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dugc chirng minh chi tiét.
3, Két qua nghién ciru:

Téc gia thye hién md hinh héa ddi tugng didu khién, d& xuét céc thuat toan diéu khién
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2. Objectives:

- Axial flux permanent magnet synchronous motors have strong nonlinearity especially

when combined with magnetic bearings to form a non-contact electric drive system.

During operation, the rotor of the motor may have displacement from the central axis of

»

the sharp or the sharp is tilted at an angle, in addition, the rotor may translate along the
axis. To overcome this phenomenon, a special structure of the motor is proposed. Based

__ . on the structure of the motor, a mathematical model of.the. system is-built.-Next, closed — .- — —

system simulation is performed. Based on the mathematical model and control objective,
-~ ~assuitable controller will be designed and the stability of the closed sysfein is proved

through the simulation results.

3. Research results:
The author performs modeling of control objects, proposes control algorithms for
control objects, simulation verifies the results. The results are published in international

journal articles.

4. Products:
- Training products:
- Scientific products: 01 ISSN papér.
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5. Effects:

Research results of the authors group are pubhshed in prestigious sc1ent1ﬁc Journals in
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T 6. Transfer alternatives of reserach results andapplic ability:
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Provide specialized reference materialsfor students; graduate students, PhD-students i

-———Automation Engineering.-The researchresultscan be used to guide the master thesis for
graduate students in Automation Engineering. :
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Chuong 3: Mb hinh hoa dong co ddng b6 tir théng doc truc

CHUONG 1: TONG QUAN VE PCPB TU THONG DQC TRUC CO TiCH
HOP O PO TU

TIT  Medau T

Ngay nay, cling v6i sy phét trién manh mé cia cdng nghé dién tir cong suit,

—vixwly va ky thudt may tinh,... thi viéc dicu chinh toc a6 DC xoay chiéu trd nén dé

~——-—dang v& dat dwgc nhitng chi tiéu chit hrong cao. Trong céc nganh cong nghiép, cae
" hé thong truyen dong dién str dung DC di¢n mot chleu dang duge thay thé béng h¢

hé théng truyén dong blen tén d1eu khién bCXCBP cung phat trlen manh mé va mang _

A 4 A s m—

lai loi ich kinh t& cao trong san x

ctru phat trién va tmg dung rdng rai tir nhitng nim 80 cia thé ky truéc nhd kha ning
hoat ddng tin cdy, chi phi thip, kich thuéc nhod gon. Dic biét, hé bién tAn didu khién
DCXCBP dang dugc nhidu nha nghién ctru quan tdm vi hé théng ndy c6 nhidu wu

diém nhu: tiét kiém ning lugng; mémen mé mdy 16n do vay kéo dugc tai niing khi
khoi dong; viée didu chinh tde do don gian; pham vi diéu chinh tc d6 rdng; c6 kha o

ning ditu chinh vo cAp tdc d6,... PCXCBP ¢6 c4c loai ddng bd va khong ddng bd.
Uu didm n01 bit cia PCDB 14 d¢ & on dinh toc dd cao, cdc chi tiéu niing lwgng nhu

hiéu suft, hé sé COSQ tbt, dd tin cly cao.
Dé tai tdp trung nghién ciru téng quan PCHB tir thong doc truc kich i nam
ch@m vinh ctru trongidiéu kién rang budc 14 hai déu truc cia DC st dung hai  d& ti.

Céc 6 d& tir nay chi d& cho truc rotor quay ma khong chin dugc dich chuyén doc truc

" 'clia rotor. D€ chin dich chuyén doc truc cuia rotor khi quay, téc gia d& xuét loai DCDB
tir thong doc truc ¢o cAu tao dic biét, vira tao ra momen quay cho rotor vira chin duoc
chuyén dich doc truc ctia né. Pidu do, khong lam ting kich thude cia DC va ciing
khéng phai st dung thém thiét bi chiin co khi nao.

Mdy dién d3 trai qua mdt ching dudng phat trién dai, bit ddu tir nhitng thi
nghiém ctia Michael Faraday (1831) va ngay nay 13 nhitng san phim c6 thiét ké tinh
té do cdc ki sur tai gidi ché tao theo nhiéu cach thirc khac nhau véi muc dich lam cho
kich thude PC nhd hon, manh mé hon, mang tinh dong hoc va ¢6 hiéu sudt tét hon.

Céc loai may dién xoay chidu ding nhiéu trong san xuét thuong 1a DC dién
khong ddng bo (KDB), vi loai BC dién nay ¢6 nhiing dic diém nhu céu tao don gian,
1am viéc chic chan, bao quan d& dang va gi thanh ha.

Tuy nhién, cac PC dién ddng bd (PB) do ¢6 nhiing uu diém nhit dinh nén trong
thoigian gin-day da-duge sir dung réng rai hon va ¢o thé so sanh véi PC dién KDB
trong linh vue truyén déng dién. V& uvu didm, trude hét phai néi 1a BC dién BB do
duoc kich thich bing dong dién mot chifu c6 thé lam viec véi cosp bing 1 va khong
cin 14y cong sudt phan khang tir luéi dién, két qua 12 hé sb cong sudt cua luéi dién

8




Chuong 3: M6 hinh hoa ddng co ddng bd tir théng doc truc

duoce ning cao, lam giam duoc tbn thit dién dp ludi va tdn hao cong suét trén dirdng

day. Ngoai tru diém chinh d6, DC dién DB con it chju 4nh hudng ddi véi sy thay ddi
___ dién 4p cla ludi dién do mdmen ctia PC chi ty 18 véi dién 4p ngudn cung cép (U),

trong khi moémen cua DC dién KDB ty 1¢ vdi binh phuong cia dién dp ngu?m cung

cép (U?). Vi vdy, khi dién 4p ctia ludi bi syt thip do su cb, kha ning gitt tai cia PC

dién BB 16m hom; trong trodng hop d6 ncu ting kich thich, BC dién dc“mg b6 c6 thé

lam viéc an toan va cai thién dwoc didu kién 1am viée cia ca ludi dién. Cung phal noi
thém ring, hiéu sudt ctia PC dién DB cao hon hiéu suft cia DC-dién KPB vi BC - — — —

dién DB ¢6 khe hd twong dbi 16n, khién cho tdn hao sit tir nhd hon. Nhwoc diém clia
bC dién BB 50 voi DC dign KDB ¢ cho cau tao phuc tap, 601 héi phai co. may leh e

—I.L[ lltkgl.b ltgtlUlfbtﬂlg Uct[ftlUﬂg—u G 1]

v may dién ddng b6 cuc 15i cong sudt 16n). Hor nita, viée md may DC dién ddng
bd ciing phirc tap va viée didu chinh tdc d9 cia nd chi co thé thue hién duge bang
cich thay ddi tAn sb cia ngudn dién cung cép.

1.2 Sw phat trién ciia mdy dién ddng b kich tir NCVC tir théng doc truc

Khi tim hiéu vé lich st phat trién ctia may dién cho thiy cdc may dién diu tién )
12 cdc may dién tlr thdng doc truc (M. Faraday, 1831, Nha phat minh v0 danh véi cac
"o namrcham vinh ctru-ddu tién, 1832, W.Ritchie, 1833; BT*J'aco*b'r,*1”8*}4*)'?Nguyén”m§u”;***
lam viée thd so dau tién cua mot may dién tir thong doc truc duge ghi nhéin {4 ¢6 dang
hinh dia ciia M. Faraday (1831) [1].

Hinh 1.1 DC dzen m vai rotor dang dia theo bing sang ché 56 405 858,1889 ciia N. Tesla
(a- hinh chiéu ding, b- hinh chiéy canh, c- mdt cdt doc).

Céu tao kiu dia clia cac may dién ciing xudt hién trong céc bing séng ché cua
N. Tesla, chiing han bing séng ché ctia My s6 405 858 [2] c6 tidu d& PC dién - tir va
duoc xudt ban nam 1889 (hinh 1,1).Tuy nhién, khong 1au sau khi T. Davenport (1837)
yéu cdu bio hd bing sing ché dau tién [3,4] cho mét may dién tu thdong hudng tAm,
cic may dién tir théng hudng tdm théng dung dwge chip nhan réng r&i nhu la cdu
hinh chit dao d6ivéi cac méy dién [5,6].

