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Abstract

This paper presents the design of mathematical models for the power and control circuits of the MMC multilevel converter. The research
focuses on describing all electronic components of the MMC multilevel converter using mathematical formulas that accurately reflect the
physical nature and functions of these components. As a result, the MMC multilevel converter can be represented in the form of a mathemat-
ical model. This facilitates the development of tools to verify control algorithms for MMC more conveniently, given that constructing exper-
imental models and performing HIL simulations of the MMC multilevel converter is challenging due to the large number of converter mod-
ules, which exceeds the capacity of HIL simulation deFvices. The process of formulating mathematical models for the electronic components,
the entire power circuit, and the control circuit is carried out and simulated using LabVIEW software, applying the NLM modulation algo-
rithm to generate N+1 voltage levels (where N is the number of submodules in each branch of the MMC). The results are then compared with
those from an MMC model simulated in MATLAB software under the same simulation conditions and technical parameters to verify the

operation of the MMC converter.
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Tém tit

Bai bao nay trinh bay viéc thiét ké mo hinh toan hoc cho mach cong
suét va mach diéu khién cua bd bién dbi da mirc MMC. Nghién ctru
tap trung vao viéc mo ta toan b cac linh kién dién tir cua bo bién dbi
da mirc MMC bing cac cong thirc toan hoc dam bao ddy du ban chét
vét 1y va chirc ning cua céac linh kién dién tir trong hé théng MMC.
Nho d6, bd bién dbi da miuc MMC o thé duwoc mo ta dudi dang mod
hinh toan hoc. Piéu nay giup phat trién cac cong cu dé kiém ching
céc thudt toan diéu khién cho MMC thuan tién hon do viéc xay dung
cac mo hinh thyc nghiém cling nhu mé phong HIL (Hardware — in —
the — loop) cta bd bién déi da mirc MMC gip nhidu kho khin do sb
lwong cac module thanh phén ciia bd bién ddi 16m, vuot qua gisi han
cho phép ciia cac thiét bi mé phong HIL. Qua trinh xdy dung cong
thirc toan hoc cho céc linh kién dién tir va toan bd hé théng mach
cong suét ciing nhu mach dléu khién trong bai bao nay dugc thuc
hién va mo phong trén phin mém LabView khi 4p dung thuét toan
didu ché NLM dé tao ra cac mirc dién 4p N+1, trong do N la s6 SM
(sub-module) trén m&i nhanh ciia MMC. Két qua mo phong trén Lab-
View dugc so sanh v6i mé hinh MMC hoat dong trén phan mém
Matlab trong cung kich ban mé phdong va cung cac thong so ki thuat
dé kiém chung hoat dong ctia bo bién d6i MMC.

