PRy

12141615 2

070204 06 05 1





OPS/images/fenrg-12-1512790/inline_20.gif





OPS/images/fenrg-12-1512790/inline_146.gif





OPS/images/fenrg-12-1512790/inline_145.gif
INSA. max





OPS/images/fenrg-12-1512790/inline_144.gif





OPS/images/fenrg-12-1512790/inline_143.gif





OPS/images/fenrg-12-1512790/inline_142.gif





OPS/images/fenrg-12-1512790/inline_141.gif
N, max





OPS/images/fenrg-12-1512790/inline_140.gif





OPS/images/fenrg-12-1512790/inline_14.gif





OPS/images/fenrg-12-1512790/inline_148.gif





OPS/images/fenrg-12-1512790/inline_147.gif





OPS/images/fenrg-12-1506921/inline_37.gif
p;





OPS/images/fenrg-12-1501711/math_17.gif
fud = fo =B~ 7)

4,






OPS/images/fenrg-12-1506921/inline_36.gif





OPS/images/fenrg-12-1501711/math_16.gif
Jo- AP

s, T

(16)
4H, Sy, 8

fuatir = fo= B~





OPS/images/fenrg-12-1506921/inline_35.gif





OPS/images/fenrg-12-1501711/math_15.gif
Blay
RoCoF,

i = S as





OPS/images/fenrg-12-1506921/inline_34.gif





OPS/images/fenrg-12-1501711/math_14.gif
s





OPS/images/fenrg-12-1506921/inline_33.gif





OPS/images/fenrg-12-1501711/math_13.gif
Joi o 8PS

AH, Sy, 2H,.S,..

fio = 4 fy= My 13)





OPS/images/fenrg-12-1506921/inline_32.gif





OPS/images/fenrg-12-1501711/math_12.gif
(12)





OPS/images/fenrg-12-1501711/math_11.gif
RoCoFy = 7= an

L Spo





OPS/images/fenrg-12-1501711/math_10.gif
“ondAf_AP-AP,
ﬁ. dt Sy

(10)





OPS/images/fenrg-12-1501711/math_1.gif





OPS/images/fenrg-12-1501711/inline_9.gif





OPS/images/fenrg-12-1506921/inline_40.gif





OPS/images/fenrg-12-1506921/inline_4.gif





OPS/images/fenrg-12-1506921/inline_39.gif





OPS/images/fenrg-12-1506921/inline_38.gif
P,





OPS/images/fenrg-12-1501711/inline_7.gif
F.

o





OPS/images/fenrg-12-1501711/inline_67.gif
RoCor,





OPS/images/fenrg-12-1501711/inline_66.gif
|





OPS/images/fenrg-12-1501711/inline_65.gif
3Hz






OPS/images/fenrg-12-1501711/inline_64.gif
5Hz






OPS/images/fenrg-12-1501711/inline_63.gif
8Hz






OPS/images/fenrg-12-1501711/inline_62.gif
|





OPS/images/fenrg-12-1501711/inline_61.gif
RoCor,





OPS/images/fenrg-12-1501711/inline_60.gif





OPS/images/fenrg-12-1501711/inline_8.gif





OPS/images/fenrg-12-1506921/inline_57.gif





OPS/images/fenrg-12-1506921/inline_56.gif





OPS/images/fenrg-12-1506921/inline_55.gif





OPS/images/fenrg-12-1506921/inline_54.gif





OPS/images/fenrg-12-1506921/inline_53.gif





OPS/images/fenrg-12-1506921/inline_52.gif





OPS/images/fenrg-12-1506921/inline_51.gif





OPS/images/fenrg-12-1506921/inline_50.gif





OPS/images/fenrg-12-1506921/inline_59.gif
w/





OPS/images/fenrg-12-1506921/inline_58.gif
wl





OPS/images/fenrg-12-1506921/inline_47.gif





OPS/images/fenrg-12-1506921/inline_46.gif





OPS/images/fenrg-12-1501711/math_26.gif
P s Py su B
0s K, SPI (26)

0<H,, <P,





OPS/images/fenrg-12-1506921/inline_45.gif





OPS/images/fenrg-12-1501711/math_25.gif
minCost= ) Zcirta Pt 2 erit e (PP -Fy)

it

+ Y T A RU, @





OPS/images/fenrg-12-1506921/inline_44.gif





OPS/images/fenrg-12-1501711/math_24.gif
(@





OPS/images/fenrg-12-1506921/inline_43.gif





OPS/images/fenrg-12-1501711/math_23.gif
(23)






OPS/images/fenrg-12-1506921/inline_42.gif





OPS/images/fenrg-12-1501711/math_22.gif
(@)





OPS/images/fenrg-12-1506921/inline_41.gif





OPS/images/fenrg-12-1501711/math_21.gif
(2





OPS/images/fenrg-12-1501711/math_20.gif
RoCoF, < RoCoF ™.





