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Nghich luu da muc diéu khién déng co dién
kéo tau dién do thi
W ThS. AN THI HOAI THU ANH; ThS. VU DUY NGHIA

KS. V0 NGOC THEM; KS. NGUYEN XUAN XUAN
Truding Dai hoc Giao théng vén tai

1. DAT VAN DE

TOM TAT: Khac véi nghich luu hai mie, nghich luu Ngay nay, hé thdng giao thong dién dudng sat da
|| da muc hoat dong dua trén nguyén ly tao ra cac va dang dudc cac nuGe trén thé gidi dau tu xay dung
: muc dién 3p dau ra ddn dén chat luong dién ép sé va phét tnén rat manh mé bdi cac uu diém: van chuyén

6t hon. Cac van céng suit hoat déng & cac muc hanh khach s6 luong I6n, rit ngén thai gian di lai, than

dién 4p thip hon va t3n s6 chuyén mach thép, vi thién véi méi truing. & Viét Nam, cac tuyén dubng st

vy gidm thidu 161 da 18n that do chuyén mach tao @8 thi dang duoc xay dung va dy kién tuyén dau tién di

ra. Chinh vi nhing uu diém vuot tré1 46, bar bso vao hoat ddng vao ndm 2019.V4i dic diém ctia hé truyén

d3 dé xuat ung dung bé nghich luu da muc trong dongla sirdung lud cap cho oan tau 750 - 1500VDC, 25

hé truyén dong dién suc kéo cong sudt 16n, dign KVAC, cong suit dong ca ldn vai tram KW d6i hoi cdn mét

ap cao. Cac két qud mé phdng da minh chung wu bd bién déi cong suat d3c biét c6 thé ddp ung cac yéu

didm vé d6 méo séng hai cla dong dign va dién cdu dat ra [1]. D€ nang cao chat lugng hé truyén dong

4p nghich luu da mac sé gidm néu cac mic duoc dién, nang cao hiéu suat thi bai bdo dé xuat sir dung b

tang lén nghich luu ba muc, ndm muc cdu H ndi tang diéu khién

TU KHOA: Nghich luu da mie, hé théng suc kéo ddng co dién kéo,

Cac bo bién @61 cong subt 1a mdt gidi phap cong

aién, t8ng 66 méo song han 9 '@ Mot gl ap €O
° ° nghé hitu hiéu cho viéc diéu khién cac hé truyén dong

ABSTRACT: Difference from the two-stage dién, dugc Ung dung trong nhiéu linh vuc: san xuat,
inverter, the multi-level inverter operates on the ham mé, hdéa dau, giao thong (iing dung trong sic kéo
principle of generating output voltage levels doan tau, tdu thity va céc ing dyng trén 6 to dién..). Véi
that lead to better voltage quality. Power valves muc tiéu tang hiéu suat, gidm chi phi van hanh, nhiing

|| operate at lower voltage levels and lower switching nghién cdu vé gién tr cong sudt da duoc tiép cin theo
frequencies in an efort to mimmizing switching hai hudng: Hudng thir nhat phat trién cong nghé bén
losses Because of these outstanding advantages, dan dat dong, ap danh dinh cao (8KV, 6kA) va gilf cau tric
the paper has proposed the application of mult- truyén thdng (cac bd bién @i chi cd hai muc) (2); hudng
level inverter in electric traction drive system with thir hai phét trién cu triic cac bo bign d81 vdi cang nghé
high capacity and high voltage The simulation ban dan truyén thang - dudc biét dén la cac bé bién doi
results demonstrate the advantage of harmonic da muc [3,4]. Trong bai bao trinh bay theo hudng nghién
distortion of the current and voltage will decrease cltu thi nhat, Ung dung b nghich Iuu da mirc didu khién
if levels are increased. déng co Gién kéo.

