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Tom tat

Vén dé toa nhiét khong dong déu cua cac IGBT trong bién tan
da bac dan dén sy giam ve khd nang hoat dong va tudi tho
trung binh cua bién tan trong cong nghiép. Bai béo nay khao
sat cong suit hao phi gay toéa nhiét cua ting IGBT trong bién
tan ba bac (3L-NPC) va diéu khién dong co khong dong bod
(PCKDB) ba pha bang phuong phap didu khién tryuc tiép mo-
men lyc (DTC). Phuong an phan phdi lai nhiét tir cac IGBT
chiu anh huong nhiéu nhit d&én cac IGBT con lai bang viéc
thay ddi cu truc diéu khién DTC s& dugc dé& xuat va phan
tich. Két qua cua thi nghiém s& dugc kiém tra va trinh bay
bing mé phong trén MATLAB/Simulink.

Tir khéa: IGBT, bién tin 3L-NPC, diéu khién tryc tiép md-men luc,
nhiét tiéu hao, MATLAB, Simulink.

Abstract

The unbalanced dissipation of heat from IGBTSs in the multi-
level inverters causes the degradation of their performance and
the reduction of their lifetime during the industrial operation.
In this paper, the heat of all IGBTSs in the Three-level Neutral
Point Clamped (3L-NPC) inverter will be investigated through
the control of the induction machine using direct torque con-
trol (DTC) technique. The proposed strategy for re-
distributing the losses from the most stressed IGBTSs to the
others by modifying the DTC pattern will be analized and
simulated. All results are presented graphically from the simu-
lation by MATLAB/Simulink software.

Keywords: IGBT, 3L-NPC inverter, direct torque control, losses,
MATLAB, Simulink.
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Nrotor vong/s  van tc thuc caa rotor

M et Nm md-men tham chiéu
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Mest Nm md-men udc lugng
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Ve \Y dién ap diém trung tinh (neutral point)
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Chir viet tat

3L-NPC Three-level Neutral Point Clamped
ALE Active Lifetime Extension

CSbC Cong suit dong-ct

CSDD Cong suit dan dién

DC Direct Current

DTC Direct Torque Control

FOC Field-oriented Control

DCKPB  Pong co khong dong bo

IGBT Insulated Gate Bipolar Transistor

NP Neutral Point
VTKG Véc-to khong gian

1. Phin mé dau

Bién tan 3L-NPC [1] 1a mot trong cac thiét bi phd blen trong
diéu khién DPCKDB ba pha ¢ cic nha may san Xuit va cong
nghiép. Cac cam bién hodc cac thiét bi hd tro giam sat va bao
vé bién tan ciing dugc ap dung nhiéu trong cac hé thong quan
trong dé giam thiéu kha nang hu hong cua thiét bi do su qua
nhiét khong ddng déu tir cac IGBT bén trong. Tuy nhién, viéc
két ndi thém cac cam bién vai bién tin khong phai 1a diéu d&
dang va 1am ting chi phi bao tri, 1ap rap hé thng.

Trong qua trinh hoat dong, bién tan diéu khién dong co voi
van téc va tai khac nhau 1am cho nhiét téa ra tr cac IGBT
khong dong déu nhau. Nhiét lwong bit ngudn tir hai thanh
phan chinh bao gom:

e COng suat dong-cat (CSPC) 1a cong suat tiéu hao
ning luong trong qua trinh chuyén trang thai dong-
m¢ (switching state).

e  Cobng sut dan dién (CSDD) 1a cong suit gay cho mdi
ndi ban dan bén trong linh kién néng Ién trong sudt
thoi gian dan dién (conducting state).