1. Phin mé diu

Bo bién d6i (BBP) cong suat da mirc MMC 1a mét cu trac
day tiém ning dé tao ra dién 4p bac thang gin nhét véi dang
song hinh sin [1]. Dang soéng hinh bac thang dugc tao ra boi
MMC cho phép kiém soat chinh xac dién ap va dong dién,
gitip cai thién chit luong dién ning va giam ton that vé ning
lwong [2]. Diéu nay lam cho bd bién déi MMC tr¢ 1én phu
hop hon so véi cac bo bién ddi khac ¢ cép dién ap trung va
cao the vi du nhu HVDC khi ¢6 kha nang giam ton that dén
mirc tdi thiéu [3]. MMC ciing c6 kha ning vuot trdi trong viéc
cai thién chat lugng dién nang va 6n dinh ludi dién thong qua
kha nang van hanh trong diéu kién su ¢d. Trong trudng hop
xay ra sy ¢d hodc xudt hién nhiéu trong luéi dién, MMC c6
thé didu chinh dau ra mot cach nhanh chong dé duy tri 6n dinh
va ngan ngira su ¢b lan truyén [4]. Didu nay lam cho bd bién
d6i MMC tré thanh Iya chon 1y twong dé tich hop véi cac
ngudn niang lugng tai tao, nhu cac trang trai gié ngoai khoi
hay cac nha may dién mat troi [5]. So véi cac BBD da muc
khac nhu CHB (Cascaded H — Bridge) hay NPC (Neutral —
Point — Clamped Converter), BBD MMC c6 céu hinh don
gian va c6 kha nang mé rong s6 mirc dién ap khong gioi han
bang cach tang thém s6 SM dé lam viéc véi cac cap dién ap
cao hon ma van bam dam d¢ tin cdy [6]. Chinh vi vy, bo bién
dbi MMC de dang tao ra dién ap xoay chidu v6i chét luong
dién ap rét tot thong qua chi sé THD thép, c6 thé dung truc
tiép cho cac phy tai ma khong can st dung cac bo loc song hai
[7]. Hién nay, nghién ctru cic tmg dung ciia bd bién ddi MMC
trong thuc té 1a mot trong nhitng huéng nghién ctru ¢ tinh
cép thiét. Mac du vay, cac nghién ctru vé BBD MMC hién nay
thuong dugc thuc hién trén mo hinh mé phong ma it dugc
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trién khai trén mé hinh thyc nghiém do céu hinh cia BBD
MMC thudng sir dung mot luong 16n cac module thanh phan
la cac BBD kiéu nira cau. Cac phan mém md phong vé dién
tir cong suat noéi chung va cho BBD MMC néi riéng c6 thé ké
dén nhu: Matlab/Simulink, PSCAD, P-SIM... [8]-[10]. Céc
phfin mém nay dugc thyc hién dya trén thu vién céc linh kién
dién tir tich hop sén trong phan mém, diéu nay khién cho viéc
nhiing hé thong mach lyc va diéu khién vao vi didu khién gip
kho khan khi khong mo ta rd rang dugc ban chét, tinh dong
hoc va dac tinh vat i cua linh kién dién tr. Trong bai bao nay,
cac tac gia s€ md ta cac van IGBT (Insulated Gate Bipolar
Transistor) dudi dang cong thic toan hoc dé xdy dung cau
trac mach lyc cho MMC va hé thdng diéu khién co thé nhiing
dé dang trong vi diéu khién FPGA (Field Programmable Gate
Array). Khi @6, viéc kiém nghiém thyc té cac thi nghiém cho
MMC sé& tré nén dé dang hon khi hoat dong véi FPGA ma
khong can hé théng mach Iyc vat 1y. Trong hé théng nay
FPGA d6ng vai tro 1a méi treong chira mach lyc va mach diéu
khién cia MMC duéi dang cong thiee toan hoc. Pay 1a ¥ nghia
quan trong ma nghién ctru nay c6 thé hudng t6i dé kiém tra
kha nang hoat dong cia BBD MMC trude khi trién khai trén
mo hinh that. Noi dung bai bao nay tap trung vao nghién ctu
céc van dé: 1ap trinh van IGBT thoi gian thyc trén LabView,
xay dung mach luc cho BB MMC trén FPGA va kiém
nghiém két qua khi so sanh v6i mé hinh mé phong sir dung
phan mém Matlab/Simulink.

2. Céu tric va nguyén 1y hoat dong ciia MMC
dua trén thuit toan dieu che NLM
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Hinh 1: C4u hinh mach luc cua b bién déi MMC

CAu hinh mach lyc cia BBD MMC ba pha dugc thé hién nhu
trén Hinh 1. Hé thong DC cia MMC thudng duge goi 1a DC-
bus, duoc két ndi véi cac thanh duong va 4m cia BBD. Hé
thdng dién xoay chiéu ba pha dwoc ndi voi diém gitra ciia mdi
pha (A, B, C) 1am cho mdi pha ctia MMC dugc chia thanh hai
nhanh. Cac nhanh két ndi véi thanh duong dugc goi 1a cac
nhanh trén (H) va cac nhanh két ndi v6i thanh 4m dugc goi 1a
cac nhanh dudi (L). Mdi nhanh ¢6 mot nhom cac SM va mot
cuon cam L. Cudn cam nhanh duoc méc ndi tiép voi tung
nhém SM dé han ché dong dién do chénh léch dién ap tire thoi
gitta cac nhanh. Cac tinh nang chinh cia MMC bao gbdm: cau
trac mo-dun véi kha ning mo rong cip dién ap va cong suét;
tao ra dang dién ap va dong dién phia ac gan nhu hinh sin c6
d6 méo song hai tong THD (Total Harmonics Distortion) rat

