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KY hiéu Pon vj Y nghia
LwLlse  H  diéncamstatordoc trucvangangtrue | |
M kg khéi lugng rotor
Us, 1s V,A vector di¢n 4p stator, dong di¢n-stator —————
, ifs ,i% A vector is : Trén hé toa do dq, of
V, Ve m/s vén tbe co, vin toc dién
Rs Q dién tr¢ stator
isq, isp A Thanh ph'?m dong stator truc a, tryc
o, Tsq A dong dientruedq— oo e
Usd, Usq Vv dién ap truc dq
Wl Y4 Vectorus: Trénhétoadddg, af . . :
T mm budc cuc
P s6 déi cuc
(E] rad goc pha tir thong E
W, p Wb tir thong stator va rotor g
X, X0 mm vi tri va vi tri ban d4u dong co tuyén tinh S
Chit viét tit Y nghia
bCTT bong co tuyén tinh
PBKTVC Ddng bb kich thich vinh ciru
TR Tua theo tir thdng rotor
FOC Diéu khién tua tir thong rotor
SVM Diéu ché vector khong gian
DCD Diéu chinh dong
DC, BK Piéu chinh, diéu khién
TKTT Tach kénh trye tiép
PHTT Phan hoi trang thai
VDK Vi didu khién
B MIMO Multi input - multi output
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1. General information:

|

!

- Project title: The Direct Decoupling Control Structure for Permanent Stimulation |
2 Synchronous Linear Motors. |

- Code number: T2019-B013

V.Ar-__,:g_L::!_;P; . B '_ > f;l:;,

- Implementing Institution: Thai Nguyen University of Technology.
- Duration: From 10/2017 — to 04/2019

2. Objectives:

The potentials and applications of lincar 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

. of the position of the systems when using linear motors, this is a problem related to
b velocity, acceleration, response time, stopping ability. To solve this problem, it is needed

= to design controllers for linear motors.

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: 01 ISI/Scopus article (Q2), 02 ISI/Scopus articles(Q3).

- Application products:

5. Effects:
Research results of the authors group are published in prestigious scientific journals in
the ISI/Scopus list.




i 6. Transfer alternatives of reserach results andapplic ability:
Provide specialized reference materials for students, graduate students, PhD students in

;L - == = - Auytomation 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

MO PAU

Vi sy phat trién cia khoa hoc cong nghé cac day chuyén cong nghe 1p rap tu

dong ngay cang tror nén linh hoat, yéu ciu-cao-vé-dd chinh xac vi- tri, toe do va tac

dong nhanh. Sy xuht hitn-ctia-tay-méay-Robot,- may nang ha, may cong cy ky thuét sb

—CENC-trong cac diy chuyén da trd thanh mot didu tt yéu. Chinh didu do da thuc day

truyen dong dién phalwtﬁﬁrtmmo‘rdang chuyen don%malJ(hnngM budc

trong chuyen dong quay (rdn truyen thong nira d6-chinh 1a truyén-dong thing. Dong
co tuyén tinh dong bo leh thlch vinh cltu dang Polysolen01d duge chon lam d01 tugng
- ag nay-co thé tao rachuyén dong thing tryc tiép khong

cin (ua cac co céu trung gian,

Tmh khoa hqc vii cap thlet clia dé tai

Nhitng tiém nang cung nhr vA dyng cha-déng-eo-tuyen-ti
ngdy cang phat trién vi nhitng uu diém vugt trdi vé chat lugng dong hoc ciing nhu kha
nang ty dong hoa cao trong céc day chuyén san xuét. Mot yeu t6 rat duoc quan tdm O

day chinh 1a°d9 chinh xac vé vi tri ctia cac hé théng khi si-dung dong co tuyén tinh,

day l1a ba1 todn lién quan dén van tbc, gia tbc, thm gian dap ung, kha nang dung chinh
xéc. D& gidi quyet bai toan nay chinh la yéu chu thiét k& bd dleu khién cho dbi twong
dong co tuyen tinh. Chinh vi vay song hanh véi céc thiét bi phan cliing thi nhiém vu
thiét ké bo didu khién cho dong co tuyén tinh chinh l& mot yéu cau cap thiét dugc dat
ra.

Myc tiéu duge ddt ra cla dé ta1 “Nghién ciru chu tric diu khién tach kénh
truc tiép cho dong co tuyén tinh ddng bj kich thich vinh ciru” Xuat phat tir cach
tiép can kinh dlen dau-hen m& hinh-todn-hoc cia hé théng s& duoc | thiét 1gp kém theo

nhitng yéu chu diéu khién va cic rang budc cu thé. Dua trén co s6 md hinh todn hoc va
muc tiéu didu khién, bd diéu khién phit hop v6i dbi tugng sé dugc xdy dung. Tiép
theo, qué trinh md phong hé kin duge tién hanh di kem theo nhiing dénh gia dinh tinh

va dinh luong vé dong hoc hé théng.

B6 cuc ciia bao cdo tdng két da tai:

Béo cao gom phan m& dau, 05 chuong va két luén, dugc bd cuc nhu sau:

Chuong 1. Toéng quan v& tinh hinh nghién ciru truyén dong kich thich vinh ciu dang
Polysolenoid.

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

Chuong 5: HE thong phén cing cai dit thudt toan didu khien

*"ﬁPHEfﬁ’Kéﬂﬁan*ve‘rKi'én*n'ghlkDu‘a ra-nhiing dong gop- ciia dé 1ai va nhitng kién nghi, da

xuht hudng nghién cuu tiép theo.

e

LTS

—




Chuwong 1. Truyén déng tuvén tinh dang Polysolenoid va cdc phuong phdp diéu khién

. __CHUONG11l:

e TRUYEN: BQNG TUY EN TIiNH DANG POLYSOLENOID
VA CAC PHUGNG PHAP PIEU KHIEN

1.1 Dng co tfuyen tlnlrkwhmmﬂﬂkreuawdangl?olysﬁlenmsL -

bong co tuyén tinh kich thlch vinh ctru dang Polysolenoid thudc nhoém dfng co

dong bd kich thich vinh cuu €0 chutgo hintrong:

O 3 _Trut.

Dy qufin 02 pha

Khung Stator

Phin ur ngdn cich

<

Tir Troemg vinh ¢y

Hinh Error! No text of specified style in’ docunient..} Ciu tgo-ctia dong co- -
Polysolenoid

(c)

tal

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

Polysolenoid
(a) Rotor dong co quay
(b) Rotor duge cit va trai ra tlt (a)

(c¢) Rotor duge cudn lai tir (b)
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Chuong 1. Truyén dong tuyén tinh dang Polysolenoid va cdc phwong phdp diéu khién

{Hall sensors for position leedback, temps-
rature sensors for overload protection)

PBKTVC Polysolenoid

y—— Khi an-day—duoc_chp ngudn thi domg Xoay chicu trén cic-cudn diy s€-tao——

thanh vector dong di chuyén theo phuong nim ngang va thanh phin dong tryc q cia

~ né s& tuong tac voi tir théng ¢, clia nam cham vinh ciru, tao ra hyc ddy cac cudn ddy
trong by phén so cip cua dong co tuyén tinh dang Polysolenoid.

Pidu khién truyén dong tuyén tinh dang Polysolenoid

Cung nam trong nhom d6i twgng dong co dbng bd kich thich vinh ciru nhung
ddi tuong duoc thp trung nghiém ctu nhiéu trong thdi gian vira qua tap trung vao
nghién clru cho doi tugng dong co 6 két cdu phing. V6i nhém dong co hinh dng chua

-—--'—nhffﬁ-*ré&a&s&quamﬁm_.nhiéu,_cmmth‘oi_gia_n_Mw tuyén tinh hinh bng
da duogc phat trién dudi dang san phdm thuong mai ma di d4u 14 hing Linmot d& cho
ra doi mot ho dong co tuyén tinh hinh éng. Didu nay da thuc day nhiéu hon céc nghién
ctru dé nang cao chét lugng didu khién cho nhom dong co nay.

Khai quéat vé tinh hinh nghiérll ctru vé didu khién truyén dong tuyén tinh dang
Polysolenoid ¢ trong nuéc va trén thé gioi.
‘ 1.2 Tinh hinh nghién civu trong nuwoc:
i Vi nguén tham Khao la cac bai bao va luan an duge ru trit tai thu vién quéc gia Viét
j-’%'" Nam thi chua ¢é cong trinh ndo nghién ciu vé didu khién truyén dong tuyén tinh dang

Polysolenoid ngoai cac nghién clru ca tac gia.

1.3 Tinh hinh nghién citn trén thé gidi:

Céac nghién cim trén thé gi6i voi dbi tuong dong co tuyén tinh hinh dng dang stator
ngén tip trung vao mot s6 nhom véan dé nhu sau:

 Nhidm vin aé thir nhét: Mo hinh héa thiét ké dong co {5, 24, 12] trong d6 [52] dé xuit
thiét k& déng co hinh éng theo nguyén ly dong co mét chidu khong chdi than, [16]

1 wt=r %
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Chuong 1: T ruyén dong tuyén tinh dang Polysolenoid va cdc phuong phdp diéu khién

thiét ké dbng co hinh éng 5 pha trong khi [24] dua ra quy trinh thiét k& dong co hinh
6—ng-sﬁ—dun—g—gi-?a-i--th-uat_d.i_tmy_én_\/_é_phmaph_ép phan tir hitu han.

Su dung phucmgphe’tpmhénft&*h&ufhanfdé—phﬁnftichfquéptrintLdi,én tir xay ra
-~ trong dong co i &n tinh hinh 6ng [2, 4, 8, 13]. Trong do {4, 8, 13] phan tich tir trudng,
lyc cogging va Iyc chot chan wn tal ’trorrgdﬁng'cogtuyéﬂfﬁntrh—i—nhféngfbafpha,,[z —

r

phén tich cac yéu to anh hudng dén lyc dly clia dong co:

Nhdm vén dé thir hai: Thiét ké cdu tric didu khién cho dong co tuyén tinh hinh bng
ba pha [3, 9], trong [3] d& dua ra phuong phap thist k& bo dicu [Khien sur dung tiéw
chuédn Lyapulov dya vao sai 1éch van tdc so voi gia tri dat, [9] dé xuét sir dung bd didu
-~ Khién bén-vitng He dé kiém soat van tbe két hop vl mot thanh phin mang Noron bu
; : énh—phén_su%g}am_tu_théng e

Nhém vén dé thev ba: Trong tai tigu [10, 11] da d& xuét phuong phép md ta higu ung
* dhu cudi cia dong co tuyén tinh hinh ong ba pha st dung phuong phép thyuc nghiém.

Trong cac cong trinh d& duge cong b tap trung vao hai hudng chinh.

Huong thir nhit: Tap trung vao viéc nghién ctru hicu ing dAu voi hai huéng tiép cén ;

14 md ta dudi dang mach ti tuong duong va sit dung FE}VI. Trong hai phuong phap t

trén phuong phap st dung FEM mb ta hiéu ang dau cudi mang tinh truc quan hon.

Tuy nhién khi st dung FEM phai ¢ duge cac thong sb chinh xac cha ddng co. {
¢

Huéng thir hai: Nghién ottu chu tric didu khién bu bat dinh hiéu ing dau cudi tuy
©T T T nhitm tfong‘hé‘théngfén—tai—eém—biérpdgwpi _ L ~ )

[Nl §

Nhdn xét: Nhing phan tich & trén tap trung lam rd vé tinh hinh nghién ctu déng co
tuyén tinh kich thich vinh ciru dang Polysolenoid , céc vén dé lién quan dén md hinh
va cac phuong phap didu khién truyén dong tuyén tinh dang Polysolenoid. biéu d6
tao thuan lgi cho viéc lya chon d& xuit cac phuong phap nghién ciru tiép theo cho bai

toan didu khién truyén dong tuyén tinh KTVC dang Polysolenoid.




Chuzong 2: Mé hinh héa DCTTDB KTVC Polysolenoid

CHUONG 2

MO HINH HOA PCTTPB KTVC POLYSOLENOID

E
8
% - , —— PCTT PBKTVC Polysolenoid 1am viée dua trén hi¢n tuong cam ung dién tr.
Khi cac cudn ddy duge cp ngudn thi dong xoay ¢ idu 2 pha trén 2-cudn diy s€ tao -
thanh vector dong di chuyén theo phuong ndm ngang va thanh phin doc truc ¢ cua 1o
s& twong téc voi tir thong yp cla nam chim vinh ¢y, tao lyc dhy cac cudn ddy trong |
b6 phan so clp ciia DCTT DBKTVC. C6 1 Fiém cin Tuu y trong DETT trddivéiehe————
vector (is, s, ...) mO ta cdc dai luong vét ly thi didm gbe cling ¢6 ¥ nghia quan trong. |
~ =~ ~ pidu iy co thé thdy 15 théng qua-vidy-sau- gid s co 2 vector dong dién is bing nhau

' ' i khéc nhat —

au trong hé tryc toa do

r
S _‘__t W S . T,

xuat phat tir 2 vi i PT,” P2 kivde nhau-s&-cho-ta-2-phé

b Khi d6 2 vector bing nhau nay s& anh xa véi 2 vector khac nh
~ quay tuong (mg v& mét dié¢n.

» 1 Bidu difn chc vector khong gian cia ddng co hai pha tuyén tinh ddng b kich

thich vinh ciru ]

A

Trude khi bidu dién cac vector khong gian ctia DCTT ciing nhu xdy dung mo J

hinh toén hoc cho ddng co ta dua ra mdt sb quy ude:

Chi 56 viét nhé ¢ goc phdi phia trén.

- ——rdgi Tugng quan-sat trén-he toa d8-tir thong vinh ciru (hé toa 40 dq )
s : dai lwgng quan sat trén h¢ toa do af
_Chi s6 viét nhé & goc phdi phia dudi:
Chit cai diu tién: s dai lwgng clia mach stator
Chit cAi thit hai: (d,q): phan tir thudc hé dq (o, ): phin tir thude hé af ., f Dong
co tuyén tinh 2 pha dugc cép bdi hai dong dién pha hinh sin phia
stator c6 dang: ‘

{fm (1) =|i|cos(@.1) @.1)

i (1) =1i] cos (w,t +90)

C6 thé duoc md ta dudi dang veetor is(t) quay trén khong gian v&i thn sb Stator f:

B ;inis_;f\r:iﬁ(l‘?)j- i:-ﬁ (ﬂeﬂo‘] .—_!. (22)




Chuong 2: Mo hinh héa PCTTDB KTVC Polysolenoid _

Luc nay, hai dong pha s

cuon ddy twong Ung:

& 12 hinh chiéu cua vector is xudng truc cla cac

iB
2 N
f/ ls!l(t) /\\
/ | \
‘ by
i R
‘ o in@®

Hinh Error! No text of speclﬁed

Vector is quay quanh gbc toa dO voi the dd

lwgng hai pha khac nhu ir,

15

style in document..1 Vector dong Stator

us, i, y,trén hé toa do ¢b dinh e nhu sau:

goc o Tuong w ddi véi cac da1

Uy =y + jisﬂ
uss = Uy T jusﬁ (23)
— T T e e —%a "Lf-%,ﬂ'——

V6i hé toa 6 dq (quay voi thn sb

di2n trén hé toa dd dq tuong ty:

tir théng cuc). Khi do thanh phan truc q cua tr thong s€ mét di.

T
khoang 1a 5 ma 7 tuon

dién .

7)) cac dai lugng & (2.3) 0 thé duge bidu

f _ .
Iy —lsd-l_‘]l_vq

I o .
U s—u.fd-l-.]u.sq

wfs = l/jsd + jw.sq

(2.4)

Hé toa dd dq duge chon dé truc d tring véi tryc ctia vector tr thdng rotor (vector

Truc d cach truc q mt

g g voi goc 7 vi vy truc d vatryc q léch nhau 90 do vé goc
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Hinh Error! No text of specified style in document. 2 Hé toa do quay dq trén dong

co Iuyen tinh
Vector dong stator ¢6 the dugc bidu didn trén hé toa do co dinh af vatrénhé

~toado dgnhwrhinhve” = & o e T T e T T T

*\o),
d
/4uc rolor - e

_ Hinh Error! No text of specified style in document..3 Vector dong stator trén hé

truc apva hétruc-dqg
Do dong dién ma céc cam bién do dugc 12 dong dién trén hé théng hai cudn day

va isp , do do dé chuyén tir hé toa do aff sang hé toa do dgq ta dung cong thirc

pha isq
sau:
i, =1,c088 +i,sin 9,
) . : (2.5)
i, =i, 80 9, +1i,c089,
Véi goe 9, la goc [&ch gitra tryc d va truc @, tai thoi diém 2 truc cach nhau mot
khoang x thi:

—_— - .

iy




- Chuong 2: Mo hinh héa DCTTDB KTVC Polysolenoid |
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Hinh Error! No text of specified style in document..4 Goc léch gifia 2 truc d va a

Tir van téc v do vé ta tinh dugc:

_ L . X=X, + I vdt (2.6)
Ta tinh dugc gc’a(; .9\ — B—
8 =Ee @.7)
Mb hinh todn hoc dong co 2 pha tuyén tinh dong bd kich thich vinh ctu
Phurong trinh dién dp stator
u =R+ 2.8) ;
dt ]
Vs gdm 2 thanh ph%“m la ysd va ysq : j
- e, = LY, — — .2
{ WY 29
\I".w = qu 'l.\‘q
Suy ra :
‘ [ 4 = R i'r.l + L 4 . a)s sg ' s
b (2.10)
u, =Ri +L,—+0 L,i, rol,
g di, R 1 279 L,
il —= = _"—.l_m, +— u“, + T by
] 1}1 d I L,-, " il T sl
3 = (2.11)
2 di, R 1 2.xv L, 2.y Y,
It —t = U, =1, —
i3 ol L T L v ¢ L 1 L
!‘i{‘l
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Thiét 1ap phwong trinh tinh lyc day ctia dong co

VE 4l Aer thad “ a“

v S N ‘a“ng'm—o'n‘gﬁtra'vz‘ro—?.pha—cﬁa-a—euén—déy stator: -

‘ — ; e — ; 9193

o D, = U, d, A Ugdy = Ul Vg (2:12)

- _ _ di di, 2@y, ,

- ; p 2,7 4 sd o p g 2 3 ' ; _

T S Uy Tl =Ry Tty 0 +RA, +qu S + IWKLH: L I:dil,[ipl—r

rar

L ma.y ulu.uu

+ cudidic trung cho ning lugng dién tir di vao 2 pha cua ddng co.

