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TOM TAT
Viéc diéu khién dong co khong déng bo 12 mot van dé kho khin va phtrc tap,
nhat 1a dbi v6i hé truyén dong can thay do6i toc do vi dong co khong dong bo 1a mot

hé phi tuyén.

Trong luan vin, tac gia da xay dung mo hinh toan ciia dong co khong dong bo
ba pha trén h¢ truc toa do (a,p) va hé truc toa do (d,q). Pong co khong déng bd ba
pha c6 thé duoc tién hanh diéu khién bang cic phuong phap khac nhau tir diéu khién
cap thap dén diéu khién cap cao, tir diéu khién dua vao mo hinh toan dén diéu khién
ma khong can mé hinh toan. Két hop tinh uu viét ctia cic phuong phap didu khién
khac nhau, luan vin nay trinh bay k¥ thuat “Piéu khién dong co khong dong bd
theo phwong phiap FIELD ORIENTED CONTROL (FOC) sir dung bd diéu
khién mo” (4p dung cach tiép can mo hinh toan ciia dong co) két hop hudn luyén

mang noron dé thuc thi khau uéc luong tir thong rotor ctia dong co.

Do rang dbi tuong 1a hé phi tuyén ning, nén trudc hét tic gia di ap dung
phuong phéap diéu khién tuyén tinh hoa, tao mot co so dé so sanh voi phuong phap
FOC. Két qua mo phong cho thiy bo diéu khién tuyén tinh hoa vao ra cho chét
lwong kha tot.

Phuong phap FOC 1a phuong phap diéu khién chu dao cta luan van. Luan
van d trinh bay cdu tric co ban ciia phuong phap FOC, trinh bay phuong phap xiy
dung ciu tric bo didu khién theo phuong phap FOC.Cé nhiéu bd diéu khién khéc
nhau c6 thé ap dung vao mé hinh FOC. Hai bd diéu khién 1a PID va mo PID da duoc
xay dung vao mo hinh FOC. Két qua mé phong dat dugc cho thiy ca hai b diéu

khién déu déap ting dugc muc tiéu dé ra.

Trong cac so d6 diéu khién dong co khong dong b, ta can phai do tir thong
cta rotor (). Pé thuc hién diéu d6, can phai co cac cam bién phirc tap dic biét 1a
cam bién do tir thong. Pé thay thé cho cam bién ndi trén, bd udc luong tir thong
dugc st dung. Thuong cac khau udc lugng nay st dung céc gia tri dong va ap stator
dé udc doan cac gia tri can do.

Trong chuong 6, tir thong cua dong co khong dong bo s& dugc ude luong
ding mang noron. Uu diém ctia mang noron 1a c¢6 thé xap xi cac quan hé phi tuyén
ma khong can biét cdu tric cta quan hé d6. Cac bd udc luong tir thong s& dugc s

dung vao so d6 diéu khién dinh hudng trudng dong co khong ddng bo.



v
Chuong cudi tac gia di tién hanh diéu khién téc do ctia dong co khong dong
bd ba pha bang bo diéu khién PID va md PID. Két qua thu duoc dap tmg vé thoi

gian x4c 1ap, sai s xac lap.
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ABSTRACT

Asynchronous motor control is a difficult and complex issue, especially with
the need to change speed transmission as asynchronous motor is a nonlinear system.

In the thesis, the author has developed the mathematical model of three-phase
asynchronous motors in the coordinate system (a,) and coordinate system (d,q).
Three-phase asynchronous motor control can be carried out by methods ranging
from low-level control to high-level control, control based on mathematical models
to control without mathematical models. Combines the advantages of the different
control methods, this thesis presents techniques "Asynchronous motor control
method FIELD Oriented Control (FOC) using fuzzy controller " (applied
toaccess to mathematical models of the engine) combined neural network trained to
perform the stage of the motor rotor flux estimation.

Nonlinear system so that the object is heavy, so first of all, the author has
applied linear control methods, provide a basis for comparison with the FOC
method. The simulation results show that the linear control input and output of pretty
good quality.

The FOC approach is key control method of the thesis. This thesis presents the
basic structure of the FOC method, the present method of control structures by the
method of FOC. There are many different controllers can be applied to the FOC
model. Two PID and fuzzy PID controller has been built into the model FOC.
Achieved simulation results show that both controllers to meet the objectives.

In the diagram asynchronous motor control, we need to measure the magnetic
flux of the rotor (). To do so, we requires complex sensors especially magnetic flux
sensors. To replace the sensors mentioned above, magnetic flux estimates are used.
Often this stage estimated using the stator current and voltage values to estimate the
value to be measured.

In chapter 6, the asynchronous motor flux is estimated using neural networks.
The advantage of the neural network is able to approximate the nonlinear
relationship without knowing the structure of the relationship. The flux estimates
will be used to control the orientation diagram asynchronous motors.

In the last chapter, the author has conducted speed control of three-phase
asynchronous motors with PID and fuzzy PID controllers. Results obtained to meet

the established time, the error 1s established.
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CHUONG 1
TONG QUAN VE PE TAI

1.1Piat van dé

bong @ khdngddng H xoay chéu (AC asynchronous motor) hapng o
cam tng (induction motor) Ia tht bi sir dung ngwn dién ba pha n¥m chuyn d6i
dién ning thanh o nang, duoc sr dung nhiu trong céng nglkp, dic biét 1a dong
co rotor bng séc, vi caaru diém nhr: ciu tao don gian, chic chin, van hanh tin
cay, it bao tri, dtra chira, gia thanh ..

Tuy nhién, véc diéu khién dong @ khéngddng kb 1a mdt van dé kho khin va
phic tap, nHit 14 ddi véi hé truyén dong cin thayddi toc do vi dong @ khéngdong
bo 1& mot hé phi tuyén.

Truéc day, dong @ mot chidu duoc Sr dung phd bién trong cac & théng
truyén dong vi cacuu diém nhr: & diéu chinh ¢ d6, mé-men kii dong lon. Tuy
nhiéndong @ mot chiéu ding cé ndt s khuyét diém: ciu tao phrc tap, phat sinh
tia lradién tai choi than va é gop, kho kkin trong véc bao tri, sta chira...

Ngay nay clng & sy phét trén cia cac thit bi dién tr cong sét va cac b vi
xtr ly thi viéc diéu khién dong a khéngdong bb tré nén & dang lon. Vi vy cac &
truyén dong hién nay cli yéu sr dung dong @ khéngdéng b 1am @ cau chip
hanh.

Tuy theo cadng ding ax thé, viéc diéu khién dong @ khéngdong bH cé thé
duoc chia thanh haiap
1.1.1Piéu khién cap thap: khéng én d6 chinh xac cao,dam mot sd phrong phap
nhu thaydoi cachdau bd day qun dong a (dé thaydoi sé cuc tir) haic thém bt
mot vai phin tir ndodo (nhr dién trd, dién khang) vao mch rotordé thaydoi duong
dic tinh @ ciadong a haic thaydoi ngudn cung ép (thayddi &p) & mirc d6 don
gian.
1.1.2Piéu khién cap cao: dap ting cac trugn dong éin d6 chinh xac cao. Trong

viéc diéu khién dong a can d6 chinh xac cao, ta cé ba caddptiin:




1.1.2.1Piéu khién ddng oo bing cach thaydoi tan sb ngudn cip

Nguoi thiét ké, ché tao sr dung cac plrong phépdiéu khién tr co dién
(phwong phapdiéu khién vd hrong V/f = const)dén hién dai (phuong phépdiéu
khién vector khéng gian - space vector contdélthaydoi tin $5 ngwn cip nhim
dat muc dich diéu khién mong mén.

Ky thuat diéu khién vector khéng giaduoc sr dung dé diéu khién dong a,
c6 hai plwong phap chinh:

+ Diéu khién dinh hrong trong (Field Oriented Control) badm: phrong
phépdiéu khién vect truc tiép (Direct Vector Control) va plong phapdiéu khién
vecbt gian tép (Indirect Vector Control).

+ Piéu khién tryc tiép md-mendong @: DSC (Direct Self Control) va DTC
(Direct Torque Control).

Céc plrong phapdiéu khién dong @ bing céach thayloi tin 5 ngwdn cip
duoc tém &t trong hinh 1.1.

Variable Frequency
Control

v
! !

Scalar Based Control Vector Based Control
V/f= const
v

v v

Field Oriented Dhurect Torgue
Control Control

'
v v

Direct Vector Indirect Vector
Control Control

Hinh 1.1 Céc plrong phéapdiéu khién thaydoi tan £
1.1.2.2Piéu khién bang cach tacdéng 1én mé hinh toan lec cia déng oo
Ngay nay, cung&i sy phat tren manh g cua ly thuyét diéu khién tr dong,
ky thuat diéu khién dong @ khéngdong bh ciing thaydoi nhanh chéng. Trong ly
thuyét diéu khién hién dai, dong @ khdngdong b ba phaduoc xem la not dbi




tuong phi tugn (vi mé hinh toandt cia dong a khdngddng b duoc mé & bang
cac phrong trinh vi phan #c cao).bé diéu khién dong @ mot cach chinh xac, ta
phai ap ding cac plrong phapdiéu khién phi tuyén nhr: diéu khién hoi tiép tuyén
tinh hoa (feedback linearization contrafjéu khién truot (sliding mode control-
SMC), diéu khién thu dong (passive control)diéu khién thich nghi (adaptive
control).. dé tacdong 1én mé hinh toande aiadong .

1.1.2.3CAch tiép can khéng sr dung md hinh toan hyc cia déng oo

Day |a cach ip cin dya trén cac plong phép @a tri tié nhan #o (artificial
intelligence) nlkr mang roron (neuron netwotk) e logic my (fuzzy logic)dé thuc
hién mot haic vai khau nado trong qua trintdiéu khién dong a (duoc goi 1a diéu
khién théng minh). Cachdp cin nay khdng & dung mé hinh toandc ciadong @
vi ngudi thiét ké s3 sir dung kién thirc va kinh nghim c6 én (aia chuyén giajté
huan luyén cac khauiéu khién.

Uu diém oia phrong phép nay 1a khdngrsiung md hinh toandt cia dong
co ma chi can tri thirc va kinh nghiém cia chuy@n giaé huin luyén luat diéu khién
ma khéng &n biét cdu tric bén trongia khaudiéu khién, ch can biét tin hiéu vao-
ra (1/0) nén phrong phap nay phudp voi cac khaudiéu khién phrc tap, khéng ti
phan tich éu tricdiéu khién (qui tic “hop den”).

Két hop tinhuu viét cia cac plrong phapdiéu khién khac nhau, &n vin
nay trinh bay ¥ thuat “Piéu khién dong oo khéng dong bd theo phrong phap
FIELD ORIENTED CONTROL (FOC) s W dung bd diéu khién mo” (&4p ding
cach tép cin md hinh toani@ dong @) két hop huin luyén mang roron dé thyc thi
khauudc lugng tir thong rotor éadong .

1.2 Muc tiéu deé tai
> Xay drng va md phng o diéu khién hoi tiép tuyén tinh héa chabi tuong diéu
khién ladong @ khdngddng b ba pha.

> Xay deng va md pbng b diéu khién mo diéu khién dong @ khéngddng b 3
pha theo ptiong phap FOC.




» S dung mang roron udc lugng tir thdng rotor
1.3 Pram vi nghién aru
Do gidi han vé thoi gian vadiéu kién nghién ¢u néndé tai ch gisi han trong
CAC \An dé sau:
> Xay drng md hinh toandt dong & khdngddng b ba pha.
> Nghién ctru, xay drng gii thuat didu khién tuyén tinh hoa da trén mé hinh
todn hc oia dong @ va md pling phrong phapdiéu khién tuyén tinh héa
va mo plong trén Matlab.
> Nghién dru diéu khién dong @ khéngddng b ba pha da trén plxong phap
FOC va b diéu khién md FOC va mé pbng trén Matlab.

1.4 Noi dung thwc hién
Chuong 1: Tong quan ¢ dé tai

Chuong 2: M& hinh toan ¢t dong @ khéngdong b 3 pha va cac plong phap
diéu khién

Chuong 3: Plrong phapdiéu khién dinh hréng tr théng (Field Oriented Control -
FOC)

Chuong 4 :Diéu khién tuyén tinh héatong @ khéngdong bb 3 pha

Chuong 5: Sr dung b diéu khién mo diéu khién dong @ khéngdong b 3 pha theo
phuong phap FOC

Chuong 6: Sr dung mang roronudc luong tir thong rotor

Chuong 7: M6 plong tng hop cac b diéu khién tuyén tinh héa , PID, mPID va

so sanh & qua cua cac b diéu khién trén cung 1 trc toado (tir d6 dua ra Kt luan

va hréng phét trén chodé tai).




CHUONG 2

MO HINH PONG CO KHONG PONG BOQ 3 PHA VA CAC PHUONG
PHAP PIEU KHI EN

2.1. Gigi thi éu khai quéat vé dong oo xoay chidu khdng déng bd 3 pha
2.1.1. Giu tao

Pong @ khdngdong B ba pha cé au tao gdm hai ptan: phan tinh (stator)
va pHin quay (rotor).
2.1.1.1. Statorgdm céc ld phan: 16i thép, day gin va \d may.
L&i thép stator cahg hinh vanh kim, dugc ghép Bng céac 1a thépkthuat dién co
hinh ding nhr hinh 2.1, it trong @a 16i thép cé cac ranté dat day qun

Hinh 2.1 L&i thép stator
R&nh c6 cacahg : ranh kin, la ranh khéng co éng ; radnh k, la ranh co
miéng vaday bing nhau; ranhira ho, 1a rénh c6 néing king Y2day; ranh ia kin,
|a ranh c6 néing nk hon day. C6 2 dng ranh rra kin pid bién la ranh hinh thang
va ranh qa Ié (hinh 2.2).

o U

Ranh kin Ranh ho Ranh mia ho
Ranh hinh thang Rénh qua lé

Hinh 2.2 Ranhé mat trong stator




Day quin stator throng & daydong cé tét dién tron hdc chir nhit va duoc
boc cachdién. Day qun dugc dat trong cac ranhia 18 thép stator. Day gu stator
cua dong @ khdngdong bh 3 pha ém ba cén day gbng nhau, cé wtri léch nhau
goc khéng gian 12aiién nhr hinh 2.3.

Pha U

Hinh 2.3 Day quin stator
V6 maycé chic ning bio v& may va lam giddp cac b phan khac éa may. \b
may co tié 1am king thépdic, haic nhdém (hinh 2.4). ¥ gdm than va hai #p. Than
vo dé chira I8 thép. Mit ngoai than c6 cacogtan nhiét, cé cacd dé Iap vong treo,
bang ddu day vadé may. Hai @p aia than dungté che pln dau ni caa day qén
va la gia clea haib truc aia rotor.

Hinh 2.4V6 may va céc phkién

2.1.1.2. Rotor

Gom c6 cac b phan: 16i thép, tnc va day qén.




L&i thép rotorduoc ghép Bng céc 14 thépkthuat dién cé ding nhr hinh 2.5. Mt

ngoai cé cac ranté dat day qun rotor; ¢ giita c6 b dé lap truc rotor.

Hinh 2.5 L&i thép rotor

Truc rotorlam b?mg thép, truc thuong duogc ¢ dinh voi 16 thép theo kiéu then hoa.
Day quin cia dong @ khéngddng b c6 2 kéu: kiéu rotor bng soc va Ku rotor
quin day.

Rotor bng séc (rotor ngn mach): trong ndi rAnh @a 16i thép rotordit mot
thanh dn bing ddong haic nhém,dau céac thanh h ndi vao hai vanh ing dong
hoic nhém @i 1a hai vanh ngn mach. Hé thong cic thanh dan va hai vanh ngin
mach nhu hinh 2.6. Cac thanh dan rotor 16ng séc thudng duge bd tri nghiéng mot
budc rinh nhim giam anh hudng cua moment phu (hi¢n dién & tdc d6 dudi toc do

ddng bo) ciing nhu giam thiéu tiéng dn va rung dong khi dong co lam viéc.

Hé théng thanh din-vanh ngin mach Rotor 1dng séc
Hinh 2.6 Rotor bng séc

Rotor quin day: trong cac ranhia 18i thép rotordat day quin ba pha ding
nhr day qun stator. DAy gin nay throng i sao, badau day ra aa day gdn i
v6i ba vanh Bng dong (gi la vanh toot) gin o dinh trén toc rotor (hinh 2.7a).

Céc vanh trot duoc cachdién véi truc rotor. Ty trén ba vanh trot 1a ba cli than




gan ¢ dinh trén gia nh hinh 2.7b. Ba di than i véi ba bén tré dungdé mo
may vadiéu chinh tc do dong a (hinh 2.7¢).

vanh trwot

~V/

vanh truot

/N
’%@4— Truc rotor
VAR chgian

<—— Bién tr&

Hinh 2.7 Rotor day gén vadiéu khién dong @ rotor day qéan bing bén tro
2.1.1.3. Khe lé& khong khi
La khaing hy gitra rotor va statoiO dong a khéngdong bo, khe kv nay #t
nho (tir 0,2dén 1mm) trong may & nho va vra. Md hinh hoan dhh aia déng @

khéngdong by rotor Ibng séc nix hinh 2.8.

B

Hinh 2.8 Md hinh it |i cuadong ar khéngdong b 3 pha rotordng séc

« So sanhtong a khéngdong by 3 pha rotordng soc va rotor day go:




— Dong @ rotor bng s6c ¢é &u tao bén chic, nén 4t pho bién.

— Pong a rotor quin day céuu diém vé mé may vadiéu chinh tc d6 nhung
cau tao phic tap, B cé sr ¢, nén chdugc dung trong niing tng ding ma
rotor Ibng soc khéngaping duoc.

2.1.2. Nguyén ly hat déng caa dong oo khéng dong b 3 pha

Xét statordong @ khdngddng o ba phaton gian co6 6 ranh, trén statdrroc b
tri ba cyn day AX, BY va CZ.

Khi ndi day quin stator vao ngin dién 3 phadn < f , trong day gén stator &
c6 he thbng dongdién 3 pha (@, isy, isw), day qun stator & sinh ra tr treong quay
(nhu hinh 2.9) i toc do:

nl:% (vong/phat)

Hinh 2.9 Tt truong quay stator vagshinh thanh cacue tir
Tu trudng quay quét qua day #ju rotor @am tng trong day gan rotor src
dién dong cam ung &. Do day gén rotor roi ngin mach, nén gtao ra dongdién i,
chay trong cac thanhim rotor (chéu cia i, xacdinh theo quidc ban tay phi nhu

hinh 2.10). Donglién i, ciing o ra fr truong quay i toc do n, cung chéu Véi tir
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truong stator. T truong trong khe & khong khi @éa may 1a éng tr treong do dong
dién stator va dongién rotor to ra va éng la tr truong quay i toc o n,. Tur

truong khe & khdng khi 8 tac ding 18n dongtién i, luc F (chéu cia F xacdinh

theo qui fic ban tay trai nin hinh 2.10). Do tacuhg aia F, rotor 8 quay cling cliu

tir truong Wi tc dd n nhd hon toc do ny. Hiéu & giita Hc do tir truong va bc do

rotor i la toc do truot (ny):

N=n-n (2.1)

I4
A

, n
Ty s0: s=2=
nl

(2.2)

la hé s trugt ciadong .

rotor

Hinh 2.10Nguyén ly 1am Wc aiadong a khdngdong b ba pha

2.2. Vector khéng gian éa cacdai lwgng 3 pha

C6 nhéu loai mé hinhdong a khdngdong . Loai mé hinhduoc ar dung dé
thiét bi diéu khién vecty co the dat duoc bang cach n dung ly thuyét vecty khéng
gian. Cac théngdsciadong a 3 pha (nkr dién ap, dongtién, tir théng...)duoc
biéu dién dudi dang cac veat khéng gian ptic. Mot mé hinhdong @ ding danh
cho Hit ky s bién thién trc thyi ndo ¢ia dongdién vadién apdong thyi thoa man
viéc mé & dong @ & ca hai tang thai Inh va quéats. Vect khdng gian phc co tré
duoc mé & bang cach 8 dung Fé truc toa do truc giao.bong @ 3 pha cé th dugc
xem 14 maydién hai pha. V¢ sr dung mé hinhdong @ hai pha gitp gim bst s

lwong cac bdu thic toan e vadon gian hoa K thuat diéu khién.
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Pong @ khéngdong b 3 phadéu c6 ba can day stator & dongdién ba
pha I tri khdng giandng quét nix hinh 2.11.

Trong hinh trén khéng quan tatén dong @ déu hinh sao hay tam giac. Ba
dongdién ig, sy isw 1@ ba dong chy tir ludi quadau ndi vao dong . Khi dong a
chay bing bién tin thido 1a ba dong dau ra dia bén tn.

