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Bai béo gi6i thiéu mo6 hinh hé thdng diéu khién truc tiép md men
(direct torque control, DTC) vai quy tich tir thong muoi tdm canh cho
dong co dién kéo khong dong bo trén dau may. Uu diém cia phuong
phap diéu khién nay 1a thudt toan don gian, it phu thudc vao tham s6
ctia dong co va dic biét 1a tbc do dap ung nhanh. Phan tich 1y thuyét
va két qua mo phong da kiém nghiém dugc tinh chinh xac va hi¢u
qua ctia phuong phép diéu khién.
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This paper proposes a model of DTC system with Eighteen-corner
stator flux locus of asynchronous traction motors on locomotives. The
advantages of this method are its simplification, fast dynamic
response, and low dependence on motor parameters. Its effectiveness
and feasibility are demonstrated by both theoretical analysis and
experimental results.
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1. PAT VAN PE

Do nhiing uu diém ndi troi vé mat két cau vé do tin cay lam viéce, vé kha ning dap ung
dugc nhing yéu cau doi hoi nang cao cong suit va tdc do van hanh cia dau mdy, cing voi su
phat trién cua khoa hoc k¥ thuat, ngay nay dong co dién kéo khong dong bo (DPCDKKDB) loai
rotor 16ng soc ngdy cang duogc sir dung rong rii trén ddu may, dic biét 13 ¢ cac nude phat trién
nhu Dtrc, Phap, Nhat, Trung Quéc [1, 2, 3]... Hién tai & nude ta PCOKKDB dé dugc str dung
trén dau may D20E nhap tir B, va tién t6i 1a trén cac doan tau dién cho giao thong thanh pho

Diéu khién DPCDKKDB trén dau may sir dung ba phuong phap la: diéu khién tan sd truot,
diéu khién tya theo tir thong rotor hay con goi la diéu khién vector, va DTC [1, 3, 4]. Trong d6
phuong phap DTC ¢6 uu diém it chiu anh hudng tir cac tham sé ciia dong co vi dung tham 5O
phia stator dé tinh toan tir thong moc vong va md men dién tir, mach dién diéu khién don gian,
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khong yéu cAu bién d6i hé truc toa do phuc tap, dac bit 1a tdc do dap ung nhanh rat phu hop voi
yéu cau sir dung trén ddu may [1, 3, 5].

Phuong phép DTC c¢6 hai mo hinh diéu khién dién hinh dya trén hinh dang ciia quy tich tir
thong méc vong stator 1a moé hinh DTC véi quy tich tir thong hinh tron (Swiching-Table-Base-DTC,
ST-DTC) va m6 hinh DTC véi quy tich tir thong hinh luc gidc (Direct Self Control, DSC) [6], trong
d6 mo hinh trude thuong duoc tmg dung trong linh vuc truyén dong dién xoay chiéu toc do thip va
cong suat trung binh nho, mé hinh sau ap dung cho trudng hop cong suat 16n (nhu linh vic truyén
dong dién dau may). Nhuoc diém chinh cua DSC la thanh phan song hai dong dién nhiéu, giai phap
co ban dé giai quyét vin dé nay la tang sd canh cua quy tich tir thong. Khi tang sd canh nay Ién 18
thi ¢6 thé loai bé duge mot sd thanh phan song hai nhét dinh [7, 8].

Trong bai bao nay tac gia trude tién gioi thiéu khai quat vé nguyén ly cua phuong phap DTC
va mO hinh hé thong DTC véi quy tich tir théng 18 canh, trén co s d6 ung dung phan mém
Matlab/Simulink dé tién hanh mé phong.