2.7y .
o o o pdf - sd qu)lsd+y/p] ( 2'13)
Vou DCTT 2 pha p dm cuc, ta co: —— E—
F:pP - Lt ¥,) (2.14)
i - sq sd “sq sd p 7 ,. 7
Hay:
2.7, .
F=PTlsq[(Lsd ~-L )i ty,] (2.15)
2.2 Phwong trinh djng hoc ciia PCTT trong hé dq ‘
;|
o - (di, R 1 272v L, | 1
i e e Y = —L i p
dt Lxd ‘L"f . T anr ! -
di, R, 1 wv L, 2xv W
—t = w+——.u_w————.—ﬂ— , .
a L L, 1 L, v L, (2.16)
2.7 .
mx = p___zsq[(L\‘d' qu)lxd-l_v/p] - F:‘
dx
— =V
L dt
di, R 1 2av L,
. ~i, +—u,t . ‘
a0 LML e L
di, R 1 2nv L, 2ry Y
—t=——1 t+—U - -1, .
dt L, "L, B t L T L,
2.7
F P 7 l.sq[(L.m' qu)] il !/jp]
L

Tir cac phuong trinh trén, ta thu duoc mo hinh trang théi lién tuc :

9
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é—-—Al +Bu +Nz v+Swp

e — dr _—— ——
o _isa _uad ( | )
- L=, 8=
— l-": _ usq -
| R LN A AY
s 0 — 0
A= L.sd . :B ~ Lsd )
o) [0 )
qu qu
- — __: - - ——— Y JE— — J— — ._ L - — — e e _ J— - -
vt L,

N=l i1 “ls=| 27 1 J
: T Ly T
3 —_— 0 T L
t.‘
]
s ’ f ']
. . |
- A |
PAEENS
e .
;. Wp Y, _U_ R
‘) ’l/;]__ SRSUSIDUURRENE % S ] A ]Z e

Hinh Error! No text of specified style in document. .5 M0 hinh trang thai DCTT
DPBKTVC trén hé toa d6 dq

=t —’-”::ﬁ:‘}—i—r":??:wa:e-ﬂw—w-;_—.:~ e R RELg

Nh{n xét: nhin vio md hinh ta thay tin hiéu vao ctia hé théng khong chi co vector dién
4p us ma con ¢o ca tdc do v. Nhu viy bién trang thai dong dién khong chi phy thude
vao cdc gid tri dién dp Usd, Usq Ma con phu thude ca vao the d6 dong co. Tinh chit phi
tuyén cia DCTT DBKTVC thé hién & tich gitra bién trang thai is va bién vao v qua

thanh phan Ni Qv Vol yeu t6 quyét dinh la ma trdn N,

Ngoai dac diém phi tuyén mang cAu triic noi trén, tinh phi tuyén cia BCTT DBKTVC
con thé hién ¢ 2 dac diém chinh sau:

<
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Cac tham s6 phu thuoc vao bién trang tha1 theo quan hé bao hoa (L(l) ) Diéu nay

Mot sb hién tuqng ph1 tuyen khaTGo the duorc loai-bd-khi phanft—leh—he—theng _nhu-hi¢n
: a0 md hh ta thay tin

hmn vao cla he thong khong chi ¢ vector dién 4p us ma con b ca toe do v. Nhu viy
bién trang thai dong dién khong chi phy thudc vao céc gid tri dign 4p Usd, Usq ma con
nhu thudc ca vao tbe dd dong co. Tinh chét phi tuyén cha DPCTT BDBKTVC thé hién &

tich gitra bién trang thai is va bién vao v qua thanh phan N.i 1 V.
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CHUONG 3

© prkU KHIEN DONG CO TUYEN TINH DANG POLYSOLENOID

bi v6i ddng co ndy co ngudn gbe tir cac ni dung da
bdi mdi quan hé twong duong vé chu tao giita hai

. % 1§ (4 F11 quat véca re-didukhién

do cdn c6 nhitng ddc diém riéng dac trung cho T (v

nhém dong co nay. Tuy vay,
anh mdt s& nghién ciru cb ngudn goc tir nhom cac

S du hidu ing diu cubi,...) nén hinh th
ot A dF Ray. Ciing Tihw nhitng- phueng-phép- d3 dugc thyc

nguyén ly didu khién vector va nguyén Iy diéu khién vo hudng,

. Céctiiliéu [1, 6, 7] dd chi ra cdc ‘huéng nghién ctru 4p dung nguyén Iy diéu
Khidn v6 huong: U/ f khong d4i voi muc dich
didu khién momen lyc, didu khién d0 truot... Tuy nhién phuong phap nay gap tro ngai
khi phy tai thay 451 dén dén sut ap trén stator khi dong dién thay d6i. Cac phuong phép
dya trén nguyén ly didu khién vo hudng co uu didm d& dang ap dyng vao cac thiét bi
trong cong nghiép do luat didu chinh don gian, nhung déu gip kho khan trong vigc
nang cao chét lugng chuyén dong dic biét tai cac vung tbe do thép.

Céc phuong phap didu khién dua trén nguyén ly diéu khién vector dugc trinh

hinh twong minh, cac dai luong dong dién, dién &p tu thong dugc bidu dién dudi dang
vector. Nhitng nghién ciru thude hudng nghién chu nay ta phan loai thanh 3 nhom
phwong phip chinh:

Diéu khién true tiép momen (DTC) v didu khién tua tir thong rotor FOC, tya
theo hé truc toa do tinh. Trong ndi dung ludn 4n nay tac gia tdp trung vao nguyén ly
didu khién FOC bdi kha ning cho phép tach cac thanh phan tao tir thong va dong tao
luc ddy trong cac cudn day stator. Do dong co co cAu tao 2 pha, 2 cudn day dugc cp
ngudn doc lap nén chu trac didu khién c6 khic doi chuit so v&i cac loai dong co 3 pha
thong thuong, vdi so 45 didu khién tuong tw vo1 dong co quay kich thich nam cham

vinh ciru duge trinh bay trong tai liéu [7].

1_
i

Sy

hién dbi véi dong co quay,

IGc ndy phuong pit i ehe DCTT VAT dya trén hai-hudn _chinh-dyavao

h duy tri tir thong khe hor khong doi dé -

e L

bay trong nhidu tai lidu. Doi v&iﬁlﬁmﬁh_g_pﬁépﬁrﬁyjchﬁng—ta—eﬁﬁ x4y-dungmé .
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CHUONG 3
PIEU KHIEN PONG CO TUYEN TINH DANG POLYSOLENOID

—WWWWH&%WMWWMM@—,
nén phan lcm nhung nghién citu d6i voi dong co nay ¢ ngudn goc tu cac ndi dung da

i dong co quay boi mdi quan hé tuong duong vé cu tao giita hai

nhom d6éng co nay. Tuy viy, do con co nhitng déc diém riéng déc trung cho PCTT (vi

- du hiéu ung diu cudi,...) nén hinh thanh mét sb nghién ctru ¢ nguon gbc tir nhom cac

- '—van demay -Clng nhu nhung phue‘ng phap da- duorc thuc hlen dm Vol dong co_ quay,____ .

nguyén ly didu khién vector va nguyén Iy diéu khién v6 huong.

. Chc tai liéu {1, 6, 7] d4 chi ra cdc hudng nghién ciru ap dung nguyén ly diéu
khlen vd huéng: U/ f khong ddi véi muc dich duy tri tir thdng khe hd khong dbi aé

| didu khién momen lyc, didu khién d6 trugt... Tuy nhién phuong phap nay gap trd ngai
I khi phu tai thay dbi d3n dén sut ap trén stator khi dong dién thay ddi. Cac phuong phap
dya trén nguyén ly didu khién vé huéng c6 wu diém dé dang ap dung vao cac thiét bi
trong cong nghlep do luat didu chinh don gian, nhung déu gap khé khin trong vige
ning cao chét lugng chuyén ddng dic biét tai cac vang tbc do thép.

R e W L IO ML N

Céc phucmg phéap diéu khién dua trén nguyén ly diéu khién vector dugc trinh
bay trong nhiéu tai liu. D6i véi nhém phuong phap nay, chung T4 Can xay dung mo
hinh twdng minh, cac dai lugng dong dién, dién ap tir thong duge biéu dién dudi dang
vector. Nhitng nghién ciu thudc huéng nghién clru nay ta phan loai thanh 3 nhém
phuong phép chinh:

; Piéu khién tryc tiép momen (DTC) va diéu khién tua tir thong rotor FOC, tya
v theo hé truc toa d6 tinh. Trong ndi dung ludn 4n nay tac gla tap trung vao nguyen ly
if didu khién FOC béi kha nang cho phép tach cac thanh phin tao tir thong va dong tao
lye day trong cac cuon day stator. Do d0ng co ¢ cAu tao 2 pha, 2 cudn day duogc cap
ngudn doc lap nén cAu tric didu khién c6 khac doi chit so voi cac loai dong co 3 pha
thdong thuong, véi so dd didu khién twong tu véi dong co quay kich thich nam cham
vinh c¢tru duoc trinh bay trong tai li€u [7].
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U de
R £ =0 2
- U, PN —
» T i . l.i'-_-'. —
S R l » ej“ " D@urché 1.
| , — vector |-
- " ! fo
— — —— —— —_— i —lb +lb
— i, L
" 1+ |
l e w ]Q' o ’
r ] ;
r R, - R, i~ L)
\‘ - 4=
1
-
| .
r‘ o . b o w Tinh
i mmm e e e e s e immaea e e n e — R — tOén-varl
- - - - - tdc;géc = -

Hinh 1 S0 do chu tric dleu khlen FOC ép dyng cho dong co tuyén tinh 2 pha, 2 cudn
day chp ngudn doc 1ap ' : , o

Véi phuong phap didu khién cb dién, bd didu khién dong R, dugc thiét ké co

phan t4ch kénh dé dua ddng hoc dong dién ve dang tuyén tinh qua do6 st dung bo diéu
Kkhién PI tdng hop theo cac phuong phap truyén théng. BO didu khién tbc 46 R, dugc
lya chon dang PI voi khau chdng bdo hoa tich phan va han ché dong. B§ diéu khién vi
tri R, dugc lya chon dang PD do i tugng thiét ké lic ndy c6 dang khau tich phén

-,—---—---———————-—-(iggd&bangjgg_am chia vi tri) & han ché dao dong trong hé thong

| P g N n R N

3.2 Didu khién dy bao MPC

Didu khién du bao md hinh (MPC) b4t ddu tir cudi nhitng nam 70 va di co
nhitng budc phat trién dang k&. Khai niém “diéu khién dy bao md hinh” khdng chi rd
mot sach luge didu khién cu thé ma n6 duara mét 10p cac phuong phap didu khién dua
trén viéc sit dung mo hinh ciia dbi tuong d¢ thu duoc gla tri t6i thleu ctia ham muyc
tiéu, Dén day ta nhan thdy 16 sy lién quan cua didu khién t6i wu truyén thong va MPC
14 cang st dyng khai ni¢m ham muc tiéu dé& thanh 14p nén sich lugc diéu khién. Khai
niém dy bdo «“Predictive” & ddy la vige usc luorng hanh vi cia hé thong trong khoang
thoi gian teong lai (tAm du bao) qua d6 c6 thé dua ra tin hiéu phu hop.

Khac véi diéu kh1en tbi uu truyén théng noi ma nghlem tbi vu dwge thanh lap
dya vao giai cac bal toan tbi uu cho trude. Tin higu didu khién t6i uu theo MPC 1a mot
day didu khién, mdi phan tu trong day d6 dai di¢n cho tin hiéu diéu khién tai thoi diém
thir k nhét dmh Bai toan tdi vu duge 1dp lai tai sau mdi chu ki v6i nhitng thong tin

i méi nhét vé hé thdng.

- MEC-4p-dung. rat thich hop ¢ cho h¢ tuyen tinh do m6 hinh st dung tuyén tinh 1én
vide udce lugng cac rang thai tiép theo cla bién trang thai tr& nén don gitn, Nhung do
viée tinh toan udc lugng nhidu gia tri tlep theo nén viéc tinh toan s€ 16n kéo theo thoi
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gian tinh toan rat 14u diic biét vdi hé nhidu diu vao ra. D6 d6 pham vi ¢ng dung bi thu

hep_va cac hé co dong hoc chim.

Duafvz‘a.ofméfhinhfquéftrinhfduqc7stdung,ta,phﬁn loai cac phuong phép MPC

bao gdm md hinh tuyén tinh va phi tuyén. M&i loai md hinh déu ¢6 uvu nhugc diém

e

fiéng nén tily vao bai toan cling nhuy éu-

cau k¥ thudt ta chon loai md hinh phu hop. Vi

du nhu 16p mo hinh tuyen fin ; S
wée lwong nhanh hon, dé ap dat thuét todn vao phén cing. Mt khic do cac qua trinh

re-té-1a-phi-tuyén nén khong the 5 hinh tuyén tinh phi hop. Do d6
md hinh phi tuyén dugc sir dung cho nhiing bai toan yéu céu viée udc lugng céc bién

qua trinh chinh xac.

C U PRORE ARG NAy ta-d& xuft 2-phuren g-_-;’l_-l-'; didu khién_du bao dugce phan bigt dua

T —E———— T S

33 Pidukhibn dy bio MPC véi tip difu khibn litnwe
2
i.\ .

i
1

vaio tinh chét lién tuc (v6 han) va gian doan (hiru han) cac phén tir trong tip didu Khién.
Xut phét tir cdu hinh phan cing ta dua ra 2 nhén x¢ét rang.

. Néu coi dién fip dat vao 2 cudn ddy dong co 12 lién tuc, do gidi han vé diéu
ché din dén dién 4p s& nim trong tap bi chén, lién tuc. Didu nay dua dén
phuong phap diéu khién du bdo voi tap didu khién lién tuc (CCS MPC).
Néu xét dién ap tic thoi trén dong co, coi bd bién dbi 13 Iy tuong dan dén
tap dién ap diu khién 12 hitu han phu thuc vao céu hinh bd bién dbi. Pidu
nay dua trén phuong phap didu khién du béao vdi tép diu khién hitu han

(FCS MPC).

e WY

-

.

Nhu d4 phén tich trong nhén xet trén, dé thuc hién didu khién, truée hét ta cAn phai di
tim tp céc vector di¢n 4p c6 thé tao ra nhdy bd bién ddi hay noi cach khac 14 di tim gidi
han didu ché. Trude hét ta di tim hiéu nguyén ly didu ché vector trong dugc st dung
trong luan 4n [3]. Bdng co dugc cip 2 bd bién dbi nguén 4p hoat ddc 1ap o cAu triic

nhu sau.

B, L e e e e
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* sttt
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|
|
|
|
|
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Moior

Hinh 2. So dd 2 nghich luu 1 mot pha didu ché don cyc cip ngudn ap cho 2 cudn day
doc l1ap cua ddng co Polysolenoid

Tir cAu hinh mach van, ta c6 tip hiru han cac trang thai van dong cit tvong tmg voi gia

tri dién ap nhu saw:

Bdng 3.1 Céc trang thai dong ¢t ciia bo bién déi "1": Trang thai dAn, "0": Trang thai
khoa.

_— TTIPLIP2|P3|P4]ua_ [ub [TT|PL|P2|P3|P4iua ub |

1 10 11 1o |+Ude|+Udc|{S2 |1 |1 1 |0 |0 |+Udec
1|0 [0 |1 +Ude | -Udc 1 11 |0 {1 {0 |-Ude
1 |0 |0 |0 |+Udc|O S6 11 |1 (0 [0 [0 |0
g1 |1 (o |1 |1 [+Udc;0 gs |t |1 [1 j1 ;0,0
o0 1 |1 |0 |-Ude |+Ude o |0 |1 |0 10 }+Ude
0 11 10 |1 [-Ude |-Ude |84 10 |0 0 |1 |0 |-Ude
s3 /0 [1 |0 |0 [-Ude |0 S7]0 (0 |0 {0 (O |0
o [1 {1 |1 {-Udc |0 sglo o i1 [1 |0 [0

Dé thuc hién didu ché vector dién ap Stator ta chon 8 vector ¢o s& nhu bdi dam
trong bang 3.1. Trong do cac vector S5, $6, S7, S8 lam cho vector dién ap bang khong
duge lya chon dé trong qua trinh dieu ché cac van ¢6 sb 1an dong cat déu nhau tuong

(g giita cdc gde phén tu trong mét phé‘mg diéu ché.

