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- Hién nay trong cdc hé chuyén dong da truc déng co tuyén tinh dang ting budc thay thé
cho céc hé théng tao chuyén déng thing gian tiép. D& tai tap trung vao phén tich kha

ning 4p dung dong co tuyén tinh trong c4c hé chuyén dong da truc.
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1. General information:

- Project title: Applications of linear motors in ﬂ??ﬁib,lgmanut‘,act,uri,ng systems.
_- Code number-: T2022.B05

- Coordinator: Nguyen Hong Quang

- Implementing Institution: Thai N guyenUniversity of Techrology.
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=Duration: From 0472022 — to 0472023,

2. Objectives:

Currently, in multi-axis motion systems, linear motors are gradually replacing indirect
linear motion systems. The project analyzes the possibility of applying linear motors in

multi-axis motion systems.
3. Research results:
Analyze the applicability of linear motors in motion control systems.

4. Prodﬁcts:
- Training products:
- Scientific products: 01 ISSN paper.
- Application products:

5. Effects:

Research results of the authors group are published in prestigious scientific journals in
the ISSN list.
6. Transfer alternatives of reserach results andapplic ability:

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

That Nguyen, 2023
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chung tao thanh céc tha.nh phan cot 161 cia may mée & cac nha may. Cac hé théng truyén

d6ng dign v6i nhiém vy tham gia thuc hién céc ¢cdng doan cua qua trinh céng nghé. Trong-dé—

phAT i tromE AT kiréng the Thiew duge rong cac hé thong truyén dong dién chinh 1a déng

co d1¢n Cac loai dong co duorc su dung trong hé thdng truyén dfng dién rat da dang c6 thé

dug ckéra ddy nhu d6ng-co mot chicu {DCMC), dong co khéng dong bo(DCKDB), dong

co buoc, ddng co servo,... Cic dong co quan tron truyén théng thi ddu ra ta nhan duoc chinh

1a toc 40 quay va momen trén ddu tryc ddng co. Vi sy phat trién cua khoa hoc cdng nghé

cac day chuyen cong nghe Tip rap ty dong ngay cang tr¢ nén linh hoat, yéu céu cao vé do
chinh xéc vi tri, tée do va tac dong nhanh. Sy xuét hién cua tay mdy Robot, may ning ha,
may cbng cy k¥ thuat s6 CNC trong céc ddy chuyén da tré thanh mét diéu tat yéu. Chinh
diéu d6 di thiic ddy truyén déng dién phai quan tm t6i mét dang chuyén dong méi khong
con bo bude trong chuyén dong quay tron truyén théng niva d6 chinh la truyén ddng thing.
Dong co Polysolenoid dong co tuyén tinh ddng bd kich thich vinh ctru véi két céu
hinh dng. Viéc nghién ciru né khéng thé tach roi duoc véi nhitng tinh chit co ban clia dong

co tuyén tinh di duge nghién ctru phat trién.




PHAN G QUAN VE PONG CO TUYEN TiNH VA HIEU UNG PAU CUOI.
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5 hrong-1a0.1a chuyén dong thing truc tiép duoce sit dyng hién nay

trong clng ngh1cp su dung truc t1ep dlen nang bién dbi thanh co nang chinh 13 dong co tuyén

dong co tuyén Tink sir dung trong cong ngniep.

1.1 Hoan canh lich si xuét hign cia dfng co tuyén tinh.

,7 " Theo [1-4] nguyén 1y co ban cua don gcgiuycnimhx inh dugc dua ra va ang nim 1840 )
boi Charles Wheatstone 12 mot nha khoa hoc ngudi Anh. Nam 1989 hai nha khoa hoc ngudoi

VI-ia-Schuyler S. Wheeler va Charles S. Bradley da xin cép bing sang ché v& viéc tmg dyng

nguyen "1y clia ddngco tuyén tinh-ddng b va-di bdvao-hé théng thu-dién. Bing sang chétai
M¥ diu tién duge c¢Ap cho nha séng ché ngudi Pic 1a Alfred Zehden vao ndm 1902 va 1907
1a viée st dung ddng co tuyén tinh trén hé théng duong sit. Mot loat cac bang sing ché tai
Pirc cho tau dém tor dugc cp cho Hermann Kemper tit nim 1935 dén 1941. Dén cudi
nhitng nim 1940 gido su Eric Laithwaite tai vién nghién ctru Hodng gia Anh dd dua ra duge
md hinh thuc t& déng co 1am viéc duge va né duge tmg dung trong hé théng may dét cong
nghiép. Véi viée ché tao thanh cong dong co tuyén tinh dAu.tién nay dd danh duge nhiéu su

quan tdm cla c4c nha khoa hoc va n6 duge coi la Mady dién cta tuong lai.
1.2 Nguyén ly 1am viéc cua djng co tuyén tinh .

Dé hiéu 15 hon vé dong co tuyén tinh ching ta ¢d thé hinh dung ra mét d6ng co quay
tron bat ky nao khi ting ban kinh cua dong ca dén v cling ta s& thu dugc hinh anh Rotor va
Stator song song vdi nhau, Trong chuyén dong tuong dbi khi chon gbc toa do gin véi hé
quy chiéu ndo ta s& suy ra dugc chuyén dong twong d6i ctia thanh phén con lai so véi gbe toa
d6. Vi quan diém nhu vay dong co tuyén tinh $& gdm hai thanh phin: Thanh phén thtr nhat
nhén dong niing lwgng dién di t6i (phén so cdp), thanh phén thir hai 14 dong nang lugng dua

ra dudi dang co ning (phia thir cip). Tir quan diém trén ta co thé thdy véi dong co tuyén tinh




phén tao chuyén dong théng c6 thé 12 phan Stator hay phin Rotor clia may dién quay truyén

théng, tir d6 tao ra nhiing ddng co tuyén tinh tuong Gng.

Hinh 1. Nguyén ly chuyén déi tir dong co quay sang dong co tuyén tinh,

T nguyén Iy co ban trén ddng co tuyén tinh duge phat trién voi cdu tao khic nhau

. _— _tuong (mg dya vao muc dich sir dung. Vi¢e lua chon dfng co tuyén tinh phu thude vao thude
~ tinh va nguyén thc hoat dgng ciia chung.
Ban de}iu ddng co tuyén tinh chu yéu duge st dung cho hé théng giao théng vin tai,
Hién nay dong co tuyén tinh duge st dung d& thay thé mot hé thdng stv dung dong co quay
va cée thiét bi co khi dé tao ra mét chuyén dong thing true tiép.
" 1.3 Céc dang clu tao cia dong co tuyén tinh.
Tir nguyén ly co ban nhu trén ta ché tao duge cac dang dong co tuyén tinh khac nhau t
yéu clu thuc t& cong nghé. Tuy nhién ta cd thé chia lam ba dang chinh nhu sau.
Dang thir nhét: Single-sided (Pong co tuyén tinh phang véi mét mit trugt don)
Dong co nay bao gdm mdt thanh phén so cdp (phin dong), moét thinh phéan thir cdp (Phan
tinh).




Hinh 2. Single-slided linear motor.
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han tink trong may dién tuy nhién ¢ dong
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~ co tuyén tin ator lai la Ong. wong hop nay Stator mang ¥ nghia-la phin—

nhéin dién ning tr ngudn cung clp. Véi ddng co tuyén tinh dai da s6 hé théng cudn day déu
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T 33 oba miay dign (HE thibng vong nghn mach cia dong co tuyén tinhrkiong dong b6, hé———
théng nam chim vinh ctru clia dong co tuyén tinh kich thich vinh ctru). o
Dang thit hai: Double-sided (Dng co tuyén tinh phing c6 dang két cdu ring

lrge) Thong thuong phan so cép chinh 13 thanh phén Stator dugc b tri dbi x(mg(dang ring

luge) phin tao chuyén dong 1a phin Rotor (phén thi cip)
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"Stator" ot Slot-embedded
primary windings

"Rotor" or

scondary OMOMOmO Motion
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Dang thir ba: Tubular linear motor (Pdng co tuyén tinh ¢6 két cau dang hinh

Hinh 3. Double-slided linear motor

ong). Xudt phat tr y tuwéng cudn tron dong co tuyén tinh dang phang mdt mit trugt don

quanh mdt truc théng, két qua thu lai s& dugc mét déng co hinh éng.