2. NGHUYEN LY CO BAN CUA PHUONG PHAP DTC

2.1. Phuong trinh co bén ciia dong co khong dong bd ba pha

Trén hé toa d0 cb dinh, phuong trinh véc to tir thong stator va mdé men dién tr cla
DPCDBKKDB dugc viét nhu sau:

4,

V.=Ri + (1)

M, = =22 | || ¥, |sing )
o

Trong do: V; 1a vector dién ap khong gian cua stator; i 1a vector dong dién khong gian cta
stator; ¥, ¥, lan luot 1a vector tir thong khong gian cuia stator va rotor; L, 1a tong dién cam tan
clia stator va rotor; p, 1a s6 ddi cuc; ¢ 1a goc kep gitra tir thong stator va tir thong rotor, hay chinh
la géc tur thong.

2.2. M6 hinh b§ nghich luu va véc to khéng gian dién ap
So dd nguyén 1y mé hinh bd nghich Iuu ngudn ap duge mé ta nhu hinh 1.

C o

Hinh 1. So db nghich luu ngudn ap Hinh 2. Phén b4 cua cac vector dién ap

Tur so do cho thay, bd nghich uvu dugc tao thanh bdi sdu van, chia lam ba cau. Khi lam
vige, trén moi cau trang thai cua céc van trdi ngugc nhau, do vay nhi€u nhat 1a c6 tdm t6 hop
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trang thai dugc tao ra, va hoan toan dugc xac dinh bdi trang thai cua (Sa, Sk, S¢), dung 1 biéu thi
trang thai dan cua van va 0 Ia trang thai ngit ciia van, nhu vAy tam to hop trang thai twong tmg
1a: (Sa, Sb, Sc)= (000), (001), (010), (011), (100), (101), (110), (111).

Vector tong hop dién ap cp cho déng co

V.()== (u +u,e’™ +u e (3)

. Trong do, u, up , U 1an Iuot 1a dién ap pha cia ba pha a, b, ¢ phia stator, va léch pha nhau
120

Twong mg v6i tam to hop trang thai ctia bd nghich huu, 1a tim vector khong gian dién ap

cta dong co: ¥4(000), ¥1(001), 12(010), ¥3(011), ¥4(100), ¥5(101), Vs(110), V7 (111). Trong do,

¥5(000) biéu thi ba van trén cua ba cau déu ngat, ¥5 (111) biéu thi ba van dudi cta ba cau déu

dan, khi @6 dién ap cap cho dong co 14 bang khong, do vy goi hai vector nay la vector dién ap

khong, ¢ vi tri tai gdc toa do, cac vector con lai déu co bién do bing 2V4/3, nim cach nhau 60°

va duoc goi 1a cac vector dién ap phi khong. Su phin bd cua cac vector trong khong gian nhu
hinh 2.

2.3. Anh hwéng ciia vector khong gian dién ap déi véi tir thong stator va mé men
2.3.1. Anh hwéng ciia vector khéong gian dién dp doi véi tiv thong stator
T biéu thire (1), néu bd qua dién ap roi trén dién tré ta duoc:

v, = [V.dt 4)

Biéu thirc (4) cho thiy, khi vector téng hop dién ap phi khong dit 1én dong co, vector tir
thong moc vong stator di dong vaoi toc do ti 1€ thuan véi dién ap dat vao va theo phuong cua véc
to dién ap tong hop. Luong bién doi 1a A W=V, At ; Néu dit 1én dong co vector tong hop dién ap
khong ¥5(000) hodc ¥(111), thi vector tir thong stsator s& ding im trong khong gian. Do vay,
diéu khién thich hop tam t6 hop trang thai cia b6 nghich luu thi c6 thé thyc hién dugc quy tich

tir thong 1a da gidc véi tdc do quay nhat dinh, va khi s canh cta da giac 1a rat 16n thi c6 thé xem
quy tich tir thong 1a hinh tron.

2.3.2 Anh hwéng ciia vector khong gian dién dp doi véi mé men

Tt biéu thirc (2) cho théy, mo men dién tir cua dong co ti 1€ thudn voi gid tri bién d§ cua tur
thong stator, tir thong rotor va goc tur thong.