- S
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Dé hinh thanh nén mién diéu ché ta st dung hé cong thirc:

: — weeg o, U, u, U
- “Hpulse T T Tpmlse oo e n e e
ueQu,=—=2=U,; u= L U
f' 5 9 p T der Y1 — T de
. puise pulse (3 1)
) _ TP U. - T.,"__.U
uer:i.up _T de? uf_—T de
B L pulse pulse
_ e ] I B
~ . _ p_r7 [ ¥ I
useg4.up— Uides Y T ~de
pulse puilse

A T VETET L e LS A AR 1 = T
o A E R e

Trong d6: w, 1a vector cAn didu ché trén truc toa 46 @, B; T,,T,1a thoi gian phat cla
cAc vector co s tmg v6i goc phan tw Qi chia u,; T, 1a chu ki diéu ché; Tsla

khoang thoi gian phat cta vector khong ting v6i goc phan wr chira .

("”U‘&‘ )S'a :
(0100)

5, (12, Yoo}

Hinh 3. Mit phang didu ché trén truc toa dd @, f theo phuong phap CCS-MPC

Tir hé cong thie (3.1) ta suy ra dugc mién didu ché ndm trong duong tron ndi tiép hinh

vudng S1525384.

~ Dbiéu kién dé u, nam trong mién di€u ché:

uJ/ N S A Y

-
3
o
|

.
R
I

- R P




o E . i o

]
=
R
-
~ Q
~ Q..H'
&
ot
—
k.

! = u, <U,

3 Luu )’7'

! " Trong mat phing didu ché trong hinh 3.4, ta dang xét den cdc van ban dén [ ly tucmg
b firc thoi g1an dong cét clia van bang khong Trén thyc té khi xét dén thoi gian dong cét
T Ciia van fa can dua thém racac dleu kign- ve théi- glan phat xung.- T Tp,Toﬂ luon Jén hon

thoi gian dong cat clia cac van va thoi gian XU 1y cua viditukhiém:

Duya vao md hinh gian doan ta xay dyng md hinh dy bao nhu sau véi i, v (k+ i) 1a gia

tr; dong dién dy bao tai i chu ki tiép theo so vdi thoi diém hién tai:

i (k+i+1)= @i (k+i)+ Hu, (k+i)+hy, (3.3)

Trong d6 tai thoi diém hién tai k ching c6: ig, (k) =gy (k). (k) =1y (k). Véi tam
dy bao duge lya chon bing N, phuong phap didu khién MPCthuc hién gii bai toan t6i
wu nhén cc vector dién ap diéu khién W, (k). 0, (k1) By, (k+ N —1)1am bién,

o véiham myc tiéu duge lira chon c6 dang todn phuong sau:

\

o

b

;‘ J = Z( T k+z+1)) Q(if - i (k+iik)) (3.4)

Trong d6Q = diag([4, 1])1a ma trén xéc dinh duong, hé sb.4,thé hién trong sb cua

sai 1&ch dong ‘ —i,iso v0i \ —i \trong ham muc tiéu J ldf 13 tin hiéu chil dao tu

bo didu khién tdc do. Trong mach vong didu khién dong dién ta c6 thé xem xét toc dd
va vi tri goc cua dong co la khong d&i dan Ciem'”r bing hing sb trong cong thirc

¢ Error! Reference source not found.. Dya vao quan hé quay trén truc toa do d-q:

s:. |
- cos(6) —~sin(é)
SOR s ICELE

ie Ta thu dugc rang bude doi voiu,, nhu sau:

AconRglﬁdq (k + l) < Bcon (3 5)

e e e
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Pé giam thoi gian tinh todn cho mach vong didu khién dong dién ta chon tAm dy bao
- —— N=1- viét_l.aLbéi_tQéniéi uu véi ham J vé dang toan phwong nhan u dq(k) =, (k)

lam-bién-tdi vu-nhu sau:

AT e T N— (7Y
— - . _mmnJ=u (£ {H OQHju o=+
i, (k) L e A H S\

2(@i,, (k) +hy, —iiy ) QHE,, (k)+C

Théa man A, R™'T, (k) <B,,
_Trong d6 C 1a thanh phi‘m chi phy thuje vao trang thai dong dién va van tdc hién tai

" Khongphut (kY- Thyc hién giai-bai toan t0i wu héa theo phuong phap QP —
(quadratic programming) ta s€ thu duoce gia tri dién apu,, (k) cén tim.

n

A VE[O"II;,"q'

a " 3.4 Didu khidn du bdo MPC véi tip didu Khién hiru han

Nhuoc diém ciia phwong phap vira duoce trinh bay & trén 13 vige giai bai toan tbi chn rat
nhidu thoi gian tinh toan. Do do chu ki trich mau dong dién phai du lon dé hé vi diéu

L khién co thé kip tinh toan dwa ra gia trj vector dién &p dat vao bd didu ché. Hon nita
- Kkhi xét dén thoi gian dong cat cia cac van ban din, mién didu ché vector khong con
2 don gian lam ting dd phire tap trong bai toan toi wu.

s T - I L Y

b Véi cac ddi tugng co ban chét gian doan nhu cdc bd bién ddi cong sudt, phuong phap
e R CSMPEtO-raTat-hir-hitu—N6-cung-cAp mt-cach tiep cin hoan toan khdc dbivéi
g cdc bd bién ddi cong sudt. Bén canh do cac ddc tinh ky thuat ctia BDK ciing to ra rat "
] tdt so voi cac phuong phap didu khién truéc day. Phuong phép nay dua vao sd lwong

- hitu han sb td hop van cho phép cia bo bién dbi cong sudt. Ciing gibng nhu cac bd

didu khién MPC khac, FCS- MPC ciing can ¢6 ham muc tiéu J d& c6 thé lua chon céc

t& hop van phi hop.




: Chuong 3. Diéu khién dong co tuyén tinh dang

Polysc;lenoid
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¥
I
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4
e
R =l KhotHgo-gia-tr g B
;; .‘ Tinh i, (A) |
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E v |
& |
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=i+ Lt?y ﬁ(k) P I
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9 COCTRORECHC BT -
cort
. i (k+1)
:
: J, Tinh toanJ
i
b =i(6) | |
2 g, =J ' :
v amt
: 3
na \
. L
]
- _ S . - ;
Do ra trang thai che :

d6 chiyén mach wng
1I(5l uflf)i'

i

Thei diém trich man dong
dién ke tiép
A':.‘:‘.x k!

toan toi vu lu

mot s6 hitu han vong 1dp. Tuy nhién s0 luong ¢
mii ctia tm dy béo, diéu nay dan dén lam tang dang

1gi thé ctia phwong phap. Do d6 trong ndi dung ludn an nay

Hinh 4. Luu db thuat toan b didu khién FCS-MPC

Mét uu diém cha FCS-MPC déi voi cac phuong phap MPC kinh dién 14 viéc giai bai
4n dam bao ¢6 nghiém va s& lugng tinh toan dugc giam thiéu dang ké.
Viéc gidi bai todn ti wu theo phuong phap FCS-MPC c6 thé thuc hién d& dang bang
: 4c vong lip nay s tang Ién theo ham
ké thoi gian tinh toan va mét di

ta lua chon tim dy bao

bang N=1.




Chuong 3: Diéu khién dong co tuyén tinh dang Polysoleﬁoid _

Bai todn t6i uu lic nay duge dua vé dang:

min J =1, (k) (H' QH)u, (k)+

. e T I3
2o, ()b, =) QM 1)+ C

PP 3 }
Théa man: 0, e U= {R“s, ,Rug ,Rug ,Rug ;... Rug,, Uy

dién ap khong, i} 12 vector dong dién chi dao.

ST o)

R T T

Hinh 5. Mt phing diéu ché trén truc toa d§ @, B theo phwong phap FCS-MPC

Khong giéng nhu phuong 4n 1, phuong an 2 ¢o6 thé thyc hién véi nhiéu ham
muyc tiéu dang khéac khong nhéat thiét phai dang toan phuong do khong phai dua trén
phuong phap QP dé giai bai todn tdi wu. Ngoai ra véi tdm dy béo lya chon bing mdt
thi mo hinh déi twgng di 1a phi tuyén thi phuong phap FCS vin c6 thé giai quyét
duogc.

S lugng cac vector dién ap trong tap didu khidn hitu han cang nhiéu thi dang
dong dién cang min, nhung s& lwong tinh todn lai ting 1én. Do d6 can phai luu y dé

can dbi gifta 2 kha nang phédn clmg va dd min dong dién.




Churong 4: M6 phong hé théng

CHUONG 4:
l MO PHONG HE THONG
[ | bé kiém*ch&ngfehét—luo‘ngfeﬁafGéc7céuftrﬁcfdiéu,khiénj-),(lTjF KTVC dang
S Polysolenoid ta thyc hién viéc mo phéng véi md hinh dong co duge xdy dung frén
L ~ phin mém Matlab/Simulink.—— A
; Théng s6 dong co sy dung dwoc md ta trong bang 1.
1 Béng 4.1 Thong sb dong ca
Dién cam stator tryc d La 1.4 mH
— e — Pién cam statorfruc q.___ _ _Lsg 1.4 md
___Pl_i_é_il__flgé__s’___tbr_ S C e . _R;_ _10'_3 —— Q_ —— ———
Tl thong rotor yp 0035 Wb
S6 ddi cyc Zp 2

1
i
.
i
i
7
..e
L

Budc cuc T, 0.02 m

4.1 M6 phéng dap tng cia mach vong dong dién véi phwong phip CCS-MPC

M6 phong duge thye hién véi chu Ki trich mAu dong dién T, =100( us)

Currend of g-axis
e

£ ] e h s s 8 8 i et a8 l/
z';
" B
UD’. al 0'2 3 ! I)JS -1} DI‘T [23 ﬂIQ 1
Time [8) At
Hinh 4.1 Dap ting cua dong dién iq
e Currenl ;ol d-axis
g2 /
B e -
Tire [5] o0t
Hinh 4.2 Pap tng cua dong dién id
Nhin xét: Tai thoi diém thay doi gia tri-dong-dat-true-q- (hinh-4-1,-hinh-4.

). Sauw

khoang thoi gian 0.02s gié tri dong iq bam ding gia tri dat, dong id cling dugc dua trdy

21




o gbi i tri trong s0A

Chuong 4. Mo phong hé thong

lai vé gia tri 0. Dé dua gia tri dong dign tryc d tién cang gﬁn vé 0 ta s& thuc hién thay
Aa—Ta thiy bo didu khidn thiét k& da thuc hién dugc tich kénh gifra

hai tryc-dq.

4.2 M phéng dép émg ciia mach vong dong di¢n v6i phwong phap FCS-MPC— —

Current of g-axis

- - T N oo i
o1 SR e
e
o Lu L i i L} - L - & -
o 0.1 0.2 03 04 0.5 06 07 [V} ] 0y 1
' Time [s)
Hinh 4.3 Pap tmg cua dong dién iq
o Current of d-axis
5l
4r E
T -
=2
]
............................. o
- i
] 7
e S g e T T 1,"_ t‘
) CYNM U ,7‘.___1___74'__4_ J_i__n____._l_._; T - - -
[ 0.1 02 03 0.4 0.5 06 0.7 08 08 1
Time [s} ;

Hinh 4.4 Dép tng cua dong dién id

Nhin xét: Tai thoi diém thay dbi gid tri dong dat truc g. Gia tri dong iq bam ding gia
trj dat (hinh 4.3), dong id ciing duge dua tro lai v& gia tri sat gia 0. Gid trj dong dién
truc d sai 1é&ch rit nho tuy nhién khong dang ké (hinh 4.4). Dang dong di¢n cda phuong
phép FCS-MPC co dang khoéng min va van ton tai lugng qua didu chinh mac du rat
nho. Gia tri dong dién dép ung vAn bam chinh xac gia tri dat noi [én sb lugng vector co
s& duge chon lya dap Gng dugc yéu ciu. D4 cai thién do min dong dién ta ¢o thé chon

sb vector co sO tang &n.

B didu khién dead-beat duocd dap tmg nhu trong hinh 4.5 va hinh 4.6. C 4c gia tri
dong dién iq va id dwgc didu khién hoan toan doc 1ap chimg minh kha nang tach kénh
ctia bd didu khién. Kha ndng dap img ctia bo didu khién trong vong N = 2 chu k¥ trich

r

miu dd ching minh tinh ding déan cua phuong phap thiét ké.




Chwong 4: Mo phong hé thong

4.3 Mo phéng dap tng vi tri cia h¢ CCS-MPC va FCS-MPC

I /(T lﬁi_t}ﬁé—déﬁﬁ'rrg”nhanh—cfra—déng—&ién,—mét—cﬁu—t—r—ﬁerd-i-éu— hiénvitri3machvong |

o,

’*”"7(*Hinh*S*)fdﬂQ&thiétfkénhé”lmfkiémir&khéméngiitmxiéc ciia bo diéu khién dbi voi hé

: théng thyc. Thong s6 clia cac b dieu chinh tbc do, bd didu chinh vi tri duge mo ta nhu

trongbang 4.2, — - ——————
i Béng 4.2. Thong s6 bd diéu khi€n
- 5 bé-dié 1en Ky hi¢u Gia tri
Hé sb khuéch dai b diéu khiCn vi tri Kpp 40
T B sb Khuéch dai bg digu khiemtoedy — ke o Ol —mee e o
Hé sb tich phan b diéu khién toc do Kio 10
¥_ermor
}‘
" ‘
1 mm |
Position C_o_mrullar Velosity Conlroller FCS_Contralier ;I_I ']
e — P _ _ -
¥ o) P P - : S e e
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;.
'l: Mogdet of Motor
ol ) \ l
'r ‘..cad
Posilion r

93 e e e
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Chuong 4: M6 phong hé thong

|
x_eror :
B j
I MPC_custom |
Posilion Controller Velocity Conlroller )
M Pz} = ‘%’—Pﬁpl(i}' -
5 . A
i i DeTT
Friction |
: 2
Load
2
Hinh 4.6 Céu tric diéu khién ctia hé véi phuong phap CCS-MPC
Position of motor {
(
0.08 \
e by
R S
0.07
.
0.06 -
0.05
E
0.04
0.03
0.02
0.01

1 1 L L ; | I 1 W

02 03 04 05 08 07 08 09 1
Time [s]

Hinh 4.7 Dap tmg vé vi tri
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1 ] 1 1 3 1 1 1

0 01 02 03 04 05 06 07 08 09 1
Time [s]

Hinh 4.8 Sai 1¢éch vi tri

Current of g-axis

IR A T ST T e TR

[A]

_02 l; 1 1 L 1 | 1 1 1 ] ]

o 01 02 03 04 05 06 07 08 09 1
Time [s]

‘Hinh 4.9 Pap tng dong dién truc q




Chuong 4: M6 phong hé théng

. 7 . >
03 04 05 06 07 08 0% 1
Time [s]

Hinh 4.10 Dép ting dong dién tryc d

Nhén xét:

Khi mach vong toa lyc day dat_-&irqc_dén-g' hoc nhanh va chinh xc thi mach vong

ngodi ta c6 thé lwa chon bd diéu khidn don gian kiu PT vén c6 thé thda man dugc kha
nang dép (mg chinh x4c cla vi tri. Trong bai toan diéu khién vi tri voi hai phuong phap
thiét ké mach vong tao luc diy CCS-MPC & FCS-MPC gia trj dap tng bam chinh xac
gia tri dat hinh 4.8. Cac két qua dap tng vé sai léch vi tri dép Umg dong dién hai truc
dq (hinh 4.8, 4.9, 4.10) ta théy phuong phép CCS-MPC cho két qui tdt hon phuong
phép FCS-MPC. Véi phuong phap FCS-MPC do min cda dong dién khong t6t bing
phwong phap CCS-MPC Ia didu hoan toan hop 1y do tp vector co s& ciia phuong phap
FCS-MPC la mét tdp hiu han, sb vector nay dugc thiét 14p boi ngudi thiét k& diéu
khién va ta chu dong thay dbi duge sb vector co s6 ndy dé cai thién 6 min cia dong
dién.

Mot sé tinh chét tiéu biéu cta phwong phip FCS-MPC ¢6 thé thay thé CCS-MPC khi
bi gidi han v& kha nang x Iy ctia VDK tich hop trong h¢ thdng duge chi ra:

e Duya trén ban chét gian doan cta dién ap cép vao dong co thong qua bd bién ddi,
FCS MPC C6 thé hoan toan co thé bd qua khau diéu ché vector so véi CCS-
~MPC-néu-tdp vector-hitu-han dugc_chon tring vol tip vector co s6, do do giam

khéi hrong tinh todn cia bd diéu khien.
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Churong 4: M6 phong hé thong

e Do tip vector hiru han dugc dmh s&n nén phuorng phap FCS-MPC khong phai

—quan-tAm dén_viéc xac dinh mién gioi han didu ché nhu dbdi véi CCS-MPC.