Trong mdi pha cta bién tin, mot sb IGBT tan s dong-md cao
hon sinh ra nhiéu nhiét hon so v&i cac IGBT con lai. Do dé,
su khac nhau vé nhiét 1a nguyén nhan cia sy chénh léch vé
tudi tho hoat dong cua cac linh kién bén trong bién tan. Piéu
nay lam cho tudi tho trung binh cla bién tan 1& thudc vao tudi
tho ciia mot hodc mét vai IGBT hoat dong vai tan sd cao nhét.
Hé¢ thong trong nghién ctru nay dugc gia dinh ring nhiét do
tung IGBT duoc giam sat thong qua viéc do nhiét do trén bo
tan nhiét gin tryc tiép trén mdi linh kién. Sy khao sat qua trinh
tda nhi¢t va sy phan ph01 lai cong suat dugc thuc hién & trang
thai 6n dinh cua hé théng. Viéc thay dbi mot phan ciu tric
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didu khién cia DTC dé diéu tiét lai nhiét lugng cua cac IGBT
nhung van dam bao gid tri vé mé-men lyc, toc do rotor, dong
thoi mire d6 sai sO ctia dién 4p tai diém trung tinh Ve ¢ mirc
t6i thiéu dé dam bao chat luong dong dién trén stator.
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H. 1 So do két noi cdc linh kién trong bién tan 3L-NPC

Mot s6 phuong phap di dugc dé xuit nhiam phan phdi nhiét
gilta cac linh kién ban dan trong bién tan ba bac da duoc cong
bd. Trong [2] [3], [4] céc tac gia da dwa ra phuong phap phén
phdi nhiét dong bd bang cach thém vao cac IGBT mac song
song voi cac di-ot n6i voi diém trung tinh. Nghién ciru nay
khoéng can thiép vao c4u triic phan ctng cta bién tan ma diéu
chinh phan mém diéu kh1en ctia DTC nhiam muyc dich khao sat
va phan ph01 lai cong suét tiéu hao tir ‘nhing IGBT hoat dong
voi tan s cao hon t6i cac IGBT c¢o6 tan s6 thip hon. Sy didu
tiét nay kéo dai tudi tho hoat dong cua cac linh kién va cua
bién tan mot cach chi dong, con duge goi 1a phuong phap
ALE (Active Lifetime Extension). Phuong phap ALE da ap
dung v&i k¥ thuét didu khién dinh hudéng tir théng rotor (FOC)
dugc mo phéong va thi nghi€ém trén hé théng thuc va dugc
cong bd trong [5][6][7] véi kha ning giam dang ké luong
nhiét tir cic IGBT hoat dong tan sb cao (cac IGBT bén ngoai
cac pha nhu Q1, Q4, Q5, Q8, Q9, Q12 theo hinh H. 1) nhung
van dam bao duoc sy can bang cua dién 4p Ve va chat lugng
ngd ra cua hé thong.

2. Noi dung chinh

2.1 Phwong phap diéu khién trye tiép mo-men lue (DTC)
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H. 2 So dé nguyén Iy diéu khién PCKPB ba pha véi DTC
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DTC la phuong phéap diéu khién phd bién cho cac PCKDB
VGi cOng suat trung binh va nho. Hién nay cac h¢ thong tuabin
gio dung trong cong ngh¢ nang luogng sach sir dung rong rai
phuong phap diéu khién nay do dédc tinh don gian vé cau triic
va kha ning dap g cao vé téc do va md-men quay cua dong
co. Phuong phip DTC co6 hai ché d¢: diéu khién md-men
(torqure mode) va diéu khién téc do (speed mode).

e Trong ché d6 diéu khién mo-men, tir thong (flux) va
moé-men (torque) 1a hai ddi tugng chinh dugc diéu
khién.

e Trong ché do diéu khién toc do, van téc truc dong co
va tir thong 1a hai dbi tugng dugc didu khién, tuy
nhién bo didu khién PI dwoc bd xung trong ché do
nay va ngd ra cua bo diéu khién chinh 1a gié tri mong
mudn ctia mod-men luc.