KEYWORDS: Mutilevel inverter, electric traction

systems, THD 2. NGHICH LUU BA MUC CAU H

2.1. C4u trac mach luc

CHU VIET TAT: C6 ba loai nghich luu da mic phd bién: di-6t kep
LS-PWM- Level Shift Pulse Width Modulation - (NPC) (5,6]. ty ién OC ty do (FC) [7,8] va cdu H néi l%ng
Dréu ché dich muc song mang (CHB) [9,10). Tuy nhién, nghich luu da muc cau H néi ting

c6 nhing uu diém vuot tréi nhu: tinh mé-dun héa cao
giup dé& dang thay @6i cau hinh, tang s6 muc dien ap;
€t kigm chi phi nh& s dyng it linh kién; tan s6 déng it
SVM. Space vector Modulation - Diéu ché vector thip, qua d6 hiéu sudt dugc nang cao; dién ap rai trén
khong gian. céc van nhé hon, céc van hoat dong tét va an toan, giup
néng cao tudi tho van. S dung bé nghich Iuu ba pha ba
muc cdu H néi tang ¢6 cau tric dugc thé hien & Hinh 2.1,
trang thai déng cat & 8dng 2.1.

PS-PWM Phase Shift Pulse Width Modulation -
Diéu ché dich pha song mang

THO: Total Harmonic Distortion - Téng dé méo
song hai
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Hlnh 2.1: €8 true mach lye nghijeh i ba pha
ba mix cdu H ndl ting
Bing 2.1. Bang trang thal déng c3t nghjch v 3 pha
3 mit c3u H xép ting
ST Trang thai van ‘ | Mdc trang thaira
$1[s2]s3[sa v, |Micdienap(s)
1 1.0 1 o o 0
2 1 0 0,1 V. 1
3Vo1\‘7o-v‘ -1
4 ‘ o1 ]lol1]o 0

C6 thé thay bo nghich luu ba pha ba muc cdu H néi
tang str dung: 12 van IGBT, 3 nguén DC @éc 1ap va 3 tu
DC - Link.

2.2. Diéu ché

Cac ky thuat diéu ché sif dung cho nghich luu da
muc chia lam hai loai: PWM dung nhiéu séng mang va
diéu ché vector khéng gian (SVM). Cac dang PWM nhiéu
s6ng mang co ban ap dung cho bién tan da muc lai bao
gdm: ky thudt diéu ché dich pha séng mang (PS - PWM)
va ky thuat didu ché dich mirc sang mang (LS-PWM) [11].
Phuong phap SVM ¢6 uu diém & kha nang linh hoat hon
nhiéu so vé1 PWM bdi SVM ¢é kha ndng tao ra quy dao
vector mong mudn ¢é dang bat ky nhd lua chon vector
trang thai va cac thai gian phu hap trong mot chu ky
@iéu ché. SYM cang ¢6 thé cho phép thuc hién céc phép
diéu ché gidn doan mét cach dé dang @& giam thiéu s8
13n khéa ban dan chuyén mach.

2.2.1. Xdc dinh trang thdi khéa bdn dén, trang thdr
muc va vector trang thdi

Trong Bdng 2.1 chi ra cac trang thai cUa khéa ban
dan g véi ba muc dién dp dau ra 0V, +/- Vdc. DS véi
nghich luu M - mic néi tdng N cau H cac muc dién ép
& méi pha ra, hay goi I3 cac mic trang thai, ¢4 thé nhan
nhiing gid tri nhu biéu dién qua (1).
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Biéu dign vector dién &p déu ra qua cac toa 86 thanh
phén trén hé toa @6 ap nhu sau:
v, =v
v =y, + v, trong 6 ’ l‘ 2)
v 75(\'5 —v)