Viéc ndy cé y nghia quan trong trong mdt sb bd bién d6i c6 mien dicu ché phirc

tap

' Bai toan tbi wu tai FCS-MPC Fﬁn ¢O 1o gial do-mién xac-dinh ctacic- blcrLtOI

vu 12 hitu han, thoi gian giai ngin. Thém vao d6 ham muc ticudang nuuug, nhat
thiét phai dang toan phuong Ngoal ra v01 mo hlnh d01 tucmg du 12 phi tuyén thi

phuong phap khi 46
phuong phap CCS MPC tr& nén kém higu qué do ham muc tiéu khong phai

~ dang toan phuong.

- Cémot-die-diém-ta- e&the_nhan thaym‘_phmug phap FCS= -MPEkhi- tap Veetor-CO.SG .

dugc chon ting 1én tién t6i dién ddy mién didu ché né s& tré thanh phuong phap CCS-

MPC.

- o e



Chuong 5: Hé thc‘;ng phé‘n citng cai dat thudt todn diéu khién

—————CHUONGS

HE THONG PHAN CUNG CAIDAT THUAT TOAN DIEU KHIEN

5.1 Yéu cAu dit ra va-cic vaAn dé ton tai trong thye nghiém- — — - I

Ban thi nghlem dwgc thuc hién nhim muc dich kiém ching céc 1y thuyét da dugc dua
ra & phin trén, Vige kiém chimg nay s& la mot ket qua danh gia chinh x4c nhit cho

nhitng nhan dinh vé k&t qua nghién clru b0 ditu khien cung nhu viéc thanh &p mo
hinh d6i twong. Hon nita, md hirh va tham s6 dong co trong thuc té c6 sai khac v6i md

_.hinh trong ly. thuyét, diéu nay 1a do céc ddc tinh ddng co phu thuge vao didu kién moi

- trudng- thuc nghiém: Ngoai ra, di tugng dong-co-duge su dung- trong thuc nghlem co— -

cong sudt tuong d6i bé nén hang sb thoi glan clia dbi tuong tuong dbi bé. Diéu nay kéo
theo cac yéu cdu dit ra cho nang luc bd didu khién, bd bién dbi va cac hé thong do. Do

- @0, phai dit ra cac y€u cdu cho hé thdng thyc nghiém nhy sau:

Viée trién khai b didu khién phai st dung cac nén tang diéu khién s6 c6 ning lyc tinh
toan manh v phai t6i wu cu trac cac b didu khién.

Thiét bi do phai c6 téc do dap (ng nhanh, cdc tin hiéu do phdi dugc tidn x{ 1y trudce
khi dua vao bod didu khién ( nhu str dung cac bd loc s6)

B bién dbi phai dam bao lam viée duge voi t4n s6 16n dam bao dong dién trong ddng
co khéng lam viéc or ché dd gian doan.

Mic du cac yéu ciu trén co thé dap (mg mot cach tuorng 601 hoan chmh th1 van tén ta1
c4c vin dé khac anh hudng dén chit luong didu khidn. D4i vé6i cac thibt bi 1on, hé sb
gitra dong dién va luc 14 16n va lam vige & dai dong dién cao, do d6 ¢6 thé bd qua cac
anh hudng clia ma sat dbi véi dong co ma sai 1éch két qua van ndm trong khodng cho
phép. Con dbi véi cac thiét bi ¢c6 cong sudt nhé nhu dong co st dung trong thue
nghlem ciia luin an nay, anh hudng cia ma sat dén két qua 1a 16n. Hon nita, ma sat la
mét dbi twong tién dinh va phi tuyén phu thudc toc d6 dong co. Piéu nay ciing cin
duoc xét toi trong qua trinh thuc nghiém.

5.2 CAu tric ban thi nghiém

Dé xdy dung mdt ciu triic thue nghiém tir cac yéu cau da dugc néu ra, mot so do khdi
téng thé s& mé ta cic khéi chirc nang phuc vu cho vén dé thue nghiém

e - 28
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Churong 5: Hé thcfng phcfn cting cai ddt thudt todn diéu khién

Ngubn dién

B6 bién ddi cong suat

B& luu tri chwong trinhva | Xung |- e S

b

Co cAu tao tai

Hinh Error! No text of specified style in document..1 Ciu tric ban thi nghiém
Vi cku hinh midu ta & trén hé théng bao gdm hai phén:

A - A ~ A A " A . 5 A I A [
Phén cirng: Bao gom bd bieén d6i, thiét bi do va co céu tao tal cho dong co, card dicu

Phin mém: Chuong trinh cho bd diéu khién.

V& mit phﬁn cing, dong co tuyén tinh bao gdm 2 cudn ddy 2 pha do do st dung bd
bién dbi 2 ciu H. Do do, viéc thuc hién didu ché cén 4 xung didu ché PWM va ¢6 2 tin
hicu dong dién cAn do phuc vu cho viée dicu khién. Trong phuong phap diéu ché

Y
A

vector khong gian cling can sir dyng tham s6 dién ap Udc d8 thuc hién diéu che.

Dong vai trd 12 trung tdm cla hé thdng, bo luu trlt chuong trinh va xu ly tinh toan s€
quyét dinh cac yéu tb tham gia vao viéc didu khién. Trong khudn khd luén van ndy,
card didu khién DS1103 duge sit dung. Card dicu khién DS1103 duoc thiét ké dé dap
img cic yéu ciu ctia miu thit diéu khién nhanh, hién dai va rit phil hop cho cac tng
dung nhu: didu khién dong co, robotics, didu khién vi tri va dong co bwdc, hé¢ théng
didu khién chéng rung, diéu khién 6 (0.

DS1103 12 mdt hé théng toan dién trong viéc tao ra bd diéu khién miu nhanh chéng.
N6 ¢6 thé gin vio cac cbng md rong PC hoe sir dung hop mé rong dSPACE dé kiém
tra cic chire nang diéu khién trong phong thi nghi¢m hogc tryc tiép trong thiét bi. Sirc

manh x{r ly-cta né va toc do truy xudit cac cdng I/0 la rat quan trong cho cac ung dung

o xir 1y tinh toan didu ché
k)
i N 3 R
Dong dign|  vitri ualub
Pién ap :
A
e e b o - - | Pongeotyéntioh ..
h
F

lién quan dén nhidu bd truyén dong va cam bién. Hé thong su dung vai giao dign thot
gian thyc (RTI), bo mach diéu khién co th€ lap trinh hoan toan tir mdi trudng so dod

29 e




'"ﬂéﬁﬂathéihéngthi*ngh'iém—séduqeﬁxﬁyfdungfnhwtron g hinh v& dudi day.

Chirong 5: Hé théng phan cimg cai ddt thugt todn diéu khién

khéi Simulink. Ngudi dung co thé chu hinh tht c& /0 bing db hoa bing cach kéo khoi
- RTIL Day la mot cach nhanh chong va d& dang d¢ thyc hién cdc chire ning diéu khién.

| DS1103

J

i Bo didu ché dg rong | BG chuyén ddi tuong

- xung PWi ty - s& (A/D)

e =l e e
. ' B R o
| Co chutai

Bo bién adi l

tb-f khuéch dai cong t -

o suét |

i |

EJ | O

f’\‘f:‘ 1

; T T bengootaydnion - P

- P01-23xB0 S

' I N NN rEHE© ETE TRy

. ...__ Hinh Error! No text of specified style in document..2 Chu ta0 ban thi nghiém thurc {
\

Trong phin tiép theo, hé théng s& duge phan tich mot cach chi tiét timg thiét bi.

5.2.1 Phin cing

a) Dong co tuyén tinh P01-23x80/80x140

Pong co tuyén tinh co théng sb nhu sau céc thong s6 do hing san xuét Linmot cung
cap nhu sau.

Bang Error! No text of specified style in document..1 Thong s6 dong co PO1-

23x80/80x140
Thong s6 Ky hiéu | Gia tri | Don vi |
Dién trd pha Rs 10.3 [€2]
86 doi cuc P 1
) ] Bude cuc T 20 fmm]
Pién cam doc truc d Ld 1.4 [mH]
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Pién cdm doc truc q | Lq

=
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Tu théng cuc ¥p

o
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(V8]
wn
—=
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-
G
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Khdi lugng slider  {m
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7""1:)6ﬁ7g’aiéﬁ ‘dinh muc Idm |4 A S
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“ Peak Forge: 44N / I
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Bang Error! No text of specified style in document..2 So dd déu day ddng co

Pau dédy dong co Chan

Ph1+ [Do6 1

Ph1- |Hoéng

o T 7T P2t [ XanhduongT 2T
Ph 2- Xam

+5VDC | Trang

GND Lép vo trong

Al o] w] =l B o

Sine Vang

Cosine | Xanh la

Vo boc | Lop vo ngoai | Vo ddc

T = LR ) i R e e
pa) 'T T T o wn oty Rar R BEE T TR




Chuong 5. Hé théng phan ciimg cdi ddt thugt todn diéu khién

Hinh Error! No text of specified style in document..3 Pong co tuyén tinh thi
nghi€ém

B)*B’@*bi'én*dé'fcﬁngs uét tich-hgp-mach-do

A A

én dong

Hinh Error! No text of specified style in document..4 Bd bién d6i cong sudt tich
hop mach do

Mot sb thong s6 chinh cua bd driver do tac gia thiét ké:

Bang 5.3. Thong s6 mo ta b driver

F‘ Dai dién ap hoat dong 74VDC - 48VDC -
Pién ap diéu khién 24VDC
$6 pha 2 pha
| Dong dién toi da 10 A
Tan sb didu ché toi da 100 kHz
Ché d6 do dong cach ly Co
Ché do do ap cach ly Céo
Ché do bao vé qua dong Co
LE)iéu chinh deadtime Co

——~  ¢)Cochutao tai




Chwong 5. Hé théng phdn cting cai ddt thudt todn diéu khién

Co ciu tai muc dich dé tao ra su tac dong vé mat lyc nham thir nghiém céc tic dong
thay ddi khac nhau d6i véi dong co. Co cdu tai xdy dung trong thi nghiém ndy phai

dam bao dugc cac yéu to: on dinh, sai 1éch co khi nho va théa man cac yeu cau dat ra.

tao tai dé dang tao ra cac thay 61 lwe dang budc nhay. Tai
RS g- arva ' MY ||||| - ' : . N4 nhau

e ——

Hinh Error! No text of specified style in document..5 Co chu tai
Co cAu tai bao gdbm cac thanh phén:

Pong co: 12 thanh phin chinh dugc miéu ta & phan trén,

ehﬁn_dé:tean_bé_héthéng_dug‘e-gén trén mﬁt- d.é nhém 1ao sy én dll’l_h_ QhO_t_Oé.n_ h% e

théng,
Chét chin: tao ra ving khong gian lam viéc giita hai trang thai ¢ tai va khong tai.

Con chay: con chay tao ra mat phéing ty vudng goc voi slider cia dong co la diém
tiép xuc tai cha dong co. Con chay duge b tri trén mot thanh ray bi nham gidm h¢ so
ma sat dén murc thip nhét.

Gia do tai va hé théng rong roc: Gid d& dugce b tef theo hinh chir L nguge két hop
v6i hé théng rong roc thay d6i huéng luc tac dong cia cac qua nang tir phuong thang
dirng sang phuong ngang.

Qua ning: Lyc tac dung & déy chinh 1a trong lwgng cla cac qua néng dugc treo vao
gia d& tai. M&i qua niing c6 khdi lugng m = 0.13kg tuong tng véi luc tic dung xép xi
1.3N. Téi da c6 3 qua nang cho phép tao tii toi da 3.9N.

"""\. e\

.
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Chuong 5: Hé théng phdn ciing cai dgt thudt todn dibu khién

Hinh Error! No text of specified style in document..6 T&i thi nghiém

d) Card diéu khien DS1103

Tinh nang ciia Card diéu Khidn DS1103 kha manh mé véi sb lugng giao dién 1/O 16n

i cho DS1103 trd thanh it board diéu khién lintr hogt cho nhiéu mg dung- dong — —

thési cung cép nhiemimmmréméitmrg&ﬁ%ﬁikéﬁh!ﬂéé‘é:ké‘ﬁﬁ;,&mza"-'
% kénh D/A. Déi vai cac nhiém vu /0 bd sung, bd didu khién DSP duoc xdy dung trén
TM320F240 DSP duge sit dung 1am hé théng phy (Slave). Viée didu khién bo bién doi
yéu cdu truy xut chinh x4c cac diu vdo ra cla céc cbng 1/0. C6 thé dbng bd hoa cac
kénh A/D va cac kénh D/A va cac tin hiéu doc tir encoder, véi tin hiéu PWM bén trong
hoiic st dung tin higu kich hoat bén ngoai.

Bang Error! No text of specified style in document..4 Thong sb k¥ thudt cia card
didu khién DS1103

Théng sb Dic diém ky thuat
CTBaxuly ~~  ~ |LoaiPowerPC- - - PPC T50GX. .
| CPU clock 1GHz
Bo nhd dém 32KB (L1)
32KB(I.1)
1IMB(L2)
Tde dd bus 133MHz
Cam bién nhiét do Thoi gian thye
Bo nhé Bo nhé cuc bd 32MB SDRAM
B6 nhd toan cuc 96MB SDRAM
Timer 2 timer chung 1 b6 timer 32bit bo dém 1
Tai lai boi phin mém
D6 phén giai 1én toi 15ns
| [ bo timer 32bit b) dém tien véi
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Chuong 5: Hé théng phdn ciimg cai ddt thudt todn diéu khién

thanh ghi so sanh

Tai lai_béi phian mém

P§ phingidi 30ns

-] timer trichmau .. ..

32 bit vai b§ dem i

Tai lai b6i phdn mém

D6 phén giai 30ns

1 timer co ban

64 bit v&i bd dém tién

.. |-D0 phén-gidi-30ns — - —

B6 didu khién ngit

3 ngat timer

1 ngét truyén thong UART
1 ngit truyén thong CAN

1 ngat DSP

2 ngit DSP PWM

1 ngt host

4 ngit ngoai cho ngudi dung

[ B4 chuyén dbi tuong tu~

s6 A/D

e - -

116 kénir ghép-kénh dwrge trang bi-t - —

4 miu va giit bd chuyén déi A/D
(4 kénh thudc mét bd chuyén doi
A/D. Chn lay 4 miu lién tiép dé
ldy mAu tét ca cdc kénh thuge mot
bd chuyén d¢di A/D.)

4 kénh song song dugc trang bi
mét miu va gitt bo chuyén dbi
A/D

Luu y: 8 kénh chuyén déi A/D (4
ghép kénh va 4 song song) co thé
duge Ay miu déng thoi.

Do phan gidi

16 bit

+£10V

Dai dién ap ddu-vao
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Chuong 5: Hé théng phc‘in cing cai ddt thudt loan diéu khién

Ngudng bao vé +15V
Thoigian chuyén-d6i—|-Kénh-ghép kénh: 1 ps

* Céc kénh song song: 800 s

Saitgeh — BV —

Sai 1éch khuéch dai +0.25%

: Tys6 nhide ~83dB

Bo chuyén dbi twong tu | Kénh 8 kénh

; ' s ‘DBophangiai . [ 16-bit e I

** Dai dién 4p +10V

. Thoi gian xac lap 5uS

Sai léch +1mV

Sai léch khuéch dai +0.5%

BU sai léch 30uV/K

) BU sai 1éch d 1gi 25ppm/K :

: [T Gt hiewnhita | ~834B ’a

Imax +5SmA 1
Clmax 10nF :f

£' /O Kénh 32-bit duge td chirc thanh 4 nhom A

8bit

g M3i nhom 8bit duge cai dat la

o d4u vao hodc déu ra bing phan

3 mém

‘ Dai dién ap TTL

: Toutmax +10mA

i Giao dién encoder Kénh 6 kénh doc 14p

Kiéu mtrc logic (TTL) hodc kiéu
sal 1éch

Bé dém vi tri

D6 phén giai 24-bit




Chuong 5: Hé théng phdn cieng cai ddt thudt todn diéu khién

Tan sb téi da 1.65MHz

S5V/T.5A

“Giao dién truyén thong { Céu hinh 1 kénh. duya trén chip DAB [
CAN 30C164

Tiéu chuédn ISO DIS 11898-2

CAN

T rate)

Tbc dQ truycn (Baud

Tbi da 1Mbit/s

Giao dién noi tiep

Céu hinh

TL6C550C mot giao tdp UART |

vai FIFO

PLL driven UART chinh xdc véi
tdc do truyén

Tuwong  thich
RS232/RS422

vii chuéan

Téc d6 truyén

Lén tai 115.2 kBd(RS232)
Lén téi 1Mbd

10 kénh PWM
4 kénh Capture

2 cong ndi ticp

[ Nhan phu DSP Kisn Texas Instruments TMS320F240 T — —

DSP

Tén sb 20MHz

Bo nhé 64Kx16 bo nhé mi ngoai
28K x16 bd nhé dir li¢u ngoai
4Kx16 bo nh¢ chung
32KB bd nh¢ flash

/O 16 kénh chuyén doi A/D

| Dai dién ap vao

TTL

e £ —~ ""n\'né LY
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Chuong 5. Hé théng phan citng cai dgt thudt todn didu khién

Céng A/D 0-5V
Dong-dién Thi-da-+13mA
. Giao dién két ndi may H4 tro Plug & Play
“chu — 1Yéu chu mdt ke cAm ISA T6-bit|
: Full-size
Théng sb vatly Kich thudc vat Iy 340x125x45mm(13.4x4.9x1.77in)
Nhiét dé lam viéc 0...500C (32.....1220F)
| Dién&p | +5VE5%, 4A I o
i T e

tasazorzes ]|

D3P

(BETS i Cimenupt - 1
Conirollar.”;

Frper "--_1!""1:"1 [T

NS . ' ’ :
. R . et
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Hinh Error! No text of specified style in document..7 Kién tric DS1103

V6i thong sb k¥ thuat da miéu ta, Card Ds1103 hoan toan dap ung duge cdc yéu ciu
dat ra cho mot hé thong dicu khién.

