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Y, Yo Wb tlr thdng stator va rotor :
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Chit viét tat ¥ nghia -
bCTT Pong co tuyén tinh
PBKTVC Pbng bé kich thich vinh ciru
TR Tua theo tir thdng rotor
FOC Piéu khién tua tir thdng rotor
SVM Pidu ché vector khong gian
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TKTT Tach kénh truc tiép
PHTT Phéan hdi trang thai
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MIMO Multi input — multi output
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2. Muc tiéu: Nhitng tiém ning ciing nhu van dung clia dbéng co tuyén tinh trong cong
nghiép ngdy cang phat trién vi nhitng uu diém vugt troi vé chit luong ddng hoc cling
nhi kha ning tuy dong héa cao trong cac day chuyén san xuht. Mot yéu td rit duoc

quan tAm & day chinh 1a d¢ chinh xac vé vj tri clia cac hé théng khi sirdung dongeo - - —-

tuyén tinh, déy 1a bai toan lién quan dén vén tde, gia tde, thoi gian dap ung, khé ning
dirng chinh xac.

3. Két qua nghién ciru:

Céc tac gia tap trung cu thé héa nhitng nghién cru cua nhom nghién ctru thong qua cac
cong bb quoc té . Thiét ké cac thuat todn diéu khién phi tuyén @& diéu khién dong co
tuyén tinh ddng bo kich thich vinh ciru.
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- Project title: Vector Control for Linear Motor.
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- Code TIUrber: T2015-B0H14

- Coordinator;: Nguyen Hong Quang

- Implementing Institution: Thai Nguyen University of Technology.
- Duration: From 7/2019 — to 07/2021

2. Objectives:

The potentials and applications of linear motors in industry are increasingly
developing due to the outstanding advantages of kinetic quality as well as high
automation capabilities in production lines. A very interesting factor here is the accuracy i
of the position of the systems when using linear motors, this is a problem related to
velocity, acceleration, response time, stopping ability. To solve this problem, it is needed
to design controllers for linear motors. L :
3. Research results:

The authors focus on specifying the research of the research team through international
publications, designing nonlinear control algorithms to control permanent stimulation

synchronous linear motors.

4. Products:

- Training products:
- Scientific products: 03 ISI/Scopus articles (Q3).
- Application products:

5. Effects:

Rescarch results of the authors group are published in prestigious scientific journals in
the ISI/Scopus list.

6. Transfer alternatives of reserach results andapplic ability:




Provide specialized reference materials for students, graduate students, PhD students in
Automation Engineering. The research results can be used to guide the master thesis for
graduate students in Automation Engineering. The built algorithms can be deployed on

real equipment systems.
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Mo dau

= MG PAU
Vi sy phat trién cua khoa hoc cong nghé cac day chuyén cong nghé lp rap ty
' WWcéngnMén—li-nh—hoat,—y—éu—eé—u—eao—vCLd(?)—e—h—i—n-h—xée-ui-t-r-}té&d Gvatic |

la t: , mdy ndng ha, may cong cy k¥ thujt s

j CNC trong cdc ddy chuyén di tr& thanh mot diéu tAt yéu. Chinh diéu d6 da thuc day
1 truyén dong dién phai quan tdm téi mdt dang chuyén dong md&1 kKhong ¢dn bé budc

‘tong chuyén dong quay tron truyén thong nita d6 chinh 1& truyén-dong thang. Péng- -
o tuyén tinh Q@ng b kich thich vinh cttu dang Polysolenoid dugc chon lam dbi tugng

= ’ 2 A acr A . s F A T S-S, Iy S T SRR B
nghién clm ciia dé tai do d6i tirgng nay ¢6 the tao rachuyén dong thang tryc tiép khong

cdn qua céc co cdu trung gian. ~ ST

Tinh khoa hoc va cip thiét ciia dé tai

-+ Nhftng ti€m ning -cﬁn—g—-n-h-tr—van--dung--eﬁa—-déng-GG—tuyér—k-tl'-nh--twng- cong.nghi¢p——.——
ngdy cang phat trién vi nhitng wu diém vuet tri v& chit lugng dong hoc ciing nhu kha
o nang tu dong hoa cao trong céc déy chuyén san xuét. Mot yéu tb rit dugc quan tAm &
o "——dﬁy—chfnh—l's‘rdﬁﬂchinh—xéc—vé—vi—t—r—i—eﬁa—%c—he‘;—t—h—én—g—kh—iﬁs-ﬁr—dung_d@.n.g_co’_t!lyén tinh,

3 day 14 bai toan lién quan. dén van tbe, gia te, thoi gian dap ung, khé ning dumg chinh ]
xdc. D€ giai quyét bai todn nay chinh la y€u cau thiét ké bd diéu khién cho doi tuong ]
dong co tuyén tinh. Chinh vi vdy song hanh vdi cac thiét bj phén ctng thi nhiém vu ¢

, thiét ké bo didu khién cho déng co tuyén tinh chinh 12 mégt yéu ciu cip thiét duoc dit |

g ra. ]

Muc tiéu duge dat ra cua d& tai “Diéu khién Vector cho djng co tuyén tinh”

Xuit phat tir cach tiép cin kinh dién, dau tién m6 hinh todn hoc cia hé théng s& dugc ]

thiét 1ap kém theo nhﬁngyéu,cﬁu diéu khién va céc rang budc cu thé. Duya trén co s¢

mb hinh toan hoc va muc tiéu diu khién, bd diéu Kkhin phu hop voi déi tugng s€ duge
xdy dung. Tiép theo, qua trinh md phong hé kin dugc tién hanh di kém theo nhiing
dénh gi4 dinh tinh va dinh Twgng vé dong hoc h¢ théng.

Bé cuc ciia bdo cdo tong két dé tai:
Béo cho gdm phin mo diu, 05 chuong va két luan, duge bb cuc nhu sau:

~ Chuong 1. Téng quan v& tinh hinh nghién ctru truyén dong kich thich vinh ctru dang
Polysolenoid. '

Chuong 2. M6 hinh héa dong co tuyén tinh kich thich vinh ciru dang Polysolenoid
Chuong 3. Pitu khién déng co tuyén tinh kich thich vinh ctru dang Polysolenoid.
Chuong 4. M6 phong hé thong

Chuong 5: H¢ théng phén cting cai dit thuat toan didu khién

Phin két luan va Kién nghi: Dua ra nhiing d6ng gop cua d& tai va nhimg kién nghi, aé
xuit hudng nghién ciu tiép theo.




Chuong 1. Truyén dong tuyén tinh dang Polysolenoid va cdc phmmg phdp dibu khién

1
TRUYEN DQNG TUYEN TiNH DANG POLYSOLENOID

R

VA CAC PHUONG PHAP DIEU KHIEN

¥ I X

1.1 Dgng co tuyén tinh kich thich vinh ciru- dang Polysolenoid

- Pong co tuyén tinh-kich- thich- vinh-clru- dang Polysolenoid thugc nhom dongeo |

dong bo kich thich vinh cuu cocantgotintr qu,

Tir Trudmg vinh cun

Hinh Error! No text of specified stylein docament..1 Céu tao cua dong co
Polysolenoid

@)

{fa) [}

Hinh Error! No text of specified style in document..2 Rotor cla dong co
Polysolenoid

(a) Rotor dong co quay
(b) Rotor dugc cit va tréi ra tir ()

(c) Rotor dirge cudn lai tir (b)

PV o T N |
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I Chuong 1: Truyén déng tuyén tinh dang Polysolenoid va cde phwo’_;zg_ Eh&pmdz_'é& khién

Load fixing Stator windings (2 phases) / WhCroelsoonics

Slider with nesdymiam magneis - position sensors
{Hall sensors for poaition feedback, tempe-
e réluresensors for overload protection)

I3

A&

Tinh Error! No fext of specificd style Imdocumment:3-So-d6-edu-teo bintrong |
PCTT PBKTVC Polysolenoid S

thanh vector dong di chuyén theo phuong nam ngang va thanh phan dong tryc q coa

NG & TWONE tac VoI~ tl‘:r“th&ng—'qbp—cﬁa—ﬂam—ehém—vinh-c&urtauamwén day |
trong bd phin so cAp cia dong co tuyén tinh dang Polysolenoid.

Pidu khién truyén dong tuyén tinh dang Polysolenoid

Cung ndm trong nhém dbi twong dong co dong bo kich thich vinh clru nhung
déi wgng duoc tap trung nghiém ciru nhidu trong thoi gian vira qua tép trung vao
nghién ctru cho dbi tuong ddng co ¢o két ciu phang. V6i nhom dong co hinh ng chua
‘nhén duge sit quan tam n;hiéu,,,,qh,owdép thoi gian gﬁn day dong co tuyé,n tinh hinh ("')ng
da duoc phat trién dudi dang san phdm thuong mai ma di déu 13 hang Linmot da cho
ra doi mot ho dong co tuyén tinh hinh éng. Diéu nay da thic diy nhidu hon céc nghién
cliu d& ndng cao chét lwong diéu khién cho nhém ddng co nay.

Khai quat v& tinh hinh nghién ciu v& didu khién truyén dong tuyén tinh dang
Polysolenoid & trong nude va trén thé gioi.

1.2 Tinh hinh nghién civu trong nUocC:
Véi ngudn tham khdo 1a cac bai bao v ludn an dugc huu tri tai thu vién qudc gia Viét
Nam thi chwa cé cong trinh nao nghién ciru vé didu khién truyén dong tuyén tinh dang

Polysolenoid ngoai cac nghién clru clia tac gia.

1.3 Tinh hinh nghién cieu trén thé gidi:
Céc nghién ctru trén thé gidi voi dbi tugng dong co tuyén tinh hinh éng dang stator
ngén tip trung vao mot s6 nhom vén d€ nhu sau:

Nhém vén dé thie nhét: M6 hinh hoa thiét k& dong co [5, 24, 12] trong d6 [52] d& xuét
thiét ké dong co hinh éng theo nguyén ly dong co mot chiéu khong choi than, [16]
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Chuong 1: Truyén dong tuyén tinh dgng Polysolenoid va cdc phu’o_*ng ;_ahap diéu khién

thiét ké dong co hinh éng 5 pha trong khi [24] dua ra quy trinh thiét ké dong co hinh
_ bng sit dyung giai thuft di truyén va phuong phap phén ti hitu han.

Sir-dung-phirong £ hin tir hitu han dé phén tich qué trinh dién tir xay ra
trong dong co tuyén tinh hinh ong [2, 4, 8, 13]. Trong d6 [4, 8, 13] phén tich tir trudng,
Iuc cogging va luc chot chin ton tai trong dong co tuyén tinh hinh 6ng ba pha, {2]

~ phén tich céc yéu t6 anh huong dén lyc dy cia dong co. - B

"
ST OUHIE

T Nhom viin @ thik | Iﬁli’."‘"’l’lﬁé‘t"l{é"C.'?'m:trﬁ(rdi'étrkhﬁiénfehofdéngfee—:tuyén tinh hinhéng |
ba pha [3, 9];-trong [3] d& dua ra phuong phap_thiet ke by ditu kiren sudung-ticu

chudn Lyapulov dya vao sai 1éch vén toc so véi gié tri dat, {9] & xut st dung bo didu
khidn bén vitng H. dé kiém soét van toc ket hop v&i mot thanh phdn mang Noron bu
. thanh_phén suy giam tu thong.

Nhom vén dé thie ba: Trong tai lidu [10, 11] da d& xuét phuong phép mo t4 hiéu img
du cudi clia dong co tuyén tinh hinh ong ba pha st dung phurong phap thuc nghiém.

Trong céc cong trinh da dugc cdng b tap trung vao hai huéng chinh.

Hudng thir nhdt: Tap trung vao viéc nghién ciru higu ung dAu véi hai hudng tiép can
14 md ta dudi dang mach tir tvong duong va sir dung FEM. Trong hai phuong phap
trén phuwong phap st dung FEM mb 4 hiéu ing dau cudi mang tinh trye quan hon.
Tuy nhién khi sir dung FEM phai c6 dugc cac thong 6 chinh xac cta dong co.

Nmsh e af g e P ANy

Huéng thiv haiz Nghién ctu chu tric dicu khidn bu bat dinh hiéu img ddu cudi tuy
- nhién trong hé thong ton tai cam bi€n dovitrl

Nhin xét: Nhitng phan tich ¢ trén tap trung lam rd vé tinh hinh nghién ciru dong co
tuyén tinh kich thich vinh ctru dang Polysolenoid , cdc van dé lién quan dén md hinh
va cac phuong phap didu khién truyén dong tuyén tinh dang Polysolenoid. Dicu do

tao thuén lgi cho vigc lya chon d& xuét cac phuong phap nghién ciru tiép theo cho bai
toan didu khién truyén dong tuyén tinh KTVC dang Polysolenoid.




Chuong 2: M6 hinh héa PCTTDB KTVC Polysolenoid

CHUONG 2

MO HINH H(’)A PCTTPB KTVC POLYSOLENOIDE

DCTT DBKTVC Polysolenoid 1m viée dya trén hién tuong cim gng dién tir.

Khi céc cudn ddy dugc ,c?iP, nguf“)g thi dong xoay chidu 2 pha trén 2 cudn day s€ tao
thanh vector dong di chuyén theo phuong ndm ngang va thanh phén doc tryc q ciané |

s€ tuong tac voi tir thong yp cua nam""u'naurvTu‘.r—e&ufit;aerh;re%d%iy:eé&euén—fdﬁyftrion S|

bd phan so cép ctia PCTT DPBKTVC. €6 1-diém can Tuu y trang DCTT EX TG R

vector (is, s, ...) md ta cac dai lugng vat ly thi diém gdc ciing c6 ¥ nghia quan trong.

A thAv Sre-auavi-c LI r ca 2 vector dong dién bAang nhau

Didu niy co th g gria5e Jufe g
XUat phat fir 2 vi tii PT; P2 khic nhau-sécho-ta 2-phén--bé—-t—1‘-1 théng &2 vi tri-khac nhav.
Khi d6 2 vector bﬁng nhau nay s& anh xa vdi 2 vector khac nhau trong hé truc toa dd

quay tuong ang vé mat dién.

2.1 Biéu didn céc vector khong gian ciia dong co hai pha tuyén tinh ddng bo kich
thich vinh ciru o .

Trude khi biéu dién cac vector khong gian cua DCTT ciing nhu x4y dwng mo
hinh toan hoc cho dong co ta dua ra mot s6 quy uéc:

Chi 56 viét nhé & goc phdi phia trén.