Su phat trién ctia mdy dién tir théng doc truc kich tir nam chdm vinh ctru (Axial
Flux Permanent Magnet - AFPM) kha chdm so v&i cac may dién tir théng hudng tim

kich tir nam cham vinh ctru (Radial Flux Permanent Magnet - RFPM) nguyén nhén
9




Chuong 3: M hinh hoa dong co ddng bé tir théng doc truc

_1i stator ghép bing céc la thép va kho khin trong l8p rap may dién dé gitt chokhe |

14 do thiéu cong nghé ché tao may dién AFPM [7] vi gip phai cac kho khin nhu: Lyc
hap dén tir tinh doc truc giita stator va rotor 16n, chi phi cao lién quan dén ché tao cac

hé khéng khi déu,...mat khac, mic du hé théng kich tir nam chém vinh ctru (NCVC)

d4u tién dugce ap dung cho may dién tir ddu nhiing ndm 1830, nhung do chét lugng

kém cta cac vt li¢u tir cing 48 ngiin can viée st dung NCVC. Hiém tai, susin ¢6

clia cac vat liéu NCVC ning lwgng cao 1a dong luc cho viéc khai thac cdc cdu tric

may dién kich tr NCVE-méi va vi vy da thic ddy qua-trinh nghién-ctu ché taova - — —

ing dung mdy dién AFPM. Gia cta cac NCVC dat hiém dd gidm manh trong thip ky
cubi ctia thé ky 20. Ngdy nay, mdy dién AFPM d4 trd thanh déi twgng cta nhidu .

nghitn-ctraquantrongkhip-thépgidi-trong 30 mmquavigror-daycothe-duoc=en
nhw 13 mét cong nghé chin mudi, bing chimg 13 vide sir dung chiing trong rit nhidu
tng dung khéc nhau, tir hang tiéu ding dén céc tng dung cong nghiép cao va quén
sur, tir céc hé théng ning lugng téi tao dén vén tai, d6 la nhitng {mg dung yéu cau tinh _

- (Campbell; 1975; Leung-and Chan, 1980; Wehetal,; 1’9'84*):*T1'1’*dérch’(rdé":1r'n’ay;su’”*’;**7

_ thét & mach kich tir duoc loai bo,. giam dang ké ton thit & rotor. Hiéu sudt cta BC ... _

cuc ky nho gon theo hudng truc di dbi véi méat d mé men va hidu suit cao. N

1.3 Cac kiéu mdy dién AFPM - o
Cudi ndm 1970 déu nim 1980, dd xuét hién nhiéu chu tric méi cia DPC AFPM ,

quan tim dén DC dién AFPM ting lén déng ké va tim thy trong nhidu \ing dung do

wu diém ciia ching so véi cac PC dién ddng bd tr théng hudng tdm (PC RFPM)

thong dung [8]. Vi dugc kich thich vinh ciru nén chiing ¢6 hiéu suét 16n hon do tén

dién nay vi vy dugc cai thién rit nhi€u va mat dd cong suit dat duoc 16n. Cau tric

tir théng doc truc ¢6 rdt it vat liéu 161 cho nén dat duoc ty s6.md men/khdi lugng cao.
bC dién AFPM ¢6 cac nam chdm moéng, do d6 kich thude clia ching cling nhé hon
so vo1 cdc BC dién RFPM. Kich thuéce va hinh dang 1a nhitng tinh niing quan trong
trong céc tng dung khi khong gian l4p dit c6 nhidu han ché, vi vy tinh tuong thich
14 rit quan trong. Tiéng bn va rung ddng chung tao ra it hon so vdi cdc may dién
théng thudng, hon nita cac khe hd khéng khi ctia ching phang va d& dang didu chinh.
Nhitng lgi ich nay tao cho PC AFPM nhiéu vu thé so v&i cic may dién théng dung
trong nhidu g dung khéc nhau.

V& mit cu tao, PC AFPM c6 nhitng nét dic biét riéng, ching han modul
stator bao gdm: Modul don (Hinh 1.2) chi ¢6 mot bd diy quén va modul kép c6 hai
bd day quén chung mét 151 va quay lung vao nhau. Rotor cling tuong tu, modul rotor
don chi mét matmcc’) nam cham vinh ciru va modul kép thi ca hai mat déu cé nam chim
vinh ctru (Hinh 1.2).
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Day quan Stator Mach tlr stator

Modulstator ~ Modulrotor
clia ddng co AFPM cla dfng co AFPM

~ ~MHinh 1.2 Cdc modul co ban cha DCAFPM—~ — — ~—— — — ———

1.3.1 Cic ciu hinh co bén ciia PC dién PB AFPM

"C6 nhidu cdu hink DC AFPM dugc phén chia chit yéu difa vao s6 lugng va ~ — —

cach b bo tri cdc modul stator va rotor, vi du nhy trén hinh 1.3. Céu hinh nao ma kha 7
-  ning tao mo men cang cao thi cang hap dan. Trén hinh 1.3, giéi thidu bén cu hinh —
co ban theo modul (modul stator va modul rotor). M6 men duge tao ra voi cdu hinh

’

don va mdt modul rotor kép), Ion gdp dbi so véi md men cia chu hinh thir hai va thir
ba 13 nhitng céu hinh gdm ¢6 3 modul (hinh 1.3¢: mét modul stator kép va hai modul
rotor don) va hinh 1.3b (hai modul stator don va mdt modul rotor kép), va 16n hon 4

[An m& men dugc tao ra & cau hinh tha nhit, (hinh 1.3a - m6t modul stator don va
mdt modul rotor don). -

aj b ¢ dj
Hink 1.3 Cdc cdu hinh cia mdy dién tir thing doc truc NCVC
a) 1 rotor I stator; (b) I rotor 2 stator; (c) 2 rotor 1 stator; (d) Cdu tric nhidu ting

cén chi y ring cac céu hinh minh hoa & hinh 1. 3b va l.3cco cimg kha nang tao
bén trong hay rotor ben ngoai. Mot sé soa sanh vaung dung nhu sau;

- DC AFPM mot tng nhu 1.3a ¢6 céc ung dung trong lue kéo cong nghiép, cac
truyén dong dién co servo, quén su, cdng nghiép van tai, va thang may khéng hop sb

vi cdu triic nhé gon va kha niing sinh md men cao [9]. Nhuoe diém co ban clia may

dién nay 1a lyc doc truc khong cén bi‘mg giita stator va rotor, cé thé vin xodn ciu tric

mdt cach dé dang [10]. D& dat duoc md men quay cuc dai véi luc doc truc cuc tiéu,
6 thé stt dung mdt sé phuong phap 13: didu chinh céc thanh phin dong dién day quin

stator, céc thanh phin nay duoc chiéu 1én cic hé truc vudng gbc tuong ng vdi cac vi

trf rotor; stator khéng réinh; cdc phwong 4n bd tri & d& phirc tap; dfa rotor diy hon va

dich pha dong dién [11],....

11
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- DC AFPM nhiéu ting bao gém N modul stator va N+1 modul rotor trén cling
mdt truc co (Hinh 1.3b,c,d). DAy quén stator ¢6 thé dwoc ndi song song hogc néi tiép.

_ Chu trite nhidu tAng lam tang.mat 46 md men.va mit dd.cong sudt ma- kheng lam-ting-

dudng kinh clia may dién. Cac BC AFPM nhiéy mnc cdthé d2 ];m rap-hon sovéiDC

RFPM do khe hé khong khi ctia ching phing [12-24],

1.3.2 Lyachon cAu hinh PCAFPM

bBC AFPM c¢6 cac uwu dlem nhu: higu su “t cao, ti I¢ cong suat trén kich thudc

If'm mﬂf ﬁn r‘nno lef cao tudi ﬂ-m In-n mé_men

HS)
AR LA e R NIRRT ST L2t P

réng, ti sb momen/dong dién 16n, it nhidu, bén ving,... Vi thé DC AFPM dd va dang
duge st dung rfng réi trong cdc hé thdng truyén dong cé didu chinh téc d chét lrong

cao.nhu xe di¢n, robot ¢dng nghiép, may CNC, céc thiét bj y t&, quay banh da trong
céc h¢ tich trit nédng legng va ¢ nhitng wu thé gan nhu tuyét déi trong tng dung cho
0 t0 dién,...

Khi ¢6 y&u cau s dung DC AFPM cho truyén dong quay téc &9 cang cao cang
tt nhwr tryc chinh mdy mai véi yéu chu tée do rét cao (>10.000 v/ph) hoiic khi sit
dung cho bom khi heli 1éng nhiét dd rét thép (< 0%),...thi phai str dung céc & do tir
huéng tm & hai ddu tryc. Nhu vay, khi muédn quay tryc rotor PC thi trude hét nd s&

duge nang 1én va khéng tiép xiic voi phan tinh nhu vong bi co théng thudng, didu do

s& xudt hién chuyén dong doc truc clia rotor. D€ chin chuyén dong doc truc ndy, trong
bC théng dung phai str dung thém & tir doc truc. Pidu do lam cho chu trac h¢ thong

~ trd nén rit cdng kénh. Nhidu nghién ctru gin day, d& dua ra mé hinh tich h0'p b tr doc
true vio day cudn stator DC il gism kich thirde chunig cho Fé théng, VI Iy do do,

trong nghién ciru nay ta chon ddi twong nghién ctu 1a BC AFPM ¢6 céu trac hai
modul stator hai bén va mdt modul rotor kép & giita.

