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LOI NOI AU

Pong co khong dong bo ngay nay dugc st dung rong rai trong cong
nghiép thay cho cac dong co khac vi n6 ¢6 nhiéu uu diém nhu khoi dong don
gian, van hanh tin cay, ré tién va kich thuéc gon nhe. Nhuge diém clia né la dic
tinh co phi tuyén manh nén truéc day, véi cac phuong phép diéu khién con don
gian, loai dong co nay phai nhuong ché cho dong co dién mot chieu. Nhung véi
viéc phat trién cuia cdc ly thuyét diéu khién, truyén dong cong véi su tién bo clia
khoa hoc k¥ thuat nhu k¥ thuat vi xur 1y, dién tir cong suit nén da han ché duoc
nhuoc diém trén, dua dong co khong déng bo trd thanh pho bién.

Tru6c day thuong diéu khién dong co bing cich diéu chinh dién 4p.
Pay 12 mot phuong phéap don gian nhung chat luong diéu chinh ké ca tinh 14n
dong déu khong cao. D€ diéu khién dugc chinh x4c va hiéu qua phai néi dén
phuong phdp thay déi tdn s6 dién 4p nguén cung cdp. Do téc do dong co
khong dong bo xap xi téc do dong bo nén dong co lam viéc v6i do truot nho
va ton hao cong sudt truot trong mach roto nho. Tuy nhién phuong phdp nay
con phic tap va dat tién. Thiét bi dung dé bién déi tan s6 1a cac bo nghich luu,
c6 thé 1a nghich luu truc ti€p hoidc gidn tiép. Ta c6 thé st dung bo bién tan 12
mot thiét bi tich hop cé chinh luu, nghich luu 14n diéu khién. Luat diéu khién
trong moi bién tan tuy thudc vao nha san xudt.

Hién nay dé diéu khién dong co da c6 nhiéu bién tdn ban sin trén thi
trudng, it khi con phai thiét k& theo phuong phdp kinh dién nita. Cac nha san
xuét lua chon bién tn nhiéu hon bang diéu khién sao - tam gidc hodc dién tr&
phu hoic cdc thiét bi diéu khién khdc vi n6é gon nhe, diéu khién chinh xac, tin
cay, dap tng duoc nhu cau tu dong hoa va ting budc hién dai hoa xi nghiép
cta ho. Bién tdn don gian thuong diéu khién toc do theo luat U/f d€ dam bao
dong co sinh momen tot nhung cho cac hé truyén dong yéu cau cao hon thi ¢
bién tan diéu khién theo vecto.

Tuy hién nay cac loai bién tan da dugc bay ban va str dung rong rai trén
thi truong cta cic hang Toshiba, Omron, Siemens ... véi nhiéu phuong phap
diéu khién khdc nhau nhu : theo luat U/f khong doi, diéu khién tir thong khong
déi, diéu khién vecto nhung viéc tim hi€u dé€ chon ra mot phuong phdp thich
hop hoic nghién citu tim ra mot phuong phdp diéu khién méi sao cho t6i wu vé



gid thanh, do chinh xéc, do tin cy thi van cdn nhiing tranh luan vi méi loai déu
¢6 uu nhugc khac nhau. Vi du phuong phdp dong tir thong khong déi c6 thé 1am
giam cong suat tiéu thu. Phuong phdp Speed Sensorless Vector dua ra viéc diéu
khién tir thong duoc tot nhat va momen 16n hon. Do d6 do 4n nay chi xin gép
phin 1am rd vé phuong phdp diéu khién vecto khong ding cam bién toc do, chi
ra va chitng minh dugc vu diém ctia n6 trong véin dé diéu khién dong co.

Quan sat mot bién tan ta thay trén man hién thi thudng c6 cdc kha nang
hién thi t6¢c do quay clia truc, tdn s6 ngudn cap, thoi gian tang toc, thoi gian
giam toc, theo do6i cac tham so cua dong co nhu dién trd stato, dién trd roto. ..
trong khi ta nhan thay khong cé cam bién téc do dua vé. Diéu nay dugc thuc
hién chinh 12 nho cdc khoi tinh toan ghép trong phan diéu khién cua bién tan.
Vay céac khoi d6 hoat dong nhu thé nao va theo cong thic gi. D6 ciing 1a muc
dich nghién cttu cua do an.

O he thong truyén dong dong co khong déng bo kinh dién thudng co
mot mach vong diéu chinh téc do vdéi tin hiéu phan hoi téc do thong thudng
nhan duogc tir cam bién toc do gan trén truc dong co. Tuy nhién cam bién toc
do quay c6 mot s6 nhuoc diém: né 1am cho hé thong truyén dong dién khong
dong nhat do phai lap thém trén truc dong co mot mdy phat toc do hay mot
cam bién s6. Trong nhiéu trudng hop khong thé 1ap duoc cam bién toc do trén
truc dong co, vi du nhu & hé thong truyén dong dién cao téc, & hé thong truyeén
dong dién 6t6 hay khi dong co lam viéc 6 moi trudng khac nghiét. Hon nita
khi dong co ¢ xa trung tam nhiéu gay ra do truyén dan tin hiéu tir may phat
toc vé th diéu khién 1a van dé phic tap cho viéc nang cao diéu khién.

Véan dé nghién cttu hé thong diéu khién dong co khong dong bo
khong dung cam bién tdc do ¢ ¥ nghia quan trong va mang tinh thuc tién cao.
Hé thong nay cho phép str dung c6 hiéu qua dong co khong dong bo trong cac
hé thong truyén dong dién cdc mdy cong nghiép, gép phan giam do phic tap,
giam gid thanh bao dudng va chi phi van hanh hé théng truyén dong dién, giai
quyét nhitng van dé khong thé khéc phuc clia dong co mot chiéu nhu mitc do
hu hong ciing nhu chi phi bao dudng van hanh cao.

Dé tai nham nghién cdu giai quyét nhitng van dé trén. Noi dung ban do6
an bao gobm bon chuong chinh. Noi dung méi chuong duoc trinh bay nhu sau:



Chuong 1: Néu so luoc nhitng phuong phdp diéu khién dong co khong
déng bo trong d6 nhan manh dén phuong phéap diéu khién vecto, nhitng uu
nhuoc diém va tinh thuc tién clia né.

Chuong 2: Dua trén nhitng kién thdc vé vecto khong gian, xay dung hé
phuong trinh mo ta dong hoc dong co khong dong bo.

Téng quan cdc phuong phdp diéu khién vecto: truc ti€p, gian ti€p va
nhiing so do diéu khién cta timg phuong phap.

Giai quyét van dé tinh tir thong roto phuc vu cho viéc diéu khién vecto
truc tiép.

Chuong 3: Xay dung céu triic hé thong diéu khién vecto dong co khong
dong bo khong dung cam bién toc do. Xay dung bo tinh toan toc do thay cho
may phat t6c do va kiém nghiém su 1am viéc 6n dinh ctia khau nay.

Chuong 4: Trinh bay mot s6 két qua mo phong chiing minh tinh ding
dan clia cac cong viéc da lam: viéc tong hop céc bo diéu chinh dong dién, toc
do, cac bo tinh toan tir thong, bo tinh toan toc dd. M6 phdong viéc phan hoi toc
do bang khau tinh todn, khong diing cam bién toc do.

Trong qua trinh thuc hién do an, em da dugc su hudng dan truc ti€p tan
tinh cua thay gido Th.S Pham Tam Thanh cung cic thay, co gido trong khoa
bién-bién tu truong Pai hoc Dan Lap Hai Phong da gitp em hoan thanh ban
d6 4n nay ding thoi gian quy dinh.

Do trinh do ban than con nhi€u han ché, thoi gian han hep nén khong
tranh khoi nhiing thi€u sét. Vi vay em rat mong nhan dugc nhitng déng gép
cua cdc thdy co, cic ban be va nhitng ai quan tam dén linh vuc nay dé cho dé
tai duoc hoan thién hon nita.

Em xin chan thanh cam on!

Hai Phong, ngay 6 thang 7 nam 2009

Sinh vién thuc hién

Luong Van Yén



Chuong 1.

TONG QUAN HE THONG PIEU KHIEN PONG CO
KHONG PONG BO.

1.1. CAC PHUGNG PHAP PIEU KHIEN TOC PO PONG CO KHONG
PONG BO
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thé dua vao dé dé diéu khién momen bang cdch thay déi cac thong s6 nhu

Tu phuong trinh mémen ctia dong co : M= ta co

dién dp cung cap, dién trd phu, téc do truot va tan s6 nguon.

T6i nay da c6 cac phuong phap diéu khién chu yéu sau:
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1.1.1. Piéu khién dién ap stator.

Do moémen dong co khong dong bo ty 1€ v6i binh phuong dién ap
stato,do do c6 thé diéu chinh dugc momen va t6c do khong dong bo bing céch
diéu chinh dién 4p stato trong khi giit nguyén tin s6. Day 1a phuong phap don
gian nhat, chi stt dung mot bo bién doi dién nang (bién dp, tiristor) dé diéu
chinh dién 4p dat vao cac cuodn stator. Phuong phdp nay kinh t€ nhung ho dac
tinh co thu dugc khong tot, thich hop véi phu tai may bom, quat gio.

1.1.2. Diéu khién dién tré rotor

Str dung trong co cau dich chuyén cau truc, quat gid, bom nudc: bing
viéc diéu khién ti€p diém hoic tiristor 1am ngin mach/hd mach dién tré phu
cua rotor ta diéu khién dugc t6c do dong co. Phuong phdp nay c6 wu diém
mach dién an toan, gid thanh ré. Nhugc diém: dic tinh diéu chinh khong tot,
hiéu suat thdp, ving diéu chinh khong rong.

1.1.3. Piéu chinh cong suat truot.

Trong céc trudng hop diéu chinh téc do dong co khong dong bo bang
cach 1am mém dic tinh va dé nguyén t6c do khong tai 1y tudng thi cong suat
trugt AP,=sP,, dugc tiéu tan trén dién trd mach roto. O cdc hé théng truyén
dong dién cong suét 16n, tén hao nay 1a ddng ké. Vi th€ dé vira diéu chinh
duoc toc do truyeén dong, vira tan dung dugc cong suat trugt nguoi ta st dung
cac so do cong sudt truot (so do noi tang/ noi cap).

P,=P_, +P, =P,(1-s) +sP,=const.

Neéu lay P, tra lai lu6i thi tiét kiém dugc nang lugng.

— Khi di¢u chinh v6i o < ©,: dugc goi la diéu chinh noi cap dudi dong
bo (lay nang lugng P, ra phat Ién luéi).

— Khi diéu chinh v6i ® > ®,(s<0): di€u chinh cong suét trugt trén dong
bo (nhan nang luong P, vao) hay con goi 1a di€u chinh néi cap trén dong bo
hoac truyén dong dong co hai ngudn cung cap.

— Néu tdi sir dung ning luong P, d€ tao P_, : duoc goi 1a truyén dong noi

cép co. Phuong phdp nay khong c6 y nghia nhiéu vi khi ® giam con 1/3.»1 thi



P, =2/3.P, tiic 1a cong sudt dong co mot chiéu dung dé tan dung P, phai gin
bang dong co chinh (xoay chiéu), néu khong thi lai khong nén diéu chinh sau
® xuong. Trong thuc t€ khong st dung phuong phap nay.
1.1.4. Diéu khién tan s6 nguon cap stator.

Khi diéu chinh tin s6 dong co khong dong bo thudng phai diéu chinh ca
dién 4p, dong dién hoac tir thong trong mach stato do tré khang, tir thong,
dong dién... ciia dong co bi thay doéi.

-Luat diéu chinh tin soO - dién ap:

O he thong diéu khién dién 4p/ tan s, stc dién dong stato dong co dugc
diéu chinh ti 1¢ v6i tAn s6 dam bao duy tri tir thong khe hd khong d6i. Dong co
c6 kha niang sinh momen nhu nhau ¢ moi tin sd dinh mitc. C6 thé diéu chinh
toc do & hai vung:

Vung dudi toc do co ban: giit tir thong khong déi thong qua diéu khién
ty so stc dién dong khe ho/ tan s6 1a héang so.

Viung trén toc do co ban: giit cong suit dong co khong déi, dién 4p
duoc duy tri khong déi, tir thong dong co giam theo toc do.