Pha U Phav Pha w

|

Hinh 2.11 So d6 cudn day va dong statofia dong a khéngdong bb 3 pha
Gia thuyét cac dongsd, isy, isw @ ba pha day din stator 14 canimg, ta c6:

isut isy +isw =0 (2.3)
Vecio khdng gian dong statdrgc dinh nghia nhr sau:
io= K(isy + aby + isn) (2.4)

2T AT
, N N , s, ~ . = I—
Trongdé: a va ala cac toanit khéng gian, a & ¢, & =e 3

k: hang s6 bién doi, voi phép bién ddi bao toan bién do: k :g

Bh

Phase B

o, Phase A

Phase C

Hinh 2.12 Vector dong stator, va hinh chéu

Hinh 2.12 cho Bt hinh chéu vect khéng gian dong stator
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Vecto khdng gian ¢a caadai lugng nhr dién ap, dongfién, tr thong...@adong o
c6 thé dugc dinh ngha trong tr nhe vect khéng gian dong stator.
2.2.1. H truc toa d¢ tinh (a.,p)

Vecb khdng giandugc dinh ngha nhr biéu thrc 2.4 cé th dugc biéu dién
bang cach & dung ly thuyét hai tuc toa do. PHin thuc cia vect khdng gian bng
gi4 ti trc thoi cua thanh phn dong stator nganguie (direct axis+,) va pHin ao
bang thanh phn dong stator ¢t truc (quadrature axisg). Vi vay, vectr khdng gian
dong stator trongéhqui chiéu tinh gin véi stator c6 th duoc biéu dién:

= g + ig
Trongdo: i : vect khdng gian dong stator
s isp: inh chéu caa i trén tue (o,B)
2.2.1.1 Poi toa dd tir (u,v,w )— (a,p) (Phép bién ddi Clark-thuan)
Trong maydién 3 phadéi xirng, dongdién stator dc truc va ngang trc 1a

cac thanh pin dongao (2 pha dc truc), co lién 1§ voi dongdién stator 3 pha tic

nhu sau:
) . . 1.
= k(. -=i.-= (2.5)
ISG (ISU 2|SV 2|SW)
. 3,
Isﬁ - k?(lsv Isw) (26)

Véi k :g 13 hang s6 bién d6i (d6i véi phép bién d6i bao toan bién do).

Trong trong hyp nay: §,= g,
Néu gia thuybt isy + isy + isw = 0, thanh pin pha ngang tc c6 tie duoc biéu
dién bing cach 8 dung hai pha &a k¢ ba pha (kn d6i Clark-thuan):

i, =iy, (2.7)
Isﬁ =%isu +%isv
3 3 (2.8)

VOi igy sy Isw: dONQ thrc pha u, v, wgadong @
2.2.1.2 Poi toa dd tir (o,p) — (u,v,w) (Phép bién ddi Clark ngwore)




13

Phép bin ddi Clark ngroc duoc sr dung dé chuyén toadd tir (u,v,w) sang
(a,B), nhr sau:

o (2.9)
: 1. 3.

Iy :—Elw +%|SB (2.10)
o1 3. ‘
Isw__Elsa +7|s{3|sa (211

2.2.2. K truc toa do quay (d,q)

Ta xay drng mdt hé toaddé mai (d,q) co chungtiém goc Véi hé toa do (o.p),
nam léch di mot goc s va quay vi téc d6 ws. Khi @6 s ton tai hai tpa do cho mt
vector khdng gianuong tng V6i hai hé toa d6 nay. Mi lién hé duoc thé hién &
hinh 2.13.

: B4
19
, = d
! P : 5
dé.
o, =—
T dt

Hinh 2.13Biéu dién vect i, trong @ hai k¢ truc toado (o.f) va (d,q)

2.2.2.1Doi toa dd tir (o,p)—(d,q) (phép bién doi Park thuin)

{isd =ig.co80, +i.sind, (2.12)

I =~ SING, +14.c080,

(2.13)
2.2.2.2 Poi toa @ tir (d,q)—(a,p) (Phép bién ddi Park nguwoc)
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{i =i,.COSB; +i,.Sinb, (2.14)

Ig =1g.SING, +i,.COSO, (2.15)

2.3. M6 hinh toan lyc déng oo xoay chéu khdng déng b 3 pha
2.3.1. Ly do xay drng mo hinh

Dé xay dung, thiét ké bo diéu khién dong co, ta cin phai c6 mo hinh toan
hoc mé ta dbi tugng diéu khién. Xuat phatdiém dé xay drng mé hinh toandt cho
dong @ khéngddng bh rotor bng séc 1a mé hinhat |i cuia dong @ trong hinh
2.14.

Cubn day
phav

Truc chudn

Cubn day
pha w

stator

Hinh 2.14M6 hinh @adong a khdngddng b 3 pha rotordng séc
M hinh toan hoc thu duge can phai thé hién 16 dic tinh thoi gian cua dbi
tugng diéu khién, phuc vu cho vic xay drng cac that toandiéu chinh. Biéu d6 din
dén céacdiéu kién duoc gia thiét trong khi hp mé hinh. Cadiéu kién d6 mot mat
don gian héa mé hinh cél cho viéc thiét ké, mic khac chiing gay nén sach nhit
dinh, sai éch trong pam vi cho phép gia ddi tuong va md hinh.
Vé phuong dién mé hinh dong hoc (dynamic model), dong co khong dong
b rotor 16ng soc dwoc mo ta boi hé phuong trinh vi phan bac cao. Vi ciu tric cia
cac cudn day phuc tap vé mit khong gian va cac mach tir moc vong nén mot sd diéu
kién dugc chip nhan khi mé hinh hédong w:
- Céc cén day statottugc b tri mot cachddi xing v mit khéng gian.
- Céc bn hao &t tir va sr bao hoait c6 th bo qua.

- Dong tr hoa va i truong phan B hinh Sin trén & mat khe tr.
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- Céc gia trdién tro vadién am duogc coi la khdngioi.
Truc chuin caa mpi quan satiuoc quyudc la tuc di qua tam can day pha
u. Ta § sr dung cac mé hinh trong khdng giaartg thaidé mé & dong w.
2.3.2. K& phwong trinh co ban caa dong o
Hé phrong trinhdién ap cho 3 cin day stator:

0,0 =R, (0 + ) (2.16)
: t
0,0 =R+ =0 @.17)
: dy (t
(0 =R}, (0 + Sl 218
Voi:
Rs dién tré cuon day pha stator
VsuVsv Vs tr thONg statora cuon day pha u, v, w
Ap dung biéu thic (2.4), ta thutwgc biéu thirc dién ap:
u,= K(Usy + a, + &Us,) (2.19)
LA, A2
Trongdé: a=e 2, & =€ 32, k—5
_ 2 i i
Taduoc: gs(t):§ ug,(t) +ug(t)e * +u,(t)e 3 (2.20)
Thay 3 plrong trinh (2.16, 2.17, 2.18) vaoying trinh (2.20), ta@uoc:
2] dy_,(t) . dy,,(t) : dy (t)}
U (t) = - | R (1) +—"=+ R () + —==+ R (1) + —=
_S( ) 3 { S Su( ) dt S SV( ) dt S SV( ) t
2 . . . 2[dy_ () dyp_(t) dyp (t)}
=— R (i (t) +i (t) +i ()] +=| —+—=+ =+
2 R0+ 1,0 1, 0]+ 5 Wall) Wall) , s

u0:§%¢0+uaﬁ?+maﬁ?}
Ma:

Ta thuduoc phrong trinhdién ap stator doi dang vector nir sau:
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u, =R, +—== (2.21)

Trongdo:
Rs: dién tré cuon day pha stator
g vector tr thdng stator
Phrong trinh trén thuluoc do cac quan séat hé théng 3 cén day stator, vi

vay ciing thuduoc trén I§ toado (a,p):

S =S dLIJS
U, =R+ &S (2.22)

Tuong tr, pheong trinhdién &p @a cwn day rotor dng soéc (rotor nan

mach)

ul =R, Q|+ (2.23)

Trongdo (A/: . vector tr thdng rotor trén éitoa do rotor

R dién tro rotorda quydoi vé phia stator.
DPé & dang tinh toan trén cacalotoa do, ta cé plrong trinh 6ng quéat cho

dién ap stator:
ok AW
Us = Rsl_s +T + kays (224)
Phrong trinh 6ng quat trén c6 thap ding cho moi hé toadd vudng goc.
Trongdo:
_de, o o
W, = ot Voi 6, 1a goc gira truc thuc voi hé toa do bat ky k.

Déi véi hé toa do cd dinh stator ¢,p) thi «, = 0 cho ta cong ittt (2.24).
Thay “k” ="s”
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Ddi véi hé toado tir thdng rotor (d,q) thiy = ms% voi 6, la goc Ech gira

truc d Wi truc thyc. Thay “k” ="f"

Tuong ty, ta c6 plrong trinh ng quéidién ap rotor:
k
0=R i+ M 4oy
dt =
Vi g'r‘: vector tr thdngd hé toadd “k” bat ky so \6i rotor
2.3.3. C4c tham & ciia déng oo
Bang 2.1Théng $ md hinhdong & khéngddng b 3 pha

Ki hiéu Giai thich
L Ho6 cam giita rotor va stator
Los bién cam tiéu tan phia @n day stator
Lor Dién cam tiéu tan phia din day rotor ¢a quydoi vé
stator)

Ls=Ly,+ Lss | Dién cam stator
L,=Lyn+ L, | Dién cam rotor

L, Hang $ thoi gian stator

RS

L Hang $ thoi gian rotor

|2 Hé b tiéu tan éng
g=1-—m
LSLT

MO mendién tur:

(2.25)

(2.26)
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_3 . .__3 .
Te=oP W 1)==2p@, 1)

Phrong trinh chugn dong:

Te:TL+id—m
p, dt
dw _p
=>—="(T,-T
=T
Véipla sb doi cuc tir cua dong co, tachonp. =1
Ta co: %:}(Te—TL):}Te—L
dat  J J J

Véi: T 1a moémen tai, J1a momen quan tinh, o la tde do goc cua rotor
2.3.4. M0 hinh trang thai cia dong oo trén hé tea do stator (a,p)

Phuong trinh mo ta trang thai ctia dong co nhu sau:
S

G =RE
B dt

S

O R .S dl'lJ . S
= o+ —=L -
r=r dt J(*w

r

l'IJS = I_ZLS +I_TLI'T1

—S

W =ik, +ilL,

—Tr

Véi: Lm: hd cam giira stator va rotor
Ls: dién cam stator

L;: dién cam rotor

(2.27)

28)

(2.29)

(2.30)

(2.31)

(2.32)

C6 thé triét tiéu 2dai luong vector donglién rotor va vectorit thdng stator

bang céach rat vector® tir pheong trinh (2.32) , tauoc:
«S l S .S
I, =— -1.L
L= (W -iL,)

Thé i° & phrong trinh (2.33) vao piong trinh (2.31), tauoc:

(2.33)
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W =il +LL—m(gf -i’L,) (2.34)

S

Thayi; va  vao (2.29, 2.3046ng thyi sir dung cac thaméo, Ts, T;

’ (2.35)

Ta chén héay,, va vy, nhr sau:

=W
l'IJror - L (A) s

m P . LY
la cac phn tr cuia vect dong fr hoat—r ciadong .

/ — % A m
l'IJrB I—m ( )
Thay cac vector dong tir héa vao hé phuong trinh (2.35) dong thdi chuyén
sang viét dudi dang cac phan tir cua vector, ta thu duwoc hé phuong trinh méi mo ta

day du dong co khong d¢ong bh trong I truc toadd (o,p) nhr sau:

dig, :{ 1 +1_0Jim+l_ow}a+1_0wtb}g+ium (2.36)
dt oTl, oT, o.T, o oL,

SR e e
dL(IjJEB :%iSB +a, _?]: Wi (239

2
Trongdd: 0 =1- LL’“ - hé s tiéu tan éng.

s r

Ta c6 phuong trinh moment dién tur:

-3 iy=-3 -
Te =3 P i) > P, i) (2.40)
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Tr phueong trinh: @° =il +iL, ta rati° réi thay vao plrong trinh

moémen:
3 S S 1 3 Lm S S
=—= i)=— —)=—=p. (Y .i
2 pc(gr _r) pc«[/ (l// _s m) Lr) 2 pC Lr (gr _s) (241)
Thay céac vectordmg cac phn tir trong tng, taduoc:
3
Te _Epc (LIJralsB l'IJr[B sa) (242)
dw 1 T 1 3 L T
T (2.28) = —==T,-—L=="p —= — L
u ( ):> dt J e J pc (LIJrcx B LIJrB so() J

2.3.5. M0 hinh trang thai cia dong oo trén hé tea do rotor

f

u, =Ri + g, +jo,p! (2.43)
B dt =
o=+t oy
W =L, +ilL, 24
W =i, L, 240
CO thé triét tiéu 2dai luvong vector donglién rotor va veat tir théng stator.
Taco:i! :Li( -iL,) (2.47)
g =i L +—(L|J i m) (2.48)

Thay phrong trinh (2.47), 2.48) vao (2.43, 2.44) trén énkioi:

qud
W, = L (A) (2.49)
W, = qLJ“‘ (A) (2:50)

m

Vi trong trdng hop dinh hréng chinh xéacit thong rotor ta cgy, = 0.
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L2 o
bat o=1-—"-: ¢ s tiéu tan éng.

s r

=> Hg phrong trinh mé 4 dong a khdngddng bh trong 1 truc toado (d,q)

2
Phuong trinh moment dién tir: T, :gpc%w'ﬂ,isq (2.51)
L.
Phrong trinh tr thong rotor:p , = —™— 2.52
Y g I g l'ler 1+ p-I-r Isd ( )
di, 1 1-0) . 1-0 . 1-0 _ . 1
sd = — + i twi +—yP +—— +—u
dt (O_TS O_-I-r J sd S’ sq O_Tr l'ler o (*l'l"rq O_LS sd
di - - . -0 .
d_f[q = _wsisd _(O']-I-_ + 1O_To-jisq ‘lccullhd + 1O'TG LIJrq +O.i|_usq
‘ S r r S (253)
dp, 1. 1 . .
— = - +lW,.—W
dt Tr sd -I-r LIer ( ] )l'lJrq
dg, _ 1. Sl
—_— =~ . W -—
dt Tr sq ( S )l'ler -I-r l'IJrq

2.3.6.Uu diém caa viéc md t dong oo khdng dong bd 3 pha trén hé toa dp tir
thdng rotor
Trong k¢ toa d6 tir thong rotor (B toa do d,q), cac vector dong statdr va

vector r théng rotory’ , ciing i hé toadd (d,q) quayddng k) véi nhau 6i téc do

«, quanhdiém gic, dodd cac phn tir cia vectoriy (isqVa kg 1a cacdai lugng mot
chiéu. Trong ck& d6 xac Bp, cac gia trnay gin nhr khéngdéi, trong qua trinh qué
do, cac gia tr nay co th bién doi theo ndt thuat toandiéu khién da duoc dinh
W =W,

2.3.7. M6 hinhddng oo khéng dong b 3 pha trén hé toa do stator (a,p) trén
Matlab

trudc. Hon nira, trong i toado (d,q), ¢, =0 nén

2.3.7.1. C4c gia tr can thu thap ciaa dong oo khéng dong b 3 pha
Hé phuong trinh béu dién day du trang thai @a dong @ khéngdong b 3
pha trong B toa do stator (,p):
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e e g
{G%I' J 1_0001“'“’ +10._ch b * cr.lLS He
v
Ttm:Ti _LIJra AT
T,

Phuong trinh moment dién tr ciia dong co:

3 L, . .
:EpCL_(LIJralsB rBsa)

Phuong trinh tdc d6 cua dong co:

J dw p
T=T +——=>w=|—7(T,-T.)dt
pdt .[J(e L)

Cc
Trong do6 : Te: moment di¢n tur
T, : moment tai

R: so dobi cuc

S

M6 dun dongir hba IL_IJ tir cac thanh pim @/, L|.|rB thdng qua cong ttc:

Déi véi md hinh nay, thongdsdiu vao ¢a dong @ 12 ap (4, Up) va
moment & (T.). Pau ra 1a dongdién (is, i), toc do (®) va tr théng (). Khoi
chuyén toa d6 tir (o,f) sang (u,v,w) xadinh céac dongtién I, I, I, nhe hinh 2.17.
Ta thuduoc gia ti dongdién 3 phady, isy isw tlr i, i thOng qua kin doi toa do tir

(a,) — (u,v,w).
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Khéi chuyén toa do

Ua_> U(1 I(1 - (a, B) > IU
— |,
L > |
Uﬁ_> UB (ua v, W) w
wr—>
—» TL v —>
béng co

Hinh 2.15 So d6 khdi cuadong a va khbi chuyén toado tir (o,f) — (u,v,w).
2.3.7.2. M0 hinhdong oo trong Simulink/Matlab

Céc hing $ trong k¢ pheong trinh (2.36, 2.37, 2.38, 2.39) mbttang thai
cia dong o (trong Simulink) n: L, Ls, R, R, T;, T, Ly duoc map tr chueong
trinh m_file dia Matlab.

Cacgiatrlienquan: 7= L/R
Te = LR
SS = 1- kL /(Ls L))
al = 1/(SS*) + (1-SS)/(SS*))
a2 = (1-SS)/(SS*J
a3 = (1-SS)/SS

a4 = 1/(SS*L)

a5 = 1/7

a6 = 3*P*Ly*L o/(2*L,*J)
a7 = 1/

Trongdd  SS =o: 1a k¢ $) tiéu tan éng
T hing $ thoi gian rotor
Ts hing $ thoi gian stator
L, Ls dién cam rotor, stator

R., Rs: dién tré rotor, stator
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'
IsAlfa "{::::)
‘ 7 Izalfa
Usalfa = | {2 )
5 Isbeta

I
|
m
S
F 3
ii%ii
[ Yy

(Z i : TL
Usbeta - -
b = .
-

*"IE 1
- =
i
omega

— |+

L ATLAE )

Function -
s e

Hinh 2.16 M6 phong dong co khong dong bo 3 pha trong hé truc toa do tinh (a,p)
bang Matlab
2.3.8. M6 hinhdéng o khéng dong by 3 pha trén hé tea dd rotor (d,q) trén
Matlab
bé xay dung mo hinh dong co khong d@)ng bo trong hé tryc toa dd (d,q), ta
st dung khéi chuyén toa do tir (a,p)—(d,q) dé chuyén ddi dién ap dau vao. Saudo,

ta thuc hién chuyén (d,q)—(u,v,w) dé chuyén d6i dong dién dau ra.

W
wirad/s)]

{
E &
A

alpha_beta_to_dq

Ha
s [TV
L=
Integuator o
D
T
Rotor
3D
G
D)
i

dq to LV
onversion
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Hinh 2.17M6 phong dong & khdngddng b 3 pha trong hé truc toa do (d,q) bang
Matlab

2.4. Cic phwong phap diéu khién dong co xoay chiéu khong dong bd 3 pha

Nhu ching ta di biét, ¢6 nhiéu phuong phap diéu khién dong co khong dong
bo tir don gian dén phirc tap (d3 duoc trinh bay trong phan tong quan vé dé tai).
Trong chuong nay, tac gia tip trung tim hiéu cac phuong phap diéu khién dong co
dang duogc sir dung phd bién hién nay 1a:

- DPiéu khién dong co khong dong bd bing cach thay d6i tdn sb ngudn ap
(V/f=const)

- Piéu khién truc tiép moment dong co khong dong bdo DTC (Direct Torque
Control)

- Piéu khién dinh hudng tir thong rotor dong co RFOC (Rotor Field Orientated
Control)
Trong d6, phuong phap diéu khién dinh huéng tir thong rotor dong co RFOC dugc
tim hiéu sdu trong luan van nay, vi day 1a phuong phap dang ngy tri linh vuc truyén

dong dién xoay chiéu 3 pha.
2.4.1.Piéu khién dong co bing cich thay ddi tin s6 ngudn ap (v/f)

Téc do dong b cua DCKDB ti 1¢ truc tiép vai tin $ ngwdn cung ép. Dodo khi
ta thaydoi tan 5 nguwn cung dp chodong @ s lam thaydéi téc do dong b,
trong ung 1a ¢ do dong a thaydoi.

Sic dién dong cam ung trong stator E ti 18 véi tich cua tan s ngudn cung cip va
tir thong trong khe hé khong khi. Néu bo qua cac dién ap roi trén dién tré stator, co
thé xem strc dién dong E gan bang dién ap ngudn cung cip. Néu giam tan s6 ngudn
nhung van giit nguyén dién ap § dan dén viéc gia ting tr thdng trong khe dnkhéng
khi. Bong @ thuong duoc thiét ké 1am viéc tai “diém cach ch” cua dic tuyén tir
hoa, néns gia ting tir thdng § din dén bao hoa mach tir. Biéu nay khén cho dong
tir hoa ting, méo dng dongdién vadién ap ngén cung ép, gia ting Hn hao 16i va

ton haoddng stator va gay ran dong @ & tin $ cao. Ngroc lai, tir théng khe b
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khéng khi gim dudi dinh mrc € lam gam kha nang i caia dong @. Vi vay, viéc
giam tin $ dong @ xudng drdi tan $ dinh mic theong di d6i véi viéc giam dién
ap pha sao charthdng trong khe dikhéng khiduoc giit khéngdoi.