Ngoai ra, cic DPC AFPM cdn phén biét véi nhau qua mot sb diic diém vé céu
tao, chﬁng han nhu: Modul rotor ¢o cic phién nam chdm hinh dai quat dugc gén trén
bé mit hodic chim bén trong 181, modul stator ¢6 sé rinh hodc khong co rinh, co 161
phan ung hodc khong c6 161, ddy quén trén stator dang vong holic dang tréng, mot
tAng hodic nhidu ting, ..

1.3.3 M5 hinh truyén théng vé 6 d& true PC

Tir trude dén nay, cac hé truyén dong thong dung st dung cédc loai DC dién
thong dung tao md men quay trén truc, thudng c6 cic 6 dé hai diu truc 14 cac vong
bi (6 do hodc 6 d& va chin) nhwr minh hoa trén hinh 1.4.

M
o
\
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e — — — Hinh L4 MGt it m hink-DC-dign thong dyng - ——
(1- Truc; 2- Rotor, 3- Stator va ddy qud’n; 4- Vong bi trdi, 75 - Kongbz Phdz). )

LW N

1:34 M6 hinlr DC théng dung i dung o tir 4o trge DC
Tir nhitng nam 1988 tré lai ddy, do sy phét trién trong cong nghé didu khidn, =

X r
A Ld A A A ~ ~ A .3 A hY A . I
- alnszie aly 1 alakrlia aalfzams als alla l‘\ﬂ ﬂl‘ID L s Pala¥a')

1 B T anzc s = = —¢1H =e = 3 Be =CTiv—tat=Cr

-kh-i-,.i.. g6p phén lam-giam kich thude, ¢ phire tap cfing nhu gid thinh ciia 6 tir. Pidu - -~ —

dé, da tao co hdi cho viée phit trién sit dung & tir trong cong nghiép va trong cac dung
cu cao cAp ctia y sinh hoc. O d& tir 1a mot loai & truc c6 kha ning ning khéng tiép xac

cac truc chuyén dong nho vao lye tir trudng (Hinh 1.5) duge ddy manh nghién ctu & _
: nhiéu quéc gia va d4 ¢6 céc ing dyung cy thé. , : A —
Ciu tao 6 tir twong ty nhu PC dién, nguyén ly 1am viée lai nhw mot nam chim
» - dién, thay vi viéc sinh mé men quay cho rotor & tir va ngdng truc BC, thi né lai sinh ==~
céc lyc hitt theo cac phuong x va y (voi 6 tir chil dong hudng tdm) hodc theo huong
tryuc z.

Rotor

Hinh 1.5 O d5 tir hudng tam chit dong

Do gifta truc quay va phan tinh khong tiép xiic v6i nhau, cho nén & d& tur dang
duge coi 1a mot nganh cong nghé trong diém cta thé ky 21, ¢6 thé dem lai nhidu bude
dot phd cho cic nganh cong nghiép ché tao va san xuét nho nhitng wu diém néi bat
ma vong bi khdng c¢é duge nhu: Khong ¢ hao mon khi van hanh do phin quay cia
DC khéng tiép xtc v6i bit ky bd phan nao; Tang hidu sut cia BC nhe chuyén dong

‘khong c6 ma sit; Thén thién voi mdi truong: Khoéng ¢b bd phén boi tron; kha ning
lam viéc véi the d6 rat cao va loai bd cac rung ddng khi chuyén dong; kha ndng [am
viéc trong cdc méi trurdong khic nghiét (chan khong; nhiét dd rt cao hoic rit thép).
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Nhung hé théng truyén dong dién sit dung 6 tir cling tdn tai nhitng nhwoce diém

nhu 1a kich thudc 16n, cdu triic phirc tap va gia thanh rt cao. Pidu ndy lam cho DC

__ dién ding 6 tir vAn chua duge sit dung rong rfi trong céc nganh cong nghiépvadan |
dung.

Hinh 1.6 MGt cdit mé hink DC dign thong dung cé tich hop 6 dd tie hudng tém va hudng
truc (1: Truc; 2: Rotor, 3: Stator, 4: O tir huong tam; 3. O tir doc tryc).
Pé nhan thf?ly didu nay ta s& phin tich cdu trac cia mot PC dién sir dung & tir

théng thudng dugc md ta & hinh 1.6. Trong d6, hai b tir ngang truc duge sir dung 88
néng truc quay theo hudng x, y, con mdt & tir doc truc dimg dé chin chuyén dong theo
huéng z cta rotor DC, DC dién ¢6 vai trd tao ra chuyén dong quay o. Két qua 1a BC -

dién st dung 4 tir thi truc clia né ¢6 6 béc ty do.
So dd nguyén 1y ctia & do tir chii dong (AMB) hwéng tam (hinh 1.7a) va & do tir
doc truc (hinh 1.7b) 14 loai c6 thé diéu chinh duge Iyc dién tir bing dong dién, nd ¢6

cdu tao gidng DC dién (stator x¢ rénh va dit day quén, rotor lam bing vt liéu tir tinh

ddc biét) nhung nguyéﬁ ly lam \71ec clia né lai gidng nam cham dién [25,26;2_7]:

Relor gdii véi tivic quay

ir. f&,&; /\\
v =V /

N

— ‘
fye = Iy Stator va'ddy qudn

a}
Hinh 1.7 Cdu tao 6 tir chil dong (AMB): huéng tam (a), doc truc (b).
1.3.5 M5 hinh tich hop 6 tir doc truc vao PC dién PB AFPM
Céc nghién ctru gin day dang tip trung vao viée giam kich thudce va gid thanh
cho DC ¢6 stt dung & tir thdng qua viée tich hgp chirc nang ciia 6 tir vao DC. Thanh
cong ban diu theo hudng nay 1a nhém nghién ctru ciia gido su A. Chiba tai dai hoc
Tokyo — Nhat Ban.
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Bing céch tich hop chirc ning ctia 6 tir huéng tdm vao DC dién, kich thude
cta PC dién dung 6 tir d3 duoe giam dang ké (giam khoang 25%) tuy nhién cdu tric

ctia DC phire tap do déy chi 14 tich hgp co hoc (cudn day & tir duwge quén canh cudn

day DC) va sb bo bién d6i dién tir cong suét str dung cho PC van gitt nguyén. Do dé

gid thanh cta PC kidu nay van cao.

Huéng nghiénctu khéc tap trung vao viée két hop chire miing ctia 6 tir doc truc

vao PC [27] (Hinh 1.8). Théng qua phwong phép diéu khién méi, PC c6 thém chic
-~ n#ngsinh ra lyc ddy kéo-doe tryc ma khong cin bd xung thém day quin phu--

Bing cach ndy phén cling cta & tir doc truc duge loai bd hoan toan, két qua la
kich thuéc va gia thanh ciia PC dién dung & tir s& suy giam dang ké.

Hinh 1.8 Mt cdt BC AFPM c6 tich hop 6 d6 tir hai ddu truc
1: Truc; 2, 3: Stator cua DC phdi va PC trdi; 4: Rotor cua PC; 5,6: Rotor cia AMB trdi va
AMB phai; 7,8: Stator v ddy qudn ciia AMB trdi vic AMB “phai; zo, go: Khe ho danh dinh
gitta rotor va stator cua DC va AMB.

1.4  Tinh hinh nghién ciru trong va ngoai nwéc

Céc hé théng truyén ddng dién str dung PC dién c6 tich hop chire ning & d tir
nhu méy bom, tudc bin khi, may nén khi, may céng cy,... s&€ ¢d hiéu suét cao do it
tén hao.

V6i wu diém nay, DC didn ¢6 chie ning tich hop 8 do tir dang dwoc ddy manh
nghién ciru Ung dung trong cac nganh cdng nghé vit liéu, c¢orig nghé hoa hoc (bom
hoéa chit [29]), cdng nghé y sinh hoc (bom mdu trong tim nhén tao [30,31]). Trong
thue té, céc hé truyén dong dién st dung PC c6 tich hop chire ning & tir, da [am viée
trong mdi truong chan khéng khéng cin chét bdi tron 4 truc, lam vide trong cac mdi
trudng rit lanh (bom khi helium 1éng: -176°C [32]) hodc rt néng (550°C [33]).

Viéc giam kich thudc va gia thanh cho hé théng truyén dong dién sir dung BC
dién c6 chirc ning tich hop 6 d& tr 13 vin dé duge nhidu nha khoa hoc quan tim.
Bing cdch tich hop chirc ning cia & d& tir hudng tdm vao DC dién, kich thude cia
DC dién ding 6 4o tir da duoc gidam dang ké (giam khoang 25%) tuy nhién, ciu trac
cta DC phirc tap do ddy chi 14 tich hop co khi (cudn day & d& tir duoc quén canh cudn
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day DC) va s6 bd bién dbi dién tir cong suét st dung cho PC van gilt nguyén. Do dé
gi4 thanh cta DC kiéu nay vin cao.