thip; c6 kha nang chuyén mach & tan so thap Sb luong cac
SM ciia MMC phu thudc vao yéu cau vé cap dién ap ¢ phia
xoay chiéu cung nhu cong suét trao do1 tir phia mot chiéu sang
phia xoay chiéu. Vé mat ly thuyet sO lugng cic SM co the
tang 1én khong gidi han nham dap umg v6i moi yéu cau vé
mirc dién 4p dau ra & phia xoay chiéu. Cac SM duoc sir dung
trong bo bién d6i MMC 1a bg bién d6i DC — AC dang nua cau.
Nguyén 1y hoat dong cua MMC la dya trén nguyén tic cong
ddn cac dién 4p Vs ctia cac SM dé tao ra dién 4p xoay chiéu
¢6 nhiéu mirc dién ap & dau ra ciia mdi pha. Dya vao cau trac
trén Hinh 1, c6 thé rit ra dugc mdi lién hé gitra dién ap dau
vao, dAu ra, cac dién ap nhanh trén, nhanh dudi véi dong dién
va cac phan tir cia MMC nhu sau:

i =i, —i, (=480 €]
di,, 1
Vx - vHr 0 dt 2 VDC (2)
di 1
v.=v, +L, di‘\+RlLX_EVDC (3)
Vi =k Ve 4)
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Trong d6: kpy va kz.1a cac hé s6 chén cho cac SM, Ve= Vpo/N
la dién ap bac thang trén moi tu cua SM véi gia thiét dién ap
trén moi tu déu bang nhau.

Voo/N

Hinh 2: Trang thai d(’)ng‘cét cua S;va S trong md-dun con nira clu: (a)
dong dién chiéu duong va (b) dong dién chiéu am

Hinh 2 cho thiy trang thai dong cét cta hai van ban dan S1 va

S2 trong mot SM. Cu thé:

e Khi dong i, trong mach c¢6 chiéu dwong nhu trén hinh 2a
va 2b: Khi van S; ON, van S, OFF, dién ap phia xoay
chidu SM 14 Vi = Ve. Trang thai nay 1a trang thai insert
(chén vao). Nguoc lai néu van S1 OFF con van S2 ON,
dién 4p phia xoay chiéu Vsy = 0. Trang thai nay goi 1a
trang thai bypass (bo qua).

e Khi dong dién i, trong mach c6 chiéu 4m nhu trén hinh 2¢
va 2d: trang thai insert xay ra khi van S1 ON va S2 OFF;
con trang thai bypass xay ra khi van S1 OFF va van S2 ON.

Trong BBD MMC, dién 4p nhanh sé& dugc tinh bang tong cac

dién ap dau ra cia SM trong nhanh dugc chén vao. Trong qué

trinh 1am viéc cia MMC cac SM ¢ nhanh trén va nhanh dudi
cua MMC duoc diéu khién dé tao ra dang song dién ap da muc
trén trén mdi pha & diu ra AC.

3. Thiét ké mach lwc bd bién d6i MMC trén
FPGA qua LABVIEW

LabVIEW la phan mém dé chuyén ddi so d6 khdi dd hoa bién
dich thanh ma may va dién dat ct phap thong qua céc hinh
anh tryc quan trong mdi truong soan thdo. LabVIEW FPGA
1a phan mém bd trg cho LabVIEW c¢6 thé sir dung dé thiét ké
hiéu qua hon cac hé théng dwa trén FPGA thong qua moi
trudng phat trién tich hop cao, thu vién IP, trinh mé phong do
trung thuc cao va cic tinh ning g& 18i. Lap trinh FPGA trén
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LabVIEW thuong dugc thuc hién bé“mg cach str dung Module
FPGA cua LabVIEW.

3.1. Thiét ké mé phéng thoi gian thye van IGBT

M0 hinh cia mot van IGBT dung trong BBD MMC dugc mo
hinh hoéa dudi dang mot mach dién twong duwong nhu hinh 3.
Trong hinh v& nay, in.s tuong duong véi dong dién ra ¢ van
IGBT; céc gia tri tu Cge, Cee, Cee tuong duong véi dién dung
céc cong Gate, Emitter va Collector. Cac qua trinh qua d6 cia
IGBT giita cic trang thai ON va OFF 6n dinh can dugc mo
phong véi bude thoi gian rat 1_1gén, ¢d nano giay.
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Hinh 3: Mach dién twong duong ciia mét van IGBT

Mat khac, trang thai xac 1ap cua IGBT khong yéu cau budc
thoi gian nho nhu vay, do d6 cac dac tinh tinh va dong cta
van IGBT c¢6 thé dwoc mé phong tach biét nham giam thiéu
d6 phirc tap ctia hé théng voi mé hinh nhu hinh 4 [11].
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Hinh 4: M6 hinh van IGBT d& xuét