Setoridary

-~ Hinh4. Tubular linear motor

1.4 Phén loai ddng co tuyén tinh.

Nhu di phén tich & phin trudc dong co tuyén tinh dugc duge phat trién tir dong co

__ ddng co quay tron _truy_ér_l_ Ih_ér_l_g__ nén né cé nhitng nét twong dong véi nhimg déng co twong

{ing tuy nhién né cling-¢6 nhitng dic-diém khac biét dic trung,

Céc loai dong co tuyén tinh ch yéu dwoge phat trién tit bén loai déng co : Pdng co
xoay chidu ba phra ldléhg dE‘r)ng' bo, dong co dong bd, ddng co mdt chidu khéng chdi than
(BLDC), ddng co Servo

- Hai cdu hinh duge stt-dung twong ng duge +trién khai tuvong fng cé thé duge trién -~ -
khai ¢ ddy dugc dua ra.

Dang Stator dai : Chiéu dai coa phén cung cép thudng 16n hon nhiéu ln phén kich
thich (cam (mg), da sb trong céc trudng hop thi phén kich thich chinh 1a phin chuyén déng.
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Hinh 5. Dong co tuyén tinh dang Stator dai dang phiing va dang dng




Dang Stator ngin: Chidu dai cua phén cung cép ngin hon phan kich thich (cim

trng), da sd trong cac trudng hop thi phan cung cip chinh 13 phin chuyén dong.
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Hinh 6. Ddng co tuyén tinh dang Stator ngén dang phing va dang 6ng

o Téng hop lai ta c6 cach phan loai dong co tuyén tinh theo nguyén 1y céu tao va két
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Hinh 7. Phéin loai dong co tuyén tinh theo nguyén ly lam viéc va két cdu hinh hoc.

Theo tai liéu [4] ta c6 bang so sanh tong thé luc déy sinh ra cua cac loai ddng co
tuyén tinh cé thé sinh ra.




Eoardbngco Lyc day sinhra
Déng co tuyen tinh loai khéng dongbd 122 N/cin?

Dong co tuyén tinh dbng b6 kich thich vinh ctru-(kidu | Lén dén 6 N/em?

rang lugc)

Déng-eo-tuyén-tinh-ddng bd kich thich-vinh ciru-(dang | Lén dén 3 N/em?

phéng)

Xét vé& kha ning tao luc diy thi dong co tuyén tinh 13m viéc theo nguyén ly dong b
kich thich vinh ctru ¢6 kha ning tao luc ddy 1én hon ddng co tuyén tinh lam viéc véi nguyén
ly khéng ddng bd. Tuy vdy gia thanh cling 1a mot yéu t6 cén nhéc khi lya chon dong co

tuyén tinh cho d6i tugng cong nghé.
1.5 Hiu wng diu cudi (End effect)

Nhu da phén tich trong cac phin trén déng co tuyén tinh ¢é nhitng nét twong ddng so
v6i nhilng ddng co quay twong Ung phat trién nén né nhung trong d6 con nhitng diém khac
biét do chu tao khac biét clia hai loai quay va dong co tao chuyén déng thang. M&t khic biét
co ban & ddy chinh la hi¢u Gng diu cudi & dong co tuyén tinh (end effect) ma ddng co quay

khong co.

Higu trng diu cudi trong dpng co tuyén tinh cé thé dwec hidu nhw sau: 36 1a sy
phén biét gilta cac khu vye dAu va cubi véi cac didm nim gifra v& din bién dién tir giy anh
huéng dén tir théng va lue do ddng co tuyén tinh sinh ra ( do tinh chét mach tir h& cua dong
co tuyén tinh). Piéu nay lam thay d6i quan diém vé gia thiét v& stre tr déng hinh sin trong

ddng co quay truyén thong. C6 ba dic diém cén dic biét luu tdm vE hiéu ing dau cudt:

Déng co tuyén tinh tir trd 1,5 N/em?
Pong co tuyén tinh thong lugng ngang | 3N/em® T T




Thit 1: Véi dong co tuyén tinh dang khong ddng bd ngoai hidu tmg dau cudi (diém

du va dim cubi phén kich thich) con 6 sy dnh hudng vé tir tredng & hai bién. Con & ddng

" co tuyén tinh dang ddng b chi chiu tc dong clia higu tmg dAu cudi. Vi dong co tuyét tinki

‘dang khong ddng bd chiu tic ddng cia higu ng dau cudi manh hon,

Thir 2: Tal diem dau va diem cubl cuia phan Kich thich Tir thong Sinh 13 bi anir oomg

b&i dong xody phia thir _c_é_p (PCTTKDB)lam énh huéng dén tr trudng khe he khong khi

phén bd tai diem dau va diem cudi ciia phan kich thich. Vi dong co dong bo kictr thich vinh

ctru thi [2 sy phin b6 tir trudng tai hai d4u cia phéan kich thich bi suy giam (do két cdu dic

trung cia DCTT). Dién bién nay khac nhau phy thude vao tdc do cua dong co ( dd 16n cla

" Thir 3: Su xult hién hay két thic dot ngdt cia dong xody phia cam Gng (tuong ng
v6i su xuét hién hay két thic cua dong phia kich thich). Giy ra phan img doc tryc gy ra sy
thay déi tc 6 cia ddng co (nhdp nhd vé tée dd). Day cling la mot diém rét déng chi ¥

trong déng co tuyén tinh.

Hinh 8. Su phén b tir thong bén trong dong co tuyén tinh dang

Sator ngin lam viéc theo nguyén ly cdm g

10
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Hinh 9. Hiu ing dong xoay va tir thdng khe hé khéng khi.

Hiéu rng dau cudi la mot diém dédc trung cua dng co tuyén tinh khac so vai cac loai

_dong co khéc , Trong bai todn diéu khién tdc dd dong co tuyén tinh thi higu ing dau cudi

(end effect) phai dwge quan tdm va giai quyét triét dé. Muc tidu duge dit ra & day 12 lam 1o

tinh chit cia hidu tng dau cudi xay ra trong ddng co tuyén tinh.

1.6 Nhiing ting dung ciia djng co tuyén tinh di dugc Ap dung trong thue tién.

Péng co tuyén tinh hién di duge tng dung trong thuc ti&n & moi dai cng sudt. G dii cong

suéit 16n ching hién dién trong co cdu truyén ddng dung trong cdc phuong tién giao théng

nhu tau dién, xe bus nhanh (Metro). Trong dai cdng suét trung binh va nhé né dugc tng

dung trong viée didu khién ty dong mdy cong cuky thuit sé CNC, diéu khién tay may

Robot, may ning ha, di€u khién cdc hé thong san xuat linh hoat yéu clu cao vé d¢ chinh xac

vi trl, tée dd va tac déng nhanh. Trong dai cdng sudt nhd dugc st dung trong thiét bi nhu

méy in, may cét laser sir dung trong phiu thuit,

11
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Hinh 11. Céc Gmg dung trong mdt diy chuyén sir dung dong co tuyén tinh.
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Céc ddng co tuyén tinh khi dwoc két hop vao modul, ching dwoc két hop mét céch

nhanh chéng dé tao thanh mét hé thdng chuyén dong da truc. Viée can thiép vio diy chuyén

~ ciing nhu tly chinh qua trinh céng nghé s& tr& nén don gidn hon khi cac dong co duge két

noi vai hé thong dicu khién trung tam.

