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Nghjch lau 6a mirc dieu khien dpng co dien 
keo tau dien do thi 
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KS. VU NGpCTH^M; KS. NGUYIN XUAN XUAN 

Trddng Dai hge Giao thong vdn tai 

TOM TAT; Khac vol nghich luu hai muc, nghich luu 
da n-iLic hogt dpng dya tren nguyen ly tgo ra cac 
muc dien ap dau ra dan den chat luong dien i p s i 
tot hon. Cac van cong suit hoat ddng a cac muc 
dien ap thap han va tan so chuyen m^ch thap, vi 
v§y g i im thieu toi da ton that do chuyen mach t^o 
ra. Chinh vi nhung uu diem vuot trgi do, bai bao 
da de xuat ung dung bo nghich luu da muc trong 
he truyen dong dien sue keo cong suit Ion, dien 
ap cao, Cac ket qu i mo phong da minh ehung uu 
diem ve do meo song hai cCia dong dien va dien 
ap nghich luu da mdc se giam neu cac muc duqe 
tang len 

nuc, he thong sue keo JU KHOA: Nghich luu da 
dien, tong do meo song he 

ABSTRACT: Difference from the two-stage 
inverter, the multi-level inverter operates on the 
principle of generating output voltage levels 
that lead to better voltage quality. Power valves 
operate at lower voltage levels and lower switching 
frequencies in an effort to minimizing switching 
losses. Because of these outstanding advantages, 
the paper has proposed the application of multi­
level inverter in electric traction drive system with 
high capacity and high voltage The simulation 
results demonstrate the advantage of harmonic 
distortion of the current and voltage will decrease 
if levels are increased. 

KEYWORDS: Mutilevel inverter, electnc traction 

systems, THD 

C H O VIET TAT: 

LS-PWM' Level Shift Pulse VVidth Modulation -

Dieu che dich mdc song mang 

PS-PWM Phase Shift Pulse V/idth tvloduiation -

Dieu che djch pha song mang 

SVivt. Space vector Modulation - Oieu che vector 

khong gian, 

THD; Total Harmonic Distortion - Tong dp meo 

sdng hi i 

I.DATVANDE 
Ngiy nay, he thong giao thdng dien dudng sit da 

v i dang dUOe eac nUdc tren the gidi dau tu x iy dung 
va phi t tnen rat manh me bdi cic Uu diem: van chuyen 
h inh khich so lupng Idn, rut ngan thdi gian di lai, thin 
thien vdi mdi trUdng. d Viet Nam, cae tuyen dUdng sit 
dd thi dang dupe xiy dung va du kien tuyen dau tien di 
vao hoat ddng vao nam 2019. Vdi die diem cua he truyen 
ddng la sddung ludi cap cho doin t i u 750-1500 VDC, 25 
KVAC, edng suit ddng eo Idn vai tram KW ddi hdi can mdt 
bd bien doi cdng suit dae biet cd the dap Ung cic yeu 
cau dat ra [1]. De nang eao chat lugng he truyen dpng 
dien, nang cao hieu suat thi bai b io de xuat sir dung bp 
nghjch iuu ba mUc, n im mUc cau H noi tang dieu khien 
ddng CO dien keo. 

Cic bd bien doi cdng suit la mot gii i phap eong 
nghe hCfij hieu cho viec dieu khien cac he truyen dpng 
dien, dupe Ung dung trong nhieu ITnh vUc: san xuit, 
ham md, hda dau, giao thdng (dng dyng trong sUc keo 
doin t i u , tau thiiy v i cic Ung dung tren d td dien...). Vdl 
mue tieu tang hieu suit, g i im chi phi van hinh, nhCtng 
nghien cdu ve dien td cdng suat d i duoc tiep can theo 
hai hudng: HUdng thir nhat phi t trien edng nghe ban 
dan dat ddng, i p danh dinh cao {8kV, 6kA) va giUeau true 
truyen thdng (cic bd bien doi ehi cd hai mde) [2]; hudng 
thd hai phat trien eau true cac bd bien doi vdi cdng nghe 
ban dan truyen thdng - dupe biet den la cae bd bien d6i 
da mdc [3,4]. Trong bi i b io trinh bay theo hudng nghien 
edu thd nhat, dng dung bd nghjch luu da mUe dieu khien 
ddng CO dien keo. 