Nguyén lydiéu khién tir théng khong ddi

Néu bo qua st &4p khéngiang I trén statordién ap statoty ché do xac Bp ti 1é

thuan vai tir thong va dc do dong b theo béu thic sau:
V=E= i, (2.54)

Do d6, réu diéu khién van toc dong @ dudi gia tri dinh mrc bang cach thaytoi
tan 5 ngwn va gir nguy@ndd 16n dién ap stator,it théngdong @ 3 taing dén gia
tri bdo hoabé tranh hén trong bdo hoda va gn tn hao,dién ap stator an duogc

thayddi cling i tan s f sao cho duy tri tacuthg aia tr thong ng dinh mic.

= % __ %:const: ‘Edm‘ (2.55)

Khi d6 nguyén lydiéu khién tir thdng khdngddi tré thanh nguyé@n diéu khién

V/f = const

¥=¥@=K1 (2.56)

Ef

Véi K4 1a hing $ hamdiéu khién V/f , f 1a tin  ngubn cung ép cho stator.

Ta c6 cdng thc momenitinh mic (tng Wi so do don gian cladong a:

i S ] (2.57)




27

Khi thay cac gia frdinh mic bing gia ti 6 nhan i ti sd a (avgm, aVam, aX),

Va moment gc dai ¢ ché do dinh muc:

3 Vi
max — '
2.0 .
® IRy + \/Rf Jr(x1 + x2)2 (2.58)
Ta céduoc cong thkc moment éadong @ & tan & f khacdinh mic:
V2 &
dm*
M = 3 . 45 (a<1)
a) ' ]
“ [&+£) +(X1 + X )2
a as :
(2.59)
Va moment gc dai ¢ tin 9 f khacdinh muc:
2
M,W;Z3 : Vzdm ,a<l
'(ﬂdb -
Ry + \/(R—lJ + (Xl + Xz)z
| @ a 1 (2.60)

Dua theo céng tirc trén ta thy, cac gia tr X,va X' phu thudc vao n , trong
khi Ry lai 1a hing $. Nhu vy, khi haat dong ¢ tan $ cao, gia tr (X;+X,)>> Ry/a,
sut 4p trén Rrat nho nén gia tr E suy gim rat it din dén tr thdngduoc giir gan
nhu khdngddi. Moment arc dai ciadong & gan nhr khéngdoi.

Tuy nhién, khi hat dong ¢ tan £ thap thi gia ti dién tro Ry/a $ tuong ddi 1on
so Wi gia tri caa (X +X,), din dén sut 4p nhéu & dién tro stator khi momentat
lén. Piéu nay lam cho Eibgiam va din dén suy gim tir thdng va momentuc dai.
Dé bu ki sy suy gam tir théngd tn 5 thip. Ta § cung ép thém chatong @ mot
dien ap U dé cung ép chodong a tir théngdinh mic khi f = 0. Tir d6 ta co
quan & nhr sau:

U= UK. f
Véi K 1a mot hang $ duoc chpn sao cho gid trU cip chodong @ bang Uy, tai

f=f dm-
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Khi a >1 (f > ), Bién apdugc giir khdngddi va bing dinh mrc. Khi 6 dong @
hoat d6ng & ché do suy gam tir théng.
Sauday 1add thi biéu dién mbi quan & giita moment vatién 4p theoan &

trong phrong phapdiéu khién V/f = const.

Mdm

!

Uo

f

-
Hinh 2.18 Quan 1§ giita moment vatién ap theodn .

Hinh 2.19 1a s db diéu khién toc d6 vong o (khdng co hi tiép toc do) theo
nguyén IyV/f =const, wg; dugc dua vao b khoi dong mém va kibi V/f, khoi nay
c6 chic ning théét 1ap do Ion dién &p stator theo hadiéu khién dién &pV - f dé
dam hao tir théngdong @ duoc sr dung hidu qua. Ngd ra gadiéu khién tir théng la
dai lwgng dién &p yéu au. Gia ti dién 4p nayduoc dua vao kii vector khéng gian

dé tao xung kichdéng ¢t cac khéa banah caa bé nglich heu &p.

Ham V-F Vector khiing gian
— [ A Y
e dit Kh#i ' AT Vet [t TG ghic
— 46 ding o’ /,/ I ""'rﬁ—“ﬁ—ﬂ_‘?-\ = |owmey leu3
mém il 1 ¥ 8L, |y pha
m*

Hinh 2.19 So @6 khdi phuong phéap V/f vong &.
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Hinh 2.20 1a s b diéu khién toc d6 vong kin theo nguyén Iy/f =const, & so do

nay ch khac i so dd vong ko 1a c6 thém khaudi tiép toc do tr dong @ gilp sai

sd diéu khién bj trigt tiéu.

$ e B SO .
; - v, /AN |mmey) Nghich
o dit il X S P
— o PI " "-':'*' i - ""'[.‘_f?é_j"" P Ivu3
R = il N { ¥ %/, el pha
o L tidp

Hinh 2.20So db khéi phuong phap V/f vong kin.

2.4.2 Phwong phap diéu khién truc tiép moment dong co (DTC—-Direct Torque

Control)

Phuong phap diéu khién DTC bét ddu duogc phat trién vao gilia nhitng nam 80

cta thé ky truéc boi Takahashi I, va n6 nhanh chéng duwoc ing dung trong cong

nghiép nhd nhitng tinh ning rat tbt. Phuong phap diéu khién dva trén mé hinh cua

dong co khong ddng bd voi cac vecto khong gian. Day 1a nét ki thuat diéu khién

momentdong o KBB vai mot bo nghich leu ap.

Ky thuat moi nayuu thé la don gian vi khdng én gin cam bién vao toc dong

co, gia thanh vao tin iy, diéu khién hiéu qua va tinhon dinh i cao. Dodé DTC

thudc loai k¥ thuat diéu khién khdng dung am bién.

# —Cn

Pg -+

L_,.(X

Switching

k.

table

A

Flux sector

e
Gate signals

»

:
Flux and torque

estimator

H Motor signals

Hinh 2.21 So d6 nguyén lydiéu khién trec tiép moment DTC
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Noi dung a@ia phrong phap nay lawh trén sai kit gitta gia ti dat va gia ti uéc
lugng tir cac khau tinh toandhtiép vé caa moment vait théng. Mit khac ta c6 th
diéu khién truc tiép trang thai @a b nghich lru PWM théng qua céc tindu diéu
khién déng ct cac khéa cong dtinham muc dich gim sai  moment vait théng

trong ptam vi cho phépmtugc xacdinh tnréc.

Sai $ gitta moment T va momexit T dugc dua vao khau so sanktbac 3,
trong khi sai 8 giita biéndo tir thong statorrge tinh va tr thdngdiat dugc dua vao
khau so sanhdérac 2.

2.4.3. Phwong phap diéu khién dinh hwéng tir théng (FOC - Field Oriented
Control)

Sau khi xay d@ng h¢ vector khéng gian cho cdai luong dong , ap,it théng,
momentdong @ trén I toa do stator inh (@,B) va chugn céacdai luong d6 sang B
toa do tr thdng rotor quay (d,q) ta thiroc mot quan | don gian giita moment

quay, fr thdng rotor va cac ph tir caa vector dong stator saay:

L, |
Pg = mlsd
3L ]
My = _ﬁpcwﬂ’dlsq
2L, (2.61)

Tir hé pheong trinh trén ta thy tir théng rotor c6 thduoc ting giam gian tép
théng qua Vic ting giam ise. Diéu dang kru v & day 1a ndi quan i gitta tr thong
rotor va ting $ thoi gian rotor T. Néu thanh cdng trong §¢ 4pdit nhanh va chinh

X&c dongdqta co ti coi isq 1a dai lwong diéu khién aia tr théng rotor.

Pong thyi néu apdit nhanh va chinh xac dong,ita co tié coi ig, 1a dai lugng
diéu khién cia moment quay. Ddo6 is;duoc goi 14 dong 40 tao moment quay va
gitr vai tro trong tr nhu iy. isg gitt vai tro trong tr nhur i, trongdong o dién mot
chiéu.
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Tir cAcdic tinh trén ta xayehg duoc ciu tracdiéu khién he thdng dong @

khéngdong b xoay chéu 3 phatra theo i théng rotor

biéu chinh Diéu khién
" . \ SL A
P~ i dong ‘ bién tan %%
1sd
. — I = B - A A
- My~lgq g — > ién tan
o* > g el » 3~
- , Isq
Picu chinh 1ag
toc do .
1ps
c'b
® o o
M1
M Motor three
- Q 3~A phases

Do tc do quay

Hinh 2.22 So @6 hé théng diéu khién theo plrong phap i thdng rotor
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CHUONG 3

PHUONG PHAP PIEU KHIEN PINH HUONG TU THONG (FOC -
FIELD ORIENTED CONTROL)

3.1. Pai cwong vé phwong phiap FOC

Phuong phap diéu khién vecto duoc nghién ctru 1an dau tién vao dau nhimg
nam 70 cia thé ky trudc va nd nhanh chéng tré thanh mot phuwong phép diéu khién
duoc chuin héa nhd nhitng vu diém cia né so véi phuong phap didu khién vo

huéng (diéu khién U/f = const).

Phuong phap diéu khién vecto FOC dya trén mo hinh hai pha cta dong co
khong dong bo. Trong hé truc toa d6 quay rotor (d,q), vecto dong dién stator c6 thé
dugc phan tich thanh hai thanh phan: thanh phan tao tir thong igq va thanh phan tao
moment §, Hai thanh phan nay cta dong dién c6 thé tach roi va duoc diéu khién

mot cach doc 1ap gidng nhu trong may dién mot chiéu.

Phuong phép diéu khién dinh huéng truong FOC sir dung hai thanh phéan cua
dong dién gin véi hé truc toa do rotor nén con duge goi 1a phuong phap diéu khién

tua theo tir thong rotor . (RFOC-Rotor Field Oriented Control)

C6 2 phrong phép trong ¥ diéu khién dinh hrong tra theo vectorit théng

thuong duoc ar dung la:
+ Phrong phapdiéu khién tryc tiép.

Trong so dd diéu khién vector truc tiép, bién do va vi tri goc (pha) cua vector
tor thong dugc do hodc duogc ude lugng tir cac gia tri di¢n ap hodc dong dién stator
thdng qua cacaen bién. Cim bién Hall c6 ti¢ dugc sr dung dé do tir truong king
cachdit cac @m bién nay vao trong khechkhéng khi éadong @. Tuy nhién, yéu
cau dat cam bién vao trong khe dikhéng khi 8 1am ting gia thanh va lam @i do

tin cay cua ke truyén dong.
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So dd nguyén 1y hé thdng diéu khién dinh huéng trudng truc tiép duoc trinh bay
trong hinh 3.1.

Speed
. Controller i,, Controllar
«) : " ' \ . :
Foo—~ - Tor 7 &g [ d—q /| v s —
—(— }’ — () ——> A R A N - e
+ A— + & . / jf v, = 5 { Induction "-|
. bar _ / f = = o | Motor !
A + v ER ¢ £ >
L T~ P 7 i v =

A= e » [ e fabel—w| B £ \ ~
+ S — by — ot —q f B
; Bt
Flux lasi Controller g f L ( IR
s - J 3
Controller i T T o~
- - I qf Do =

- fes

-

A |Observer| vy

L

A

Hinh 3.1 So d6 nguyeén lydiéu khién FOC tirc tiép
+ Phrong phapdiéu khién gian tép

Trong phrong phapdiéu khién gian tép thi gécé dugc tinh toan da trén éc
do truot o, va théng tin @ toc do dong @ . Theo & d6 ta thiy dac tinh dia ke
théng phu thwc rat nhidu vao véc xac dinh chinh xac cac théng stong .
Phrong phap nay nhin chundpn gian hon phrong phap trc tiép, tuy nhién @ng
c6 mit b nheoc diém néndic tinh dia o d6 s kém réu khong & dung céac gii

phépdac biét khac.

So dd nguyén 1y hé thdng diéu khién dinh hudéng trudong gian tiép duogc trinh
bay trong hinh 3.2.
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Speed
Controller = i Controller
I | A - -
+ -~ g3 - —~ Vi |d— o |ld =gty ‘
e - Yy ] A q : o . —
Py F L N I; . /. ,ff Vo | 7 VA .
A + A i, Controllar ff / v > [ Induction |
B + ' - = 2 \ Moter /
E j A\_x __/
T || 9
T ~ 8
_®
E'd:
A
Ll, @,
'ilq.-' — i£|
R,

Hinh 3.2 So do nguyén 1y diéu khién FOC gian tiép

3.2. Noi dung phwong phap FOC
3.2.1. Gbi thiéu cau tric co ban cia FOC

Ciu trac @a e thong diéu khién dinh hréng tir théng rotor trongtiéu khién
dong @ khdngddng b ba phaduoc trinh bay nbr hinh 3.3. Bng viéc mé & céac
thanh pln cia dong @ khéngdong b 3 pha trén & toa do tir théng rotor (d,q),
vector dong stator, s& chia thanh hai thanh ph isyva i, thanh phn iy diéu khién
tir thdng rotor con thanh ph ig, diéu khién moment quay. Trong hinh 3&ng @
duoc nudi Wi bién tin ngwbn ap,dai luong diéu khién ladién &p vaduoc dit 1én
stator cadong o.

Nguyén ic diéu khién aia FOC dra trén véc diéu khién dong @ mot chiéu
kich tir doc lap: tir théng rotorduoc giit 6n dinh byi dong iy va saudéd thi moment

va ¢ d6 dong @ dugc diéu khién bsi dong ko moment g,
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. I(“ 3
wr 1“ + “Aigd | ' T
N sd :Q—» bCiy u, -
Lo v |, - A; u l’
: Al \ e, . (&)
o, I, + S s, BCi, BBD p| Dadng co »
F 3
N
j‘}‘:1 \ly )
1&(1 CTbi
o +__Ao o+ O 0,
BCo —
_ +
0] (O]

Hinh 3.3 C4u tric @ ban caa phrong phap FOC
3.2.2. Xay drng thuit toan diéu khién
Céc dai lugng dau ra ciia bo DCig va bd DCiy dugc goi 14 yg va y,. Cac dai lugng
nay co kich ¢& va don vi nhu dai luong dong dién. Pé ghép ndi cac tin hiéu nay véi
UsqVa U ta phai dung mot mang tinh ap (MTu). Ngoai ra, ta phi dung thém it
mang tinh dong (MTi)ié tinh i ¢ va i*Sq tir cac dai lugng tir thong rotor ¢ va Hc
do vuot truéc w cia tir théng rotor so &i truc rotor.

Mang tinh dong (MTi):

L= (0 sT) o (3.1)
= (3.2)

m

Mang tinh &p (MTu):

.l

=Ry, - I+sT, Yy (3.3)
L

=Ry, + s mwrd (3.4)

1+ sTas
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yd = (1+ STos)isd (35)
Ta nhin thiy rang vy ,y, dong nHit véi cac dongdy, isg Sau tidi gian té T.s. CAC

dai lugng yy va y, 1a dau vao @a mang tinh ap (MTu).

Vi
L L.-L,.,s TR TP A .
= hang $ thoi gian tr thdng ti€éu tan phia stator.

R

L. =o.L,:dién caam tiéu tan phia stator.

TOS

Hinh 3.4 Vector donglién, dién ap, vai thong rotor trén &truc toadé (d,q)

Tinh gock, ta dung khau tich ph{néj:
—_ a‘S
6 = (3.6)
Chuyén doi hé toadd dongdién (CBTI):
(3.7)
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Iy =g, COSH, +ig,SING,
4T (3.8)
g =~z SING, +i ;5 COSH,
Chuyén doi hé toado dién ap:
uSU = uSG'
3.9
usv:_lusa +£usﬁ ( )
2 2
Khaudiéu ché téc d6 quay PCo) 1a khau PI:
o = (pr +%j(a)* - w) (3.10)
Céc khautiéu ché dongbCig vabCiy :
K .
Ya :(KPd +?|de|5<1 (3.11)
K ),
Yo =| Keq +? Al (3.12)

3.2.3. Giu tric hién dai cia FOC

Khi quan satiéi tuong diéu chinh 1a dong statordi hai thanh phn isg va i ta
nhan thiy: néu hai thanh phan dong dién trén hoan toan doc 1ap véi nhau, thi véc ar
dung ciu tric @ ban nhr trén 1a fp ly. Tuy nhién trong tinc #, ciu trdc @ ban chi
lam viéc 6t & ché d6 xac Bp. Con trong chdod dong (quéado), do hai thanh pin igg
va iy phu thuoe 1An nhau nénu tric @ ban da e 16 nhidu nhrge diém. Vi thé,
ngudi ta xay drng Mt ciu tric FOC kéu gian tép khac va gi 1a cau tric hén dai.

Trong du trac hén dai cua phrong phap FOC, it hién cac kidi méi 1a khoi
mé hinh t théng (MHTT), kidi 6n dinh tr thong (Fi_stability), khau gi han dong
dién (saturate) va khadiéu chinh tr thong (khau PI). Bénaoh d6, ngroi ta bo di
cac khau tinh ap va tinh dong (MTu) va (MTi).

Trén k& toado (d,q) dong dqduoc coi ladai lvongdiéu khién cho tr théng rotor,

tuy nhién gira haidai lvong Hn tai khau té bac nhit véi hing $ thoi gian T, .

b =2k (3.13)
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Vi vay can phii sir dung khaudiéu chinh tir thdng (khau PIié cai thién dic tinh
truyén dat d6. Khaudiéu chinh tr théng c6 nlim wu gia tc cac qué trinhit héa
trong dong @ théng qua \dc lam gam tac ding té caa T,. Mic khac,dé diéu
chinh, ta é&n c6 gia ti thuc caa tir théng, ma gia trnay hi rat khoé do dugc chinh
xac. Plwong phap FOC Ku gian tép ding md hinhit théngdé woc legng tr théng
trén @ so cacdai lugng do duoC isy isq Vaw. Tu cacdai luong nay ta con tiniuoc
goc 6.

i
W=
Tr Mrd
W, =w+w (3.14)

g @
S

Ngoai ra, kibi 6n dinh tr thdng c6 tac ghg 6n dinh gia ti tir thdngdit va khau

gioi han dong lam cho dondjén khéng wrot qua gia tr dat.
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CHUONG 4
PIEU KHI EN TUYEN TiNH HOA PONG CO KHONG
PONG BO

4.1.Pit van dé

Mot trong nhiirng nguyén nhan lam choéei diéu khién dong @ khéng
ddng bH rat khé khin 1a do md hinkiong hoc phi tuyén cia dong a (md hinh éa
dong @ duoc biéu dién dudi dang cac plrong trinh vi phan fc cao).

Mot pheong phapdé giai quyét bai toan phi tugn la chugn bai toandé
vé dang tuyn tinh phuong phap tuyén tinh hoabing hoi tiép - feedback
linearization). K thuat hoi tiép tuyén tinh hdadugc chia lam hai lai: tuyén tinh
hoa vao-ra (Input-Output Linearization) va éaytinh héa vao-ang thai (Input-
State Linearization).

Noi dung dia ky thuat diéu khién tuyén tinh héa vao-ra 1a: ta tim cadoi
bién diéu khién sao cho cac ngd raa ke théng tuyén tinh \6i cac bén diéu khién

moai.
4.2.Néi dung ciia phwong phap tuyén tinh héa vao ra

Cho I phi tuyén: X =% = 10)+a(u (4.1)
y =h(x)
Trongdo:
X: vect bién trang théi; [1, n]
u: vect bién diéu khién

y: vect tin hiéu ra

4.2.1.Pao ham Lie
bao ham Lie éaham h(x) theo plrong f dugc dinh ngha:
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bao ham fc 0: LS h(x) = h(x) (4.2)

bao ham lc 1: L, h(x) -@ f(X) 4.3)

Mot cach d¢ qui, ta co:
Pao ham béc n ctia ham h(x) theo plwong f:

LPR0) =2 (L7 h() (4.4)
X
Pao ham bac 2 ctia ham h(x) theo phrong f va g:

Lqun=£guhu»mw
(4.5)

L0 =2 (L) (9
Pao ham Lie ctia ham h(x) theo plrong khac (vi d phuong g)duoc dinh
ngha trong tr
4.2.2.Ap dung dao ham Lie tinh dao ham céc ngé ra
Muc dich aia viéc tinh caatao ham nay la tim xem éhquan 1§ gitra ngd ra
v6i ngd vao (bén diéu khién). Tir d6 ta tim cachidi bién diéu khién dé dugc hé

théng mbi c6 quan B tuyén tinh.