Ket luan:

Trong phén nay ta da tim hiéu dwoc nguyén ly hoat ddng va ciu tao co ban ciia dong

co tuyén tinh. Phén tich duge nhitng dic diém twong ddng cling nhu nhitng dic diém riéng

chi tdn tai trong dong co tuyén tinh so véi cac ddng co quay truyén théng. Viéc lam 1o

nhitng khai niém ndy nham thyc hi€n nhitng myc tiéu sau:

+ ~ Phan tich nihifng vt nhwoc didm Khi strdung déng co tuyen tinh trong cac hg
fad chuyén déhg théng trl,rcr tiép. ” -

o Tao co s& cho qua trinh mé ta toan hoc cho ddng co tuyén tinh.

o Hiéu vé& dac tinh ddu cudi trong ddng co tuyén tinh tir d6 tim ra cic phuong

phép khic phuc hién fugng ndy nhim nang cao chit lvong didu khién.

13




PHAN 2: TRUYEN PONG TUYEN TiNH VA CAC PHUONG PHAP PIEU

KHIEN TRUYEN PONG TUYEN TINH.

o
Pit van de:

Trong ndi dung ph?m trirde ta da tim hidu vé nguyén-ly-hoat dfng cia dong co 'tuyénf'f -

tinh. Phin nay t4p trung vao viéc 1am 13 cach thirc phuong phap tng dyng déng co tuyén

tinh trong céc hé truyén dong tao chuyén dong thing truc tiép va cac phuong phép di dugc

stt dung trong didu khién trong céc hé truyén dong nay.

2.1 Céc diic diém ciia mét truydn dong tuyén tinh,

Truyen ding tuyen tinh dugc hicu 14 tao ra mot truyén ddng thang cho cac doi tugng

cbng nghé. DE tao ra truyén dong thang co hai phwong phap 1a phuong phap gin tiep va
phwong phap tryc tiép

Hinh 12. Tao chuyén dong thang st dung dai truyén
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Lin‘éa_r- moter— Gecondary part

Lirear maotor — Primary part

Enerqy chain

Lingar measurement system

Guidance system

Hinhl4. Tao chuyén déng thing sir dung déng co tuyén tinh
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Tir cic hinh anh sit dung cac phuong phap d& tao ra chuyén ddng tuyén tinh trén ta cd

mét s6 nhan xét nhu sau:

Phwong phap tao ra chuyén dong tuyén tinh gian tiép: Nguén d(f)-ng_ luc duft)c sir

- dung & day 14 cac dong co quay tron. P4 tao ra chuyén dong thing dua toi co céu sin xgég

théng qua cac phin fi co Khi trung gian nhu (dai truyen, hop 6, tFe Vit do- vy o tom

tai nhitng nhuoc diém dang ké

- Két chu co khi phire tap do tdn tai cac phén tir trung gian, 6 chinh x4c ctia hé théng

thép do sai sb tich liiy ctia cac phéan tir ¢6 trong toan hé théng,

L4

—Khane’mg ddng hoc ciia hé thong thap do ton tai nhitng dao dng riéng clia cac phin 7

Higu-suit-ciia hé thng thap

tir trung gian.
Phwong phap tao ra chuyén déng tuyén tinh trye tiép: O phwong phép nay dong
co tuyén tinh duge st dung @& tao ra chuyén dong thing tryc tiép. Khi st dung dong co

L"'Y‘éinﬁr}h,hé ﬁlénig s& khic phuc digc nhitng nhugce diém cua phuong phap tao chuyén dgng

tuyén tinh gian tiép. Puoc thé hién trong nhiing mit sau:

- Pon gian v& mat két ciu co khi do loai bo dugc céc phan ti trung gian do d6 giam
duoc chi phi bdo dudng van hanh.

- Hiéu sut clia hé thong dugce néng cao do vy d¢ chinh xéc cua hé ciing nang 1€n.

- Dic tinh déng hoc ciia hé dugce néng cao, loai duge cic dao dong riéng cia cac phan
tir trung gian.

- Tang dugce gidi han trén ve lye day va gia toc.

Tuy nhién voi hé thong siv dung dpng co tuyén tinh vin con ton tqi mpt so nhwroc

diem nhie sau:

- Giai phap lam mat phirc tap.
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- Khé chudn héa (thudng dugce sit dung trong cdc may chuyén dung) nén hé théng cé

‘gia thanh cao.

T nhitng phan tich trén ta thay rang khi st dung dong co tuyén tinh mic du ¢6 nhiéu
_ru didm nhung van con tdn tai nhiing nhuge diém c6 hitu cia nd. Dic biét 1a vé gia thanh
7 cua mot hé thong dong co tuyén tin i uUng dyng vao cac fie thong, i yogial ’

quyét néu nhu s6 lugng cia dong co tuyen tinh duge san xudt hang loat tai cdc nha may san

XUl dong co tuyén tinh, Chinh vi vay trong thoi gian gin A4y cac nghién cun & dra dong —

co tuyén tinh vao cac diy chuyén san xuét tu ddng dang duge sy quan tdm dic biét va tiém

ning tham gia ciia ddng co tuyén tinh da bit diu dwoc khai thac.

. Chuyén dong tuyén tinh khong chi don thudn 13 mdt chuyén dong rigng 1é, khi phdi

~ hop céac chuyéh dong fﬁyéﬁ tinh v&i nhau dé tao thanh hé chuyén dong tuyén tinh ap dung-
cho céc cbng nghé thyc t& khi dua vao trién khai trong sdn xudt méi dem lai nhitng hiéu qua
thiét thuc . D6 1a tidn dé& dé dé déng co tuyén tinh ngly cang duge Gng dung rong réi hon.
2.2 Diéu khién truyén déng tuyén tinh.

.2.1 Yéu ciu dit ra véi bai todn didu khién trupén dpng tuyén tinh.

Nhiing tiém ning cfing nhu vén dung cta déng co tuyén tinh trong cong nghiép ngdy

cang phat trién vi nhiing uu diém vuot trdi vé chét luong ddng hoc cling nhu khd ning tu
ddng hoa cao trong cac diy chuyén san xudt. M6t yéu td rit dugc quan tdm & day chinh 1a 6
chinh xé4c vé& vi trf ciia cac hé théng khi stt dung ddng co tuyén tinh, ddy la bai toan lién quan
dén van tdc, gia tbc, thoi gian dap tmg, kha nang dimg chinh xéc. Pé giai toan nay chinh (&
yéu clu dit ra véi vige thiét k& bd didu khién cho dbi twong ddng co tuyén tinh. Chinh vi vay
song hanh vé6i cac thiét bi phén cing thi nhiém vy thiét ké bo didu khidn cho dong co tuyén

tinh chinh 12 mdt yéu cu cip thiét duge dit ra.

Py chinh 1i vin dé nhén duoc rit nhiéu sy quan tim cba cdc nha nghién ctru trong

thiri gian gén day.