¢) Két qua xiy dung hé théng thwe nghiém

Hé théng thuc nghiém trong thuc té& duge trinh bay nhu trong hinh.
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Chuong 5: Hé théng ph&n citng cai ddt thudt todn diéu khién

May vitinh -

B bR R B
' i

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

5.2.2 Phin mém

Phin mém thye hién bao gdm 2 phén mém dugc sit dung :

Matlab/Simulink : MATLAB (Matrix Laboratory) la mot phin mém khoa hoc duge
thiét ké d& cung cAp viéc tinh toan s6 V& hidn thi dd hoa bing ngdn ngit lap trinh chp

cao. MATLAB cung cip cac tinh ning twong tac tuyét voi cho phép ngudi sit dung
thao tac dir liéu linh hoat dudi dang mang ma tran dé tinh todn va quan sat. Cac di lidu

vio.cia MATLAB. c6 thé duge nhp tir "Command fine" hoje tir "mfiles”, trong do tap
[énh duge cho trude bdi MATLAB. MATLAB cung cp cho ngudi dung ¢ac tootbox

tiéu chudn thy chon. Ngudi dung cling 6 thé tao ra cac hop cong cy riéng ctia minh
gdm cac "mfiles" dugc viét cho céc ting dung cy thé. Ching ta c6 thé stir dung cac tép
tin tro gitp cia MATLAB cho cac chirc ning va céc 1énh lién quan vdi céc toolbox coO

sin (diing 1énh help).

Controldeck: ControlDesk la phén mém thir nghiém dSPACE dé phat trién céc Ung
dung mot cach lién tuc. N6 thuc hién tit ¢4 cdc nhiém vu cén thiét va cung cap cho ban

mot mdi truong lam vige duy nhit, tir khi bit du thir nghiém dén khi két thuc.
a) Xy dung chu tric didu khién trén phin mém Matlab/Simulink

Trong qua trinh cai dat phé“m mém Controldesk, hé théng sé tu dong cai thém mot tién
ich cho thu vién Simulink ctia Matlab 12 RTI 1103. Trong thu vién nay, cac dau vao ra
ciing nhu c4c khéi chirc nang cua card didu khién sé biéu thi duoi dang khoi (block) va
ciac tham sb di kém. Vige xy dung bd didu khién trén Simulink s& dugc thue hién mot

cach don gian.

[ N

atmeld




o

Hinh 5.9 Céu truc céc bd didu khién xay dung trén phin mém
b) Thiét 1ap giao dién ngudi dung trén Controldesk

Dé didu khién hé théng, phan mém trén Controldesk cho pheép thiét 1ap mdt giao dién
d8 trong tac voi ngudi ding. Viée nap cac tham sb ciing nhw fiy cac dit liéu ra cling
duge thuc hién qua giao dién nay.

rolDesk cho phép ngudi ding thye hién viéc thiét ké bang phuong phap
la nguoi ding chi ¢o thé st dung céac toolbox dugc xay dung sin
trén phﬁn mém dé thwe hién cac chic ndng cin thiét nhu thiét 1ap tham 5§, quan sit gia
tri hodc biéu thi gia tri bang @b thi. Didu nay giup cho nguoi dung nhanh chong thiét
lap mét giao dién diéu khién ma khong cAn phai ldp trinh qua phitc tap.

Giao dién Cont
kéo tha. Co nghia

11— & - ."J"'r\‘\ (ST
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Chuong 5: Hé théng phdn cimg cai ddt thudt todn diéu khién

ol e i e
e d s B w3 % BAR A

Hinh Error! No text of specified style in document..10 Giao dién thao tac trén hé
théng

¢) Trinh ty thwe hi¢n bién dich chwong trinh trén may tinh:

mm P S e P A TP 1 e o S A S .
Budc 1: Mé file Matlab/Simulink b diéu Budc 2: Tién hanh chay file thong 56
khién d3 duoc xay dung bing cdch nhip chudt phai vao file va

chon "Run". Mex file SVM béng cach st
dyng ciu lénh: "-mex SVM.c"

i R R T — w T
B R

naza
10.306

133583
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Chuwong 5: Hé thong ph&n ciing cai ddt thudt todn didu khién

dlch file mé Budc 4: Tai file dlCh co6 dinh dang dudi
sdf vao phan mém ControlDeck va bt

dAu tién hanh thyc nghigm:

Buéc 3: Tién hanh bién
_____phéng bing cach sy dung td hop phim
Ctri+B.

1 o
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- Két lugn va kien nghi R

# KET LUAN VA K

o

2 1. Két luin

L N

o Pé tai di dat dugce cdc muc tidu:
E—Nghlcnm_tﬁ_ﬂg quan vé phuong phap md hinh
y vinh ciru dang Polysolenoid. Thyc-hién phuong —

: cira m6 hinh d& sir dung dugc cau tric tach kénh

Tit mé hinh todn hoc thu duge tac gia tién ha
Polysolenoid dugc ap dung vo1 mb hinh toan hox
phong da cho thay tinh kha thi ctia phuong phap d

" Chc két quA ciia dé i duge oy thé bangcdem

ISI/Scopus (03 Q3)

2. Hwémg nghién ciru tiép theo ciia d@ tai va kién nghi

Tiép tuc nghién ctru cac thudt toan didu khién phi tuyén ¢
thich vinh ctru dang Polysolenoid trén co s& md hinh toan |
vao thyc nghiém.
Tridn khai cac két qua nghién ctru cho céc hé théng rot
Hexapod, diéu khién tay may c¢ong nghiép, hé co dién .
Tién hanh cai dat cac thuat toan didu khién trén hé théng tt
~ qua gitta md phéng va thyc nghiém. Tir d6 tiep tuc cac cdn
quéc té co uy tin thude danh muc ISI/Scopus, 7T
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Thie M6 phéng hé théng. W
14 | TS. Bii Héi Linh Khoa Pién 1ét K& didu khlén, { J NL
Mo phong hé tnong ==
15| TS. Ngn Minh Pirc | Khoa Bién Thiét k€ dicu khién, AN
) - - Mo phonghéthéng. | 7 | R

$. DON VI PHOI HOP LHiNH

Tén don vj

trong va ngodi nudc

N6i dung phdi hop nghién ciru

Ho va tén ngudi dai
dién don vi




9. TONG QUAN TINH HINH NGRIEN CUU THUOC LINH VyC CUA BE TAI

3 TRONG VA NGOAI NUGC

9L T&n quan tinh hinh nghién ciru thude finh vyc clia d8 tai:
Ghuyen—déng—tuyén—t-fnh_limﬁt_dang_Qhuyén dt‘m% duge Egap nhidu trong doi sbng va cong

rffinghiép.,o dai cbng sufit 16n chung hign dién trong co cau truy

n dong ding trong cac phuong tién

alh i&ttc L'm

méy Robot, mdy néng ha, dicu khien cac

thong i
tr, tbc 46 va tac dong nhanh. Do vdy vifc néng cao chit luong

R iao thong nhu tav dié T iy 2
g o g dién [ t'ﬁu dién nhanh sén bay JFK Newyork (2003); Tau-dign nhanh sin bay

a — Nhit Ban (2008)). Trong dai cOng suat trung binh va

dung trong vige didu khién tyr ddng
-"r

[t [1d oaty & 36 chinh xac v

méy cong cy k?t—hu@t%é@N%diéukhién @y |

¢ 3 ¥ a-GCadl
cta hé truyén dong tuyén tinh 12

A t ra véi khoa hoc k¥ thuét hign nay. Pbi twong duge nghién clu & d4y chinh

13 dong co tuyén tinh mye dich tao ra chuyén ddng thing tryc tiep.

9.2, Danh muc cc cong trinh d& cong

' 'ﬂi@h‘_\_{iﬁr}jﬂ}@@—g—iffghiép—-cﬁu..(hp_vc‘z...t.én e gid: bai bdo, dn phdm; cdc yéu

LY

ban)

b thugc linh vye ctia d& tai clia chii nhi¢m va nhimg

t6 vé xud!

a) Cuia chi nhiém dé @i

Rope Length Journal of

1. Multi parametric model predictive control ba
ermanent magnet linear synchronous motors International Journal of Electrical

and Computer Engineering (IJECE) (IJECE, ISSN- 2088-8708), Vol 9, No. 2, April
2019 2019-04 | journal-article; Source: Hong Quang Nguyen

7. Vibration Suppression Control of a Flexible Gant
Control Science and Engineering 2019-02-11 | journal-

sed on laguerre model for

ry Crane System with Varying

L...__3, Modelling Polysolenoid Permanent Sti

article DOIL: 10.1 155/2019/9640814 Source: Crossref

mulation Linear Motors for Real Time

Seience Engineering.

Wheeled Mobile
2019-01 | journal—article DOL

solving linear matrix
Series 2019 | conference

Control Design for

Application

*}_ _ Search S

Simulation Problem]ntefnatzont‘iﬁmmal* ofElectrical E
E-ISSN :
article Source: Hong Quang Nguyen

4. An Adaptive Backstepping Trajectory Tracki
Robotinternationa

5. Tube based robust model pre
inequ

6. A New Approach of a Tube Based
2D Overhead

2018-11 | other
of ISBN: 0783030047917 Part ¢

2348.2273 | P-ISSN : 2454-1222 2019-02 journal-

ng Control of 2 Tractor Trailer

| Journal of Control, Automation and Systems

10.1007/512555-017-0711-0 Part of ISSN: 1598

6446 Source: Crossref Metadata Search

dictive control for disturbed nonlinear systems via
alities ACM International Conference
-paper Source: Hong Quang Nguyen

Proceeding

Qutput Feedback Model Predictive Control:
Crane Advances in Engineering Research and

DOL: 10.1007/978-3-030-04792—4 9 Part
f ISSN: 2367-3370 Source: Crossref Metadata

lectronics & Computer |

W N TS STh

-l s NN

A SN e

7. Adaptive Contr

ol to Load Disturban

Low peed Advances in Engineering
; 0.1007/978—3-030-04792-4 19 Part ofISBN:9783030047917

. ofIS8N:2367-3370 OWT'WWM@@@—--_.

DC Motor Operatesat
plicatioh 2018-11 | other
Part




8. A Laguerre Model-Based Model Predictive Control Law for Permanent Magnet
Linear Synchronous Motorlnformation Systems Design and Intelligent

| Applications 2018 | other _ DOL: 10.1007/978-981-10-7512-4 31 Part

of ISBN: 978981 1075117 Part of ISSN: 2194-5357  Source: Crossref Metadata | |

Search

[}

-article

9. Min Max Model Predictive Control for Polysolenoid Linear Motorinternational |

DOI: 10,1159 1/iipeds.v9.i4.pp1666-1675 Part of ISSN: 2083-8694 Source: Crossref
Metadata Search

10. Study on Controlling Brushless DC Motor in Current Control Loop Using DC-
Link Current American Journal of Engineering Research (AJER). e-ISSN. 2320-

=T 0847 p-ISSN T2320-0936 2018 | jourmal-aticle Source: Hong Quang Nguyen

11.Studying the Effect of AC Source’s Frequencies to Micro Electromechanical
System International Journal of Electrical Electronics & Computer Science
Engineering. E-ISSN : 2348-2273 | P-ISSN : 2454-1222 2018 | journal-article
Source: Hong Quang Nguyen

12.Multi Parametric Programming based Model Predictive Control for tracking
Control of Polysolenoid Linear Motor Special issue on Measuremen/, Control and
Automation JSSN:  1859-0551 2017-08 | journal-article ~ Source: Hong Quang

Nguyen

13. Multi parametric programming and exact linearization based model predictive
control of a permanent magnet linear synchronous motor 2017 International

DOIL: 10.1109/icsse.2017.8030975 Part of ISBN: 9781538634226 Source: Crossref
Metadata Search

14.Design an Exact Linearization Controller for Permanent Stimulation
Synchronous Linear Motor Polysolenoid International Journal of Electrical and
Electronics Engineering 2017-01 | journal-article DOL: 10.14445/23488379/ijece-
v4ilp102 Part of 1SSN: 2348-8379 Source: Crossref Metadata Search

15.Modeling of the Polysolenoid Linear Motor and its Control Problems The 4th
Vietnam International Conference and Exhibition on Control and Automation
(VCCA 2017). Ho Chi Minh 2017. ISBN: 978-604-73-5569-3 2017 | conference-

paper Source: Hong Quang Nguyen

16. Flatness Based Control Structure for Polysolenoid Permanent Stimulation
Linear Motors Infernational Journal of Electrical and Electronics Engineering
2016 | journal-article DOT: 10.14445/2348837 9/iieee-v3i12p110 Part of ISSN: 2348~
8379 Source: Crossref Metadata Search

| 17.Cascade Motion/Force Control Strategy of nonholonomic Wheeled Mobile

~ Conference on System Science and Enginecring (ICSSE) 2017-07 fconference=paper|—

e WWRR N W

PR -

Robotic Systems ACM International Conference Proceeding Series conference-
paper. Source: Hong Quang Nguyen
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b) Cuia chc thanh vién tham gia nghién ctu

* Tai liéu tham khdo
1. Kuang-Yow Lian, Cheng-Yao Hung, Chian-Song Chiu,Li-Chen Fu, "Robust

resistance,” (in B), IEEE Transactions-on Energy Conversion, vol. 23, no. 2, pp. 412-

422, 2008.

| 2 Liyi Li, Chengming Zhang,Baoquan Kou, "Amaiysis and-Suppression—of Detent
Foree in  Tubular Linear Electromagnetic Launcher for Space Use,” inj

| %, Hyunbae Kim,Robert D Lorenz,

El.ectroma‘g‘netic' Launch Technology, 2008 14th Symposium on, 2008, pp. 1-4: IEEE.
3. Min-Jae Kim, Jae-Won Lim, Woo-Gyong Yim,Hyun-Kyo Jung, "Phase Current

agnifude Variation I
Synchronous Motor," (in E), Journal of Electrical Engineering Technology, vol. 6,
no. 6, pp. 793-798, 2011.

t"D" Loren: __'__"_C_a_l_x_'rier—si-gnal—-injeet—ion—based_sensorlcss__gontrol_
—methods for IPM-synchronous-machine-drives;™in Industry Appl feations Conference; | -

2004, 39th IAS Annual Meeting. Conference Record of the 2004 IEEE, 2004, vol. 2,
pp. 977-984: IEEE.

5 K. Khalik Nonfinear Systems, 2 ed. Prentice Hall, 2002,

6. Sung-Yoon Jung,Kwanghee Nam, "PMSM control based on edge-field hall sensor
signals through ANF-PLL processing,” (in E), IEEE Transactions on industrial
electronics, vol. 58, no. 11, pp. 5121-5129, 2011,

7. Ji-Hoon Jang, Jung-Ik Ha, Motomichi Ohto, Kozo Ide,Seung-Ki Sul, "Analysis of
permanent-magnet machine for sensorless control based on high-frequency signal
injection," (in E), I[EEE Transactions on Industry Applications, vol. 40, no. 6, pp.
1595-1604, 2004,

8. Chin] HuangLi-Chen Fu, »Adapiive approach to motion controller of linear

""'—-—----indnction-—mate;with.frictionmmp@nsgtm,f' (in E), IEEE/ASME transactions on

mechatronics, vol. 12, no. 4, pp. 480-490, 2007.

9. Qing Hu, Jiao Wang, Dongmei Yu,Jiefan Cui, "Robust heo controller of mbular
linear induction motor with an artificial neural network compensator,” in Automation
and Logistics, 2007 IEEE International Conference on, 2007, pp. 1988-1993: IEEE.

10.Joachim Holtz, nSensorless control of induction machines—With or without signal
injection?," (in E), IEEE Transactions on Industrial Electronics, vol. 53, no. L, pp. 7-
30, 2006.

{1.Joachim Holtz, "Acquisition of position error and magnet polarity for sensorless
control of PM synchronous machines,” (in E), IEEE Transactions on Indusiry
Applications, vol. 44, no. 4, pp. 1172-1180, 2008,

12. Rolf Hellinger,Peter Mnich, "Linear motor-powered transportation: History, present
status, and future outlook," (in E), Proceedings of the IEEE, vol. 97, no. 11, pp.
1892-1900, 2009.

13.Ugwr HASIRCI, Abdulkadir BALIKCLALl OZTURK, "Nonlincar adaptive
backstepping control of linear induction motors,” in Proceedings Sth International
Advanced Technologies Symposium (14 TS'09), Karabuk, Turkey, 2009: Citeseer.

14.Hamed Hamzehbahmani, "Modeling and simulating of single side short stator linear
induction motor with the end effect,” (in B), Journal of electrical engineering, vol,

o 62,10.5,pp.-302-308,2011.