Khi d6, cac dang song dong hoc cod thé duoc suy ra dua trén
md hinh mach twong duong cua van IGBT trong hinh 5. M6
hinh bao gdm Ceg va Cge dugc thiét 1ap tir mo hinh phi tuyén.
Ngoai ra, Cce va imos dugc xur ly cung nhau trong mdt mo hinh
tuong dwong. Theo cach nay, chi cac dic tinh cong cta imos
va Cg trong mo hinh twong dwong can duge xir Iy va c6 thé
b6 qua khau xir Iy 13p lai nhiéu 1an cta cac phan tir phi tuyén.
bién ap cuc thu-phat IGBT vee va dong dién cuc duong ice
dugc mo ta riéng trong mo hinh dé xuét.
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Hinh 5: M6 hinh mach trong duong d& xuét cho van IGBT

Trong hinh 5, Cg, thudng dugc coi 1a c6 dién dung khong doi.
Trudce khi phan tich trang théi dang séng dong hoc ctia van
IGBT, ta can thuc hién tuyén tinh hoa Cee vi dién dung cua nd
1a phi tuyén va phu thudc rat nhiéu vao gia trj cta ve.. Khi ve
tang dan tir gia tri cuc tiéu Vee, gid tri Cee gidm mot cdch nhanh
chong. Su bién thién nay tré nén khong dang ké khi v, ting
dan dén gia tri ¥, dii 16n va khi d6 gié tri tu c6 thé dugc coi
1a khong d6i Cigy).

Khi Veeming < Vee < Vip, ta ¢6 thé md hinh héa Ceg bing dién
dung dugc tuyén tinh hoa ting phan néu coi sy thay doi cua
no6 tuyén tinh theo thoi gian nhu phuong trinh (5).
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Khi xét dén cong ctia IGBT, tinh twong quan cua v, va vg ¢
thé dugc mo hinh hoéa theo phuong trinh (6).
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Khi vee>V,,, phuong trinh (6) duge viét lai nhu (7):
R (Cpo+Copi) Ve Ve =R .Cooi Ve =V, (N

Trong d6 Vg 14 dién ap cong va R, 14 dién trg cong cua IGBT.
Tt (5) va (6) suy ra dugc (4) khi Veegmin < vee < Vip. DOng thoi,
khi coi vge = 0 do Cg twong doi 16n nén ve dugc coi la hang
s0 va ta suy ra dugc phuong trinh (9).
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Trir cac cong thire trén suy ra dugc qua trinh qua do khi bat

va tit caa van IGBT nhu trén hinh 6.
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Hinh 6: D) thi qua do ciia van IGBT khi: (a) bat va (b) tit

e MO hinh khi van IGBT bat:

Dua trén hinh 6a, qua trinh qua d¢ khi IGBT bat dugc chia
lam 6 giai doan riéng biét:

Khi veg < Vip ta €0: ice=0; Vee=Vee o7 DONG thdi gid tri ve
duogc tinh nhu (10).

(10)

Trongdo _ _, ( )Vé thoi gian t dugce tinh nhu (11).
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Khi IGBT budc vao vung hoat ddng tich cuc: ve. >Vi; ico tang
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doc k dugc tinh nhu (12).
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Giai doan 1, 2, 3: 1a céc giai doan nghich dao lan luot cua cac
giai doan 6, 5, 4 cua qua trinh qué do bat. Giai doan 4: Dong
dién tr MOS va dong lién quan dén no bj loai bo. Dong dién
cuc duong ice giam nhanh chong va dibt bt dau dan dong tai.
Su sut giam nhanh chéng cia ic. dugc gia dinh la xay ra ngay
lap tirc trong mo hinh dé xuét. Do sy ton tai ctia cac hat tai
dién du thura, ic. giam mdt cach nhanh chong.