2.2.2 Khai quat vé tinh hinh nghién ciru vé déng co tuyén tinh
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vibt v& vén de nay nhung mai ch1 dung tren murc do tong qﬁan vé phucmg phap didu khién

_trén Iy thuyét va mé phéng trén Mathlab Simulink. =~

- Céc cong trinh ludn 4n dugce nghién clru thyc nghiém trén thiét bj thyc [61,62] duge
cong bd dudi dang luan vin tién sy k¥ thuat,

o Trong tii lidu [61] DSi tuong nghin citu duge d& cap - Dong co tuyén tinh dong by
ba pha kich thich vinh ctru dang phéng ( Stator ngén). Nhiing déng gbp cua ludn an dugc thé

-—-———hién 0 cic miit. P& xuét duge phwong phap xac dinh dinh cye ciia tryc tao tir théng; Ung |
dung trly thuyet thiét-kébo-didukhiénphi-tuyén-theo-phwong- phép-Fuyén-tinh-héa-ehinh——-
Xac va dua trén nguyen lyrphang Xay dyng duoc hé théng thi nghiém chirmg minh ly thuyét
dé nghién ctru.
Trong tAi liéu [62] nghién ciru 1y thuyét vé dong co tuyén tinh khong dong bo ba pha
tir d6 thiét k& ché tao ra dong co. Nhing van d& quan tim cta luin 4n tdp trung vao viée
 thiét k& cdu triac va ché tao dong co khéng quan tim nhiéu dén nhifng thugt toan diéu khién. — ~
2.2.2.2 Tinh hinh nghién citu djng co tuyén trén thé gioi

Trong giai doan vira qua, cadc phuong phép da duge thé gidi tap trung nghién clru vé

didu khién cho hé truyén dong tuyén tinh phin 16n déu cong nhan mt két ludn gin dang 13
tham sé ddu vao khdng thay ddi trong mot chu ky trich mAu va tuyén tinh hoa trong mét chu
ky gian doan. Déi tuong trong nhom dong co tuyén tinh déng bd duge tip trung nghién ctu
nhidu nhét 12 nhém déng co tuyén tinh dbng bd kich thich vinh ctru dang phéng voi Stator
ngén tuong ng véi md hinh ciia déng co dign xoay chidu ba pha kich thich vinh ciru. Vi vy
cac phwong phdp van dung chi yéu cac phuong phap dd dp dung thanh cong trong diéu

kbién déng co xoay chiéu ba pha kich thich vinh cttu sang mé hinh tuong g nay.

Céac nhom van dé duge quan tAm nghién ciu:
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Nhém van d& thir nhét: cac phuwong phép diéu khién ¢ duge ing dyng thanh ¢ong cho

nhém ddng co quay.

+, Nguyén tic diéu khién vé huong: Ung dung lujt diéu khién U/f=const muc dich
“d8 tao ra Momen t&i han khéng d6i. Tuy nhién phwong phip nay con tdn tai nhuoc diém khi

fruong hiop qua 1ai Xay ra lam suy giam nr tong khe e kirdmg kht; khdkiantrong vigcditu

chinh tron téc 6.

¥, Nguyén tic dieu khién Vector: Trong nhom phuong phip may duge chia tan hai

nhénh 14 RFO va SFO tai liéu [1,2,3]. Nguyén tic RFO 14 phuong 4n dugc ng dung thinh

¢bng va rong rii nhit trén céc thiét bj thuong mai da dugc phat trién trén thi trudng. Voi

phuong phap SFO dugce dé xudt van con nhing ton tai nhiing van dé& khong twong minh

thanh phin tao tir théng va momen (vi dong co quay tron), thanh phan tao tir thong va

phfim thuong mai dwogc ing dung nguyén tdc SFO d3 dwoc dwa vao thuong mai héa cé bién
tAn ACS600 ciia ABB tuy nhién véi thiét bi nay thuat toan didu khién vin chua duge trigt dé
& ving tde d6 thap van phai sit dung 1y ludn RFO.

Véi pheong phap RFO cho phép phin tich thanh phin dong dién phia Stator thanh hai

thanh phin tao lyc ddy (véi dong co tuyén tinh). D& phén tich thanh phdn dong dién nay
thanh hai thanh phén riéng biét thi diéu can thiét phai thuc hién dugc chinh 13 x4c dinh duge
vi tri tr thong truc Rotor (vdi ddng co quay), véi dong co tuyén tinh chinh 1 x4c dinh duge

vi tri cha dinh cuc tu.
Nhom van dé thi 2: Phurong phap xdc dinh cye cua tryc tao tir thdng Rotor.

Theo tai liéu [1] da chi ra dé ép dung phuong phép didu khién Vector thi viéc xac dinh
chinh x4c truc clia tir thong phia Rotor dong vai tro quyét dinh dén chit lugng diéu khién,
V&i nhém dong co lam viée theo nguyén 1y khéng ddng bd thi truc cua tir thong khong tring
v6i truc ctia Rotor do tir thdng cua truc Rotor khi chua lam viée chua hinh thanh né chi hinh
thanh khi dong co da lam viéc. V&i déng co lam viéc theo nguyén tdc ddng bé kich thich

vinh ctru thi truc cua tir théng tring voi truc Rotor . T yéu céu dac diém trén viéc nhin
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dang tir théng cire cta dong co lam viée theo nguyén 1y dong bd kich thich vinh ciru thugn

lgi hon so voi dong co 1am viée theo nguyén ly khong dong bd.

Theo tai liéu [19] st dung co cdu do 13 cam bién Hall d& x4c dinh tir théng truc Rotor

__clia ddng co dong bd kich thich vinh cfru tai mot thei diém bat ky. Viée sir dyng cam bién

dem Tai ket qua TAt Kha quan khi xac dinh dugc chinh xac duge vi tri dinh cyc fai thot diem

bat ky nhung mét trong nhitng khé khan ciia phwong phép nay chinh 13 viée ghép ndi co cdu

co khi, Iam t3ng khodng cach cta khe ho khong khi anh hudng d&n fir trudong khe ho.

Phurong phap khdng st dung thiét bi do dugc trinh bay trong tai liéu[23,61] sir dung

chudi xung lyc 1di rac tuan hoan da 16n cung cdp cho vao bé diéu khién lye ddy khi d6 gia

——___trj-dinh cycarde lugng s& hoi tu vé gia tri dinh cuc thue .

 Nhém vén d& thir 3: M hinh héa dong co.

Viéc md6 hinh hoa dong co duge thuc hién véi dong co tuyén tinh tuwong Ung dugce
thye hién twrong tw nhur cic déng co quay truyén thng voi khac biét gbe toa d trén phin
chuyén dong s& tinh tién theo truc chuyén déng va bd xung thém md hinh hidu tng dau cudi

~ cho déng co tuyén tinh. Trong tai lidu [31,38] ciing chi ra ring véi cic dong co lam viéc véi
nguyén ly gidng nhau nhung cdu tao khac nhau cling anh huéng dén mé hinh mé ta cac

déng co nay.
Nhém vén dé thir 4: Lua chon ngudn cung cip phi hop cho ddng co tuyén tinh.

Trong hé truyén dong dién sit dung déng co tuyén tinh thi qua trinh dao chiéu la
thudng xuyén xay ra vi vy xu hudng lra chon ngudn nudi phit hop thwong dé cip dén viée
lira chon céc bd bién tan c6 thé truyén cong sudt theo 2 chidu (bién thn 4Q).

Nhém vAn dé ther 5: Néng cao chét luong didu khién.

Voi dong co tuyén tinh ludn tdn tai hiéu ung diu cudi nén dé ning cao chét luong

diéu khidn thi vin d& nay cin phai duge wu tién xét dén, Cé rit nhidu cic cong trinh dugce

cdng bd tip trung vao van d€ nay.
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» Loai bd co cau do vé toc dd va vi tri (sensorless): Viée loai béd co ciu

do dong vai tro hét stirc quan trong trong viée giam gid thanh hé thdng. Céc cong trinh

[31'?53']_(1?:_Xué"1t dén phuong phap loai bo co cau do bang cach xdy dung thudt fodn

nhan dang cuc tu va dua md hmh dau cudi vao cu truc dleu khlen dong co.

co tuyén tinh duge tiép cdn véi goéc dd6 moé hinh mach tir tvong duwong. Tai lidu
[16,27] d& xuft phuang phap md_hinh héa higu ing diu cubi dva vio chu tric déng |
— ¢ dé dva ra so dd thay thé . Trong [12] d& xuét phuong 4n dié ntructidp |

momen DTC v6i mé hinh cé xét dén hiéu ing dau cudi. Theo [20] d& xudt phuong an

—kéthop-véi-vige-mé-ta-hi€u-ting-dau-cudi-kéthop-véi-sensor-tde-dé-dé-img-dung-disy———|

khicn dong co bam vai toc dd dFt. Trong tai liéu [24] viée st dung b6 dicu khién PI' &
” machvong d;)ngdu's‘n két Hc;rp v&i mo hlnh hxéu l’mgrdéﬁ cﬁéi ;ad i;a rgiértri dong dién
tao ra lyc dy. Trong [30] dé xudt siv dung bd didu khién trwot didu khién gidn tiép tir
thdng Rotor (IFOC).

