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ABSTRACT

Because of fossil fuel exhaustion and global warming, renewable energies become
more and more important recently. It is planned that the installed capacities of PVs and
wind turbines will reach 20 GW and 4.2 GW by 2025. However, the high penetration
of renewable energy will become an imminent challenge to the electricity grid in Tai-
wan. Especially to the characteristic of renewable energy’s intermittence, it would
cause fluctuation on power generation and voltage, which is worse and necessary to be
deal with. A microgrid including a power conditioning system is one of the ways to
increase the penetration rate of renewable energy, efficiently. The objective of this pro-
ject is to develop ancillary services and power dispatching strategies for power condi-
tioning systems that can actively participate to regulate the voltage and reduce the
power quality impact for battery energy storage systems. This project will start with
computer simulations for the power conditioning system. Based on the three-phase six-
legs configuration, the individual power control capability of each phase can be
achieved. In order to provide the required ancillary services, the proposed current con-
troller is able to control the power flow between the microgrid and battery energy stor-
age system. Also, the proposed power conditioning system can provide the microgrid
with real and reactive power compensation to ensure the power supply quality.

Keywords : Power conditioning system, Active/Reactive Power Compensation,

Microgrid
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B 29 % PWM # 50 pl3d » KT PWM 2 eI AR T Aie¥ 2RI - &
I 4 PWM %J 12 5Lo Bl 30 5 E i 5L ADC # s Rl 1 # ﬁa?] »E TR 22V
Zd DSP A2 3 BB R 5 219V @7 av o Bl 31 5 2 in3gL ADC # 5t Bl -

17 5~ iR TR 10.6VERIF) 459 DSPAZ:H @3B R 5 10.55V(IR 15)5% @

i o B 32 5 GPIO # ¢ iBl3# > ¥ #24] RELAY e i® o

FEGIB R R AR

- ,,— rm— e m— — — —

PWMIg ) AU EEJBA By -5v~15V

B 29. PWM =# s ip|i#

M M 500us/ Delay:-4.00us

ur&% %

'Hi miﬁu A JP12 = ADCINA3
RGN IV = ADCINB6

P
sensor: 1000: 1
OPAFHiEEL:1:7.5
DSP ADCHEiif4 : 1 : 4096/3

DCEEBA[ZBALL
OPAT|[# % :300: 1
bt
[z
00 adA3 float 2087.0 9+ adB6 float 121.0
ADCIN :#{g : 2087 — 2077 =10 ADCIN #{g : 121-21 =100
10 *3 /4096 / 7.5 * 1000 = 0.9765625A 100 * 3 / 4096 * 300 = 21.97265625V
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JP16 = ADCINB3

ERERFEEEEL
ACE AR
- Variables 6 Expressions 11 1if Registers 9o Breakpoints a)
Bl X% |
Expression Type Value
09+ adB3 float 21080
& test nt(333) 2101,2101.2103,21022105..]
- adc_ac Jo int 2075
o3+ adc_ac_peak_r nt 217

7l (‘BFFE = 5V ~ ADCIN = 2117) » 75 (E 4 = -5V ~ ADCIN = 2075)
2117 -2098 =19 > 19 * 3 /4096 * 320 = 4.453125V
2075-2098 =-23 » - 23 * 3 /4096 * 320 = - 5.39625V

Registers % Breakpoints o

%G| et €

Expression Type Value

20590
[2069,2069,2070,2071,2074..)
2053

I (S = 10.6V ~ ADCIN = 2141) » 73 (E & =-10.6V ~ ADCIN = 2053)
2141-2098 =43 » 43 * 3 /4096 * 320 = 10.078125V
2053 - 2098 =-45 » -45 * 3 /4096 * 320 = - 10.546875V

B 31. 2 iai% ADC # i Bl

AR EsFea
[1DSP/Z(GPIO71 ~ GPIO72)
PE4IRELAYT ~ RELAY2
R (B P B A
i [ RELAY3
H{DSP#5(GPIO76 ~ GPIO77 ~
GPIO78)$2:4(FANT ~ FAN2 ~ FAN3

Relay ON

Relay OFF

B 32. GPIO # &t pl3#
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o EEE R ea AhY BT @ﬁﬁj AR A PR R RAR R R A ERA
B S ARG o A F N EREHE S A4 R ERARTH U