3.2. Trién khai mé6 hinh IGBT trén LabView

T cac cong thie duoc thiét lap & trén, cac tac gia tién hanh
trién khai mo hinh IGBT trén FPGA théng qua phan mém
LabVIEW, quy trinh trién khai van IGBT ¢ muc hé thong
dugc trinh bay nhu hinh 7 [11]. Trén hinh 7, van IGBT duoc
coi la lam viéc duoi diéu kién moi truong ¢b dinh, céc gia tri
hang s6 duoc tinh toan trude va luu sin trong thanh ghi. Khi
¢6 tin hiéu twong ung, cac khéi tinh toan s& duoc bat tuong
ung va thue hién lan luot tung giai doan st dung cac tham )
c6 san. Sau khi budc tinh toan hoan thanh, cac gia tri dugc
dua vé khéi Cluster va chuyén dén khdi Selector dé tinh toan
va guri di cac gia trj twong tmg. Theo hinh 8, cac thong sb thu
dugc tir quy trinh tinh toan duoc giri dén cép thiét bi. Tiép
theo, tin hiéu s€ dugc dua vao bd tinh toan, dua vao tin hiéu ¢
tir bo dém thoi gian dé xac dinh vi tri hién tai cua IGBT trong
qua trinh chuyén dbi. Thong qua viéc nay, ta co thé thu duoc
cac thong sé nhu d6 ddc, hang sb thoi gian va gia tri ban dau
clia cac bién tuong Ung: ice, Vee Va Vee.
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Hinh 8: Quy trinh trién khai van IGBT cép thiét bi
3.3. Mo phong IGBT theo thoi gian thue trén Labview

Tir cac quy trinh trién khai nhu trén, ta xay dung m6 phong
van IGBT c6 tinh dén cac ddc tinh qua do bat va tat trén phan
mém Labview. Hinh 9 trinh bay mo phong qua trinh quéa do
bét cia IGBT thong qua phan mém LabVIEW. Hinh nay gdm
cac khéi (Block Diagram). Bén trai, st dung khéi formula
node dé nhdp thong s6 cua IGBT vao thanh ghi dir liéu thong
qua cac bién tuong mg. Khéi tinh toan dit phia trén dé tinh
hai gi4 tri hang s6 ke va be theo cong thirc (5). Trong qué trinh
quéa do bat cuia IGBT, chia 1am 6 giai doan, str dung khdi riéng
biét dé thuc hién tuln tu cac giai doan. Mdi giai doan s& c6 4
gid tri dau ra: Vee, ice, Vee va . Thoi gian qua do cia IGBT ngén
dén mirc nano gidy, tuy vay budc thoi gian ciia LabVIEW
dugc gidi han 1a 1073s.

semn € ge Cagd Capa R Ll L

T R A A e M M R

Hinh 9: Block Diagram bat van IGBT trong LabVIEW
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DPé dam bao tinh chinh xac, ta can su dung vong ldp tinh todn
dé tao bién thoi gian ¢. Két qua tinh toan luu trir dudi dang
array. Céc gia tri cia ting giai doan dugc ghép lai thanh mot
ham array, thé hién céc gia tri cia IGBT khi bat. Twong tu vé6i
qué trinh bat, ta xay dung dugc md phong cho qua do tat trén
van IGBT véi 4 giai doan tuong ung. Tir mdé phdng trén, ta
duogc két qua tir hinh 10 dén hinh 15.

e Qua do bat:

0

Va

Armplitude

=

) T &7 L3 &7 137 1266 144 137 1866 X6 2258144

Agplituds

&7 %7 B4 12566 1366 1756 26 22483681

Hinh 11: D) thj v, khi van IGBT bat

— ]

Amplitude

Time

Hinh 12: D thi vy khi van IGBT bat

e Qua do tat:

Amplitude

N

T i
0 &7 487 6E-7 87 16 1266 1466 1.6E-6 18e-6 26
Time

Hinh 13: D0 thi ic. khi van IGBT tit

. /

J—
™~

_/

2T 4T 6T &7 16 1266 1486 1666 1866 Figld
Time

Hinh 14: D6 thi v, khi van IGBT tit

Amplitude

0 A7 47 6E-7 8E-7 1E-6 1266 1466 16E-6 1866 iz
Time

Hinh 15: D4 thi v, khi van IGBT tit

Trong d6: Hinh 10 thé hién dong dién ice khi mé van IGBT
bat; hinh 11 thé hién dién ap vge khi mo van IGBT; hinh 12
thé hién dién ap vg khi mé van IGBT; hinh 13 thé hién dong
dién i khi tit van IGBT; hinh 14 thé hién dién ap ve. khi tat
van IGBT; hinh 14 thé hi¢n dién ap vy khi tit van IGBT. Céac
Kkét qua tir hinh 10 dén hinh 15 duoc so sanh véi dd thi dic
tinh cho trude ciia nha san xudt nhu trén hinh 6 cho thiy van
IGBT mo phong thé hién dugc dung qua trinh quéa do bat — tat
cla van voi gia tri sat voi dd thi thue té. Tir cac két qua cua
hinh 10 dén hinh 15, ta xay dung van IGBT trén LabVIEW
dua trén mo hinh toan nhu hinh 16.