£+ dai lwong quan sat trén hé toa-dd tir thong vinh clru (hé toa dd dqr,): -
s : dai lwgng quan sét trén hé toa dé af

_Chi 56 viét nhé & géc phdi phia dudi.

Chir cai dau tién: s dai lwong cliia mach stator

Chit cai thit hai: (d,q¢): phin tir thupc h¢ dq («, B ): phin tir thudc hé af a, # Ding
co tuyén tinh 2 pha duoc cdp boi hai dong dién pha hinh sin phia
stator c6 dang:

i |cos(w,t)

-0
iy (1) = |i,|cos (e, + 90)

2.1)

C6 thé dwgc mé ta dudi dang vector is(t) quay trén khong gian véi tan sb Stator f,:

i = [; (6)+ iy (e’ } (2.2)

Y L 4L

[ Sl ¥




Chitomg 2: Mo hinh héa DCTTDB KTVC Polysolenoid

Lac nay, hai dong pha s€ la hinh chiéu cia vector is xudng truc cva cac

cuon day tuong ung:

\
sy T [ e
1

< : ol e e e e e e e e e s

Hinh Error! No text of specified style in document..1 Vectordong Stator————————
Vector is quay quanh gbc toa do vdi toc db goc @, Twong- ty- doi- voi cdc dai - - .

lwong hai pha khac nhu ir, us, ¥ ¥, trén hé toa d ¢ dinh a8 nhu sau: f
isj = isa + jlsﬂ Lll
' =u, t+ jugy (2.3) -

7 ) o BN i —sts =7W.EE + Wsﬁ T - - -

V&i hé toa 46 dq (quay voi tn sb f) cac dai lugng & (2.3) ¢6 thé dugc biéu
din trén hé toa dd dq tuong tu:
ifs = isd' + jisq
ufs = usd + jusq (24)
l//fs = l/jsd + jw.rq |

Hé toa do dq duge chon dé truc d trung véi truc cua vector tir thong rotor (vector

tir théng cuc). Khi d6 thanh phén truc q ctia tir thong s€ mét di. Truc d cach truc g mot

khoang la % ma 7 tuwong Gng voi goc 77 Vi vy truc d va truc q {&ch nhau 90 do vé goe

dién .




Chuong 2: M6 hinh héa DCTTDB KT yC Polysolenozd

ooy

P ————— « S

= N

1 ! i
e = b et S

~ “Hinh Error! No text ofspeclﬁed stylt,fln document-2-Hé-toa- do-quay- dq wéndong

- . €O tuyen tinir—
Vector dong stator co the dugce bidu dién trén hé toa d ¢b dinh af vatrénhé

toa do aq it hindr vE

‘Hinh Error! No text of specnﬁed style in document. 3 Vector dong stator trén hé
" tryc aff-vahé trycdq - - -
Do dong dién ma cac cam bién do dugc la dong dlen trén he th(“)ng hai cudn day

pha is, va isp , do do dé chuyén tir hé toa d0 aff sang hé toa 3% dq ta dung cong thirc

sau:
i, =i, co88 +i,sind
. . . (2.5)
i,y = 1, SIN 9, +igc08 8
Véi goe & la goc léch gitta truc d va truc «@, tai tho diém 2 truc cach nhau mét
khoang x thi:
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Chizomg 2: M6 hink héa PCTTPB KTVC Polysolenoid

o
d A X T
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F
h
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“Hinh Error! No text of specified style in document 4 Goc léch gitta2 truc d va-at—————

~ Tirvéntbevdové tatinhduge:

X =X, +jvdt (2.6)
T Tatmhdwgegse 9T T T T T - S——
9 =2xg @.7)
M#b hinh toan hoc dong co 2 phé tuyén tinh déﬁg bd kich thich vinh ctru ) f
3
Phuong trinh dién dp stator {
u =R+ (2.8)
dt k!
) N /]
ys gbm 2 thanh phan la ysd va ysq : p
S =L ey,
{‘"‘“ b (2.9)
\ljw = L# lw
Suy ra:
u,=R.i+L, %’(L’ oL,
d_" (2.10)
u =R.i +L Loy w.L, i, toy,
g ¥ o8 xef dr A E
di, R 1 2.y L,
e, )
dt L "L, 1 L,
‘ (2.11)
di, R 1 2.xv L, 2V Y,
— = U T i =
dt L, " L " t L T L,




Chizong 2: M6 hinh héa DCTTDB KTVC Polysolenoid_

Thiét 18p phuong trinh tinh lyc déy cta dong co

Nang lwong dua vio 2 phaciia 2-cufn-day-stator:

o NZRER PR o PR R Tt e s 2y
et e s+ 2 o ,d,i.m’ O 2 . disq 271‘.1) . . 7
= usd Jsd + usq 'lsq - Rs 'lsd + Lyd 'zsd df + R.f'lsq + L.s'q 'tsq —d_;--{_ T l'.rq'[('Lsd - qu )lsd + lP’p]" B

" TV6iDCTT 2phapdéicuciacs: —

Py 27V,

F= p—= P zsq[(Lsa’ _qu)isd+l//p] (2'14)
v TV
Hay: -
2.7, , 3
F=p—iyl(hy - LYy, (2.15) \

2.2 Phuong trinh djng hoc clia PCTT trong hé dq
(di, R 1 2xv L, .

e | e e

a L, L, o Lt

ii-‘i—_._R-_*z +_1_ _27“’5;_;- _27r.vl//_,,
Jaa L, L, v LT L (2.16)
2.7 . .
mx = p—l [(L.S‘d _.qu)lsd+l//p]_ﬁ-;‘
ax
—=y
L dt
di, R 1 2y L,
= ; +———.?/£“f + w
dt L, L, T L.’
di, R 1 2z7v L, 2ry ¥,
= — :
a L L " ot L, 1 L,
2., .
LF = p_;lsq[(Lsd - qu)zsdﬂ}“t/jp]

Tir cde phuong trinh trén, ta thu dugc mo hinh trang thai lién tuc :




Chuong 2: M6 hinh héa DCTT; DB K TVC Polysolenozd

Ay g+ Bu +NIiv+Sy,»

’ \
dt - |
= _J'sdw ,,7,?,,}433:‘, - - ‘
L=, Y, = |
7] uS‘? _ !
_ f - . ( |
R 1 |
-= 0 ) — 0 ‘
o R PR N I 2
- _R_|
T I
\ L.s'q L-gfl
. RN
e o =Lz| [0
N = “ 8= 2x 1
2x L, -5
-1 0 T L, |
1N T 5q 7 |
V,
. l—-a-——--—-——“—Hm—'ﬂ
y
4
, ' s 3
- —_ = = f I 0 SN (N O O WS N
s s LB Vg_x. , |;J_ f i ——
Lup JLW
______ ,{ﬁ}_w_,v,_&._.w_ 5 \ju:] r— T

Hinh Error! No text of specified style in document.. 5 M hinh trang thai DCTT
PBKTVC trén hé toa d6 dq

Nhdn xét: nhin vao md hinh ta thdy tin hidu vao clia h¢ thdng khéng chi c¢6 vector dién
ap us ma con ¢o ca tdc 6 v. Nhu véy bién trang thai dong dién khong chi phu thude
vio cac gid tri dién dp Usd, Usq MA con phu thude ca vao tbe d6 dong co. Tinh chit phi
tuyen cia PCTT BBKTVC thé hién ¢ tich giita bién trang thai is va bién vao v qua

thanh phan N.i .zs v véi yéu tb quyet dinh 12 ma trén N.
Ngoai dic diém phi tuyén mang chu tric ndi trén, tinh phi tuyén ctia DPCTT DBKTVC
con thé hién & 2 dic diém chinh sau:
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Chuong 2: Mé hinh héa DCTTDB KTVC Polysolenozd

Céc tham s phu thudc vao bién trang thdi theo quan hé bdo hoa (L(l) ). Piéu nay

-——khién-che-md-hinh-déng-co-mang dic- diém pthlLy_ﬁD khong co tinh xép chéng,

>
2~
>

‘ Mot*sﬁh—léfrumngp Ttuyénkhac co-the-duge-loai-bo-khi phan-tich-h¢-thong-n ir-hiér
; Wong It 4phi-tuyén,-dong xoay Foues Nhin vao
B - hiéu-vao cua hé thong khéng chi cé vector di€n ap us. ma con ¢b ca toc d§ v. Nhu vdy

b1en trang thai dong dién l(hong chi phy thudc vao céc gid tri dién ap Usd, Usq ma con

n
'.cl Mo nn 1ta 1d ]

L phythube ch vio the 4 dong co. Tinh chét phi tuyén cia PCTT DBKTVC thé hign

tich glﬁa bién trang thai is va bién vao v qua thanh phan’ Y\Fz AT

S e LN e




Chuong 3. Diéu khién dong co tuyén tinh dang Polysolgh;iig

CHUONG 3
PIEU KHIEN PONG CO TUYEN TINH DANG POLYSOLENOID

e e e UL P

3.1 Khii quat vé chu triie diéu khién
* Nhuda gi6i thiéu trong phan 1, DCTT ¢6 nguyén ly ké thira tir dong co quay
"nén phin 16n nhiing nghién clru déi v6i dong co nay ¢6 ngudn gbe tir cée ndi dungda
" ihuc hién dbi véi dong co quay boi moi quanhé twong duwong vé clu tao gitta-hai———— -
—nhomdong co-nay—Tuy-vy, do-con-¢6-nhitng dac “diém riéng dac_ trumg cho DCTT (vt
dy hiéu img dau cudi,...) nén hinh thanh mgt sb nghién ctru ¢d ngudn gbc tir nhom cac
4n-d& nay.Ciing nhu nhimmg phueong phép dé duoc thue hién dbi véi dong co quay,
- lie-nay phizong phap- didu khién cho PCTT van dya trén hai hudng chinh dya vao
nguyén Iy didu khién vector va nguyén Iy diéu khién v hudng. S

Céc tai liéu [1, 6, 7] da chi ra cac hudng nghién ctiu 4p dung nguyén ly didu

~ khién vo huéng: U/f khong 351 voi muc dich duy tr tir thong Khe o khong d6iaé
didu khidn momen Iyc, didu khién do truet... Tuy nhién phuong phip nay gdp tréngai

khi phu téi thay 441 din dén sut ap trén stator khi dong di¢n thay dbi. Cac phuong phap

dya trén nguyén ly didu khién v6 hudng c6 uu diém dé dang 4p dung vao cac thiét bi |
trong cong nghiép do luat diéu chinh don gian, nhung déu gap kho khan trong viée )

ning cao chét luong chuyén dong dic biét tai cac vung tb¢ do thap.
Céc phuong phap diéu khién dya trén nguyén 1y didu khién vector duge trinh /

bay trong nhiéu tf}u"Iiéfﬁéﬁéﬁmnﬁhuangphép:nﬁ;i%h@ﬂ&tﬂf‘?g‘;ﬂ#ﬁ%@uﬂ%{l}L7 -

hinh trong minh, céc dai lugng dong dién, di¢n ap tir thong dugc biéu dién dudi dang
vector. Nhitng nghién ctru thuge hudng nghién ctu nay ta phan loai thanh 3 nhom
phwong phép chinh:

Didu khién true tiép momen (DTC) va diéu khién tua tir théng rotor FOC, tya
theo hé truc toa d6 tinh. Trong ndi dung fuén 4n nay tac gid tép trung vao nguyén ly
didu khién FOC bdi kha nang cho phép tich cac thanh phan tao tir thong va dong tao
Iy ddy trong céc cudn day stator. Do dong co ¢co cAu tao 2 pha, 2 cudn diy duoge cép
ngudn doc 1ap nén & tric didu khién c6 khac doi chat so voi céc loai dong co 3 pha
thong thudng, véi so dd didu khién twong tu véi dong co quay kich thich nam chdm

vinh ciru duge trinh bay trong tai li¢u [7].
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Chuong 3: Diéu khién dong co fuyén tinh_dan_g_};bTy_.s;gl;ﬁgidm

l Uy
L]
1 I = 0 14 u i iﬂ"' >
[— d — 3 g il = st
» 0 bidu ch v
—_—_ R u, Y et 1t L ecor e k
- > » faheds 715_77 | 2~ N I
RN n—’b+h
I _ _ = LA
0 o’ ) T -
I . W I ) ). B i o ]
e \H RH \‘{; ar - EE* Y Ibff '—‘5**
) . __ _ e _ 1
sin(B)
@ Tinh
todrrvin

Hinh Error! No text of specified style in document..1 So dd ciu troc didu khién

FOC 4p dung cho d(fjrrg—co*tuy-én—t-inh—}p-ha,—}euc?m—déycé'ip ngudn doc 1ip

Vi phuong phap diéu khién cb dién, bd didu khidn dong R, dugc thiétkéco — —

ph%lf] tach }(énh dé dua dong hoc dong dién vé da_mg tuyén tinh qua do sir dung b didu
khién PI tdng hop theo cac phuong phap truyén thong. B didu khién tdc @6 R, dugc
Iywa chon dang PI véi khéu chbng bdo hoa tich phﬁn’ va han ché dong. BO didu khién vi -
tri R, dugc lya chon dang PD do dbi twong thiét k& lic nay ¢6 dang khau tich phan
(téc d6 bang dao ham cua vi tri) dé& han ché dao dong trong h¢ thbng.

3.2 Céic phwong phap dicu Kkhién luc (didu khién dong dign)
3.2.1 Pigu khién dy bao MPC

Pidu khién dy bao md hinh (MPC) bt ddu tir cudi nhitng ndm 70 va da co
nhitng buée phat trién dang ké. Khai niém «didu khién du bao md hinh” khong chi rd
mot sach luoc didu khién cu thé ma né dua ra mdt 16p cac phuong phép diéu khién dya
trén viée st dung md hinh cia dbi twong dé thu duge gia tri tdi thiéu ciia ham muc
tiéu, Dén day ta nhén thdy 16 su lién quan cua didu khién tdi wu truyén thong va MPC
a cing st dung khai niém ham muc tiéu d& thanh 1ap nén sach Iuge diéu khién. Khai
niém dy bao “Predictive” & day la viéc udc luong hanh vi cia hé théng trong khoang
thvi gian twong lai (tAm dy bao) qua d6 ¢6 thé dua ra tin hidu pht hop.