C4c thanh phan chinh trong hé thong véi DTC:

Hinh H. 2 biéu dién so d6 nguyén Iy cua hé thng dung
phuong phap diéu khién DTC (ché do torque mode) Vvéi céc
thanh phan chinh sau:

e Bo diéu khién tré (Hysteresis controller): bo diéu
khién chinh véi ngd ra nam bac cho mé-men luc va
bén bac cho tir théng trong DTC.

e B0 udc lugng (Estimator): tinh toan gia tri ctia do Ion
cua mod-men luc, do 16n va vi tri tic thoi cua véc-to
tir thong cua stator duge xac dinh bang cac cong thirc
toan hoc tir mo hinh toén ctia dong co. Cac gié tri cua
b6 udce luong duge quy ddi vé mat phang a-p theo bd
cong thace (1) [8].
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e BO bién doi gia tri diép ap (abc2af): theo nguyén ly
co ban cua DTC, céac bién phai duoc tinh toan trong
hé quy chiéu ¢ dinh (stationary coordinate a-B) gan
véi stator ctia dong co.

e Bang chon véc-to (Switching Table): nhan tin hiéu
cua cac bo didu khién dé chon lya cac véc-to khong
gian (VTKG) phu hop nhit cung cap bién tin dé diéu
khién dong co.

e M0 hinh bién tan ba bac (3L-NPC Inverter): nhan
xung diéu khién tir bang chon véc-to dé dong cat cac
IGBT tuwong ung dé diéu khién dién ap ba pha cua
DCKDB.

e Bo diéu khién ba bac cho dién &p diém trung tinh
(NP Controller): trong bién tan ba bac, van d¢ diéu
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khién dién &p Ve can duoc chu y dé dam bao chat

luong dong dién ¢ stator dong co.
2.2 Nguyén ly diéu khién ciia DTC cho bién tan 3L-NPC
Bién tan duoc didu khién tir tinh hiéu dong ngit cac IGBT
duéi hinh thirc 1a cac VTKG (space voltage vectors). Mdi véc-
to s& twong ng véi mot chudi xung co tic dong dong thoi 1én
trang thai toan bo 12 IGBT trong bién tan. Dap ung ciia mo-
men luc va tde d6 & truc dong co s€ khac nhau véi cac vécto
dién ap khac nhau.
Hinh H. 3 biéu din sy phéan bd tong sb 27 VTKG c6 thé diéu
khién véi bién tan 3L-NPC, trong d6 c¢6 6 véc-to 16n duoc
danh s6 tir 1 dén 6 twong ing mau do, 6 véc-to trung binh véi
sO thir ty tir 7 dén 12 véi mau xanh 14, 12 véc-to nhé mau
xanh duong va 3 véc-to zero (6 do l6n bang 0). Cac véc-to
dugc phan bd trén mat phang a-p gém 12 vung (sectors) bang
nhau duoc danh s tir I téi XII theo nguoc chiéu kim dong hd.
Trong @6, 12 véc-to nhd chia ra lam 6 cap véc-to co6 cung do
16n va pha (Vi du: cap véc-to 20/14, 19/13...). Céc cap véc-to
nho con c6 thém chirc niang diéu khién dién ap & diém trung
tinh Ve sao cho gia tri ndy co gia tri nho nhat (tuong duong
0V) & trang thai can bang.
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H. 3 So dé phin bé VTKG ciia bién tan 3L-NPC

Nguyén ly chon lya VTKG cua DTC:

Bang B. 2 trinh bay bang chon véc-to di¢n ap cho ngd ra cta
bo diéu khlen tré cho tir thong (OUT_F), md-men (OUT_T) va
Ve (NP) mdi véc-to duoc chon tuong g dya trén sy Két hop
gitra cac ngd ra ciia ca ba bo didu khién tré va vi tri tac thoi cia
véc-to tir thdng stator tai mot ving nao d6. Mdi cap véc-to nho
duoc lya chon thong qua su két hop giira chiéu cua dong dién
chay vao diém trung tinh lyp va ngd ra cua bo diéu khién tré
(NP Controller) Bang B. 1 biéu dién phuong phap chon véc-to
nho theo nguyén ly trén:
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B. 1 Moi lién hé giita ngo ra b diéu khién NP Controller va chiéu
dong dién Iyp