SRR

[f () +g(x)u]

_ oh(x) (x )+6h( X)
0X 0X
= Lh(x) + L h(x).u

(4.6)
g(x).u

NéU Lgh(x) = 0 th‘l%’ = L, h(x) (nghta 13 dao ham bac nhét khong chira
bién diéu khién u). Ta tinhdao ham ép 2 aia y.

d’y _d[dy d
" dt[a}__( f ())_—{—f( )} —(th(X).[f(X)+g(X)-U]

d’y
dt

:a(Lf h(xX)) = L; (L;h(x)) + L, L, h(x).u (4.7)
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Ta tiép tuc tinh dao ham @a y chodén khi xuit hién bién u trong bdu thic dao

ham, véc tinhdao ham Kt thic.
Khi d6 ta c6:9Y = y™ = 1™ p(xy + L, L0 4.8
| oaco.T—y =L{".h(x) + L L7 .h(x)u (4.8)

Gia ti m duoc goi la bac trong ddi cua e thong.

y(m) - L(fm) h(x)

Tr (4.8)=>u= —
L,.LTY .h(x)

4.2.3. Luat diéu khién tuyén tinh hoa

1

- _m
u LgL‘fm‘l)h(x)[v LT h(x)] (4.9)

Vi v 1a bién diéu khién moi
Thay u vao B phi tuyén bandau, ta § c6 k¢ tuyén tinh \6i bién diéu khién mai |a
V.
Tadugc y"W=v (4.10)
* Pieu khién tuyén tinh:
Vi luat diéu khién hoi tiép tuyén tinh héa, taluoc he tuyén tinh.Dé y(t)
bam theo tin K dat r(t), luat diéu khién tuyén tinh hoa \duoc dinh ngha nhr sau:
+ bat tin hiéu sai Ech: e(t) = y(t) — r(t)
+ Tin hiéu diéu khién v dugc xacdinh hoi:
v=r("_.g ™. g ™. -ae¥- g (4.11)
Pé y(t) bam theo r(t), ngh la e(t}>0 khi t—o, ta clon cac B8 sH: g sao
cho phrong trinhdac trung:
P™ + a1 p™ D + gy p™P+ L +ap+a=0 (4.12)
c6 #it ca cac nghdm véGi phan thec am

4.2.4. So' d6 nguyén Iy hé diéu khién tuyén tinh hoa
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I=
[

> a()+ L (x)w —n — = f(x)+H(X)u

\ 4
lQ

—~~
3

Hinh 4.1 So d6 khéi diéu khién tuyén tinh hoa

4.3. Ap dung diéu khién tuyén tinh hdéadéng oo
4.3.1. Tinh toan caalai lwong

Tir chuong 2, ta ¢ mé hinloan hoc cuadong a khdngdong ko rotor bng

séctrong hé truc toa do tinh (a, B) la:

o :{a.lT +1a_.TJJi” +10_-_T?—w;" s
di '
L
dl'gtm :f _T_rl//r/a_w:ﬂ

d‘jf‘* =l W

G 32 Wl )

Ta ciing c6 thé viét mo hinh toan hoc ciia dong co khong dong bo dudi dang

ma tran bién trang thai:
x® = f(x) + g.u
Voi: x= [x1 X, Xy X,

u=1ly ugl’
Vay, ta duogc:

XS]T - [i sa

B

‘/Ir'a l//r,B

(4.13)

o
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1 1-0 l1-o0 l1-o0
- —+ , + X, — WX,
ol, ol o, o
1 1
f(x)= f.xl—f.xs—a).x4
1 1
f.xz _f.X‘l + C{).Xs
13 L, T,
S P (X Xy = XX ) ——
J 2pc Lr ( 23 Xl 4) J
g _ ] ) ] )
—_— 0
oL, 1 0
L oL,
0 R
oL, L
g= =09,=| 0 [,0,=|0L,
0 0
0 0 0 0
0 0 0 0
0 0 | - - - -
[ K
‘V-X1+T—-X3 + p.K.wxX,
k=179 — X, +— X, — pK.wx,
g r
1 - L
bat: y=—+ = f(X)=| "% ——X X, .00
il T. oT, ) T,XlTr3p“
=13, b I'mx——x+ X5.00
H J2'0°Lr TP oT. P
T
H(X, X5 = %,.%,) _TL

Ng6 radiéu khién 1& momentiién

tur

3L, ,. .. . 3L
Te = p2_|_m(|sﬁwra _Isawrﬁ) = p—m(XZ'XS - Xl'x4)

2L

r

va binh plrong module i théng :

Viét duéi dang ma tén, ta co:

— 2 2 Y2 2
‘//—‘//m +¢/r,8 - X3 +X4'
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v () _ p.:;—l'l_r:“(xz.x3 = X X,) _ T (4.14)
h, (X) X2 + X2 7
Coéng thirc tinh dao ham Lie:
Pao ham Lie éa ham h(x) trong rn anh x R"—>R doc theo trrong vect
£(%) = [f1(X)...f,(0] duoc dinh ngha:

L h( = Z ah(x)

fi (%)

Ap dung béu thic trén, ta tinltao ham céac ngd ra.
4.3.1.1Pdi véi ngd ra thir nhat h,(x) (ngd ra moment T)

) - B 13+ g 9

=L, hl(x) +L, h(x).u (4.15)
= Lf hl(x) + Lglhl(x)'usa + nghl(x)'usﬁ
Tinh toan irng thanh phn:
> Thanh phan L,h(x)

Mf()_ §L——x4 X5 X =% 0lf(x)

Lih(x) = 2L

K
VX +ﬁ-x3 + p.K.wx,

K
- VX, +ﬁ.x4 - p.K.wx,

- 0]m —ix—pxa)
L, & | e e T e T PR

"
o
N w
K
T
X
X
P
N

1
X, ——— X, + DX
T "2 T P

H(Xp Xg = X Xg) ==
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K
+— XX, + pK.wx]
r

= § h[ X
p2 |_r VXX,

— YKy Xy +— X X, — PK.OXZ

r

L, 1
+T—r.X1.X2 _T—.Xz.

r

Xg = PXy X, .0

L, 1
_T—.Xl.X2 +T—.X4.

r r

X = PXyXg.0)

3L 1
L h(x) = pEL_mKT_ + y}(xz.x3 — X, X, )+ PaX % + %, )+ pK.w(xE +x2)

> Thanh phan L h (x)

X
glhl( ) hl( ) gl( )— p_[ X, X3 % =X
SRR
o.Ls
L 0
= pL—”‘.[— X, X5 % -X 0]. 0
' 0
0
3L 1 3
X =-p.—.K.X
Lo (X) = 2L oL X =P KX,

> Thanh phanL,h,(x)

ahl( X)

gzhl( ) Al gz( ): pZL -[_ Xy X3 X, X
T 0
1
L ols
= p2|T [_ X, X5 X, =X O] 0
' 0
0
1 3
X X, = p—.K.X
gzhl() 2|_ UL 3 p2 3

S

Thay (4.16), (4.17), (4.18) vao (4.15) dizoc:

(4.16)
0].g.(x)
(4.17)
0]-92()()
(4.18)
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Do L 109+ Ll 00, + Looh, (9

dt
3 L 2 2
=P L KT—H/}(XZ.Xg =%, X, )+ pa(X. X + XX, )+ p.K.a).(x3 + x4) (4.19)

- p.K.X, Uy, + p-K.X;Ug,
Ta thiy, dao ham ép 1 aia ngd ra th nhat da xuit hién u nén ta dng lai.
Bac twong ddi cua ngd ra thr nht 1a 1.
4.3.1.2 Poi véi ngd ra thir hai hy(x) (ngd ra tir thdng )

dh,(x) _oh (x)
" [0 +9(9u] (4.20)

= thz(x) +L,h,(x).u

Tinh toaning thanh phn:

oh (x)

L h,(x) = £ =[0 0 2x, 2x, 0Lf(x

2X;  2X, O]. —.X —i.x3 - PX,.

I
o
o

L, 1 L., 1.,
=2 T X X5 — 7% P.X, .0X, +T—.x2.x4 —T—x4 + PX5. X,

r r r

=T_2r,[|_m.(x1.x3 +%,%,) = (€ +x2)] (4.21)
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oh, (x
L h,(x) = %.g(x) =[o 0 2x,  2x, 0lg(x)
T
o.ls
o L
o.Ls
=[o 0 2x, 2x, O] (4.22)
0 0
0 0
- O O -
Lh,(x)=0

Thay (4.21) va (4.22) vao (4.2@3 duoc:

dhéix) =L, h,(x) + L,h, (x)u
(4.23)

2
=L 00 +360x) = 0€ +0)]
Ta thiy dao ham ép mot caa hy(x) chua xut hién u nén ta 8p tuc tinhdao
ham dp 2.
dh? (x) :g(dhz(x)j
dt>  dt dt

=%(Lf h, (x) + L h,(x).u)
=Lih,(x) + Lyl h(X)ug, +L,L h(X)ug,
Ta tinh toan ting thanh phan:
> Thanh phan L?h,(x)

2
0 T.[Lm.(><1-><3 +%.%,) = (6 + Xi)]

(x) =— ax F(x)

2 oL, h,(x)
Lf hZ(X) :Tf
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:TE.[Lm.x3 L% L,X—2X% L,.X—-2X, O]. %xl—ix3 - P.X,.0
Loy -1 X, + PXg.0
T X T X
T,
,u(xz X3~ X X4) _T
TE [=y.L, X X + |T< L, X5+ pK.wl, XX,
K 2
- VL., XX, +_|_—.Lm.x4 - p.K.wlL,, .X;.X,
L, 1
+_|_—.x1.(Lm.xl —2.X3) —_l_—.xe,.(Lm.x1 = 2.X5) = PX,.w (L% — 2.X;)
m 1
+_|_—.x2.(Lm.x2 —-2X,) —_I_—.x4.(Lm.x2 - 2X,) + pXg.w(L,.x, —2X,)]
TE [—V.L, X X, +_:_< L, X2+ pK.awl, XX,

-yl XX, +%.Lm.xf - p.K.wl, XX,

. 1 1
+T.xf.— 2._|_—r.x1.x3 —f.xl.xe,.Lm.— 2._|_—r.x§ - pwl, X X, = 2.p.00Xs.X,)
L2 L., m 2

2= 2.T—.x2.x4 R —T—.xj.) + Pl X, Xy = 2.P.0XX, )]

r r r* r

r r r

T
6 2K.L, 6L,  2yL, 2.pL,.w 2.2
:[T- T2 J(Xe? +X§)_[ T +. T J(X1X3 +X%,) + T (XgXg = X X,) + T2 (X +x%3)

r r

2 3L, KL, 2 L2
= 2| il T L0, 2%) | e S0 +x2) T (¢ xE) + L% X X X,)
; T, T T T
2

r
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r r T

r

6 2K.L_ 6L,  2yL, 2pL w
L®h,(x) = [T - j(s 2)—( T 4 j(x1x3+x2x4)+ '°T (%X = X X,)

2o ¢ +x0)

r

(4.24)
> Thanh phan L,L,h,(x)

AL, h, (x)

Ll (0 ==

*J1

:_I_E[Lm.x3 L%, L,x-2% L,Xx,-2x, 0]g, (4.25)

:E.Lm.xs. 1
T oL

r s

=2R K.X,
> Thanh phan L ,L,h,(x)

Lol h,(x) =

rJ2

oL h,(x)
0

:_l_g[Lm.x3 L.X, L,x-2% L,x,-2x, 0lg, (4.26)

:E.Lm.x‘l.i =2.R KX,
T, oL

r S

Thay (4.24), (4.25), (4.26) vao (4.23) dizoc:

dh” (x)
dt

=Lth, () + Lol (XU, + Ly, L h, (X).Ug,

6 2K. L 6.Lm 2. .Lm 2. .Lm.a)
(T T2 j( 3 4)_[ T +. .Jlf J(X1X3+X2X4)+ p_l_ .(XZ.X3—X1.X4)

r r r

2.2
+ R (X +X5) + 2R Kxug, + 2R KX, Uy,

T

r

(4.27)
Trong béu thic trénda xuit hién u, ta dng. Bic twong dbi cua ngd ra th
hai 1 2.Bac twong ddi ciia toan bo hé thdng 1a 3.
Két hop (4.19) va (4.27), i clng ta c6:

®
[hl (x)}{LfM(x)}rD(x){uw} (4.28)
h?(x) | |[Lih(X) Uz
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Lg:hy (%) Lg2hi(X)
Véi D(x) =
Lo Ly (X) LgoL i h,(X)

Céc thanh phan L h(x), L?h,(x), Loy (X), Lgohi (%), Ly L hy(X), Lyl hy(X)
duoc tinh toan & trén.

Dé thuan tién cho véc tinh toan va mo gimg, tadat:

Ay =Lgh (%), A, = Lih(3, Ay = Ly (%), A, = L,L hy(X)

D(x) duoc viét lai nhu sau:

A A
D(x) =

A Ay

4.3.2. Ap ding diéu khién tuyén tinh hoa

1
Us————
L, LT h(x)

|:usai| — D_l(X).|:_ Lf hl(x) +V1 :|
Usp —Lih,(X) +v,

[v-LM™h(x)], ta co ldt diéu khién tuyén tinh hoa nh

Sau:

= D_l(X).|:_ Bl +Vl :|
-B, +v,
V. Bl = th]_(X), B2 = |_(f2)h2 (X)
Taco:D™(x) = 1 { Aoz _A”}
detD) | -A;, A,
Vi L !

detD ) ArAy, — Ay Ay

Vay taduoc:
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Usa | _ 1 A, —A,||-Btv
[us,ﬁ} B A11-A22 - A12'A21 {_ A21 Aij{_ Bz +VJ
- 1 {Azz-(_B1+V1)_A12(_Bz +V,) }
) APy = APy | = Ay (FB V) + AL (=B, +V,)

Nhén xét: A11.Az — AgaAy # 0 = céc tin hidu didu khién ug, Ug 14 cac

tin hiéu thuc.
Pao ham ngd ra thir nhit:

Tir biéu thie (4.15):

% =Leh(X) + L h (X).ug, +Lg,h(X).ug,

Voi:
Ug, = ! [AZZ'(_Bl +V1)_A12(_Bz +Vz)]

ArAy, —AyA, (4.29)
Uy = ! [_ Ay (=B, +v) + Ay (=B, +V2)]

ArAy, —AyAy, (4.30)

Thay W, Ug, L h,(X),Lyh(x), L,h (x) vao biéu thic (4.15), tadugc:

dh () _ 1 N
=B A (A (B )~ A8, )
e ! A AR+ A+

1

’ ArA, = A Ay
A AR ) A A, + )

=B

[AilAZZ(_Bl + V1) - All-ALz(_Bz + Vz)]

+ 1
ALy~ AA,

=B LALA, (B + V) = AL A (=B, +V,)]

- AJ.Z'A21(_81 + Vl) + ALz-ALl(_Bz + Vz)]

+ 1
ArA, — Ay

=B [(ALA, = A A)(-B + )] =V
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. . dh(x
Vay%zvl

Pao ham ngo6 ra thir hai:
Tu (4.20), ta co: % = LTh, (%) + Lyl h (x)ug, +L,L hy (X)ug,
Vi:

_ 1
e ArAy, —AyA,

[AZZ'(_Bl +V1) - Aiz(_Bz +V2)]

Usp = ALA, i ALA, [_ A21(_Bl +V1) + Au(_Bz +V2)]

Thay W, g, L7h,(X), L, L h,(X),L,L,h,(X) vao biéu thtrc (4.20), ta duoc:

dh, (x) =B, +A, : LAy (7B +V;) — A, (=B, +v,)]

dt ArAy, —AyA,
+ Azz A11-A22 i A12-A21 [_A21(_Bl +V1) + All(_BZ +V2)]
1

- '[A21'A22'(_Bl +V1) - A21'A12(_BZ +V2)
- A22A21(_Bl +V1) + Azz-Au(_Bz +V2)]

'[_A21'A12(_BZ +V2) + Azz-Au(_Bz +V2)]

5 +
ArAy — AyA,

1

-5 A11-A22 - A12'A21
1
=5, + . 2-M1 T Py _Bz+ 2
AA —ALA, [(Asz-A = A AL v,)]
=V,
Vay 000,
@ —T@0 —
Cuwi cuing ta co: h?=T% =y, (43D

h? =y @ =v, (432)

Tém lai: Quan B gitra cac ngd vao & (v4, v2) voi cac ngd ra lGc nay |a tég tinh
v6i mot khau tich phan (biéu thirc 4.31) va hai khau tich phébiéu thic 4.32).
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Pé diéu khién moment (T) va tir thong ¢ bam theo tin hiéu dat Ties va ¢, ,
ta c6 luat diéu khién tuyén tinh hoa nhu sau:

ref

Vl = _ka (T - Tref ) + T & (433)
V2 = _kbl (l// _l//ref ) - kb2 ‘//(l) - r(él)‘ ) + l//r(ezf) (4'34)

Céc hé s k duogc chon sao cho phuong trinh ddc trung c6 tat ca cac nghi¢m

v6i phan thuc 4m dé céc sai so:
€ :(T _Tref) -0
l/l :(l/l_wref) - O

Moment dit (Tref) duoc tinh tir te do dat va toe do hoi tiép thong qua khau
PI (khau tich phan-ty 1&€) nhu sau:

khi t—o0

t
Tt = ~Kpwtk (@ —axr))dr (4.35)
0

4.4. Xay drng cac ki mé phéng diéu khién tuyén tinh héadéng oo khéng
dong bp trong SIMULINK/MATLAB
4.4.1. X4y dung so d0 khdi diéu khién dong co bang phwong phap tuyén tinh
hoa

V& co ban, dé diéu khién dong co khong dong bo bang phuong phap tuyén

tinh hoa, ta c6 so do khoi dieu khién nhu sau:

YYYY

! Usalfa 153012

¥
c
-
L

YY Y¥Y ¥

TFiwr

Hinh 4.2So db diéu khién tuyén tinh héa dong co
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4.4.1.1. Tong quan vé so dd

Tin hiéu dau vao cua hé théng diéu khién 1a cac gia tri dat cua tdc do va
tir thong (orer, Wrer). Tin hiéu ddu ra cta hé théng 1a toe do (o) (duoc xac dinh
tr md hinh toan), moment (T) va tir thong (y) (duoc udc lugng). Quan hé
gilta c4c tin hiéu dau vao va dau ra 13 tuyén tinh (dwgc thuc hién bang chirc

nang cua cac khoi “Picu khién tuyén tinh hoéa” va khoi “Tuyen tinh hoa”).

4.4.1.2. Khoi “Piéu khién tuyén tinh héa”

Khoi diéu khién tuyén tinh héa nhan cac gia tri dat ctua tr thong va tbe do
(Wretr Oref), cac tin hiéu hoi tiép (moment T, tir thong v, tdc d6 ). Trong do,
tdc do cua dong co dugc xac dinh tir md hinh todn hoc ctia dong co. Cac dai
lugng tr thong va moment nhan dugc tu “Khéi uéc luong”. Pay la cac bién
trong mo hinh toan hoc cia dong co.

Nhiém vu ctia khéi nay 1 tinh toan cac bién diéu khién moi (v; va v,) tir cac
gia tri dau vao. Thuat todn xac dinh vy va v, d3 duoc trinh bay ¢ phan 4.3.
Céc tin hiéu diéu khién méi nay s& tuyén tinh v6i ngd ra va duoc dua vao

khéi tuyén tinh héa.

4.4.1.3. Khéi “Tuyén tinh héa”

Pay 1a khdi co chtc ning rat quan trong ctia phuong phap tuyén tinh hoa.
Khdi nay nhan tin hiéu 1 cac bién diéu khién méi (v V,), cac tin hidu hdi
tiép tir dong co va “Bo udc luong” 1a (dong dién (I), toc dd va tir thong). Vi
vay, phuong phap diéu khién nay duoc goi 1a “Tuyén tinh hoa bang hdi tiép”
(hay Hdi tiép tuyén tinh hoéa).

Tir cac tin hiéu du vao, khéi nay co chirc ning tinh toan dién ap thich hop

dat vao dong co (thong qua cac tin hi€u hoi tiép va bién diéu khién mai).

4.4.1.4. Khoi “Pong co khong dong bp”

DPong co khong dong bd duoc diéu khién bang dién ap ngd ra cua khdi tuyén
tinh hoa. Dé don gian trong diéu khién, dién 4p nay di duoc chuyén sang hé
truc toa tinh (a, B), nhu vay dién ap diéu khién dong co 1a (Ug, Ug). Vi vay,

mo hinh cua dong co duogc xay dung trong h¢ truc toa do (a, ). Ngoai ra,
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ngd vao cua dong co duoc két ndi véi moment tai T, (Torque Load ). Gia tri
dat caa T va thoi gian dua T vao dong co dugc xay dung b?mg Simulink
cua Matlab.

- Ngo ra cia dong co la dong dién stator (lg;, lsp), téc do (m) va tir thong (y).
Trong do, tir thong y duoc tinh toan gian tiép thong qua céac tir thong thanh
phan (¢,,.4,5).