Tl (2) ¢6 thé thay, toa o cba vector dién ap dau ra
bi€u dién trén heé toa A6 af c6 chi s6 I&, chinh i vy ta
cén xay dung vector dién p éu ra trén mot hé toa do
ma1 bing cach chiéu vector tuy&n tinh chuyén biéu dién
vector dién dp ra trén hé truc toa db vuéng géc «f sang
hé toa d6 gh hai truc g va h tao véi nhau mét géc 60°,
truc g tring véi truc o. Ta thu duoc biéu dién csc vector
trang thai vdi cac toa dé nguyén rat thuan (gi [12). That
vdy, bing cac phép bién dai todn hoc ta thu dugc hé
phuong trinh:

vk ky)

| 3 E)

[u. “3he e =k}

T day c6 thé thiy, néu Iy 2% I3 86 di co s& cha
cdc vector trang thai, k,, k, k_1a cac sé nguyén thi toa
d6 cla cac vector [, .k, )= [(k, -k, ).(¢, - £, )] 1a cAc 58 nquyén.
Biéu dién trén hé toa d¢ dinh cac vector s& tao nén cac
tam gidc déu ¢6 canh 13 1. Ung véi médi vector trang thai
8 t6 hgp cac muc trang thai c6 thé 1a:

k

k
& "
[)ofsc | o
ke ] K-k -k,
M- L

(a)

Khi cac vector & trong géc phén sau thu nhat,
k. 20.k, >0, & (4) tréthanh:

7M2 Tk, +k, <k<M )] (s

Khi cac vector & trong goc phan sau tha hai,

k <0k 20k 2k, hé (4) trg thanh:
g e ks ey ©)
& goc phan sau (hu ba, £, <0.k,20 k, <k, hé (4)
tré thanh:
Ml epe #uc 7

& goc phén séu thi nht, nhimg vector ndm trén
dudng luc gidc ngodi cing c6 k +k, =M-1, chi <6 mét
gia tri phli hop 13 k ={ M - |)/2 Vi du vector lén nhat,
nam trén hinh luc gidc ngoai cing, 6 & =.A-1.4 =0,
tuong Ung von trang thai muc la:

won [Ee] [01-072
[ o }: koo ~(M-1)/2
k] [=(M-1)r2
O lyc giac tiép theo bén trong &+, = Af -2, k o hai

gid tri: (M ~))/2-1 va (Af-1)/2, nghia |2 mdi vector ¢
hai trang thai du CU nhu vay dén vector khong k sé cb M
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gia tri, tif -(Ar-1)72 @&n (M -1)/2, nhu vay vector khong
$€ c6 Mtrang théi du.

Theo (S), (6), (7) c6 thé tinh todn Buoc tat ca cac té
hgp vector trang théi cho cac géc phan sau |, II, Il Cac
goc phén séu con lai ¢é thé suy ra tif tinh d8i xiing cua
céc gc phan séu qua géc toa do. Nhiling vector déi xiing
qua g6c toa dd sé cé trang thai nguac dau nhau. T do, ta
xay dyng duoc dé thi vector khang gian cho nghich luu
ba pha ba muc cdu H xép tang & Hinh 2.2 va tinh toan 19
vector dién ap.

e 0!-h A

Hinh 2.2: D6 thj vector khéng gian cho nghjch luu ba pha
ba mux cau H nél ting

2.2.2. Xdc dinh vi tri cia vector V trong sector lon

Vi tri cla vector dién dp ra mong mudn trong mdi
g6c phan sau dugc x4c dinh biing cach dat bién trung
gian = %, cac hinh chiéu cla vector 1én hai canh cta géc
phén sau c6 thé duoc xdc dinh ngay nhu cong thuc (8)
sau day:

Sau khi xdc dinh 8ugc cac hinh chiéu z, thuat todn
xac dinh sector thé hién ahu trén bang, bao gém khong
qua ba budc xét dau. Ngoaira, cac toa d6 nay ciing dong
vai trd nhu cac thanh phan [«,.».] trong tinh toan cac hé
56 diéu ché trong cac gbc phan séu tuong tng.

