CAN E41& o] £3 MMC A 2#"9 Power Module %7]3 "

7131

B, 997

(FE2FICT

Power Module Synchronization Method of the Modular Multilevel Converter
System using CAN communication

Jong Hak Lee, Yun Hyun Kim, Tae Hyeong Kim, Byung Ki Kwon

POSCO ICT

ABSTRACT Main Controller Cell Controller vl HBI O(?:rulin]g Board
- Comm | ————[Group#l }—————~
i g A el

. - ell Controller 43 . _— HFIO #A03 HBI#A03
MMC(Modular Multilevel Converter)®= ©i2] 7§°] Power ey et | T e e oo e |
Modules ZE= A3l g 77k ndAYge 98s e LR KU
Y- - - {Gowp# )----- -
Ae & Qe ELRAR &% AW Rolo 278 WF T 3
L 1
SN WE BAS PR 5 Aol 2ol 4eE FHen e R R == e
— > HBL&ALL | |
oltk FAt A= SMvars STATCOM(STATic synchronous TR e |
_ - 1 p-o-—[GrewpMB}---——4
COMpensator)& MMC FeE|Z A=stdct. AZE SMvars by s |y f
STATCOM=Z & 43 12t)¢] Power ModuleZ T3} % (| corcomtrant | cnow [T e e
.. . 2 S HFIO #B0S | —»{ TIBIZB0S | |
25 Level2 ARt AlojA| 282 DSP(Digital Signal N |5 [P0 i || BT | |
- - . 2 \%’I “““
Processor)& ©]43}%1.2™, 3t Main Controllere} th4=2] g mm) s !
E - i
Cell COntrOHer, FPGA HE % o3 :'L/Ké E]oi 9\}1]4. Controller S L] concomrolier i1 | croun2 jzt !
- - - - _ . I
7] 4 ARE wdEhs] sl CAN BAL o439l — o f
. . _ 'l ===~ {Crowp® J-—--= =
Power Module®] 2=91AS 913 Bt ZHzbo] AZAE O glo = :::; RO TCo1|—»f RATECH i

- S = =] — = ° 13
11], Ceﬂ Controllery_EQ}-t 7%?3—% %EH %Lﬂ£i ?jﬁao]_gi]:]. My CotComratler st | croser [T 5 :i:: ‘&h :%:
3 I
B =foE MMC Al&a"e] Alo7]7F CAN 4101 o]~ P > fimoscw | wsiscee] |
1 ::::_Gﬁuﬂs ——— ===
9’]{' Power Modulei?] PWM %7] §]—°ﬂ EH%H ’g%‘—% “5’]—911:]-, —: :-—;-p HFIO 7007 - TBTACOT i

. |——‘-> HFI0 #C08 HBI #C08
l=p| Coll Controlter 2 | CRIO#C2 : ::EE :::3:::‘: ::::Eﬁ i
fre 3 HBI#CIT | |
.M B = Sl st |

AR A JdE STATCOMS] +x2+=  MMC(Modular
Multilevel Converter)o]™, 7} A2 SHAQ AFAYS 714
W H Bridge Inverter(HBI) 7%¢| Power ModuleE°] & &
TAESl k. o e Power Modules #ZH=2 A%
MMCe agstel di-g&@sirt golata 8dYe] 129 5
Aol 423k Aol e HbH Aoja]AElo] Bxkalw A o7k
olg]le WS AY gkl B =Rox e AojAlx
g5 CAN B4 o]&ste og=Fsrt &olatA AN
H, MMC Al2=€l9] Ao]7]7F CAN F2lQ1E s o] 20 st A
53} Power Module®] PWM 57138} 9 9)dxdo] Wie] dgh
AS sk

2. 2 &

2.1 ®Hof Ala" FM

Aol Alzgle 7)15EE AA Main / Cell Controller©. 2
s 4 9ltk Main Controllers 1tHE 7Aoo glom ¥
Aol digk FaA=ERy, AlE AGAe], BFFRAY T3 2
©] STATCOMS] HA| Aloig @t} Cell Controller 101+
A 6719 Power Module® IE37F 7FsdtH,  Cell

32 1 MMC MOjA AR T

Controlleret 4245} 9l Power Module®] #loj¢t HIE
G33ith Main / Cell Controller 7+2] 4% ARZ w3s}7]
A8 CAN BA1S o] g3ttt A4 AojA2Ee] A 17
139} 2tk

2.2 Power Module PWM 7|5t 2 2&HAOo gy
T8 g

Main Controller= CAN E41& o] &3t 7} 4= 5715
w3 349 A 7124 Cell ControllerZ HoJHE A48
t}. Cell ControllerelA+= A4d¥ Power Module® %+t
CAN Bilo=m HEwe 7y e At 7IEas o83t

PWM 2135 vH=L.