4.5. Két qua md phéng diéu khién tuyén tinh héa déng oo khdng déng bé trong
SIMULINK/MATLAB

4.5.1. Tham s6 mé phéng

Bang 4.1Théng s cua dong co khong dong bd

Thoéng 9 ciia ddng oo khdng déng bd
Thong sb Gia tri
Coéng sit caadong @ P = 10Hp
S6 doi cuc P=2
bién tro stator R=1.1710)
bién tro rotor R=1.382Q
bién cam stator L=0.118 H
bién cam rotor L=0.113H
Momen quén tinh J =0.00126 (kg.m2)
Ho6 cam Lm=0.113 (H)
Céc gia tri dat
Téc do dit W, = 1420 (vong/phiit) = 148,7 (rad/s)
Tur thong dat Fier =1 (Weber)
Moment tai dat T, =3.5(N.m)

4.5.2. Trinh ty mé6 phong
Thoi gian cua qua trinh mo6 phong 1a 4 giay (Tsim = 4).

Gia tri cua tir thong dat 1a 1 Wb trong sudt qua trinh mo phong
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Téc d6 dit cuia dong co: trong 2 gidy ddu cua qua trinh mé phong, Wier =
148,7 rad/s; tai thoi diém 2 giay, téc d6 ctia dong co giam mot nira so véi toc do

dit (74,35 rad/s) va duy tri dén hét thoi gian m6 phong theo dang sau:

[Toc do dat]
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| | | | | |
@100 [REEEEEE SRRREEE b EEREEE SRR [RRRREEE SEREES 8

< | | | | | |
£ sor------ Lo - b oo - Lo - -

; | | | | | | |
60F - ——--- TTTTTTo T T Gt T T T N

| | | | | | |
a0F -~ IRREEEEE S oo SRREEEE S TR R .
200 -~ IR . Lo G o Lo TR _
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Hinh 4.3 Téc d6 dit cho qua trinh mo phong
+ Khi mé phong dao chiéu quay dong co, tbe do dit nhu sau:

[Toc do dat (Dao chieu dong co)]

|
|
20 R e
|
40k ----—--4 -~ L
e0F---- - -4+ - - - — - -\ —

O P R A S e ——

w (rad/s)

(L T e i e R e -

A20F ~ -

| |
| | !
-140F -~~~ - e Lo s 1-——--
| |
1 1

-160,

Hinh 4.4 Téc d6 dat cho qua trinh mé phong dao chiéu dong co
Moment tai ddt cia dong co : khi dong co khoi dong duoc 1,5 gidy thi dong
tai v4i gia tri moment tai dat 1a T, = 3,5 (N.m), dén 3 gidythi cat tai. Nhu vay, thoi
gian dong co hoat dong co tai trong qua trinh mo phong 1a 2 gidy (tir gidy 1,5 dén
gidy thu 3) theo dang sau :
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[Moment dat]
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Hinh 4.9Dong di¢ 3ph ua dong co
Khi dao chiéu quay dong co
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[Tu thong thuc (Dao chieu dong co)-FLC]
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Hinh 4.12Moment ctia dong co (khi ddo chiéu dong co)
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[Dong dien ba pha (Dao chieu dong co)]
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Hinh 4.13Dong dién 3 pha ctia dong co (khi dao chiéu dong co)
3.5.4. Nhan xét két qua mé phong diéu khién tuyén tinh héa dong co
Trong giai doan khéi dong dong co (2 gidy dau ctia qua trinh mé phong):

+ Tir thong cua dong co bam kha sat gia tri dat (1 Wb), thoi gian gia toc cia
tir thong rat nhanh (khoang 0,25 gidy) nhu vy dap Gng tir thong dat yéu cau, khong
vot 10, khong c6 sai sb tinh.

+ Téc d6 cuia dong co bam rét sat gia tri dit (148,7 rad/s), thoi gian gia toc
ctia toc do kha nhanh (khoang 2 gidy) nhu vay dap tng téc do dat yéu cau, khong
vot 10, khong c6 sai sb tinh.

+ Moment dong co bam kha sat gia tri dat. Khi dong tai vao dong co,
moment cta dong co ting theo moment tai dén gia tri dit (3,5 N.m). Nhr vay, dap
rng a1a moment 1a khét.

+ Dong dién ba pha ctia dong co ting dén 16A trong qua trinh khoi dong
trong khodng thoi gian 0,2 gidy. Sau do, dong dién xac lap tai gid tri 8A. Nhu vay
dong khai dong bang 2 1an dong xéc 14p.

+ Tai thoi diém dong tai vao dong co (1,5 gidy), tir thong va dong dién ba
pha cua dong co khong bi anh hudng, téc d6 bi anh hudng khong dang ké.

Trong giai doan ham dong co (2 gidy sau cua qua trinh mo phong)

+ Tir thong cua dong co khong bi anh hudng va bam rat sat gia tri dit (1 Wb)

cho dén hét thoi gian mo phong.
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+ Tdc d6 cua dong co giam 50% (tir 148,7 (rad/s) xudng 74,35 rad/s) trong
(2 gidy) va xac 1ap gia tri. Nhu vay dap tmg tdc do kha tot.

+ Tai thoi diém bt ddu him dong co (2 gidy), moment ciia dong co giam
khong déng ké va bam sat gia tri dat. Khi cit tai, moment dong co giam vé 0 (tai
thoi diém 3 gidy) va bam sat giai idt.

+ Gia trj xac 1ap cua dong dién ba pha dong co dugc duy tri cho dén hét thoi
gian mo6 phdong. Tuy nhién, trong giai doan ham dong co, chu ky ctia dang song tin
hiéu dong dién tang.

+ Tai thoi diém cit tai (3 gidy), tir thong, dong dién ba pha cta dong co
khong bi anh hudng, toc d6 bi anh hudong khong dang ké.

Pao chiéu quay dong co

+ Pap g cua tir thong, dong dién cac pha cua dong co khong ddi so v6i ché

do quay thuan.

+ Moment ctia dong co thay d6i khong dang ke.
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CHUONG 5

PIEU KHI EN PONG CO KHONG PONG BOQ 3 PHA THEO PHUONG
PHAP FOC BANG BQ PIEU KHI EN MO

5.1. Gigi thiéu vé logic mor
5.1.1. Khai ném veé tap mo

Tap md F xacdinh trén fp kinhdién M 1& nbt tip ma ndi phan tr caa nod 1a
mot cap cac gia tir(x, pe(x)) trongdo x 0 M vape la &nh x. ue: M - [0, 1]

Anh xa pe duoc goi 1a ham lién thac (haic ham ph thuoc) cia tip mo F. Tap
kinh dién M duogc goi la co s cia tip mo F.

Sir dung cac ham lién the dé tinh do phu thupc caa mdt phan tr X ndodé cod
hai cach: tinh trc tiép (nfu pe(X) ¢ dang cong tirc twrong minh) hdc tra king (réu
He(X) & dang kang).

Céac ham lién thc pe(x) cé ding “tron” duoc goi 1a ham lién thac kiéu S.
Déi v6i ham lién thdc kiéu S, do cac cong tit biéu dién pe(x) cdo phic tap lon
nén thi gian tinhdo phu thusc cho ndt phén tir 1au. Trong K thuat didu khién mo
thdng throng, cac ham lién thie kiéu S throng duoc thay @n ddng Bing mjt ham
tuyén tinh trng doan.

Mot ham lién thdc c6 ding tuyén tinh tig doan dugc goi 1a ham lién thac

c6 mrc chuyén doi tuyén tinh.

4 Ur(x)

X

0 m; m m: P

Hinh 5.1 Ham lién thidc pe(x) ¢ mrc chuyn doi tuyén tinh.
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Ham lién thc pe(x) nhue trén Woi my = mp va my = my chinh la ham pinthuoc
cua bt tap kinhdién.

P) cao, mén xacdinh va mién tin cay cia tap mo

Do cao ma mot tap mo F (trén o so M) la gia ti:

H = supit, (x)

xOM

Mot tap md véi it nhat mot phan tir codoé phu thude bing 1duoc goi 1a tip mo
chinh #ic trc 1a H = 1, ngoc lai mot tip mo F woi H < 1 dugc goi 1a tap md khong
chinh fic.

Mién xacdinh aia ip mo F (trén o s M), duoc ky hiéu boi S 1a ip con @a

M théa man:
S={x0M |puex) >0}

Mién tin cy caa tip mo F (trén © sd M), duoc ky hiéu bai T 12 tip con @a M

thoa man:
T={xOM |pe(x) = 1}

4 uF(x)

Mién tin cay

“Mién xéc dinh
Hinh 5.2 Mién x&cdinh va mén tin ciy caa mbt tip mo.
5.1.2. Cac phép toan trénap mo
5.1.2.1. Phép bip

Hop caa hai ip mo A va B c6 cung e so M la mot tap mo cling xacdinh trén

co & M véi ham lién thiégc:
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Haoe(X) = MAX{ Ha(X), Ha(X)},

L

&~

Malx) Us(x)

Hinh 5.3 Ham lién théc aia hop hai ip mo c6 cung o 6.
C6 nhiu cong thirc khac nhaduoc dungdé tinh ham lién théic pans(X) cua

hop hai p Mo nhu:

_ [max{u, (%), M(x )} khi min{u, (x),14(x )} =0
Hans (X) = 1khi mi , (5.1)
i min{p, (x),1e(x )} #0
Maoe(X) = min{l, pa(X) + L e(X)} (Phép bp Lukasiewicz), (5.2)
_ M (X) s (X) SR
Mage (X) _1+HA (X) + 11, () (Bng Einstein), (5.3)
Hame(X) = Ma(X) + Ha(X) - Ha(X).Me(X) (TONg trrc tiép),... (5.4)
bl I‘ugf
VA N

Hinh 5.4 Ham lién théc cia hai ip mo A,B

4 wyx, ¥) 4 upix, ¥)

%
k)
.
i
&
A
o
P{

Hinh 5.5 Pbua hai 8p md vé chung nét co s M x N.
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t racsx )

e

Hinh 5.6 Hop hai ip mo trén @ s M x N.

Co6 hai ip my A (co so M) va B (& s6 N). Do hai @ s6 M va Ndoc lap voi
nhau nén ham lién tida pa(x), x 0 M caa p mo A s€ khéng plu thuoc vao N va
nguoc lai pg(y), y O N cia ip mo B ciing € khong ph thuoc vao M.Diéu nay ti
hién & chd trén @ so méi la tap tich Mx N hamp(X) phai 1a mot mit “cong” doc
theo tuc y vapug(y) la mot mat “cong” doc theo tuc x. Tap mo A dugc dinh ngha
trén hai © s M va M x N. Bé phan bét duoc chang, ky Hu A s8 duoc dungdé
chi tip mo A trén @ sd M x N. Tuong tr, ky hiéu B duoc dungdé chi tip my B
trén @ sd M x N, voi nhitng ky hiu dé thi:

Ha(X, ¥) =Ha(X), voi moi y I N va
Ma(X, Y) = Hs(Yy), voi moi x O M.

Sau khida dwa duoc hai ip my A, B vé chung nét co so [a M x N thanh Ava
B thi ham lién théc papg(x, y) cia ip my A O B duoc xacdinh theo cbng tinc
(5.4).

5.1.2.2. Phép giao

a~8lx)

Aa(x) ls(x)

L 4

Hinh 5.7 Giao hai ip mo cung © so
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Giao aia hai ip mo A va B c6 cung e so M la mot tap mo ciing xacdinh trén

co & M véi ham lién thigc:
Han(X) = MIN{pa(X), Ha(X)},

Trong c6ng tirc trén ky héu min dugc viét hoa thanh MIN chdé biéu hién
rang phép tinhdy cuc tiéu duoc thee hién trén &p mo. Ban chit phép tinh khéng c6
gi thayddi.

C6 nhiu cong thirc khac nhauuoc dungdé tinh ham lién théic pa.s(X) cua

giao hai ip mo nhu:

_ | min{p, (x), pg(x)} khi max{u, (x),Hg(x)} =1
Ha,s(X) = okhi : (5.5)
I max{u, (X), pg(x)} #1
Hane(X) = max{0, ua(X) + us(X) - 1} (Phép giao Lukasiewicz), (.6
_ Ha (X)Hg (X) o Einata:
Mo ) 0 00+ 10 00) — 1 (O ) L e &)
Hans(X) =Ha (X)Hs(X) (Tidhi S5),... (5.8)

Céng thic trén ding 4p ding duoc cho hp hai p my khdng cung ¢ & bang
cachdua ¢ hai ip my vé chung nét co so 1a tich @a hai @ sv d4 cho.

Ching han c6 hai 4p md A dinh ngha trén o s5 M va Bdinh nghia trén o so
N. Do hai @ s6 M va Ndoc 1ap voi nhau nén ham lién tida pa(x), x O M cua tip
mo A s khong plu thuoc vao N va ngoc lai pg(y), y O N caa ip mo B ciing €
khoéng phu thuoc vao M. Trén ¢ so mai la tap tich Mx N hampa(x) la mot mat
“cong” doc theo tnc y vapg(y) la mit mat “cong” doc theo trc x. Tap mo A (hoic
B) duoc dinh ngha trén hai 6 s M (hoic N) va Mx N. Bé phan bét, ky hiéu A
(haic B) & dugc dungdé chi tip my A (hoic B) trén o so mai 1a M x N. Vi
nhirng Ky héu do thi

Ha(X, Y) =Ha(X), v&i moi'y O N vapg(X, y) = Hs(y), véi moi x [ M.
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Yimpx. y)

Hinh 5.8 Phép giao haiip my khéng cung ¢ so.
5.1.2.3. Phép bu

BU cia ip my A c6 @ s& M va ham lién théic pa(x) 1a mot tap my A® xac

dinh trén cung € s& M véi ham lién théc:
HAC(X) = 1 -Ha(X). (5.9)

T i) T et

N [

Hinh 5.9 Ham lién théc caa Bp mo A va ép bu A” caa ip A

¥

5.1.3. Luat hop thanh mo
5.1.3.1. Ménh @& hep thanh

Cho hai bén ngén ng x vay. Néu bién x nhan gia ti md A c6 ham lién théc

Ha(X) vay nhan gia ti mo B c6 ham lién thic pg(y) thi hai béu thic:
X=A,
y=B.

duoc goi 1a hai ménh dé.

Ky hiéu hai nénh dé trén 1a p va q thi émh dé hop thanh p= q (tir p suy ra
q), hoan toanutong tng Wi luat didu khién (ménh dé hop thanh mit diéu kien)
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NEU X = A thiy = B, trongdé ménh dé p duoc goi 1a ménh dé diéu kién va q
la ménh dé két luan.

Ménh dé hop thanh trén Ia 6t vi du don gian vé bo diéu khién my. N6 cho
phép tr mot gia ti dau vao % hay @ thé hon 1a tr d6 phu thudc pa(xo) déi vai tap
mo A cua gia ti dau vao x xacdinh duoc hé s6 thoa man ninh dé két luan q aia
gia ti dau ra y. Béu dién h¢ 5 théa man minhdé g aia y nhr mot tip my B’ cling

co & voi B thi ménhdé hop thanh chinh 1a anhax
Ha(Xo) > Ha(Y)-
5.1.3.2. M6 & ménh d@é hop thanh
Anh xa pa(Xo) - Hs(y) chi ra Bing ménh dé hop thanh 1a rat tip ma ndi phu

thuoc 1a mot gid ti (La(Xo), Ms(Y)), tic 1& mdi phu thuoc la modt taip mo. M6 t ménh
dé hop thanh p= g va cac rénh dé diéu khién p, Kt luan q c6 quan &isau:

Bang 5.1Ménhdé hop thanh

p Q p=q
0 0 1
0 1 1
1 0 0
1 1 1

noi cach khac: #gnh dé hop thanh p= q c6 gia tr logic caa ~p0 g, trongdo ~ chi
phép tinhdy gia ti logicPAO vaOchi phép tinh logitHOAC.

Biéu thirc trong duwong cho ham lién thic cia ménh dé hop thanh & 1a
A =B - MAX{1 - pa(x), us(¥)}

Ham lién théc aia ménh dé hop thanh co ¢ s 1a tp tich hai ip oo s da 6.

Do ¢6 s mau thdn ring p= ¢ ludn c6 gié irdang (gia t logic 1) khi p sai nénys
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chuyén d6i trong duong tir ménh dé hop thanh p= q kinhdién sang ranh dé hop
thanh nv A = B khong ap dng duogc trong K thuat diéu khién mo.

Dé khic phic nhroc diém trén, c6 nkiu y kién khac nhau & nguyén ic xay
dung ham lién théc pa_s(X, y) cho nénhdé hop thanh A= B nhu:

Ha=s(X, Y) = MAX{MIN{ pa(X), Ue(y)},1 - Ha(X)} cOng thic Zadeh, (5.10)
Ha—g(X, Y) = MIN{1, 1 - pa(x) + Ha(Y)} cobng thc Lukasiewicz, (5.11)
Ha=s(X, ¥) = MAX{1 - pa(X), Us(Y)} cong tiic Kleene-Dienes, (5.12)

song nguyénit caa Mamdani: D6 phu thuoc caa két luan khdngduoc 16n hon do
phu thuoc cia didu kién” & cé tinh thugt phuc nHit va hén dangduoc sr dung
nhiéu nhat dé mé # luat ménh dé hop thanh ny trong kK thuat diéu khién.

T nguyén ic caa Mamdani cdlugc cac cong tic xacdinh ham lién théc
sau cho rénh dé hop thanh A= B:

Ha=s(X, Y) = MIN{pa(X), Ha(Y)} cong tirc MAX-MIN, (5.13)
Ha=g(X, ¥) =Ha(X).Ha(Y) congtic MAX-PROD, (5.14)

Céc cong thc trén cho ranh & hop thanh A= B duoc i 1a quy #c hop
thanh.

5.1.3.3. Luit hgp thanh mo
* Lu 4t hop thanh mdt diéu kién
Luat hgp thanh MAX-MIN

Luat hop thanh MAX-MIN 1a tén gi mé hinh (ma #n) R aia ménh dé hop
thanh A= B khi ham lién thac pa_s(X, y) cia ndduoc xay drng trén quy ic
MAX-MIN.

Trudc tién hai ham lién thic pa(X) va pg(y) dugc roi rac héa i chu ky roi

rac du nho dé khdng b mét théng tin.
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Tong quat I8n cho B gia ti rd X, bat ky:
Xo O X ={X1, Xo, +vvy %o}
tai dau vao, vector chun vi ass co6 ding:
a=(a & .. a)

trongdd chi co bt phén tir g duy nhit ¢ ch sd i 1a ch b cua x trong X ¢ gia tr
bang 1, cac phn tr con hi déu bing 0. Ham lién théc:

T
U (y)=a .R=(a,a,,...a) ..
fre - T
=l W VST 1, =Y, (5.15)

Dé tranh & dung thuit todn nhan main cia dai sb tuyén tinh cho véc tinh
e (Y) va ding dé ting tc do xu Iy, phép tinh nhan maatr dugc thay Wi luat max-
min cia Zadeh ¥i max (phépdy cuc dai) thay vao v tri phép nhan va min (phép

lay cuc tiéu) thay vao ytri phép éng nhr sau

l, =maxmin(a,r,) (5.16)

I<i<n

Luat hgp thanh MAX-PROD

Ciing gibng nhr véi luat hop thanh MAX-MIN, ma tin R aia ludt hop thanh
MAX-PROD duogc xay drng gom cac hang l1a m giaitroi rac cia dau rapg (y1),
Hg (Y2), ..., Mg (Ym) ChO n gi& trrd dau vao x, X, ..., %. Nhu vy, ma tin R € c6 n
hang va m ét.

Dé rat ngin thoi gian tinh va @ng d&& mo rong cong titc trén cho trong hop
d4u vao 1a gia irmo, phép nhan man a.R ding dugc thay Bng luit max-min

cua Zadeh nhn da lam cho lat hop thanh MAX-MIN.

Thuat toan xay deng R
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Phrong phap xay dng R cho mnh d hop thanh nit diéu kién R: A= B,
theo MAX-MIN hay MAX-PROD,d xac dinh ham lién théic cho gia tr mo B’
dau ra hoan toan c6 &mo rong trong tr cho mdt ménh dé hop thanh Bt ky nao
khac ding:

NEU x = A thiy = B,
trongd6 ma tan hay Iuit hop thanh R khong it thiét phai 1a mot ma tén vuéng.

S6 chiéu caa R phi thupe vao $ diém 1ay miu oaa pa(x) va pg(y) khi roi rac cac
ham lién thdc tap mo A va B.

Ching han véi n diém mau X, X, ..., % cia hamp(X) va mdiém mau vy, s,

.oy Y Ci@ hampig(y) thi luat hop thanh R 1a it ma tén n hang m @t nhe sau

e (X, Y1) oo RO Y)Y T - i
R=

:uR(Xn'yl) :uR(Xn'ym) r.nl r.nm

Ham lién théc pg (y) cia gia ti dau raang V6i gia tri rd dau vao x duoc xac
dinh theo:

g (y) = a.R Vi
a=(,0,..01,0,..0).
/
Vi tri thar k
Trong trong hop dau vao la gia irmo A’ véi ham lién théc pa (x) thi ham

lién thuwc pg: (y) coa gia ti dau ra B’:

Ue (y) = (I, 2, .., k)
cling dugc tinh theo cbng tit trén va

|, =maxmin(a,r,), k=1, 2, .., m,

I<i<n
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trongdo ala vector m cac gia trroi rac caa cac ham lién thie p () caa A’ tai
cacdiém

X O X ={Xy, X, ..., %}, tic la

a' = (Ua (X1), Mar (X2), +ees Ha (%),

Uu diém aia luit max-min Zadeh 1a c6 éhxacdinh ngayduoc R thdng qua
tich dyadic, trc 1a tich @a mbt vector i mot vector chugn vi. Véi n diém roi rac
X1, Xo, ...y % ClA @ S cia A va mdiém 15i rac i, Vs, ..., ¥in Caa @ SO cia B thi tr

hai vector:
U'A= (Ma(XD), Ha(X2), ..., Ma(Xn)) VA
H's = (He(yn), Ha(Y2), - Ha(Ym)
suy ra
R=p"a.us,
trongdé réu quy tic ap ding 1a MAX-MIN thi phép nhaduoc thay ing phép tinh

ldy cuc tiéu (min), Wi quy tic MAX-PROD thi thrc hién phép nhan nh binh
thuong.