2. NGHICH LUU BA MlTC CAU H 
2.1. Cau true mach lUc 
Cd ba loai nghich luu da mdc phd bien; di-dt kep 

(NPC) [5,6], tu dien DC tU do (FC) [7,8] v i eau H ndi tang 
(CHB) [9,10].Tuy nhien, nghieh lUu da mUc cau H noi tang 
cd nhUng Uu diem vUpt trdi nhU: tinh md-dun hda cao 
giup de d ing thay ddi cau hinh, t ing so mde dien ip ; 
tiet kiem chi phi nhd sir dyng it linh kien; tan so ddng cat 
thap, qua do hieu suit duge nang cao; dien i p roi tren 
cac van nhd hon, cae van hoat ddng tdt va an toan, giup 
ning cao tuoi thp van. Sir dung bd nghjeh luu ba pha ba 
mi^c cau H ndi tang cd ciu true dUpc the hien d Hinh 2.1. 
trang thai ddng c i t d Bdng2.1. 
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Bieu dien vector dien i p dau ra qua cic tpa dp thanh 
phan tren hetpa do o[3 nhusau: 

V = v^ + jv., trong dd J 
^^(.-O 

(2) 

s ^ T f rV4 
Hinh 2.1: Ciu true mach luc nghich luu ba pha 

ba muc eau H noi tang 
Bing 2.1. Bing trang thii Song cat nghieh luu 3 pha 

3 mue eau H xep tang 

STT 
Trang thai van 

S1 S2 S3 

1 1 0 1 

2 1 0 , 0 

3 

4 

C 

0 1 

0 1 

1 

0 

S4 

0 

v^ 

0 

1 V^^ 

MIJTC trang thai ra 

Mure dien ap (s )̂ 

0 

1 

0 | -v„, -1 
1 0 

6 the thay bp nghjch luu ba p 

0 

la ba mure cau H no 

f*'l = k^„ 
• 

r ^ 
k-k 

k-k^~ 

Sao cho: 

2 2 

2~ ~ '~ 2 

-V^*-*.-*-^V 

Td (2) cd the thay, tpa dp eiia vector dien i p d iu ra 
bieu dien tren he toa dp op cd chi sd le, chinh vi vay ta 
can xay dung vector dien i p dau ra tren mdt he toa dp 
mdi bang each chieu vector tuyen tinh chuyen bieu di in 
vector dien i p ra tren he true tpa dd vudng gdc ap sang 
he tpa dd gh hai true g v i h tao vdi nhau mdt gde 60", 
true g trung vdi true a.Ta thu dUpc bieu dien cac vectpr 
trang th i i vdi eic tpa dd nguyen rat thuin Ipi [12]. That 
viy, b ing cic phep bien doi toan hoe ta thu duoc h& 
phuong trinh: 

Td day ed the thay, n^u lay '̂̂ ^ la dp dai eo sd ciia 
cac vector trang th i i , k^, k^ k^ la cic sd nguyen thi toa 
dp cua eie vector [i,.*t]=[(*, -A^),(*, - ' , ) ] l i cie sd nguyen. 
Bieu dien tren he toa dp dinh cic vector se tao nen cac 
tam giie deu ed eanh la 1. iJng vdl mdi vector trang th i i 
so to hpp cic mUc trang th i i cd the l i ; 

tang sir dyng: 12 van IGBT, 3 ngudn DC ddc l ip v i 3 tu 
DC - Link. 