Ngo ra cua bo diéu | Chiéu cua lyp NP
khien NP

+ +1

+1 - 1

0 X X

+ -1

-1 - 1

2.3 Khao sat cong suit tiéu hao trén cac IGBT trong bién
tan 3L-NPC
Nhu d3 thao luan & phan trén, cac cap véc-to nho (Vi du: cap
20/14) tao ra cling mot gia tri vé do I6n cia md-men lyc va tir
thdng cua stator dong co. Tuy nhién, sy anh hudng mot trong
hai véc-to nay ddi 1ap nhau vé viéc can bang gia tri dién ap tai
diém trung tinh (Vyp). Gié tri nay cang lén thé hién su mat can
bang gitta dién &p cua hai tu dién & ngudn cip cho bién tan
cang cao. Piéu nay lam cho dién ap dat vao cac IGBT bi
chénh léch nhau rat Ién, sy toa nhiét cua mot s IGBT ciing
tro nén nghiém trong hon. Viéc xem xét dén sy diéu khién tdi
thiéu hoa gi tri dién 4p Ve VO cling quan trong ddi véi bién
tan 3L-NPC.
Nhiét toa ra cia cac IGBT chii yéu tir CSPC va CSDD, c6 hai
phuong phap chinh dé 1am giam cong suat v& nhiét tiéu hao
cho cé&c IGBT:

e Phuong phap 1: dung c&c véc-to nhd lam giam

CSDD nhung lam tang CSDBC.
e Phuong phép 2: danh d6i sy giam CSPC cua IGBT
Véi su tang cua CSDD.

Tir két qua thi nghi¢m cua [5][6], phuong phép 2 1a sy lya chon
hop 1y hon trong diéu kién dong co hoat dong Vi van téc cao.
Bai bao nay chi dé cap den viéc diéu phdi nhiét & cac IGBT
chiu nhleu ap lyc do tan s6 dong mé 16n khi dong co hoat dong
¢ van tc cao (van téc va tai hoat dong bang hoic Ién hon 60%
van toc va tai dinh mic caa dong co).

2.4 Céch tinh cong suit tiéu hao

Nghién ciru ndy st dung cong thac tinh trung binh cong suat
tiéu hao dua trén cac thong s chinh cung cap tir nha san xuat
(datasheet) va dong dién tiéu thu dwoc do tai mdi thoi diém
hoat dong ciia IGBT, dwoc cong b bai [5] va [6].

2.4.1 Cong sudt tiéu hao trung binh trong qua trinh dan dién
Pronduet = Uce 'ic = (UCE,O + e -ic )-ic 2
Trong do:

Uce: dién &p ¢ hai dau cuc gop (Collector) va cuc phat (Emit-
ter) cua IGBT.

ic: dong dién chay qua IGBT trong qua trinh dan dién.

rce: dién trg ndi gitra hai cuc gop va phat - gia tri nay duoc
ldy tir dudng dic trung cua IGBT trong datasheet.

2.4.2 Cong sudt tiéu hao trung binh ¢ trang thdi déng-mo
Ning lugng trung binh & mdi 1an chuyén trang thai dugc tinh
bang cong thuc:
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1
7Udc i
E — E 2 C (3)
switching — switching,0* U ' I
base C base
Trong d6:

Eqwitch,0: NAng lugng co s& trung binh can thiét cho viéc chuyén
trang thai ON- hay OFF-, gié tri duoc cung cip tir datasheet.
Uge: dién &p ngudn DC cép cho bién tan.

Ubpase; lcpase: dién ap va dong dién co sé cho hoat dong dong-
ngit cua IGBT.

Cong suat trung binh dugc tinh bang niang luong tiéu hao khi
dong hoic cit trang thai xay ra trén mot don vi thoi gian. Do
viéc diéu khién bién tan V6i phuong phap DTC c6 thoi hang la

Tsampling = 251s, cong suét tiéu hao nay duoc tinh bang:
E witchi
Pswitching = TSWIC - (4)
sanpling

Tong cdng suat tiéu hao tir mot IGBT trong qua trinh hoat
dong:
P

total

—P

conduct

+ P,

swnchmg (5)
Déi vai cac di-6t hdi nang mic ngugc va song song véi IGBT,
cong suat tiéu hao ciing tinh toan tuong tu bang cac cong thic
tu (2-5).