* Lu 4t hep thanh cia ménh @é nhiéu diéu kién
Mot ménh dé hop thanh i d ménh dé diéu kiéen:
NEU X; = A; VA X, = A, VA ... VA x4 = Agthiy=B
bao @m d bén ngdbn ng dau vaoxy, Xz , ..., Xq va mot bién dau ray ciing dugc mod
hinh hoa dging nhr viéc mé hinh héa énh dé hop thanh cé rt diéu kién, trongdd
lién két VA giira cac ninh dé (hay gia tf mo) duoc thec hién bing phép giao céac
tap Mo A, Ay, ..., Ay V6i nhau. Kt qua caa phép giaodla do thoa man H aa luat.

Cac hrac xay drng luat hop thanh R nh sau:

- Roi rac héa mén xacdinh ham lién théic pai(X1), Haz(X2), ..., Had(Xq), Ha(Y)

cia cac minh dé diéu kién va nénh dé két luan.
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- Xac dinh d6 théa man H choting vector cac gia itrd dau vao l1a vectord
hop d diém miu thuwsc mién xacdinh aia cac ham lién the pa(x), i = 1, ..., d.

Ching han véi mot vector cac gia ind dau vao

G

trongdd G, i = 1, .., d 1a mt trong caatiém miu mién xacdinh aia pai(x;) thi

H = MIN{ pa1(C1), Ha2(C2), -, Had(Ca)}
- Lap R ¢pm cac ham lién thic gia ti md dau ra cho ing vector cac gia itr

dau vao theo nguyérid:
Ug () = MIN{H, ps(y)} néu quy #c sr dung 1a MAX-MIN hoic
g (Y) = Hug(y) néu quy tc sr dung la MAX-PROD.

Luét hop thanh R %i d ménh dé diéu kién duoc biéu dién dusi dang mot
lwoi khdng gian (d + 1) chi.

* Lu 4t ciia nhiéu ménh dé hop thanh

Thuit toan xay dwng luat chung aia nhiéu ménh dé hep thanh

Tong quét hoa pkong phap mé hinh héa trén cho prth dé hop thanh:
R:: NEU x = A, thiy = By, haic

R,: NEU X = A, thiy = B,, haic

Ry NEU X = A, thiy =B,

trongdo cac gia trmo A, A, ..., A,co cung 0 & X va B, By, ..., B, c6 cung o

soY.
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Goi ham lién thidc aia A va B la pak(X) va pek(y) voi k =1, 2, ..., p. Thit
toan trén khai R = R0 R, 0 ... 0 R, & nhur sau:

- Roi rac hoa X & ndiém xq, Xo, ..., % va Y ai mdiém vy, o, ..., Y,
- Xacdinh cac vectopak(X) vapee(y) véik =1, 2, ..., p theo
U ak = (Hak(X), Hak(X2), ..., Mak(Xn))
Uek = (Usk(YD), Hak(Y2), -, Hak(Ym)),
trc 1a Fuzzy héa cadiém roi rac caa X va Y.
- Xacdinh mé hinh cho kit diéu khién
Re=Waclek = (%), i=1,...,nvaj=1,..,n,
- Xacdinh Iuat hop thanh R = (max{(§), k = 1, ..., p}).

Tung ménh dé nénduoc md hinh héa tng nHit theo ndt quy tic chung, vi
du haic theo quy #c MAX-MIN hoic theo MAX-PROD ... Khidd céc ldt diéu
khién R, 5 c6 ndt tén chung 1a gt hop thanh MAX-MIN hay ldt hop thanh
MAX-PROD. Tén chung nayda tén @i cua luat hgp thanh chung R.

5.1.4. Gai mo

Bo6 diéu khién my cho du i mot hoic nhiu luat diéu khién (ménh dé& hop
thanh) @ing chra thé &p ding dugc trongdiéu khién déi twong, vidau ra luén la
mot gia ti md B’. Mot bo diéu khién my hoan clinh éin phai c6 thém khau gi mo
(qua trinh rd hdaap md dau ra B).

Giai mo la qua trinh xadinh mbt gia ti rd y’ naodé co the chip nhan dugc tir
ham lién thdc g (y) cia gia ti mo B’ (tap mo). Co hai plrong phap gii mo cha
yéu 1a phrong phéap gc dai va phrong phapdiém trong tdm, trongié oo so cua p
mo B’ dugc ky hiéu théng nHit 1A Y.
5.1.4.1. Plwong phap arc dai

Giai mo theo plrong phap gc dai gém hai hroc:




75

- xa4cdinh mién chra gia ti rd y'. Gia ti r6 y’ [a gia ti ma ti d6 ham lién
thuoc dat gia ti cuc dai (d6 cao H @a tip mo B), tac 1a mén:
G={yDY[ue(y) =H}
- xacdinh y’ c6 tre chip nhin dugc tir G.
G la khaing [y1, y;] cia mén gia ti caa tip md dau ra B, cua luat diéu khién
R,: NEU X = A, thiy= B,.

trong $ hai luit Ry, R, va luit R, duoc goi 1a ludt quyét dinh. VAy luat diéu khién
quyét dinh 1a It R, k O {1, 2, ..., p} ma gia irmo dau ra d@a nd c6dd cao bn
nhat, tirc 1a bing do cao H ¢a B’

4 Ug B, B

A0

H

Hinh 5.10 Giai m& bang phrong phéap gc dai
Dé thuc hién buge hai cé ba nguyén ly:
- nguyén ly trung binh,
- hguyén ly én trai va
- nguyén ly éan phai.
Néu ky hiéu

y; =inf(y) vay, =sufy)
yoG

yoG
thi y; chinh 1adiém cn tréi va y ladiém cin phai cua G.
* Nguyén ly trung binh

Theo nguyén ly trung binh, gid t y’ ¢ la
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y'= Y1 ZYZ (5.17)

Nguyén ly nay trong dugc dung khi G 1a it mién lién thdng va nin vay y’
ciing € 1a gia ti c6do phu thuoe lén nHit. Trong trdng hop B’ gdm céac ham lién
thuoc dang déu thi gia ti rd y’ khdng ph thusc vaodo théa man éa luat diéu
khién quyét dinh.

Gia ti rd y' khdng ph thusc vaodap tng vao @a luit diéu khién quyét dinh
nhue hinh sau:

AN

Hinh 5.11 Giai mo bang phrong phap gc dai (theo nguyén ly trung binh)
* Nguyén ly can trai
Gia ti rd y’ duoc lay bang dn trai y cia G. Gia ti rd lay theo nguyén lyin
trai nay § phu thuoc tuyén tinh vaads thoa man éa luat diéu khién quyét dinh.
Gia ti rd y’ phu thudc tuyén tinh Wi daptng vao @a luat didu khién quyét dinh
nhue hinh sau

-

Hinh 5.12 Giai m& bang phrong phap ¢c dai (theo nguyén Iy &n trai)

* Nguyén ly can phai:
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Gia ti rd y’ duoc ldy bing dn phii y, caia G. Ging gibng nhr nguyén ly én
tréi, gia ti rd y’' ¢ day phu thuc tuyén tinh vaodap tng vao @a luit diéu khién
quyét dinh.

Gia tri rd y’ phu thuoc tuyén tinh i daptng vao @a luat diéu khién quyét dinh
nhue hinh sau

4 iz B, B,

favia

Hinh 5.13 Giai mo bang phrong phap gc dai (theo nguyén ly an phai)
5.1.4.2. Plwong phapdiém trong tam

Phrong phapdiém trong tdm & cho ra Kt qua y’ 1a hoanhdo caa diém trong

tam mén duoc bao i truc hoanh vatuong pg (y).

Céng thirc xacdinh y’ theo plrong phapdiém trong tam nlr sau:
[ v (v)dy
S

' [ (y)dy

(5.18)

Trongdd S 1a mén xacdinh aia ip md B’. Trong hinh bén adi chi rd y’ 1a
hoanhdo caadiém trong tam.

4 g B, B,

Y

"

«— 5 =

Hinh 5.14 Phrong phapdiém trong tam
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Cong thic trén cho phép xatinh gia ti y’ véi sy tham gia da tt ca cac &p
mo dau ra dia mt luat didu khién mot cach binhtang va chinh xac, tuy nhiéail
khéngdé y duoc t6i d6 thoa man éa luat didu khién quyét dinh va thvi gian tinh
toan lau. Ngoai ra 61 trong nhing nhroc diém co ban cia phrong phapdiém
trong tam la co thgia ti y’ xac dinh duoc lai c6 do phu thudc nhd nhat, thim chi
bang 0. Byi vay dé tranh nliing tnrong hop nhr vay, khi dinh nghia ham lién théc
cho trng gia ti mo caa bt bién ngdn ng néndé y sao cho nén xacdinh aia cac
gia tri dau ra la not mién lién thong.

* Phwong phap diém trong tam cho Iuat hep thanh SUM-MIN

Gia sir ¢6 q luit diéu khién duoc trién khai. \Ay thi mbi gia ti mo B’ tai dau
ra aia b diéu khién thi k 1a Wi k = 1, 2, ..., g thi quyit SUM-MIN, ham lién
thuoc pe (y) S 1a :

Ha ) =Y i (9),

Coéng thic tinh y’ ¢6 ti dugc don gian nhr sau:

j(yius-k(y)de ZU y/JB'k(y)dyJ M,

=12As = lel (5.19)

i(gugk(y)jdy ) Zq)[i uB-k(y)dyj > A

k=1 k=1

y':

trong do:

M, = [y, (v)dy V& A = [ 1y, (y)dy

* Phwong phapdé cao

Sir dung cbng tlkc tinh y’ trén cho & hai laai luat hop thanh MAX-MIN va
SUM-MIN véi thém nét gia thiét 1a mdi tap mo P« (y) duoc xap xi bang mdt cap
gia ti (yi, Ho) duy nHit (singleton), trongi6 Hy 1a d6 cao @a pgk(y) va y 1a mot

diém mau trong mén gié ti caa pgy(y) cO:
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Mgk (Y) = H.
g
zkak
thi y':":lq—, (5.20)

2. Hy

k=1

Céng thic trén co tén g 1a cdng thirc tinh »ip xi y’ theo phrong phapdsé cao
va khoéng chap ding cho It hop thanh MAX-MIN, SUM-MIN ma con cé thcho
ca nhirng luat hop thanh khac nhnMAX-PROD hay SUM-PROD.
5.2.Ung dung logic my trong diéu khién tw dong
5.2.1. B diéu khién mo co ban

Nhitng thanh phn co ban caa mdt bo didu khién my bao @m khau Fuzzy héa,
thiét bi thuc hién luat hop thanh va khau gi mo. Mot bo diéu khién my chi gdm ba
thanh pln nhr vy c6 tén @i la bs diéu khién mo co ban.

R;:NEU..THI ...

/XXXN
X .}.Q.q:NEU... THI ...

Hinh 5.15B6 diéu khién my co ban

= —{T0

Do b diéu khien md co ban chi c6 khi nang xir ly cac gia ti tin hiéu hién thoi
nén no thac nhom céac ddiéu khién tinh. Tuy iy ¢é mé rong mien ang cing aia
chang vao cac bai toatiéu khién dong, cac khawtong hoc cin thiét 8 dugc ndi
thém vao b diéu khién my co ban. Cac khauwtong d6 chi c6 nhém wu cung ép
thém cho b diéu khién mo co ban cac gia trdao ham hay tich phania tin héu.
Véi nhitng khaudong kb sung nay, & diéu khién co ban € duoc goi 1a b diéu

khién md dong.
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x(?) B6 diéu khién y(1)
mao co ban

Hinh 5.16 B diéu khién moy dong.
5.2.2. Tong hop bd diéu khién mo

* Pinh nghia cac bén vao ra :

X&c dinh céac bin ngbn ng vao/ra vadit tén cho chang.

* Xac dinh tap mo.

binh ngha cac bin ngdn ng vao/ra bao §m £ cac ip my va cing cac ham
lién thuyc cia chang, én xacdinh:

> Mién gié trj vat ly (co’ s6) cia cac bén ngdn ngr vaol/ra

> SO lwong thp mo (gia tri ngén ngir)

Vé nguyén ic, $ lugng cac gia irngdn ng cho ndi bién ngbn ng nén am
trong khang tr 3 dén 10 gia ti. Néu & luong gia ti it hon 3 thi c6 it y ngta, vi
khong thrc hién dugc viéc lay vi phan. Nu I6n hon 10, kho cé kh ning bao quat
vi phai nghién du day da dé dong thyi phan bét khaang 5dén 9 phrong an khac
nhau va c6 kihnang leu giir trong ndt thoi gian ngin.

» Xac dinh ham lién thugc

Chon cac ham lién thac c6 phn chbng Ién nhau va phkin mién gia ti vat ly
dé trong qua trinkdiéu khién khong xdt hién “15 hong”. Trong tirang hop véi mot
gid tri vat Iy rd x, caa bién dau vao madp mo B’ dau ra c6do cao king 0 (mén xac
dinh 1a ndt tap rdng) va 1§ diéu khién khdng tié dua ra ndt quyét dinh diéu khién
nao, ly do la hac khéngdinh ngha duoc nguyén c diéu khién phu kp haic 1a do
cac ip md cua bién ngdn ng c6 nhing “I6 hong”. Cing nhr vay déi véi bién ra,

cac ham lién thic dang hinh thang & do xép chbng Ién nhauat nho, nhin chung
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khéng phu bp véi bo diéu khién mo vi nhitng ly do trén. N6do ra mét ving
“chét” (dead zone) trong 4ng thai l1am véc cia b diéu khién. Trong ndt vai
truong hyp, clon ham lién thac dang hinh thang hoan toamy ly, d6 la trong
hop ma s thayddéi cAc mén gia ti caa tin hgu vao khong kéo thearghaydéi bat
budc trong thg cho mén gia ti cua tin héu ra. N6i chung, ham lién tha duoc
chon sao cho nén tin cy cua n6 cthcé Mt phan tr, hay chi ton tai mot diém vat ly

c6do phu thusc bang do cao Ga tip mo.
» Roirac hoa cac ip mo

Do phan gii cia cac gié irphu thuoc dugc chon trede haic la cho cac nhém
diéu khién mo loai diu phiy dong haic $ nguyén ngn (gia ti phu thuoc 1a cac é
nguyén caio dai 2 byte) hac theo byte (gia tphu thuoc 1a cac 6 khéng du codo
dai 1 byte). Cac khniang dé tong hop céac 1§ thong la ét khac nhau, pkong phap
roi rac hoa 8 1a yéu 6 quyét dinh gitado chinh xac vadc do caa b diéu khién.

* Xay dwng cac It diéu khién

Trong viéc xay drg cac It diéu khién (ménh & hop thanh) én leu y 1a
khéngduoc tao ra cac “b hong” & ving lan én diém khong, Idi vi khi gap phai cac
“|5 hdng” xung quanhiiém lam viéc bo diéu khién < khéng ti¢ 1am viéc dung theo
nhu trinh tr ¢& dinh. Ngoai ra, trong gim 16n cac 1o diéu khién, tin héu ra $ bang
0 khi tit ca cAc tin héu vao ting 0.

Dé phat trén thém, c6 th chon hé sb an toan choung luat diéu khién, tirc 1a

khi thiét Iap luat hop thanh chung:
R=R OR,O.0R,

khéng plai tat ca cac Iuit diéu khién R, k = 1, 2, ..., rtuoc tham gia it cach binh
ding ma theo @t hé s an toandinh tnréc. Ngoai nitng ke s an toan choting
luat diéu khién con cé B 5 an toan chouing ménh dé diéu kién caa mot luat diéu

khién khi $ cac nénhdé cia né nhéu hon 1.

* Chon thiét bi hgp thanh
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C6 thé chon thiét bi hop thanh theo nimg nguyénic trén, bao gm:
> sir dung cong tkkc co it MAX-MIN, MAX-PROD,
» sir dung cong tkrc Lukasiewics co lit SUM-MIN, SUM-PROD,
> sir dung ©ng Einstein,
> sir dung Hng tnre tiép, ...
* Chon nguyén ly gai mo
St dung cac plrong phap xadinh gié ti dau ra rd, hay cong la qué trinh
giai mo hoic rd hoa. Phiong phap gii mo duoc chon ding gayanh hrong dén do
phirc tap va tang thai 1am vic caa toan B hé thdng. Théng tiedng trong thét ké
hé thdng diéu khién mo, giai mo bang phrong phéapdiém trong tdm c6 nhiu wu
diém hon &, bai vi trong Kt qua déu cé s tham gia da tit ca két luan cia cac lat
diéu khién, R, k =1, 2, ...,n (rAnh d& hop thanh).
5.2.3. Tinh phi tuyén cia hé¢ me
* Phan loai cac khaudiéu khién mo
Mot bo diéu khién md c6 ba khau e ban gom:
< Khau mb héa c6 niim vy chuyén dbi mot gia ti rd dau vao x% thanh not
vector gdbm cacdo phu thuoc cia gia ti rd do theo cac gia trmo da dinh nghia
cho bén ngdn ng dau vao,
% Khau thrc hién luat hop thanh, cé téng la thiét bi hop thanh, ¥ Iy vector
U va cho ra gia trmo B’ cua bién ngdn ng dau ra,
< Khau gii mo, c6 nhém wvu chuyén dbi tap mo B’ thanh ndt gia ti 1o y’
chiap nhin dugc choddi tugng (tin héu diéu chinh).
Céc I diéu khién md s5 duoc phan lai dua trén quan &ivao/ra toan ec aia

tin hiéu vao x% va tin héu ra y’. Quan B toan amc do duoc goi la quan & truyén dat.

Viéc phan lai quan 1§ truyén dat mot bo diéu khién mo dya vao 7 tiéu chin:
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¢ Tinh haydong.

¢ Tuyén tinh hay phi tugn.

¢ Tham $ tap trung hay thamdsrai.
¢ Lién tuc hay bi rac.

¢ Tham $ tinh hay tham&dong.

¢ Tiéndinh hay ndu nhién.

¢ Ondinh hay khéngn dinh.

R NEU .. THI

Fuzzy | u | R:NEU..THI B’ y’

- Giaimo |7
> hoa

Hinh 5.17 Cau tric bén trongi@ mot bo diéu khién mo.

Y
Y

Xét tirng khau @a b didu khién mo> gdm cac khau m héa, thét bi hop thanh
va gii mo, thi thiy ring trong quan &ivao/ra gia try’ tai dau ra ch phy thusc vao
moét minh gia tf xo cia dau vao clir khéng ph thuoc vao céc gia trda qua ea tin
hiéu x(t), trc 1a cH phu thuc vao gia tr caa x(t) ti ding thi diém d6. Do dd bo
diéu khién mo thyc chit 1a mdt bo diéu khién inh va quan &truyén dat hoan toan
duoc md & ddy du bang duong dic tinh y(x) nhr cacduong dic tinh @ia khau relay
2 haic 3 tang thai quen Bt trong K thuat diéu khién phi tuyén kinhdién.

* Xay dung cong thirc quan hé truy én dat

Viéc xay drng cong tic thng quat y(x) cho quanétruyén dat bo diéu khién
MIMO chi can b diéu khién mo véi nhiéu dau vao va mt dau ra (b MISO) lada
vi mot bo diéu khién mo c6 nhéu dau ra kit ky déu co tié duoc thay Ang bt tap

cac [ diéu khién voi mot dau ra.
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X

Vi

B0 dieu khién
mo 1

YyYYyvy

X4

)2

B0 dieu khién
mo 2

YYyVYY%V¥

V3

B0 dieu khién
mo 3

YYYY

Hinh 5.18 B6 diéu khién mo véi 4 dau vao va 3fau ra.
Luat diéu khién caa b diéu khién md nhiéu dau vao va mt dau ra c6 dng:
Re NEU X; = AKVA o= AXVA ... VAxs= AfTHiy= B,

trongdd k= 1,2 ..., nva cagp my A\, m=1, 2, ..., d cé clingocss X. Luat
diéu khién trén con c6 téngg la luat chuin (canonical) vi ndé bao hamtmhiéu
nhitng cang luat diéu khién khac nh:

R: NEU x; = A; VA ... VA X = Ay HOAC X me1 = Ames VA
VA Xq=AqTHIy=B
hay R:NEUX;= A;VAXo= AVA ... VA Xm=An,THIiy=Bréum<d ...
* Quan hé vao/ra aia thiét bi hep thanh
Mot tap (luat hop thanh) R @a n It diéu khién duoc goi la:

- du, réu khong co it gia ti rd %, 0 X nao dadau vao lam chad thoa man

moi luat R, cua R king 0, tic la

Oxo O X, CMO{L, 2, ..., d} 2 g (%) #0, Ok O{L, 2, ..., n}

-nhit quan, #u khdng c6 hai lit diéu khién nay éing c6 cung énh dé diéu
kién nhrng i khac nénh dé két luan.