+ Theo kha nang qua tai:

Dé dam bao mot so chi tiéu diéu chinh ma khong lam dong co bi qud
dong thi can phai diéu chinh ca dién ap. D6i véi bién tan nguon ap thuong co
yéu cau giit cho kha ning qu4 tai vé momen 12 khong déi trong suét dai diéu
chinh toc do. Luat diéu chinh 1a u, = £"*? vé6i x phu thuoc tdi. Khi x=0
(Mc=const, vi du co cdu nang hang) thi luat diéu chinh la u/f =const.

+ Diéu chinh tir thong:

Trong ch€ d6 dinh miic, tir thong 1a dinh mitc va mach tir c6 cong suat
t6i da. Luat diéu chinh tan s6 - dién 4p la luat gitt gan ding tir thong khong
d6i trén toan dai diéu chinh . Tuy nhién tir thong dong co , trén mdi dac tinh,
con phu thuoc rit nhiéu vao do trugt s, tic 1a phu thudc moéomen tai trén truc
dong co . Vi thé trong cdc hé diéu chinh yéu cau chit luong cao can tim cédch

bu tu thong.
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Do 1, :% 1+(T,»,)?> nén néu muodn gitt tir thong y, khong doi thi

dong dién phai duoc diéu chinh theo téc do truot. Phuong phdp nay c6 nhuogc
diém 1a méi dong co phai cai dat mot sensor do tir thong khong thich hgp cho
san xudt dai tra va co cdu do gan trong do bi anh hudng boi nhiét do va nhiéu.

Néu diéu chinh ca bién do va pha clia dong dién thi c¢6 thé diéu chinh
dugc tir thong roto ma khong can cam bién téc do.

- Piéu chinh tan s6 ngudn dong dién.

Phuong phédp diéu chinh nay sut dung bién tdn nguon dong. Bién tan
ngudn dong ¢6 wu diém 1a tang dugc cong suat don vi may, mach luc don gian
ma van thuc hién ham tdi sinh dong co . Nguon dién mot chiéu cap cho nghich
luu phai 1a nguon dong dién, tdc 1a dong dién khong phu thudc vao tai ma chi
phu thuoc vao tin hiéu diéu khién . D€ tao ngudn dién mot chiéu thudng ding
chinh Iuu diéu khién hodc bam xung 4p mot chiéu c6 bo diéu chinh dong dién
c6 cdu tric ty 1é - tich phan (PI), mach loc 1a dién khang tuyén tinh c6 tri s6
dién cam du 16n.

+ Diéu chinh tan s6 - dong dién.

Viéc diéu chinh tir thong trong hé thong bién tan ngudn dong duogc thuc
hién tuong tu nhu hé théng bién tdn nguodn ap.

+ Diéu chinh vecto dong dién.

Tuong tu nhu hé thong bién tan nguoén ap & hé thong bién tan nguodn
dong ciing ¢6 thé thuc hién diéu chinh tir thong bang céach diéu chinh vi tri
vecto dong dién khong gian. Dicu khac biét 1a trong hé thong bién tan nguon
dong thi dong dién 1a lién tuc va viéc chuyén mach cua céc van phu thuoc 14n
nhau.

- Diéu khién truc ti€p moémen

Ra doi nam 1997, thuc hién dugc dap ting nhanh. Vi y, ¢é quan tinh co
nén khong bién d6i nhanh duoc, do d6 ta chi trong thay doi \y, khong thay doi

y,. Phuong phép nay khong diéu khién theo qud trinh ma theo diém lam viéc.
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N6 khéc phuc nhuge diém cia diéu khién dinh huéng trudng vecto roto y, ciu
tric phic tap, dét tién, do tin cay thap (hién nay da c¢6 vi mach tich hop cao,
do chinh xdc cao), viéc do dong dién qua cam bién gay cham tré, dap ung
momen cua hé diéu khién vecto cham (c& 10 ms) va anh hudng clia bao hoa
mach tur téi R 16n.

Két luan:

Trong hé théng truyén dong dién diéu khién tin s6, phuong phép diéu
khién theo tir thong roto c6 thé tao ra cho dong co cac dic tinh tinh va dong
tot. Cdc hé thong diéu khién dién 4p/ tin s va dong dién/ tan so truot da duogc
tng dung rong rai trong cong nghiép.

1.2. PIEU KHIEN VECTG PONG CO KHONG PONG BO

Mot s6 hé thong yéu cau chat luong di€u chinh dong cao thi ciac phuong
phdp diéu khién kinh dién khé dap ung dugc. Hé thong diéu khién dinh huéng
theo tlr trudng con goi 1a diéu khién vecto, c6 thé dap tng cdc yéu cau diéu
chinh trong ché& do tinh va dong. Nguyén ly diéu khién vecto dua trén y tudng
diéu khién vecto dong co khong déng bo tuong tu nhu diéu khién dong co mot
chi¢u. Phuong phéap nay ddp ung dugc yéu cau dicu chinh cua hé thong trong
qua trinh qua do ciling nhu chat lugng diéu khién t6i vu momen. Viéc diéu
khién vecto dua trén dinh huéng vecto tir thong roto c¢6 thé cho phép diéu
khién tach roi hai thanh phin dong stator, tir d6 ¢ thé diéu khién doc lap tir
thong va momen dong co. Kénh diéu khién momen thudng gébm mot mach
vong di€u chinh t6¢c d0 va mot mach vong di€u chinh thanh phan dong dién
sinh momen. Kénh diéu khién tir thong thudng gém mot mach vong diéu
chinh dong dién sinh tir thong. Do d6 hé thong truyén dong dién dong co
khong déng bo c6 thé tao duoc cac dic tinh tinh va dong cao, c6 thé so sanh
duoc véi dong co mot chiéu.

Nguyén 1y diéu khién vecto:

Dua trén y tudng diéu khién dong co khong déng bo tuwong tu nhu diéu

khién dong co mot chiéu. Pong co mot chiéu cé thé diéu khién doc lap dong
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dién kich tir vd dong phan ting dé dat dugc momen t6i wu theo cong thitc tinh
momen :

M=K®I, = KII,

Trong d6 : I,,, I, - dong dién kich tir va dong dién phan tng.

@ - tir thong dong co .

III Ikt Ids*
o > Mach
. diéu khién va
U, @ g CKT Iy nghich luu
—>
—e

Hinh 1-1: Su tuong tu giita diéu khién dong co mot chiéu va diéu khién

vecto

Tuong tu & diéu khién dong co khong dong bo, néu ta st dung cong
thirc:

M = K, I = K, I Jgs (khi chon truc d trung véi chi€u vecto ti
thong roto)

Thi c6 thé diéu khién M bing cach diéu chinh doc doc lap cac thanh
phan dong dién trén hai truc vudng goc ctua hé toa do quay dong bo véi vecto
tlr thong roto Liic nay van dé diéu khién dong co khong dong bo twong tu diéu
khién dong co dién mot chiéu. 0 day thanh phan dong dién I, dong vai tro
tuong tu nhu dong dién kich tir dong co mot chiéu (I,,) va thanh phan dong Igs
tuong tu nhu dong phan ting dong co mot chiéu (I,) . Cac thanh phan c6 thé
tinh dugc nho st dung khdi niém vecto khong gian. Véi y tudng dinh nghia
vecto khong gian dong dién ctia dong co duoc mo ta ¢ hé toa do quay véi tdc

do o,, cac dai luong dong dién dién 4p, tir thong sé& 1a cac dai luong mot chiéu.
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Hinh 1-2:Diéu khién doc ldp hai thanh phdn dong dién: momen va kich tix
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Chuong 2

TONG HOP HE THONG PIEU KHIEN VECTO.

2.1. MO TA TOAN HOC PONG CO KHONG PONG BO BA PHA

D6i v6i cdc hé truyén dong dién da duoc s6 hoa hoan toan, dé diéu
khién bién tdn ngudi ta st dung phuong phap diéu ché vecto khong gian. Khau
diéu khién bién tan 1a khau nghép ndi quan trong gitta thiét bi diéu khién/ diéu
chinh bang s6 v6i khau chidp hanh. Nhu vay cdn mo ta dong co thanh cdc
phuong trinh todn hoc.

Quy udc : A,B,C chi tht tu pha cac cuon day rotor va a,b,c chi tha tu
pha c4c cudn day stator.

Gia thiét : - Cuon day stato, roto doi xung 3 pha, roto vuot géc 6.

-Tham s6 khong déi.

-Mach ttr chua bao hoa.

-Khe hé khong khi 6 dong déu.

-Nguon ba pha cdp hinh sin va d6i xing (léch nhau géc 27/3).

Y
U, =IR +d=X
k k Nk dt
Phuong trinh can bang dién dp cia moi cudn day k nhu sau:
Trong d6 :k la tha tu cudn day A,B,C rotor va a,b,c stator.
1y 1a tir thong cuon day thit k. y=XL, i, Néu i=k: tu cam, j#k: ho cam.

Viduny, =L i1, +L i, +L, 1 4L A1 s+L gl g+l

Vi ba pha d6i xing nén :
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R,=R,=R.=R,, R, =Ry =R =R,

L, =L =L =Ly ,Las =L gg=Lcc=L,
Lab =Lba =LbC ...=‘MS ’LAC =LBC =LAB ...=‘Mr
L,y =Lyp =L =L, =Ly, =L =Mcosd
L, =L, =L_ =Ly, =L =L .. =Mcos(0+27/3)
L. =Lya =L g =L ¢, =L A, =L . =Mcos(6 -21/3)
W ]
— - Wy
— \V a I \1U A — \V .
Y, = Yy V, = Vs V= |y,
Ve Ve Vg
Ve
i, 1, u, u,
- 1y, - Ig - U, - Ug
Iy = ic s I = iC ) us = u. 5 u, = Uc
Rg 0 O R, 0 O
0 RgO 0 R, 0
[RJ=]0 0 R [RI=]10 0 R,
LSI _MS _MS Lrl _Mr _Mr
[Ld=| -Mg Ly, -Mg L= | -M, L, -M,
_MS _MS LSI _Mr _Mr Lrl
cosO cos(0+2m/3)  cos(0-2m/3)
[L..(0)]=M. cos(0-2m/3) cosO cos(0+2m/3)

cos(0+27m/3) cos(0-2m/3)  cosO

v, Ld  L®1 |i
v, | = [IL©®F Ll | X

16



o _ q q _ .

u, Rs + Ls a a Lm('g) is
= X

ur i Ltm(,.g) Rr + I_ri ir

][ at] ||

M =il (9}

Cac hé phuong trinh trén 1a cac hé phuong trinh vi phan phi tuyén cé hé

s0 bién thién theo thoi gian vi géc quay 0 phu thudc thoi gian:
0 = 0+ Jo(t)dt

Két ludgn : Néu mo ta todn hoc nhu trén thi rat phic tap nén can phai
don gian b6t di. T6i nam 1959 Kovacs(Lién X06) dé xuat phép bién doi tuyén
tinh khong gian vecto va Park (M§) dua ra phép bién déi d, q.
2.2. PHEP BIEN POI TUYEN TINH KHONG GIAN VECTO

Trong may dién ba pha thudng dung cdch chuyén céc gia tri tic thoi
clia dién 4p thanh cdc véc to khong gian. Ldy mot mat phiang cat moto theo
huéng vuong géc véi truc va biéu dién tir khong gian thanh mat phang. Chon
truc thuc clia mat phang phic triing véi truc pha a.

A

+l(a)| L

+j(B)

a.l

Hinh2-1: Tuong quan giita hé toa do aff va toa do ba pha a,b,c
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Ba véc to dong dién stator i, iy, i, tong hop lai va dai dién boi mot véc

to quay tron i, . Véc to khong gian cua dong dién stator:
I, = %(ia +ai, +a’%i.)

Muon biét i, can biét , _ ej%n cac hinh chiéu cua né 1én cac truc toa
do: igigp.

I =g, + Jig,

i, =Re{i.}= %(Zia —i, —i.)

u

i :Im{is}:g(ib—ic) :

Hinh 2-2: Cudn ddy 3 pha nhin trén off

Theo cach thic trén c6 thé chuyén vi tir 6 phuong trinh (3 roto, 3 stato)
thanh nghién cttu 4 phuong trinh .