> Theo céc tai ligu [13,14,26,36,38,40,44] stt dung phuong phap phé“m to

htty han dé mé hinh héa hidu tng dau cudi xay ra trong dong co tuyén tinh. Trong
[13,14] ngoai viéc mé hinh héa hidu tmg ddu cudi con dé xudt dén viéc mé hinh héa
luc cogging xay ra trong ddng co (luc gy ra su nhdp nhé momen khéng phu thude
vao thanh phin dong tao ra luc ddy ma chi phy thudc vao tir thong phén bé tai khe ho
khéng khi). Trong [26] xdy dung mbi quan hé gifra hidu tmg diu cudi va khoang cach
khe hé& khéng khi st dung FEM. Con trong [36,44] dua ra phuong phap md hinh héa
hidu ‘g ddu cudi va so sanh mo hinh hiéu tng ddu cudi khi mé hinh héa bing mach
tir twong duong va FEM.

» Theo [17] tac gia d& dé xudt dén phwong phap st dung giai thuat di
truyén két hop véi FEM d ti vu héa cac thong sb dong co vé lue diy.

> Nhém cac phuong phap didu khién phi tuyén [15,40 ,28]. Trong tai liéu
[15 29 40] dé xuit phuong an str dung b diéu khién backstepping va backstepping
thich nghi dung de kiém soét luc ddy duge tao ra. Trong [28] x4y dung cu tric phéan
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hdi trang thai d& kiém soat vén téc nhung khong dap tmg duwoc & ving vén tde 16n.

B6 didu khién truot, truot thich nghi kiém soat van téc durge d& xuét trong cdc tai ligu

—

AT 7 e e

"Thik 6; Trong tii ligu [18] d& xudt dén mdt phuong phap khong cin nhan dang hiéu img dau

- cuol sU dung by dicu Khien ben vung thich nght bu bat dinft gy ung dau cudt, oy nhién

trong mé hinh van ton tai cam bién do vj tri.

Két luin:

Trong ndi dung phin nay di phan tich tinh hinh nghién ctu déng co tuyén tinh, cic

. vAn d& lién quan dén mé hinh vi cAc phwong phap didn khién truyén déng tuyén tinh. Diéu

~———d6taothudn-lgichoviécluachon—cac-phuon gp-hép—d—i%u—kh—i-én—ép—dung—cho—d-é-i--tqu-g—déns -----

~ co tuyén tinh Polysolenoid duoc d& cap dén & phén sau.
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PHAN 3: PONG CO TUYEN TINH KiCH THiCH VINH CUU DANG

. N

POLYSOLENOID PIEU KHIEN CHO TRUYEN PONG DANG POLYSOLENOID.

3.1 Pdng co tuyén tinh kich thich vinh ciru dang Polysolenoid

- —Déng co tuyén tinh kich thich vinh ciru dang Polysolenoid thude nhém dong co ddng -

b0 kich thich vinh ctru dang Stator ngén va c6 céu tao hinh éng.

Stator
e

Dy quin 02 pha

Khung Stator

A 4 A
ajyq d b
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’ 27(x)
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)
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Hinh 16. Rofor cua dong co Polysolenoid

(a) Rotor dong co quay

(b) Rotor duge cit va trai ra tir (a)

- . (c)Rotor dugc cudn lai tir (b)

Khi cho dong dién xoay chidu vao ddy quén so cép lam xudt hién tir trrdng chay trong
khe hé gitra phin so cép va phan thi cap. T truong nay quét qua cac thanh dén cua phin
thir cAp 1am xudt hién trong ching strc dién déng cdm ng. Do déy quéin thir cap ngin mach
nén sinh ra dong dién (mg. Tu trudng chay tidc dung véi dong dién phin @ng sinh ra lyc dién

~ i ¢6 xu hudng kéo phan thir cip chay ciing chidu tir treomg. Vi thit ¢ip ¢b dinh néntaora |

phén luc c6 tac dung dy phin so cdp chay theo chiéu nguoc vai tir truong.

Stator windings {2 phases) / Microglectranics

Slider with neodymium magnets Position sensors
{Hall sensors for position feedback, tempe-
rature s¢nsars for overload protection)

Load fixing

Hinh 17. So db cdu tao bén trong DPCTT BBKTVC Polysolenoid
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Piém khéc biét cha ddng co kich thich vinh ciru Polysenoid so v6i cac dong co hinh

ong twong (ng trong nhém ddng co hinh ong Stator ngdn ndm & cau tric bd tri cac cudn diy

~ trén phia Stator, cy thé & day trén Stafor dugc b6 trf hai cugn diy.

3.2 Diéu khién Iruyénjlijgg tgyén tinh dang Polysolenoid =

Ciing ndm trong nhém ddi twong ddng co ddng bd kich thich vinh ciu dang stator

ngén nhung d8i tvong duge tip trung nghiém ctru nhiéu trong thdi gian vira qua tép trung

vao nghién ciru cho dbi tuong dong co ¢ két cdu ph‘fmg. Véi nhém déng co hinh éng chwa

nhan duoe sy quan tim nhidu, cho dén thoi gian gin ddy déng co tuyén tinh hinh éng da

duge phat trién du6i dang san phim thuong mai ma di dau 13 hang Linmot d4 cho ra doi mét

ho d6éng co tuyén tinh hinh ong. Diéu nay dd thuc day nhi€u hon cac nghién ciru dé ning cao

“chét Twgng didu khién chonhémddéng conday.
Khai quat vé tinh hinh nghién ctru v& didu khién truyén dong tuyén tinh dang
Polysolenoid & trong nude v trén thé giéi.

3.2.1 Tinh hinh nghién cieu trong néc:

V&i ngudn tham khao 14 céc bai bao va [uan vin duge luu trit tai thu vién qudc gia Viét
Nam thi chua c6 cong trinh ndo nghién ctu vé diéu khién truyén dong tuyén tinh dang
Polysolenoid.

3.2.2 Tinh hinh nghién civu trén thé gigi:

Céc nghién ciru trén thé gidi véi déi twong dong co tuyén tinh hinh ng dang Stator
ngén tap trung vao mdt sé nhém van ¢& nhur sau:

Nhém vin @é thiv nhdt: M6 hinh hoa thiét ké dong co [51,52,60] trong d6 [S1] dé xuit
thiét k& dong co hinh éng 2 pha nhung phan chuyén déng & ddy 1a nam cham vinh cir, [52]
thiét ké déng co hinh éng 5 pha trong khi [60] dua ra quy trinh thiét ké dong co hinh dng sir
dung giai thuét di truyén va phwong phap phén tir hitu han.
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Nhém vén d2 thir hai: St dyng phuong phép phén tir hitu han dé phan tich qua trinh

dién tr xdy ra trong dong co tuyén tinh hinh dng [55,56,57,59]. Trong d6 [55,56,57] phan

~tich tlr trudng, Tuc cogging va lyc chbt chin t@"m tai trong dong oo tuyén tinh hinh dngba~™ —~ ™

pha, [59] phan tich céc yéu t anh hudng dén lyc dy cta dong co.

NTiom viin @@ Thii ba: Thict Ké Cau trc dieu Khien cho adng co Tuyén it himrderg ba————
pha [53,54], trong tai lidu [54] d& dua ra phuong phép thiét ké b di¢u khién sir dung tiéu

o] —4A

didu khién bén viing H. dé kiém soét vén tée két hop véi mot thinh phén mang Noron bi

thanh phin suy giam tir thong. Trong tht ca céo tai liéu trén d&u chua d& cip dén hidu Gng

dau cudbi.