85

Véi céc hréc trién khai trén, quanévao ra @a thiét bi hop thanhduoc thuc

hién qua cac bdc:
Buwéc 1 Tim tip my dau ra @ia R,

Ky hiéu x la mot vector d chdu c6 phan tir thir m & mdt gia ti bat ky thuoc

tap hop mo, tac la:

Xl
x=|... |, trongdd X, 1a gia ti thusc mién xacdinh Qau,, (3.
Xd

b6 thoa man H cua luat R, duoc tinh theo
Hye = MIN{ My (%), My (%), «s H (x4) }, hoac thyc hign phép giao trong
ménh dé diéu kién cia R,
g
H, = ﬂﬂ%(xm)
néu ar dung céng tirc “Tich dai sb” dé thuc hién phép giao trong ki ménh dé
diéu kién aia R..
Tir d6 tip my dau ra By 8 c6 ham lién thic
Mak(Y) = MIN{H «, Ma(Y)}
néu sr dung nguyénic trien khai MAX-MIN hoic SUM-MIN dé caidit Ry,
Mek(Y) = He-Hak(Y)
néu sr dung nguyénic trien khai MAX-PROD hédc SUM-PRODd¢é caidit Ry,
Buwéc 2 Tim ip my dau ra @a R
Sau khida cédugc d tip my dau ra choing luat diéu khién R 1a:

Uek(y), k=1, 2, ..., d.

tap md dau ra chung B’ @a thiét bi hop thanh.




86

R=[JR, dwoc xacdinh nhr sau:
k=1

“B(y) = MAX{ “B’k(y)’ k=1,2, .., n}
haic g (y) = MIN{liuB'k(y)}

Tt nhitng cOng tirc cia brdc 1 va @a hroc 2 & dang suy ratuge cong thirc
biéu dién quan B vao/ra x— pg(y) caa thét bi hop thanh. Cho ning nguyénic
trién khai, céng thc ap ding thrc hién phép giao vadp trén p md khac nhau thi
c6 cong tirc biéu dién quan B vao/ra khac nhau. & ap ding “tich dai s6” cho
phép giao, nguyénid trién khai MAX-MIN dé thiét 1ap luat diéu khién va céng
thirc cho phép ép thi:

He(Y) = “ﬂéﬁ{'\"”\'{ﬂ% (X )s g, (y)}}

hoic cho nguy@nit trién khai SUM-PROD, phép giao va congrthLukasiewicz
cho phép bp thi:

He(¥) = MIN{li[uB-k(y) MIN u%(xm)]}

* Quan hé vao/ra aia khau giai mo
Néu ky hiéu H 1a 1ado cao @a B’, G [a mén gia ti vat Iy y’ c6 d6 phu thude
inf y +supy

yoG

yoG
2

bang H va S |a néin xacdinh aia B’ thi y'=
cho phrong phap ac dai theo nguyén ly trung binh thi'= ir%f3 y
Y

cho phrong phap ac dai theo nguyén ly &n trai thi y'= supy
yiG
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[ yus. (y)dy

cho phrong phap gc dai theo nguyén ly &n phai thi y'=5———
[ 12 (y)dly
S

Z[i Vil (y)dyj

cho phrong phapdiém trong tam thiy'= <=

Z[ i /JB-(y)dyj

n
k=1

M,

[- [E0M1-

A

=~
{0l

1

cho phrong phapdiém trong tdm va nguyérit trién khai SUM-MIN thi

ZYka
K=

H,

[y

y':

NgE

=~

=]
cho phrong phapdiém trong tam va nguyéni¢ trien khai SUM-MIN Wi quy uéc
singleton (plrong phapdo cao), tronglo yi 1adiém miu tha manpg(yi) = Hx.

* Quan hé truy én dat y(x)

Quan 1§ truyén dat y(x) cua b diéu khién my nhan duoc théng qua iic ghép
ndi hai &nh x X - pg: (y) vapg (y) — Y v6i nhaudé co xi— y'.

Céng thirc biéu dién anh x tich nHin duoc phu thusc vao thét bi hop thanh
va phrong phap gii mo duoc ar dung.

Tich aia hai anh x > ® > ®
y,

Up(x)
Ngudi ta dd ching minhduoc rang Wi mot mién compact Xd R” (v6i n 14 $

I~ @

cacdau vao), cac gia trvat ly cia bén ngdn ng dau vao va mt duong cong phi
tuyén g(x) tuy ¥ nheng lién tic ciing caatao ham éa no trén X thi bao gicing

ton tai mot bo didu khién md co ban cé quan &truyén dat y(x) thaa mén:
suby(x) - g(x)| < &

Trongdo € 1a mot sd thuc dueong kit ky cho tege. Nhr vay ta cé ti tong hop

duoc mot b diéu khién mo c6 quan B truyén dat “gan giong” voi quan k¢ truyén
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dat cho tiréc. Pidu d6 cho thy ky thuat diéu khién mo co thé giai quyét duoc mot
bai toan déng hop diéu khién phi tuyén bt ky.

5.3. Két luan vé diéu khién me

5.3.1.Uu diém

- Pam bao duoc tinhon dinh aia ke thong ma khéng an khdi luong tinh toan
lén va phirc tap trong khau thit ké nhu cac lai didu khién &b dién nhr PID, diéu
chinh sym tré pha.

- C6 the tong hop bo diéu khién voi ham truyn dat phi tuyén bt ky.

- Giai quyét dugc cac bai toadiéu khién phic tap, cac bai toAn mauéc day
chua ghi quyét duoc nhr: hé diéu khién thiéu théng tin, thdng tin khéng chinh xéac
hay nhing théng tin mas chinh xac ¢a no6 ch nhan thdy gita cac quan dcaa
chdng 6i nhau va @ng ch c6 tt mé & duoc king ngdn ng. Nhu vay diéu khién
mo d& sao chp duoc phrong thrc xi Iy thdng tin @a con ngoi va ta co th tan
dung dugc céc tri thirc, kinh nghém cia con ngoi vao trong qua trindiéu khién.
5.3.2. Khuyét diém

- Chodén nay, céc ly thudt nghién ¢u V& diéu khién md van con chra dugc
hoan thén. Vi vay viéc tong hyp bd diéu khién my haat dong mpt cach hoan tkn
thi khéngdon gian.

- Chinh vi tinh phi tu$n cia & md ma ta khong thap ding nhing thanhtu
cua ly thuyét hé tuyén tinh cho B mo. Va vi thé nhitng Két luan tng quat cho &
mo hau nhr khé dat dugc.

T nhitng vu khuyét diém cia b didu khién mo ta rat ra Kt luan:

- Khéng bao gi thiét ké bo diéu khién mo dé giai quyét mot bai toan éng hop
ma c6 tik d& dang thrc hién bing cac b diéu khién kinh dién thaa man yéu au dat

ra.
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- Viéc ar dung b diéu khién mo cho céc B thdng dn do an toan caoan con
bi han ché do yéu &u chit lugng va mic dich aia k¢ thong cH cé thé xacdinh va

dat duoc qua tlwc nghém.
- B diéu khién mo phai dugc phét trén qua thec nghém.
- Do ¢6 khi ning diéu chinh duoc tinhon dinh va Bn vitng khi rong théng

tin thu thp khdng chinh xac nén caé bam bién co tté chon loai ré tién va khéng

can do chinh xac cao.

5.4.Piéu khién déng oo khéng dong bd 3 pha theo phrong phap FOC king bj
diéu khién PID

5.4.1. So d6 cau tric hién dai ciia phwong phap FOC trong Simulink/Matlab

|
T

¥

I YYY Y ¥ ¥V
[

v

Hinh 5.19 So d6 khéi diéu khién DCKDB bang phuong phap FOC
5.4.2. M6 ptong diéu khién dong oo khdng déng bd theo phrong phap FOC
bang bd diéu khién PID

5.4.2.1. Tham s6 mo phong
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Bang 5.2 Thong sb cua dong co khong dong bd

Thoéng 9 ciia ddng oo khdng déng bd

Théng s6 Gia tri
Coéng sit caadong @ P = 10Hp
S6 doi cuc P=2
bién tro stator R=1.177
bién tro rotor R=1.3820
bién cam stator L=0.118 H
bién cam rotor L=0.118 H

Momen quén tinh

J = 0.00126 (kg)m

HO cam

L= 0.113 (H)

Cac gia tri dat

Tbe d6 dat

Wref = 1420 (vong/phut) = 148,7 (rad/s)

Tur thong dat

Firef = 1(Weber)

Moment tai dat

TL =24 (N.m)

5.4.2.2. Két qua mé phéng PID

* T j T

P e 'r ---------------------------------------- :— --------------------------------------------------------------------------- Moment dat

= | . 'r ________________________________________ :_ ___________________________________________________________________________ , Mament dang co
L[] S S o O St —
— S —— S S S IS — .
o | —— e |

] S — e b T e —

T e b e e -

T S e b e e -

] e b e e -

= El.|5 1 1 |5 é 25 3 3.|5 4

Hinh 5.20M6é-mendéng a_PID
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+ Téc d6 cuia dong co bam rét sat gia tri dit (148,7 rad/s), thi gian gia toc
ctia toc do rat nhanh (khoang 0,1 gidy) nhu vay déap tmg toc do dat yéu cau, khong
vot 16, khong c6 sai sb tinh.

+ Tai thoi diém bat dau khoi dong dong co, moment ting nhanh dat khoang
6 (N.m) trong khoangthoi gian 0,1 gidy. Sau d6, moment bam theo gia tri dat voi
d6 vot 16 cho phép. Tuy nhién c6 mot s nhidu dong 16n (tai thoi diém 2.5 gidy).
Khi dong tai vao dong co, moment ctia dong co ting theo moment tai dén gia tri dat
(24 N.m).

+ Dong dién ba pha cua dong co ting dén 12A trong qua trinh khéi dong
trong khodng thoi gian 0,1 gidy. Sau do, dong dién xéc lap tai gid tri 8A. Nhu vay
dong khai dong bang 1,5 1an dong xéc 1ap.

+ Tai thoi diém dong tai vao dong co (1,5 gidy), tir thong, toc do va dong
dién ba pha ctia dong co khong bi anh huong.

Tom hi: diéu khién dong @ biang phrong phapdinh hréng trrong cé cac
dac diém sau:

Pép tmg toc do va dap Gmg tir thong rat t6t, khong vot 16, khong o sai sé tinh.
DPaptng momentiat yéu @u vé do vot 16 nheng con nhu dong.

Dongdién khoi dong king khain 1.5 hn dong xacdp.

5.5.Piéu khién déng oo khéng dong bd 3 pha theo phreng phap FOC hing bd
diéu khién Mo PID

5.5.1. So d6 ciu tric hién dai ciia phwong phap FOC trong Simulink/Matlab
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piret .
ol b Firet

et

Toe do datt

Hinh 5.24 So d6 khdi diéu khién dong co KPB bang phuong phap FOC
5.5.2. M6 ptong diéu khién d@ong oo khdng dong bd theo phrong phap FOC
bang b diéu khién mo PID

5.5.2.1. Tham s6 mé phong md PID
Théng $ md phong dong & duoc sr dung nhr bang 5.2
5.5.2.2. B diéu khién mo PID
* Lu at chinh dinh PID

A Tin hiéu ra
C1
dat NG~
b; \/b2 )
as
A thoi gian

Hinh 5.25Luat chinhdinh PID
+ Lan dn a ta én luat DK manhdé rat ngin thoi gian 18n, do @ty chon: Kelén, Kp
nho va K, lon.
+ Lan dn b, ta tranh vt 15 16n nén cbn: Kp nho, Kp 16N, K; nho.

+ Lan d@n ¢ va d gidng nhr 1an @n & va b.
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* Xay dung luat diéu khién mo PID

Céac tham § K (Kp), T, Tp hay Kg (Kp), K|, Kp cua b diéu khién PID duoc
chinh dinh trén © s3 phan tich tin Bu chi dao va tin héu ra ¢a k¢ théng, chinh
xac 1a saidch e(t) vadao ham de(t)/dtcia sai éch. C6 nhéu phrong phap cimh
dinh cac tham&cho I diéu khién PID nhr chinh dinh qua phim ham ue tiéu,
chinh dinh trre tiép, song phrong phépdon gian nhrng & ap ding ton c 1a
phuong phap cinhdinh my cia Zhao, Tomizuka va Isakéiwia thiét cac tham &
Kr (Kp), Kp bi chan :

K OKE" K] Ko D[R, K5
Zhao, Tomizuka, Isakdiéu chinh cac tham&do nhr sau :
_ Ke—Kg" _ Ko —Kp"

dé c6 0 Ky, K, <1

Nhu vay, bd chinh dinh my s cé haidau vao e(t), de(t)/dva badau ra la

KZ
K., K,,a trongdo : a=—- - K, =—R
R \D g T | ]

Do d6 n6 c6 th xem né nlx ba l§ chinhdinh my nhs ET, DET va batiu ra
la Kr(Kp), Kq Va K;

| Bdchinh Kp
—»  dinh md |

ET » Bochinh | Kl o5
(i ¥ 2
DET dinh mo

L B¢ chinh KD
| dinh ma 3

Hinh 5.26CAu trac I chinh dinh my chodong @
Do thoi gian han ché nén trong lan van nay tac gi chi thiét ké bo diéu khién
mo chi bao @m 1 ngd vao, dhthiét ké bo mo PID cho khawtiéu chinh tc do dong
co, cac khau conal la bo PID.
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* Xac dinh cac bén ngdn ngr vaol/ra
- Pau vao: 1 bén
+ Sai Bch ¢ do: ET = Toc d¢ dit - toc do do
-Paura: 2 bin
+ Kp:He SHtylé
+ K, : Hé ) tich phan
* X&c dinh tap mé cho tirng bién vao — ra
Bién ngdn ng:
ET = {amnhieu_AN, amvua_AV, amit_Al, zero_ZE, uahgit DI,
duongvua_DV, duong nhieu_DN}
Kp = { khéng, nfb, trung binh,dn, axc I6n } (Z, S, M, L, U)
K, ={mutc 1, mrc 2, mrc 3, mrc 4, mrc 5} (L1, L2, L3, L4, L5)

Tap mé cho tirng bién vao/ra:

T T T T T
AN 1A AT RO DUONGT  DUONG, Je o puos HEU

=}
1

Hinh 5.27Bién ngd vao ET

T 1 1 1
2 3 4 5

Hinh 5.28 Bién ngd ra K
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T T 1

Hinh 5.29Bién ngd ra K
* Xay dwng luat hop thanh
Bang 5.3Luat chinhdinh Ke_mo plong

Ke

AN L

AV M

Al S

ET ZE Z
DI S

DV L

DN U

Bang 5.4Luat chinhdinh K_mo plong

Ki

AN L1

AV L2

Al L3

ET ZE L3
DI L3

DV L4

DN L5
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Tu thong dat
Tu thong dong co ]

Hinh 5.33 Twr théng dong co_mao PID
5.4.3. Nhan xét két qua mo phong diéu khién FOC bang b diéu khién mo PID
Pép tmg toc do va dap Gmg tir thong rat t6t, khong vot 16, khong 6 sai sé tinh.
Paptng momentiat yéu @u vé do vot 16 nheng con nhu dong.
Dongdién khoi dong bing khain 1.5 bn dong xacdp.

=> B6 diéu khién md PID dapung duoc yéu éu dit ra
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CHUONG 6
SU DUNG MANG NORON UOC LUQNG TU THONG ROTOR

6.1. Mang truyén thing nhiéu 16p

Mang truyén thing nhéu lop (Multilayer Feedforward) baodgn cac kidi
chira nhéu I6p, cac neurali@ I6p nay ch dugc ndi véi cac neural €a I6p tiép theo,
khéng duoc két ndi cac nut trong cung &b 16p va khong c6 lién & nhay Iop.
Trong mang nay, cac neuralia lop ngd vao (input layer) khéniyroc tinh toan, ch
dong vai trd 1a ngd vao chap neural k tiép, lop ké tiép nayduoc goi la 16p an.
Theo ly thuyt, mot mang neural c6 thco nhéu I6p an nhing diéu nay § 1am ting
d6 phic tap trong véc huin luyén mang va vi iy, mang c6 nét haic hai bp an $
cung @p do chinh xac thich ¢p va tng quat hoa trong nki treong hyp. Néu
mang cH co mdt 16p an, dé dat két qua thoa man én sr dung duy nlit ham tac
dong phi tuyn cho bp 4n nay. Condéi véi mang hai bp 4n & chodo chinh xac

cao fon. Lép cwi cling trong nang duoc goi 1a 16p ngd ra (output layer).

Lop ngo ra

Lop ngd vao
Hinh 6.1 Cau trdc mang neural trugn thing mot 16p an

Khéng c6 ndt quy luit chungdé xacdinh $ 16p an va $ nut aia Iop an, nén
phu thuoc vaodo phic tap cia phép anh a(mapping)dat dugc. Trong mang nay,

ham taaiong aia I6p ngd ra tirdng 1a ham tugn tinh khi mng neurabiugc xem 1a
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dai dién caa mpt hé thdng phi tugn bing cach & dung ham taaong phi tuyn dbi
Vvéi cac bp an.

S5 nat ngd vaouong tng Wi sé dic tinh \at Iy caa k. Viéc huin luyén
mang neural ¢a vao nirng ln tinh toan tir va sai nam dat dugc < 16p an va $
nat I6p an i vu.

6.2. Gii thuét lan truy én nguec
6.2.1.Pinh nghia ham muc tiéu
Cau tric @ia neural:

Wi

Ham vao Ham kich hoat

Cac lién két
vao

Out j = a(Netj)

ki ji

X1 Y,

X2 ‘ ‘ Y2

X3 Yx

Hinh 6.3 C4u tric ¢&ia mang neural mt 16p an

K

Ngd vao @a mang neural: Net, = > w;x, (6.1)
k=1

Ngo ra @ia mang neural:  y = Out j = a(Net)) (6.2)

Ham muc tiéu cé dng sauiay:
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3 =§(d(k) - y(K))’ 6.3)

Véi d(k) 1a tin heu ra mong mén, y(k) 1a tin héu ra @a mang. Cac tong $ duoc
x&cdinh sao cho dat gia ti cuc tiéu.

Sir dung phrong phap Steepest Descent:

Wiksgy = W —77:0,,J (6.4)

;
Véi 0, :(%\J goi la Gradient ¢a J

n: hang $ hoc
k=1,2,3..: thi diém

Gradient éa Jduoc tinh nhr sau:

(@AY B I L0 -
DWJ—( de dj( de [d(k) - y(k)]x(K) (6.5)
Tur d6 ta tinhduoc:
Wiy =W, +72]d(K) = y(k)]x(K) (6.6)
\
a
Jmin —_— dN
| AW=—/7§]N
| 0 N

W téi wu W(K+1) W(K)

Hinh 6.4 Sai $ cuc tiéu Mean-squared error
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6.2.2. Tinh toan tiong $ mang truyén thang nhiéu l6p (Mot 16p an)

Hinh 6.5 Mang nbt 16p 4n

Lan truy én thuén tin hiéu vao:

Déi vai 1op an:
Net, = (X, + X,.\,,)
Net = (X,V,, + X,.V,,) (6.7)
Net = (X3.Vy, + X,.Vs,)

, 2
Tong quat: Net= > v, x; (6.8)
=1

Ta tinhduogc dau ra neural €a I5p 4n nhr sau: z= a(nef véi a: ham tacong

Péi vai 1op ngd ra, ta tinkdiugc ham vao:
3
Net = (Wz +W,z, +W,z,) = > W,Z, (6.9)
j=1

Ta tinhdugc dau ra neural €a I5p ngd ra nir sau: y = a(net)
Lan truy én ngwec sai kch
Lan truyén ngroc sai bch 1a @ sy cua viéc hudn luyén mang. Dit liéu hién

%, (K)
%, (K)

Céc vector ing  dugc xacdinh nhr sau:

luyén tai thoi diém Kk 1a: x = { } d(k) la d liéu ra mong mén.