2.2. Dieu che 
Cic ky thuat dieu ehe sd dyng cho nghich lUu da 

mUc chia l im hai loai: PWM dung nhieu sdng mang v i 
dieu ehe vector khdng gian (SVM). Cic dang PWM nhieu 
sdng mang eo ban ap dyng cho bien tan da mUc lai bao 
gom: ky thui t dieu che djch pha sdng mang (PS - PWM) 
v i ky thuat dieu che dich mUc sdng mang (LS- PWM) [11 ]. 
Phuong phap SVM cd Uu diem d kha nang Hnh hoat hon 
nhieu so vdi PWM bdi SVM ed khi n ing tao ra quy dao 
vector mong mudn cd dang bat ky nhd lUa chpn vector 
trang thai v i cic thdi gian phu hop trong mdt ehu ky 
dieu che. SVM cung cd the cho phep thde hien cae phep 
dieu ehe g i in doan mpt eich de d ing de g i im thieu so 
l in khda b in dan chuyen mach. 

2.2.1. Xdc djnh trang thai khoa bdn dan. trgng thai 
mdc vd vector trgng thai 

Trong Bang 2.1 ehi ra cic trang th i i ciia khda ban 
dan dng vdi ba mirc dien i p dau ra OV, +/- Vdc. Ddi vdi 
nghjch luu M - mdc ndi tang N eiu H eie mde dien i p 
d moi pha ra, hay goi la eae mdc trang th i i , cd the nhin 
nhdng gia tri nhu bieu dien qua (1). 

Khi cic vector d trong gde phan siu thd nhit, 
k^ > 0,;-̂  > 0. he (4) trd thinh: 

2 
(5) 

Khi cac vector d trong gdc phan siu thU hai, 
it <o,*j>o,A^>-A^,he(4)trdthanh: 

2 ' " 2 ^ 

6 gde phan siu thd ba, jc^ <O,JI,, >0, ki,<-k^ he (4) 
trd thanh: 

2 2 ' 
d gde phin siu thU nhat, nhdng vector n im tren 

dudng lyc giac ngoai eung ed /c -H/t̂  = M-1,ch icd mdt 
g i i tri phu hpp l i yt = ( M - l ) / 2 . Vi dy vector Idn nhat, 
n im tren hinh luc giie ngoii cung, cd k^ =,'d-\,ki,-0, 
tuang Ung vdi trang th i i mUc la: 

l''c^•\ [-{M-i]/2_ 

d lyc giac tiep theo ben trong k^-i-k^=M-2,kc6ha\ 
g ia t r i : ( (V / - ] ) /2 - ! v i [M-l)/2, nghia l i moi vectored 
hai trang th i i du Cd nhu vay den vector khdng ksecoM 
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gia tri, td - ( M - i ) / 2 d e n ( A / - l ) / 2 , nhu vay vector khdng 
seed Strang th i i du. 

Theo (5), (6), (7) cd the tinh toan dupe tat c i eie to 
hpp vector trang thai chp eie goe phan sau I, II, III. Cae 
gdc phan siu cdn lai cd the suy ra td t inh ddl xdng cua 
cic gdc phan siu qua gdc tpa dp. Nhdng vector ddi xdng 
qua goe tpa dd se ed trang th i i ngupe dau nhau.Td dd, ta 
x iy dung duoc do thi vector khdng gian eho nghjch Idu 
ba pha ba mUc cau H xep tang 6 Hinh 2.2 v i tinh toan 19 
vector dien i p . 

-1X1. / 

,-,,.,-„ 

/ (-i.o\) 
/ lOioiX 

(Ii 1 \ / (0 

V,. 

K ^ 

(0 1-1 
(1,1.-1) 

\/S\,o-„ \/o.o.-ii \ " " 

V \ / ' \ ^' / • 

(OA 1) \ / 
V. 

Hinh 2.2: D6 thi vector khdng gian cho nghich luu ba pha 
ba muc cau H noi tang 

2.2.2. Xdc dinh vi tri cua vector V trong sector Idn 
Vj tri cua vector dien i p ra mong mudn trong moi 

gdc phin siu dugc xac djnh bang cich dat bien trung 
gian "^=^, cae hinh ehieu eiia vector len hai eanh cua gdc 
phan siu cd the dUoc xac dinh ngay nhu cdng thdc (8) 
sau day: 

[2.,=2lmp • K = -z„ • K = - ^ . . 