- ___ Hudng nghién cu khac tp trung vio vide két hop chirc nang ciia 6 d& tir doc
truc vao PC [27]. Théng qua phuong phap digu khién méi va véi cau tao déc biét,

DC ¢6 thém chirc ning sinh ra lye néng doc truc ma khéng cén bd sung thém day
o —culﬁn—phTViévﬁghTérrcﬁuﬁhrerkahﬂdemgWBden dungcrdmfheo—
~ mdt khdi théng nhét s& thanh cong trong viéc gidm kich thwéc va gi thanh, gop phin

- nhanh ¢héng dua PC dién ding 6 d& tir vao-tng dung rong rdi trong ebng nghiép. —— -

1.4.1. Tinh hinh nghién ctbu trong nuéc
- Mic du, khai niém vé hé théng truyén dong dién st dung DC (ihit 1a loai BC~ ==

di¢gn DB AFPM) c6 tich hgp chirc nang 6 do tir mdi xudt hién trong thoi glan gan day,
nhung dé thu hut manh mé nghlen clru ciia cdc nha khoa hoc va nghién ctu sinh.
Trong d6 ndi bat 13 hai trung tAm nghién ciru vé 4 4 tr va DC dién dimg 6 do tir
WWWWW
thudc Pai hoc Thai Nguyén,
Tai Truong Dai hoc Bach Khoa Ha Ngi, Vién K§ thujt didu khién va tir dong
hoéa, bd moén Ty dong héa XNCN cha Vién Dién, thong qua chuong trinh phéi hop

nghién ctru véi trudng Pai hoc Ritsumeikan — Nhét Ban, md hinh DC dién ty ning

véi tu thdng doc truc tich hop st dung b d% tir doc truc di dwoc nghién ciru thiét ké
va ché tao thanh cong, cac phuong phép diéu khién co ban da dwgc phat trién va img
dung cho PC, két qua nghién ciru da dwgc cong b trén cdc tap chi hing diu thé gisi
- “Vé‘KS’f‘thué.'t—dién';‘ e el
Thong qua chuong trinh phdi hop nghién citu va dao tao nghién ctu sinh tai
bd mén Ty dong hda, Khoa Pién ctia truong dai hoe Ky thuat Cong nghiép - Dai hoc
Thai Nguyén véi cdc Gido su & trudng dai hoc Curtin (Curtin University - Australia),
céc thut todn didu khién nang cao cho & do tir dd dwoc nghién ctru. Burde diu da co
mdt sb cong trinh nghién ctu vé didu khién & d& tir chii ddng hudng tim, dugc ding
tai trén cdc tap chi chuyén nganh va céc hdi thio todn qubc vé tu dong héa. Céc
nghién ctru vé diu khién DPCDB AFPM c6 tich hop chirc ning § d& tir méi dang bt
déu duoc tién hanh.
1.4.2. Tinh hinh nghién cttu ngoai niréc
1) Nghién ciru vé 181 wu héa thiét ké DC AFPM
Céc nghién ctru vé& tdi wu hoa thiét ké cho mdy dién AFPM tép trung vao viée
hiéu chinh hinh dang thong qua lua chon céc tham sé hinh hoc, cic phuong phdp xac
dinh hoiic c4c phwong phéap tinh todn mém. Aydin et al. [34] dé phat trién cac may
dién AFPM c6 kich thuée t&i wu cho ca cdu trac lién két SSDR va DSSR, nhung chi
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¢o hai tham s6 duge xem nhu 14 cdc bién t6i wu va vige t6i wu hoa duge thyc hién
thong qua hi¢u chinh hinh dang. Trong mét s0 nghién clru, gia tri t0i wu cda doi voi

_tj-sb6-dudng kinh trong vA dudng kinh ngoaiA~.0.58. dugc-chon nhim cé-duoc.cong ]

suit diu ra Cuc rTm trong mﬂv r‘th AFPM [35]

Do It o —

Céc k¥ thuét tdi wru hoa tiéu chudn gdm ¢6 phuong phap tim klem ngiu nhién,

~ phuong phap Hook va Jeeves, phuong phap Powell va thudt toan Gen (GA) [36].

Phuorng phap tim kiém ngau nhién mét nhidu thoi gian dé h01 tu va hoan toan phu
thuﬁc vao diém bc’itﬁau, trong khi phuwong phip Hook va Jeeves chiéim hon nh]_]"ﬁg e

chinh xac hon [37]. Phuong phép Powell nhanh chéng dat duogc 161 giai tdi wu nhung
khong bén vitng khi d6i-dién véi céc bai toan phirc tap hon hogic khi-gid trj cye tiéu - - —

7t0ﬁnmvbi€n1rorrgrﬂn’ 'élrg'rﬁrituctiéu*cuc*boif.

2) Nghién ciku vé vét liéu, céu tao va ché tao DC AFPM

Mt sb luorng dang ké cac nghién ciru gén day lién quan dén khia canh vét ligu,

ATDNAL

bdu. l.d.U Vd. bllU ldU DC AT'T1VE

- Céac nghién clru v& vat liéu ché tao BPC AFPM: Nhu céu vé cic may dién trong
Irgng nhé, giam tdn thit va ting mat d6 céng sudt da dan dén nhimg nghién ctu toan
dién vé cac g dyung cia cac vét lidu méi trong cdu tao cia may dién AFPM. Masson

- -Wang-et-al.-[39]-thiét ké v& thi-nghiém-mét DE AFPM st dyng-vat lidu-tir vo-dinh - - -

el al. [38] d& xudt mot DC tir thong doc fruc siéu din nhidt dd cao HTC cho hé thong
déy ciia may bay. Céc dit liéu thuc nghiém cho théy viée sir dung chét siéu din
YBCIO vé tron thay cho cac NCVC thong thudng lam ting khéa ning dung luong tu
thong 18n t6i 17 T & 29 °K véi mat dd md men xdp xi 18 Nm/kg va hidu suét dat 99%.

hinh lam céc 161 stator va cac nam cham ferrite lam rotor, da lam ting hi¢u suit lén
dén 90%, ...

- Céc nghién clru v& clu tao va ché tao may dién AFPM: Trong [40] Fei et al.
thiét ké va xay dung mot may dién 6 kW, 1200 vong/phut, 5 cip cwe, q= 0.2 cho tng
dung truyén dong truc tiép trong banh xe. Nhim ting mét do mod men dbi véi may
dién, cdc ring stator duge lam tir thép tir tinh can méng. Vi ring duge vudt thudn theo
huéng hudng tim sao cho stator c6 cac ranh song song. Di vai cu tric lién két nay,
da dat dugc mot hé sé dién dy ranh bing 52%. Céc két quéa thyc nghidém khong tai
cho thdy sur phit hop voi yéu can, hiéu suit dat trén 90%. Ba bai béo [41]-[43], tip
trung chi ¥ vio ché tao diy quén, nghién ciru cic khia canh nhu ¢ dai ciia céc mbi
ndi cudi va cic cdu hinh khong xép chdng. Cac kiém tra thuc nghidm cho thdy cdc
day quén tap trung khdng xép chéng c6 diic tinh md men twong tu nhung tét hon so
v6i cac day quin xép chdng binh thudng va cling cho phép giam 15% khdi lugng
dong,...
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3) Cdc nghién ctru tdp trung phdn tich mdy dién AFPM
a. Phdn tich dién tir

e ---——S-u-ng-et—al—-[—44—]—d€*rxu-é‘i—t-1 10t-phueng-phap-phin tich-trudng-di€n-ti-eta-mot- may

nha AERMN QCTYR w ofn hareyi fr‘ﬂl—\ t|vn 2.1 ~A1 H18n v

1}11 X1 IV OUrrIYx au \.ll‘lllg h =14 plmuug i Ll

Maxwell. Tac gia d4 gidi thiéu mot phurong phap gidi tich nhim phén tich phan b tix

trudng va danh gié céc tham sO cliia mach twong dwong, phuong phédp nay da lam
glém dang ké thoi glan phén tich trong khi duy tri d6 tin cay cao. Cac thi nghlqm thuc
& d3 kiém ching tAf ca cac két qua phén tich, -

Lee et al. [45] d& xuit m¢t phuong phap hinh anh tir nap (magnetic charge) dé

phén tich c4c dic tinh clia cdc DC AFPM kbong ranh, Phuong phdp hinh anh thay -~ ——

thé cac hidu tng bién cua tir truong thuc bang mot phan bd don gian cua dong dien
hoic dién tich phia sau dudng bién. D6 én dinh vé co khi duge tang cudmg bing cach
gidm c4c anh hudng coa céc lye thong thudng, rung dong va nhidu 4m tin. So sanh

1&ch & gia tri dinh cla sirc phan dién dong 14 do sy bio hoa ctia mach tir.
Chan et al. [46] d& xuit mdt mo hinh giai tich ban kinh trung binh cho mdt may
phat ddng bd AFPM mot phia khong 15i thép (ironless single-sided AFPM

LY ]f’\ 2 r] £ \]. ]'l\ i;v ]1 ]pv 0]/\1.}[' l.’]] 2 80€ .