i
;;;;;;;;;;;;;;;;;;;;;;;;;;;;;
0 _—
= L2 _
..... -
o3 oS E it
& -
5 a7
F—m e
FE

Hinh 16: So db cdu tric mé phong cho van IGBT trén Labview
3.4. Thiét ké mé phéng b bién d6i MMC trén FPGA

Bang 1: Thong s6 bo bién déi MMC

Thong sb Ky hiéu Gia tri
Dién tro tai R 10Q
Pién cam tai L 0,01 H
Dién trd nhanh Ry 0,1 Q
Dién cam nhanh Ly 10 H
Pién dung cua 1 SM C 2,5.10° F
Sb SM trén nhanh N 4
Dién ap ddu DC Ve 2000 V
Tan s mach dién F 50 Hz
Tan s6 cho didu ché NLM | fuw 200 Hz
Cong suit dinh mirc S, 50kVA
Hé s6 diéu ché m, 1.0

Tu dién giup tao gia tri dién ap ¢6 dinh cho SM. bién ap tu
dién Uc trén SM duoc tinh theo dong nap tu ic.

L.
U == Jica 1)
Cudn cam nhanh dwoc méic ndi tiép giira hai nhanh trong mot
pha MMC c¢6 tac dung cén bang dién 4p, han ché dong dién
cling nhu giam nhidu gitp ting chit lugng dong dién va dién
ap dau ra. Cudn cam nhanh duoc tinh theo cong thirc:
diy,

dt

Uy =iy R+L (22)

. Uy,
i, =—%— (23)
® Ls+R

3.5. Thiét ké bd bién déi MMC trén LabVIEW

Trong hinh 17, tin hiéu dua tir bd diéu ché NLM duoc dua t6i
cac tin hiéu G; dén Gg tuong tng voi 8 SM trén mot pha
MMC. Hai tin hiéu iy va i; mg v6i gid tri dong dién tirc thoi
hai nhanh duoc tinh toan va chuyén dén budc tiép theo.
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iL=(2-G5-G6-GT-Ga1 2000/ (4*2*

G2

5
Ga I
= iL

G1 |[iH=(2-G1-G2-G3-G4)~2000/ (472* I
H

GE G7 G2

e o]
uuuuuuuuuuuuu i it
O ] 0 2 0 o
i Mpy X
[ IE]F‘;,
- = 0] "
.
T 0
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu
WFaize v
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu
2 .
s B
* LI = HRL o e
>
B> i
> >
Ro/l
B,
» b
SiEs
TOTCNOOEEEEEEOECEENNNENEEEEEAE0LSEEEEEEEEEEEEE (b)

Hinh 18: Thanh phan tinh dong RoLo qua dién cdzm nhéanh trén khi:
(a) True va (b) False

Hinh 18 mo ta cong thirc dong dién di qua cac dién tré nhanh
va cudn cam nhanh trén mdi pha cia MMC trén phan mém
LabVIEW. M6 ta nay da thé hién gia tri dong dién qua dién
cam nhanh dugc tinh theo cong thuc (24) cia qua trinh moé
hinh hoa.

R

iy, =Upe =Ly )(1—e LZ) (24)
Trong d6 Ipc 1a gia tri dong dién nhanh xac 1ap mong mubn,
Ira 12 gié tri ban dau cua iz, ngay sau khi Ipc thay ddi. Céc gia
tri dong dién xac 1ap tai thoi diém 7 va ¢-7 dwoc so sanh dé xéac
dinh khéi trang thai True hodc False twong tng dé thuc hién
tinh toan (24) va chuyén gi trj t6i budc tiép theo. Thiét ké
thanh ph?m tinh toan cho dong dién nhanh dudi dugc thyc hién
tuong tu nhu trén.