" Nhémviin @8 thir e Trong tai 1idu [58] dd dé xuét phwong phdp mo ta higu Gng déu  — —

r
A

cudi ciia ddng co tuyén tinh hinh 6ng ba pha st dung mé hinh mach tir trong dwong,
Két lufin: Trong céc cong trinh di dugc cong bé tép trung vao hai hudng chinh,

Hudéng thir nhit: Tép trung vao viéc nghién ctru hidu (mg dau vdi hai hudng tiép cin

1a m6 ta dudi dang mach ti twong dwong va st dung FEM. Trong hai-phwong phap trén
phuong phap st dung FEM mb ta hiéu ing dau cudi mang tinh truc quan hon. Tuy nhién khi

str dung FEM phai ¢6 dugce céac thong s6 chinh x4c cia dong co.

Huéng thit hai: Nghién ciiu cu tric didu khién bl bit dinh higu tmg dau cudi tuy

nhién trong hé théng tdn tai cam bién do vi tr,
Két lujn:

Trong ndi dung phdn nay di phin tich tinh hinh nghién ctu déng co tuyén tinh
Polysolenoid , cac vin d lién quan dén m6 hinh va cac phwong phap diéu khién truyén dong
tuyén tinh dang Polysolenoid . Diéu d6 tao thuan loi cho viée lya chon d& xudt cic phuong
phdp nghién ctu tiép theo cho bai toan didu khién truyén dong tuyén tinh dang

Polysolenoid.
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S YSOLENOID. e T

- — Trong cac phin dé-trinh-bay & trén-dd-cho ta nhin-nhin mét edeh-tong quat vé cde van —— -

d2 tdn tai cha ddng co tuyén tinh néi chung va déng co Polysenoid néi riéng, Ni dung cua

ludn 4n s& tdp trung nghién ctru dbi twgng déng co Polysenoid theo hudng nang cao chét

luong diéu khién khi xét dén hidu ng dau cudi va duoc thé hién theo nhitng ndi dung sau.

M@ hinh héa dong co Polysolenoid sit dung phuong phép khéng gian trang théi. Dé xudt

phuong-an—chuyén-hé toa-dé-mé-ta-toan-hoe-etamé-hinh-dS-sir-dung-duge-eau-trie-taeh-—--—

Noi dung 1: M5 hinh héa dong co Polysolenoid khi khng xét dén hiéu (g déu cudi.

kénh tryc tiép trong cau tric diéu khién,

Néi dung 2: Tiép tuc tim cic phwong phap ¢& mé hinh héa hidu ng déu cubi cta
ddng co Polysolenoid { FEM, ALSYS,...). Két qua thu duge s& duge sir dung dudi dang bd

s0 liéu bé xung vao cau triuc diéu khién.

N¢i dung 3: D& xuit phuong phap didu khién phi tuyén cho chu trac didu khién tich

kénh tric ti€p ¢ x€t dén hiéu rng dau cudi cua dgng co Polysolenoid.

Noi dung 4: D& xuit cdu triic va xay dung ban thi nghiém st dung d& kiém chig két

qué nghién ctu Iy thuyét.

27

——— e




TAI LIEU THAM KHAO

[11 Qu ittri : ree — Phase AC Machine
AJ o I — it m i e e mme e e+ n e e e e e e -

———— - - [2] Jacek F.-Gieras— Zbigniew J. Piech, Bronislaw-Tomezuk- Linear Synchronous——

Motors Transportation and Automation Systems 2nd Edition. CRC press, 2011.

[3] 1. Boldea, Syed A. Nasar, Linear Electric actuator and generators , Cambridge

- university press, 1997.

| [4] Rolf Hellinger and Peter Mnich, Linear Motor-Powered Transportation:

“—History,Present Status, andFuture Outlook, proceedings of the ieee [ vol. 97, o 11;
_ November2009 o I

[5] Daniel Ausderau, Polysolenoid — Linearantrieb mit genutetem Stator; Doktor der
Technischen wissenschaften der Eidgennossischen Technischen Hochchule Zurich. PhD

Thessis.

__ [6]leong-hyou ng and Kwanghee Nam,A New Approach to Vector Control for a 7

Linear Induction Motor Considering End Effects, 1999 ieee
[7] Jawad Faiz, Senior Member, IEEE, and H. Jafari, Accurate Modeling of Single-
Sided Linear Induction Motor Considers End Effect and Equivalent Thickness, icee

transactions on magnetics, vol. 36, no. 5, september 2000.

[8] S. Vaez-Zadeh, M. R. Satvati,Vector Control of Linear Induction Motors with End

Effect Compensation.

[9] A. H. Selguk and Hasan Kiirtim, Investigation of End Effects in Linear Induction
Motors by Using the Finite-Element Method, ieee transactions on magnetics, vol. 44, no. 7,

july 2008.

[10] R. Rinkevi¢iene, A. Smilgevi€ius, Linear Induction Motor at Present Time, issn

1392 — 12135, electronics and electrical engineering, 2007, no. 6(78).

28

T T T S T S E— e RN




[11] Brahim bessaihl, Abdelkrim Boucheta, Speed Conirol of Linear Induction Motor

considering End-Effect Compensation using Rotor time constant estimation, 2012- 9th

~ International Multi-Conference on Systems, Signals and Devices.

~[2] M. Ali Usta , Omur Akyazi, A. Sefa Akpinar, Simulation of Direct Thrust—

Control for LmearInduction Motor Including End-Effect.

13] Min-Jac Kim*, Jaewon Lim*, Woo-Gyong Yim* and Hyun-Kyo Jung, Phase
Y Jung

Current Magnitude Variation Method to Reduce End-Effect |

Force of PM Linear Synchronous Motor, Journal of Electrical Engineering & Technology
Vol 6, No. 6, pp—793~798 201 1. —

C=a e

- [14] Hyung-Woo Leef, Chan-Bae Park* and Byung-Song Lee*, Phase Curent
Magnitude Variation Method to Reduce End-Effect

Force of PM Linear Synchronous Motor, Journal of Electrical Engineering & Technology
Vol. 6, No. 1, pp. 81~85, 201 1.

,—ﬂ_ﬂ,ChiniHuangtStudenLﬂiembenlEEEran¢Li:ChenJEufEellawieea,fadapﬁyeif —
approach to motion controller of linear induction motor with friction compensation,

ieee/asme transactions on mechatronics, vol. 12, no. 4, august 2007.

[16] Y. Nozaki, T. Yamaguchi, and T. Koseki, Practical Equivalent Circuit Model of
Linear Induction Motors for Urban Transportation System Depending on Secondary Speed

Based on Electromagnetic Analysis.

[17] Abbas SHIRI, Abbas SHOULAIE, Multi-objective optimal design of low-speed
linear induction motor using genetic algorithm, issn 0033-2097, r. 88 nr 3b/2012.

[18] Kuang-Yow Lian, Member, IEEE, Cheng-Yao Hung, Chian-Song Chiu,
Member, IEEE,and Li-Chen Fu, Fellow, IEEE,Robust Adaptive Control of Linear Induction
Motors With Unknown End-Effect and Secondary Resistance, ieee transactions on energy

conversiom, vol.-23, no. 2, june 2008

29




[19] Jae —Uk Kim, Sung Yoon Jung, PMSM Angel Detection Based on the Edgle

Field Measurement by Hall sensor.

[20] Jeong-hyoun Sung and Kwanghee Nam, A New Approach to Vector Control for
~aLinear Induction Motor Considering End Effects, 1999 IEEE.

[21] Ming-Shyan Wang, Ying-Shich Kung, Cheng-Yi Chiang, and Yi-Ci Wang,

Permanent Magnet Linear Synchronous Motor Drive Design Based on Sliding-Mode

Control and Fuzzy Deadzone Estimation, Proceedings of the 2009 IEEE International

Conference on Systems, Man, and Cybernetics San Antonio, TX, USA - October 2009.

e [22) Xiaozhou GUO1*, Bin ZHOU2, Jisan LIAN, A new method to reduce end effect |
— ——of limear-induction—motor; Journal of Modern—Transportation—Volume-20;-Number-2;- June— —-—
~ 2012,Page8892. ' -

[23] J.W.Choi. W.E Yun, H.G Kim, Initial pole — position estimation off linear
motor, IEEE 2005m Vol.152 .