Trong thuc té didu khién van hanh dong co di¢n, do tbc do dap ung diéu khién rat nhanh,
vi vAy trong mot khoang thoi gian ngén co thé coi gia tri tir thong stator va tur thong rotor khong
d6i, khi d6 thong qua thay d6i goc tir thong thi c6 thé nhanh chong thay d6i duge méd men. Trong
DTC, ¥ tuong diéu khién co ban 1a thong qua vector khong gian dién ap dé diéu khién toc do
quay cua tir thong moc vong stator, tir do thay d6i gia tri goc tir thong, nham dat dwoc muc dich
diéu khién m6é men dién tir ciia dong co.

2.4. H¢ thong DTC véi quy tich tir thong 18 canh

Hinh 3 13 so d khdi hé théng diéu khién DPCDKKDB sir dung phuong phap DTC véi quy
tich tr thong 18 canh.
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Hinh 3. So d6 khoi hé thong DTC véi quy tich tir thong 18 canh Hinh 4. Qu§ tich tir thong 18 canh

Trong so d6 hé thong nay, quy tich tir thong 18 canh dwogc thyuc hién bai bo diéu khién tir
thong. Trén co s& chidu quay cia dong co, bd didu khién tir thong cin cir vao cac gia tri tir
thong dat va tir thong tinh toan duoc s& xac dinh phi hop thir ty va thoi diém tac dong ciia ting
vector dién ap trong sd sau vector dién ap phi khong, tir d6 dua ra quy luat tin hiéu dong mo
cac van cua nghich luu dé nhan dwgc quy tich tir thong cia dong co dién kéo nhu hinh 4
(duong nét lién dam).

Trong hinh 4, Yirer VA Worer lAn luot 1a cac gia tri tur thong dat ung vdi cac quy tich tur
thong luc gidc nho phia trong va 16n & bén ngoai (dudng nét dat manh) va Forer = k Piirer. Quy
tich tir thong 18 canh dugc duogc tao ra trén cd s¢ cac quy luat diéu khién quy tich luc giac trén
va goc bé . Tuy thude vao gia tri ciia goc bé ¥ co thé loai bdo duoc thanh phin song hai dong
dién nhat dinh, bﬁng quan h¢ hinh hoc xay dung duogc mdi quan h¢ gilra k£ vay nhu biéu thirc (5).

sin(7t - k)
k=3 (5)

cos(ﬂ— j
6 Y

B6 diéu khién md men can ctr vao tin hiéu sai sd gitta m6 men do dugc va mo men dat dé
dua ra tin hidu Iya chon chuyén d6i giira hai vector dién ap khong va sau vector dién ap phi
khong hinh thanh 1én quy tich tir thong 18 canh dat dugc tir bo diéu khién tir théng. Trong do,
vector dién ap khong dung dé giam nho mo men va vector dién ap phi khong dung dé ting mo
men theo yéu cau. Quy luat diéu khién mé men dugc mé ta nhu bang 1.

Gia thiét gi61 han cho phép sai 1éch gitta mé men dat va mé men do duoc 1a 2er, khi d6 su
phdi hop didu khién tir théng va md men ciia dong co duogc thyc hién nhu sau: khi hidu sé gw:a
mb men dit va md men do dugc 16n hon &r, tin hiéu diéu khién s& khong ché nghlch luru suat ra
vector di¢n ap khong, khi do vector tir thong stator sé& du:ng im trong khong glan trong khi md
men bt dau giam nho; khi sai léch nay nho hon -é&r, bd diéu khién tir thong s& diéu khién su lam
viée ctia nghich luu, nghich lwu s& suat ra vector dién ap phi khong phii hop, dam bao diém muat
dau cua vector tir thong stator di chuyén theo quy tich hinh 18 canh, dong thoi khi ¢6 mé men
ciing tang 1én; khi sai léch nay nam trong pham vi cho phép, hé thdng diéu khién duy tri mot
trong hai trang thai diéu khién trén.
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Bang 1. Quy luat diéu khién md men