MAi lién hé giita cong suat trung binh tiéu hao véi nhiét luong
téa ra da duoc phan tich trong [5] véi md hinh phan phéi nhiét
nhu hinh H. 4.

AT, AT, ATha

’.l mbient

H. 4 Mo hinh nhiét cua mot IGBT

Cong thic tinh nhiét lugng trung binh cho mai linh kién:
Tjunction = A-I—jc + A-I—ch + ATha +TAmbient (6)
Trong d6: jc, ch and ha la viét tat cua junction-to-case, case-
to-heatsink va heatsink-to-ambient, dai dién cho nhiét lugng
téa ra ting khu vuc tir mdi ndi bén trong linh kién béan dan ra
dén bén ngoai moi truong [5]. Trong thuc té, chi c6 thé do
duogc nhiét do trén tan nhiét gan véi mdi IGBT; do dé, viéc
kiém tra su thay ddi trong cong suét tiéu hao s& thong qua su
thay dbi tir nhiét do do trén tan nhiét & mdi linh kién.
MGi quan hé giita cong suat tiéu hao trung binh va nhiét do do
duoc:
AT,

P ~ ha 7

total Rha ( )

Trong d6 Ry, la gia tri nhiét di¢n tro cua tan nhigt, gia tri nay
dugc cung cap tir nha san xuét.

VCCA-2015

2.5 Két qua md phéng

Viéc khao sat sy phan phdi nhiét luong dua trén cong suit tiéu
hao cua tirng IGBT bén trong bién tan 3L-NPC dung phuong
phap diéu khién DTC duoc md phong trén
MATLAB/Simulink. Phuong phap m6 phong nay dua trén
thyc nghiém tuong tw v6i cling thong sb hé thdng theo bai bao
[5] va [6] (cac thdng sé dugc trinh bay trong bang B. 3). Do
do, két qua md phong cua toan hé théng, md hinh nhiét va sy
tinh toan cong sut trung binh nhur trén 14 chinh xac.
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H.5 Céng sudt tiéu hao ciia cdc IGBT trong bién tan 3L-NPC

2.5.1 Khdo sat si phan phai nhiét theo cong sudt tiéu hao trén
toan bg 12 IGBT trong bién tan 3L-NPC

Hinh H. 5 trinh bay két qua mé phong cong suat tiéu hao trung
binh cia 12 IGBT khi DCKDB hoat dong ¢ tée do va tai dinh
murc. Tong cdng suat hao phi caa mdi IGBT dugc trinh bay
bai mot cot co hai thanh phan bao gom CSPC (mau do) va
CSDD (mau xanh). Theo nhu gia dinh phan truéc, cac cap
IGBT bén ngoai: 1-4, 5-8, 9-12 & ba pha c6 cong suit tiéu hao
trung binh 16n hon cac cap & giira. Su chénh léch nay phan I6n
do tan sé dong-cit cua cac IGBT bén ngoai cao hon nhidu so
véi cac IGBT o gitra trong mdi pha. Nguoc lai, cac IGBT bén
trong ¢6 CSDP cao hon nhung tdng cong suit tiéu hao van
khong qua lon.

Nghién ctu nay tap trung viéc giam CSDC cua cac IGBT bén
ngoai, dién hinh khao sét trang thai nhiét cua IGBT 1, dé giam
thiéu ap luc do toa nhiét cao va phan phdi lai cong suat nay
cho cac IGBT khac trong diéu kién hoat dong 6n dinh cua hé
théng.