Khac véi diu khién t8i vy truyén théng noi ma nghiém t8i vu duge thanh 1ap
dua vao giai cac bai toan tdi wu cho trude. Tin higu dicu khién té1 wu theo MPC 14 mot
day didu khién, m3i phén tif trong déy do dai dien cho tin hiéu didu khién tai thoi diém

thir k nhét dinh. Bai toan toi uu dugc 1ap lai tai sau md&i chu ki voi nhitng thong tin
m6i nhat vé hé thong.
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g Chuong 3: Diéu khién dgng co tuyén tinh dang Polysolenoid

MPC 4p dung rat thich hop cho hé tuyén tinh do md hinh sir dung tuyén tinh 1én
viéc wde lugng cac trang thai tiép theo cla bién trang théi tré nén don gian. Nhung do
viéc tinh toan udc lugng nhidu gi4 tri ti€p theo nén viéc tinh toan s€ lon keo theo thoi
gian tinh toan rat 1au ’dﬁ;c*b*iétvéi*hé'nhléu' d3u vio ra- D6 a6 phamr viung-dung bithu ————

T

1 LY 2 | -4 AL ~ n
ngp va cac <o d\;uB h\)C cham

T Dﬂh’Vﬁﬁ”ﬁi@_h‘TﬂhT]Ué trinh -dugc str-dung ta phén loai cac phuong,phé.p,MPC T

 bao gdm mb hinh tuyén tinh va phi tuyén. M&i loai mé hinh déu c¢6 wu nhuogce diém

riéng nén thy vao bai toan ciing nhy yéu cAu k¥ thuat ta chon loai md hinh phuhop. Vi

“~du nhu 16p ™6 hinh tuyén tinh-(Ham truyén; dap-ong xung; dip-ing qud-do)-cho-vige——-——
wdc lugng nhanh hon, dé ap dat thudt toan vao phin ctrmg. Mat khac do cac qua trinh
tI'Ol'lgthu'Ct,_‘ enkhbng in ven ti 1_hc

©~mo hinh phi tuyén-dtrqc—s&-d—ung—-eho——nh&nga—-béu—i---teén yéu céu viée uéc luqng..c.éc_..bién_ R

quaé trinh chinh x4c.

7 r
A n 3 A

TV A T—-dgo M-O—HRA N (110 Nin 11818 .."

Trong muc ndy ta d& xuét 2 phuong én diéu khién du bao dugce phéan biét dya
vao tinh chit lién tyc (vo han) va gian doan (hitu han) cac phan tir trong tap dicu khién.
Xuét phat tir cdu hinh phan ciing ta duara 2 nhén xét rang. S

. Néu coi dién ap dat vao 2 cudn day dong co 1a lién tuc, do gidi han vé diéu
ché din dén dién 4p s& nim trong tap bi chin, lién tuc. Diéu nay dua dén
phuong phap diéu khién du béo voi tép didu khién lién tuc (CCS MPC).

- Néu xét dién ap tirc thoi trén ddng co, coi bd bién ddi 1a ly tuéng dan dén
tap dién ap didu khién Ja hitu han phy thude vao cAu hinh b bién dbi. Diéu
nay dita trén phirong phép didur khién dy béo vi thp-didu khien hu-han———
(FCS MPC).

T e AT

3.2.1.1 Pidu khién dy bao MPC véi tap diéu khién lién tye

Nhu ¢4 phan tich trong nhan xét trén, dé thue hién didu khién, trudce hét ta cin
phai di tim tdp céc vector dién ap o thé tao ra nhd bd bién déi hay noi cach khac 1 di
tim gidi han didu ché. Trude hét ta di tim hi€u nguyén ly di€u ché vector trong duge su

dung trong ludn an [3]. Pong co dugc cip 2 bd bién dbi ngudn ap hoat doc ldp cb cdu
tric nhu sau.
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Chuong 3: Pidu khién dong co tuyén t[ﬁh dang Poly;volehg-fa B

f} 1 .......... ?\ ,] .;"S __H’:}
- o A S

i ]
- T (D S el == -
in -
thorm'

Hinh Error! No text of specified style in document..2 So dd 2 nghich lwu 1 mot pha

didu ché don cyc cép ngudn ap cho 2 cufn déy doc l4p cua dong co Polysolenoid

Tir cAu hinh mach van, ta c6 tap hitu han cac trang thai van dOng cat tuong tng voi gid
tri dién ap nhu sau: o ' :

Bdng Error! No text of specified style in document.. I Céc trang thai dong cit ciia bd

bién dbi "1™ Trang thai dan, "0": Trang thai khoa. /
TTIPL1P2|P3 | P4|ua |ub |[TT[PI|P2|P3|P4juva)ub 1
T 10 [1 10 |+Ude|+Udc|S2 |1 |1 |1 |0 |0 |+Ude ;f
= To [0 [T [+Ude|<Ode [ |1 [T [0 |F [0 [-Ude —
1 [0 Jo [0 [+Udeio 6|1 |1 (o |o |00
ST 1 (0 |1 |1 {+Udc]|0 s5 (1 |t [1 [1 [0 |0
0 |1 |1 [0 |-Ude |+Ude 0 10 L |0 |0 [+Udc
0 T 0 [1 [-Udc |-Ude [S4 |0 [0 |0 |1 10 -Ude
3o |1 [0 [0 |-Ude |0 s710 |0 [0 [0 [0 |O
o |1 (1 |1 |[-Ude |0 sgfo (o |1 |1 |0 |0

Dé thuc hién dizu ché vector dién 4p Stator ta chon 8 vector ¢o 5@ nhu bdi dam
trong bang 3.1. Trong do cdc vector $3, $6, S7, S8 lam cho vector dién ap bang khong
duoc lya chon dé trong qua trinh dicu ché cac van ¢ sb 1an dong cit déu nhau tuong

by

Gng gifta cac goc phan tw trong mit phang didu ché.

Pé hinh thanh nén mién didu ché ta str dung hé cong thuc:
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Chuong 3. Diéu khién dong co tuyén tinh dang Igc_);ysolenoig -

T
. —__F = !
77777 S "E GﬁfQL- U, =— Udc’ == Udc
T Iﬁ"f}g o -1 pulse” T —
. —_— - = ! |
_ u,€Q,:u,= wa U, = T Use |
pilse pilse TC R |
7 7 7 T 3.1 |
T, T *
uweQ u =— o W =———Uy 1
- _ - - RS — ‘-l-pu!.fe - —puise
T T
. ___r . = !
“‘ 1= Q4 .un ~ Udc" u; - T Udc‘
1 pulse + piise

Tp + T; + 1:71]" = Tpulse

Trong d6: u_la vector can diéf:u ché trén truc toa dd o, f; 7., T, 1a thoi gian phat cua

céc vector co s& tmg véi goc phan tu Qi chira u; T, Ja chu ki di€u ché; Tyla

khoang thoi gian phat cta vector khéng tmg véi goc phin tw chira #,.

O,

Sy

(1011)

{0100)

e

S,(~U, Y (ooor)

Hinh Error! No text of specified
toa dd ¢, f theo phuong phap CCS-MPC

Tw hé cong thitc Error! Reference source no
nim trong dudng tron ndi tiép hinh vudng S1528354.

Pidy kién dé u_ndm trong mién dicu ché:

16

t found. ta suy ra dugc mién diéu che

i
|
U s e

style in document..3 Mt phéing diéu ché trén truc
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Chuong 3. Diéu khién déng co tuyén tinh dang_Pblysolenozd

w,+u, <U, [1 1] 1]
e — < U 1 =1 1
P ) 7:‘ <:> u-"_ < Ud'c o -
— = up +}§F,{,&' p; /— ,'_1 ] 1 - ,,(3.2)
—u,—u <U, -1 1] 1
) <A U, B, o

““Trong it phing diduché trong hinh 3- 4-ta-dang-xét-dén-cic van.ban. danTa Ty rong

tirc thoi glan dong cat clia van bang khong Tren thuc té khi xét dén thoi gian dong cét
cu atxung 7.7, T, fudn 16n hon

" thoi gian dong chtoua Gac van vé thotgianm xi-ly cba-vi didukhigm- - e e

Dya vao md hinh gidn doan ta xdy dung md hinh dy bao nhu sau véi ljf’ (k+ z) la gia

n-tai
il

tri dong c‘uen dy bao tai i chuki tiép theosovdithoi diém-hién-tai:

(k +i+1)=@iy (k+ i)+ Hu, (k+i)+hy, o

Trong d6 tai thoi diém hién tai k ching cd: i% (k) =1, (k). 0, (k)=u, (k). Vai tim 3

du bao dugc lya chon bang N, phuong phap didu khidn MPCthuc hién giai bai todn thi - /
vu nhin cdc vector dién ap didu khién U, (k),q, (k+1),00U, u,, (k+ N -1)lam bién,

{

vl ham muyc tiéu dugc luya chon ¢6 dang toan phuong sau. )

N S
J=Y (i i ( k+1+1)) ( o —.f,f; (k+ il k)) (0.2)
i=l
Trong d6Q = diag([;td 1]) 1a ma trin x4c dinh duong, hé s6 A, thé hién trong sb cua

sai l1éch dong [i, "" \trong ham muc tiéu J iy < |a tin hiéu chi dao t

b diéu khién tbc do. Trong mach vong didu khién dong dién ta c6 thé xem xét toc do
va vi tri goc cua dong co la khéng dbi dan denl’ef bing hing s trong cong thice (0. 1).

i - Zdlso véi

Dua vao quan hé quay trén truc toa do d-q:

_ cos(8) -sin(@)|_ B
Ha (k) Lin(@) cos{6) u, (k) =R, (k)
Ta thu dugce rang budce dbi voiu o nhur sau:

A, R'H, (k+i)<B,, (0.3)

col
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: - Chuong 3. Diéu khién dong co tuyén tinh dang Po_b)_sbigh_éi_d

P& giam thai gian tinh toan cho mach vong didu khién dong dién ta chon tAm dy béo

L)

N1 viét_lai bai toan toi uu voi ham J vé dang toan phuong nhan T, (k)=u, (k)

= syt |
o - S , (0.4)

B - 7172((1)1@ (k) thy, -7 )TQHﬁdq (K)+C

-~ Thoamatr AcanR__lﬁdq (k)_éB_ U,

Trong d6 C la thanh phén chi phy thude vao trang thai dong dién va van tbc hién tai

_khéng phu thude vao u,, (k) Thye hi¢n gidi ba1 toan t01 uu hoa theo phuorng pnap QI’

(quadratic programming) ta s€ thu duoc gia tri dlen apu,, (k) cAn tim.

3.2.1.2 Pidu khidn dw bio MPC véi tip didu khién hiru han

Nhuge dlern ctia phuong phap vira duge trinh bay & trén 1a viée giai bai toan t6i chn rét
nhidu thoi g1an tinh todn. Do d6 chu ki trich mau dong dién phai du 1on dé hé vi diéu
khién co thé Kkip tinh todn dua ra gid tri vector dién ap dat vao bd diéu ché. Hon nita
khi xét dén thoi gian dong ct clia cac van bén dan, mién didu ché vector khong con
don gian nhu Error! Reference source not found. 1am ting d¢ phuc tap trong bai
toan tdi uu.

- ———Vorcae dbi- -tUong €6 barkchat gian ananhu cac b blen ddi cong suét, phuong phédp

AT Y

i

FCS-MPC t6 ra rit hitu hiéu. N6 cung cap mot cach tiép ¢4n hoan toan khac doi vmﬁﬁ———» :
cac bd bién dbi cong suit. Bén canh d6 cac dic tinh k¥ thudt ctia BDK ciing to ra rét
tbt so voi cac phuong phap diéu khién trudc day Phuong phap nay dua vao sb lugng
hiru han s& t6 hop van cho phép cta bd blen dbi cong suét, Cung glong nhu céc bd
didu khién MPC khéc, FCS- MPC cling cin ¢d ham muc tiéu J dé co thé lua chon céc

td hop van phu hop.
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Chuong 3: Diéu khién ding co tuyén tinh dang Polysolenoid

¥l Do i, (k). (ko (k).8(K)

— bt &7) fa i3 I Sya paa sty
— — — Ao e eidyelir e e o

=0, Khoirgo gidmidiu s |
Tinh i, (k)

Y
k 4

i=it| Ldy u(k)eU |*

Y

i (k+1)

4

B rgngede gidrE L e e e e e

k4

Tinh todn J

Pua ra trang thai ché
dé chuyén mach tng
véi u,,

Thoi diém trich mdu dong
dién ke tiép
Kesfea- f

Hinh Error! No text of specified style in document..4 Luru dd thudt toan bo diéu
khién FCS-MPC

Mot uu didm ciia FCS-MPC dbi voi cac phuong phap MPC kinh dién 14 viéc gidi bai
toan tbi vu luén dam bao co6 nghiém va sb lugng tinh toan duge gidm thidu dang ké.
Viéc giai bai toan tdi uu theo phuong phap FCS-MPC ¢6 thé thuc hién dé dang bing
mdt sb hitu han vong lap. Tuy nhién s& lwong cac vong 1dp nay s€ ting lén theo ham
mii ctia tim du bdo, diéu ndy dan dén lam ting dang ké thoi gian tinh todn va mét di
loi thé cha phwong phap. Do do trong ndi dung ludn an nay ta luya chon tdm du bdo

bang N=1.
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Chuong 3: Diéu khién déng co tuyén tinh dang Polysolenoid

Bai toan ti wu luc nay dwgc dua vé dang;

min J =1, (k) (HTQH)udq (k)+

- - (0.5) —
2(®i, (k)+hy,-i7 ) QHE,, (k)+C
‘Thda man: u, € Uz {Rij 5> Ru e Ru 5 Rug ..., Ru,, ,u 0'}' ' -

3n ap stator sinh béi tr ”’tﬁéi chuyén mach S, u, 13 veclor

d1er1 ap khong, ”f ‘4 vector dong dién chii dao.

Hinh Error! No text of specified style in document..5 Mt phing diéu ché trén truc toa
do «, f theo phuong phap FCS-MPC

Khong gidng nhu phuong an 1, phuong an 2 ¢6 thé thyc hién voi nhiéu ham
muc tiéu dang khac khong nhit thlet phai dang toan phuong do khong phai dua trén
phuong phap QP dé giai bai toén t6i wu. Ngoai ra voi tim dy bao lywa chon bing mot
thi md hinh di twgng do 13 phi tuyén thi phwong phap FCS van c6 thé giai quyét
dugc.