15.Jacek F Gieras, Zbigniew
transportation and automation systems. CRC press, 2016.
16.P Giangrande, F Cupertino,G Pellegrino, "Modelling of lingar motor end-effects for

J Piech,Bronislaw TomcZuk, inear Synchronous motors:|—

saliency based sensorless control," in Energy Conversion Congress and Exposition




(E:CCE), 2010 IEEE, 2010, pp. 3261-3268: IEEE.
17.Qiang Geo, Greg M Asher, Mark Suraner,Lee Empringham, "Position estimation of
a matrix-converter-fed AC PM machine from zero to high speed using PWM

excitation," (in E), IEEE Transactions on Industrial Flectromics; vol—56;n0-65-pp-

' —2030-2038,2009.
— 18.Francesco Cupertino, Gianmario Pellegrino, Paolo Giangrande,Luigi  Salvatore,

,..Sens'orless_ position control-of permanent-magnet MOtors. withh pufsating current
end_effects," (in E), JEEE Transactions on -

e aneatiny
compensation—of motor-en

in
Industry Applications, vol. 47, n0. 3, pp. 1371-1379, 2011,

19.Francesco Cupertino, Paolo Giangrande, Gienmario Pellegrino,Luig Salvatore,
"End effects in Tmear wbular motors and compensated positiof sensotlesscontrol
based on pulsating voltage injection," (in E), JEEE Transactions on Industrial
| _Electronics, vol. 58, no. 2, pp. 494-502, 2011.
L 20.F Cupertino, P _G_i@'g[a_n@,__L__Sal_vagg;_eﬁ?cl‘legrin‘o,—“SensOrlcSS-pOSitiOﬂ—C-Oﬂtlef___.-......-..__________

linear tubular motors with —pulsating vuitage—i-ﬁjeet.i'eﬁ" and” improved- s 1010) e —

observer,” in Electric Machines and Drives Conference, 2009. IEMDC'09. IEEE
International, 2009, pp. 619-624: IEEE.

21. Alfio Consoli, Giuseppe Scarcella,A Testa, vgensorless control of PM synchronous
motors at zero speed,” in Industry Applications Conference, 1999. Thirty-Fourth IAS
Annual Meeting. Conference Record of the 1 999 JEEE, 1999, vol. 2, pp. 1033-1040:
IEEE.

22.J-W Choi, W-E Yun,H-G Kim, "Tnitial pole-position estimation of linear motor,” (in
E), IEEE Proceedings-Electric Power Applications, vol. 152, no. 4, pp. 997-1002,
2005.

23.A Canova, A Garramone,G Gruosso, "Design and optimisation of two phase tubular
permanent magnet linear motors for custom applications,” (in E), 2006.

""%iK—Bouserh&ﬂeT--AbdelkxinLBnucth@,___Abdcl_djcbar Hazzab, Benyounes Mazari,P
Sicard, "Adaptive backstepping controller design for linear induction motor position |
control," in AIP Conference Proceedings, 2009, vol. 1107, no. 1, pp. 126-131: AIP.

25. A Boucheta, IK Bousserhane, A Hazzab, B Mazari, MK Fellah, "Linear induction
motor control using sliding mode considering the end effects,” in Systems, Signals
and Devices, 2009. SSD'09. 6th International Multi-Conference on, 2009, pp. 1-6:
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10. TINH CAP THIET CUA BE TAL
.Pél_t‘-“?"g tao ra chuyén dong thng tryc ’tiép sir dyng ning lugng din trong cén;
nghi¢p hi¢n 12 dong cu t“yéf} tinh, Déng co tuyén tinh c6 wu didm vugt trdi so véi cac doi

twong tao ra chuyen dong thing gian tip Khéc thé hign 0 céc myt sau: Don gi-én—vé—mat—két

T:ﬁﬂofkhi*defloai—b6—dug&eé&Ph5n—tfr—trung—gian—do—dé—giémduqcfchi,phi béo dudng van

hagh, ting dugc gidi han trén vé e ddy va gia tbe,it gy bn khi lam vige, béo dudng ciing

_ | hoc...). Thira ké, tham khdo céc két qua nghién ciu gan v ¢6 lién quan, Tham gia cdc dicn
dan, hoi thao khoa hoc trong va ngodi nude, trao 48T c4c y Tuong va kétqua nghi€n ol véi-

%a min 1a. d6 chinh xdc v vi tri cia cdc h¢ thong

g d—uy el

| 96 dang hom, tudi tho trung blnh dai hon. Mot yéu-chu phai dugc djt ra trong cAc hé truyén

khi st dung dng co tuyén tinh. Dy 12 bai toan lién quan dén van the, gia tde, thoi gian dap
{mg, kha ning ding chinh xé4c. Bé giai todn ndy chinh 12 yéu cAu djt ra vai viée thiét ké b
didu Khien cho d0i Wrong dong cJ Wyen tinh.

11. MUC TIEU DE TAI
Nhitng tiém ning cfing nhu vén dung cila dgng co tuyén tinh trong cong nghi¢p

T j‘@ﬂﬁ_n&’p_lﬁt_'_t_r_i_ég:v}'r_}l_nfr_l_l__glr_uj em vugt tedi véchét fugng dong-hoc-cling nhu-kha 0ANg . ..
—am@nghaa—cae—trengeéc—dﬁyehuyén—sé-n—ﬁﬁ%i’t?@ﬁ?ﬁiﬁqé@:gﬁ'ﬁ"g‘ tanhvoi-cac-thiét-bi-|

phin ciing thi nhi¢m vy thiét ké b6 didu khidn cho ddng co tuyén tinh chinh 12 mot yéu cau
chp thiét dugce dat ra,

12. DOI TUGNG, PHAM VI NGHIEN CUU

12.1. Dbi trgng nghién cru: Dong co tuyén tinh déng by kich thich vinh ctru.

12.2. Pham vi nghién ctru: Xdy dyng m ta toén hoc cho dong co tuyén tioh kich thich vinh
ciru. Phén tich cc phuong phap thiét ké chu tric diu khidn cho hé théng truyén dong tuyén
tinh si dyng dong co vinh ciru. T‘ién hanh md phong thi gian thye, danh gia dinh tinh vi
dinh fugng hiéu qui cia céc b dicu khién duoc thiét ké.

13. CACH TIEP CAN, PHUONG PHAP NGHIEN CUU
13.1. Céch tiép cdn: nghién clu Iy thuyét va thyc nghiém.
13.2. Phuong phap nghién ctru: Nghién clru trong tai ligu (tir cc sach, bai bao, tap chi khoa

¥

c4c nha khoa hoc trong va ngodi nuée. Thir nghiém teén md hinh hod bing mdy tinh va trén
thiét b thyc .
14, NOI DUNG NGHIEN CUU VA TIEN PO THUC HIEN
14.1. Ndi dung nghién ciru: i . )
- Nhom céc phwong phép diéu khicn tach kénh trirc tiép 4p dung cho déi tugng dong
¢o tuyén tinh ddng b kich thich vinh ctru. ' ‘
 BAo céo cic bai béo biing tiéng Anh (14 sin phim cda dé tai sau khi duge chp nhn
dang) tai hoi thao don vi
14.2. Tién &b thuc hién

N\ BSOS

(o . aa ..z | Thoigian
orp|  Coondidung congvic | SANPRAT) bt dhu- | Ngwoi thyc hién
thye hign kit thiic)
|| Xay dung thuyt minh dé tai Baocho | 7/2019 | Nguyén Hong Quang
2 | Thidt k& didu khién cho mach |Bao cio 17/2019- | D4 Trung Hai
vong dong dign 10/2019 ,,
3 | Thiét ké diéu khidn cho mach | Bdo cdo 7/2019- | Nguyén Vinh Thuy
vong the d0 10/2019 ]
7 TThiét k& didu khién cho mach | Béo cdo 7/2019- | D3 Thi Phuong Thao
o \vemgwitd o 10/2019 ~
5 | Mb phong mach vong dong dién. | Bdo cdo 7/2/023!-9 Nguyén Thi Chinh
1072




—% M phong h¢ thong v6i hai mach | Biocao | 7/2019- | Lam Hung Son

 vong dong dién va toc 49 10/2019
77 [ Mb phong hé théng v6i ba mach | Béo cao | 7/2019- | Vii Xudn Ting
= ﬁqgiiéngdi&n,_tﬁc_d@, vi trf 102019
—3 [ Mo phong hé thdng voi tac dong | Bao cho | 7/2019- | Dwong Hoa An
ctia nhidu tai. 10/2019
— 5 Phuong phépmé-hinh-hoa—tong | Bho cde—-#/2010- Nguyén Van Huynh
quitcho dong co tuyéntinhdong | [1072009 )
__b_gl(_igh_tllic‘l'l vinh cfrq
10 | Cau tric dicu khién tong quét cia | Bao cho | 7/2019- | Duong Quynh Nga
gong cotuyen-th dong-bo-ldeh 10/2019
thich vinh ciru
11 | Phuong phép dieu khién dy béo | Béocdo | 7/2019- Tran Thi Hai Yén
= | ¢hio_mach~vong-dong-di¢n-theo-|- ———- 10/2019 S I

rhrohatlien tuc ebabo bisadsi [~ |

72 | Phuong phap didu khién dv béo | Bocao |7/2019- Nguyén Duy Truong

cho m'a'ch vong dong di¢n theo 10/2019
tinh chat gian doan cua b} bién
doi
13 | Ditu khién Dead-beat cho mach | Béo cdo 772019- | Ngo Thanh Hai
vong dong dién. 10/2019 —
14 [ Picu khién tuyén tinh héa chinh | Béo céo 7/2019- | Tran Thj Thanh Thao
«ic cho dong co tuyén tinh 10/2019
PBKTVC -
15 | Diu khién tinh PBKTVC theo Baocdo | 7/2019- | Bui Hai Linh
nguyén 1y phing 10/2019
o Y U I TR < YV | 11/2019- _ s 7.9
16 | Viét bai bao quoc te Bai Bao 32020 NguyénHong Quang — -t —— {— -
7 1. . s Béocho |4/2020- | Nguyén Hong Quang
Bao cao bai bao 1 6/2020
13 TVid bdo cdo c4c ket qué nghién | Bdo cdo 772020 | Nguyén Hong Quang
curu
15. SAN PHAM

Yéu ciu chat lugng san pham
L 2 (mé ta chi tiét chdt hegng san phdm
STT Tén san pham S0 hrong dat duwoc nhue ngi dung, hinh thikc,
cdc chi titu, thong 56 kj thudt,...)

1 |San phém khoa hgm khoa hoc s& dugc cong bd: séch, bai bao khoa hoc, ..)
Li Babhoquécts | oL ISV SCOPUS Q2

12 [ Baibsoquicth o |7 1sUscopus Q3
Il | San pham dao tao (ctr nhan, thac T, tien si,..): 0

I | San phém ung dung: 0 . y < .
16 PHUGNG THUC CHUYEN GIAO KET QU NGIIEN CUU VA PIA CHI UNG DUNG

~ | 16.1. Phwong thirc chuyén giao:

16.2. Dia chi éng dung o . o
17. TAC DONG VA LQL {CH MANG LAI CUA KET QUA NGHIEN cUu

17.1. Déi véi linh vige gido dyc vé dao 120

v, Whﬂg va cong nghé cd lién quan




- bAGNE PHI THYIC HIEN DE TAT

173, D01 voi phat trién kinh te-xa hoi

17.4, Dbi v6i td chirc chi tri va cée co sé mg dyng két qua nghién clu

T4ng kioh phi: 160.000.000 D

1~

Bing chit: Mgt triim sdu muoi trigu dong chin

Dhr todn chi i€t cde muc chi dinh kém c6 xde nhdn cia cde don vi lién quan.)
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py TOAN KINH PHI DE TAI KH&CN CAP TRUONG NAM 2019

. Ma sb: T2019-B13

_( mﬂc\hiém 4 thi: Nguyén Héng Quang

TgTEﬂ 4b thi: Nghién ciru chu trtic didu khidn tach kénh trye tiép cho ddng co tuyén tinh dbng b

 kich thich

B x s X ) .
£y gm*viénfchinh: D% Trung Hai, Nguydn Vinh Thyy, B Thi Phuong Thao, Nguyén Thi Chinh, Lém Hung
. Vil Xuin TONE, Duong Hoa An, Nguyén Vin Hujnh, Dwong Quinh Nga, Tran Thi Ha yén, Nguyén
Ngo ThentrHat; Fran—Thi Tharh-Thio; Bii-Hat Hinks
- ST T DYT: VND. —
-'SﬁT_________ N§i dung Dy todn
“/ Hé 50
titn cong lao dfng tham gi tbo
1 |Myc chi tidn cdng lao ddng tham gia trye S6 ngdy | cong
: . N i Thanh tién
1 | 1) gurdi thyre hign cong | theo
R et R ngdy
e _ - ) e
i . . -1 - - -] o
| 11 |Xéy dymg thuy&t minh de tai Nguyén Hong Quang 3 0,45 1.876.500
=itk dieu khién cho mach véng dong
1.2 |dign b3 Trung Hai 13 0,3 5.421.000
13 |Thiét ké diéu khién cho mach vong tbe 46  |Nguyén Vinh Thyy 24 0,3 10.008.000
| 1.4 |Thiét 16 didu khidn cho mach vong vitri D3 Thi Phuong Thao 24 0,3 10,008.000
|-1.5 | Mo phong mach vong dong dién. Nguyén Thj Chinh 24 0,3 10.008.0084a
b 4 re . V.d
i, M6 phong h¢ thong voi hai mach vong . 70
f_’ 16 dong dién v Wéo 85 Lém Hing Son 24 03 10 A ;g}é
& vl . £ e s TNnY X
15 -M&phenghémongvmhmwhxbngg@g _ ) o rFHU
117 en, o do,vi i XudnFing - —— |24 |03~} - -1 g 430 LT
- P . th‘ % tac d 5 h.s.- v
8 :‘:ia phong hé thong vdi thc dang clia mhies | oo ag An 14 | 03 10.08EPR0
Phuong phép md hinh héa tdng quét cho
1.9 1dong ccrtuyén tinh ddng b kich thich vinh Nguyén Vin Hujnh 24 0,3 10.008.000
el
110 |C4u tritc didu Khién tng quét cda ddng co |Duong Quynh Nga 24 0,3 10.008.000
tuyén tinh ddng b kich thich vinh ciru
Phuong phap didu khién dys bao cho mach
1.1 [vdng déng dién theo tinh chét fién tye cha Trdn Thi Hai Yén 24 0,3 10.008.000
b bien dbi
Phuong phép diéu khién dy b4o cho mach :
1.12 |vong dong dién theo tinh chat gian doan Nguyén Duy Truong 24 0,3 10.008.000
ciia b bién db
: Ditu khién Dead-beat ch h vong don ..
L3 gen eat cho mach vONg GONE 1aros Thanh Hai 24 03 10.008.000
Didu khién tuyén ti : 3
114! uyen tinh hoa chinh xéc cho —
| '*ddng cor tuyén tinh DBKTVC Trin Thj Thanh Thio 24 0,3 10.008.000
——— | |Piéwkhiém tin PBKTVC theonguyén-ly
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1. INTRODUCTION

During the past few years, tubular linear synchronous motors (TLSM) have been intensively applied
to various applications including robotics, transportation, and vehicle systems because of the absence of me-
chanical reduction and transmission devices (gears, lead screws, efc,) permits to obtain higher precision and
reduced dimensions in comparison with rotary motors. Recently, the merits of using TLSM have been pointed
out by [1-3], which can be listed as low cost, the durable structure, reliable operation. In addition, there has
been a large number of researches devoted to applications of TLSM such as active vehicle suspension[4], the
planar magnet array [5], jetting dispenser [6}, and two-dimensional nanopositioning [7]. More recently, the
progress of modern control engineering has been toward the tracking problem of TLSM, which can be noted
as thrust optimization [8], model predictive contral [9, 10] and fuzzy control [11, 12].

Tubular linear synchronous motors whose structure (see Fig. 1) contains a tube (slider) with mounted
drive magnets, and three phases winding in stator placed differently 1207 of electrical angle. Without auxiliary
reducer or transmission, TLSM is capable of operating effectively by eliminating mechanical hysteresis. That
however also rises the sensitiveness on the movement of slider due to frictional force, load variation, and non-
sinusoidal Aux. These unexpected forces shrink performance of the motion system both the transversal and in

. the longitudinal direction. In recent years, there has been a majority of works devoted to improving the position

Journal homepage: htip:/fijece.iaescore.com
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Figure 2. Typical field-oriented control (FOC) diagram of TLSM.

The organization of this paper includes 5 parts as follows. The next presents a dynamic model of the
TLSM in d— g axis and shows the main problems in sensorless control of TLSM. In section 3, a unique velocity
observer is introduced, and asymptotic convergence of observer errars are proofed. After that, in section 4 the
position-velocity tracking control system for TLEM is proposed. Later, the verification of whole system is
demonstrated by simulation results in section 5. Finally, conclusions are summed up in section 6.

2.  PROBLEM STATEMENT
As aforementioned, the TLSM has three separated wingdings a,b,¢ which contain three AC currents

as follow

where w is electrical velocity of the motor. Notice that the electrical angular position of TLSM can be expressed
with respect to primary position as

0(t) = ~a(t), w(t) = Zu(). (1)

By using Clarke and Park transform combine with (1), the dynamic model of tabular linear motor is expressed
in d — q as following.