‘ ) ,
Hinh 19: Thanh phan tinh di¢n ap trén tu cia mdt SM khi (a) bat va (b) tat

Unhanhtren Unhanhtren

# L}
g &
* D =
" |> UA_a:ray
B> o i ;
2]
# Ura
o]
: DDUnhanhdum [ J
> Bl .
L

Unhanhduoi

i

Hinh 20: Thanh phén tinh toan dién 4p ra mot pha

Céc tin hidu G; dén Gg trong bo diéu ché NLM cho biét khi
nao SM tuong tng trong pha cia MMC duoc bat va tat. Khi
gia tri G bat, van IGBT dugc mo va gia tri tinh todn tai Hinh
19a dugc chén vao nhanh. Nguoc lai, khi G tat, gia tri dién ap
trén SM twong tmg dwoc gan bang 0 nhu hinh 19b,

Trong hinh 20, gia tri dién 4p mot nhanh dugc tinh bang téng
gié trj dién ap ciia cic SM trong nhanh d6. Gia tri dién ap dau
ra ciia mdt pha trong MMC dugc tinh theo cong thirc (25).

1 25
u, =—(u, —u,) (25)
2
Gia tri dong dién ra mot pha dugc tinh theo cong thuc:
1, =1y —1 (26)
i_nhanhtren
iH_array RL %HJ P A |:phaA
> e ohs)
BE e
* i_nhanhduoi m %’ @ *
iL_array_RL IQFJ #
- o

Hinh 21: Thanh phén tinh toan dong dién ra mot pha

Vi viée ¢ dugce cac dong dién nhanh trén, dong dién nhanh
duéi nhu hinh 18 va cong thirc (24). Ta rit ra dugc dong dién
déu ra phia xoay chiéu mdi pha nhu cong thirc (26) va quéa
trinh mé ta dong dién ra cia MMC trong mot pha trén phan
mém LabVIEW duoc thé hién nhu hinh 21.

Tur cac thanh phﬁn O trén, ta xay dung dugc mach luc cho mot
pha trong mot MMC ba pha va tir 46 xay dung mét mach luc
MMC hoan chinh vé&i dau vao (input) 1a cac tin hidu tir bo diéu
ché NLM va dau ra (output) 1a cac gia tri dong dién, dién ap
cho céc pha trong MMC.

3.6. Thiét ké bd diéu ché NLM trén LabVIEW cho MMC

Dua trén nguyén 1y ciia phuong phéap diéu ché NLM [8], ta
can tién hanh thyc hién cac bude: tao dién ap vy, chia cac
muc dién ap; xac dinh cac mirc dién ap cia dién ap tic thoi
theo ham lam tron; xac dinh trang thai ciia cac SM; can béng
dién 4p tu va tao xung dong cét cho cac van IGBT. Gié trj dién
ap vyor dugc tinh theo cong thuc (27).

_mVDC 27)

Vo cos (a)t)

i L
Simulate Signal
Sine [

songdieuche
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DOOOO00000000000000000000Y ), -)l00000I000000a00000000000
Bk

50 SM chen vae nhanh tren

LT iy ey —

50 M high

Hinh 22: Thanh phin tao séng tham chiéu va tinh toan s SM bat tit
Ham lam tron xac dinh sb luong SM trong mét nhanh van
duogc bat va tat trén moi pha cta b bién doi:

V
N,, =round 4 —£<
2V,

C

[1—mcos(a)t)]} (28)

DC

N, = round{V
27,

C

[1+mcos(a)t)]}

Tir d6 ta tién hanh xdy dung bo diéu ché NLM trén LabVIEW:
tao song sin v, va tinh toan s6 SM bat, tit trong mot nhanh
nhu hinh 22. Khau tao xung dong cit cho van IGBT duoc thuc
hién nhu hinh 23. Sau khi xé4c dinh duge s SM duge bat hodc
tt, ta s& tao cic xung dong cit bang cach quy dinh lan luot
cac SM dugce bat hodc tit trong mdt nhanh pha.

sigl

sig1_final
i T

Waveform Graph 1

sig3 sig3_final
ETF]
Waveform Graph 3
517150} Fris]
sigd sigd_final
¥TF]
Waveform Graph 4

[ T

Hinh 23: Thanh phin tao xung déng cit cho bd didu ché

Sau khi thiét ké b diéu ché NLM, ta tién hanh trién khai md
phéng mach lyc MMC trén LabVIEW. Céc két qua dugc thé
hién tir hinh 24 dén hinh 27.