¥ 1914 E Main / Cell Controller 7+2] 4441 dlo]Ef 9]
A4RE YepATE Main Controllerdll 4] Cell Controller= Ho]
E{7} 544 HE CAN 4l 7]+ 2msoly A A#HA=
Aol CAN T41& o]&3) A4} Main Controllerell~] #
43k CAN %41 dolei& Cell Controller CAN E41 4241 <l
BHE A5E WAA7]aL Cell Controller QJEHEZ} A}
W PWM A4S 3 571skE zlesit)



# 1 Main / Cell 7F CAN E41 $541 o]

Main => Cel | Cell => Main
1. Sequence Command
R
(Run/Stop) 1. DC Vol tage

. Vol tage Reference
. Current Reference
. DC Average Vol tage
. Fault Status

2. Sequence Status
3. Fault Status

O~ W

Main Controller
(Teamptam = 260uS)

Cell Controller
(Tsampicen = 520us)

Oy 2% CAN 541 UJHYPEE o|&3d 12Layer Power
Module®] PWM %718 9 9ol wgel #sk zlojtk
Main / Cell Controller®] Z} Carrier®] Bottom¥} TopolA]
SensingS 3t} ©] Sensing PointE Main / Cell Controllerel
Al TUsHAl BER] FowW 293 Al oAE HHHY
THD7} Z7FetA 9. webAd Main / Cell Controller?]
Sensing PointE %37] $18] Cell Controllerol A CAN £41
A QJIETHE HAA] CAN 5219 A% £ 4 doJHE 1
et Carrier A4 #hol $EE PWM ZAS 98] Ul Elol
wel A4 elolmgtat vt eawkE A @A MAAA
Plsa=y

7} Layer®] Cell Controllers CAN E41 =4l QlHHE W
BAEE 72 Asta A WA Layerol A 174 7ol
o] PWM<S WHea, F WA LayeriEl A7) Wi go]i =
o] g-3lo] QAlHolE Aojdtl Power module] $73AolE
AA Al2~"e] Power Module®] 7047, Cell Controller $1%] A
HE o]&3& Z Power Modulee N Layerz} &
(N 1/12 7] PWM 73S AN & S35t

Iy 3& Power Module T%5& 9% CF 10 / HF IO
Board 7F9] dlo|g| &4l BE=olth Cell ControllerZe] A
% dolEHE PWME 9% 7F 2913 22k9] Topdl sidsh=
PWM #}%, PWM On/Off #lo] 2%, DC #<9t 2 IGBT
Stack <%= A¢ =4S 93 ADC(Analog to Digital
Converter) A& Ao} AlZolt}, Power ModuleZ2] 4% dlo]
B+ DC A% 2 IGBT Stack &%= #H¢tolt).

Cell Controllerel 7z} Power Modules %1337 93
2159 PWM On/Off Ao} 415, ADC Ao 4l%7F &8+
CF I0 B/D¢] FPGA°l i€tk FPGAAA = 2t 2lss
g wgslel &gty o] H¥EslsE CF I0 B/De
FPGAIA  ZE¥3te] Hilaz wdEn FAolEs
HF 10 B/D& %€t HF 10 B/De FPGAdIA =
APz 571 25 E AEsY 575 4 F A
W ® WEkslal Power Module 7t Leg Top 4158
ate] Bottom®] 42135 AL AAHE PWM 23 2

¢

£

=

[

]

U o o o @

[e]
}‘\_]_ =
=

o fZ lof I® of

©ofol ol T
oy

b6 Stack Temp. Power Module
Voltage Voltage UL PwMs
HF-10 B/D
FPGA
VioF PWM Inverter
Converter
It
m Serial to Parallel
4
RO | S —— FibEr CIptic saessssssssd |aassssnsassnssssnnsmnnnnenn
CF-10 B/D
T
FPGA
F oW
Converter Parallel to Serial |
A
W]
mensessenneagd by | ——
OC Voltage PWM Top Signal
/ Stack Temp, Veltage U
PWM On/Oft
Cell Controller Control Signal
b

7% 3 CF I0 / HF 10 B/D 7t "Holg $34 BE2%

On/Off Aol Az 93] E8o] 7ls3siH, 28 2ie
Power Module 29| Gating B/DE A$Eo] 293 & &= 9l
LE A

Power Module Zol4+ A& 3t DC A4 Power
Module B3 Z $3+ IGBT Stack &% A4S Cell Controller
2 AEeh o= ADC Ao} ABE o] gste] + AYS
©& Cell Controllerdl] 9&d + U=Z A}
2 ADC Alo] 4zl 93] g HA%e] &4
V to F Converter& A& Fu-3Fd Wes I0 B
A%€) CF 10 B/DE ©A] F to V Converters A4 94
3 2(Analog) E7-3}9] Cell Controller® %3t}

O

=
=
. T

o

>

e
1N
)

A
o
C

s

C A=g)e] Ao

oty
Q1
=
B
il
5

<
Compacts}dt = 9lor Igu9e] Ba 2 FZo] §o|std
]

B4y ol mgol

%12

[11 Li Gong, Yong Kang, Jingjing Chen, Shuang He,
"Phase Shifted Space Vector PWM and On time
Correction DC Voltage Balancing Scheme for Cascaded
H Bridge STATCOM", 8th International Conference on
Power Electronics ECCE, pp. 2741 2748, 2011, May.