30 Ly - 0
b T+ (27%@ i) + a0, “
di R, . 2 . 2 !

H? _ 7qu(t) _ (;1?“)) ""n‘.(t) - (—::'U(t)> t‘l‘){' + -I:‘U.q(t)a (5)

where i4(t},7,(t) are the stator current projected in d, ¢ axis; the linear velocity and position of rotor is denoted
as w(t), z(1); ¥y is the flux of the permanent magnet; Ry, L stand for, respectively, stator’s resistance and
inductance; m, T represent for the slider’s mass and pole step length. The inputs voltage of system in d — g axis

_aredenoted as_ug(t) and ug(t}). The disturbance consists two factor, the first one is the disturbance load fe{t),
the other one is the force generate by inductance fluctuation [2 cnmﬁimiﬂﬂmrdetenrforcef[%&}fwhiehfirsi _

represented as fm (f).

A Sensorless Approach for Tubular Linear Synchronous Motor (Nguyen Hong Quang)
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To be specific; the reference-position-and-velogity-of the TL SM are denoled as z{t), vr(t). The goal
' of this research is to control both position and velocity of the TLSM, by which the actual position and velocity
——follow the desired Trajectory, T (1) andop{t) with desired-small errors-and robust against the load variations. |
In fact; rotation motors can be easily setup velocity measurements by attaching-a encoder-or resolver-thatof- . -
. linear motors however is challengi hi iti i tor like humidity, :
temperature, vibration. To alleviate these concerns, 4 novel observer is designed to estimate the velocity from
available data of the position and current sensor. In addition to concern reluctance effects and force ripple

TE ; (1) = 0.

3. VELOCITY OBSERVER DESIGN
o e Shortly,fet-us.definc f(t) as.the.sum of disturbance i.c fa(t) = L fe() + 7 fm(2). Furthermore, the
sy e diirbance is-assumed-te-be-bounded-such-that .. .. o o

2t < Fray [fa(t)] € dFm, 6

where Fy, and dF,, are given positive constants. The following observer plays a key role in the derivation of
our approach

{j(t) = B{l)+ oe (E(t’) - i(t)): Q)
)= BEig() + po(2(t) - 2(2)) + ysign(a(t) — 2(2),

in which pg, gy, y are real positive constants, and #(0) = z{0). Let Ft) = z(t) — £(2), (L) = v{t) — o(t),
then the observer errors dynamics can be obtained by the help of (2), (3) and (7) as following

B(1) = —peE(t) + (), ®
H(t) = —puE(2) — ysign(Z(t)) — fult)-
.~ “Thefollowing theosem pravides a choice of observer parameters gz, pv, Y bY which the observer (8) are well-

posed.

Theorem 1 For proper positive constants o > 0, fet pg, Py Y Satisfying

PxPo 0 =9 l: Pyt %PE %p:c
Q . 9
[ 0 ] Z o, 1 )
oy
7;’“” - '0—2—‘”‘ L dF, > 2a(y + Fn), (10)

the system (8) is exponentially stable. Moreover, there exist c1, ¢2 > 0 such that
|E(t)' < cle“‘“, |_P$E(f') "r"lj(i)l < (:264“'-_

Proof of Theorem [: Denoting ( (t) = F(1), C(t) = —pE(t} + 0(t) and (1) = |G (1), ()7, then (8) can
be rewritten as
Gi(t) = Glt),
Ealt) = — paf(t) +50) an
= f’mC'Z(f‘) — Gt} — ysign (Cl (’)) - falt).

Examine the function as follows

2 Ty
c) = 50+ (% + 2) GO+l + St + Fa0G0- 12

And recalling that 4 > F;:we have 'ylgl(t)| > |j'd(1)ql(t)|. Then, V;(¢, (L)) is a positive real fometion,
furthermore it has Vi (t,0) = 0, Vi (£, ¢(#)} > 0 ¥C(t) # 0, and Vi(t,((t)) — oo as j1¢{t)i| — oo, According

Int J Elec & Comp Eng, Vol. x, No. x, August 202x @ XX — XX
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tﬂfsolutiﬂn—off(—lflf)rletfusftakc,the,timeﬂc[iyative of (12) as following

= 220 + Ja0G () + GO (=) —sign(G (1) = fe(®)

fx Pflar—ra R SR . S
=-5eHh-=5 Cl("-)+Cl{tJ\—-Q—SlgﬂLmI)}—Emmua)ﬂd(n})- 43

Using <y in Theorem 1, it is worth mentioning that

R ik £ AL i

In the light of (14), (13) results in

y z U T ;EFm
Wl < - G0 - P - (T2 - —aFn )l (0 (15)

From (10}, (15) is ensured by

—

Vit ¢() < %g?‘(t) [ pot 0% 4

§3 e o0+t Flo)

By recalling conditions (9) and (10), it leads to Vi(t, (1) € —2aVi(t,¢(t)). Then, using comparison lemma
in [29, Lemma 3.4] and the initial condition F(0) = (0} = 0, we have that

Valt,C(0)) < Va(0, 02 = £ (0)e 2,
Accordingly, ¢1(t) and (2(t) exponentially converge. Then, exist ¢1, ¢z > 0 such that ¢2(t) < ciVit, {(8)),
(1) < 3Vi{t,£(2)). Obviously, the theorem I is proved.

Remark 1 With the assumption of no load disturbance (fa(t) = 0), the switching ferm in (7) is o longer™

needed. By excluding the switching term, the proposed observer be become the high-gain observer as in [30].
Hence, the observer (7) can be seen as an improvement for high-gain observer that address to handle the
impact of disturbance.

4, CONTROLLER DESIGN

Using a cascade control strategy, we scparate the TLSM system as presented in (2)-(5) into two sub-
systems which are position-velocity (outer subsystem) and current subsystem (inner subsystem). It should be
noted that the time response of inner subsystem is much faster than that of the outer subsystem. The two control
loops are present as follows.

4.1. Velocity-position controller
For simplicity sake, The desired velocity and acceleration is respectively denoted as v.(t} = (),
a,{t} = 0,.(t). Further, we define these following symbols

3wy B 3
a = ',n?r e:ﬂ(t) = :I:(t) Ir(t)= (16)

eu(t) = v{t) — ve(t), Ea(t) = o(t) — ve(t),
And follow the position-velocity subsystem in (2)-(3) becomes
ém(t} = ev(L))
ey(l) = oty — a. (8 — falt),

__In which 4, stands for the reference guadrature current which is assigned to inner control loop. Apply the
assumption that 4,(t) simultaneously track ig. Then, feplaced i, with 4, (t) T (17)—The-controllerfor-outer
loop is provided as i

(N

A Sensorless Approach for Tubular Linear Synchronous Motor (Nguyen Hong Quang)
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Theorem2—Consider

. 1
it = = (an(t) = kgea(t) = kutu(t), (18)
— - - 7 A DR 7 - — :
- I ks ko € R large-enough-constants, then, the outer loop (17) is stable, and e (t), e,(t) converge to - -

arbitrary smatl values.

Proaf of Theorem 2: Using notations in (16), it lead to &,(#) = e.(t) — B(t). Then, (17) can be rewritten as

ém(t) = eu(t’)'n (19)
éu(t) = —kzex(t) — Kveu(t) + kuB(2) — falt).

= ——=—— -Ox sdying the control-performance and--stabi-lity-of-the.clesed.loop_systcm..aJ-yap!.l_nmf_sl_aﬂd._i.d_ME fonctionis 0000
_____app tol]dw]ng e —— ——— - M e e e S PP - ——— e PR L. - - - —— e —— .-

Va(t) = 2 (ks + KD + 3650 + exlden(t) + A0

By using (19), it establishes that

Vo(t) =(kz + kydex(f)en(t) + eu(t)éu(t) + €5(2) + ex(t)éa(t) + ()
kg2 (t) — (ko — 1)E2(8) + kB(D) (ex(t) + eu(t)) — fa(t)(ea(t) + en®)) + i), Q0

From (15), it is clear that Vi (£} < — & (pz(i(t) + G2())? = Z27%(t). By applying the inequalities as follows

5 (ea(8) + eu(D)] Seae2t) + 00+ (o + 70 )70

F2
| Falt) (e() + eu{D))] Sfﬁ +ep(e2(t) + €5 1)),
“~wheere gy, €57€T 0 from 20y we obtainthat - — - - - .

Vo(t) < — (kz — €2 — ep)e2 (L) — (ky — €y — € — L)e2(t)

pr 1 1N 2 @n
(8 de, 451,)” B+ 2,

Accordingly, by choosing

km—ﬁz—fle,
by —ty—ey—1=1, 22)
2p, —e;l 4651 > 0.

Then Va(t) < 0 for all (e(t), e(t)) ¢ € where

F‘Z
52{(e1.,eu)em2:e3+e?,gf-}. (23)
!

It implies that the tracking errors (ex{t), € (t)} enter £ in finite time due to V(t) < 0. By choosing ¢/ large
enough, the tracking errors can converges (o arbitrary small values. Intuitively, the Theorem 2 is proved.

4.2. Current controller

From the fact that dynamics of the current loop is always much faster than that of outer loop, the
reference i can be assumed to be unvarying in inner-loop control process. Additionally, the inconstancy
in inductance cause by end-effect phenomenon can be neglected. Continuously, the following notations are

~ _provided

i (1) = ig{t) — 13, €ialt) = alt) = il

Int J Elec & Comp Eng, Vol. x, No. x, August 202x : XX — XX




Int J Elec & Comp Eng ISSN: 2088-8708 o 7

Position-Velocily Controller | Park” Voc |
1
iy i u Z
[ Currant o d.g “—+| Space LI\ =
3t - L controller |- ) JL'”’rvu;jéleﬁull?:;lroh SN ANy I
me || © a.f
| 1 a|l B| ¢
. r i
i i, dg .u' a,p ’.u B |
| In Iy ‘
—————— i, a.p T ;
I A U Park Clarke |
| i s
| 3,”,,# P Eleclricat sm(€
) [ N Fentiny e dogree | ..c(@
j m é . Friid cafeulatorfe——4 T W T T T T 7T

Figure 3. The proposed control diagram for the TL.SM.

In what follows, let us establish a modified PI controller which cooperates with the velocity observer in Section
3. The current loop can be consider as two parallel current system and therefore can be controlled by two

PI-like controller as follows

t 2L
ug(t) = Ryiy — kaeia(t) — ksdfo eia(€)dE - ——1g()0(2), (24)
T R T [ el (e Yo e
In which kg, Kp, k., kiq are positive constants. From that, the inner closed-loop is derived
bty = - B2 K [ Zag(omo), e
bty = - 1 B0 - B [ erae - (Zaa + 22 50 @

Using the same method which presented in subsection 4.1, by applying the Lyapunov candidate function as
follows

v(f)—V(f)+lp2 (r)+le? (f)+ki“ f eid(€)dE 2+ﬁ fr eiq(€)dE : (28)
) =Nl + 5ol T 5T ap fy TR o\ Jy, T )

It is clear that the tracking errors of both quadrature and direct current converge (0 Zero. In concluded, the
control scheme whole system is describe in Fig. (3).

5. SIMULATION RESULT AND ANALYSIS

TLSM is used in this simulation has the parameters as follow: Ry = 10.3(0hm); m = 0.171(kg);
L = 1.4{(mI); n, = 1, 7 = 10{mm); vy = 0.035(Wh). This motor is mounted a position sensor in which
output data are sin(f} and cos(f). The control performances of the sensorless approach are verified by wo
difference simulation scenarios. On one hand, the first scenario verifies the effectiveness of the control system
in the case of no measurement noise affect the TLSM. In the other hand, the other test is done with the impact

of measurement noise to the pc}srit’iion feedback signal. In both scenarios, the USIng controller;, observer-and
disturbance load are the same.

A Sensorless Approach for Tubular Linear Synchronous Motor (Nguyen Hong Quang)
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Figure 4. Position and velocity behavior of the TLSM.

The simulation of the observer based control for TLSM is ran on MATLAB/Simulink with the chosen
sampling time is 1073(s). The load's disturbance applied to TLSM given by: fe(t) = 3 -+ 16 5in(201) +
16 in{601) + 22 sin(100t). It is worth mentioning that, in practical case, fm(¢) is very small in compare with

bid

Je(t). Thercfore, we take =60, dF;, = 2000; From (9), (10} observer's parameters-(7)-are-given.by . .

pe = 10%, p, = 2.10%, v = 100, a = 30. Following (22), the pa
K, =108, ky = 2.10% kg = Kp = 10, kig = kug = 104,

5.1. None measurement noise case

rameters of controller block are chosen as

As mention above, the feedback position from sensor is assumed perfectly accurate, the initial errors
of observed position and velocity are chosen as Z(0) = 0, 7(0) = 0.1. As illustrated in Fig. 4, the actual
position and actual velocity of TLSM follow the desired trajectories. Also, there are variations in tracking

errors in Fig. 4—(c),(d) during the response period of the observer,

The TLSM is affected by the disturbance

load as in Fig. 5-(d), although, the error still converges to zero in less than 0.1s (Fig, 5—(c)). During this
interval, the motor stay still, which is the advantage of propose velocity observer comparc with the other EMF
-based techniques. Accordingly, Theorem | is verified. Furthermore, under Lhe disturbance load, the position
tracking is still maintained. Fig. 5-(c) depicts that the actual quadrature current i4(t) follows the desired signal
ig. With the high precision tracking and quick response time, the simulated results confirm the preformance of

the propose control system for TLSM.

572. Presence of measurement noise case

In this case, opposition from the first case, The data from position sensor is assumed (o contain mea-

surement noise as follows
Tmeas{l) = (1) +n(t),

in which Z,meqs(() denotes the measured signal from the position sen
is normally modelied by a white process. Difference from the firsi ¢
__not equal to zero due 10 the measurement noise. Therefore, the initi

29

sor, and n(t) is a noise measurement which
ase, the initial error of observed position is
al errors of observed position and velocity

are chogen as Z(0) = 51073, 3(0) = 0.1. As illustrated in Fig. 7—(c),(d),*ﬂm'rbetween*actua]*andf'——7 —
observed vatues converge in approximately 0.1s and no greater than 0.05(rn/s) with velocity and 0.002(vr)
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Figure 7. Time response of the TLSM under measurement noise.

with position errors. With the measurement signal as depicted in Fig. 6-(a), the widely used method which
consist low-pass filter combine with derivatives can not obtain the accurate velocity. Overall, the proposcd
_ cgﬂt_r_qﬂel_'__s_ti_l!__qgtweigh in position tracking control, as depicted in Fig, 6-(c),(d).

Remark 2 Under the impact of measurement noise n(t), the traditional method {31] which obtain the velocity
via a differential calculation of measured position can not estimate the actual velocity. It should be noted
that employing low-pass filters on measiwred signal seems to be ineffeciive because the measurement noise
often is not considered a deterministic signal. Additionally, the use of Kalman Jfilter [32, 33] in this case
possibly resulrs in the large velocity estimation ervor due to the effects of unknown disturbance load in velocity
dynamics. Further, at low speed or stopping operation, the value of EMF could be unreliable or vanish, the
EMF approach [19, 24] leads o the difficult and inaccurate velocity estimation. From the above analyses of
previous approaches, the proposed method shows advaniuges in the velocity estimation in the ocenrrence of
measirement noise nl).

6. CONCLUSION

This note has provided a novel technical solution for the sensorless tracking control problem of TLSM
under the lack of velocity sensors and unknown disturbance loads. The main contributions of our method
have based on the proposed velocily-observer, which ensures asymptotic the convergence of observer errors.
By cooperating with the observer, the position-velocity tracking controller and current controllers have been
constructed by using Lyapunov direct method. These controllers have ensured that the position and velocity
error converges to arbitrarily small values by choosing properly control parameters, In later work, the current
sensorless control will be taken into account with no further sensor requirement in control TLSM.
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Abstract: Linear motor produces direct linear motion without intermediate mechanisms. 1T rs-usuarly-fed-by—5
solid-state power supply. In this paper, 2 two-level voltage source inverter is designed to supply the ‘
Polysolenoid linear motor. Hardware solution and control rules of set of solid-state switches are proposed in
order to implement voltage vector modulation technique of the inverter. The results are necessary for closed
loop control of Polysolenoid linear motor. _ I - :
T __"WsTEiWMﬁtUr;'PUlysolerroid-l;:inear-Motor;—Permanent—M—agnet—Linéﬁt-S_ynéﬁfoﬁdiié-Mi)tb?q; SVM, "

FOC.

1. Introduction
Polysolenoid linear motor (PLM) is a type of tubular permanent magnet linear synchronous motots, its
working principle is mentioned in [1-14]. PLM is widely used in industry [15-20], it plays an important role in
applications of parallel robots. PLM structure is shown in Fig. 1.
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Figure 1: Polysolencidlinear Motor |1-2].

The PLM analyzed here has a distinctive feature compared to the other types of linear motor that is 2-
phase power supply. The motor stator consists of two windings and the windings arc arranged so that the
voltages of the two phases will differ by 90° electrical degrees. To implement closed-loop control technique
based on FOC principle, the inverter used to power the motor will be different from the inverter used for three-

phase motors. This is the content that is focused on clarifying in this study.