Phép bién d6i tir 3 pha (a,b,c) thanh 2 pha (o, B) dugc goi 1a phép bién
d6i thuan. Con phép bién déi tir 2 pha thanh 3 pha dugc goi 1a phép bién doi
nguoc.

Pon gian hon, khi chi€u i, 1én mot hé truc xy bat ky quay véi toc do o,:

0, =0, + ot

+ Néu 0,=0, 6,=0 :d6 1a phép bién d6i véi hé truc o, B (bién doi tinh)

+ Néu o,=0,, 0, tu chon bit ky (dé don gian mot phuong trinh cho x
tring \y, d€ y,,=0): phép bién doi d.q.

Néu o,= 0, - ® =, : hé toa do c6 dinh o, do6i véi roto (it dung).
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Hinh 2-3: Chuyén sang hé toa do quay bdt ky

Cac hé toa d6 dugc mo ta nhu sau:

/_/-/'/huéng truc roto

phaA «

[
»

Hinh 2-4: Cdc dai luong i,, v, cua dong co trén cdc hé toa do
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Cac phuong trinh chuyén doi hé toa do:
ab,c 2 ap:

. 1 . .

Isﬂ = E(Ia + Ib)

o 2 dg

1q= 14,080 + ipsind

i, = 1,c0s0 - iy,sind

o 2 ab,c:

ia = isa

) 1 . )

I, = E(—Isa + 3-'5;;)
1

ic = _(_isa _\/g'isﬂ)
2
d,q 2 of
iy = i34c080 - i sind

i = i,sind + i ,cosO

2.3. HE PHUONG TRINH CO BAN CUA PONG CO TRONG KHONG
GIAN VECTO

Dé dé theo doi ta ky hiéu :

Chi s6 trén s: xét trong hé toa do stato (toa do o.,f3)

f: trong toa do truong (field) tir thong roto (toa do dq)

r: toa do gin vdi truc roto.

Chi s6 dudi s: dai lugng mach stato

r: dai luong mach roto

Phuong trinh momen :

3 . 3 .
mM :Ep(l//r /\Is) :Ep(l//r /\Ir) (2_1)

Phuong trinh chuyén dong :

20



J do
—m +2 99 2-2

Phuong trinh dién 4p cho ba cudn day stato :

_ - LPsa(t)
usa (t) - Rs'lsa (t) +d dt

— 1 IPsb (t)
usb (t) - Rs'lsb (t) + d dt (2_3)

l}]SC (t)

U (1) =Ry (0) +d =2 =

S ISC

Tuong tu nhu vecto dong dién ta c6 vecto dién ap:
u ()= 2/3.[u,(t) + ug(t).e!'* + u(1).e**]
St dung kh4i niém vecto téng ta nhan dugc phuong trinh vecto:

S

. b 4
ud =R +d = 2-4
at (2-4)

Trong d6 u’, i°

1%y 1a cac vecto dién ap, dong dién, tur thong stato.

Khi quan sat ¢ hé toa do o,p:

Daéi v6i mach roto ta ciing ¢6 dugc phuong trinh nhu trén, chi khac 1a
do céu tao cdc 16ng soc 1a ngan mach nén u,=0 (quan sét trén toa do gan véi
truc roto)

Tur thong stato va roto dugc tinh nhu sau:

r

0=R il +d—r
dt

vy, =iL+i L (2-5)
v, =1L +iL.
Trong d6 L, : dién cam stato L, = L+ L (L, : dién cam tiéu tan phia
stato)
L,:dién camroto L. =Lg+ L, (L, : dién cam tiéu tan phia roto)

L, : hd cam giita roto va stato
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(Phuong trinh tir thong khong can dén chi s6 hé toa do vi cac cuon
day stato va roto co cau tao d6i xing nén dién cam khong ddi trong moi hé
toa do).

2.3.1. Phuong trinh trang thai tinh trén hé toa do co dinh of
Phuong trinh dién 4p stato gilr nguyén, con phuong trinh dién 4p roto c6
thay doi do roto quay véi toc do ® so vdi stato nén co thé néi hé toa do off

quay tuong doi véi roto toc do -o.

[ _ _ W
ujst.ij+d\Ps
dt
0=R.i'+d——— jo¥¢
< dt (2-6)
¥y =i L+ L,
W =il +iL,
\

Tim cach loai bo , va i: ta rut tir phuong trinh thit 3 va 4 trong hé (2-6)

duoc:

I
iP=—(-iiL
' Lr(wr s L)

2-7)

vimiL - L)

bat 6=1-L,_*/(L.L,)(hé s6 tan tir), T=L/Rs , T=L/R, va thay lai phuong
trinh 1 va 2 trong hé (2-6) :

Us =R.is+ol, di, L, %
dt L, dt
B . — (2-8)
0=-i; —m+ka(i— jo)+ a,
T dt

Bién doi (2-8) sang dang ting phan tir clia vecto :
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[ di, 1 1-o0,. l-o l-o 1
a__( n

i, + oy, + - u
at = GT, ot e gL Ve T Vet e
Ay =—( L +1_0)i Loy s, Ly
dt  oT,  oT oL Vet Ve T
| dpe L1 (2-9)
e 0 T o
dt Tr sa Tr Wra l//rﬁ
Ll =—"i,+0 L
K dt Tr sp l//ra Tr Wrﬁ
Thay i° tt phuong trinh tha 2 cta (2-5) vao phu’o’ng trinh momen (2-1):
3 — = 3 - 3 L
m,, =——.p.(y ALl))=—=p.(y] A —1L —)=—=.p.— (Y, Al
M Zp(\vr :) 2p(wr (wr ) ) 5P T )(2 10)

Thay céc vecto trong (2-10) bang cac phan tir tuong ting ta dugc :

3 L .
M :E‘p'L_(wroclsB _wrﬁlsoc) (2_11)

Tu hé phuong trinh (2-9) va phuong trinh (2-11) ta ¢6 cong thitc mo ta

dong co khong dong bo trén hé toa do af3, trong d6 thay T, theo cong thic:

1_1 10
T, of, o,
( 1.. l-o l-o 1
(p+T_)|sa_ TL era_'_GL l//rﬂ_'_aL usa
1 | 1- l-o N 1 U
{ (p+.|_a)s/; _o-L—m l//ra+m%ﬂ Is s (2-12)
(1+Tr p)Wra = L I _T erﬁ
(1+Tr p)l/”rﬁ m sﬁ +T a)Wra

Tu (2-12) ta 1ap dugc mo hinh dién co ciia dong co khong dong bo trén
hé toa do af} nhu sau:
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U, L T ig 1 W, 3 QLm % P,
—5L, Hn PO 11T, (o ¢ 2L, pJ

._,
A

i /1
X 51 =

A

A

=/ i
oL T,
g 01 s f T, iE_b—» >

m »

oL, 1+pT, [1sp T+pTe ] g

[E—

=)

Hinh 2-5: M6 hinh dong co trén hé toa do co dinh aff
Pau vao clia mo hinh la dai lugng dién ap. Do vay mo hinh chi ding véi
bién tan nguon dp. Con khi st dung bién tdn nguoén dong (cho cong suét truyén
dong rét 16n) thi phai bi€n d6i mo hinh thanh diu vao 1a dong stato i, ig.
Hé phuong trinh (2-9) khi viét lai du6i dang ma tran:

dx®
dt

Trong do:

= A°X° +B°u; (2-13)

x*: ma tran trang thai, x*" =[iy, ip, Wy Vip]
S . A A p s T _
u’;: ma tran dau vao, u’; =[ug, ug]
A’: ma tran hé thong
B*: ma tran dau vao
S S
S {An A

= , VOi cac phan ti nhu sau:
AS AS p
21 M2
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o 1| Tlo 1 T,
TG
[ 1-o l1-o 1
T.L oL, | 1=c|T “| 1= 1
(¢ — _
AL = L A = (—.l1-0J)
1o 1-o Lnl., L] L, T
| oL, ocTL,_ T,
'L
T YL
A=l =
0 Zm|
L Tl'
1
)
A L ! I J
= =——Il+o.
22 1 Tr
a) _——
Tr
| < 0
B; | R
B’ = ;trongkhi B; = =—1I1;B,=
; 1| o 00
0o — s
O-I_S
S
Lap mo hinh cua dong co theo cadc ma tran : tor (12) : = A°X° +B°u;
ta co:
dx’(t
Ugs(H dt x*(t)
B’ Q [
o ()
AS

Hinh 2-6.: M6 hinh dong co dang ma trdn
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Khi mo ta chi tiét bang cdc phan tir ma tran:

dI s Asl 1
o IN())
dt 5
B’ O |
ASZI
AS12
d_\ll;
Odiy | A
As22

2.3.2. Phuong trinh trang thai trén hé toa do tua theo tu thong roto dq:
Tuong tu nhu trén, khi chiéu trén hé toa do nay thi cac phuong trinh tir
thong vin khong doi, chi c6 cdc phuong trinh dién dp thay doi nhu sau:
- Toa do tur thong roto quay toc do o, so vdi stato.
- Hé toa do chuyén dong vuot trudc so véi roto mot toc do goc o, = o, -o.

Tur d6 ta thu dugc hé phuong trinh :

r .-
qu:RSIS+ éﬂtr +ja)ser
17—
{ 0=Ri[+=tr+ o,y (2-14)

\ l//_rf = Ij I-m + I? I-r

Tim c4ch loai bo i, va ' : tir (2-14) c6

- 1

if=—
L

r

(v -il L)
(2-15)

o =L - L)

r

Thé trd lai phuong trinh thit 3 va 4 cta (2-14) ta dugc phuong trinh :
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[ di =—( L +1_G)i roio+2% 0y 5% 1y
dt O'Ts O'Tr sd s'sq mTr Vid O'Lm qu ] sd
disq——a)i ( +1—0)i _l—aa) +1—0 +iu
dt T, o, e oL, e LT, oL,
| W Loy 1,1, (2-16)
dt -I-r sd Tr Wrd rqu
Wy Loy . 1
\ dt -l-r sq r¥ rd Tr l//rq
Bién d6i tiép hé (2-16) véi diéu kién chon truc d tring véi vecto \y, , tiic
lay,q=0:
[, 1 . . l-o 1-o0 1
(_U"i_ p)lsd :wslsq + GLmTr Ve T GLm (//rq +Isusd
1 . i l-o
(T_+ p)lsq =0y _oL—a)Wrd +Iusq
< (1+Tr p)Wrd = Lmisd (2'17)
L, .
T,
0, =—
\ l//rd
Thay T, theo cong thiic: 11w
T ol o,
Tuong tu nhu trén toa do of ta cling c6 phuong trinh momen cho toa do
dq:

3 L, —+ =
mM :E'pc'l__({//rf /\Isf)

i
Thay dai luong vecto bang cdc phén tir ca n6 : i)' = i+ji, va y,' =
Wsd+erq ta co:

3 L .
my, :E'pc'L_l//rdlsq (2-18)

T (2-17) va (2-18) ta v& dugc so do todn hoc cua dong co trén hé toa

do tu thong roto dq:
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Wy 3pL, % P.| ©
- 5
I I 'E " 2L, m,; pJ

L 1-c
L, oL,

®
v O,
7 8

Hinh 2-7: M6 hinh dong co trén hé toa do quay dq

Sau nay, khi di sau vao bai toan diéu khién ta s& st dung mo hinh quay

dq.

Mo hinh dong co biéu dién duéi dang ma tran: hé phuong trinh (2-16)
sau khi tich ®, = ®, - ® c6 thé viét lai du6i dang mo hinh trang thai phi tuyén
nhu sau:

e X +B u; + NX o (2-19)

Trong d6: X'= [iy, isg Wig» Wigl

f T
u s = [usd’ usq]
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_i 0 l1-o l1-o
TG‘ O-LmTr O-Lm
0 _i _1—0' l1-o
fo_ To- O-Lm O-LmTr
A=l L 1
— 0 - -
T, T,
0 LInm 1
i T, T,
0O 1 0 O
-1 0 0 O
N =
0O 0 0 1
0O 0 -1 0

Hinh minh hoa cho m6 hinh (2-19) cho thay diu vao stato dong co gom
thanh phan vecto dién ap u, va tan s6 nguén o,.. Nhu vay so véi mo hinh trén
hé toa do tinh thi mo hinh trén hé toa do quay can thém toc do quay cta hé toa
do d6. Diéu do co thé hiéu duge vi vecto u, trén dq chi gém hai thanh phéan

mot chiéu ug, u,, , con trén toa do tinh thi tan s6 o, di chita trong hai thanh

phan xoay chiéu ug, ug.