OPS/images/fenrg-12-1501711/math_2.gif





OPS/images/fenrg-12-1501711/math_19.gif
fySuonlfo~ 8~ HynSa
AP TaP

19)





OPS/images/fenrg-12-1501711/math_18.gif
Hy

ol

frtr S fums = 125, = as





OPS/images/fenrg-12-1506921/inline_5.gif





OPS/images/fenrg-12-1506921/inline_49.gif
SRU,SRD,





OPS/images/fenrg-12-1506921/inline_48.gif
su,, »sd;





OPS/images/fenrg-12-1506921/math_10.gif
H,=nf, VieQ', teT. (10)





OPS/images/fenrg-12-1506921/math_1.gif
wnd| T C(f)e T G T crOl) T )

[0





OPS/images/fenrg-12-1506921/inline_9.gif





OPS/images/fenrg-12-1506921/inline_8.gif





OPS/images/fenrg-12-1506921/inline_73.gif
U,-L, <0





OPS/images/fenrg-12-1506921/inline_72.gif





OPS/images/fenrg-12-1506921/inline_71.gif
Ly,





OPS/images/fenrg-12-1506921/inline_70.gif
U,





OPS/images/fenrg-12-1506921/inline_7.gif





OPS/images/fenrg-12-1506921/inline_69.gif
i Vout
i,





OPS/images/fenrg-12-1512790/math_18.gif
S, =S (18)





OPS/images/fenrg-12-1512790/math_19.gif
Sy - (P) a9)





OPS/images/fenrg-12-1512790/math_16.gif
i _ o BT - ES™
i = max)

a6





OPS/images/fenrg-12-1512790/math_17.gif
a7





OPS/images/fenrg-12-1512790/math_14.gif





OPS/images/fenrg-12-1512790/math_15.gif





OPS/images/fenrg-12-1512790/math_13.gif
in{(EfS + g, P
W(ES + 0 P (e = 1)) EF ™ (13)





OPS/images/fenrg-12-1512790/math_21.gif
Q"™ =Q, =sQ "™ (21)





OPS/images/fenrg-12-1512790/math_2.gif
Pl + P+ PR -

P = 2 Py +rylys) - (2






OPS/images/fenrg-12-1512790/math_20.gif
(20)





OPS/images/fenrg-12-1506921/inline_67.gif





OPS/images/fenrg-12-1506921/inline_66.gif
Ly,





OPS/images/fenrg-12-1506921/inline_65.gif
U,





OPS/images/fenrg-12-1506921/inline_64.gif
i Vout
i,





OPS/images/fenrg-12-1506921/inline_63.gif
U,-L, <0





OPS/images/fenrg-12-1506921/inline_62.gif





OPS/images/fenrg-12-1506921/inline_61.gif





OPS/images/fenrg-12-1506921/inline_60.gif





OPS/images/fenrg-12-1506921/inline_6.gif





OPS/images/fenrg-12-1512790/inline_98.gif





OPS/images/fenrg-12-1512790/inline_99.gif





OPS/images/fenrg-12-1512790/inline_96.gif





OPS/images/fenrg-12-1512790/inline_97.gif





OPS/images/fenrg-12-1512790/inline_94.gif





OPS/images/fenrg-12-1512790/inline_95.gif





OPS/images/fenrg-12-1512790/math_11.gif





OPS/images/fenrg-12-1512790/math_12.gif





OPS/images/fenrg-12-1512790/math_1.gif
0





OPS/images/fenrg-12-1506921/inline_68.gif
N,





OPS/images/fenrg-12-1512790/math_10.gif





OPS/images/fenrg-12-1506921/math_29.gif





OPS/images/fenrg-12-1506921/math_28.gif
2. suiy 2SRU, ) s 2SRD, VteT. (28)





OPS/images/fenrg-12-1506921/math_27.gif
~PIVsd"V < PTV-PTV wieQ™, teT. (27)





OPS/images/fenrg-12-1506921/math_26.gif
0ssul/ <R, ,0ssd’V<R™, vieQ® teT. (26)





OPS/images/fenrg-12-1506921/math_25.gif
PY<PV<P, vieQ, teT. (25)





OPS/images/fenrg-12-1506921/math_24.gif
PlU<PV<P ", vieQ™, teT (24)





OPS/images/fenrg-12-1506921/math_23.gif
(23)





OPS/images/fenrg-12-1506921/math_22.gif
@)





OPS/images/fenrg-12-1506921/math_21.gif
(21)

teT.