S& lwong céc vector dlen ap trong tép diéu khién hitu han cang nhiéu thi dang
dong dién cang min, nhung s6 luong tinh todn lai tang 1&n. Do d6 can phai luu ¥ dé
can ddi giira 2 kha ning phan cimg va do min dong dién.

3.2.2 Piéu khién theo phuong phap Deadbeat méi

Trong muc nay tac gia trinh bay v& cach thiét ké b diéu khién dong stator theo
huéng hoan todn méi nhim dam bao céc chi tiéu chat lwong nhu: tach kénh, gid tri

20
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Chuong 3. Diéu khién dong co tuyén tinh dang P_ofy;s'olenozd

dong dién stator dat dugc gia tri chi dao trong khoang thoi gian hitu han (FAT) da
dwoc thiét ke thanh cong theo 1.

3 xuét va cac phuong hap trude ddy |

e

ta nhic lai mdt sb nhuong phap thlet ke bo dleu khién s6.

' - Che gidi phap. thiét ké bé ‘didu khién sb co dap &ng hiru han

onTheo [3],c8 2. phumlnghap cin bing mo hinh va deadbeat deu co chung muc
_ __[ie-u—m—m—dm—}&eﬂg—ean—d*wmdﬂimgla tri chi dao sau khoang thoi glan hitu— — =

han. Trong muyc nay ta gioi thidu vé& 2 ptivong phap thiétké bo-dicu- khién-sb cotbcdd
déap Gng hitu han. -

- Phwang_phipu:amba_g mod hinh cho hé SISO

Dua vao dang cla ddu ra va tbc do dap Ung thé hién qua N chu kl trlch mau, ham
truyén kin cia G, ( ) thiét ké theo phuong phap cén bing md hinh phai c6 dang da

thirc bac N-cta z- 'voi tong céc hé sb bang mot. Y tudng chinh cua phwong phap nay
l4 dyra vao cong thirc can bing sau: -

G, (7" =
6= 5 ) (3.8) !

S(z")l—Gw(z") ' I

G, (z") duge lya chon dua vao yéu ciu v& quy dao thdi gian cia dAu ra (bién o

cin didu khién) va hoan toan djc {ap voi md-hinh Gy f ) Trong thue tién dosaisé————

v& mb hinh din dén chu tric can bang trén khong thé triét tiéu hét cac diém cuc va
diém khong cia Gy ( ) Diéu nay dic biét nguy hiém khi dbi tugng da cho c6 dong

hoc cham hodc mét én dinh ho#ic tdn tai diém khong nim ngoai duong tron don vi, dan
dén thanh phan G; ( ") trong cdu triic can bang c6 thé 1am hé thng mét 6n dinh.

Tuy nhién x¢t trong trudmg hop d6i twong 1a dong stator €6 tinh chét quan tinh
nhé va én dinh, phuong phap nay duoc ap thanh cong trong cac thiét bi cong nghiép
theo [32].

- Phwong phap dead beat cho hé SISO
Khac véi phwong phap can bang md hinh, bd didu khién deadbeat chi tdp trung

dén ham truyén hé kin G, ( *') ¢6 dang da thare bac N cia z”' véi tong céc hé sb

bang mot khong yéu ciu vé quy dao clia bién ra. Vén & thiét k& & day bay gio duge
quy vé tim mot da thic L( ) Theo [1], voi ddi twong c6 ham truyén

G (z’l ) = B(z‘l )/A(z") thi b diéu khién dugc tinh theo cong thire:
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Chuong 3. Diéu khzen dong co tuyen tmh dang Polysolenozd '

“Trong [1] da chi s difmkhiac biét-quan-trong gilta-2. phuong phap 1a —
Didm khéc thir 1: Dong hoc cia bd DK (3.9) hoan toan phu thudc dédc diém dong hoc

bt Pl da b |

- e -—cla G (1 '), Qua viéc tinh chon L ") bac cua da thuc tu S0 ¢l 06 PEKA2) tudnbi

chin dudi bdi bac ctia da thitc ti sb G (z ) :

D1em khac thu 7: Bo DK (3.9) khong chia G (z ) c6-dang da-thirc bic N clia z”'do

ta thy chon Nhu trén dé | phan tich, kha ning tuy ‘chon ndy tiém 4n nguy co mat-én—— —— —
dinh dbi véi cac hé c6 quén tinh lon (dlem cuc & gan dudng tron don vi). :

Trude tién ta di xay dung mo hinh trang thai gian doan cua mach stator dong co trén =<
tryc toa dd d-q xuat phap ts md hinh lién tuc: -
1|
di, r
: T—-Ald +Bud +Nldqa)e+Sl//p 2 (3.11) i
Trong do6: T
. =[id ] “dfr _[ uq]
_ . =
& 0 L 0 0o 0
L, L, L,
A= R’B: , N = . ,S=| 1
0 - 0 — =4 L,
i 7% Y R
Bing viéc st dung phuong phap xép xi Euler béc 1 ta dua phuong trinh (3.11) vé
dang:
i, (k+1)= @i, (k)+Hu, (k)+by, (3.12)
Véi:
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C'huong 3: Piéu khién dong co tuyen t:“nh aﬁng Pb[y_sblenbzd i

o 0 1-TR /L TL k)/L
(I) I+TA+TNC() (k) " 1 I2‘\=[ / 5 qa)e( )/ d_\’
) | T, ()L, 1=TRL, |
g0 {EH— = 17 0
T A L A 4 Ay R
LV Hnp [ [V 57 77 by _Tm‘"k)'L"—

Trong do T la chu ki trich mau dong dién, dbi véi dong co dign thi dong hoc ¢ia dong ™~

_ dlen ‘nhanh hon nhiéu so véi toc d§ dong thoi Ts rat nho nén-thanh- phin- @, (k) {rong ————

" chc ma tran @, hiduogc coi1a hang s& trong khoang thoi-gian Ts- Dua— (3.12) vemién . __

anh z;

i 2)= @i (2) £ B, (2) th, I C A )

Pé loai bo anh hudng cua thanh phan tlr thong trong phuong trinh (3.13) ta liy dién

—ap_d1eu khién-eé- dang—sau_tpong do xfk\ 12 d4u ra cia b diéu khién.

() =E[x(k-)-wy,] o G

Trong biéu thie (3.14), thanh phin x(k -1} thé hién su tr& mot chu ki do phén cimg
gay nén. Khi tinh dién ap u, (k)cia chu ki hién tai ta st dung dai lugng dau ra

x(k -1) ctia chu ki truge. Thay (3.14) vao (3.13) ta thu dugc md hinh dong d3 b

Phuong trinh diéu chinh trén mién anh z nhu sau:
x(z) = R, (2)[ ity (2) =i (2)] (3.16)
Trong d6 R, (z) chinh la b didu khidn dong cin thiét ké.

Duya trén phuong phap xay dung b didu khién deadbeat cho hé SISO phin trén ta lua
chon ma trdn da thirc:

= (3.17)

Ta lya chon ma trdn R, dudi déy va chirng minh b didu khién theo (3.16) tao déap Ung

hitu han cta hé kin.

R,(z")= (a-o)p(z"1-"P(=")] (3.18)
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Chuong 3: Diéu khién dong co tuyén tink dang Polysolenoid _

DB ot A

(- ®@)i,(z)=2" (21 —cp)_P(z-' J[1-2"p (" )]' [i5, (2)~is (2)] (3.19)

. ,,7,,,Do,ma,tpan,(, Lgﬁi),fkhéﬂghi‘éiw —
L} ~2
R L
R det(zl—(p):(z—l'hn—_j_ + T_'g, - @, ,>0
) L, L, ' I
Tr (319 tathu-duge - _

L= @] 60

- _--1-)51 ma tran ham truyén C,,_('é:" )"'_'__—'g-"r("z““')'[i—'—‘z"'P'("zﬂﬂi;"tﬂ' nhén thay "GW'(‘ZP—I—)—""' e

¢6 dang dudng chéo:

[ Pz
- z"IIE(z}‘) v
G,(z")= ! 3.21) :
z"P2 (z" )

0 SN =
L 1—2'1}92 (z”l)’_ s ;
Chuyén vé i d (z) tir phai qua trai trong phuong trinh (3.20) ta thu dugc: E
- e T T (
()= ()i () D

Trong phuong trinh (3.22) ta nhén thdy ro rang vi ma trén P dugc chon dang dudng
chéo nén bd didu khidn dé xudt trén (3.15) dd dam bao tach kénh gitta i, vai, . Hon

nita do cac da thirc P, B c6 béc twong dng 1a m,n,dap tmg cua hé kin theo (3.22) s€
14 hity han sau dimg r, +1,7, +1 chu ky twong ung.

D& khir sai léch didu khién thi ham truyén hé kin G, (z')= z'P(z™") phai bing ma
tran don vi Ttai gid tri ché do xéc 1ap, ti (3.22) ta suy ra:

P()=A(1)=1 (3.23)

Ture tdng cac hé so cta £, 5 phai bang mot.
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Chucong 3: Diéu khién ddng co tuyén tinh dang Polysolenoid

n

Deadbeat dong diém stator trén-toa-d6-tya theo tir thong rotor -

Céng thirc dang phuong trinh sai phén ctia b diéu khién R, (z" )

X A N oA A
5 khbi vong diéu khién

Ta thay (3.17) vio (3.18)taco:

o) )

o 1-z"'R(z" 7 1-z"'P,(z"

R](Z )_ (D2IPI(Z_I) (Z"(Dzz)Pz(Z_l)
i l—z"R(zﬁ') l—z_le(z—l)

Nhin vao thanh phén (z - o, )B(z")

tinh kha thi trong
bing khong.

(3.24)

:
\
§
J
[

phuong fAinh (3.24)ta thay ring dé dam bao——— —

phuong trinh (3.12) thi bit budc thanh phan ty do trong P, (z*‘) phai

pé tao dong hoc giéng nhau cho ca hai truc d va truc g ta chon:

B(z")=

B(=)=r(=") =T e

Din dén du ra ctia b didu khién theo (3.16) co dang:

~ (Z*-q)“)P(Z—])

xd(z“)—

l—z”'P(z")

_ (z-@,,)P(z"

5, (=)

1—z"P(z")

Joy(e)
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e, (z")—

(I)uP(Z_])

1—z'p(z")
(DZIP(Z'1)
C1-z'P(Z"

)eq (ZAI)
)ed(z4)

(3.25)
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Chuong 3. Diéu khién dong co tuyén tmh dang Polysolenotd

LT LTI e e

Voi e, =i, —ig.e, = ih =iy s d& thuc hién cai dat thudt todn ta viét lai (3.26) dudi dang

phuong trinh sai pham nhusau: —_— —

5 (k)= Y 4[5, (k=i=1)+e, (k=i+1)= Dy, (k=1)~ Pue, (k-1

o 7

= B27)

x(k) Zl[x (k—z—l)+e( —z+1) <Due( k—i)-Dye, (k-0

Tt dién ap stator theo- @14y — - - —— - oo o _____
u, (k+1) = H) [x, (k) - b, ] .
A —

Vi bo didu khién Deadbeat duqc thiét ké theo (3.24), cac tham s6 cin phai lya chon
mot cach ¢ ctﬁﬁeraﬂheo theng s6-d6ng-co
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Chuong 4: M6 phong hé thong

CHUONG 4

9 MO PHONG HE THONG

m , - __Ppé kiém chimng ohat lugng cla cic cau trae didu khlen PDCTTKTVC dang
3 Polysolenmd ta thyc hién viéc mo phong v6i md hinh dong co dwge xay dung trén
a ‘ phan mém Matlab/ Simulink.

Thong 56 dong co sy dung duorc mo 4 trong bang 1.

Bamz 4 1 Thong sb déng co

Dlen cAm stator truc d La 14  mH

Pién cam stator truc q Lgq 14 mH
- .. Diéntrostator . R 103 Q

T thong rotor : v, 0035 Wb

Sb d6i cuc Zp 2

Butccuc Tp 0-02 m

4.1 M6 phong dap ing ciia mach vong dong dién
M5 phéng duge thye hién voi chu ki trich mau dong dién T, = 100( ,us)

4.1.1 M phéng dép ttng ctia bd diéu chinh dong dién CCS-MPC véi sy thay dbi cia
gia tn dat cho mach vong dong dién

Currentolgans T )

{A

a2 ',’ 1 9

2 o
Tura [s] R

Hinh 4.1 Pap Ung cta dong dién iq

Current of d-axis

)
-

| ;

" ¢ :
o ol 92 o [l ns Gn a7 OR n3

Time |s] o1’

Hinh 4.2 Dap ttng ctia dong dién id
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Chutong 4: M6 phong hé thong

H

- Nhin xét: Tai thoi diém thay déi gia trj dong dét tryc q (hinh 4.1, hinh 4.2). Sau

k khoang thoi gian 0.02s gié tri dong iq bam ding gia tri dat, dong id cling duge dua trd

= - ,@,Yf‘gﬁ,@f@ 0. Dé dua gia tri dong dién tryc d tién cang gan vé 0 ta s& thyc hién thay

: dbi gid tri trong s6 Aa. Ta thiy b diéu khicn thiét k& da thuc hién dugc tach kénh gitta
hai tryc dq.