synchronous generator). D¢ kiém chimg d6 chinh Xé4c ciia cac két qua giai tich, st
dung phuong phap 2-D @ tinh toan ti trudng. Céc két qua giai tich cho thiy cac gia
tri tir trvong cao hon mdt chit, nhung ndi chung chi sat 1¢ch 3% so véi két qua tinh

“todn clia FEM. . - -

—.— - .-b.-Phdn tich-mé men-rdng cuva- .-

M6 men ring cura do sy dnh huéng qua lai (xen kénh) giita d6 tir dAn mach kich
tir va tir ddn & khe hé khong khi. Trong may dién kich tr NCVC, md men ring cua
xuét hién tir xu hudng tu cin chinh ciia NCVC theo dudng din ¢6 tir tro tdi thidu do
vi trf tri twong ddi gitra rotor va stator quyét dinh, Mé men ring cwa gdy ra rung dong
va nhifu ddng thoi lam suy giam chit hrong dap (ng didu khién chuyén déng, diic
biét & te do thip va tai nhé. Md men ring cua duge tinh todn bing cach sir dung
ndng lugng tir trudng tich Ity trong khong gian ty do [47]. Trong s6 cong trinh nghién
ciru lam suy gidm mé men réng cua trong may dién AFPM nhu: Aydin et al. [48] d3
t6i thidu hoa gi trj md men ring cua bing cich thay ddi gée pha clia md men ring
cwa. Didu nay dat duoc bing céch sir dung hai cung cue tir NCVC (PM pole arcs) v
ddng thoi giam bién do ctia mdi phin. Két qua thi nghiém cho thiy mé men rang cura

~dinh bﬁng 8.8% mo men dinh muc.

Letelier et al. [49] nghién ciru khodng cach ranh stator va dé xién (d9 nghiéng)
cia NCVC trong viéc gidm mé men ring cua. Khoang cach rénh stator giam mé men
rang cua dén 50%. Tuy nhién, tin s6 cha dang séng rang cura ting glp d6i vi md men
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trung binh gidm. Anh huéng quan trong nhét ciia géc nghiéng la su thay dbi cia rng
cwa dbi véi trudng hop vi tri cuc rotor dbi xing va khéng ddi ximg.

. Gonzilez et al. [50] nghién ciru dnh hwdng cha hinh dang NCVC _va khoang
cach canh stator dén m6 men ring cira. C4c tic gid sir dyung c4 hai NCVC dang 15i va

dang 16m dé lam giam m6 men riing cua nhung ca hai dang déu cho ty 1& giam gidng

- nhau (khoing 60%). Tuy nhiénm may dién c¢6 NCVC dang 16m tao ra md men dién
L e |
tir cao hon khoang 2% so vdi may dién NCVC dang 16m.

-~ -Brown et al. [51] d4 phén tich-4nh hudng cia sai s6-ché tao stator dénmd men — —

rdng cua. Mt phuong phép siéu dinh vi (superposition method) duge 4p dung dé dy
- . dodn céc (_iiéu hoa ring cwa tdi han cho mét BC AFP.M..df)ng bd.co xét dé_n sytuong — -——

r sy ~ 3 .3 r 4 - ! N s 7 r_n

tac—ea otrani=don=amo Fthrep-dortsmre mmmmatom=—Phromeoisioxu-v-arnh

duoe sir dung dé 6 duoge hith dang hinh hoc cua stator va dung sai ché tao cia mot
rénh stator don. Céc két qua thye nghiém kiém ching nhitng gi4 tri dw doan va ky
thudt xi Iy anh da dé xudt,

Woo et al. [52] d& xudt mdt phuong phap tdi vu da phuong thirc (multimodal
optimization method) dugc goi 1a phwong phap bo (climbing method). Géc nghiéng —— —
ctia NCVC va ty sb gilta bude cyce (pole-pitch) va cung cuc (pole-arc) ciia NCVC

v duge xem nhu 13 cdc bién thiét ké nhim dat duge m &-men ring cua nhé nhat. Thugt —— =

toan di dé xudt giam dwgc gia tri md men ring cua bing 79.8%

" ¢. Phadn tich nhiét (Thermal Analysis)
Thiét ké téi uu cia mot may dién AFPM baof—gém cac thiét ké co khi va dién
. eung v6i cdc dic tinh nhiét va dic tinh dong hoc chét 16ng. Méc dit phan tich dién tir
cla may dién AFPM da dugc nghién ciru rong rai, chd ¥ han ché dd hudng dén céc
khia canh khi @ong hoc va nhiét ctia n6 [47]. Trong mdt mdy dién, nhiét dé bén trong
phéi dugc dy doan trong khi thiét ké vi nhitng 1y do sau:

- Gidi han chiu dung nhiét do tbi da lién tuc d6i véi vat lidu nhu polymer (duoc
str dung trong c4u tao cia stator) va nguy co khtr tr cia NCVC;

- Su phu thudc cta hiéu suét vao nhiét do stator do tén hao dbng;

- Gi6i han ciia mét d dong cyc dai va mét d6 md men & nhiét do tdi da;

- Vuot qué bién gidi an toan va két qua 1a trd gia cho nhing du do4n khong
chinh xac.

Céc k¥ thudt phan tich nhiét bao gdm phwong phép thue nghidm, phan tich sb
hoc va mé hinh nhiét tham s§ tap trung (lumped-parameter thermal model). Sugimoto
et al. (48] phat trién mot PC AFPM ddng bo HTS & nhiét d6 coa ni to léng. Trong
thiét ké niy, NCVC duge st dung cho céc 16i thép trong d6 céc ddy din HTS duge
sit dyng nhur 14 phén Gng. Tuy nhién, cic day siéu din bdc 16 cac tdn thit xoay chidu
néu chiing 1am viéc & tir truromg xoay chidu.
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Gén day, sy phd bién cia cac géi phdn mém thwong mai cho phép két hop déng
hoc chét 1éng tinh todn CFD va FEA d4 cung cép cho cac nha nghién ciru mot cong
cu manh mé& dé thyc hién cac md phong phirc tap v& phét nhiét, dong nhiét va trao dbi

nhiét trong may dién AFPM [49].

Marignetti et al. [50] da nghién ctru cac dic tinh nhiét cla métrméy dién dong

b6 AFPM véi mét 161 bing hop chét tir mém SMC st dung FEA 3 chidu. Ngudn nhié

~(magneto static solver), md hinh nhiét vd mo-hinh ddng hoc chét long. Nhuec diém  — —

c6 duge 1r mOt md hinh dong dién mdt chidu két hop véi 16 gidi finh manhétd

ctia phirong phap 13 cac K&t qua rat nhay cam ddi véi sai sé chip nhan dugc, vi vay
_anh huong dén viée dit

s ’
217 -

diéu kién bién. Hon nita, 18i rotor. ¢Gia clia mé hinh miu thae . _

I'4
X ] s A 2 . r'a = A
= ’ = = 01 o Y Y s = = = Iy 4 A =

lam viéé yéu cau nhé hon 403°K. | ' B
4) Cdc nghién ciru vé diéy khién kich tir PCPB AFPM
Viéc khdng co cac day quén kich tir va tiép xic bing chdi than 1am gidm chi phi

_phép suy gidm tir thong bing co hoe clia méy dign AFPM bing cach ddi chd hai dia

vén hanh, ting hidu sudt va do tin cfly clia may dién AFPM. Tuy nhién, tir théng cb
dinh do cac NCVC 4p diit c6 tinh quyét dinh déi véi céc tng dung ¢6 didu chinh téc - - ———
dd. Su thay d6i tuyén tinh ctia strc phan dién dong cam img gy nguy hiém khi lam

_viée & tdc @5 cao. P& tranh sy 1am viée khong an toan nay, ti thong & khe hgkhéng =~
khi phai dugc diéu khién dé gitt cho dién ap & ddu cudi bing gié tri dinh mirc. Lam
suy giam tr thong trong cdc may dién AFPM ciing dwgc 4p dung bang céc bién phap

-co hoc hojic bing c4c chién lrge diéu khién. Del Ferraro et al. [51] 42 xudt phwong

rotor nhdm 1am giam tir thdng lién két stator. Sy didu chinh mong mudn dat dugc
bang hai giai phap co hoc: thiét bi phy thuge téc do co hoc va thiét bi phy thude md
men co hoc (1héchaﬁicél "torque-dependent device). Thiét bi thir nhit 12 mét ngudn 4p
khéng ddi trong khi thiét bi thirc hai 14 mét ngudn dong khéng di. Mic du cong trinh

ctia ho gidi thiéu mot khai niém méi v8 suy giam tir théng co hoc dé didu chinh cong
sudt AFPM trong mot dai tdc do réng, nhung céc thiét bi da st dung khéng thay dbi
trang thai khoi dong, mét dé mé men cao va khé ning qua tai coa may dién.