Béng 2.2. Thudt todn xéc dinh sector 6n

z,,z, <0 12,220 |
z,.z, <0 22,20
22 A 2,<0 |z,20

2,20 2,0 |z,20 "7

z,<0
[SecVl [Secv |Secll |SeclV |Secl |

Seclll

2.2.3. Tinh todn cdc hé sd diéu ché theo phuong phdp
didu ché ti ba vector gan nhat

Phuang phdp ding cac vector gan nhat (Nearest
Vector Modulation), trong do vector dau ra mong
mudn nim trong mét tam giac bt ky duoc tong hop
t ba vector a dinh cGa clia tam giac nay, c6 thé dam
bao thanh phan song hai tét nhat cho dang séng dién
4p ra. Cac tam gidc con déu ¢ dang thudc vé mét hinh
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thoi @éu, c6 cac canh song song véi truc Ogh, dinh I3 céc
vector trang thai p,, p,, p,, p,, nhu thé hién trén Hinh 2.3,
Vector dién 4p ra mong muén cang dugc quy chudn
theo d6 dai véi 2v, /3 va dugc bién ddi tuyén tinh sang
hé truc toa do Ogh theo cong thic (9):

L, Pl

3
Goi m, m, la c4c phan thap phan ngoai phan
nguyén cba cac toa dd v, v,, tuong ung:
(
[ =g ={lval ]

10

p— -4
Trong do: &, <||s.| |4 =[] 12 chi 56 nguyén nhd nhat
clia céc gid trj tuyét ddi tuong ung.
C6 thé thay ring, duding thdng m_+m, =1 chia hinh
thoi trén hinh ra lam hai tam giac, trong d6 vector V,
thudc mién m_+m, <1 va vector V, thudc mién m +m,>1.
Vector V, c6 thé téng hgp tis 3 vector p, p,, p, nhu sau:
v,=p, e (p.=p,) e (P, =p) = (1 -7, ~m}p, ¢ mp, emp, (11)
Vi cac hé $6 Ung v6i cac vector déu duong va cd
téng bng 1 nén dé c6 thé 1 cac hé s cho qué trinh diéu
ché. Tuong tu vay, ta 6 thé tinh toadn hé s8 diéu ché rat
don gian thdng qua viéc tinh toan [N va tinh cac phdn
nguyén k,, k, vé cdc phan & m_ m, qua (10). Trén Hinh 2.4
minh hea qua trinh tinh todn cac hé s6 diéu ché trén 46
thi vector  géc phan sau thif nhét (sector 1) cho nghich
luu ba pha ba muc cdu H néi tang.

b h

k1) Pulkgt Lio#1)