412 M6 phong dép tmg ciia by ditu-chinh-dong-dién-CCS-MPC v sy thay dbicia
- ~_giatri dat.chomach veng dong dién T T T

: _Curentofgaxis , -

A

o a1 0.2 03 04 . 0F 0.6 07 0.8 09 1

Time [s]
Hinh 4.3 Pép tng cia dong dién iq
T Current of d-axis
] Y ‘
o e
< 2 R _—
- AT S T T
of o -
S - e N‘[?
¥
2 e 1 i t H ! : ] 1 =
0 01 02 03 0.4 05 06 of 0.8 co 1
Time [s]

Hinh 4.4 Pép ting cua dong dién id
Nhin xét: Tai thoi diém thay dbi gia tri dong dat truc q. Gia tri dong iq bam dung gia
tri dat (hinh 4.3), dong id cling duoc dua trd lai v& gia tri sat gia 0. Gia tri dong dién
tryc d sai léch rat nho tuy nhién khong dang ké (hinh 4.4). Dang dong dién cta phuong
phap FCS-MPC ¢6 dang khong min va van ton tai luong qué diéu chinh méc du rat
nhd. Gia tri dong dién dap Gng van bam chinh xac gia tri dat noi 1én s6 lwgng vector ¢o
s& duoe chon lua dap tng duge yéu cAu. Dé cai thién d6 min dong dién ta co thé chon
sb vector co so tang [én.
4.1.3 Mé phong dap Umg cua bo didu chinh dong dién Dead-beat v&i sy thay ddi ctia
gia tri dat cho mach vong dong dién
D& kidm tra kha nang lam viéc cha bd didu chinh Dead-beat, mot gid tri dat ting dan
v&i thoi gian trich mau vong ngoai Tws = 5Ts, N =2.
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Chuong 4: Mo phong hé thong

42 2 08 og 1 1.7 14 L]

Hinh 4.5. Dép g dong dién truc d v6i bd diéu khién Dead-beat

Lurrantol g-axis
o - i [ A : [

i
' 12 1a 1]
Time[s} Lt

[] oz L] (13 o8

Hinh 4.6 Dap ting dong dién truc q v6i bo diéu khién dead-beat

B diéu khién dead-beat dwgcd dap ung nhu trong hinh 4.5 va hinh 4.6. C 4c gia tri Q

dong dién iq va id dugc didu khién hoan toan doc 1ap chirng minh kha nang tach kénh \
- —feﬁa—béfdiéufkhiémKhsLnﬁng;ia’.p ng cia bd didu khién trong vong N = 2 chu ky trich

mau da ching minh tinh ding dén ctia phwong phap thitké S

4.2 M phéng dap ing vi tri cia hé kin

Voi lgi thé dép tng nhanh ctia dong dién, mdt céu tric didu khién vi tri 3 mach vong
(Hinh 5) duge thiét ké nham kidm tra khéa ning 1am viéc cta bd dicu khién dbi véi hé
thdng thuc. Théng so cua cac bo didu chinh toc d9, b di€u chinh vi tri dwge md ta nhu

trong bang 4.2.
Bang 4.2. Thong sb bd diéu khién
Thone s6 bo dicukhion Ky hiéu_B6 thir nhat B6 th haj
Hé sd khuéch dai bd diéu khién vj tri Knn 40 100
Ha s6 khuéch dai bd didu khién toc d0 ko 0.1 0.1
Hé sb tich phan b diéu khién toc dd  Kia 10 20
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Chuong 4: M6 phdng hé thong
;
.
- o
N —
. Ig*
- T ’f“*': ) R e S e O B
i‘ x_rel Posilion Controller Voloe Conlrolier - ) B -
o - - _
Hinh 4.7 CAu tric md phéng hé thong dicu khicn
Position of Motor Position of Motor
o2l ozl ‘
PN *ror
015 oasf X
2.1 o1} i -
0.05 0.05
E o E 0
<005 [ Q.05 -
0 ) 01F
R
015 - 015 )\
S fjj—kigz_—oggolffgﬁgmfugag O ¢ o1 oz os 04 05 o6 07 08 o9 1
Timefs]” i e e e TRISE T ] - —
3
. ’ 9 ) r - [ r E) E/
Hinh 4.8, DPap ung vi ftri cua Hinh 4.9 Pap ung vi 1 cua 7
bd didu khien vong ngoai 1 bd diéu khién vong ngoai 2
. EmorofPasilion e 03 .. ErorofPosiion

'
ey

p5 06 0T 08 08
Time|s]

0 01 02 03 04

03 06 07 08 09 1
Time[s]

. Hinh 4.11 Sai léch i

Hinh 4.10 Sai léch Vi . ,
bo diéu khién vong ngoai 2

b6 didu khién vong ngoal 1
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Chuong 4. Mé phéng hé théng

Speed of Motor

W
g 9
a5 | o -
[ —\1;7/—— L‘=\f_9mj D T===yfeloct
N N L N N L N N s 1 M i Tl el UL L =R R Bt e et _
6 01 02z 03 0a 05 06 07 08 08 | ¢ 01 02 03 04 05 06 07 08 09 1

Time [s} Time Je}

Hinh 4.12 Pap ung vén thc Hinh 4.3 Dap ung vénm the
ctia bd diéu khién vong ngoai | T chia b digu khien vong ngoar2- v oo

V&i chu triic didu khién dugc xdy dyng, cac dap tmg vén toc va vi tri (hinh 4.8, %.%,
4.12, 4.13) cho théy kha ning 1am vige 14t ctia bd didu khién dong dign véi cac bo diéu
khién vong ngoai khac nhau. Céc thong sé ctia b didu chinh tbc d6 va vi tri co thé
thay dbi trong dai rong dé dap ung voi cac dang tai va quy dao khéac nhau, trong
frudng hgp mo phong 1a dé giam sai léch bam (hinh 4.10, 4.11). Didu nay phan lon
phu thudc vao dap ung ciia bd didu khién dong dién. Do do, bd didu khién dead-beat
¢6 kha ning lam viéc tbt véi cac bd didu khién vong ngoai khac nhau.

AL
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Chwong 5: Hé théng phdn citng cai ddt thudt todn diéu khién

CHUONG 5

HE THONG PHAN CUNG CAI DAT THUAT TOAN

5.1 Yeéu gﬁu dit ra va cic véin dé tOn tai trong thye nghiém

Ban thi nghiém duge thyc hién nhim myc dich kiém ching cdc ly thuyét da dwge dua

““ra & phin trén, Viéc kiém chimg nay s&la mﬁt:ké‘ﬁquéfdénhfgfié:ﬁeh:inhfxéefnhétf, cho.

' 'nhﬁngmhan—&i-nh—vé-két—-qué-- nghién_ciu by dicu Khien cung niyw vige thanh tap-mo
hinh déi trgng, Hon nita, mo hinh va tham sb dong co trong thyc & co sai khac vdi mo

1 ’ A . A \ \ r n A 5 + A A at
hinh trong Iy thuyet, diéu ndy la do cac dic tinh dong co phy thude vao dicu kién moi

. trudng thue nghiém. Ngoai ra, dbi tugng dong co dugc si dyng trong thyc nghi¢m €6

“cong suit tuong d51 bé nén hing sb thoi gian ctia 51 twong twong ddi bé. Didundy kéo
theo céc yéu chu dit ra cho néng lyc bd didu khién, bd bién dbi va cac h¢ thdng do. Do
dé,—phéri—dﬁt—ra—eéc—yéu—cau-cho_h.é_th.éngthmghiém nhu sau:

 Vico trién khai b didu khién phai sty dung c4c nén tng diéu khién s0 ¢ nang lyc tinh -

toan manh va phai t6i wu cAu tric céc bd diéu khién.
Thiét bi do phai cé tbc do dap tng nhanh, cac tin hiéu do phai dugc tién xir ly trude
Kkhi dua vao bd didu khién ( nhwr sir dung céc bd loc s6) '

B0 bién ddi phai dam bao lam viéc duge voi tan s6 1on dam bao dong dién trong dong
co khong lam viée & ché d gian doan.

— .

Miic dit céc yéu cu trén co thé dap (mg mot cach twong &1 hoan chinh thi vén tontai —
cac vin d& khac anh hudng dén chét luong didu khidn. Déi véi cac thiét bi lon, hé sd

gitta dong dién va luc 14 16n va 1am viée O dai dong dién cao, do do ¢6 thé bd qua céc

anh hudng cia ma sat dbi véi dong co ma sai léch két qua van nam trong khoang cho

phép. Con dbi véi cac thiét bi co cong suit nho nhu dong co si dung trong thuc

nghiém cta ludn an nay, anh huéng cua ma sat dén két qua 1a 16n. Hon nira, ma sat la

mdt dbi tugng tién dinh va phi tuyén phy thudc the d6 dong co. Piéu nay ciling cén

duge xét t6i trong qua trinh thye nghiém.

5.2 Chu triic ban thi nghiém

pé xay dung mot cdu trac thye nghiém tir cac yéu cdu dd duoge néu ra, mdt so do khoi
tdng thé s& mo ta cac khoi chirc nang phuc vu cho vén dé thuc nghiém
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Chuong 5: He théng phdn ciing cdi dgt thudt todn diéu khién

Ngudn dién

B¢ luu trlt chwong trinh va | Xung | B5 bién ddi cong suét

£
&
F 3

Pdng co tuyén tinh
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Co clu tao tai

Hinh Error! No text of specified style in document..1 Cau trac ban thi nghiém
Véi chu hinh miéu ta & trén hé théng bao gdm hai phan:

A - A T A e A . \ A ae a R
Phin cirng: Bao gdm bd bién dbi, thiét bi do va co céu tao tal cho dong co, card diéu
kh1en

Phin mém: Chuong trinh cho bo didu khién.

Vé miit phan cimg, dong co tuyén tinh bao gom 2 cudn ddy 2 pha do do sit dung bd
bién dbi 2 ciu H. Do do, viéc thyuc hién didu ché cin 4 xung diéu ché PWM va cd 2 tin
hidu dong dien cén do phuc vu cho vigc d1eu khién. Trong phuong phap didu ché
vector khong gian cling ¢ln str dung tham s6 dién ap Ude dé thuc hién diéu ché.

Bong vai tro 1a trung tam cia hé théng, bd luu trit chuong trinh va xu ly tinh toan s&
quyet dinh cac yéu td tham gia vao viéc diéu khién. Trong khuon khé tudn vén nay,
card diéu khlen DSI 103 duoc st dung. Card didu khién DS1103 duoc thiét ké dé dap
rng cac yéu cu ctia mau thir diéu khién nhanh, hién dai va rit phit hgp cho céc U’ng
dung phu: didu khién dong co, robotics, diéu khién vi tri va ddng co bude, hé théng
didu khién chéng rung, didu khién 6 t0.

DS1103 1a mot hé théng toan dién trong viéc tao ra bd didu khién méau nhanh chong
N6 co thé gan vao cac cong md& rdng PC hodc sir dung hop mo rong dSPACE dé kiém
tra cac chic nang didu khién trong phong thl nghiém hoac truc tiép trong thiét bi. Stc
manh xir Iy cda nd va tbe do truy xuAt cac cong 1/0 1a rét quan trong cho cac img dung
lién quan dén nhiéu bd truyen dong va cam bién. Hé théng st dung véi giao dién thoi
gian thyc (RTI), bo mach diéu khién c6 thé 1ap trinh hoan toan tir moi trudng so dd
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Chuong 5: Hé thong phdn cing cai ddt thugt todn diéu khién

i" Khéi Simulink. Nguoi dimg ¢ thé céu hinh tat ca I/O bang dd hoa bing cach kéo khi
- RTL Py la mot cach nhanh chong va dé dang d¢ thyc hién cac chirc nang didu khién.
w trong hinh v& dudi day.
.
et e I
os1t03 — e ]
T B digu-ché-dd-rong- _Bochuyendbiwong | [ . . ... ...
xung PWM t - 58 (A/D) - T T
_Ta| bfTe; T .
1 o U | S e ]
_ i ' - | Cochutai
B bién adi ia N 1
khubch dai cong —a: _ | =y
Khuéch dai I
sudt J 1
[ ' . ] I o
z S |
P

Hinh Error! No text of specified style in document..2 CAu tao ban thi nghiém thyc f;
e ' e R
\

Trong phin tiép theo, hé théng s& duge phan tich mét cach chi tiét timg thiét bi.
5.2.1 Phén cing
a) Dong co tuyén tinh P01-23x80/80x140

Pong co tuyén tinh c6 thong sé nhu sau cac thong s6 do hang san xuvat Linmot cung
cap nhu sau:

Bang Error! No text of specified style in document..1 Thong sb dong co PO1-

23x80/80x 140
Thong sb Ky hidu | Gia tri | Don vi
Dién trd pha Rs 10.3 [€2]
S5 dbi cuc P 1
Budc cuc T 20 [mm]
Dién cam doc tryc d | Ld 1.4 [mH]
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Churong 5. Hé théng phdn cibng cai ddt thudt todn diéu khién

Dién cam doc tryc q | Lq 1.4 [mH]
Tir thong cuc ¥p -0:035--fWb]
B ~ | Khbilugngslider |[m~ 1017 | lkegl —= =
- - Dong dién dinh muc | I[dm 4 [A]

D6 thj dge tinh dong co

B -4 - USRS o B S (AN R
g 2P [ R -
!

Bang Error! No text of specified style in docmﬁeht..2 So db dhu déiy dong o
Péu day dong co Chén
Phi+r | Do 1 R
Ph1- | Hong 6 /
Ph 2+ |Xanhduwong (2 E— ,,,E
Ph2- | Xam 7 ;:
+5VDC | Tréng 3 |
GND Lép vo trong | 8
Sine Vang 4
Cosine | Xanh la
Q{é boc | Lop vo ngoai | VO dic
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Chuong 5: Hé thong phan cimg cai dgt thudt todn dzeu khién

Hinh Errer! No text of specified style in document..3 Ddng co tuyén tinh thi
nghi¢m

river 14 thanh p X & thd g 3 1a nd 14 khuéch dai tin hiéu

n01 thi mot rnach do t].Ch hop dugc st dung ngay trén board cOng sut.

d&eu Khidn d& dua cOng suat tu' ngudn den ‘dong co. Bén canh do, daé tlen cho v1¢c ghep

hop mach do
Mot sb thong s ¢hinh cta bd driver do tac gia thiét ké:

Bang 5.3. Thong s6 m ta bd driver

Hinh Errer! No text of specified style in document..4 Bo bién déi cong sut tich

¢) Co ciiu tao tai
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Thong s Gia tri
Dai dién ap hoat dong T [24VDC-48VDC -
Dién ap didu khién 24VDC
S6 pha 2 pha
Dong dién toi da 10A
Tan sb didu ché téi da 100 kHz
Ché do do dong cach ly Cé
Ché d6 do ap cach ly Cé
Ché dd bao vé qua dong Cé
| Didu chinh deadtime Co
L

R N S =




Chuong 5: H¢ théng phan cing cai ddt thudt todn diéu khién

Co ciu tai muc dich dé tao ra su tac dong vé mit e nhim thir nghiém cac tac dong
= thav_ddikhac nhau dbi voi dong co. Co cau tai xdy dyng trong thi nghi¢m ndy phai

EELek y— o

dam bao dugc cac yéu to: On dinh, sai 1&ch co khi nhé va théa mén cac yéu cau darra.