T ST, ST, Yne"™™,





OPS/images/fenrg-12-1506921/math_20.gif
(20)





OPS/images/fenrg-12-1506921/math_2.gif
CH (Pl hE") =

a3 (p") + ol i 4 af
(Y g

LB e, feT

g

@





OPS/images/fenrg-12-1506921/math_19.gif
=20, L vieq? a9






OPS/images/fenrg-12-1506921/math_18.gif
= (T ) o + (el -ei)n, 0, as
T (1= (g1 ), (- g},





OPS/images/fenrg-12-1506921/math_17.gif
2

Yl

(e ) xe w0 vieqr,

(1P 9) e (109) g

7)





OPS/images/fenrg-12-1506921/math_16.gif
a6





OPS/images/fenrg-12-1506921/math_15.gif
(™M) ) =10, ) MS), teT,
Jject
M) < 5 MK e

P

s)





OPS/images/fenrg-12-1506921/math_14.gif
(14)





OPS/images/fenrg-12-1506921/math_13.gif
SN M L A 2 MG 16T
¥ - 3 - 3 - ¥ kv

a3

-





OPS/images/fenrg-12-1506921/math_12.gif
(12)





OPS/images/fenrg-12-1506921/math_11.gif
(11)





OPS/images/fenrg-12-1512790/math_28.gif
BLY e = S PW, e





OPS/images/fenrg-12-1512790/math_29.gif
@)





OPS/images/fenrg-12-1512790/math_26.gif
SOES) Y™ = 3" SOEE™W,,, (26





OPS/images/fenrg-12-1512790/math_27.gif
SOEEY Y#12 = ¥ SOELL W, @





OPS/images/fenrg-12-1512790/math_24.gif
ppime:

SO et ~ SOE™ pos
min{ R S0P ek (2





OPS/images/fenrg-12-1512790/math_25.gif
@s)





OPS/images/fenrg-12-1512790/math_22.gif
| (SOE, s, + P2™(t =

(22)





OPS/images/fenrg-12-1512790/math_23.gif
SOE;, ™ = max{(SOE;, - P[* (T, .4 — t)At),SOE,,.r,}  (23)





OPS/images/fenrg-12-1512790/math_3.gif
A+ Qi+ Q-7 - Q-2
= 3 i Qui + xdi)

o





OPS/images/fenrg-12-1512790/math_30.gif





OPS/images/fenrg-12-1496025/fenrg-12-1496025-g002.gif
R e e foop:

Pulse

i

b
deviees

O g, o
3

w






OPS/images/fenrg-12-1496025/fenrg-12-1496025-g001.gif





OPS/images/fenrg-12-1496025/crossmark.jpg
©

|





OPS/images/fenrg-12-1506921/math_9.gif
(9)





OPS/images/fenrg-12-1506921/math_8.gif
H'<H® <H,, VieQ® teT. (8)





OPS/images/fenrg-12-1506921/math_7.gif
HM < HMP <H, vie Q9P teT. (7)





OPS/images/fenrg-12-1506921/math_6.gif
(6)





OPS/images/fenrg-12-1506921/math_5.gif
(5)





OPS/images/fenrg-12-1506921/math_4.gif
teT (4)





OPS/images/fenrg-12-1506921/math_39.gif
CeptAg(x5-%5) <0 (39)





OPS/images/fenrg-12-1512790/inline_68.gif





OPS/images/fenrg-12-1512790/inline_69.gif





OPS/images/fenrg-12-1512790/inline_67.gif





OPS/images/fenrg-12-1512790/inline_75.gif





OPS/images/fenrg-12-1512790/inline_73.gif





OPS/images/fenrg-12-1512790/inline_74.gif
E®

it





OPS/images/fenrg-12-1512790/inline_71.gif





OPS/images/fenrg-12-1512790/inline_72.gif





OPS/images/fenrg-12-1512790/inline_7.gif





OPS/images/fenrg-12-1512790/inline_70.gif





OPS/images/fenrg-12-1506921/math_38.gif
Jmin Crp:

L Apkp+ Ay,
Bpxp+ Bypxy 2 bp.
Dpxpzdy

a

(38)

Xyt wl w2

wl>0 w2>0





OPS/images/fenrg-12-1506921/math_37.gif
Co+Ag(xg-%g)su (37)





OPS/images/fenrg-12-1506921/math_36.gif
T Cr= Crlxe)
St Ap Ay = ap
Byxp+ Bypxy 2 bp (36)
Dpxpzdy

Xa=ky





OPS/images/fenrg-12-1506921/math_35.gif
G = Celxpxp)
Ct gy Aggty =y
By By 2 by
Dz dy
w20

(33)





OPS/images/fenrg-12-1506921/math_34.gif
ety 0 = Gl Xa) + Cplp)
Aty + Aty = g
Aty Agpy = ap
Byxp + Byyxp 2 by
Bty By 2 by
Dyxg 2dy.

(34)

Dpxpzdy





OPS/images/fenrg-12-1506921/math_33.gif
M +ey,
1-gy, |,

Mg,

1-gw,,

Slege,

Slege,

33





OPS/images/fenrg-12-1506921/math_32.gif
e < (M +em)” (32)
de,w,, < (M, -e1)





OPS/images/fenrg-12-1506921/math_31.gif
dew 2 (M +em)” 1)
ey, = (M, -1





OPS/images/fenrg-12-1506921/math_30.gif
e = (M, +em)” o
tejy, = (M=)’






OPS/images/fenrg-12-1506921/math_3.gif
ol

(f)=a'f, VieQ®, teT





OPS/images/fenrg-12-1512790/inline_58.gif





OPS/images/fenrg-12-1512790/inline_59.gif





OPS/images/fenrg-12-1512790/inline_65.gif





OPS/images/fenrg-12-1512790/inline_66.gif





OPS/images/fenrg-12-1512790/inline_63.gif
e
P





OPS/images/fenrg-12-1512790/inline_64.gif





OPS/images/fenrg-12-1512790/inline_61.gif





OPS/images/fenrg-12-1512790/inline_62.gif





OPS/images/fenrg-12-1512790/inline_6.gif





OPS/images/fenrg-12-1512790/inline_60.gif





OPS/images/fenrg-12-1512790/inline_88.gif





OPS/images/fenrg-12-1512790/inline_89.gif





OPS/images/fenrg-12-1512790/inline_86.gif





OPS/images/fenrg-12-1512790/inline_87.gif





OPS/images/fenrg-12-1512790/inline_85.gif





OPS/images/fenrg-12-1512790/inline_93.gif





OPS/images/fenrg-12-1512790/inline_91.gif





OPS/images/fenrg-12-1512790/inline_92.gif





OPS/images/fenrg-12-1512790/inline_9.gif





OPS/images/fenrg-12-1512790/inline_90.gif





OPS/images/fenrg-12-1496025/fenrg-12-1496025-g012.gif
T |24

4






OPS/images/fenrg-12-1496025/fenrg-12-1496025-g011.gif





OPS/images/fenrg-12-1496025/fenrg-12-1496025-g010.gif
Ly






OPS/images/fenrg-12-1496025/fenrg-12-1496025-g009.gif
l w





OPS/images/fenrg-12-1496025/fenrg-12-1496025-g008.gif
Rogowski coil
sensor head

Tricgraing
amplifier module

filler module

{

Phase compensation
module

-

Phase compensaton | |

Sgnal prosssing ol

analog signal processing module






OPS/images/fenrg-12-1496025/fenrg-12-1496025-g007.gif
current signal

'

shunt resistor

v

amplifier

. 4

A/D converter

h A

optocoupler

.