Hinh 2-8: M6 hinh DCKDPB trén toa d¢ dq theo dang vecto
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2.4. CAU TRUC HE THONG PIEU KHIEN VECTG PONG CO
KHONG PONG BO

Truéc day ta da dé cap dén van dé diéu khién dong co khong déng bo
theo cong thic (2-18) : My, =K w iy, d€ c6 thé diéu khién dugc chinh xdc
twong tuw nhu dong co mot chiéu (diéu khién doc 1ap thanh phén kich tir y, va
thanh phan dong phan tng i,).

Nhu vay hé diéu khién ciing twong tu nhu hé diéu khién dong co mot

chiéu.

kt—b@— Rikt ®
x va\j-

Hinh 2-9: M6 hinh diéu khén dong co mot chiéu.
Ta s& xay dung mot he diéu khién tuong tu cho dong co khong dong bo
nhung trén toa do dq. Nhu vay dong co ciing phai biéu dién trén dq (muc 2-3-

2), luong datla o vaig:

Ly R Riyy | N ich
S .

* I . p R
0] Rm sq =®_ Rlsq Nhanh mémen

Hinh 2-10: T tudng diéu khién DPCKDB.
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Nhung trong hé thong thuc, nguén cung cip cho dong co la ba pha abc
va cdc dai luong dong phan hoi do vé duoc ciing 1a trén toa do abc, vay giita
hai hé toa do d6 phai c6 cdc bo chuyén déi toa do, cu thé 1a tir bo diéu chinh
luong dit dé thanh tin hiéu dwa vao bién tdn nudi dong co phai c¢6 mot bo
chuyén déi dg/abc tir cdc dai luong dong do dugec dem phéan héi c6 mot bo
chuyén déi nguoc tir abc/dq.

Vién dé nay sinh 1a khi chuyén déi giita hai toa do can phai c6 gbc léch
gitta ching (0,). Tur day c¢6 hai giai phap:

-Ldy O, bang cédch tich phan toc do quay o, ciia dong, ap stato hoic cua
tu thong roto.

-Vi hé toa do quay dq c6 truc thuc gin vé6i y, nén goc 0, c6 thé xac
dinh bang cach tinh géc cua y, trén hé toa do of3

Tur phan tich trén ta c6 hé thong diéu khién nhu hinh vé:

Nguon
mot chi€u
« R(D .k Risq |
© 1 Usq * ~
sqX IL M yN\a,b.c | Ui JINghich luu
Y A e’ Ups doc lap
.ok S u ) . .
o g > | — Jjdd = PWM
Rig,
lsd Isq b .
a,b,C 1
—85—e
< Iy ¢
d,q < i\,a

®

Hinh 2-11: So do6 hé thong diéu chinh dong dién va toc do cia dong co

trén dgq.
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Goéc 0, dung dé chuyén toa do tir finh sang quay theo chiéu thuan hoic
nguoc (affdq hodc dg >ap) . 0, cé thé duge tinh truc tiép 0, = arctg(\y,) hoic

gian tiép : 0, = o .t + o

Tuy theo cach xac dinh goc quay tir truong 6, ma ta cé hai phuong phap
diéu khién vecto: phuong phdp diéu khién truc ti€p va phuong phap diéu khién
gian tiép.
2.5. CAC PHUONG PHAP PIEU KHIEN VECTO

2.5.1. Piéu khién vecto gian ti€p

h 2
+1(a)
W,
W,
o, 9=0}—‘—
+j(B)
Vi
b C

q

Hinh 2-12: Dé thi géc pha ciia phuong phdp diéu khién vecto gidan tiép

0 phuong phéap nay , géc 6, dugc tinh toan dua vao cac dai luong dau
cuc ctia dong co. tir d6 tinh ra cac phan tir quay cos6, sinf .

Theo d6 thi trén, géc pha dugc tinh nhu sau:

0, =o.dt + a,

o,: toc do0 quay cta vecto dong dién stato, tir thong roto va la toc do
quay cua hé truc toa do dq.

Tur phuong trinh can bang dién dp roto (2-14) :

o dy!
0= errf +%+ Ja)rl//rf

Xét trén hai truc d va q tuong tng ta dugc:
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d Wrd

0=R.i, + )
rrd dt rqu
d
0=R,i,+ Via RV
dt (2-20)
Tu cong thic y, =L, + L i tasuyra:
i YV — I‘misd
rd —
Lm
. qu - Lmisq
W
m (2-21)

Thay (2-21) vao (2-20) dugc

dy,y R L
—rm o, r ——"T"RIl., —w =0
dt "4 L r " sd r(//rq

L rd
d
ﬂ"'&l//rq _ﬁersq +a)rl//dq =0
dt L, L, (2-22)
Vi hé toa do dq gan vao vecto tir thong roto va cac diéu kién sau gia st
dugc dam bao:

_dyy
(//rq - dt

l//rd = ‘//r = ConSt

Thay cac diéu kién d6 vao (2-22) va bién déi duoc:

_ I-mlsq

. =
Ty,

r

Tr %_'_ V. = I‘misd
dt (2-23)
Khi da tinh duoc o, ta c6 cong thic tinh géc quay 6, dua vao iy, iy, va

toc do o:
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v

Hinh 2-13: So do tinh todn goc quay tir truong theo phuong phdp gidn tiép.

2.5.2. Diéu khién vecto truc tiép theo tir thong roto

Phuong phap nay xac dinh truc tiép géc quay tir truong O, tr tir thong
roto \y, hoac tir thong khe hé y,, trén hai truc ctia hé toa d6 vuéng goc:

v, ¢6 thé duoc x4c dinh biang cam bién tir thong Hall hoidc bing tinh
toan.

a) Xac dinh 6, tir cam bién Hall.

Cam bién Hall dugc lap vao dong co dé do tir thong khe hd v, , tir d6
tuy theo yéu cdu ctia hé truyén dong ma tinh 0, truc ti€p tir y, hay chuyén déi
thanh , r6i méi tinh 6, tir y,

X4c dinh truc tiép géc quay tir trudng bang tir thong khe ho.
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Nguon DC
) Bo DK . . Biéndéi dg/ap Bién d6i af/abc

\VO " IdS i * Ias
.( ) > RW > OLS‘ O 1 > '
T cosO, -sin6 g 1. *| Nghich
-Wo sin®,  cosO, -\/5/2 -1/2 s luu
s i (V372 -2t TV
T A A
-M
Tinh
sinB,, cosOy
A A A
Yo
Yoo
Yo
— XZ +y2 :_

Hinh 2-14: So do khoi cia hé thong diéu khién vecto truc tiép
su dung cam bién Hall do vy,

So d6 gom hai kénh diéu khién : momen va tir thong khe ho. Cac thanh
phén dong dién diéu khién Iy, va I, tuong dng 1a céc tin hiéu ra cla cdc bo
diéu chinh momen va tir thong khe hé. Cic thanh phan dong dién nay duogc
bién déi thanh c4c dai lugng hinh sin trong hé toa do tinh nhd phép bién doi

& . .

dg/aB. Céc thanh phan dong dién hinh sin i, iy, , i, 1a tin hiéu diéu khién
ctia bo nghich luu bién diéu do rong xung PWM. Thanh phan sin6,, cos6, tinh
tlr cac thanh phan cua tir thong khe hd trén hai truc toa do tinh do duoc bing

cac cam bién tur thong :

‘&o‘ =4 Wga + ‘//gﬁ

(2-24)
cosd, = Loa: sing, = Vos

Yo ¥

VOi Yoo » Wop : cdc thanh phan tir thong khe hd doc truc va ngang truc
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Nhu vay géc quay tur truong 0, hay sinf,, cos6, dugc tinh truc ti€p tlir cac
thanh phan tir thong khe hd. Cac thanh phan y, duoc do bing cac cam bién tir
thong. Bién do y, duoc st dung 1am phan héi ciia mach vong di€u chinh .

*» Xéc dinh truc ti€p gbéc quay tir trudng bang tit thong roto.

0 phan trudc da xdc dinh géc quay tir trudng truc ti€p bang tir thong
khe hd. Phuong phdp nay c¢6 wu di€ém la khéi tinh toan don gian nhung vi ,
khong trung v6i huéng ., nén thuc ra goc 6, tinh dugc dua vao y, nhu trén
khong chinh xdc. Do vay cho hé truyén dong c6 yéu cdu cao hon ta phai tinh
0, tlr cac thanh phan cta , .Tr d6 hé théng diéu khién vecto tua theo tir thong
roto dugc x4y dung trén co s& cua hé thong hinh trén véi bé xung khoi tinh
toan tur thong roto .

Tt hai cong thiic tinh tir thong khe hé va tir thong roto :

Yo = Lip(is+ 1) (2-25)

{ v, =L i, +L 1, =L i+ (L, ,+ Lol =y,+Lsi,
Thay i, 6 phuong trinh thi nhat cua (2-25) vao phuong trinh thit hai ta

c6 cong thuc tinh v, :

—_ — L —
=y, :WO(]'_'_ Lroj_ I—rols
Tu do rat ra:

Vo=t -Lds (2-26)

Tur (2-26) ta suy ra trén hé toa do tinh a3:

L .
= —Wo, — L,
Wra Lm l//Oa ro'sa
L _ (2-27)
Vg = Lr Yop Lralsﬁ
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Tur d6 xay dung so d6 khoi co ban clia phuong phdp diéu khién truc ti€p

tur thong roto :

S as
—{ dq > ofp >
Iqs* i r— Bién tan
— ofp > abc g
CS
A
0. . —4
S th)l tfl’lh as Ibs Ics
W, tu thong [°
- roto N
A A
Wao|  Wpo |

Hinh 2-15: Hé thong diéu khién sit dung cam bién Hall do tix thong
roto.

Trong d6 khéi tinh , duoc xay dung theo cong thic (2-27) nhu sau:

[——————— KHOITINHTOAN fF———————— |
' L |
WYao | L. n :
I
Ia | Ids) - _: x? +y? —»: W
Ib—|—> abc :
Ic |, . |
| dq IE—Sb LrG > X I 6
| arct ; ——Ys
I
I
Vpo—1—> L ! :

Hinh 2-16: Cdu triic khoi tinh v,
Trong thuc t&€ do viéc gin cam bién tir thong vao dong co dé do c6 nhiéu

bat 1gi do moi dong co phai cai mot sensor do tir thong khong thich hgp cho

37



san xudt dai trd va co cdu do gan trong d6 bi anh hudng bdi nhiét do va nhiéu
nén hay st dung so do tinh tir thong gian tiép tir cac dai luong khac:
b) X4c dinh y, bing tinh toan:

«* Tinh toan tu thong roto dua trén mo hinh dong co 6 hé toa do co

dinh stato:
Tt thong roto duge tinh toan tir cac thanh phan dong dién stato trén hé
toa do co dinh aff va toéc do dong co o.

Tt hai phuong trinh 3 va 4 cua hé (2-9):

e _Ln, _i(// — oy
dt T,- s Tr ro rg
dyy :ﬁi +o 21
dt T sp l//ra T (//rﬂ

r r

va két hop cac cong thic:

V=W V0

cosd, = V1 :sing, Y

7 v,

Ta c6 so do6 tinh 6, sau:

4_
Yo NI N sines
A
I_»
2 2
l//ra + l//rﬁ > Y,
\ 4
» ———» cos0,
Vg
<_

Hinh 2-17: Tinh todn ti thong roto theo mé hinh déng co trén ap.
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+»*Tinh toan ti thong theo mo hinh quan sit

Mo hinh quan sat tir thong da bac trong d6 tinh toan ca dong stato va

tur thong roto dugc xay dung theo phuong trinh & chuong 2-7:

n

X = AX+Bu, +G(i,—i,)

@i I,f' =|:A11 A12:| |/§ +|:Bl:|uS +|:Gl:|(|l;—|s)
dt l//r A21 A22 l//r O GZ
Hay viét cach khac:

is = All is + Alzl//r + Blus +Gl(is_ Is)

n

Y, = A21 is—I_AZZ ‘//r—l_Gz(is_is)

Hinh 2-18: Tinh toan vy, theo mé hinh quan sdt.
Sau khi da ¢6 y,, , Y,p ta tinh géc quay tir trudng bang cac cong thic:

cosd, =1« :sing, Y

v, 7

Tir d6 ta c6 dugec mo hinh toan bo hé thong diéu khién truc ti€p nhu sau:
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So d6 dudi dang vecto gom hai nhanh song song : mot 1a dong co thuc
t€ va mot 1a mo hinh quan sat dong co lay thong s6 la dong dién, dién ap stato,
sau khi tinh todn dugc vecto dong dién stato mau i, dem so v6i dong stato thuc

t€ tir d6 tinh ra vecto tir thong vy, .