1

Voi tai thé ndng, co cau tgo tai d¢ dang tao ra cac thay doilgc-dang bude nhay—Tat———

dwoc chia lam nhieu qUa Eng gitipcho-viée-thire nghiém voi cic gid tri tai khac nhau

v cbthé thyc hién mdt cach dé dang.

Hinh Error! No text of specified style in document..5 Co cu tai

Co chu tai bao gdm cac thanh phan:

Pong co: 14 thanh phan chinh dugc miéu ta & phén trén.

TwoWs AW

T Chén dé toan b b méngdw&génﬁrﬁmé%dé—ﬂhﬁmimmwo toan h¢
théng. e

Chét chiin: tao ra ving khong gian lam vi¢c gilra hai trang thai co tai va khong tai.
Con chay: con chay tao ra mat phéng ty vudng goc voi slider cua dong co la diém
tiép xdc tai ciia dong co. Con chay duogce bo tri trén mot thanh ray bi nham gidm hé so
ma sat dén mirc thap nhét.

Gia d& tai va hé théng rong roc: Gia do duoc bé tri theo hinh chir L nguge két hop
vOi hé thdng rong roc thay doi huéng luc tac dong cla cac qua nang tir phuong thang
ding sang phuong ngang.

Qua ning: Luc tac dung & day chinh la trong lwong cua cac qua nang duoc treo vao
gia do tai. M&i qua nang co khdi lugng m = 0.13kg twong Gng voi lyc tac dung xdp xi
1.3N. Thi da c6 3 qua nang cho phep tao tai o1 da 3.9N.
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. _Hinh Error! No text of specified style in document..6 Tai  thi nghiém

@)y Card ditwkhidr BSHO3  —— o — e e

Tinh nang ctia Card diéu khién DS1103 kha manh mé véi sb luong giao dién I/O 1on

Khién cho DS1103 tré thanh mét board didu Khién linh hoat cho ntiéutng dung-—dong

" thoi cung cAp nhidu lya chon giao dign k&t ndi, bao g 50 kénh O, 36 kénh A/D-vé— —

8 kénh D/A. Déi véi cac nhiém vy I/O bd sung, bd didu khién DSP duoc xay dung trén -

r

TM320F240 DSP dugc sir dung lam hé théng phy (Slave). Vige didu khién bo bién dbi

yéu cdu truy xuét chinh xac cdc dau vao ra cua cac cong [/0. Co the dong b¢ hda cac

kénh A/D va céc kénh D/A va céc tin hiéu doc tir encoder, v6i tin hi¢u PWM bén trong

ho#c st dung tin hi¢u kich hoat bén ngoai.

Bang Error! No text of specified style in document..4 Thong so k§ thuat cia card
didu khién DS1103
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Théong sb Dic diém k§ thuét v
Bo xit Iy Loai PowerPC— PPC750GX 1
CPU clock 1GHz o :I<
BO nh¢ dém 32KB (L1) 5
32KB(L1) )
IMB(L2)
Tdc dd bus 133MHz
Cam bién nhiét do Thoi gian thyc
Bo nhd Bd nhd cyc bd 32MB SDRAM
B nhé toan cuc 96MB SDRAM
Timer 2 timer chung 1 bd timer 32bit bd dém 1ui
T4i lai boi phdn mém
P§ phén giai 1én téi 15ns
{ bo timer 32bit bo dém tién Vi




Chuong 5. Hé théng phdn ciing cai diit thudt todn diéu khién

thanh ghi so sanh

“Tairlai béiphan mém

’B(’_‘)”’phﬁl‘l g’iﬁ’i”3’0ﬁ5 I

1 timer trich miu

32 bit véi bd dém lui

Tai lai boi phian mém

1 timer co ban

D¢ phéan giai 30ns

Bo diéu khieén ngat

3 ngit timer

1 ngit truyén théong UART

1 ngét truyén thong CAN
1 ngét DSP

2 ngit DSP PWM

1 ngdt host

4 ngit ngoai cho ngudi ding

P S Y

B chuyén doi tvong ty
sb A/D

Kénh

4 méu va gitt bd chuyén ddi A/D
(4 kénh thudc mot bd chuyén dbi
A/D. Cin ldy 4 mdu lién tiép dé
léy mAu tt ca cdc kénh thudc mot
b chuyén dbi A/D.)

4 kénh song song dugc trang bi
mdt miu va gilt bo chuyén ddi
A/D

Luu ¥: 8 kénh chuyén dbi A/D (4
ghép kénh va 4 song song) ¢ thé
duoc 14y mau dong thoi.

16 kénh ghép kénh dugc trang bi-|

b6 phén giai

16 bit

Dai dién ap déu vao

+10V
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Chuong 5: Hé thong phan cing cdi ddt thudt todn diéu khién

Ngudng bao vé

TI5V

Thoi gian chuyén doi

“Keénh ghép kénh: T ps——

Cac kénh song song: 800 ns——

- | Sailgeh +5mV
o | Sai léch khuéch dai +0.25% — :
— — [Ty sonhieu _ _>_§3_§§_ ———— : : ——
BY chuyén dbi tuong ty | Kénh 8 kénh
5 i | Dophangiai | 16-bit . i
Dai dién ap +10V ]
Thai-gian xac-lap SuS
Sai léch +ImV
Sai Iéch khuéch dai +0.5%
Bu sai 1éch 30uv/K - : -
Bu sai léch do loi 25ppm/K .
Tyletinhiqwnhicy 1 >83dB
Imax +5mA ] ’é
Clmax 10nF )
1/0 Kénh 32-bit dugc td chirc thanh 4 nhom ;
8bit
Mf)i nhém 8bit duoc cai dat Ia
dﬁ‘u vao hodc diu ra bing phén
mém
Dai dién ap TTL
Toutmax +10mA
Giao dién encoder Kénh 6 kénh ddc lap

Kiéu mure logic (TTL) hodc kiéu
sai Iéch

Bo dém vi tri

P phan giai 24-bit
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Chuong 5: Hé théng phdn cimg cai ddt thugt todn didu khién

-+ Reset bo-dém bang phin mém

Tan s6 tdi da 1.65MHz

Téc dd truyén (Baud

Tdi da 1 Mbit/s

SRR ~ | Ditnap {SV/T5A -
Giao dién truyén théng | Céu hinh I kénh dya trén chip SAB
= Seniac g i AL A - |secied -l
I -~ | Tiew chudn 1SO DIS 11898-2 |
B AN T

rate)

Giao dién ndi tiep

T Cluhinh

vai FIFO

TL6C350C mét giao tiép UART [~

PELdrivem UART chinh—xac-véi
toc do truyén

10 kénh PWM
4 kénh Capture

2 cong noi tiép

Dai dién ap vao

TTL

41

Tuwong  thich  voi chuén
RS232/RS5422
Téc do truyén Lén toi 115.2 kBA(RS232) -
Lén téi IMbd i
| 'Nhan phu DSP Kiéu ~| Texas- Instruments TMS320F240-——— r‘;
DSP g
Thn sb 20Milz ]
Bd nho 64Kx16 bd nhd méa ngoai i
28Kx16 bo nhé dir lidu ngoai
4Kx16 by nh¢ chung
32KB b nhé flash
/O 16 kénh chuyén dbi A/D




Chuong 5: Hé thong phdn cieng cdi dit thudt todn diéu khién

g
Cbng A/D 0-5V

- Dong dién Téi da+13mA—
1. " Giao dion Kétnbimay| | HouwgPlig&Play B
L 7chu L Yéu cau mot ke cam ISA 16-bit
T Full size ) ) o B ]
, _ Thnng 36 vat lv T |Kichthuocvatly | 340x125x45Smm(134x4:9x1.77im) [ —
‘ | S ~ ['Nhijét d6 lam viéc - 10....500C (32...-1220F) S
: Dién ap +5V+5%, 4A

e e e B e U TCL R IR e Lz

ygenare § | e § 1 ol B R IR
. Pupose R I RAM 1 - periphipral g
) H férfzce

" serinl
Imerace

vigita vO :
\nszszms-_-.zz b

I LEA

Hinh Error! No text of specified style in document..7 Kién trac DS1103

Vai thong sb ky thuét da miéu ta, Card Ds1103 hoan toan dép ang duge cic yéu céu
dat ra cho mot hé théng didu khién.

e) Két qua xay dung hé théng thwe nghiém
Heé théng thyc nghiém trong thue té duoc trinh bay nhu trong hinh.
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! ‘:gj”* 7%7V%jeﬁ%MATLAB—C¢thé_dlﬂlcn_hap tir "Command line" hogc tir "mfiles", trong dé tap

Hinh Error! No text of specified style in document..8 B thi nghiém thuc té

5.2.2 Phin mém
Phin mim thuc hién bao gbm 2 phin mém duoc sit dung :

Matlab/Simulink : MATLAB (Matrix Laboratory) 12 mdt ph%‘m mém khoa hoc dugc

I'4

thiét ké dé cung cép viée tinh toan s6 va hién thi dd hoa bing ngdn ngit 18p trinh cép -

cao. MATLAB cung cép cac tinh ning tuong tac tuyét vori cho phép ngudi st dung
thao tac dit lidu linh hoat dudi dang mang ma tran dé tinh toan va quan sat. Cac dit ligu

lénh duge cho trudc bdi MATLAB. MATLAB cung ¢ip cho nguoi-ding cac toolbox—

tidu chudn tiry chon. Ngudi dung cling ¢6 thé tao ra cac hop cong cu riéng ctia minh
gdm céc "mfiles" dugc viét cho céc tng dung cu thé. Chiing ta c6 thé sir dung cac tép
tin trg gitip cia MATLAB cho céc chire ning va cac 1énh lién quan véi céc toolbox co
sin (ding 1énh help).

Controldeck: ControlDesk la phén mém thtr nghiém dSPACE dé phat trién cic Umg
ach lién tuc. N6 thuc hign tAt ca cac nhiém vy cin thiét va cung cép cho ban

dung mdt ¢
ong lam viée duy nhat, tur khi bat dau thar nghidém dén khi két thuc.

mot moi tru
a) Xdy dung chu tric diéu khién trén phs‘?m mém Matlab/Simulink

Trong qua trinh cai dét phé‘m mém Controldesk, hé théng s& ty dong cai thém mot tién
ich cho thu vién Simulink ctia Matl ab 12 RTI 1103. Trong thu vién nay, cac ddu vaora
cling nhu cac khoi chie nang cfia card didu khién s& bicu thi dudi dang khoi (block) va
cac tham s6 di kém. Viéc xdy dung bd didu khién trén Simulink s& dwge thye hién mot

cach don gian.
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Chuong 5: Hé théng phdn cimg cai ddt thudt todn diéu khién

FCS

Hinh 5.9 Céu triic cdc bd didu khién xdy dung trén phén mém
b) Thiét 1ap giao dién ngwdi ding trén Controldesk

Pé didu khién hé thong, phan mém trén Controldesk cho phep thiét 14p mot giao dién
dé twong tac véi nguoi dung. Viée nap cac tham sd ciing nhu ly cac dir liéu ra ciing
dugc thire hién qua giao dién nay.

Giao dién ControlDesk cho phép ngudi dung thuc hign vife thiét k& bang phwong phap
kéo tha. C6 nghia 1a ngudi dung chi ¢6 thd str dung cac toolbox duge xfy dung san
trén phé‘m mém dé thuc hién cac chic ning cAn thiét nhu thiét 1ap tham s6, quan sat gia
tri hodc biéu thi gia tri bing db thi. Piéu nay giap cho ngudi dung nhanh chong thiét
14p mét giao dién didu khién ma khong cin phai 14p trinh qué phtre tap.
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A Chuong 5: Hé théng phdn cing cai ddt thudt todn diéu khién

’3I z‘% i'éi !\rA u‘iii i

i

inh_Error! No text of specified style in document..10 Giao dién thao téc trén h¢

thong

¢) Trinh ty thye hién bién dijch chwong trinh trén may tinh:

i B A i i K R ¢

Bude 1: M& file Matlab/Simulink b diéu Bude 2: Tién hanh chay file théng sd
khién d3 duoc xdy dung bing cach nhdp chudt phai vao file va
chon "Run". Mex file SVM bing cach su
dung cdu lénh: "-mex SVM.c"

Lwodad 40w
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Churong 5: Hé théng phan cieng cdi dat thuat todn dzeu Khign }
'
- ‘
Budc 3: Tién hanh bién d1ch file md Budc 4: Tai file dlch ¢O dinh dang dudi ‘
o — phéng bing cach sy dung t6 hgp phim _sdf vao phin mém ControlDeck va bt - 1
= _ Cul+B. dAu tién hanh thue nghiém. |
I i
2 . ) - - S —
e - * ——
e e e e e e e
i
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Két lugn va kién nghi

KET LUAN VA KIEN NGHI

1. Két ludn

r bl
dat duac cac n(‘ml‘lfjlil:”

L A Y T i

st ol thng-quan-vé phuong phap-mo hinh hoa cho dong co tuyén tinh kich thich
: .« vinhclu ang Polysolenoid. Thyc hi¢n phuong an chuyén h¢ toa d¢ md t todn hoc
L cita mé hinh dé stt dung duge cau tric tach kénh trye tiép trong cau trac dgidukhign.—
—'Pu—mé—hmh—toan—hoﬂ—thll—dulc—tﬂc—gla tién hanh thiét k& didw khién cho d¢ng oo

“Polysolenoid dugc &p ¢ dung vt o hinir todn hoo-d xéy-dyng duge-Cac KT QUEAMS ——

phong da cho thay tinh kha thi ciia phuong phéap duge & xuit,

Chc két qua oda @& tai dwgc cu the bing céc cong b6 quoc 1¢ theo dang ky—63

1SI/Scopus (03 Q3) - . . . ) , B

2. Hwéng nghién ciru tiép theo cia d2 tai va kién nghi |

Tiép tuc nghién ciru cac thugt toan, didu khién phi tuyén cho dong co fuyen tinh Kich
thich vinh ciru dang Polysolenoid trén co s& md hinh foan hoc da dé xuat va trien khai -~~~
vao thyc nghiém. '

Trién khai cac két qua nghién ctru cho cac hé th("')ng; ‘robot song song cy thé 12 hé
Hexapod, didu khién tay méy cong nghiép, hé co dién tur. ' -
. Tién hanh cai dit cac thuat toan didu khién trén hé théng thiét bi thye, danh gia cac két
fif;qﬂé%i&am@,phéngﬁMhmngMﬁép tuc cac cong bo quoc té trén cdc tap chi
quéc té co uy tin thude danh muc ISI/Scopus. ~

o oy oy e | T
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12, POI TUGNG, PHAM VI NGHIEN cUU
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cia d8 1, ghi 6 ngi dung ld: bdo cdo ede bai bdo bing tiéng Anh (1 san phdm ciia dé tai
Lo sau khi dugc chd'p nhdn ddng) tai hji thdo don vi)
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Abstract: In this study, the discontinuity of the voltage source inverter is considered when controlling
o ”**7*Pﬁlysvlencrdmcrswngmeljﬂedrctwmntml Whenwnmdermﬂhﬁnstantamourvcltage acrossthe7

""_“——‘Tmﬂs—baseﬂ—ﬁrthe—ﬁmmﬂrmmﬁwmnvnﬁrﬁes MPC‘)“‘When 4~ ﬁmre—ser Uf—voltzrge— ——
vectors is determined for the stator, the contrel signal processing capability of the system is significantly
improved. Simulations are performed to illustrate the responsiveness of the force loop using the FCS-MPC

mathad
Heinoa;

~ Key words: MPC, FCS-MPC, Linear Motor, Polysolenoid Linear Motor, FOC.