[ R

(Sinusoidal Pulse Width Modulation) > k4| B > 1% & 32 5 B3 %
RS Z ARG RE KR 3D SPWM e

(-) =4 %R 220V ~ 60Hz §= 4]

PR FUPATRE IR SRR LRKVA I BERa o B33 590§ EHH
Z AR 3R 110V ~ 60Hz - B 33 % 3% & #8511 = 4p T /& 220V ~ 60Hz -
J

B 33. ¥ & 110V F#pl2
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® i =fHEEE 220V - 60Hz ] (FRZE/INA 5%)

B 34, 3§ 220V i@ PR

(=) E3pPEs THEPLHR

PRABMESF RTINS TR AR MR A Nk B
% ARV AP 0 ATU F B KA AP 4o @] 3.17 #751 » PD(Phase Detector) X #
B4R AP 1% &éﬁﬁj fgrs g2 4p L 0 £ 41* LPF(Low pass Filter) i’c;‘/,%l“,f BAEIE > B
s & VCO(Voltage-Controlled Oscillator) %;#’—;L‘ﬁj A ERIAN AT R AR

7

~

Bl 35 fiipe i gEdE
Ryt w 2B > 7303 TERR VB w4 TR Vrdes4(3.15)(3.16) -
I{q = Vgrid Sin(ein) = Vgrid Sin(wgridt + ngid) (15)
Ve = Vgrid cos(Opyt) = Vgrid cos(wppt + 6pp) (16)
B IR AR R EE AR e L 2 40 (3.17)

kg Vi .
Va = %(Sln((a’grm - wPLL) t+ (ggrid - 9PLL))

(17)
+ sin (((Sin(wgrid + wpy)) + (Bgria + HPLL))
R EE R R B e (3.18)
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kd Vgrid

2 (Sin((“)grid - (‘)PLL) t+ (ngid - 9PLL))) (18)

Vg =
F1% 0 =~ 0FF > sin(0) = 0 » * wypig — wpp, = 00 #7107 108 354(3.19)

kg*V
Woyt = d ngd ( grid — HPLL) + W,y (19)

BB oy ff #3105y %J & sin(Opye) » W RI 'J@‘J » €0S(Ooye) » eT &

V ri
err = g—d( grid — BPLL) (20)
o H3IMNEMEMHME IR (HEHHIHE)
o TELEDYNE LECROY

: l | . > - Everywhereyoulook™

1 A4 nﬁunu F e S AARIA DA RS AR AR ARALRALRALS
C2j

EANNARRAREY VTPV TPV PPy TEVIYY Ty Ty Yy reyre Fryveeyrynr

7 et A

0 VALY LY AT VAR M A VN 4 A
A A N AR NNy XIS TR NN

&
Measure £ 2 P3:freq(C2) P4:rms(C4) P5:--- P6:- - -
59.9952 Hz 105 mA

v v

Timebase -4.824 s|| Trigger DC
50.0 V/div| 50. i 50.0 Vidiv £ Roll 200 ms/div] Stop 0.00A
£ 20.0 ms/div. , i 500kS 250 kS/s|Edge Positive

X1=4.787684 sAX= 57.876 ms
X2=4.845560 s 1/AX=17.278 Hz

B 36. Z3fp & 445 (3cycles)
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B 37. ia‘%%ﬁﬁi?ﬁ{;

(D B2 (R, EET R ).
I @ 1 75 F 5 ﬁ%] v RV, mﬁﬁgﬂﬁi » e

Zload (S)
SLy + 111 + Zipqa(S)

lleoad(S)F“ J '|' *ﬁﬁﬁmafﬂ;ﬁ%'&\?l

R + sCRr,
1+ sCr.+ sCR

Vo (s) =

1
Zload(s) = R”(; +1)=

v ( ) (CRT'CS + R)Vinv
S =
0 LiC(R+71.)s?2+ (Ly + CRr,+ Criy(R+1.))s+ (1,1 + R)

iz 84 & DC 78 27 AC 7%
He DCHAE 5
o (CRr.s + R)V,,
vo(s) = 2
LiC(R+7r.)s*+ (Ly + CRr.+ Cr;;(R+ 1. )s+ (rp1 + R)