2. FOC-Based Closed-Loop Control of PLM

PLM has working principle inherited from the rotary motor, so most of the researches on this motor are
derived from the content done for the rotary motor because of the similarity in structureof the two groups of
motor. Similar to the control methods applied for rotary motors, there are two main directions in control

methods for PLM, vector control principle and scalar control principle.
The studies applying the principle of scalar control are mentioned in [21-28]. These control methods
S aim-at maintaining-a-constant flux-in the air-gap to_control torque, slip, etc. However, these methods encounter
obstacles, when the load changes leading to the stator voltage drop due to the change of the stator current.
Control methods based on the principle of scalar control have the advantage of being easy to apply to industrial
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equipment due to simple control rules, but they face difficulties in improving the quality of motion, especially in

low speedregions. -
The studies on vector control principles mentioned in [5,6,29-35]. In this group of methods, an explicit

model of the quantities of current, voltage, and flux represented in vector form need to be built,
Similar-to-the control scheme-of permanent magnet_rotary_motor_in_[29], the structure of closed-loop

ol L

control of PLM is shown in Fig. 2.
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Figure 2: FOC Control Structure for 2-Phase Linear Motor, The Windings are Powered
Independently.

In the implemented multi-loop control structure, the current controller Ry is designed decoupling in
order to make the current dynamic linear, after that PI controllers designed by traditional methods are used.The

speed controller R, also uses P1 controller with integral anti-windup scheme. In order to eliminate the steady

state error, a PD controller is chosen for the position controller R since its control object is integral form (speed
is equal to the derivative of position).

3. Spacé Vector Modulation Control for 2-Phase tnverter-- - — -~ ———
As analyzed above, to perform motor control, we need to find the set of voltage vectors that can be
generated by the converter or in other words find the modulation limit. The motor is powered by two
independent voltage source converters as shown in Fig. 3,

oot e e A< i £ 3 2 ¢ AR R

Muotor

Figure 3: PLM is Fed by 2 Single Phase Unipolar PWM Voltage Source Inverter
__ Independently.
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- winding) is_defined as: 0, if the winding is connected to the negative potential, or as 1, if the winding is

Controlling Permanent Magnet Polysolenoid Linear Motor Based On the Nature of Voltage Source
Inverter

With the given hardware structure, analysis of the combination of switching rules of an inverter leg
supplying a motor winding is implemented. The logical state of two points A and B (two ends of the motor

connected to the positive potential. Then, a single inverter with 2 legs of switching device can create 2°=4

logical states-as-illustrated-in-Fig-4.

- t — t_ —
Us=Unc ts=-Upe
Unc A —— ™ B Uoc A ™68
| Y Y Y
logic level: 10 L logic level: 01
v Y
- . - —_1
+ o +
U™ u,=0
Uoc A —_— 8 Upe A — B
Y Y\ T (I () T
y logiclevel: 11 v logiclevel: 00

. valueprovidedin Table 1. .

Figure 4: Logical States of a Motor Winding,

From analyzing the switching states for a2 winding, a set of switching states for both two windings is
obtained. From the switching devices configuration, a finite set of switching states cortesponding to the voltage

Table 1; Switching State of the Converter

"1": On, "0"; Off.
Voltage Vector | Pi (P2 [ P3 | Pa| s up
10| 1]0 | +Us|+Us
1 O 0 | +Udc 'Udc
1 000 |+l 0
S T{og 1 b [ +Ua| O
01| 1[0 -Us |tV
010111 | -Ug| -Us
S3 011010 -Ugk 0
0|1 | 1] 71 [-Us 0
Ss 1 1| 110 0 | +Ug
1101 0 -Uge
Ss 111100 0 0
Ss 1 L[|t 4] 0
01011180 0 | +Uge
Sa 00101 0 “Uge
87 00 (0|0 0 0
Sk 0101 I 0 0

To modulate stator voltage vector, 8 basic vectors highlighted in Table I. are chosen and called
standard vectors. In which, the vectors Ss, Se, S7, Sz making the voltage vector zera are selected so that during
the. modulation the switches have an equal number of switching respectively between the quadrants in the

modulation plane.
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In order to form modulation region, the following formulas are used:

a = u,, +|.l,,
. _ TP U —
u.rEQI '|up|_T de? I“ll— Udc
paise pulse
o T T
e T p— o — - — - -
u €0, '[“f‘ __——Udc’ I—uf|_T Udﬂ
prlse pudie
T T
. — » . =
useQ,.luP|—— Ups fo|=—7=U,

puilsee piilse

T T
u, €0, :|u1,|=T—”U,,l.; |u’|=_T_'U""

pitlse pulse
T +T+T, =T,

aff — 7 pnise
Where: u_ is voltage vector need to be modulated in aff coordinates; w,u, is the right and the left

boundary vector of u,as Fig. 5; T,.T,. switching times of basic vectors corresponding to the quadrant

is modulation period; T, : switching times of vector zero cotresponding to the quadrant

Qicontaining u, .In the modulation plane in Fig. 5, switching device is considered ideal, switching time is zero.

Qicontainingu,. T

pulse

In fact, switching time must be taken into account and the condition that 7,,T

»?

T, are greater than switching

time of switching device and processing time of microcontroller is added.

4, Conclusions
In this research, a configuration and switching rules to implement stator voltage vector modulation are
proposed for PLM. In each quadrant from Qi to Qg it is always possible to determine any voltage vector
corresponding to the command signal, this will be done by modulating the right and left boundary vectors and
the modulation of the zero vectors. The obtained resuits are an important basis in the design of closed-loop
control for Plolysolenoid motors based on FOC. With the specific characteristics of the power electronic
converter, in_the next studies, nonlinear control methods based on the continuous and discontinuous properties

of the converter will be implemented and applied to permanent magnet PLM,
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Abstract In thlS paper, two predlctwe control methods. namely contmuous contro] sel MPC (CCS MPC) and

are hased on thc assumpuon that thc voltage applled to the two wmdlngs on the stator of the motor is contmuous
or discontinuous, The method of choosing an objective function to ensure that the optimal problem always has a
solution is also considered in both cases. Next, the prediction range guaranteeing the balance between the

—_ computmg_capablllty of the microcontroller-and-the advantages-of each-method-is. discussed. FmalIyTSImuIatlon..

-- results-evaluate-the-system- response-to-compare-the-performancge-of the-twe-metheds-— - v e

Key words: Polysolencid Linear Motor, FCS-MPC, CCS-MMPC, MPC, PLM.

1. Introduction

Polysolenoid motors with a tubular structure are used to create direct linear motion without
intermediate mechanical mechanisms such as belts, screws, etc, This makes it possible for systems using linear
motors to achieve high efficiency by eliminating individual oscillations of intermediate components. The
working principle of the Polysolenoid motor is presented in [1-15]. For linear motors in general, the issue of
concern is the responsiveness of position accuracy, This is also an issue that has attracted the attention of many
researchers. The PID controller is applied in [16] with the advantage of a simple control design but not
responding to the internal noise of the system. To improve the efficiency of the PID controller, the research in
[17] combined PID with an iterative learning algorithm to improve the position accuracy in the repetitive
operation of industrial robots. A linear motor is a nonlinear object represented in the model structure. In
addition, the external disturbance is also an unpredictable component that affects the control quality of the
system, To deal with external disturbance involving the system, the sliding control method [18-22] is a
commonly applied method. These methods are particularly effective with friction disturbance because it is a

__Tactor that cannot be modeled precisely. In {18], a sliding surface with a fixed response time is performed to. . . .

drive the system state to convergence after a fixed time interval. Super-twisting sliding mode is used in [19],
achieving a good effect with the impact of the external disturbances on the system through experimental results,
In [20], a sliding controller combined with an adaptive disturbance observer is applied to the PLMSM. In this
study, the stability is proven according to Lyapunov, and the position error converges to zero in a finite time.
Discrete-time fast terminal sliding mode is used in [21] to improve the steady-state performance of the system.
In [22], the adaptive fractional order (FO) terminal sliding mode control is applied to PLMSM with the
advantage that the sign function does not exist in the switching input, thus limiting the chattering behavior of the
sliding control method,

From the above analysis, we see that the sliding control method can deal with disturbances and reduce
the computation time of the controller, which is especially significant for systems where the processing capacity
of the microprocessor is limited. Currently, the technology of manufacturing microcontrollers has developed
tremendously, making it possible for us to apply complex control algorithms to motor drives in the industry.
That is why model predictive control (MPC) for electric motors has begun to be exploited. Recently, MPC has
been started to be applied to control electric drive systems and power electronic systems. Studies on MPC have
successfully implemented speed control with rotary motors [23-25]. The characteristic of MPC is that it requires
a large amount of computation because it is invelved in selecting the prediction range when applied. With the
MPC implemented for Polysolenoid motors, the precise response of the inner loop with sampling time is often
smaller than that of the outer loop. The effect is that the system can achieve the exact position according to the
reference value when the cuter loop controller is just a Pl controller,

2. Mathematical Model of Polysolenoid Motors
The structure of the Polysolencid motor is shown in Figure 1. The two windings of the motor are
powered by a two-phase voltage source inverter, depicted in Figure 2.
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Figure 2: Structure of the Voltage Source Inverter for Polyselenoid Motor.

The mathematical model of Polysolenoid motor on the dg-coordinate system is as below [8]:
_dﬁ. = _i 'm, +[.._2”p v]i, +.IL’1!_

a L, Ly L
vl ved vl
di I 2 u,
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From (1), the continuous current model of the Polysolenoid mator on the dg-coordinate system is
driven as:

di
_d_'f‘" = Ait.’q +Buu‘r; + Nif!qwc +S pre (2)
{

Where
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3. Control Design
From the continuous model, we can determine the discrete-time medel of the stator current as below:

g (k) =0, (k)+Hu,, (k)+hy, @)
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N A RN (IR

Where T is the sampling time of the current.
Based on the discrete-time model, we build a predictive model with i (k+i) is the predicted current

value at the next i-th sample compared to the current time. From (3), we have:
i (k+i+1|k}=®ig (k+ijk)+Hu,, (k+i)+hy, (4

]
In which at the current time  : if (k) =1, (k), T, (k+7) denotes the control signal at the next i-th
sample. The intended use of @, is to distinguish it from the actual contral signals applied to the system

u,, {k),u, (k—1), etc. With the prediction range ¥, the MPC solves the optimization problem in which

The objective function of the optimization problem can be chosen arbitrarily, but the solution does not
always exist for the chosen objective function. To solve the problem that the objective function may not have a
solution in some cases, we choose the selected abjective function of the following quadratic form:

N, r
(R CHD K CAACHD)] B

Where Q = diag([ﬂ.r, l]) is a positive definite diagonal matrix, A, is the coefficient representing the

qref

weight of the current deviation from i —i | to [i® —i!linthe objective function J, i} is the reference signal
£ o o g g 4 gy g

coming from the output of the speed controller.
Due to the fast current-driven loop kinematics, the prediction range N, is chosen to be small in order to

reduce the computational weight in (5), ensuring the performance of the controller. In addition, in industrial
applications, the sampling cycle of the current loop is many times faster than that of the speed loop. Combining
the above reasons, we can consider the speed and angular position of the motor to be constant during one

sampling cycle resulting in the constant l:.:f in Equation (5).

Select the Objective Function with the CCS-MPC Method

With the CCS-MPC method, we consider the voltage supplied to the two windings of the motor to be
continuous. Due to the limitation on modulation, the voltage will be in a bounded, continuous set. The
modulation domain with the CCS-MPC method is shown in Figure 3.
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Figure 3: Modulation Plane on the af-Coordinate System with the CCS-MPC.

From (5), considering the particular case with the continuous modulation domain, we choose the
prediction range Np.
To reduce the computation time for the current control loop, we choose the prediction range ¥, =1.

The optimization problem (5) with the function is transformed to the quadratic form with 1, (k)=mu,, (k) is
the optimal variable as follows:
min J =1, (+) (W QH)i,, ()
“ . (6)
2(@1,, (k) +hw, -5 ) QWE, (£)+C
Subject to: A, R™T,, (k) <B

ol Lo

" “Where C is the component thai depends only on the curreni staté and the currént velocity, fiot on -

u, (k) Solving the optimization problem by QP {quadratic programming) method, we obtain the required

voltage value u,, (k).

Select the Objective Function with FCS-MPC Method
The disadvantage of the CCS-MPC method is that solving the maximal problem requires a lot of
computation time, even though the solution that minimizes the most computational time is selected, i.e, N, =1.

For objects with discontinuous nature, such as power converters, the FCS-MPC method is very
effective. This method is based on a finite number of possible valve combinations of the power converter. The
FCS-MPC optimization problem can be easily solved by a finite number of iterations. However, the number of
these loops will increase exponentially with the prediction range. This leads to a significant increase in
computation time and loss of the advantage of the method.

With the FCS-MPC method, the prediction range is selected as N, = 2. Then the objective function has

the following form
J =1, (k) (R'Qu)u,, (k)+1,, (k+ 1y (woH),, (k+1)

+a, (k) (H'Q'QH)T,, (k+1)
+2((Di".,., (k) +h Wp - ':f:;, )T QH‘_I(M (k)

min
ﬁ,,q[k).ﬁ,,q {k+1)

(N

+2(®,, (K)+®hy, -i7 ) QHI,, (k+1)

iy

subject to: u,, € Ul {Ru_‘;I ;Rug ,Rug ,Ru‘“,...,Ru‘\.,,,u(,}
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Where u, is the stator voltage vector generated by the switching state S, u,is the zero voltage

sref

vector, 1,

is the reference current vector, S; are the basis vectors formed by the fixed valve opening and closing

combination, These basis vectors are shown in Figure 4.
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Figure 4: The Basis Vectors used in the FCS-MPC Method.

4, Simulation Results
To find out the level of awareness on healthy dietary habits among prospective teachers.The motor
parameters are described in Table. 1.

_ Table 1: Motor Parameters

Motor Parameters Symbol | Value | Unit
d axis stator inductance Lasd 1.4 mH
q axis stator inductance 34 1.4 mH
Stator resistance Lig 10.3 Q
Rotor flux Vo 0.035 | Wb
Number of pole pair Zp 2
Pole step Tp 0.02 m

System simulation is performed in two cases:
Case 1: Simulate the response of FCS-MPC and CCS-MPC current regulators to the change in the
reference of the current loop. The initial reference current is 0.25A. Then this value increases to 0.5A att=0.5s.
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Comment: When changing the reference current value ig, the current respanses on d- and q- axes are
shown in Figure 6 and Figure 7. The g-axis currents of both CCS-MPC and FCS-MPC methods track to the
reference value, as shown in Figure 6. With the CCS-MPC method, the response current tracks to the reference
value without an overshoot. The response current value of the FCS-MPC method still has a small amount of
overshoot. Besides, the smoothness of the current of the FCS-MPC method is worse than that of the CCS-MPC

method.

Fram the response of the d-axis current, as depicted in Figure 7, we can see that there is still a current
deviation with the FCS-MPC method. However, the value of this deviation is acceptable, This is because, with
the FCS-MPC method, the basis vector with the closest value is selected after each optimization problem.
Therefore, it may not coincide with the vector that the CCS-MPC method needs to modulate with the solution of
the optimization problem in the objective function.

Case 2: Simulate system position response with FCS-MPC and CCS-MPC current controllers.
The outer loop controller has the parameters given by Table.2.

Tabie 2; Control Parameters

Control Parameters Symbol | Controller
Proportional gain of the position controller Kep 40
Proportional gain of the speed controller kpa 0.1
Integral gain of the speed controller kiw 10
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Comments: When the thrust loop achieves fast and precise kinematics, a simple PI-type controller can
be selected in the outer loop while stift responding to the position accurately. When the thrust loop achieves fast
and accurate kinematics, we can choose a simple PI controller in the outer loop that can still satisfy the precise

response of the position. In the position conttol problem with two methods of designing thrust Toops, CCS-MPC

— and FCS-MPC, the response value follows the exact reference value, as shown in Figure 10. From the results of

position deviation and current response on d- and g- axes, as shown in Figures 10, 11, 12, we see that the CCS-
MPC-methodgi - i 5-MPC method, the smoothness of

the current is notas-good-as that of the CC5-MPE method: This-is-reasonable since the basis vector set of the _

_ FCS-MPC_method. is finite. The control designer sets this number of vectors, and we can actively change this

number of base vectors to improve the smoothness of the current.

‘5, Conclusions

This paper has designed a controller Tor Polysolenoid motor nsing LLS-MPL and FES-viPC methods:

We can choose one of two methods that meet the output quality requirements from the power requirements,

quality, and hardware constraints. Some typical properties of the FCS-MPC method that can replace CC5-MPC
__when limited in the processing capacity of the integrated microprocessor in the system are as below:

_ _ + Based on the discontinuous nature of the voltage applied to the miofor fhrough the converter, the FCS™—— "~
s emmn e - — - — — P C-can-completely-i gnere—t—he—veetor_modu.lat-ion_cQmparcd_f('):t'}ie-_cc-g-':-M]T_C—iftﬁﬁ_.&é]ﬁc—féd finite

vector set coincides with the base vector set. Thus, the computational weight of the controller is
reduced.

« Because the finite vector set is predetermined, the FCS-MPC method does not have to determine the
modulation limit domain into account as for the CCS-MPC. This is important in some converters with
complex modulation domains.

o The optimization problem using FCS-MPC always has a solution because the domain of the optimal
variables is finite, and the solution time is short. In addition, the objective function is not necessarily of
the quadratic form. In addition, with a nonlinear object model, the FCS method can still be solved
quickly, while the MPC CCS method becomes less efficient because the objective function is not of the
quadratic form.

There is a feature we can notice, with the FCS-MPC method, when the selected base vector set
increases to fill the medulation domain, it will become the CCS-MPC method.
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