1. Introduction

The rectilinear motion, which uses a linear motor, can durable operates and achieves higher efficiency
than the indirect linear motion, Linear motors are developed based on the working principle of rotating electric
machines. The outputs of a linear motor are position and thrust. Linear motors produce displacement and thrust.
However, the working principle is classified into many types based on physical properties, such as linear
asynchronous motor [1-5], linear synchronous motor [6-11], etc. Polysolenoid linear motor is a2 permanently
excited synchrenous motor with a tubular structure. The working principle of Polysolenoid linear motors can be
found in [12-21]. Researches on linear motor control are mentioned in many documents [22-29]. The sliding

v ——— - contro} method-is implemented in' [22:24]. In [22]; an enhanced-sliding control structure improves-the system - —————
accuracy in the high-speed region. The advantages of this method are that the system is stable quickly, and the
control structure is simple. A sliding controller combined with an input noise observer is implemented for the
outer loop structure [23]. An adaptive-gain sliding mode observer is used in [24] in position control without
using a sensor. The Lyapunov stability theory proves the stability of the sliding mode observer (SMO). A fuzzy
- J’_IILcontmllerrmplementenLtmunpmerthesponsufltadMonalJ?l[LforBLMSM,JmepnscdJIL[ZSJJn; I

"[26], the extended state observer observes noises and dynamic disturbances of the system. Then, the predictive
function controller (PFC) controls the motor speed, An iterative learning control to improve the positioning
accuracy of a permanently excited linear motor in the high-speed region is implemented in [27]. The
compensation algorithm consists of a PID component and an adaptive component for estimating friction. The
adaptive component is continuously refined on the basis of just prevailing input and output signals [28]. In [29],
a 4-layer neural network structure fo improve position accuracy is implemented. In the above studies, we see
that the influence of the motor power supply on the dynamic response of the system has not been properly
considered. In this study, the discontinuity of the voltage source inverter due to the nature of the electronic
components is analyzed in detail for its ability to generate thrust response for the Polysolenoid motor. Next, the
predictive control method with discontinuity of the converter is implemented to evaluate the responsiveness of
the force loop.

2. MPC Preliminaries

Model predictive control {(MPC), started in the late 70s, has made significant progress. The concept of
"model predictive control” not only specifies a specific control strategy but also provides a class of control
methods based on using the model of the control object to obtain a minimum cost function. The relationship
between the traditional optimal control and the MPC is to use the concept of the cost function to form the
control strategy. The concept of "predictive” here is the estimation of the system behavior in the future
(predictive range) through which a suitable control signal can be given. Different from the traditional optimal
control, the optimal solution of MPC is established based on solving given optimization problems. Therefore, it
is challenging to react to uncertain system changes such as noise, model error, etc. The optimal conirol signal
based on MPC is a series of control signals in which each element sequence represents a control signal at a
specific k' time. The optimization problem is repeated at every cycle with the latest information about the
system. Fig. 1 shows the basic configuration of the mode! predictive control system,
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Figure 1: Structure Diagram of MPC. S )
To illustrate the MPC control structure, we consider a  discontinuous  system

oo = £ (%.1,), ¥, = h{x, ) with u, is control input, y, is output, and x, is state variablc. The model oriented

“predictor provides estimated states, %,,, = f (x,4,) »o-.s Xpan; = Siw ()E,m\,ﬂ_,,, u,H,.), which are inputs to the

MPC-based optimal controller. The control signal is defined directly by solving the optimal problem

Min

g(%,x,), in which the predictive ranges N, and N, are two basic parameters of MPC directly

UYL TR

determining the computational value of the controller, g(£,x,)is cost function of the reference value x,, and

¥= [im S . :I is the estimated value.

3. Design of FCS-MPC for the Current Loop

The Polysolenoid motor considered-in this study belongs to-—the-group of permanently - excited
synchronous linear motors with a short stator structure. The structure of the motor is shown in Figure 2,

Figure 2: Polyslenoidlinear Motor [13].

The mathematical model of Polysolenoid engine on the dg-coordinate system is given as below [21]:

system as

di, R . ( 27p
— =T sd + -
dt L, T

dai, R (2][
— =i -V
dt L, " \r
dv 2mp
_— + L —
d[ T (Wp ( ‘sef
dx
=Y
dr

L
v] e iw + h
el L.nf
ﬁ,-rd _[2mp ¥ M
L, pr )L, L,
Y, I
qu )'r.wd ) r.!'!,l - -’; F;.

M

From (1), we derive the continuous current model of the Polysolenoid motor on the dg-coordinate
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A,
— Aiy, +Bu, +N, @, +Sy o, (2)
Where -
idqr—[r'd iq],llﬁ;:[uﬂ uq]
|— R: 0 -l |—1 Q-I I_ 0 Lﬂr-] r 0 ]
L L L
, Y. 1 B N L R 1, Sl AR Tl B |
0 - 0 — Zel L T
L‘I L’J Ltr !
77 The discrete-time stator current model of Polysolenoid motor is: R -
ey (Rt ) =@ (k) -+ Hu, (k) +hy . )

sest

From the above discrete-time model, we build a predictive model with i{;, (& + /) is the predicted current

value at the next i-th cycle compared to the current time. From the (3), we have:

- i (k+i+1]k) = @ig, (k+ilk)+Hu,, (k+))+hy, C)
" The selected objective function has the following quadrafic form: o T
7= (1 - Ger i) @ -5 (114 (5)
=1

Where-Ng-is-the-predietion-range-

Solving the optimization problem by the FCS-MPC method can be done quickly with a finite number
of loops. However, the number of iterations will increase exponentially in the prediction range, which leadsto a
significant increase in computation time and loss of the advantage of the method. Therefore, in this case, we
choose the prediction range as N, = 2.

.

FO T W
HI

e LLCHT]

Figure 3: Distribution of the Basis Vectors of the Inverter Circuit According to FCS-MPC.

The optimization problem is now reduced to the form:

J =1, (k) (H'QH)T,, (k)+1, (k+1) (H'QH)T,, (k+1)
+3,, (k) (H"QQH)E,, (k+1)
+2(®i,, (k) +hy, -1/ ) QHa,, (k)

iy

min
Em(k].ﬁd‘,(kﬂ)

(6)

,
+2(®@%,, (k)+®hy, -y ) QHii, (k+1)

Satisfy: T, € U {Rug,Ru, ,Rug,Rug o Rug,u,}

Where u; is the stator voltage vector generated by the switching state S, as illustrated in Figure 3, u,

is the zero sequence voltage vector, i:',‘jf is the reference current vector.

4376
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4, Simulation Result
Motor parameters are described in Table. 1.

Table 1: Motor Parameters

- Motor Parameters—| Symbel { Value | Unit
d-axis stator inductance Lsd 1.4 mH
qraxis stator-induetance by — -4 H
Stator resistance R, 10.3
- R Rotor flux—— —— w5 —|-0:635 |- Wb - - - ———
Number of pole pairs Zp 2
— s = e —|-Polestep——-———| T 0021 —m- - - —r e -

B —— ——"'—s'ifﬁmﬁﬁﬁ'imfo'rmedfwmrthe—cmrem—sarmp]ingftime—'T—,':'i'ﬂCr(—,u'S')'.—RespO'I‘ISCS—Of"the—FC—S'M'PC—""'—— I

current regulator to a change in the current loop reference value as shown in Fig. 4 and Fig. 5.

T is]
Figure 5: isCurrent Response.

Comment: At the time of changing the g-axis current value, the g-axis current value tracks the
reference value, as shown in Figure 4. The d-axis current value is also returned to a value close to 0. The
tracking error of d-axis current value is insignificant, as depicted in Figure 5. The current pattern of the FCS-
MPC method has a non-smooth form and has an unnoticeable amount of overshoot. The response current value
still adheres to the reference value precisely, indicating the selected number of base vectors meets the
requirements. To improve the current smoothness, we can increase the number of base vectors,

5. Conclusions
When applying the FCS-MPC control methed for Polysclenoid motors, we find that with discontinuous
objects such as power converters, the FCS-MPC is an effective method. It offers a completely different
approach to power converters. Besides, the technical characteristics of the controller also proved to be very good
compared with existing control methods. This method is based on a finite number of possible valve
combinations of the power converter. Similar to other MPC controliers, FCS- MPC also needs an objective
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function J so that suitable valve combinations can be selected. The advantage of FCS-MPC over classical MPC
methods is that the optimal solution is always guaranteed to have a solution, and the number of computations is

_ significantly reduced
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"~ Abstract: Tn this paper, a model predictive control (VP G)tb*asedhnﬁej)roperliesoffth&voltageseurc&invcrtcrfi,s,appl,igd, ]

rolymmmwmmmwmmw&&menm exciled synchronous maotor. It has a tubular

texture. On the sl—amT‘O‘f"thB“mutor,—theré-are—anly—twewindingg.—Based-on.the_structutal_ch_araglgristics of the motor, the used

source is a two-phase voltage source inverter. When considering the voltage supplied to the twe windings from the inverter as
continuous, the continuous control set mode! predictive control (CCS-MPC) is developed at the force loop. Simulation results
- ] to illustrate the performance of the implemented system.

S Keywords: MPC, CCS-MPC, Polysolencid, Linear Mator, FOC.

1. Introduction - ' - -

The Polysolenoid motor exerts thrust on the moving part to produce reciprocating motion. The working
principle of the Polysolenoid motor has been mentioned in [1-12]. Currently; Hmear motors have-been-widely-used

in -industry due to-the advantages of efficiency, position accuracy, and reduced system weight. Some typical

applications using linear motors can be mentioned, such as micro-motor systems [13,14], vehicle power steering

systems [15], compressor drive components in industrial refrigeration systems [16], marine system applications

[17], magnetic levitation transport applications [18-20], and so on. The control problem for linear motors has

always attracted the attention of researchers. In [19-21], the method of speed contrel using self-tuning Pl
—— — " ~controller combined with speed-estimation technique in the slow-speed region was introduced. Sliding controllers
used to deal with the effects of uncertainty were presented in [22-25]. The backstepping control based on

Lyapunov's direct method was applied in [26-29]. In [30], the sliding control method combined with the extreme

. learning machine (ELM) technique drives the position deviation to equilibrium after a finite number of steps.
Using the disturbance observer to control the position error of the motor [8,31], the stability of the system is

- f’**ptgyedfoyjthqby?punev—methodéﬁosol\zeihe,crmItomeblﬂmm an approximate model, the technique of using

neurons was implemented in [32,33]. In the above studies, the role of the inverter is considered-as a 1:1 transfer.
function of modulus and phase angle when performing voltage vector modulation on the stator side. This is not
satisfactory because the inverter is essentially bound to the modulation limit. In addition, when considering the
switching time of the transistor, the vector modulation domain will become very complicated. The MPC used in
this case will be based on solving the optimization problem for the objective function to perform the voltage
vector modulation of the inverter, taking into account the constraints.

2. Mathetical model

Figure. 1 Polyslenoid motor [4]
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The mathematical model of Polysolenoid motor on the dg-coordinate system is as below
[12]:

4 n Py NT
al,,;=__fi.i:d+tur vJ—-iim+ﬂ
dt L.rd v Lxd' Lsd
- dlfv __R.: _[z )L.vd,- _ 2zp J_ULIP a
L T 7 g sd I I _
W st L.rq ‘sif E.rq T 7 - (t) i —
. ) dv 2zp I
R 7R (WT-E(J‘H;LW) kﬂ’)‘W:ﬁFv o
dx _
— Y — —_— ————
di )
_ rom (1), the continmious i coordinate
—--—system--isdrivenﬁS%--———- e I
di, .
t" = Ai,, +Bu,, +Ni, o +Sy,o, (2)
where
i =[id iq],udq’ =[ud uq]
e : _ L
e e 0 = fotr - —— - - -
o K _| & N= Ll 2| 1
0 -k 0 L Lot T
) er Lu L#

3.Control design

From the continuous current model, the discrete-time current model of the stator is obtained as below:
i, (£ +1)=®i,, (k) + Hu, (k)+by, (3)

where

_ _ (D]l q)u _ I_T:R.r/[‘d tLqml‘(k)/Ld
fD"I+T:A+7:Nme(k) [(Du chZ:I_{—T.‘rdee(k)/Lu I"T"‘R“/Lq

H=T,B=[H(;” ;}[Tﬁf 7;?4,} b {II:;]:{—T.@(()U/LJ

in which, T, is the sampling time of the current.

resi

Based on the discrete-time model, a predictive model is built with iy, (%+1) is the predicted current value at

the next i-th samples, Using the discrete-time model (3}, we have:

1) =00 1) B () b, ©

1 ey

where i (k) =i, (%) is at the current sample ks, (k+i) denotes the control signal that need to be
determined at at the next i-th samples. The intended use of U, is to distinguish actual control signals applied to

the system, u, (k).u,, (k-1), ... With a prediction range N, the MPC solves optimal problem with control
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The selected objective function has the following quadratic form:

p

. N
7=

—~
N
~—

[ A frerey P NI T
URGa ) Qi =i+l k))]———-—-

- where Q = diag([4, 1]) is a positive definite diagonal matrix, the coefficient A, represents the weight of the

R current deviation from li;“" —idi to |r';‘f —a'q| in the objective function J , i} is the reference from the output of the

speed controller. Due to the fast kinematics of the current control 166p, the prediction range is chosen to-be smatt— - —-——- -+
in order to reduce the computation cost in the problem (5) and ensure the performance of the controller. In
~ addition, 111'*mﬂﬁsﬁiﬁlwﬁcaﬁwthrsampiing#imraﬁhefcurrentfloop—isfmueh,—fasterithanfthatfoffthcfspf,qd _ S
son—Combhmime tie-above reasons;,we-caf-conside o be constant
during one sampling cycle resulting in i/-is a constant i Equatior (5)— T T .