(CRr.s + R)V;y,

v.(s) =
o(5) LiC(R+7.)s*+ (L + CRr.+ Cr;y(R+71.))s+ (r;1 + R)

V;:v:dA*Vdc

QR SRR F Y S A S I L R A T
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CRr.s+ R)V
GSt(S) ( TS )dc

Q)4 BB T E IR T Tl f #):
*Q%@ 1+ e -r; = _—LJ "L}‘E} "L,,,LI mﬁﬁg ‘3"@'9: » oo
(CRr.s + R)

1]
d LiCR+1)s2+ (Li+ CRro+ Cris(R+71))s + (r  + R)

1 (s) = LC(R+r)s?+ (L + CRr,+ Crpy(R+r))s+ (r, + B) Viwo =Yg
((sLy + 1.1 Z10aa(s)) + (sLz + 112)
T H_ A = DC e AC 7
H9 DCE 5
(CRr.s + R) _¥
I,(s) = L,C(R+7.)s*+ (Ly + CRr.+ Crjy(R+71.))s+ (r,; + R) Vinw — Vg
((sL1 + 1)1 Z10aa(s)) + (SLy + 112)
e ACH 5
(CRr,s + R) v
LC(R +r.)s? + (L, + CRr, +CrL1(R+r))s+(rL1+R) Viw — Vg

Iy(s) =

((sLy + 1)1 Z10aa(s)) + (sLy + 112)

‘Zr?v=dA*Vdc

Flgt vV 4a R ?f%#*Tfﬁé»*%ﬂ@mﬁ%w&m:

g _(CRr;s+R)
GaC(S) = d |1;g () HC(S) dc

H(s) = L;L,C(R +1,)s3

+Ly(Ly + CR1. + Crip(R+ 1)) + LyCryp(R + 1) + L, CR1,)s?
+(rp; + R+ 1,,(L, + CRr. + Cri5(R + 1)) + R(L, + Cro1ry3))s

+1,1(r;2 + R) + Rry,

WG E ] BT T

+ PR
Vo(ref)

Gge(s)

Gpr(s)

Feedback H(s)

Bl 38 G EEIH D HE
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Giv(s)

LN

Ig(rep R + Plant
Vg » 1/Vm |—» Hv(s)/PLL u()}rl;gel ()| Fspwm —» Gacls)
Feedback Hi(s) -
B 39. @ T E B4 HE
PR ¥4 B 4 4% S0 dic

2K, w.s

=K
Gy (S) pt S2 + 2w.s + w,2

Ti(s) = Gpr(S)Fspmegc(s)H(S)

F02. MG EE PR K AR SR

K, 0.01042

K, 15

W, 3777rad/,

W, 6.287ad/,

Vin 400V

L1 500uH >

C 15ufF

R 200kQ
T “Te > Tip 0.01Q

Fspwm 1
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K, 0.2188
K. 30
We 3777ad/
W, 6.287ad/,
Vi, 400V
L1 500uH -
L2 200uH -
c 15uF
200kQ
Ty *Te > 1o 0.01Q
Fspwm 1
7§ T P e S
Bode Diagram
100 .
—~ of oA |
% I e t“—K
& 100 | N
2 ~~
% -200 ™~
= ann M"a_,
400 System: uniitled 1 T~
400 Phase Margin (deg): 59.2
90 T Delay Margin (sec): 0.00219
o b—ooo-—" At frequency (rad/s): 472
@ | Closed loop stable? Yes
g o "
@ -180 F e .
% e
£ 270 | .
o .
360 L_.--—————"'
450 - - > -
10" 10° 10° 10°
Frequency (rad/s)
Bl 40. 35 EHE T R F
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Bode Diagram
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5200 “-\J\
g -300 | -
400 | ~
0 ' —
. 90 - — |
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2180 o Phase Margin (deg): 95.4
aﬁj a70 F Delay Margin (sec): 7.64
o At frequency (rad/s): 0.218
-360 1 Closed loop stable? Yes
450
1072 10° 102 104 108 108
Frequency (rad/s)
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S INANAN I mAWAN I WAWAWIWAWAN/IWAWE) !\HIH\HJ\HH;\AA}\AA;
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