Hién trang m6é men Cr Tinh chét cua vector dién apra
Teret -Te<er 1 Do bd diéu khién mo men xéc dinh
Teret -Te-€1 0 Suét ra vector dién ap khong

-e1 ST rer -Te<er Duy tri Duy tri trang thai cli

3. KET QUA MO PHONG

Trén co s6 so dd khdi nhur hinh 3, sir dung phan mém Matlab/simulink dé tién hanh xay dung
mo hinh mé phong. Bong co dién kéo khong dong bd duoc str dung dé mo phong 1a JDI21 véi cac
tham s6 cu thé nhu: cong sudt dinh mirc Py= 1225 kW, dién ap dinh mirc Ux= 1895 V, téc d6 dinh
muc ny= 1268 r/min, di€n tr¢ pha stator Ry= 0,034 Q, dién tr¢d rotor R,= 0,0309 Q, di¢n cdm pha
stator Ls= 0,929 mH, dién cam rotor L,= 0,955 mH, hd cam L., = 25,832 mH, s doi cuc Pn=2
va md men quén tinh j = 80 kg.m*. Tham s ding mé phong nhu bang 2.

Bang 2. Tham s6 mo phong

Tham sb Gia tri
Mo men dat M.¢ 10000 Nm
Tu thong dat ¥er 10 Wb
Pham vi dao dong cla mo6 men 2é&r 500 Nm
Chu ki 1dy mau 7, 2e-6s

Pé kiém nghiém tinh ning ctia phwong phap diéu khién, dé ra qua trinh mé phong nhu sau:
tai thoi diém t = 0, thiét 1ap téc do ddt cho dong co @er= 80 rad/s, phy tai M, = 0; tai thoi diém
1= 0,8s, thiét 1ap toc do dit cho dong co @rr= 60 rad/s, phu tai M,= 0; tai thoi diém = 1,1 s, phu tai

= 5000 Nm, déng co mang tai van hanh & toc d6 6n dinh w= 60 rad/s.

Hinh 5(a) hién thi két qua mé phong quy tich tir thong stator twong (g véi goc bé y= 10", Tur
két qua m6 phong cho thay quy tich tir thong c6 dang da giac 18 canh, vi vay dép ing duoc yéu cau
luat didu khién dit ra.

¥4 (Wh)

(a) Quy tich tu thong stator
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Hinh 5. Két qua mo phong

Hinh 5(b) va 5(c) hién thi két qua mo phong mé men va téc do quay cta dong co. Két qua md
phong cho thay hé thong dap ung rat nhanh voi bat ctr sy thay d6i nao cua tdc do va phuy tai, dong
thoi qué trinh van hanh on dinh ciing nhanh chong dugc thiét 1ap.

4. KET LUAN

Trong bai bio ndy, dau tién tac gia gisi thiéu nguyén 1y co ban cta phwong phap diéu
khién truc tiép mé men, trén co s& do di gioi thi€u mo hmh h¢ théng DTC véi quy tich tir thong
18 canh. Uu diém cua phuong phap diéu khién nay la két cau diéu khién don gian, dé thuc hién,
it chiu phu thugc vao tham s6 cua dong co (chi can tham s6 dién tro stator, tuy nhién khi dong co
van hanh & tdc do trung binh cao, do dién 4p di 16n nén c6 thé bo qua anh hudng cia thong sb
nay toi két qua tinh tir thong), dic biét 1a tdc do dap ung rat nhanh.

Sau do tac gia di sir dung phan mém Matlab/simulink tién hanh x4y dyng mé hinh méo
phong hé théng DTC v6i quy tich tir thong 18 canh. Pay 1a mot phan mém rat manh va dugc st
dung phd bién trong viéc md phong va tinh toan cac hé théng dién va hé théng truyen dong dién.
Két qua md phong di kiém nghiém tinh kha thi va tinh chinh xac ctia phuong phap diéu khién.
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