N .1t

b

Ejt

PN § QRS-
n I{}m [ Tx.;:fﬁ,.,

Figure.2 Modulation plane on ap-coordinate system using CCS-MPC. e

The modulation plane on the up-coordinate system using CCS-MPCis depicted in Figure.2Condition for A to
v be in the modulation domain is:

o TwewTs T Teon

e —— A,v,<B, 7 (6)

-1 -1
From the constraint of &, we obtain the constraint of W, as below:

AR

vt g

where R :["05(6) ‘Si“(‘?)}

sin(6) cos(6)

(% +i)<B,, (7

Accordingly, the optimization problem (5) with the cost function J can be converted into a quadratic form,
with 6, (k)=u,, (k) is the the optimal variable, as below:

i 7= (0 (1708}, (1)

2(cbf

chy

. ()
(Ky+hw,~i7) OHI

dy oy

(K)+C

AmmR_ll_'ln'q (k) < an

where C is a component that depends only on the current state and the current velocity and does not depend on

u, (k).
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4.Simulation results

The motor parameters are described in Table. 1.

Research Article

Table.1. Motor parameters

Motor parameters Symbol Value Unit
d-axis stalor InQUCTANce  Lad t4 it
g-axis stator inductance  Lsq 1.4 mH
Stator resistance Re 163 Q T - - —
e _Rotorflux ¥ 0.035 Wb
Number of pole pairs 2z, 2 o
e e —Ppferstep—— - — - 0:02—-m— i

Simulation is performed with the current sampling time T —=100{ s )R
~regulator 16 a Chafge T the carrent toop reforence valuer— — — - --om oo ime e

~ Current of g-axis
T
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Comments: At the time of changing the q-axis reference current value (Figure 4, Figure 5), the iq current value
reaches the reference value, the id current is also returned to zero. The id is affected but not significantly, and this

is an acceptable Vaiue._'l’o—drive-the-value-of—the—d-ax—is—eur-rent—elaser—to_zel:o,_we_changc_thc weighted value Aqg.

We sce that the controller design has performed demultiplexing between the two d-, g- axes.

5. Conclusion

The CCS-MPC control method applied to Poysolenoid motors has promoted-its-efficiency-by-decoupling the

~ currents on the two d-, g- axes corresponding to the flux generation and thrust axes. In this paper, since the
sampling time of the force loop is extremely small, 7, =100(us} , the predtctnon’?ﬁ'r@éTs;"[im’itéd."\ﬁfl'rerrtrsirrgihr"

"""" . CCS-MPC method, the pracessing capacity of the microcontroller plays a decisive role in the responsibility of the

system, For higher power motors, the CCS-MPC method will be a very suitable choice. Since the system fasa ™

-~ large-electromagnetic time_constant (T, = L/R.). a larger sampling period wilt be chosen. That witt-tatance the

criteria of the processing power of the microcontrotler and the quality of the system. We can more easily seiect a
processor to reduce costs as well as have more choices in the popular processors available to integrate into the
system,
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Al : —oriented control (FOC) has been successfully applied fo permancntly excited linear motors

—————in-high-quality-drive-systems With this coatrol method, the system Kinemafics is € "
of thrust and acceleration are increased. Accordingly, the accuracy of the position response will be improved.
For the FOC method, the stator current control loop of the system plays a major role in the quality of the system.
This paper introduces a curtent vector dead-beat control for Polysolenoid linear motors with fast, accurate, and

—_—. dgcgupl.ing.character.istiqs._Numeri_qg_l__s_i_[nulations demonstrate the advantage of the proposed algorithm:
N ""Key words: Linear Motor, Polysol eTrGrd‘LT'near'Muton-PMSbM,—FOC—,Dead-BeaLContro.]..___ e

1. Introduction
Linear motors produce direct linear motion without the need for intermediate mechanisms such as belts
and screws. The Basic principle—crf—a—lin'ear-motor—is—te—generate—l-inear—motion_dimntly_fmm electrical energy,

wherein the part that produces the rectilineat motion can be @ primary part (stator side) or a secondary part (rotor
side) [1-4]. Polysolenoid linear motor is a particular case of permanently excited-lincar motor, with tubular

construction. The working principle of the Polysolenoid motor has been presented in [1-5].
For control of permanently excited synchronous linear motors, different techniques have been
presented. Model predictive control [6-8], flatness-based control [9], and exact linearization controller [10] were
__ -~ -nroposed to-decouple the controller of the nonlinear model in the transition state space. In [11], a state observer
was developed to observe the velocity and position to compensate the contro! signal with uncertainty affecting
the system, In [12-15], sliding mode cantrol was designed to contro! the position of linear motors. In [16], a
fuzzy PID controller was implemented for the speed loop to improve system response performance. The study in
' [17] combined the advantages of adaptive control and fuzzy PID to reduce the speed overshoot. Integrated
iterative learning and a P1D coniroller to control the position with the imprecise model of the linear motor were
introduced [18]. - - T T T T T — e

These studies mentioned above, however, only focus on reducing the steady-state position error. .

Meanwhile, the issue of shortening the transient time has not been adequately addressed. To improve the

transient time of the FOC control systemn, the curtent loop with the fast kinematics plays a decisive role [19, 20].

This paper introduces a current dead-bead control, ensuring fast and accurate response as well as eliminating the

interaction between magnetization and force generation.

2. Mathematical Model of the Polysolenoid Motor
The Polysoleniod motor works on the principle of electromagnetic induction, with the primary part
being two coils placed 90 degrees apart as shown in Figure 1, The mathematical model of the motor is given as

[71:
i L
d‘r_ﬂfz__ﬁim+[2_”£v]iiw+ys_d
d‘r Lsri T Lxd ‘ Lsd
diy R, _(Zv}ﬁh_[z”v]w_uﬂﬂ
d’ L:.‘q i T qu A Pt L-"‘i qu (1)
dv 2xp oy,
Ez_f_(vl;ﬂ+(L5£I—qu)’ﬂf)rnf_;;fi‘
dx
_—:v
L dt

In a linear motot, the current loop has the same properties as a force loop. The responsiveness of the
current loop, which is the innermost loop, is decisive to the control quality of the system.
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3.Design of Current Controller
From the continuous-time model of the motor (1), the descrete-time state mode! of the current on the

- dgq coordinate system is derived as below:

di
d';? = Ai,, +Bu, +Ni o, +Sy 0, ()
Where
. T : - r_
,laq,_ E[lﬁ Jq:l,lldq :—,[Hﬂ,,,,uq] S sl S i . . el
R L
Bk J | L 0 0 = 0
Ld Ld Lri
A= R ] B= 1 * N= L ’ 8= _i
B i Ul B L,
_ L =N L Tl L ™= e -

By using the first-order Euler approximation, equation (2) is rewriﬁen as

i, (k+1)=®i, (k)+Hu, (k)+hy, (3)

in which

O, D, | |-T.R /L, T:’Lqme(k)/Ld
D, ¢12]_\:—7;dep (k)/Lq ]_TIRJ;/Lq }

w0 o Pl et

the kinetics of the current is much faster

CI)=1+T!A+T,NaJr(k)={

Where 7, is the current sampling time. For electric motors,

than the speed and Ts is very smail, so the composition @, (k) in the matrices @, h is assumed to be constant

for the time period T.
Transforming (3} into z domain yields:

4, (z) = ®i, (z)+Hu, (z)+hy, (4

To eliminate the influence of the flux component in equation (4), the control voltage is designed as

u,, (k) =H"'[x(k-1)=h w, ] (5)

Where x (k) is the output of the controller, x{k 1) represents a hardware-induced one-cycle delay. To
caloulate the voltage of the current cycle u,, (k) , we use the output of the previous cycle x(k—1).

Substituting (5) into (4), we get the compensated current model as

(21-®)i,, (z) = 2"x{z) (6}

The adjustment equation in z-domain is as below:

x(2) =R, (2)[15, (2) =iy (2)] D
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Where R, (z) is the current controller to be designed,
Choose a polynomial matrix as

R W(3)

“( _—
)

b J
¥

S

-]
-
[«]
=S
&
&
®
]
2]
=
@

We select a matrix R, as follow and prove that the controtferaccordingto—

... response of the closed system: e

R () (-0)p()1-#'¥()] '

“To prove, replacing (9), (7)in (6) we geti —

o

Since the matrix (zI - @) is invertible:

T YYRS WY Tyl ) S | VA O 62 01 O ———

From (10) we have:

i, (z)=2"P(z")[1-2"P(z" )]' [is, (2)-1,, ()] (11

. R N L Y
e det(d-0)=| z-1+T,= | +[T,La, | >0

S _ AV , ,,2——'}32(,—2*!,)

e =1
Define G, (z" ) = z"P(z‘l )LI—z“P(z" )J is the transfer function matrix, we see that G, (z") isin
the diagonal form: ' ' ’
z'P (z"')

1-z7'P(z"
. G, (=)= (=) (12)
0 L
[-z"'P, (z")
Moving i, (z) in (11) from right to left in equation, we get:

i, (2)=2"P(z" )i}, (2) (13)

In (13), due to the matrix P is chosen diagonally, the proposed * coritroller '(5 has -ensured -the-
decoupling between i, and i, . Furthermore, since PP, have the corresponding degree n,,n,, the response of
the closed system according to (13) will be finite after n, + l,n, +1 periods, respectively.

To eliminate control error, the closed-system transfer function must be equal to the unit matrix I at the
steady state. From (13) we have:

E()=A(1)=104

That is, the sum of the coefficients F, P, must equal one.

'ﬁ'(k + 1)

{From {lwx imadel

Figure 2: Block Diagram of Stator Current Dead-Beat Control on Coordinates Coupled
with Rotor Magnetic Flux.

Substituting (8) into (9), we obtain the differential equation of the controller as below:
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_(z"d)ll)Pl (2-1) '_djlzpz(z_l) |
l—z"Pi(z") 1-z'P (z")

RI(Z_ )= =@, F (Z-‘) (z_(I’n)Pz (24) )

I—z_lPl(z") 1-z7'P, (z") | \

From the component (z—®,,} R (z") in (15), we see that the free component in A (z" ) must be zero

to ensure the feasibility of equaftion (3). : :
To create the same kinematics for both the d and q axes, we choose:

RR() =P )= 5 6

‘

Aa)rdingly,' the output of the controller (7} has the tollowing form:

z-®, }Plz" . WPz -
""(znl)=(_;':-'7)’f§ﬁlef(z_ > .(D,—'f;(»r,-)-\ev(z )
T = v amn
. _"";(T—_(DE)_.P(T_I_)"____'__: (D_ZI_P_(_Z;I) SR _ .

Where e, =i, —i,.e, =1';—iq. To implement the algorithm, (17) is written in the form of the

differential-equation as ) B
xy (B)= Y0, [ (k—i= 1)+ e, (kmi+1)-Dye, (k=1)=Due, (k-1)]
" ' (18)
%, (F)= D0 [x, (k—i-1)+e, (k=i +1)= Ppe, (k=)= Due, (k-1)]
i=l
" The statar voltage is computed according to¢5yas — -~ - - — ] L
u, (k+1)=H; [x,, (K)-hw, ] (19
u, (k+1)= H3 [ x, ()=, |
Kinematics for both the d and g axes, we choose:

4.Simulation Results

This section presents simulation result of the designed control algorithm. The motor parameters arc
given in Table, 1. To evaluate the performance of the dead-beat current regulator, an incremental reference with
outer loop sampling time Tys = 5Ts, N = 2. Responses of the dead-beat controller designed in (19) are shown in
Figures 3 and 4. These figures depicts that the iq and id current values are controlled completely independently,
demonstrating the decoupling capability of the controller. The responseability of the controller within N = 2
sampling cycles validates the correctness of the design method,

Table 1: Motor Parameters

Motor Parameters Symbeol | Value | Unit
d Axis Stator Inductance Lsg 1.4 mH
q Axis Stator Inductance Ly 1.4 mH
Stator Resistance Rs 10.3 Q
Rotor Flux Wy 0.035 1 Wb
Number of Pole Pair Zp 2
Pole Step 1 0.02 m
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Figure 3: The d-Axis Current Response of the Deadbeat Controller.
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Figure 4; The q=Axis Current Response of the Deadbeat Controller,

With the advantage of fast current response, a cascade control structure is designed as shown in Figure
5 to validate the ability of the controller to work with a real system. Parameters of the speed and position
regulators are given in Table 2. For the designed control structure, the velacity and position responses, as
depicted in Figures 6, 7, 10, and 11, show the excellent workability of the current controller with different outer
loop controllers. The speed and position regulaior parameters can be varied over a wide range in response to
different loads and trajectories. In the simulation case, the objective is to reduce the tracking error, as
demonstrated in Figures 8 and 9. This mainly depends on the response of the cutrent controller, Therefore, the
dead-beat controller can work well with different outer loop controllers.
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1
1
i
i

| Duxreat Controher
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Control Parameters Symbol | Controller 1 Controller 2
" Proportional-Gain of the Pos ition_Controller K, 40 100
Propottional Gain of the Speed Controller Kpw 0.1 0.1
Integral Gain of the Speed Controtter ki 10 20

Stator Current Vector Dead-beat Control for Polysolenoid Linear Motor

Table 2: Control Parameters
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5. Conclusions

Figure 11: Speed Response of the Outer Loop

The dead-beat control method designed for the Polysolenoid motor current foop has ensured accurately
impose of the stator current after a finite number of sampling cycles. Besides, this method provides the ability to
separate two current components on the dg-coordinate system. The d-axis component generates flux, and the g-
axis part generates thrust in a linear motor. This is validated by successfully controlling a current loop with a

finite response time and no overshoot,

which increases the dynamics and reduces the response time of the

system. In the ongoing study, experimental validation will be conducted to validate the control algorithm in

practice.
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