Bo d/c Bo d/c R * ‘ ‘

(Dr* Iqs>I< uqs* u,
Y on o Fslia sl fs
* , * BodCR. - b | Nghich luu
I, QEERiy u, | PWM
> I/: >/ of > / abc >
| 1
qs dq < OLB ; s f ) N
Ids - )
ofy [ abc
I i
- N\ /
9, : Tinh |<
todn tr |_ PK
thong |=

Hinh 2-19: M6 hinh diéu khién vecto kiéu truc tiép ldy 6, tir bo quan sdt
2.6. TONG HOP CAC BO PIEU CHINH
2.6.1. Tong hop hé theo ham chuan:

CAu tric hé gdbm cdc mach vong diéu chinh 1é thudc 1an nhau (cdu tric

mach vong phit hop véi cac hé di€u chinh cong nghiép)

— R, |4i R, f R, Fs, Fs, Fs,

Hinh 2-20: Cdu triic tong qudt mot hé diéu chinh

v
<

28 S
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*Pac tinh dong cua hé: 1a dap ung cta hé khi lugng vao la ham nhay
cap 1(t).

, \ . YA

- Téc do di€u chinh: (gia toc

R , c%
cua hé thong) =w/T,

¢

- B0 qué diéu chinh: (mong W s%
(0]

muon nho): c%=100(y, =w)/w

- S6 1an dao dong.

- Thoi gian diéu chinh: T, , T T
d

v

y
< >

can nho
Hinh 2-21: Ddc tinh qud do cua hé thong.
Viéc diéu chinh cdc thong s6 trén phu thudc 1an nhau. Vi du néu giam
Tdc s& 1am tang 6%. Vay phai dua ra mot su dung hoa gifta cdc tiéu chuin dé
c6 duogc h¢ thong toi uu.

* Tjeu chuan modun toi vu:

Dic tinh modun cua ham truyén kin ctia hé 1a mot ham khong tang,

khong cong hudng va = 1 trong dai tn s6 sao cho rong nhat.

oH 6()2 H((D) A 6 cong hudn,

- Ham khong tang: ( > ) <0 T
0w
1
A A , OH(0?)
- Khong cong huong: o) <0
. ©

-Bing 1: limH(w?) =1 >

o=1/T

Hinh 2-22: Ddc tinh tdn ciia ham truyén kin t0i uu
Tu tiéu chuin d6 muén modun hé kin 12 mot khau bac hai thi ham

1

> (tiéu chudn modun 167 uu)
1+2T . p+ 2T, p

chuan bac hai c6 dang: F, =
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Néu muon modun hé kin 12 mot khau bac ba thi ham chudn bac ba c6

1+4T.p
1+4T_p+8T. p? +8T.°p°

dang: F, = (tiéu chudn moédun 161 wu doi xiing)

Trong d6 T, duoc chon sao cho nho nhat dé o, =1/T, 1a 16n nhét.

N A z ? X A F 'R P ~ * A N
Ham truyén kin cua moi modun dang: ﬁ Néu da bi€t ham
+

truyén hé thong Fs ta ¢4 thé dua vao cdc tiéu chuan t6i wvu dé xdc dinh ham
truyén bo diéu chinh R, .
2.6.2. Tuyén tinh hoa mé hinh dong co

Hé phuong trinh (2-17) mo6 ta dong co hé phuong trinh phuc tap, c6 do
phi tuyén cao din dén mot so d6 rat phic tap va khé c6 thé téng hop mach
theo cac phuong phéap thong thuong dugc. Do vay ta phai dung phuong phap
tuyén tinh hod quanh diém lam viéc:

Goi diém lam viéc 6n dinh cta dong co 1a diém c6 toc do w, tng
momen tai m, (va goi tit ca cdc thong s6 tai diém d6 déu c6 chi s6 dudi 1a ).
Hé thong xé dich quanh diém Iam viéc 6n dinh mot lugng rat nho kéo theo tat
ca céc dai luong ciing déu bi thay déi mot luong rat nhd nao do, vi du o = o,
+ Ao

Thay tat ca céc dai lugng bién déi duoc vao (2-17):

1 =lgotAlg ,0 = 0, + Ao, m=my+Am ... ta dugc:

[ 1+Ta'p - - - 1—0' 1
Ay =0y A, +igoAo + Ay g +I-Ausd
- m'r s
1+To’ p H - . 1—0 l—o‘ 1
—'Alsq :_wSO'Alsd _Ist'Aws - ol wO'Al//rd - ol l//rdO'Aa)-l_ ol 'Ausq

c m m S

< (1+Tr p)Al//rd = Lm 'Aisd

L.
Aa)r = L _m'Alsq _er'Al//rd
l//rdo Tr

3 L, o
AmM :E'p'L_(l//rdO'Alsq +|sq0'Al//rd)

\ r

(2-28)
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Tl d6 ta c6 so do céu tric dong co da tuyén tinh hoa:

Ai A\Vrd m, A
Au 1 T, | %Y L, . 3L,..p. Mm ©
——sdy| — 1> )— m* e EC_ —>
oL, / '\1+T0 1+T;p a0 % ™ 2L, pJ
l-o
"~ oL, T, |— Wid
()
-0 r0 -
Oy - Q) Yo :Q
Ao,
A, |
Lm
Tr\l"rdO
l-o A®
O'Lm \Vrd

Hinh 2-23: So do mo ta dong co trén hé toa do dq
da tuyén tinh hod quanh diém lam viéc
2.6.3. Tong hop Rig, va R,
So d6 trén con nhiéu phiic tap mic du da bd bét khau nhan va chia. Ta
con phai tiép tuc lam don gian bdt bang cédc gia thiét sau:
Gia thiét di€u chinh téc d6 dong co & mic dudi téc do dinh mic. Khi d6
giong nhu di€u chinh t6¢ dd0 dong co mot chiéu, ta sé theo luat tir thong khong

d6i = nhdnh tir hod 4 ¢6 Ay, = 0. Theo phuong trinh 2 ctia (2-17) ta suy ra

Ay =0.
Vay (2-28) c6 dang:
(1+T,p 1
TO_ (—mlst 2&6{) ( O'Lm l//rdojAa)—i_I'Ausq

Aa)r—( L ].Aisq
TV/rdO

3 L,
AmM ZE (l//rdO AIsq)

A —

\
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Sq |- |-
v WrdO v

A®

oL, oI

Liqo

l1-o

Yo |

Hinh 2-24: So do cdu triic khi y, = const

Au 1 T R
CPIN I g Wi S L P ¢
oL,[ - I+T. L Wrdo
Al
Lmist
u 1
Wido 1r p+D

l1-o

v

AO)

oL WrdoHsdo

Hinh 2-25: M6 hinh sau khi da bién doi.

L .
Dﬁt A= m I sd0
(//rd OTr

l1-o )
B= +1
L Weido T Lsao

C — 3(//rdOLm pf
2L,J
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T

1 3 1+T, p B T,
p+D 14 A T, L+ AT )+T_p
1+T,p
:>D:L+A
T

Téng hop mach: mach diéu khién gom khau diéu chinh t6c do va khau
diéu chinh dong dién. Coi khau nghich luu cé quén tinh rat nhd, ¢ 1ms (T, =
0.001)

| usq Knl 1 1 -
A A 1 +Tn1p oL p+D iSq

v
el (@
v

Hinh 2-26: Tong hop cdc mach vong dong dién va toc do.

Nhan thay tuong tu nhu khi téng hgp mo hinh dong co mot chiéu, khau
phan hoi B giong khau phan hoi stic dién dong. Ma ta biét quan tinh cta khau
ndy thi rit nho so v6i quan tinh co nén mot cach gan diing c6 thé bd qua dé
téng hop duoc.

K

nl

1
GLS (1+Tnl p)(1+ B p)

K
Fs, = o =
1 O-Ls(l+TnI p)(D+ p)

Theo tiéu chuan téi wvu modun ta co:

ip+1
Ri,, =D __p+D

™ K K
(Zo_l_n;:)Tnl p 201:“ Tnl p

Nhu vay theo luat diéu khién modun t6i vu ham truyén kin cta mach

vong dong dién la:
_ 1
1+ 2'Tnl ' p + 2'(-nl j pZ

I:ki
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Pé don gian b6t cho phan téng hop sau ta bo b6t thanh phan bac 2 cia

Fa Fe= ;
1+2T,.p
N N ) N P 1 C
Ham truyén doi tuong cua mach vong toc do Rs,: F,, =———.—
1+2T,.p p

Doi v6i mach diéu chinh téc do, do quén tinh cta hé thong 16n nén khi
tong hop theo chuén t6i uu ta khong thé dat hing so T, ¢& miligidy nhu khi 4p
dung cho mach vong dong dién dugc.Néu dat Tc qua nho sé gay hai bat lgi:
thit nhat dé toc do 6n dinh tir 0 t6i dinh mifc trong khoang thoi gian miligiay
thi dong sinh momen lic d6 phai c¢6 gia tri rat 16n, c¢d vai nghin ampe, diéu
nay khong thé chap nhan dugc. Thit hai la tin hiéu dit cia mach vong dong
dién la tin hiéu dau ra ctia mach vong toc do. Néu tan s6 dao dong clia mach
vong ngoai dua vao cling xap xi tan s6 dao dong cua mach vong trong thi hé
thong dé mat 6n dinh. Ta phai 1dm sao cho chu ky dao dong ctia mach vong
trong rat nho so v6i mach vong ngoai thi hé kin méi dam bao 6n dinh duoc.

Ap dung tiéu chuin modun t6i wu d6i xing & (2 - 28) cho mach vong
toc do ta duoc:

F._R

S@ w :FCh
1+F, R,
FSCURC()z FCh
1-F,
1 Cr _ 1+4T,p
1+2T,.p p “ 8T °p?+8T°p®

n _(@+2T,.p).(A+4T;p) 1 1+2T,.p 1+4T,p
Y C.8T’pd+T,p) C 8T°p 1+T.p

Néu don gidn chi Iay R,, 13 khau PI: R, = =F ZggT+22T°) P
ol p

2.6.4. Tong hop Ri,:
Dé giam bét phiic tap trong viéc tong hop ta dua vao ly luan sau: Khi
khdi dong ta 1am theo quy trinh nhu mdy dién mot chiéu: sau khi 6n dinh viéc

cdp nguén phia kich tir iy xong méi cdp momen quay iy, nén c6 thé coi khi
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dua i, vao thi mach phia phan tng chua c6é hoat dong. Nho vay ta c6 thé bo
qua anh hudng ctia phia phan ting trong qua trinh khéi dong .
Luc d6 mach (2-23) c6 dang:

Am,
_ Aisd l
Au,, 1l x 1 T L, | [ |BLyp p. | Ao
s R ] nl ] 1 o m 1] o |{=—mrc —C >
S T | oL 'Q\HTG T+Tp [ 1] 2L, AO pJ
l-o m
O-LmTr
O)rO
Wrdo
iqu é;

Hinh 2-27: Nhanh kich tir cua mo hinh dong co trén hé toa do dq.

"

r 1sd
A—Ri K 1 ® T ‘ L i, 3L, p. | Ao
sd nl . 1 mPe

1% >\1+Tcp 1+Tp J 2L.J.p >
i

Hinh 2-28: Bién doi nhanh kich ti.