Sau khi x ic dinh dupe eae hinh ehieu z . thui t to in 
xac dinh sector the hien nhutren bang, bao gdm khdng 
qua ba bude xet d iu . Ngoai ra, eie tpa dp niy cung ddng 
vai trd nhU cac thanh phin [v^.^,,]' trong tinh toan cae he 
so dieu ehe trong cic gdc phan sau tUdng dng. 

Bing2.2. Thuat toin xic dinh sector ion 

z„.z,.^ < 0 

z,,.z,^ < 0 

z „ < 0 

Sec III 

z „ > 0 

Sec VI 

z,.z, 2 0 

z,^<0 

SecV 

z^>0 

Seen 

z,,z,^>0 

z „ < 0 

Sec IV 

z,^iO 

Seel 

2.2.3. Tinh todn eac he so dieu ehe theo phddng phdp 
dieu chetdba vector gdn nhdt 

Phuong phap dung eic vector g i n nhi't (Nearest 
Vector Modulation), trong do vector dau ra mong 
muon nam trong mdt tam giie bat ky duoc tong hpp 
td ba vector la dinh eiia cua tam giae nay, ed the d im 
bao th inh phan sdng h i i tdt nhat eho dang sdng dien 
ap ra. Cic tam giac con deu cd dang thudc ve mdt hinh 

thoi deu, cd cic canh song song vdi true Ogh, dinh l i cic 
vectPr trang thai p,, p ,̂ p ,̂ p ,̂ nhuthe hien tren Hinh2.3. 
Vector dien i p ra mong mudn cung dUpc quy chuin 
theo dp dai vdi 2V^ /3 v i dupe bien ddi tuyen tinh sang 
he true tpa dp Ogh theo cdng thdc (9): 

(9) 

Gpi m^ m^ la eac phan thap phan ngoai phan 
nguyen eiia cac tpa dp v^ v^^ tuong Ung: 

Trong do: *,=[|v^|J.*,=[iv„ij la chi sd nguyen nhd nhat 
cua cie g i i trj tuyet doi tUOng dng. 

Cd the th iy rang, dUdng th ing m + m̂  = 1 chia hinh 
thoi tren hinh ra lam hai tam giac, trong dd vector V, 
thudc mien m^+rn,,<\ v i vector V^ thude mien m^->-m,>i. 
Vector V, cdthe tong hpptd3 vector p,,p2,p3 nhu sau; 

V, =P,+'"^(P:-p,)+m.(p,-p,) = {l-m,-«,}p,+m,p,+;n,p, (11) 
Vi cac he sd Ung vdi eac vector deu duong v i cd 

tong bang 1 nen dd cd the l i cic he so cho qu i trinh dieu 
che. Tuong tU viy, ta ed the tinh toan he so dieu ehe rat 
don g i in thdng qua viec tinh to in v. v^ va tinh cic phin 
nguyen k. k^ v i cie phin le m. m^ qua (10).Tren Hinh 2.4 
minh hoa qu i trinh tinh toan eac he so dieu che tren do 
thj vector d gdc phan siu thd nhat (sector 1) cho nghjch 
Idu ba pha ba mde eau H noi tang. 

m , < I ' l < m , < 2 

Hinh 2.4: Do thi minh hpa qui trinh tinh toin hi so 
dieu ehi trong sector I 
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2.2.4. Thdtu toi duve SO ian chuyen mach 
Ddl vdi so do hai mde, phep dieu che cht sd dung hai 

vector tich cue va vector khdng.Tuy nhien, bien nghjch lUu 
da mde se khdng the ludn cd vector khdng thay v io dd khi 
sddyng ba vector gan nhat (nearest vectors) trong mdi nda 
chu ky dieu che mdt vector se dupe sd dung nhu vector 
khdng, vector nay phii cd (t nhat sd trang thi i du Idn hon 
mdt, thdi gian dung vector nay chia l i hai nda bang nhau, 
chia deu eho dau nda chu ky T v i cudi nda ehu ky T^. Bing 
chuyen mach cho cae nhdm tam giae thuoc sector 1 trong 
Bang 2.3. Doi vdi cac sector khie, t r i t tu chuyen mach cdng 
dupe i p dyng tUOng tU nhU the hien cho nghich luu ba 
pha ba mdc cau H ndi tang trong Hmh 2.5. 