v,

Fripkd " Bkt LK)
2
0 a

Hinh 2.3: Téng hop vector dién 3p ra tirba dinh cta tam gldc

Hiph 2.4: 08 thi minh hoa qué triph tinh todn hé s6'
diéu ché trong sector |



KHOA HOC CONG NGHE

560372020
2.2.4. Thi tu t8i wu vé s6 ldn chuyén mach A R
D31 v6i s0 46 hai muc, phép didu ché chi sir dyng hai ‘ Théngsl T
vector tich cuc va vector khéng. Tuy nhién, bién nghich luu | Hé 56 cong sudt (cos ¢) ‘ 0,88 |
damuc sé khong thé ludn ¢é vector khong thay vao a6 khi “ Tén 6 dinh muc (f) | 50 Hz
sirdyng ba vector gin nhat (nearest vectors) trong mdi nifa 56 cAb Cuic
chu ky diéu ché mat vector sé dugc si dung nhu vector ‘ - Add. (F) = 2 )
khéng, vector nay phai cé it nhét s6 trang thai du 16n hon \ Mé-men quan tinh (J) 29kgm
mdt, thdi gian dUng vector nay chia Ia hai nla bing nhau, Bang 3.2. Théng 55 b3 nghich fuas
chia 8éu cho déu nlra chu ky 7, va cudi ntfa chu ky T, Bang — =
chuyén mach cho cac nhom tam gide thudc sector | trong Théng 58 Glé tri
Bdng 2.3. D3 véi cac sector khac, trét ty chuyén mach ciing DC - Link (V) 750
dugc ép dyng tong ty nhy thé hién cho nghich luu ba Noi tré DC méi cell- R_, (Q) 0,01
pha ba mdc cau H néi tng trong Hinh 2.5, P rr =
Béng 2.3. Chuyén mach 161 vu cho 4 tam gisc thuéc sector | Bién dung méi cell - C ,, (uF) 2500
Tam gidc | Trat ty chuyén mach tél uu trong T /2) 5‘ Tén 56 s6ng mang - f (Hz) 50
; VO-V1-V2-V0 | Tén s6 phat xung PWM - f,, (Hz) | 2000
1,-1,-1-0-1,-1)-0,0-1)0,0,0 . . )
¢ H al H ) Két qua mob phong dién ap Uab vél nghich luu hai
2 V1-V7-V8-Vi muc Hinh 3.1, véi nghich luu ba muc (Hinh 3.2), dang dién
0,1,,1)-(1,-1,1)-(1,0,-1)(1,0,0) 4p ra pha A nghich luu 5 mic (Hinh 3.2) cho thdy dang
V1-v2-V8-V1 dién 4p ra nghich luu ndm muc c6 dang sin nhat.
(0,-1,-1)-(0,0,-1)-(1,0,-1)-(1,0,0) T r—— T —
. V2-V8-V9-V2 - f
(0,0,-1)-(1,0,-1)-(1,1,-1)-(1,1,0)

]

Hinh 2.5:Trat tu chuyén mach t6i uu cho nghich huu ba pha
ba mur c3u H nél tang

3, MO PHONG VA KET QUA
Thuyc hién mé phong hé truyén dong sdc kéo st dung
b nghich luu ba mUc, ndm muc véithéng sé dong cothong
56 dong co Bang 3.1, thong $6 bo nghich luu Bang 3.2.
Béng 3.1. Thong s6 dbng co'
T

LD

I I I

Hinh 3.1: Dign dp déy Uab (NL 2 mix)

o e A e W . e =

Hinh 3.2: Dién p day Uab (NL 3 mut)

——

Théng s8 Gidtri
Céng suat dinh muc (Pn) 270KW 7(
Pién 4p dinh muc (Un) 400V |
’ Hiéu sust (H) 95% |

aso WU U UIN TN D U

o 01 02 03 04 [H oe
Hinh 3.3: Dang d/én dp ra pha A (NL 5 mut)
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D6 méo séng hai dong dien trong Hinh 3.4, Hinh 3.5,
Hinh 3.6 khi sir dung nghich luu hai muc 13 4,27%, ba muc
122,98%, nam mirc 13 0,53% . DG méo séng hai dién p tar
pha A ciia NL 3 muc |a 4,68%, nam muc 12 3,62%

s e

Hinh 3.4: THD ddng dién (NL 2 mir)

TRLTTICY

i
].nn.ll I‘ull-“.JIllﬂl RTRY ‘

Hinh 3.5: THD dbng ﬁen N3 mut)

[

Hinh 3.6: D6 méo s6ng hai dién 3p 13i pha A (NL 3 mit)

R

: f“w\*\cwwwmw\w

L,...,.:

_

Hinh 3.7: Yang do méo song hai dong dién pha A (NL § mix)
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Hinh 3.8: D6 méo séng hai dién 3p t3i pha A (NL 5 mi)

4.KETLUAN

Cac két qua mo phong cho thay, d@d méo séng hai
dong dién va dién &p cta nghich luu 5 muc nhd nhat va
chét lugng dién 3p ¢ap cho tai sin hon. Dé minh ching
hon nifa nhiing uu diém ctia bd nghich luu da mic Ung
dyng diéu khién ddng ca dién kéo, nhom tac gia sé thuc
hién nghién c(tu véi cac bé nghich luu nhiéu mic han
trong céc cong trinh tiép theo.
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