2 fr s 1 K, - T K, T
Pon gian bét va lay F; = —2—. 1 1. _Kalo L
1+Tnl p O-Ls 1+Tap O-LS (1+Tnl p)(1+To- p)
. T 1 N 2 1A .
Suy ra Riy, = P theo ham chuan bac hai.
TO'
(ZKnI ISTnI jp

2.7. B0 quan sat tur thong

Trong phan nay ta sé xay dung bd quan sat tir thong thich nghi méi cta
dong co khong dong bo cho diéu khién trong dai toc do rong.
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Mot DC KDB dugc mo ta bang phuong trinh trang thai nhu sau:

gl :[Aﬂ Aﬂ}. . {ﬂu‘s (2-29)
dt (Z Ay Ay (Z 0

viét gon:

X =AX +Bu

i, =CX

trong do:

ol, o,
l-0( 1
Aizzx(T_l_a)r‘]Jzarlzl"'anz‘]
Lm
A21=T_|=ar21|
1
A, :—T—I +w,J=a,l+a,,]
Bl=6Li|=bl|

S

|
0
a 0 ., —a

A= |:All AlZ :| — 0 arll a'122 ar12

A21 Azz A 0 Ay

0 a, a;
[0
1o 1

0 -1
J=
1 0
Mo hinh quan sat da bac trong d6 tinh toan ca dong stato va tir thong

roto duoc xay dung theo phuong trinh sau:
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n

X = AX+B.u,+G(i,—i,)

- - . (2-30)
i A A i B, | — —

i I _| M 2| Iy M U+ 1 (is_is)

dt| = A, ALl =~ 0 G,
W, v,

Trong do6 A nghia la gia tri tinh todn duoc.

Chat luong tinh toan tir thong roto bao gobm do chinh xdc tinh va thoi
gian hoi tit thong tinh todn vé gia tri thuc (ch€ do dong). Chat luong nay sé
g6p phan quan trong nang cao chat luong diéu chinh ctia hé thong truyén dong
dién bién tan - dong co khong dong bo khong dung cam bién té¢c do. Mo hinh
quan at dugc thiét k€ thoa man hai chi tiéu: do chinh xac tinh cao va thoi gian
hoi tu da bé. Chi tiéu thi hai c6 nghia la cdc thong s6 s€hoi tu vé gia tri thuc
ctia dong co trong thoi gian di nho ma khong lam anh hudng dén chat lugng
dong cua toan hé thong.

Trong phuong trinh (2-30), c6 G 1a mot ma tran trong s6 dung dé bu sai
léch gitra cac thong sO thuc cia dong co va cac thong s6 trong mo hinh quan
sat sao cho mo hinh quan sat mo ta cac thong s6 dong co giong thuc t€ nhat.

Phuong phép Iua chon G: vi dong co 1a doi twong 6n dinh, nghiém cuc
clia phuong trinh mo ta dong co luon ndm & phia trdi mat phang phiic nén dé
mo hinh quan sat hoat dong 6n dinh ta phai lua chon G nhu sau: chon G sao
cho nghiém cuc ctia phuong trinh quan sat ty 1&€ véi nghiém cuc cua phuong
trinh trang thai mo ta dong co theo mot hé s6 duong. Néu mo hinh quan sat cé
nghiém cuc ty 1& nhu vay véi nghiém cuc cua dong co thi ¢6 nghia 1a mo6 hinh
quan st c6 nghiém cuc cling nim & phia bén trdi truc 4o cia mat phang phic
(phan thuc ciia nghiém c6 gid tri am). Nhu vay mo hinh quan sat 1am viéc 6n
dinh.

Cic budc tinh toan dé xdc dinh cac phan tir ciia ma tran G:

-Tim céc nghiém cuc ciia phuong trinh trang thdi biéu dién dong co.

-Giai phuong trinh trang théi clia khau quan sit dé tim nghiém cuc cla

mo hinh, trong d6 ¢4 chita cdc phan tir clia ma tran G nhu 1a c4c 4n so.
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-Cho nghiém cuc cia m6 hinh quan sat ty 1& véi nghiém cuc ctia dong
co theo mot hé so ty 1€ k duong bat ky. Tir d6 tinh ra ting phan tir ma tran G
theo k.

Sau khi da tim duoc G ta s€ tién hanh hiéu chinh hé s6 k sao cho cac dai
luong quan sat duge & mo hinh quan st 1a iy, i, W, W, €6 gid tri gan ding
v6i cac dai luong cua dong co, sai léch gitta ching & ca ch€ do tinh va ché do
dong 1a nho nhat. Viéc tim hé so ty 1&€ k sao cho phu hgp nhat sé dugc thuc
hién & chuong 4 khi sit dung phan mém mo6 phong Simulink MATLAB.

Mo hinh quan sat da néu & trén c6 cdu tric nhu hinh v€, trong d6 G

dong vai tro ma tran hiéu chinh:

u

S

Hinh 2-29: M6 hinh téng qudt bo quan sdt tir thong roto.
Né€u tach rieng mo hinh quan sat thanh hai khau: khau quan sat dong

dién va khau quan sat tir thong thi bd quan sat s€ cé cau tric nhu hinh 2-30:
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' Ay

|
Mo hinh dong dién NN
Mo hinh tu;thong

Hinh 2-30: M6 hinh dong dién stato va tw thong roto trong bo quan sdt.
Theo (3-20), G 1a mdt ma tran do rong 4 x 2 trong d6 ta gia thiét cac

phan tir cia né nhu sau:

0, Os
Go 9, O
9; 0y
9, Us

T6i day ta phai giai tim G : theo phan tich da néi & trén ta lan luot giai
tim nghiém cuc ctia dong co va mo hinh.

Phuong trinh trang thai mo ta dong co nhu sau:

pX=AX+Bu

(pI-A)X=Bu

Tu d6 rut ra phuong trinh dac tinh: pI -A=0 (2-31)
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_p 0}_{‘311 alz}zo
0 p a, Ay

—a —a
p 11 12 | _ 0
—ay P—a,

(p-ay)(p-a,)-a,a, =0
p2 —(ay,, +a,)p+aya, —a,a, =0

Phuong trinh dic tinh nay ¢é 2 ma tran nghiém p, va p, thoa man diéu

kién sau:

pitp=a;,ta,, va  pp=a;anta;n.a, (2-32)
Tim nghiém cuc cua mo hinh quan sat :
Lay (2-2) -(2-30) duoc:

0.(X-X) = A(X-X) = G(i.T.)

N

=p.E=AE-G.(,-i,)
=p.E=AE+G.(i,—i,)
= p.E=AE+G.C(X-X)
=p.E=AE+G.C.E

=[pl-(A+GC)]E=0

Phuong trinh dac tinh cua n6 ¢6 dang: pl - (A+GC) =0 trong do6:

a; +0; Js &~

A+GC = {aln alz} _ 9, at0g A a1
al21 alzz A2 T3 9, A~y

9, Antls Qi

Khi dem giai nhu giai phuong trinh (2-31) duoc
p’-[a’+a’,lp+a’.a’y-a’, a’, =0

Gia st phuong trinh nay cling ¢6 2 nghiém cuc p,’, p,’ ty 1é€ duong vé6i

nghiém cuc cua phuong trinh trang thai mo ta dong co p,, p, nhu sau:

p,’=k.p, va p,’=k.p, (k > 0)

Téng va tich hai nghiém p,’, p,” duoc rit ra tir phuong trinh trén:
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p Ap, =2a’ 1+, vap, . p,=a’ .25 -2 . 2y (2-33)
C6 thé suy ra duoc  p,’+p,’=k(p,+p,) va p,"+p, =k*(p,.p,)
Tur (2-32) va (2-33) suy ra: a’;+a’,, =k.(a;+a,,)
{ a’,,.a°,, =k*.(a,;.ay,) (2-34)
Phuong trinh thit nhat cua (2-34) tuong duong:
(am +0,+8,,  —a,+0; J _ k'(am +8,,,  —a, ]
ay, + 0, A, + 0 +a,, 3, a4, +a,,
Pong nhat timg phan tir cia hai ma tran & hai vé ta dugc:
a1 +2+ Ay =K(a, +2a,)
-5, +85 = k(-a,,,)
a5, +2, =k(a,5,)
a,, +2¢+ a5, =k(a,, +a,,)
Tu 4 phuong trinh d6 rit ra két qua:
g1= g = (k-D)(ay+ay,) (2-35)
g =-gs = (k-1)(-a,5,)
Phuong trinh 2 cua (2-34) twong duong:

[(arll +01)Qp + 058y, A, (A5 +05) +35,0,  —(8,; +0;)A, + 3,205 —8,4,0;7 +855,(,5 + 0g)

8220, + (arll + ge)alzz — (ar21 + 93) —a0, — 0, * (arll + gG)arZZ —a,07 —ap (ar21 + ga)
_ kz{arllarzz —Qp8ry Ty, allzaerJ
Q11812 811587 8118, ~ 11282
Dén day lai st dung phuong phap dong nhit ma tran nhu da lam & trén

ta duoc:
( 0, =0
9, =-0s
09; =9
2 (2-36)
9,=-0;
(arll + gl)ar22 + 05815, —ap, (aer + ga) +a,,0, = kz(arnarzz - arlZa‘r21)
2
\ 81,9, + (arll + g6)a122 —ay (ar21 + 93) — &9, = k (ar11a122 - allzar21)

Két hop (2-35) trong khi giai hé gom phuong trinh 3 va 4 cta (2-36):
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{ [arll + (k _1)(arll + ar22)]ar22 - (k _1)a1222 - arlz (ar21 + 93) + a112 94 = kz (arllarzz - arlZar21)
(k _l)aizzarzz + [arll + (k _1)(a'r11 + ar22)]3122 —a (ar21 + gs) — a0, = k2 (arllaizz - allZar21)

H¢ trén tuong duong:

2 2 2
karllarzz + (k _1)ar22 - (k _1)a122 - arlzarzl - arlzg3 + allzg4 =k (arllarzz - arlzar21)
2
(k _1)a122ar22 + karllalzz + (k _1)ar223-122 — a8 — allzg3 —a,,0, = k (ar11a122 - allZaer)

Rut gon:

{ —a,,0; +,,0, = (k2 - k)arllar22 - (k2 _1)ar12a'r21 - (k _1)(a'r222 - a1222)

) 2 (2-37)
1503 — Q204 = (k - k)arnalzz - (k _1)anzar21 - 2(k _1)ar22a122

Tur (2-37) lay (pt 1)*a,,, +(pt 2)*a,,, dugc phuong trinh :

2 2
- (arlZ + a1212)93 = (k ? - k)arll (ar22 arlZ + a112 a'122) - (k _1) (ar222ar12 - a'122a'r12 + 2ar22a122a112)

- (k2 _1)a'r21 (ar212 + a1212)
Xét c4c dinh nghia:

l-0( 1
AfaL_(T_'_“’rJJ:ar”HamJ

r

1
Ay, :_T_I +to,J =2, +a,,J

Thay vao phuong trinh trén dugc:
- (ar212 + a1212)93 = (k 2 - k)arn ((_Carlz)arlz +ay, (_Canz)) - (k _1)ar12 (ar222 o a1222 o 2ca122a112)
- (k2 _1)ar21 (ar212 + 3-1212)
And _(arzlz + alzlz)ga = _C(kz - k)arll (ar212 + a1212) - (k- 1)ar12 (ar222 - a1222 + 2a1222)
- (k2 _1)ar21 (ar212 + a121z)
<-0;= _(k2 —-k)ea,y; —(k _1)C2ar12 - (kz -Da,y
g gs = (kz _1)(Car11 + ar21) - C(k _1)(ar11 + arzz)
Thay tré lai g; vao phuong trinh thit 2 cua (2-37) duoc:
— [_(k2 - k)carll + (k _1)Czar12 + (k2 _1)ar21] — Q1,04 = (k2 - k)arlla122 - (k2 _1)a112ar21

< g, =-(k-1ca,,
Vay ta da tim duoc ma tran G
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:
G:[ 9 9 O 94}
-0 9, -0, G

Trong do:

g = (k-1)(a,+ay,)

g =(k-D).a;p

g = (K-1)(c.a,+ ay) -(k-1)c(a + ay)
gd=-c(k-1)a
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CHUONG 3
XAY DUNG CAU TRUC HE THONG PIEU KHIEN VECTO
PONG CO KHONG PONG BO KHONG DUNG CAM BIEN
TOC PO

Sensor toc do khong duogc sir dung trong hé thong diéu khién don gian,
diéu khién trong cdc moi trudng khong thich hop hoic khi dong co hoat dong
O toc do cao. Khi d6 bo quan sat tir thong véi thuat toan thich nghi thong s6 sé€
lay toc do tinh toan duoc lam thong s6. Trong truong hop nay, cong thic tinh
toan danh gia toc do dugc tim bang cach sir dung thuyét Lyapunov trong viéc
ching minh su 6n dinh ctia mo6 hinh quan sét.