2000

[

[

o |
=0 T r 1 r I
= 0
S | T | i I
Fso . [ { I iw
o
-100
° ThEY gian (5) 005
Hinh 27: Gia tri dong dién ra I, trén mot pha trong LabVIEW véi N =4
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Hinh 28: Gia tri di¢én ap ra Uy, trén mot pha trong LabVIEW véi N = 10

Két qua mé phong LabVIEW duoc thuc hién voi bude thoi
gian 105s va s lugng SM trén mdi nhanh 1a 4 (N = 4). Két
qua hinh 24 va 25 cho thiy dién 4p va dong dién nhanh dau ra
mot pha c6 dang bac thang voi 5 mirc dién ap. Gia tri dong
dién va dién ap dau ra nhu hinh 26 va 27 c6 dang béc thang
v6i 5 mirc bam quy dao sin twong tng véi phuong phap diéu
ché NLM tao ra N+1 murc dién ap. Khi mo phong véi s luong
SM 1a N = 10, ta thu dugc cac két qua dién ap va dong dién
dau ra nhu hinh 28 va 29. Két qua cho thay dong dién va dién
ap c6 dang bac thang vai 11 mirc va bam quy dao hinh sin,
cac bac thang da dugc thu nho so véi khi mé phong truong

00— TTC T
f i T X
= 50 fl \ I‘ = |[ k
Ea I 1 [ | f \
2 ol \ f f ‘
® ! J L J] \
8 © C T T 7 ¥
| r 4 |
— =
100 1 [ Al

o

2500
5500
Thai gian (s)

Hinh 29: Gia tri dong dién ra I, trén mot pha trong Labview vdi N=10

Tir cac két qua trén, ta co thé thay hinh dang dién ap thu dwoc
khi xay dung MMC vé6i N = 10 1a twong ty so véi N = 4. Phan
tiép theo s& tién hanh thyc hién md phong véi kich ban tuong
tu trén Matlab/Simulink dé xac thuc tinh chinh xac cua két
qua trén LabVIEW so vai md phong vat li trén Matlab/Sim-
ulink. Ta thu dugc cac két

[ [
1000 I ‘ 'J I

| EE
| — 1
[ | [
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0.07

0 0.035
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Hinh 24: Gia tri dién ap nhanh trén ciia mot pha trong LabVIEW voi N =4
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Hinh 25: Gia tri dién ap nhanh dudi cia mét pha trong LabVIEW véi N =4
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Hinh 30: Gia tri dién ap nhanh trén (N = 4) ciia mot pha trong Matlab
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Hinh 31: Gia tri dién ap nhanh dudi (N = 4) cuia mt pha trong Matlab
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Hinh 26: Gi tri dién 4p ra U,, trén mét pha trong LabVIEW véi N =4
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Hinh 31: Gia tri di¢n ap ra U,, (N = 4) trén mét pha trong Matlab
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Hinh 32: Gia tri dong dién ra I, (N = 4) trén mdt pha trong Matlab
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Hinh 33: Gia tri dién ap ra U,, (N = 10) trén mét pha trong Matlab

C6 thé thay cac két qua thu duoc khi md phong mach MMC
v6i N =4 va N = 10 trén Matlab/Simulink 14 gan gidng so véi
céc két qua thu duoc trong LabVIEW. Tir d6 c6 thé thay, viéc
thuc hién mé phong thoi gian thyc 13 can thiét dé xac dinh
dugc cac dic tinh ma mo phong 1y thuyét khong co duoc.

100

Dong dién (A)
S o 8
i

N
o
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0.2 0.25 03
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Hinh 34: Gia tri dong dién ra I, (N = 10) trén mét pha trong Matlab
4. Kétluan

Bai bao nay da xay dung dugc mach lyc cia MMC trén FPGA
thong qua phan mém LabVIEW duéi dang cac mo hinh toan
hoc cuia cac van IGBT ciing nhu cac phuong trinh mé ta mach
dién. Thong qua d6 mo phong trén ca hai phan mém Lab-
VIEW va Matlab/Simulink v6i cung kich ban dé so sanh dic
diém hoat dong ctia chung. Céc két qua thuc hién dugc da cho
thdy khong c6 sy khac biét dang ké khi mo phong mé hinh
toan trén LabVIEW va md hinh vat li trén Matlab/Simulink. T
day ta c6 thé nhan dinh rang c6 thé xay dung mé hinh MMC
trén FPGA thong qua viéc mé ta toan hoc cac van ban dan dé
tir d6 xay dung hé théng mach luc bo bién d6i MMC dé kiém
nghiém trude khi thyc hién véi cac thiét bi thuc té. Két qua nay
da gitp giam thiéu dugc thoi gian, cong sirc ciing va chi phi khi
thyc hién nghién ctiru vé MMC khi ¢6 sir dung mot Iuong 16m céc
module thanh phan.
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