[24] S. Vaez-Zadeh, M. R. Satvati, Vector Control of Linear Induction Motors with

End Effect Compensation.

[25] Jia Zhao*, Zhongping Yang *, Jianqiang Liu*, and Trillion Q. Zheng*, 4 Novel
Performance Study for Linear Induction Motors Considering End Effects, 2008 [EEE
[26] A. H. Selguk and Hasan Kiiriim, Investigation of End Effects in Linear Induction

Motors by Using the Finite-Element Method, ieee transactions on magnetics, vol. 44, no. 7,

july 2008

[27] Jia Zhao, Zhongping Yang , Jianqiang Liu, and Trillion Q. Zheng, A Novel
Performance Study for Linear InductionMotors Considering End Effects, 978-1-4244-1668-
4/08 2008 IEEL.

[28] Gerco Otten, Theo J. A. de Vries, Member, IEEE, Job van Amerongen, Member,
IEEE,Adrian M. Rankers, and Erik W. Gaal, Member, IEEE, Linear Motor Motion Control

30




Using a Learning Feedforward Controller, ieee/asme transactions on mechatronics, vol. 2,

no. 3, september 1997,

[29] A. Boucheta, [. K. Bousse;hane, A. Hazzab, B. Mazatiand M. K.
Fellah,Backstepping Control of Linear Induction Motor Considering End Effects, 2009 6th

 Induction Motor Control ‘Using Sliding Mode Considering the End Effects, 2009 6th

International Mulli-Conlereiice on Sysiems, signals and Devices. 2009 TEEE

[30] A. Boucheta, I. K. Bousserhane , A. Hazzab, B. Mazari and M. K. Fellah, Linear

~Torino; Modelling of linear motor-end=effects—for-saliency-based-sensorless-control; 9781 —

International Multi-Conference on Systems, Signals and Devices.

—..—[31] P. Giangrande, F. Cupertino, G. Pellegrino Politecnico di Bari Politecnico di |

4244-5287-3/10/ ©2010 IEEE.

[32] F.-J. Lin, P.-H. Shen and S:P. Hsu, Adaptive backstepping driving mode control
for linear induction motor drive, IEE Pmc.-Elecir. Powr Appl.. Vol. 149, 2002

33] Chin-I Huang 1 * and Li-Chen, Fu , Adaptive Control Approach for Speed
p

Motion-Sensorless of Linear Induction Motor Unknown Resistance and Payload,
Proceedings of the 17th World Congress The International Federation of Automatic Control
Seoul, Korea, July 6-11, 2008

[34] Bijoy K. Mukherjee, A.Sengupta, S. Maiti, M. Sengupta, design, fabrication, dsp

implementation and comparison of simulated performance of a linear induction motor for p-i

and h® control schemes.

[35] David C. Meeker, Member, IEEE and Michael J. Newman, Member, IEEE,

Indirect Vector Control of a Redundant Linear

Induction Motor for Aircraft Launch.

31




[36] Manpreet Singh Manna, S. Marwaha and Navpreet Kaur, Air Gap Field

Analysis of Single Sided Linear Induction Motor with Time Harmonic Finite Element

" Method, Excerpt from the Proceedings of the COMSOL Conference 2010 India.

[37] R. Rinkevigiené, A. Petrovas, Dynamic Models of Controlled Linear Induction

Drives, issn 1392 - 1215 elektronika ir elektrotechnika, 2005, nr. 5(01).

[38] Hamed hazehbahmani, modeling and simulating of single side short stator linear

induction motor with the end effect, Journal of electrical engineering, vol. 62, NO 5, 2011,
302-308

— 301 A 7are Bazghaleh, M. R. Naghashan, -H. Mahmoudimanesh, M. R

~ T Meshkatoddini, Effective Design Parameters o the Emd Effect it “Single-Sided Tinear— -
Induction Motors, World Academy of Science, Engineering and 'Tecﬂl'i'n'ology 64 2010, o
[40] Ismail Khalil bousserhane, abdelkrim boucheta, abdeldjebar

hazzab, benyounes mazari, mustepha rahli, mohammed karim fellah, adaptive backstepping

controller design for linear induction motor position control, u.p.b. sci. bull,, series ¢, vol.

71, iss. 3, 2009.

[41] Chin-I Huang, Student Member, ieee, and li-chen fu, fellow, ieee, adaptive
approach to motion controller of linear induction motor with friction compensation,

ieee/asme transactions on mechatronics, vol. 12, no. 4, august 2007.

[42] A. Hassanpour isfahani, b. m. ebrahimi, and h. lesani, design optimization of a
low-speed single-sided linear induction motor for improved efficiency and power factor,

ieee transactions on magnetics, vol. 44, no. 2, february 2008.

[43] Jun Wu, Wenwu ZHou, ZHigiang Long & Wensen Chang, Direct Thrust Control

by Direct Gap Flux Measurements for Linear Induction Motors.

32




[44] A. Zare Bazghaleh, M. R. Naghashan, H. Mahmoudimanesh, M. R.

Meshkatoddini, Effective Design Parameters on the End Effect in Single-Sided Linear

and secondary resistance, ieee transactions on energy conversion, vol. 23, no. 2, june 2008.

[46] Manpreet S Manna, S Marwaha, A Marwaha3 and C Vasu&eva, Two

Dimensional Quasi Static Magnetic Field Analysis of SLIM using Adaptive Finite Element

Method, International Journal of Recent Trends in Engineering, Vol 2, No. 6, November

2009

 [47] A. Boucheta, 1. K. Bousserhane, A. Hazzab, B. Mazariand M. K. Fellah,Linear
Induction Motor Control Using Sliding Mode Considering the

End Effects, 2009 6th International Multi-Conference on Systems, Signals and Devices.
2009 IEEE

[48] Gerco Otten, Theo I.A. de Vries, Member, IEEE, Job van Amerongen, Member,
IEEE, Adrian M. Rankers, and Erik w. gaal, member, jeece, modeling and simulating of

single side short stator linear induction motor with the end effect, journal of electrical

engineering, vol. 62, no. 5, 2011, 302-308.

[49] P. Giangrande, F. Cupertino, Modelling of linear motor end-effects for saliency
based sensorless control, 2010 1IEEE

[50] Hongliang Lu, On the Drive Control Strategy of Permanent Magnet Linear
Svnchronous Motor, IEEE 8-10 Aug. 2011, Page(s): 458 - 461

[51] A. Canova*, A. Garramone®, G. Gruosso , Design and Optimisation of Two

phase Tubular Permanent Magnet Linear Motors for Custom Applications.

33




[52] B. Tomczukl, G. Schréder2, and A. Waindokl, Finite-Element Analysis of the

Magnetic Field and Electromechanical Parameters Calculation for a Slotted Permanent-

‘Magnet Tubular Linear Motor, IEEE TRANSACTIONS ON MAGNETICS, VOL. 43, NO." =

7, JULY 2007.

-

2 ] Pl Il T XIL I —X I I o) P T Rl PR & 4 £ - 11 g
|_.)JJ WIS TIU,  Jlady ¥y dlly, LDJULEIICL 1T U dll FICLAIT UL, INOUUSL Ll CULILTUTICT UL

Tubular Linear Induction Motor with an Artificial Neural Network Compensator,

'"——“"—"'Proce'e'din'gs—oﬁhe—I'EEE—Intemati'on'al—eonference—on—Antomati'on—an'd—bogisti'cs—Augubt 18—=

21, 2007, Jinan, China

[54] Li Wenyong, Li Bincheng, Lyapunnov Stable Control of Tubular Linear

__-_:Per_manent-Magn_et___Motor, Proceedings of the 2008 JEEE/ASME International _Qi-c_)_r_l__:f___e;_r_er;_qg__ o

~— - -onAdvanced Intelligent Mechatronics July 2 -5, 2008, Xi'an, China-

[55] First A. Liyi Li, Second B. Chengming Zhang and Third C. Baoquan Kou,
Analysis and Suppression of Detent Force in Tubular Linear Electromagnetic Launcher for

Space Use, 978-1-4244-1833-6/08/$25.00 ©2008 IEEE.