2.5.2 Dé xudt phwong phdp phdn phéi lai cong sudt tiéu hao
tir IGBT 1 dén cac IGBT khac

Dé giam cdng suat tiéu hao do dong-cit trén IGBT 1 can phai
giam tan sb dong-mo t6i da cua linh kién nay. Khao sét trén
mat phing phan b VTKG diéu khién cho bién tan 3L-NPC,
cha y dén véc-to nho 20(++O) c6 muc do anh huong dén tan
$0 dong ma cua IGBT 1 va IGBT 5. Theo hinh H. 6, d6i véi
céc véc-to 16n bén ngoai thudc cac ving tir XII dén 111, pha A
lubn ndi vai cuc duong cua nguon DC (theo cu hinh +xx).
Cau tric két ndi ciing tuong tu ddi véi pha B (x+x) cho cac
ving tir IV dén VII. Quy luat Iya chon cac VTKG tir bang
chon cua DTC la ngau nhién, khi muén tang sé 1an xuit hién
mot VTKG nao d6 can thay thé vec-to nho ddi ung cung pha
va bién d6 véi nhau (trong truong hop nay 1a véc-to 20 va 14).
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H. 6 Anh hiong ciia vée-to 20(++0) dén IGBT 1 va IGBT 5

Brandard vi ALE-1 va ALE-F
18
| |Swiiching Lomsss
il I Conduction Lossss-Elandard
I Conduction Losses-ALET
-I:mduchnn Lomsa s-ALED

1
o Hi i' ﬁi
1 i k| 1 3 1 T a ] 19 " 12

IGETs

H. 7 So sanh céng sudt tiéu hao khi ap dung ALE-1 va ALE-2
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Bang B. 2 biéu dién cac vi tri cua véc-to 14 trong vung chin
(sector 11, IV, VI, VIII, X va XII) da dugc thay bang véc-to 20
(mau do) nham ting kha nang xuat hién véc-to nay cho
phuong phap ALE-1. Béi v6i ALE-2, cac vung I¢ (1, 1, V,
VII, IX va XI) s€ dugc thay d6i nhu ALE-1. Hai phuong phap
didu chinh nay dugc md phong va nhiét dugc so sanh chung
voi ché do hoat dong binh thuong cua DTC nhu hinh H. 7.
Biéu db thé hién két qua md phong gié tri cong Suét trung binh
truc va sau khi &p dung ALE trong diéu khién DTC. Céc cot
mau xam dai dién cho CSPC, c6t mau do thé hién CSDD &
hoat dong binh thuong (Standard) cot xanh 14 va xanh duong
biéu dién gia tri CSDD sau khi ap dung luat ALE-1 va ALE-2
twong ng.

Téng cong suét tiéu hao trén IGBT 1 va IGBT 5 giam khoang
17% va 20%. Nguoc lai, hao phi sinh ra trén IGBT 4 va IGBT
8 lai tang 1én sip Xi twong tng 10% va 15% do sy phan phbi
tir IGBT 1 va IGBT 5. Cac IGBT khac ciing c6 sy thay d6i vé
nhiét nhung khong déng ké.

Hinh H. 8 va H. 9 trinh bay dang s6ng cua Vype & diéu kién
hoat dong chuan caa DTC va sau khi 4p dung ALE-1. Sy mét
can bing cua Ve do su thay déi véc-to 14 thay bang véc-to
20 nhu trong bang B. 2. Diép ap Ve khi &p dung ALE-1 da bi
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léch va dao dong khoang 50V do sy can bang cua hai tu dién
tai diém NP d bi mat diéu khién. Tuy nhién, cac viing con lai
van dugc duy tri nham giam thiéu sy mat can ddi nay. Do do,
can c6 su tinh todn chinh xac vé thoi diém ap dung ALE dé
diéu tiét nhiét cho IGBT dé giam thiéu tbi da sy mat can bang
tai diém NP va dam bao chit lwong ngd ra caa hé thong.