Bing 2.3. Chuyen mach toi uu cho 4 tam giie thude sector I 

Thdng so 

He so cdng suit (cos if) 

Tan so djnh mUc (f) 

S6eipcUc(p) 

Md-men qu in tinh (J) 

Gid tri 

0,88 

50 Hz 

2 

2,9 kg.m' 

Bing 3.2. Thong sobp nghich luu 

Tam giac 

1 

2 

3 

4 

Trit ta chuyen mach toi Uu (trong T /̂2) 

V0-V1-V2-V0 
(-1,-1 ,-1 )-(0,-l,-l )-(O,0rl)-(0,O,0) 

V1-V7-V8-V1 
(0,-1,-1)-(1,-1,-1)-(1,0,-1)-(1,0,0) 

V1-V2-V8-V1 
(0,-1,-1HO,0,-1)-(1,0,-1H1,0,0) 

V2-V8-V9-V2 
(0,0,-1)-(1,0,-1)-(1.1,-1H1,1,0) 

Thdng so 

DC-Link (V) 

Npi trd DC moi cell- R ,̂, (O) 

Dien dung moi cell - Ĉ ,̂, (yF) 

Tan sd sdng mang - f (Hz) 

Tan sd phat xung PWIVl - f̂ ^̂ ^ (Hz) 

Gia tri 

750 

0,01 

2500 

50 

2000 

Ket qua mo phdng di in ap Uab vdi nghich luu hai 
mde Hmh 3.1, vdi nghieh lUu ba mdc (Hinh 3.2), dang dien 
i p ra pha A nghieh luu 5 mdc (Hinh 3.2) cho thay dang 
dien i p ra nghich luu nam mdc cd dang sin nhat. 

Hinh 2.5:Trat tu chuyen mach toi uu eho nghieh luu ba pha 
ba mdc cau H nii tang 

3. Md P H 6 N G VA KiT QUA 

ThUc hien md phdng he truyen dong sde keo sd dung 
bp nghich luu ba mdc, nam mdc vdi thdng sd dpng cdthdng 
so ddng co Bang 3.1, thdng sd bp nghjch Idu Bdng 3.2. 

Bing 3.7. Thdng siding co 

Thong so 

Cdng suit dinh mdc (Pn) 

Dien apdinh mdc(Un) 

Hieu suat (H) 

Gia trj 

270 KW 

400 V 

95% 
01 02 03 04 05 

Hinh 3.3: Dang dien ip ra pha A (NL 5 mde) 
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Dp meo sdng hi i ddng dien trong Hinh 3.4, Hinh 3.5, 
H/nh3.6 khi sddung nghieh luu hai mde li4,27%, ba mdc 
la 2,98%, nam mde la 0,53%. Op meo sdng hi i dien i p t i i 
pha A eua NL 3 mdc la 4,68%, n im mdc l i 3,62% 

Hinh 3.4: THD ddng dien (NL 2 mue) 

ai.lLji..li.lt.JliUl..ii.il>i.il-lii.i 

Hinh 3.5: THD ddng dien (NL 3 mdc) 

Hinh 3.6: Op meo sdng hii dien ip tii pha A (NL 3 mue) 

\ 'I 'i I'l I'l f, i f l 

Hinh 3.7: Tong dp meo sdng hii ddng dien pha A (NL 5 miie) 

. . . ' • — 

Hinh 3.8: Dd meo sdng hii diin ip tii pha A (NL 5 mdc) 

4. KET LUAN 
Cic ket qu i md phdng eho thay, dp meo sdng hai 

ddng dien va dien i p cua nghjch luu 5 mUc nho nhat va 
ehat lupng dien ap cap eho t i i sin hon. De minh chdng 
hon nda nhdng Uu diem cua bd nghich luu da mdc Ung 
dyng dieu khien ddng cO dien keo, nhdm t ic g i i se thuc 
hien nghien edu vdi cic bd nghich luu nhieu mde hon 
trong eie cdng trinh tiep theo. 
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