Trong [52], céc tac gia d& xudt phuong phap dich chyén rotor kép nhim lam suy
gidm kich ti ctia mot méy dién AFPM. Diy quin stator duoc chia thanh hai ddy quén
Litz-wire tich biét dit canh nhau, mdi day quén duogce boc cach dién b%mg nhya epoxy
va duge ndi ndi tiép; hai day quén ndy duge dit trong mot khung cb dinh va duoc
phén tach bing céc vong Teflon ma sat nhé. Suy gidm tir thong dat duge bing cach
quay cdc ddy quin so v6i nhau nhd vao mdt co cdu chép hanh dugc thiét ké ¢ cha
y. Céac két qua thuc nghidm cho thdy hé théng hoat déng chinh xac dén 5000
vong/phiit va ty s8 cac ving tde dé cong sudt khong ddi 12 8.3 :1.
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Zhao et al. [53] d& xuat st dung cac NCVC trugt huéng tdm cho suy giam tir

thong v didu khién tbc d6 mot may dién AFPM méi thich hgp cho céc xe dién EV.,

e mm —Phurong phap-suy-gidm kich tlr v6i cac NCVC trwgt hudng tim dugc so.sdnh va duge.. |

.-su_g-:glgl.n 1vén ll: <&t g hira ﬁngrkh&néngﬂléu_khlén—i

kich tir dwge cai thién ddng ké va dat duge te d6 toi da (1én t6i 6 14n téc dd dinh
mtrc) vo1 cong suat khong ddi

Suy giam kich tir dya trén diéu khién diu khin thanh phdn truc d ciia tir thong
phan tng phén tmg da dwoc d& xult. Lopez ef al. [54] dd tién hanh thyc nghiém kha -~

nédng kich tir clia mft may dién AFPM 8 cuc 5-kVA bﬁng cach thay ddi mach tix

- chinh, vigc thay dbi nay lam giam gia tri ampe - sb vong ddy dugc yéu cép dé diéu e

Kt tir thong kite hio-khong kit vong sitmém cia oo tirrotor fam gt tro—-vi——————
vdy, yéu ciu c6 mot dorg dién nhé truc d ctia stator dé khi¥ tlf may dién véi tng sudt
tir va nhiét thdp cho nam cham. Tuy nhién, cac két qua dugc gidi thiéu chi yéu 1a
]\ 1-’. i'n é.piﬁ_plx‘i"\ ]\ ) r]’ .]]., - i-,‘\ ]]-X ]r] \
5) Cdc nghién cibu vé khéi dong truc tiép DCDB AFPM -
o Céc DC kich tir NCVC khéi dong tryc tiép LSPM c6 thé 1a mdt sy thay thé cho —— ~ —
DC khong ddng bd trong cdc ung dung khong diéu chinh tdc d6 chang han nhu quat

~ v ——gi6; bom va-mdy nén-khivi-hiéu sudt; hé sé céng sudt, mat do-cong sudtetia ching -
cao hon va kich thudc nho hon. Nhitng BC nay, tuy nhién, ¢6 md men khéi dong nhd
va su ddng bd hoéa kém. Khoi dong va ddng bd hoa ciia cac DC LSPM la déi tuong
cta nhidu nghién ctu. Tuy nhién, cha yéu tdp trung vao cac DC kich tir NCVC tir
thong huéng_tam khéi dong truc tiép. Mahmoudi er al. [55]_dé xuét déu tién PC
LSAFPM. Mot vong tron ndi va cach déu dugc thém vao bén kinh (rong cia dia rotor
dé khoi déng tu déng. Vong nay bao phil gong tr clia stator. Sy tuong tdc gilta cic
dong xody cam Ung trong cdc vong rotor dic voi tir truong quay ¢ khe hé khong khi
gifra cic vong va diy quédn cudi bén trong tao ra md men dién tlr. Bai bdo kiém chimg
mét thiét ké thanh cong ciia mot DC AFPM khong rdnh 1/3 hP, bén cye, tu khéi
dong v6i kha nang ddng bo tt & tbe d6 dinh mire.
Mahmoudi ef al. [56] gi6i thiéu hai trudng hop thiét ké va phan tich clia mot
DC AFPM: rotor dic va rotor hdn hop. Cac két qua phén tich phin tir hitu han tire
thoi 3-D cho thiy rotor phitc hop cai thién dang ké ca md men khéi dong va kha ning
ddng bd so véi rotor dic. Lép ddng méng trén b mit ciia vong rotor lam ting tinh
dAn dién ctia vat liéu va tao ra nhidu dong dién tudn hoan trén bé mit vong rotor hon
trong qua trinh khai déng. Rotor phire hop thue hién tdt hon rotor dic & kha ning
* khéi dong nhanh hon va thdi gian 8n dinh ngéin hon. Trong [57], céc tac gia trén gi6i
thiéu m3u DC LSAFPM dic. Ngudi ta thiy ring PC miu duy tri mé men khai dong
cao va kha ning ddng bd hoa tét. DC nay thich hop dé sit dung réng rii trong cic (mg
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dung hiéu sudt cao, trong d6 yéu cu bét budc 13 it nhidu va m6 men bang phing, dac
bigt la cac Gng dyng doi héi tée @6 cao. Kha ning khoi dong truc tiép ciia AFPM cdn

duoc nghién ctru thém, e
6) Cdc nghién ciru vé g dung PCDB AFPM
Céac méy dién AFPM no6i chung dugc xem [a thich hgp mot céch 1y tudng khi

ycu ciu the dy thip va-mé men cao, cnang han nhu cac ing dung truyen dong tryc

tiép, [571-{62]. Tuy nhién, d¢ nhé gon doc truc ctia nhitng may dién ndy va mo men
quén tinh tuong dbi cao ma céc rotor c6 duge da thic d4y nghién ctu trong cac ung

dung t6c d6 cao tir § dia cting dén cac hé thdng tich trit nang lwong banh da dén cdc

I YR
0 dc_r tu dc,)c truc _ _ S

hop cho cac tng dung tua bm gié truyen dong tryc tlep (dlrect-coupled) [63] [64].
Céc may phat AFPM khong 16i duge @& xuit cho nhiéu ung dung phat dién khac
nhau, dic bién trong cac truyén dong truc tiép voi dai te do Jam vigc rong. Mé men

ring cua thip va hiéu suft cao 13 wu diém cua thidt ké khong 16i [65].
Trong 20 ndm qua, nhidu nghién ciru da dwoc thuc hién vé thiét ké may dién
AFPM nhim t5i wu héa dc tinh ctia xe dién, Oh et al. [66] md phdng va thi nghiém ;
<  khad ning cda mdt DC AFPM cho xe dién lai (h—y—br—i—d—EV—s)——béngfeéeh—fsfr—dungfmé‘ﬁ—fff*'"f —
thiét bi mé phéng xe c§. Téc d6 PC bam theo tbe do dat duéi cac didu kién khe hé
thay ddi. Uu diém coa thiét ké ndy gdm c6 dai tbe d0 van hanh rong va hiéu suét cao.
Rahman et al. [67] gi6i thiéu mot DPC AFPM SSDR ¢ tng dung cho hé théng
dﬁy_pﬁe_&_quif‘:n vi x_é dién lai. Viéc bd sung cac ném tur (magnetic wedge) vao cac

rdnh cla stator lam ting dai cong suét 1&n hon hai 1in. Qua trinh ndy cling lam gidm
t6n thit & 151 va tdng higu suat Kh01 lurong ctia PC cling nhu mo men ring cua va
dao dong md men di duge cye tiéu hoa.

Yang et al. [68] dé xuét mot thiét ké va didu khién t8i vu mot DC SSDR AFPM
géin bén trong béanh xe khong cé truyén lue co khi va hop sb vi sai cho xe ché khach
chay dién. Nguyen ez al. [69] dé xuit mot méay dién AFPM dwoc thiét ké cho hé théng
tich trit néing lugng banh da véi myc tidu dat duge hiéu sult cao, ton thét tin sé co

ban & rotor bing khong, md men ring cua thip va cai thiét dang song cua sirc phan

dién dong. Thiét ké nay bao gdm hai bd ddy quén stator ba pha va chi yéu cdu mdt bd
bién dbi cdng sudt dé cp nguén cho diéu khién ca lre doc truc va md men dién tir.