Tha Neutrai Point vollage b= 3 standard operason

"

-
L
-

Neutral Foint Yoltage V]

136 13 14 4z 1.4 140
Time [5]

H.8 Dang song do dwoc tai Vyp khi hé thé'ng hoat dong theo tiéu
chudn ciia DTC

Newtral Point voltage of 20 vs 14 modcation « EVEN'COD sectors

2

Nostral Poist Voltage [V]
8

s o 3 |
453 48 442 e 446 448 47 A2 474 4 4%
Time fs]

H.9 Dang song tai Vyp khi hé tho”'ng hoat dong voi ALE-1

3. Kétluan

Nhiét luong toa ra tir cac IGBT trong bién tan 3L-NPC da
dugc khao sat qua mod phong hé théng diéu khién PCKDB ba
pha véi DTC. Phuong phap phan phdi nhiét ALE da duoc &p
dung dé diéu tiét &p luc vé cong suat tiéu hao tir cac IGBT
hoat dong voi tan so dong-cat cao. Két qua dat dugc cho thay
luong nhiét da giam nhiéu ¢ mot vai IGBT dugc chi dinh
nhung su chénh léch ¢ dién 4p diém trung tinh NP van con
kha cao. Ta c6 thé giam mirc dién &p Ve bing cach giam tan
xuit thay thé cua ciap véc-to 20/14 trong bang chon VTKG,
tuy nhién lwong nhiét ¢ IGBT 1 va 5 s&€ & mirc cao hon nhu
trinh bay trong thi nghiém & phan trén. Su danh ddi vé viéc
giam luogng nhiét v6i sy mat can bang dién &p cua hai tu dién
s& duoc xem xét ky & mot mue do nao dé tuy thude vao didu
kién hoat dong cua dong co. Vi du: khi DPCKDB hoat dong &
tai thay ddi, 1am cho céc bo diéu khién tré c6 dap tng khéc
nhau s& khd du doan dugc cac VTKG dugc chon va hiéu qua
ciia ALE ciing khac nhau & cac diém hoat dong khéc nhau cua
hé thong.
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Phu luc
B. 2 Bang chon véc-to diroc diéu chinh theo ALE-1
our | oot | Sectors
F T
| Il i v Vv Vi Vil Vil X X X Xil
+2 x 2 9 3 10 4 11 5 12 6 7 1 8
+1 20 20 15 15 22 22 17 17 24 24 13 13
+1
-1 14 20 21 21 16 16 23 23 18 18 19 19
+1 13 13 20 20 15 15 22 22 17 17 24 24
+2 0
-1 19 19 20 20 21 21 16 16 23 23 18 18
+1 24 24 13 13 20 20 15 15 22 22 17 17
-1
-1 18 18 19 19 14 20 21 21 16 16 23 23
2 X 12 6 7 1 8 2 9 3 10 4 11 5
+2 X 2 9 3 10 4 11 5 12 6 7 1 8
+1 20 20 15 15 22 22 17 17 24 24 13 13
+1
-1 14 20 21 21 16 16 23 23 18 18 19 19
+1
+1 0 25
-1
+1 24 24 13 13 20 20 15 15 22 22 17 17
1
-1 18 18 19 19 14 20 21 21 16 16 23 23
2 x 12 6 7 1 8 2 9 3 10 4 11 5
+2 X 9 3 10 4 11 5 12 6 7 1 8 2
+1 15 15 22 22 17 17 24 24 13 13 20 20
+1
-1 21 21 16 16 23 23 18 18 19 19 14 20
+1
-1 0 25
-1
+1 17 17 24 24 13 13 20 20 15 15 22 22
1
-1 23 23 18 18 19 19 14 20 21 21 16 16
-2 X 5 12 6 7 1 8 2 9 3 10 4 11
+2 X 9 3 10 4 11 5 12 6 7 1 8 2
+1 15 15 22 22 17 17 24 24 13 13 é 20
+1
-1 21 21 16 16 23 23 18 18 19 19 i 20
+1 22 22 17 17 24 24 13 13 20 20 ; 15
0
2 2
-1 16 16 23 23 18 18 19 19 14 20 i 21
+1 17 17 24 24 13 13 20 20 15 15 ; 22
1
-1 23 23 18 18 19 19 14 20 21 21 1 16