~[56] Ioana-Cornelia VESE, Fabrizic MARIGNETTI, Mircea M. RADULESCU,; [

Multiphysics approach to numerical modelling and analysis of permanent-magnet tubular

linear motors, Proceedings of the 2008 International Conference on Electrical Machines.

[57] y. bencheikh, y. ouazir and r. ibtiouen, tubular linear induction motor analysis by
using finite elements and current filament models, xix international conference on electrical
g

machines - icem 2010, rome.

[58] Francesco Cupertino, Member, [EEE, Gianmario Pellegrino, Member,
IEEE Paolo Giangrande, Student Member, IEEE, and Luigi Salvatore, Sensorless Position
Control of Permanent-MagnetMotors With Pulsating Current Injection andCompensation of

Motor End Effects, icee transactions on industry applications, vol. 47, no. 3, may/june 2011

34




[59] Xiaofeng ZhOU, Xiaoning Chen, Junyi LiU, The Starting Thrust Simulation of

a Tubular LinearMotor on the Base of Finite Element Analysis, 978-1-4244-6908-6/10

~__[60] C. Pompermaier, F. J. H. Kalluf, M. V. Ferreira da Luz and N. Sadowski, Study

Conference on Electrical Machines - ICEM 2010, Rome

[61] Do Phuong Nam, Nang cao chét luong cac hé chuyén ddng thing bing cach sir

dung hé truyén dgong dong co tuyén tinh, Ludn 4n Tién s§ Ty ddng héa Xi nghiép Cong
nghiép, Pai hoc Bach khoa Ha Néi, 2012,

~ - [62] Trwrong-Minh Tuin; Nghién cira cai thién-dae tinh-lye-déng-co khong-dong bd-ba-- - - —

pha tuyén tinh, Luan 4n Tién s§ K¥ thuat dién, Bach khoa Ha Ngi, 2013.

35




- Int—jradvimultidiserres-stud-2023:3(5):H20-1122

eVl 0L —_International Journalof Advanced- Multidisciplinary. __
S - ' R Research and Studies

Linear Motors for Industrial Automation Applications

' Huong TV Nguyen, 2 Quang H Nguyen
"Thai Nguyen Industry Colleges, Vietnam™ —
2 Thai Nguyen University of Technology, Vietnam—

Corresponding Author; Huong TV Nguyen

Abstract
Linear machines rarely achieve the performance expected convenience and robustness. This paper will analyze the
--from-their rotary-equivalents-in- terms -of power-factor-or - applieability of-linear-motors-in-diresi-translatienal motien—-———- —
__efficiency. However, in several applications, this reduction  generating systems used in Industrial Automation -
in performance is more than compensated for by Applications.

Keywords: Linear Motion, Linear Motor, Motion Control

1. Introduction
Linear induction motors are little more than a "cut open and rolled flat" version of rotary AC induction motors !''%. Today's
linear motion applications are more demanding than ever before, More exact positioning, longer life, less maintenance, fewer
moving parts. Motion control companies strive to meet and exceed these requirements through continual technalogical
— —advancement. Advancements-in-linear encoder technology also allow for higher-speed operation. Today's linear encodersand
other devices can meet this challenge, are less noise-susceptible, and cost less. Commutation is done electronically either by )
Hall-effect sensors or sinusoidal '], Hall-effect sensors located within the forcer are activated by the magnets on the rail. Sine
commutation is accomplished using the linear encoder signals back to the controller. A common technique is using the Hall-
effect initially and then switching to sinusoidal commutation. The force generated by the same size motor is more significant
than brush motor technology due to improved magnet materials.

2. Industrial Applications of Linear Motor Applications

Linear induction motors consist of a moving primary (rotor in traditional rotary induction motors) that contains the motor coils
and a stationary secondary (stator in standard rotary induction motors). These motors primarily include a three-phase winding,
which carries the current supplied by the AC synchronous or AC vector drive. As current flows in the primary windings, it is
induced to flow in the secondary windings. The interaction of the electromagnetic fields produced by the currents in the
primary and secondary windings generates linear force to propel the primary.
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Fig 1: Charactleristics of a linear motien system
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In Fig.1, We can see that using linear motors makes the
system compact and achieves a higher efficiency in the same
Jimited space. Linear motors have now been used in practice -
in all power ranges. In the high-power range, they are in the
transmission mechanism used in transport vehicles such as
trains and metro. In the medium and low power range, they

are applied in automatic control of CNC digital machine
tools, robot arm control, lifting machines, and flexible

- production—systems-.with_high_requirements_of position |-
accuracy, high speed, and fast impact. In the low power
range, they are used in equipment such as printers, laser
cutters used in surgery, etc,

“Electrical linear motors produce direct lingar motion without™ ™

1
I U

controlled to provide the desired velocity, acceleration,
torque, and position to yield optimal performance.

c.)

Fig 4: Application of linear motors in CNC machines

¥ ig 3: ThyssenKrupp's linear motor elevator eapable of traveling
sideways I3

g 5: Application ol linear molors in packaging lechnology I'?

Some typical linear motion applications are illustrated in Fig
-2 to Fig 5. 'The system designer often specifies-linear motion
technologies when manufacturing processes require high
precision, high-speed repeatability, and flexibility for CNC,
robotics, and material handling applications. A basic linear
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motion system integrates a power component, such as a
muotor, a thrust mechanism, an actuator, and a puidance
if frastructure, such as a rail.

The linear motion can be selected and sized quickly and
easily, thanks to predefined axis combinations. Each multi-

.. axis system_is_also_available as_a Smart Function_Kit for

handling or dispensing. Preinstalled software then allows

www.millliresearchjournal.com

International Symposium on Electromagnetic Fields in
Mechatronics, Electrical and Electronic Engineering
(ISEF) Book of Abstracts. IEEE, 2017, 1-2.

9. Laithwaite E. The Development of the Linear Induction

Motor. Transactions of the Newcomen

1995 67(1):185-205

Society.

10. Xifu C, Weiging H. A new type of non-resonant linear

iezoelectric stacks, In2010 JEEE |

This-significantly-reduees-the-engineering-time:

3. Conclusion
~ This analysis of Linear motor applications in motion

systems has been described in this work. Linear actuators

12

~Automation, 1995,
11. hitps:/linmot.com
https://www korea.net/NewsFocus/Society /view?article

1d=132454

-International-—Conference —on—-Mechatronics— -and—--—— —}=

are essential Tor automated mohon control of piCK-and-place
applications, industrial-grade machinety, and consumer-
grade equipment. The most important factors to consider

13, hitps:/fwww.dezeen,.com/Z017/07/12/thyssenkrupp-
unveils-worlds-first-rope-less-sideways-moving-
elevator-system-

* when sizing, selecting, installing, and operating a linear
system are the loads and moments, speed, accelerafion,

. __required accuracy, and rigidity. Accuracy is how clo

multi/#:~text=Called%20Multi%2C%2(the%20ground
T T bréaking Yo 20systén, well%20a5 %62 0upYe2fand e 20dow

- system maves compared to a commanded position. Rigidity
is essential because the system must be stiff or rigid enough
to prevent deformation or unintentional movement,

__ Typically, linear motors exhibit the best accuracy but have

higher initial costs. Overall, linear motors are the best choice

~—if you are pursuing both-acceleration and-accuracy-in-one-

- single system, which is hard to find in other systems,
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