Ngoai cac tng dung d3 duoc dé clp O trén, may dién AFPM dang trd nén phé

bién trong cac nganh cong nghiép khac nhu hé théng diy tau thuy [71], thang may

Ctriyen dong tric tiép [72]; dia cling [73], mdy phat dién vi cong sudt (micropower)

[74], gien gia nhiét cdm Umg (induction heating genes) [75], bom x04dy mong [76], hé
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thdng tich trit ning lwong banh da [77], mdy phat xoay chidu trén 6 t6 [78], [79] va
hé théng tich trit vi ning hrong [80].
7} Cdc nghién ciru vé so sanh DCDB AFPM véi RFPM o
So sanh dic tinh cua cic may dién AFPM, RFPM va méy d1¢n k10h tr NCVC

tir thdng ngang truyc TFPM d4 dugc nghién citu rong rii [81-85]. Phin nay danh gia

I‘\é da thwe hién eanb A tinh algaedo 1 dw

SD)

umu G- HI AT 505 uuu dacimnh uua Uau um._y UlCll erL IUIdb 1u1c1u

RFPM xét dén cac ch1 tiéu sau: Trong luqng nam chém, ddng va st yéu cdu, ton that —

dong vasat tir, mo men quan tinh, md men trén mdt don vi m& men quén tinh, cdng

suft trén kh01 lugng tac dung dO'n vi, cong suat tren thé thh tac dung dorn Vi. D01 Vol —

hen v& khdi lugng, mat dcp cdng suit lwong sét yéu céu, trong lugng tac dung, mé men -
va m& men quédn tinh ctia rotor. M4y dién AFPM khéng rdnh yé&u cdu nhidu vt liéu
tr tinh hon may dién REPM. Tuy nhién, may dién AFPM c6 ranh lai yéu cAu it hon.

Ton thét dbdng trong may dién AFPM khong rénh cao hon trong mdy dién RFPM ¢6

rinh. -
Cavagnino ef al. [82] so sanh dic tinh clia PC DSSR AFPM véi dic tinh coa

mdy di¢n RFPM v& cung cap md men dién tir va mat 0 md men khi tdng khdi lugng - |

ctia PC, tén thit cho mbi bé mat, va mat do tir thong khe hd khong khi duge giir
khéng dbi. Cac két qua cho théy rﬁng cdu hinh AFPM ¢6 dic tinh tét hon v& md men
dlen tir va mét 6 mo men néu sb lrgng cye tir 16n va va chidu dai truc nhé.

Chen etal. [83] da thuc hign so sdnh trong sb cac may dién RFPM, AFPM nhiéu
| tang va may dlen TFPM ba pha duéi cac didu kién mét d§ dong dién nhd, tai dién
nho, nhiét & cao, tbe do khong d6i, va khong ¢6 h¢ thong lam mat bén ngoai. No
ciing két luan ring do duorng kinh ngoai bi han ché, cdu triic lién két AFPM nhidu
ting khong phu hep vi n6 ¢6 mat 4o md men thip va hidu suét thip; cu tric lien két
TFPM c6 mat ¢ m6 men cao hon nhung hé sé cbng suit thép; may dién RFPM c¢o
ciu tao don gian, mat do md men cao, va hé sb cOng suft tbt nhét; vi vay no duoge cho
1a thich hop nhét véi nhitng rang budc thiét ké nay.

Pippuri ef al. [84] so sanh méit d md men ciia may dién RFPM, AFPM, va
TFPM cua mdt may dién vi dy 10-kW 200 véng/phut. Trong Qu ef al. [85] so sanh
dac tinh cda mdy di¢n RFPM 200 HP, séu cyc 1200 vong/phit va méay dién AFPM
hai phia xét dén céc cdu hinh NCVC khac nhau sir dyung cac phuong trinh kich thuée,
Céc may dién kiéu DSSR 8t hon cac kidu khac vé trong luong va d6 tién dung trong
Kkhi-cAuhinlrDSSR-SS ¢ trong lwong thip nhét va hé b tién dung cao nhit. Cc két ~
qué so sanh tan nhiét cho thay c4u hinh DSSR- NS ¢6 kha ning tan nhiét t&t nhit va
RFPM-SS ¢6 kha niing tan nhiét kém nhAt.
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1.5 Kétluin

DCDB tir théng doc tryc kich tir nam cham vinh ctru ¢6 tich hop ddotrla loai

. --------—B-C—eé—nh—i—éu--u—u—d—i-ém——vét—dang—-&uqc-ch’ nghién ctru: Cic nghién ctuchir trode day

y_
C

yéu tp-trung vao toi uu hoa thiét ke DC, vét lidu, cong nghé ché tao nhim thu nho — [
Trinth $lagy N ATy
LY §

el thrde vagiam gid thanh cta BC P& e mot 56 cong trinh nghién et didu Khisn

- -PC tuy nhién chua phidu, -~ — N ——

Nhu vy, nghién ctru vé DCPB ¢6 tich hop & d& tir 1a mdt huén’g nghién ctru

day trién vong.
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CHUONG 2: MO HiNH HOA PCPB TU THONG DOQC TRUC

2.1 Pjtvan dé
2T Cautriie DPCAFPM ¢o tich hop & tir hai @du frue

Hinh 2.1 Mgt cdt PC AFPM cé tich hop 6 do tir hai ddu truc o
1: Tryc; 2, 3: Stator cua DC phdi va DC trdi; 4: Rotor cua PC; 5,6: Rotor ciia AMB
trdi v AMB phdi; 7,8: Stator vi ddy quén cia AMB trdi va AMB phdi; zo, go: Khe ho

danh dinh giita rotor va stator cia DC va AMB. o
Trén hinh 2.1, gi¢i thiéu mat cit DPCOB tir thong doc tryc, kich tir nam cham

vinh ciru, 6 tich hgp & tir hai ddu truc (sau day goi tit 1a DC AFPM). Vi ring, BC
kiéu nay duge cdu tric thanh céc modul nhu di gidi thiéu trong chuwong 1, & ddyta - - -

chon hai modul stator don & hai bén va mdt modul rotor kép & giita. Rotor gin voi
truc DC, con hai stator duge khoét hai 16 dung tdm c6 dudng kinh rong hon dudng
kinh truc DC. Hai stator dugc gin ¢b dinh trén bd gid bing thép. Mé men M, M, do - -
_ thénh__phén_i,‘,_chéy_ trong ddy quén hai stator twong tic voi tir thong cuc w,cuarotor - . —
sinh ra ¢ cting chidu. Do céu triic dic biét cua diy quén trén stator ma sinh ra luc
ddy kéo F,,F, do thanh phin iy ciia dong dién trong diy quén hai stator va tir thong
cwe ¥, cla rotor sinh ra va c chiéu téc dung nguoe nhau. Nho ¢6 cac luc day kéo
F,,F, nén khong cin 4 tir chin chuyén dong doc truc cua rotor, két qua 12 kich thudce
va gid thanh clia DC dién ding 6 tir s& suy giam dang ké.
2.1.2 MGo hinh vat ly ciia PC AFPM
Mo hinh vt Iy cta BC duge minh hoa nhu trén hinh 2.2 [8,9]. Do BC ¢6 cbu
triic ddc biét, stator 1a mét hé théng dién ap 6 pha trong do dudng truc cla sdu cudn

déy ba pha stator 4,,B;,C1,42,B2,C2la co dinh, dién &p u,,,u,,,u.,,u,,,u,,,u., vadodng

di€n 7,;,ip,, 00 10isp0 04,0, 38U 12 dOi xUng. Gid thiét hé thong dién 4p u,,,u,,,u,., 1éch
ha so véi h¢ thong u,,u,,,u,., mot gbc ¢ . Rotor quay voi toc d0 goc dong bd w;
x a2 Hpartic, @ : s

tir thong cue ¥, ciia NCVC duge thay twong duong bing cudn day kich tir trén rotor,
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duge cung cép dién 4p kich tor U , mot chiéu tao ra dong dién kich tir 1., truc doc

theo cuce tr 14 d, vudng gbc vai truc d 1a truc g, toa do d-q quay trong khong gian véi

.téc-dc?)—q-u-ay-dén—g——bé;--g—ié—th—iét—-géc-giﬁa—-truc—d'vfi"truc'cé—dinh‘ A, vaA, 10 bida

thién theo thot gian:

Hinh 2.2 M6 hinh vdt Iy ciia DCDB tir thong doc truc cd tich hop 6 tir

’
A A r 1 - A A A

|

nhau nhu trén hinh 2.3a va hinh 2.3b, Sau d4y, & goi 14 PC1 va BC2.

4

¢,
Hinh 2.3 M6 hinh vat Iy cia DCI (a) va DC2 (b) N
Mach twong dwong timg pha da dugc sit dung rOng réi trong phén tich trang thai
6n dinh ctia mdy dién xoay chiéu. Tuy nhién, chiing khong thich hop dé du dodn dic
tinh dong clia BC. Khi nghién clu vé may dién va cic thiét bi dién, thong thuong
ngudi ta hay sir dung so d6 mach thay thé twong duong.