low-pass filter

v

optical
digital signal






OPS/images/fenrg-12-1496025/fenrg-12-1496025-g006.gif
nput signal

A 4

low-pass filter

A A

A/D converter

A 4

optocoupler

v
output signal






OPS/images/fenrg-12-1496025/fenrg-12-1496025-g005.gif
=

igh-voltage
R arms
secondary voltage
A S
VR[] €
Tow-voliage
arms Temoe
module






OPS/images/fenrg-12-1496025/fenrg-12-1496025-g004.gif





OPS/images/fenrg-12-1496025/fenrg-12-1496025-g003.gif
hed






OPS/images/fenrg-12-1512790/inline_78.gif





OPS/images/fenrg-12-1512790/inline_79.gif





OPS/images/fenrg-12-1512790/inline_76.gif
Ema





OPS/images/fenrg-12-1512790/inline_77.gif
E>m





OPS/images/fenrg-12-1512790/inline_83.gif





OPS/images/fenrg-12-1512790/inline_84.gif





OPS/images/fenrg-12-1512790/inline_81.gif
=5 max2
E:,t





OPS/images/fenrg-12-1512790/inline_82.gif
=5, min 2
E:,t





OPS/images/fenrg-12-1512790/inline_8.gif





OPS/images/fenrg-12-1512790/inline_80.gif





OPS/images/fenrg-12-1512790/inline_39.gif





OPS/images/fenrg-12-1512790/inline_37.gif





OPS/images/fenrg-12-1512790/inline_38.gif





OPS/images/fenrg-13-1536201/inline_67.gif





OPS/images/fenrg-13-1536201/inline_68.gif





OPS/images/fenrg-13-1536201/inline_66.gif
N F.Git





OPS/images/fenrg-12-1512790/inline_35.gif





OPS/images/fenrg-13-1536201/inline_74.gif
Pl oad.t





OPS/images/fenrg-12-1512790/inline_36.gif





OPS/images/fenrg-12-1512790/inline_33.gif





OPS/images/fenrg-13-1536201/inline_72.gif
Pow ¢





OPS/images/fenrg-12-1512790/inline_34.gif





OPS/images/fenrg-13-1536201/inline_73.gif
P, SW.t





OPS/images/fenrg-12-1512790/inline_31.gif





OPS/images/fenrg-13-1536201/inline_70.gif





OPS/images/fenrg-12-1512790/inline_32.gif





OPS/images/fenrg-13-1536201/inline_71.gif





OPS/images/fenrg-13-1536201/inline_69.gif





OPS/images/fenrg-12-1512790/inline_30.gif





OPS/images/fenrg-13-1536201/inline_7.gif
UCAESC.t





OPS/images/fenrg-13-1536201/inline_57.gif





OPS/images/fenrg-13-1536201/inline_58.gif





OPS/images/fenrg-13-1536201/inline_64.gif





OPS/images/fenrg-13-1536201/inline_65.gif
Buy,Gi





OPS/images/fenrg-13-1536201/inline_62.gif





OPS/images/fenrg-13-1536201/inline_63.gif





OPS/images/fenrg-13-1536201/inline_60.gif





OPS/images/fenrg-13-1536201/inline_61.gif
LGi





OPS/images/fenrg-13-1536201/inline_59.gif





OPS/images/fenrg-13-1536201/inline_6.gif





OPS/images/fenrg-12-1512790/inline_57.gif





OPS/images/fenrg-12-1512790/inline_49.gif
Vi max





OPS/images/fenrg-12-1512790/inline_55.gif
pais max





OPS/images/fenrg-12-1512790/inline_56.gif





OPS/images/fenrg-12-1512790/inline_53.gif





OPS/images/fenrg-12-1512790/inline_54.gif





OPS/images/fenrg-12-1512790/inline_51.gif
B}





OPS/images/fenrg-12-1512790/inline_52.gif





OPS/images/fenrg-12-1512790/inline_5.gif





OPS/images/fenrg-12-1512790/inline_50.gif
Vi min





OPS/images/fenrg-12-1512790/inline_47.gif
i .t





OPS/images/fenrg-12-1512790/inline_48.gif





OPS/images/fenrg-13-1536201/inline_77.gif





OPS/images/fenrg-13-1536201/inline_78.gif
R¢"
o





OPS/images/fenrg-13-1536201/inline_75.gif





OPS/images/fenrg-13-1536201/inline_76.gif





OPS/images/fenrg-12-1512790/inline_45.gif





OPS/images/fenrg-12-1512790/inline_46.gif





OPS/images/fenrg-12-1512790/inline_43.gif
i





OPS/images/fenrg-13-1536201/inline_82.gif





OPS/images/fenrg-12-1512790/inline_44.gif





OPS/images/fenrg-13-1536201/inline_83.gif
P Git





OPS/images/fenrg-12-1512790/inline_41.gif





OPS/images/fenrg-13-1536201/inline_80.gif





OPS/images/fenrg-12-1512790/inline_42.gif





OPS/images/fenrg-13-1536201/inline_81.gif
PR
kGi,l





OPS/images/fenrg-12-1512790/inline_4.gif





OPS/images/fenrg-13-1536201/inline_79.gif
HGit





OPS/images/fenrg-12-1512790/inline_40.gif





OPS/images/fenrg-13-1536201/inline_8.gif
“ShipG,t