3.1. SO PO HE THONG PIEU KHIEN VECTO KHONG DUNG CAM
BIEN TOC PO

Trong so do6 trudc ta xac dinh toc do dong co bang mdy phat téc do.
Nhung viéc do truc ti€p c6 thé gay kho khan cho viéc 1ap rdp va cong kénh,
bat tién cho ngudi van hanh. Tir d6 nay sinh y tuong dat khéi tinh téc do ngay
trong bién tin dé hé théng gon nhe, ngudi st dung chi cin néi ngudn cip vao
dong co, dat tham s6 1a ¢6 thé van hanh.

May phét t6c dugc thay thé bang khdi tinh toan téc do. Khaoi nay sé tinh

toc do roto, tir thong roto tir dir liéu dau vao la dong dién va dién ap pha stato.
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Bod/cR, . BodcR, * ‘ ‘

(Dr* I : uqs ua
oo ol s o]
5 F oL TR Y | Nghich luu
Ly, BodfeR; , - u, | PWM
" >/ af3 > / abc >
I 1
qs dq 4_0LB ~ s ) S
Ids - )
afy [*—1/abc
uS
Khoi [= > $
tinh todn | PK
toc do =

Hinh 3-1: Hé thong diéu khién khong sit dung cam bién toc do.
Gia st cac thong s6 Rs va Rr clia dong co khong thay déi trong qud
trinh 1am viéc, con tinh t6¢c do van con sai léch, mo hinh quan sit s& dugc biéu
dién nhu sau:

%X = AX+Bu, +G(i,—1,)

X = AX +Bu,
i, =CX

S

trong khi mo hinh dong co la:

Sai 1éch trong tinh todn dong stato va tir thong roto duoc mo ta bang

phuong trinh sau:

iE =(A+GC)E-AAX
dt
E=X-X
Trong do: . 0 -Awdlc -
AA=A-A= c=ol,/l1-0, Aw=0-0
0 Awd

Chon ham Lyapunov nhu sau:
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n

V:ETE+M

Trong d6 A 1a mot hang s6 duong bat ky.

Pao ham theo thoi gian clia V s€ la:
d T ZAa)ga) 2Aa)ia)
—V=|E E+E"E |+ dt
dt A A
r A A ZAa)ia)
W = (A+GCIE—AAX} E+ET[(A+GCIE—AAX}+T(“
[ A A 2Aa)ia)
W = ET(A+GCj—[AAX) }E+ET{(A+GCIE—AAX}+TM
A A ZAwga)
W=ET(A+GCjE—(AAX) E+ET(A+Gc:E—ET(AAx)+Tdt
AT A 2Aa)ia)
W=E' IA+GCj+1A+GCj§—(AAx) E—ET(AAX)Jert
Tinh riéng thanh phan —(AAX) E-E' (AAX ) :
0 0 -Awl/c 0 s €igse
0 -Awd/c| |0 O 0 —-Awlc ¢ i €is
Vi AA= @ = P vax =| ' | E<| e
0 Awd 0 0 Ao 0 N Cyry
00 0 Ao , Cyrs
| Yo |
Trong dé eirazira_ira' eirﬁzirﬂ—irﬂ’ e‘Praz\Pra—lProﬂ e‘Prﬁ=lPrﬁ—lPrﬁ
- o7 _
.
l//,{“ €ids Cids l//,f“
y ' - e e -
néﬂ—(AAX) E—ET(AAX):—A—CO Vip | | B | _A® | Bia Vip
c ~y., Coar C | Cyur ~,,
" Cyqr Cyqr g
L lf//rﬂ i " " L Wrﬂ |
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2Aw (.0 A A n
T c [\Prﬂ 8 = Fra Cisp ~ \Pfﬂ €yre T \Pr/? e‘l’rﬁ)
ZAQ) " N n n A A
2M0 (" A
- (\Pl’ﬂ €ise — \Pra eisﬂ)
C
’ ’ 2Awd¢;
2A0 (e, —e -
Véy W = ET [A+ GC)T + (A+GC)E _ ( isa Vip isp l//m) + Zdt
C

AN AN

(trong d6 €, =1, —isa,eisﬂ = isﬁ —isﬂ )

Ma tran khuéch dai G da duoc tinh sao cho (A+GC) am, vay s hang
thit nhat ctia dao ham s& 1a am. Néu cho tdng cdc s6 hang con lai biang khong
thi dao ham ctia V s€ xdc dinh am, mo hinh quan sat tir thong c6 thich nghi

toc do sé on dinh.

5 120 & : A €isa Vip— Cis ra
Can bang hai s6 hang con lai ta dugc: o = Cus v ﬁc 5 Vie)

Toc do dong co c6 thé thay déi rat nhanh. Vi vay thuc t€ can sit dung so
do tinh tdc do c6 thém khau ty 1é va tich phan dé cai thién viéc bam theo toc
do thuc:

o =K p (eisa Vg™ eisﬂ l//ra) +K | J-(eisa Vg~ eisﬂ l//ra)dt

N N

=wWp+wi

(-1

trong d6 K, va K| 1a cac hé s6 khuéch dai duong bat ky.
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Thuat toan
tinh toan
toc do

Hinh 3-2:M6é hinh hé thong khong diing cam bién toc do o dang vecto.

Thong s6 do dugc tir
dong co

Mo hinh
quan sat
da bac

Hinh 3-3: Cdu triic khoi tinh toc do.
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3.2. PANH GIA ON PINH CUA KHAU TINH TOAN TOC PO
Su 6n dinh cta khau tinh todn toc do nay duoc thir nghiém bang thuyét
Lyapunov.

* Phuong phap truc tiép Lyapunov_dé khao sat 6n dinh hé diéu

khién phi tuyén:

Con goi la phuong phap tht hai ciia Lyapunov dugc xay dung tir cuoi
th€ ky XIX. S& di goi 1a phuong phap tha¢ hai vi phuong phdp thi nhat 1a
phuong phdp gidn tiép dé€ giai nghiém phuong trinh vi phan va dua vao nghiém
phuong trinh vi phan dé phan tich én dinh. Phuong phap thi hai nay xét 6n
dinh truc ti€p tr phuong trinh vi phan ma khong can giai nghiém cta ching.

Ca hai phuong phédp nay déu dugc danh gid 1a nhitng cong trinh todn
hoc néi ti€ng clia Lyapunov. N6 dugc ting dung trong toan hoc, diéu khién
hoc, co hoc va nhiéu Iinh vuc khéc.

Mot hé diéu khién hay mot hé dong luc hoc néi chung déu duoc biéu

dién bang mot phuong trinh Cosi dang:

dx

dx,

F - F2 (Xll X2’ ’ Xn) (3-2)
dx

Noéi dung cua phuong phap Lyapunov thit hai:

Dua vao moi lién hé cua cac ham F1, F2, ..., Fn dugc xay dung khi xay
dung ham Lyapunov. Dua vao diu cua ham Lyapunov va dao ham ctia ham
Lyapunov dé xac dinh tinh 6n dinh cta hé thong.

Ham Lyapunov va dao ham cua né:

Ham V(x,, x,, ..., X,) va V=0 tai x,= x,= ...= x,= 0 duoc goi la ham
Lyapunov.

Pao ham ctia ham V:
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dV_B_V %4_6_\/ dX2+ a_Van

dt ox, dt ox, dt ox, dt

<:>d—V:a—V. l+6—V.F2+ ....... 6_Van
dt  ox, OX, oX,,

dv

E=W(xl,x2,....xn)

Biéu thitc W ciing 1a mot ham phu thuoc (x,, X,, .., x,) .Néu
X, =X,=...=X,= 0 thi W= 0 =dV/dt hay néi cach khiac W(x,, x,, ..., X,) cling 1a
mot ham Lyapunov. Do vay ham W(x,, X,, ..., X,) cling can phai duoc xac dinh
dau cta né trong mot mién 1an can bao quanh goc O. Viéc xét twong quan dau
cua ham V véi ddu ctia hAm W s& dua dén cac dinh 1y vé tinh 6n dinh clia hé
phuong trinh vi phan phi tuyén.

Pinh Iy Lyapunov vé 6n dinh ciia hé phi tuyén:

“ Ung vdi hé phuong trinh phi tuyén dd cho ciia mot hé diéu khién n

bién x,, x,, ..., x, ma ta chon dugc mét ham Lyapunov V(x,, x,, ..., X, dé sao
\ \,* . ? z dV ~ / A 7/
cho dao ham theo thoi gian cua no e (X;,X5,.X,) CUNG €O ddu xdc

dinh(hodc ddu bdt bién) nhung ddu cria W nguoc voi ddu cua V' thi hé thong
phi tuyén la on dinh >
Theo dinh ly trén ta chon mot ham V nhu sau:

V= ETE+GLL—”‘K(a)|—a))2

s—r |
Pao ham V theo thoi gian cé su dung (32) dugc:

n

2K p I—m (eisa l//rﬁ’ - eisﬂ l//ra)z
O-Ls Lr

V=ET(AT + AE -

V xéc dinh duong va dao ham ctia V xac dinh 4m, vi vdy mo hinh bo
quan sat tir thong st dung thuat todn tinh toan thich nghi té¢c do c¢6 so do nhu
hinh 3-2 s& 6n dinh.
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Chuong 4.
MO PHONG PANH GIA CHAT LUQONG

4.1. TINH TOAN CAC THONG SO PONG CO.
Chuong nay s&€ mo phong dé kiém nghiém su ding dan trong cdc tinh

toan & chuong trude véi mot dong co ¢6 bang thong s6 nhu sau:

Thong so Gia tri
Cong suat dinh mic P, 2,2kW
S6 doi cuc 2.p. 4
Dong tir hoa 1y SA
Tur thong dinh muc Wi 0,25Wb
Dién trd stato R, 1,26 Q
Dién trd roto R, 0,2Q
Dién cam tir hoa L, 50mH
Momen qudn tinh J 0,017 kgm?
Dién cam ro phia stato L, 4, 7TmH
Dién cam ro phiaroto L 4, 7TmH

Tinh todn cdc dai luong cén thiét cho viéc mo phong.

bién cam stato va roto: L=L=L+ L, =54,7mH = 0,0547(H)
Hiéng so6 thoi gian roto: T=L/R =0,2735

Hiéng s6 thoi gian stato: T,=L/R =0,0434

2

Hé s6 tan tir: o =1- L"m =0,1645

Cac hé so khac str dung trong viéc 1ap mo hinh dong co:

1-0 1016074

m
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i =1111585 i=i+1_—0 =1401007+18,5754=158,6761
. T, ol ol
= T_=0,0063
T =547 i =3,6563
L, T,
3p. L,

_ 27422 pT ~1176471

Bo nghich luu: tuy thudc vao ty 1¢ dién dp diéu khién, dién ap ra va do
tré khi thuc hién chuyén déi léenh diéu khién ma ta c6 cac thong s6 K, T,
Gia slr quan tinh bo nghich Iuu I1a 1ms tic 0,001 giay , khi dién 4p vao la 10V
thi dién dp ra l1a 220V tic 1a T,, =0,001 va K, = 220/10=22

A= Ll 3 6563
'//rdOTr

l1-o

T

m

B Wy + 1o =30,4018

2
c = WwolnPe g0 6563
2L.J

r

D= Ti+ A=162.3324

1 1+2T,.p 1+4T.p
C 8T°p 1+T.p

B0 diéu chinh toc do: R, =

1+2(T, +2T,.)p
C.8T.%p

Pon gian hodR, =

1+0,002p 1+04p _ o, 1+0402p

0.08p 1+0.1p 0.08p

1+0,402p _1+0,402p
0.08p 6.4516p

Néu lay T, = 0.1s thi R, =0,0124.