W
V. V. V.
w=lw, |, v, = 11,V:21,V:31
2 1 2 3
Vio Vo V32
W,

Ap dung ghi thuat Steepest Descent:
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Wy =W, —17.0,,J (6.10)

DWJ=(QJ a g (dwet

— _(d(K) = vk 2
) =5 we Ej = —(d(k) y(k)).met.z(k) (6.11)

Tinh grad J, ta tintiwoc trong $ ¢ thoi diém k+1 :

Wy =W, +7]d(K) - y(k)].%.z(k)

(6.12)
Pi vao ting tnrong hop ax thé, ta tinh chodp an nhr sau:
v(k+D) =v(k)-n0,J (6.13)
. J:(Q]T & & et & (a‘net;LjT
woloy i/a det’ ;4 “dnet, (6.14)
=~{d(R) -y~ oM
. X
Pt (k)= (d(k) - y(k)— (6.15)
)
d(K) = H(K) w. b et (6.16)

Tir 62 v, (k +1 = () +2{d () - y(k)) dfag X(K) = V4 (K) 7.3, (K).X(K)

Tuong b2 vy (k+3 =V, +7d () = 0O} %x(k)
Wk +3) =09 +7(d (9 - y(Kk)) f‘g X(K)

Tong quaty (k+3 =v (K +7(d(K) - y(K) o Ja (k)—x(k) 6.17)

Ta xay arng gii thuat hudn luyén lan trugn ngroc:

Buéc 1: Thiét 1ap hing $ hoc >0, sai $ toi da Jnayx, he SO v (k=1),w(k=1) ban
dau, J=0
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Budc 2 Vong kp huin luyén: gan gia trdau vao va tinh gia iry(k), z(k) qua cac

|6p neurakin va bp ngoai z = a(Nef)= a(Zv(k)x(k)); (6.18)

% = a(Net)=ad_ w(k)z(k) ); (6.19)

Buéc 3 Tinh sai 6 cia mang:

J(w) =%i(d(k) —y(K)) +J (6.20)
- — k)2

J(K)= (d() - (k) (6.21)
a A

Ji(k) = H(K) -Wi(k)-d.n—et (6.22)

Buéc 4 Truyén céc tin hiu sai Bch 10i dé diéu chinh céc & s trong leong:
Cap nhit céc tong 9 :
w (k +1) =72., (K).z(K) + W(K) (6.23)
Vi (k +12) =77.9,(k).z(k) + v (k) (6.24)
Buéc 5 Tang k = k+1 va quaydbudc 1, kim tra J < Ja thi két thic qua trinh
huan luyén.
Budc 6. Néu bi roi vao arc tri dia phrong hay J > J., thi thayddi cau trac mang
hay By ngiu nhién cac tmg $ khéac.
6.2.3. Tinh toan tiong $ mang truy én thang nhiéu 16p (hai I6p an)

Hinh 6.6 Mang truyén thing hai bp an

Cho mang truyén thing hai bp 4an co :
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Trong $ giira loép ngd vao vadp an dau tién: w(trong $ tir netdén x), wiy
(trong $ tir netldén xo), Wiz, Waoq, Wap, Wag, Way, Wap, Was.

Trong $ giira hai bp an: Wag, Wap, Wag, Ws1, Wsz, Wss.

Trong 9 cua l6p NQO ra: Wa, Wes W74, Ws, Wgs, Was.

Ng& ra mong mn: yge, Yaz, Yae-
Sai $ dat dugc:

1

ZE (de - y6)2 + (yd7 - 3/7)2 + (yd8 - ys)Z] (6.25)

Ap dung luat Steepest Descert diéu chinh trong $ dat yéu éu dé sai $ J nho
nhat:

W =W AW =W (6.26)

Piéu chinh trong  ngd ra:
Tinh hai nat ij tong tng Wi nut 8-4:

k+1

aJ (we
Wey™ = Wsl;<4 _’7—( 2

6.27
ow, (6.27)

Trong $ Wg, anh hrong dén sai $ J theo quy lat sai Ech sau:

Wy — e NeL gy ¥

AW84 U e _(yds - ys)a‘(ne%)y4 = _'Js-y4 (628)

Trongdo: J la sai 8 delta (equivalent delta error)
Do d6: Trong $ wss dugc diéu chinh nhr sau:
Way' = Wy +77J5Y, (6.29)
Tuong tr ddi véi didu chinh 5 tong $ con hi:
Wit =W, +17,Y,
Wy = Wy +/7235Y,
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Wit = Wi +773; Vs (6.30)
ngl = Wgs +173gYs
ngl = Wgs +136Ys

Piéu chinh trong $ 16p dn the hai:
Trong $ tuongtng duoc diéu chinh:
it = wf, - S0 (6.3)
aW41

Trong $ wy; anh hrong dén sai § J nhr sau:

Aw,, =——2¥ =— 4 "2 = a(net)y, (6.32)

Khi dao ham riéngg—J dugc tinh nhr sau:
W

net6 v6

_>
w1 . /net7 y7
—p-"t - V4 & > § J
\ew . /
—>

0J _ 0J 0y, anet6 043 oy, anet7 0J 0y, One

y, 3y, onet oy, « dy, onet dy,  dy, onet’ dy, (6.33)
==(Yas ~ Vo) (N€EIWg, = (Va7 — V7)@ (N€LIWo, = (Yug ~ Vo) @ (NEG)W,
= =JWg, — I, W, — JgW,
Tu d6 ta tinhdugc sai  sau:
J, = (W, + I W, + Jowg,)a (net,) (6.34)
Thay hai plrong trinh (5.33, 5.34) vao phbng trinh (5.32), taugc:
6‘3\/"4 =3, (6.35)

Vi vay, trong $ duoc diéu chinh nhr sau :
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Wit =W +7d,Y, (6.36)

Tuong tr, ta ding diéu chinh duoc cho tong © Wy, Was.

Tom hi, quy luat diéu chinh trong $ caa I6p an thi rong tr nhe quy It diéu
chinh trong $ cua I6p ngd ra nhing sai é delta tinh toan ptc tap hon nhiu.
6.3.Ung dung mang neron vao diéu khién déng oo
6.3.1. Givi thiéu chung

Hiu hét cacing dung trong 18 théng dién sr dung mang truyén thing nhiu
|ép dung ldt hoc lan trugn ngroc sai $ trong nhing inh wre sau:

Ké haach (dr doan phu tai dai han)

- Van hanh @i vu dong cong €1, sa thi may phat,uéc leong trang théi,
danh gia an ninldong va tnh, do & ¢b, vi tri 16i, danh giaon dinh dién &p
cua he théng)

- Phan tich¢anh gidon dinh dong, re thdng diéu khién toc do6 vadién ap da
may phat, niin dang, phan tich séng hafiéu khién va ko \é).

Trongdo, diéu khién dong @ khéngddng bH 1a mdt mang trong & théng dién
nhr wéc lwong e do, uéc lwong tr thdng, md-mentdién tir, wéc lwong thdng 8,
chan doan, \n hanh, phan tich séng hai.
6.3.2.Ung dung mang truyén thang nhiéu |ép vaodiéu khién dong oo

VEc ing dung mang roron nhan 4o (ANN — Artificial Neural Networks)
vaoudéc luong tr théng, bc d6 hoic md-mendién tir caa dong @ duogc didu khién
boi bién tin ngbn apduoc diéu khién vector dra theodinh hrong tr théng rotor.
Mang truyén thing nhéu lop duoc sr dung trongdd nhitng ngd vao la gia itthién
tai va gia ti tré cia dongdién vadién ap stator trénic toadd (o,f). Mang ANN c6
s 16p 4n qua niiing lan thr va sai, ham tadong Ia ham tansig. Ng6 ra &¢h mt
natdon la tr thdng, 6c d6 uéc lwong (hdic moment) da dong @, ham taaiong la
ham tuyn tinh (linear)Uu diém khi sr dung ky thuat nay ladaptng ¢ o6 nhanh,

kha ning chu dung sr b, loai tiéng dn.
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Thu thip céc d liéu ngd vaadién ap va dongtién & thoi diém hién tai va
thoi diém tré mot chu ky lay mau. S luong miu co thé 1én dén hang ngan Au
huan luyén.

Vi viéc hoc cé giam sat nériy tin hiéu that & tr thdng nAm huan luyén
ngd radat yéu du. Cac @ liéu huin luyén theong ki nhidu boi song hai Bc cao
nén thong thong phii qua cac b loc nhiu tin hiu.

Vi vay, hé théng gr dung @ dit liéu ngd vao va ngd ra. Caong $ va bias
duoc cp nhit sau mdi tap dir liéu huin luyén. Trong plrong phap nay, tng $ 3
duoc diéu chinh théng qua nimg vong fip chodén khi dat duoc sai $ binh phrong
t6i thiéu gitra ngd ra mng roron va gia tr dich thi drng lai.

L&p ngd .
vao Lop an

Usd(k)

Usd(k-1) N
NN
Usq(k) \\\\\}R“«'v&:(?///
A\ /.
N\
N Ve,

Usak1) R0 3?‘33 «g‘:o,/ Lép ngd ra (tr théng
20800400 (hosic téc d6, hodc
SRS 7 toc do, ho?

O ‘\, .»‘/ momen)

2% 1,V e
LIRS
N >

\'I/»‘A //"\‘A‘,\\‘:‘/

). (I ‘ A
LR

Hinh 6.7 Vi du vé mang truyén thing nhéu lop 8-8-1 c6 1dp 4n

6.4. St dung mang noron wéc lreng tir thong rotor (PHUONG PHAP TUYEN
TINH HOA)
6.4.1. Gi6i thi¢u

Trong cac s dd diéu khién dong a khdngdong ), ta én phai do tir théngy
ctia rotor. Pé thyc hién diéu d6, can phai co cac cam bién phirc tap dic biét 1a cam

bién do tir thong. Dé thay thé cho cam bién néi trén, trong phuong phap diéu khién
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tuyén tinh hoa dong co, bd udc luong tir thong duoc sir dung. Thuong cac khauréce
lwong ndy & dung cac gia irdong va ap stataié uéc doan cac gia trcan do.
Trong chrong nay, t thdng dadong a khéngddng b s8 dugc wéc lrong

ding mang roron. Nhr d4 trinh bayo cheong tnréc, wu diém caa mang roron 1a c6
thé xap xi cac quan & phi tuy¥n ma khéng &n biét cu tric @a quan B d6. Cac b
wdc hrong tr thong § duoc ar dung vao s do diéu khién dinh hréng trong dong
co khéngdong bo.
6.4.2. M6 phong hé thong diéu khién dong co khong dong bd ba pha

Dé mo phong hé thong diéu khién dong co theo diéu khién tuyén tinh hoa
dong co két hop ANN, cdng @ mé ptong 1a chrong trinh Simulink/Matlab c6
toolbox la Mang roron.

Pong a khéngdong b c6 cac théngdsau:

bién tro Stator: R=1,177Q,

bién tro rotor: R=1,382Q,

bién cam stator: L=0,118 H,

bién cam rotor: L=0,118 H,

He¢ s6 hd cam: Lm=0,113 H,

S6 ddi cuc: p=2,

Moment quan tinhia rotor: J =0,00126 Kgm=.
Moment &i dinh mic 3,5 Nm

Tu thOngdat: Y* =1 Wh.

CAc dr liéu huiin luyén duoc chon la dong va &p statér hé toa do (a,p), tir

thong thit chadong @ nhu sau:
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Isbet
15[s eta]

T .
?P 41

R
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t (s)

Hinh 6.11 Thanh phén dong dién truc B (Is)

[Tu thong that-FLC]

2
t(s)
Hinh 6.12 Tu thong that cua dong co
6.4.3. Huan luyén mang wéc lwong tir thong

6.4.3.1. So' @6 khéi Simulink huin luyén mang
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Hinh 6.13 So @6 khéi huan luyén mang neuronréc luong tir thdng

6.4.3.2. Trinh tw h!lén luyén ‘
- Nap thong so cho Simulink bang m_file.

- Chay mé phong 14y dit liéu vao - ra ciia khdi udc luong tir thong (dudi dang
file.mat)

- Chay chwong trinh huén luyén nhu sau:




113

1 load data.mat, Z;
4
3 Time = ZX(1,:):
4
5 I=salfa = HX(2,:!):r%5thanh phan dong dien stator truc alfs
& Isheta = HX(3,:!):r%5thanh phan dong dien stator truc heta
7 Tealfa = XX(4,:):3thanh phan dien ap stator truc alfa
o] Usheta = ZX(5,:!)3thanh phan dien ap stator truc beta
=]
10 Fi = EX(6,:):% nogo ra tu thong
11
1z IsalfaMin=miniIsalfa):
13 IzalfalMax=max (Isalfa):
14
1t IzshetalMin=min(Iskheta):
16 IshetaMax=max | Isbeta);
17
18 UsalfaMin=wmin(Usalfa):
19  UsalfaMax=max (Usalfa):
20
21 UshetaMin=min (Usheta) ;
Z2Z UshetaMax=max (Tsheta) ;
23
24 FiMin=min(Fi):
25 FiMax=max (Fi):
26
27 PR =[Izalfalin, Isalfalax; Iskhetallin, Ishetalax:; Usalfallin, Tsalfalax; Ushetallin, Ushetalax];
28 P =[Isalfa; Isheta; Usalfa: Usbeta]:
29 T =[Fil:
30
31 net = newff(FR,[10 1],{'tansig','purelin'},'trainlm') % wanyg truyen thang
32 net.trainParsm.show=1;
33 net.trainParam.epochs=1000:% he =o phan hoil (=0 vong huan luyen)
34 net.trainParam.goal=1e-5;% sSai so binh phuong
35 net = traininet,P,T):% huan luyen mot buoc
36 gensim(net,0,001);
37 ¢ = siminet,P):

6.4.3.3. Két qua huén luyén
Két qua huin luyén dat dwoc sau 416 epochs véi sai s6 hudn luyén 1a

9,9994210-6.

) Training with TRAINL# [S=E
,.

File Edit Yiew Insert Tools Desktop Window Help

Performance is 9.99942e-006, Goal is 1e-005
10 T T T T T T T T

Training-Blue Goal-Black
=)
L

‘ID-ﬁ 1 1 1 Il 1 1 Il 1
0 a0 100 150 200 280 300 350 400

416 Epochs
Hinh 6.14Qua trinh hén luyén
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[Tu thong that-FLC]

35

25

15

0.5

t(s)

Hinh 6.15 Twr thong thit ciadong o

[Tu thong uoc luong (ANN)-FLC]

3\@ 14

35

25

15

0.5

t (s)

N

Hinh 6.16 Tt thong cua dong co dugce udc luong bang ANN

[Tu thong that (Dao chieu dong co)-FLC]

1, - —
0.8*/‘

35

2.5

15

0.5

t (s)

Hinh 6.17 T thong that ctia dong co (khi ddo chiéu dong co)
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[Tu thong uoc luong (Dao chieu dong co)-FLC]

Hinh 6.18 Tir théng duoc ude luong bang ANN (khi dao chiéu

quay)
Két luan :
- Trong & hai tnong hyp dong oy quay thidn va nglich, tr thbng @ia dong o

duoc wdc lwong bing mang roron bam rat sat tir théng dit cua dong co,
khéng wt 16, khdng cé saidtinh.

I\[hu vay, viéc thec hién huin luyén mang ro ronuéce leong tir théng rotordat yéu
cau .
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CHUONG 7

MO PHONG TONG HQP PIEU KHI EN PCKPB 3 PHA BANG
MATLAB (K ET HQOP 3 BQ PIEU KHI EN TUYEN TiNH HOA, PID VA
MO PID TREN CUNG 1 TRUC TQA DPOQ)
7.1. M6 hinh két hop 3 bp diéu khién tuyén tinh hoa, PID, my PID trén Matlab

T ER TIMNH HCuA

Y

| TOC DO DAT

o] TU THOMNG DAT

BACHIERMT DT

TU THOMSG

FOC PID

FOC Mo PID

Hinh 7.1 M6 hinh Kt hop 3 b diéu khién tuyén tinh héa, PID, @ PID
Moment dong oo

IVOMENT N )

Hinh 7.2 B6 thi momentdong a véi 3 bo diéu khién tuyén tinh hoa,PID, i PID

Nhan xét :
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Momentdong @ trong @ 3 phrong phapdéu bam #ét tt theo tin hfu momenidat.

Téc dd dong oo :

TOC DO DAT
TOC DO TTH
TOC DO PID

r\\  —— TOC DO MO PID

TOCDO )

Hinh 7.3 D6 thi toc d6 dong a vai bo didu khién tuyén tinh héa,PID,  PID
Nhan xét :

Téc @6 dong @ trong @ 3 phrong phapdéu bam 4t tt theo tin hgu toc do
dit. Theo Kt qua md ptong thi Hc do dong @ theo plwrong phap PID cho dh
lugng Ht hon theo plrong phap ny PID. Vay téc d6 dong @ theo plwong phap
PID cho cfat luong ©t hon phrong phap ny PID.

Tiwr thdng dong oo

TU THONG DAT
TU THONG TT11
TU THONG PID
TU THONG MO PID

TUTHONE )

Hinh 7.4 D6 thi tir thdngdong @ véi bd diéu khién tuyén tinh héa, PID, @ PID

Nhan xét:




théngdét.

fl """""" l l l h H M ! HH‘ """"""""""" f """" T T
5 ”M
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Dongdién 3 phadong oo theo phwrong phap tuyé'n tinh hoa :

""" \H} HH M!‘]}H H HH \ i N
*““"”““”W*“W”

‘ M‘ lll

D.5 1 15 2 2.5 3 35 4
Hinh 7.7 D6 thi dongdién 3 phadong @ véi bo diéu khién tuyén tinh héa

Nhan xét:

Dong dién dong @ trong & 3 phrong phap trén thi dondién 3 pha éa
dong @ co gia ti twrong tr nhau.

KET LUAN: Ca ba phwong phap tuyén tinh hoa, PID, myr PID, cho két qua
nhw sau:

+ Tur thong ctia dong co bam rat sat gia tri dat (1 Wb), thoi gian gia téc cua
tir thong kha nhanh (khoang 0,5 gidy) nhu vay dap Gng tir thong dat yéu cau, khong
vot 18, khong c6 sai s6 tinh.

+ Téc d6 cua dong co bam rat sat gia tri dat (148,7 rad/s), thoi gian gia tde
cta téc do rat nhanh (khoang 0,1 gidy) nhu vay dap ung tdc d6 dat yéu cau, khong
vot 10, khong c6 sai sb tinh.

+ Tai thoi diém bat dau khéi dong dong co, moment ting nhanh dat khoang
6 (N.m) trong klbang thoi gian 0,1 giay. Sau d6, moment bam theo gia tri dat voi
d6 vot 16 cho phép. Tuy nhién c6 mot sé nhidu dong 16n (tai thoi diém 2.5 giay).
Khi dong tai vao dong co, moment ctia dong co ting theo moment tai dén gia tri dat

+ Dong dién ba pha ciia dong co ting dén 12A trong qua trinh khoi dong
trong khoang thoi gian 0,1 gidy. Sau do, dong dién xac lap tai gia tri 8A. Nhu vay
dong khai dong bang 1,5 1an dong xéc 1ap.




120

+ Tai thoi diém dong tai vao dong co (1,5 gidy), tir thong, tbe do va dong
dién ba pha cta dong co khong bi anh huong.
7.2.Uu va nhwoc diém cia cac [ diéu khién:
7.2.1. B diéu khién PID:

Pon gian nhrng cho cht luong diéu khién kha 6t

Bo diéu khién phu hp véi dbi tuongdiéu khién od dinh (hadic thayddi trong
mot pham vi hep)

Phu lop chodéi tuong tuyén tinh (1 phi tuyén cho cht leong khéng cao)

Rat nhay véi nhidu.
7.2.2 .B diéu khién mo PID :

Bo diéu khién kha plirc tap.

Phu lop chodéi tuongdiéu khién phi tuyén.

Phu hop ke théng diéu khién ma cac théng tidau vaodau ra khéngta haic
khoéng chinh xac.

Phu op ke thdngdiéu khién khé xaadinh haic khéng xaatinh duoc mé
hinhdéi tuong.

Bo diéu khién phai trai qua qua trinh Km nghém thuc € truéc khi 4p ding

Chat lugng daptrng rt tét néu c6 nhéu. Paptng aia ke théng it b anh
huang khi cho nHu tacdong 18ndbi twong ding nhr khi dbi tuong cé khau phi
tuyén. Bay lawu diém rat 16n caa b diéu khién mo.
7.2.3 .Bp diéu khién tuyén tinh hoa:

Dungdé giai quyét cho caaldi twong phi tu¥n thanh & tuyén tinh

Coéng vic tinh toan b diéu khién khé plic tap
7.3. Hwéng phéat trién dé tai

Qua tim h¢u ly thuyét vé& diéu khién dong a khéngddng bb tua theo i
thdng rotor ta ty : Biéu khién / diéu chinh dinh hréng tr théng rotor Wét tat tir
Rotor flux oriented, rotor flux orientation”. Yudng & pheong phapdiéu khién
nham bién d6i mot may dién xoay chéu ba pha thanh méagién mot chiéu trén

pheong dién diéu khién doc lap cac gia tr moment vait théng... nim dat duoc
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cac tinh aing diéu khién/ diéu chinh trong tr nhr dong a dién mot chiéu. Pay la y
tuong moi la vadoc dao @a truyén dong dién hién dai ma cac phong thic truyén
dongdién o dién trede day chra tirng co.

Ta nhin thay tir théng rotor c6 th duoc ting gam gian tép théng qua \ic
ting ghm isq Diéu dang kru y ¢ day 1a ndi quan 1§ giira tr thong rotor va ing $
thoi gian rotor T. Néu thanh céng trong & &pdit nhanh va chinh xac dong ta
c6 thé coi isg la dai lwong diéu khién caa tr théng rotor.

Pong thyi néu apdat nhanh va chinh xac dong,ita cé t coi i, A dai
lugng diéu khién cia moment quay. Dd6 isq duoc goi la dong 40 tao moment
quay va gi vai tro trong tr nhu iy. isg gitr vai tro trong tr nhu i, trong dong o
dién mot chiéu.

Qua Kt gua md plong daptng Hc do, moment va dondién khoi dong dat
yéu du .

Dé tai cH tap trungdiéu khién toc do dung nd ma chra gii quyét phan diéu
khién moment vait thong ding m . Bay 1a hréng phat trién caa dé tai réu tiép tuc

thuc hién dung n cho @ moment vait théng .
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