12

10

11

VCCA-2015

B. 3 Thong sé chinh can thiét cho tinh toan hé thong [6]

, o Ugc 560V
Thong so6 cua bién tan
Cac 4,AmF
3L-NPC
Irated 40A (rms)
Prated 15kW
z Urated 400V
Thdng s6 cuia BPCKDB
Loy - Irated 3L,1A
S6 hiéu: ABB M2AA160L4
Nrated 1455r/min
Miated 98 Nm
Théng sb cua linh kién - IGBT Ve 600V
(IXYS IXGR72N60A3H1) lc110 52A

Tai Liéu Tham Khao

[1]

[2]

[3]

[4]

[5]

[6]

[71

(8]

Rodriguez, J.; Bernet, S.; Steimer, P.K.; Lizama, I.E.;, A
Survey on Neutral-Point-Clamped Inverters, Industrial
Electronics, IEEE Transactions on , vol.57, no.7,
pp.2219-2230, July 2010.

T. Bruckner, S. Bernet and H. Guldner, The active NPC
converter and its loss-balancing control. Industrial
Electronics, IEEE Transactions on, vol.52, no.3, pp. 855-
868, June 2005.

D. Andler, J. Weber, S. Bernet and J. Rodriguez,
Improved model predictive control with loss energy
awareness of a 3L-ANPC voltage source converter.
Applied Electronics (AE), 2010 International Conference
on, vol., no., pp.1-6, 8-9 Sept. 2010.

D. Floricau, E. Floricau and G. Gateau, Three-level active
NPC converter: PWM strategies and loss distribution.
Industrial Electronics, 2008. IECON 2008. 34th Annual
ggggerence of IEEE, vol., no., pp.3333-3338, 10-13 Nov.
The-minh Phan; Riedel, G.; Oikonomou, N.; Pacas, M.,
PWM for active thermal protection in three level neutral
Fomt clamped inverters, ECCE Asia Downunder, 2013
EEE , vol., no., pp.906,911, 3-6 June 2013.

The-minh Phan; Riedel, G.; Oikonomou, N.; Pacas, M.,
PWM for active thermal protection in three level neutral
Pomt clamped inverters, ECCE Pittsburgh, USA, 2014
EEE, 14-18 September 2014.

The-minh Phan; Riedel, G.; Oikonomou, N.; Pacas, M.,
Active Thermal Protection and Lifetime Extension in 3L-
NPC-Inverter in the low Modulation Range, APEC Char-
lotte, N.C., USA, 2015 IEEE, 15-19 March 2015.

Christian Stulz. (2010) Antriebssysteme II, Teil 3. ETH
Zirich.

Nguyén Huynh Anh Duy sinh nim
1987. Anh nhan bang ky su vé Kj thudt
Co Pién Tir cua trudng Pai hoc Can Tho
nam 2009. Anh nhan bang Thac sy vé Ky
thudr Co Dién Tur cia truong Dai Hoc
Téng Hop Siegen, CHLB Birc nam 2015.
Hién anh la giang vién cua bo mén Tu
Dong Hoa, Khoa Cong Nghé, truong Dai
Hoc Céan Tho. Huéng nghién ciru chinh la

thiét ké hé thong Co dién tu, ky thuat robot, dién tir cong suat.



Héi ngh; toan qudc lan thi 3 vé Diéu khién va Tu déng hoé - VCCA-2015

Nguyén Chi Ngén nhan biang Ky su
bién tir tai Truong Pai Hoc Can Tho
nam 1996, bang Thac sy Ky thuat Dién
tir tai Truong Pai Hoc Bach Khoa, Dai
Hoc Quéc Gia Tp. HO6 Chi Minh nim
2001, va nhan bang Tién sy Ky thuat
biéu khién tai Truong Dai Hoc Tdng
hop Rostock, CHLB Dtrc nam 2007.
Tién sy Nguydn Chi Ngén tham gia
giang day tai Truong Pai Hoc Can Tho tir ndm 1996 dén nay.
Hién anh dang la Pho gido su Ty dong hoa, Giam béc Trung
Tam Dién — Dién Tu va Truéng Khoa Cong Ngh¢, Truong
Pai Hoc Can Tho.

VCCA-2015