Rut gon R, =0,0124

p+D 1623324+ p 1+0.0062p

BO diéu chinh dbng isq: Risq = K - 4.891 B 0.03013
(2 nl Tn| Jp . p ' p

S

T, p+1 ~1+0,0063p
0,0308
(ZKnI TG Tnljp p
oL

S

Bo diéu chinh dong i: Ri, =
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4.2. CAC BUGC TIEN HANH MO PHONG
Ro déu

Vi qud trinh tim ham truyén cta cdc bo diéu chinh Ri, Ri,

dua trén cac gia thuyét, don gian hod va lam tron nén két qua tinh toan sé chi
la gia tri gan ding.Do vay ta s& 1an luot kiém nghiém va hiéu chinh cdc bo
diéu chinh dong dién va téc do, sau d6 méi mo phong hé thong bién tan -
dong co khong dong bo véi cac bo quan sat, tinh toan khac.

Mo hinh toan bé hé thong khong dung cam bién toc do :

P{ Mc
. Clock
Ids —
| 0.0063s+1 22 — 1t
»
- 0.0308s 0.001s+1 > uds p | 2w
datkichtu : . Igs
Risd1 nghich luu > 3.4 1sQS
| 0.6s+1 0.0062s+1 22 5.6 FIrQS
-l_ -n_-» Ugs Ll M
! ‘ 6.4516s 0.03013s 0.001s+1 a Fird »l [ 7wos
datw Ri&]l _
Rwl nghich luu » | s.91sDC bien
Dongco
—»{ | 10 teta
‘W_ 11 FIrbC
»lud 1sQS
dg/ab
FIrQs
P Uq d
wQs alpha
P id 0 q
IsDC
Firg |'> 0s beta
g teta
Khoitinhtocdo

Hinh 4-1:M6 hinh hé thong truyén dong dién diéu khién dong co khong diing

cdam bién toc do.

Hé thong diéu khién vecto dong co khong déng bo gém: dong co thuc
da dugc mo hinh hod, c¢6 dau vao tir cac bo dieu chinh téc do, di€u chinh dong
dién qua nghich luu. Cac tin hiéu do dugc la dong va 4p dugc dua vao khau

tinh toc do.
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CAu tric khéi tinh tdc do: gom mot mo hinh quan sat va mot khau tinh
toc do dong co o tir dong dong co, dong tinh toan va tir thong roto. Ngoai ra
con c6 cac bo chuyén déi toa do tir hé toa do quay dq sang hé toa do tinh va
mot khoi tinh géc quay tur truong tir \p, .

Khau quan sat s€ dua két qua tinh duoc gom i, va y, sang khdi tinh tdc
do va y, con ding dé tinh géc quay tir thong roto © phuc vu cho céc bo chuyén
déi toa do dg/op.

Trong céc tinh todn chuong trudc, khi tinh té¢c do, tir thong déu c6 cac
hing s6 duong tuy chon la k, K, K; . Hang s6 k cho ma tran diéu chinh sai
léch G, con K, K| 1a cdc hé s6 khuéch dai va hang s6 tich phan cho cong thiic

tinh toc do.

dgfab
b ]
y alpha [—m
Cr—s fu L Us
g | i
R el Is0s
Jeil=0C I= =015
dgfab
-—-3 ——{d ]
alpha — ST -
cot—h - O
FlIr23s
9 > Tk
] 0s beta ||
———FIr3 Khauquansat
w5
Or  FIr b khoitinbtocds
tinhgocquaytuthongrate
Is0C
. H
teta

Hinh 4-2: So dé tong qudt khoi tinh cdc thong s6'i, v, va .
Khau quan sat:

C0 ciu trdc nhu sau:

n

X = AX+Bu, +G(i,—i,)
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<
aE

Hinh 4-3: So do khoi cua khdu quan sdt.

Trong d6 cac ma tran:
B=Pp, 0;] Bl=0Li| =b,1 =1111585.1

c=[ o]

Ma tran A 1a mot khau tinh toan

A= Ar Ay ] _ Ayl + ALy,
Ay Ay, . ¥V, Pols + Ay,

A, = _[L N 1—_‘7j ~a,,| =—1586761I

S

r

A, = _(Ti -0, j = a,,| +2,,,J3715079.1 —10160740.]
A, ==m1=a,l=01828I

A, = —_I_il +o.J=a,l+a,J=-36563l+v.J
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A1

B 1

221
—
—»

Ur
WNEUr

A2

= Ur
g ] a2

i a2z

Hinh 4-4: Cdch Idp khoi tinh tich ma trdn A.X
Ay, = (a,l +a, D)y, = (371,5079.1 -101,60740.J) .y,

Hinh 4-5: Khoi tinh tich A,,. y,

Ap W, = (8,5 + 4, = (-3,6563.1 + 0.J).y,

Hinh 4-6.: Khoi tinh tich A,,. y,

Ma tran G dugc thiét k& nhu sau:

9 -0 9, — gzis/}
i i +0,i
Tich ma tran G va ig: G, = g O _[_w}: Golso + Gilsy
95 — 94 ISﬂ 9sls, _g4|s,8
g4 g3 g4isa + gsisﬁ
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SubSystem ALKE X6 *s
x3
<0
X7

Hinh 4-7: Khoi tinh tich G.i
Trong d6 khéi tao g,, g,, &5, &i:
g, = (k-1)(a,,+a,,,) =-162,3324(k-1)
g, = (k-1).a,,, =(k-1).0
g, = (K-1)(c.a+ a, ;) -(k-1)c(a,,+ a, 5) =-1,3789(k*1)-
1,5976(k-1)
g, = - c(k-1)a;,, =-0,00984.(k-1).0

-1.3789

-162.3324

Hinh 4- 8: Tinh cdc phan tit ciia ma trdn G
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Khoi tinh toc do:
Dua theo phuong trinh:

o =K p (eisa l/jrﬁ_ eisﬁ l//ra) +K | I(eisa l/jrﬁ_ eisﬁ l//ra)dt

Hinh 4-9: So do cdu triic khoi tinh toc do.

Khau tinh goc quay tu thong roto:

Flr
0 = arctg( Ve ]
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A

KET QUA:

*) Sai léch gitta toc do thuc va toc do tinh todn duoc theo doi biang do6
thi sau:

- Khi khong tai:

— toc do thuc

120 |

100 |

— toc do tinh

80 |

60 |

40 B

20 K -

0 1 1 1 1 1 1 1 1 1

0 1 2 3 4 5 6 7 8 9 10

Hinh 4-10: Do thi so sanh toc do thuc té'va tinh todn khi khong tdi.

- Khi c6 tai: dat tha mot tai M, = 5.7Nm vao hé thong

o [
80 /
60 /
40 ’

ol |

il
-20

Wl

-60
0 1 2 3 4 5 6 7 8 9 10

Hinh 4-11: Do thi so sdnh toc do thuc té va tinh todn khi cé tdi.
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Nhan xét: Hai duong toc do tinh toan va thuc t&€ gan trung nhau chiing

t0 bo quan sit 1am viéc kha t6t ké ca khi khong tai 14n ¢6 tai.

15

dong Isa thuc

ITARE
LA

| / ‘
VAR

-10 y
<«—__dong Isa tinh toan
-15
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Hinh4-12: Sai léch dong isa
15

| A
|
WRYA

/ Y

N

AL
VUV

U v

\ sai lech \/
-10

—~dong Isb thuc
-15

0 A1 0.2 0.3 0.4 0.5 0.6 0.7
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Hinh 4-13: Sai léch dong isp

tu thong thuc

Hinh 4-15: Sai léch ti thong roto yrp.

73

NIRRT
ol A I
o A
0.05 ,/\\ ~ 2
9@% Y / A
0.05 1\ AN Avq \v /
ol [
o5l a1
N sai lech U u
N\ Y A
tu thong tinh toan
Hinh 4-14: Sai léch tir thong réto yre.
tu th Jng\thu:
ol ﬁ i
0.15 \(\ #
01 sai lech /)\\
sl A A Al
AVANEANANAY A
aoof D\ UMMM
R\/NY
AR AR RRURIRE
tu thong tinh toan



160
N\ toc do thuc

140
/ -

120
I/ \\toc do tinh tpan

100 / T

80

60

40

20 J ~e—— sai lech

o 1 2 3 4 5 6 7
Hinh 4-16: Sai léch toc do
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KET LUAN

Hé thong diéu khién dong co khong dong bo khong ding cam bién t6¢
do c6 nhiéu uvu diém so vé6i hé théng truyén dong dién kinh dién sir dung mdy
phat toc do ca vé mat kinh t€ va k¥ thuat. Viéc nghién citu phat trién hé thong
nay c6 tinh thoi su, khoa hoc, gép phan giai quyét nhitng van dé ky thuat cho
nhitng hé thong truyén dong dién lam viéc trong nhiing diéu kién dac biét
cling nhu giam gia thanh cta hé thong truyén dong dién dong co xoay chiéu.

Ban d6 an da gbp phan vao viéc hoan thién, nang cao chat luong cta hé
thong diéu khién dong co khong st dung cam bién toc do, da dé xudt mot
phuong phap tinh toc do va tir thong roto. Véi su phan tich 1y thuyét va két
qua mo hinh hod da c6 thé khang dinh thuat todn duoc dé xuat khong yéu cau
bat ky mot diéu kién phu nao va doc lap v6i hé théng diéu khién dong co
khong dong bo, chi cin biét cic thong tin vé dién dp va dong dién stato dong
co, do vay dé dang thuc hién trong thuc té.

Trén co s& nghién ciu tinh 6n dinh va hoi tu ciia mo hinh tinh tir thong
roto da dé ra mot phuong phap cho phép lua chon nhanh va chinh xdc ma tran
phan hoi sai léch cia mo hinh tinh toén tir thong, ddm bao tinh 6n dinh, t6c do
hoi tu v6i moi toc do & hai chiéu quay cta dong co. Két qua 1y thuyét ciing
nhu thuc nghiém da khéng dinh do chinh x4c tinh todn t6c do va tir thong roto
khong phu thudc vao so kién cia mo hinh tinh todn cling nhu cua dong co.

Thuat todn tinh todn toc do va tir thong roto da duoc kiém nghiém vé 1y
thuyét bang tng dung cho hé thong diéu khién vecto truc ti€p dong co khong
dong bo. Thuat toan da dé xuat cung cip day du thong tin cla vecto tir thong
cho phép don gian cau tric cua hé thong diéu khién.

Thuat todn tinh todn t6c do va tir thong roto da duoc ki€m nghiém trong
mo hinh thuc nghiém hé thong truyén dong dién bién tan - dong co khong
dong bo trén may tinh. Toan bo hé thong da duoc mo phong bang ngon ngit -

Matlab- Simulink va chay trén may tinh.
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Cac két qua mo hinh ho4 trén may tinh cho thdy da c6 du co s& dé
khang dinh hé thong truyén dong dién khong dung cdm bién toc do vé6i thuat
todn tinh todn toc do va tir thong roto da dé xudt trong luan 4n hoan toan c6
thé 4p dung dugc trong thuc t€ do dic tinh d6 c6 cc dic tinh tinh va dong tot
va c6 do chinh x4c cao nhu c4c hé thong kinh dién dung mdy phét t6c do.

Hudéng nghién ciu tiép cta dé tai 1a xay dung thuat todn nhan dang
thich nghi tham s6 dong co. Ta biét dién trd stato va roto thay doi phu thuoc
vao nhiét do dong co, vi vay rat kho su dung gia tri chinh xac cho tinh toan.
Ta s& dé xuat mot cai tién clia so do tinh toan tir thong roto dé gidi quyét van
dé trén.

Em xin chan thanh cam on cac thay co gido trong bd mon Dién - Dién
Tu truong Pai Hoc Dan Lap Hai Phong da tao moi diéu kién thuan loi va tan
tinh gitp d& dé em hoan thanh dé 4n t6t nghiép nay. Pac biét cam on ThS.
Pham Tam Thanh giang vién truong Pai Hoc Hang Hai Viét Nam nguoi

hudng dan em da tan tinh gidp em hoan thanh do 4n t6t nghiép nay.

Em mong dugc su gép y cua thdy co cling cdc ban dé em c6 thé hoan
thién hon cuén d6 an nay

Mt lan nita em xin chdn thanh cdm on !
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