2.1.3 D4 thi vector khong gian tir théng va sive dién dong PC AFPM

Hinh 2.4 13 d thi vector khong gian tir thong va strc dién dong cia DCDB tir
thong doc truc, trong do F,,w, doc theo truc d 1a strc tir dong kich tir va tir théng clia
mach rotor, F, 14 strc tir dong tdng hop clia 3 pha stator, n6 cling 14 mot vector quay

dong bo, véi mot didu kién phy tai va kich tir nhat dinh vj tri twong dbi clia F, va F,

1 xdo dinh. Site tir dong téng hop cia 7, va £, 1o Fy, ti thong téng hop 12 @,.. Ti

thdng @, chinh 1a tdng tir thong khe hé khéng khi ctia DC dién sau khi di xét téi
phan tng ctia phin ung, goc gitta F, va F, 1a 4., goc gitta F,ovaFlaé, tit c4 céc
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vector nay déu quay véi te do quay ddng bd w,. Cling gibng nhu khi phan tich BC

kl16ng déng bd, F. chia cho sb vc‘)ng quén tu:ofng L’mg s& 1a vector téng hgp i, cua

phén kich tirctia i thong tong hop @, , con i, 1a thanh phén vu(“)ng goc véi no. S

Twong ty nhur yay,leﬂgmgngm@nkwhtmtumgunﬂ vo1- I cling dugc phin thanh

hai théanh phén 1,7

q4
isM

in'T _-

L =%

N7 (b)
Hinh 2.4 Vector khéng gian va géc pha thoi gian gén diing cua DCDB
a) Vector khéng gian tir thong, std; b) Géc pha dong dién, dién dp, tir thong

Dé thiét ké cédc cau tric diéu khién khéc nhau clia DC loai ndy, can phai dya -

~ trén mé hinh todn ctia no. Viéc phéan tich DC ba pha & ddy s& dya trén 1y thuyét vé hé
' qui chiéu. Sir dung phuong phap nay cho phép don gidn héa cac phuong trinh dong
lye cia DC xoay chiéu va tr¢ thanh twong tir nhu nh&ng DC mot chiéu,

Khi thiét ké hé thong, muén nhin duge so dd cdu tric trang thai déng gan dung,
ta da phai dua ra mot sb gia thiét [am cho két qué thiét ké vAn con 16ch kha xa so véi
thuc t&. Mudn ning cao chit lwgng ctia hé théng diéu chinh tdc d6 bién tin - DC xoay
chiéu n6i chung, DCHB noi riéng va cai thién phwong phap thiét ké, trude tién phai
1am o ban chét trang thai dong cita DC xoay chidu théng qua mé hinh toan hoc.

2.2 M5 hinh todn hoc nhidu bién ciia PCPB
2.2.1 Dic diém clia md hinh toin hoc trang thai dong cia PCDB

Tt théng ctia BC dign mot chidu sinh ra bdi cudn day kich tir [8,9], c6 thé duge
X4c 14p tir trude ma khong tham gia vao qua trinh dong ciia hé thong (trir truémg hop
didu chinh téc d6 bing giam tir théng). Vi vy md hinh toén hoc trang théi dong clia
no chi c6 mot bién vao (dién ap mach phin tmg) va mot bién ra (tbc do). Trong dbi
tuong diéu khién cé chira hiing s6 thoi gian dién co T, va hing s6 thdi gian dién tir

-.mach diénrotor 7,, néu tinh. c4-thiét.bi chinh lru didu khién tiristor vao dé thi con ¢é

ca hing s6 thoi gian tr& 7 cta khéi chinh lru. Trong ung dung k¥ thut, ¢ didu kién
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cho truée c6 thé tng dung ly thuyét didu khién tuyén tinh kinh dién va phuong phép
thiét k& k¥ thuét thye dung dé phan tich va thiét ké.
Tuy nhién, 1y ludn va phuong phap néi trén khi vin dung vao viéc phén tich va

thiét ké hé thong diéu chinh toc 46 DC xoay chiéu thi gép nhiéu khé khan, phai dua

ra mdt s gia thiét méi co thé nhan duge so 46 chu tric trang thai dong gin ding, béi

Vi 5o sanh gitva md hinh toan noc cuapC dlf;n xoay cmeu ba pna vamo hlnh t)(, dlen

mot chleu co su khac nhau cén ban

(1) Khi didu chinh téc 6 bing hé théng bién tin DC xoay chiduba pha cin phai —~ -

tién hanh diéu khién phéi hop dién ap va thn sb. Nhu véy, c6 hai bién diu vao doc

lap 13 dién 4p va tAn sb, néu khao sat ca dién ap ba pha thi sé bién diu vao phai ting

lén. Trong bién dau ra, ngoat t6c do, tr théng ciling dugc tinh 14 m&t tham s dde 1dp.

Bd&i vi BC vira ¢6 nguon dién ba pha lai vira ¢6 nguén mét chiéu, viéc xac 14p tir

thong va su thay dbi tée do 1 tién hanh dong thoi, dé cb chat hrorng dong t6t, phal

16m,... Vi nhitng nguyén nhin ndy nén PC xoay chiéu ba pha c¢6 mdi quan hé rét chit
ch& va anh huéng 1An nhau gitta dién 4p (dong dién), tin sb, tir théng va téc do. Do
véy, né 12 di twgng nhidu bién (MIMO).

(2) Trong bC xoay y chiéu ba. pha, tir thong kéo theo dong dién sinh ra mo men,
tdc d6 kéo theo tir thdng nhén duge ste dién dong cam tng, vi chung ddng thai bién
dbi, nén trong mo hinh toén hgc ¢6 chira hai bién nhén v6i nhau, nhu vy, du khong
khao sét nhén t6 bdo hoa tir thi md hinh todn hoc ciing 1a phi tuyén.

~ (3) Mach stator PC xoay chiéu ba pha c6 ba nhém cudn diy, m&i mét nhém khi
san sinh tir théng déu c¢6 quan tinh dién tir riéng ctia nd, lai thém vao quén tinh co
dién cua hé théng chuyén dong, vi thé du cho khéng xét t&i yéu td tré cla bién tan,
thi m6 hinh toan hoc PC xoay chiéu ba pha [a hé théng béc cao.

Nhur vay, md hinh todn hoc PC xoay chiéu ba pha 12 hé théng nhidu bién, bic
cao, phi tuyén, rang budc nhau rit chit ché. Tuy nhién, vi két chu ctia DCDB khéc
v6i két cdu cia DC khong ddng bd, nén cdn chi y nhitng nét riéng biét sau: stator cia
nd c¢6 ba cudbn diy xoay chiéu ba pha, rotor ¢ mét cudbn day kich tir dwge cip bai
dong mét chidu (hodc kich tir nam cham vinh ctru). D& 1am rd vén dé, trude tién phai
b6 qua mdt s& yéu té phu va dua ra mot sé gia thiét nhu sau:

(1) Bo qua séng hai khong gian, coi ba cudn ddy ba pha dbi xing nhau (vé

khdng gian ching cach nhau 720°, stre dién dong dugc sinh ra phan b6 theo quy lut

hinh sin doc theo khe hé& khdng khi. Bd qua dnh huéng cia dién trd va di€n cdm tdn
cudn déy stator;
(2) B qua bdio hoa mach tir, tir cdm va hd cam cla cdc cudn day déu tuyén tinh;
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(3) Bo qua t6n hao trong 15i sét tir; khong xét toi anh hudng cua tin sb va thay
d6i cia nhiét do déi véi dién tro cudn diy;

(4) Cyc cia DC [a &n, hoiic bo qua sy thay dbi tir tré ctia ey tr 13i;

(5) Khong c6 cudn diy can, néi cach khac 14 bd qua higu iing ctia cudn ddy cin

Truéce hét ta xdy dung mo hinh toan cho PCI ¢6 mé hinh vt ly nhu hinh 2.3a.

- 2.2.2 Phuwong trinh digndp . : U

Céan cfr vao cac dicu kign gia thiét dd néu ra & trén, xét DCDB hai cye ¢6 kich
A i

thich bang-cudn diy mét chiu etia rotor, phirong trinh dién-4p tong quat cia PCHB
duogc viét thanh
B dw,f 2
Ugp =ty + dt
) d
uBn’ - IB[RI + WBI
dt 1
e, G
U, =l Ry + 7
dy _
v =IR L4
P PP dt

—trong 40w, gy, 4o U - gid tri-tire théi-ela dién-dp-pha stator;, retor; — —

Lipiypicp 1, + gla tri tie thoi clia dong dién pha stator, rotor;
YarWenWep¥ , i thdng cua cic cudn ddy céc pha stator, rotor;
R,, R, dién tré cudn day mot pha stator va rotor.

Phuong trinh dién ap duoc viét & dang ma tran, ddng thoi ding toan tir p thay
cho ky hiéu vi phan d/dr:

ugl R 00 0]y, Yar

0 R, O 0|
Ug; _ ! . I.B.f £p Wy (0.2)
ue,l (0 0 R 0 li, Wer
u, 1o o 0 R\, v,
Hoic viét thanh: &= Ri+ py (0.3)

2.2.3 Phwong trinh tir thong
Tir thong clia mi nhém cudn day déu 13 tdng ctia tir thong tw cadm va tir thong

hd cam ctia cac nhém cudn déy khac dbi véi nd, vi véy tir thong cta 3 cudn day stator

va cudn diy rotor duge biu dién bing phuong trinh ma trin sau:
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) Warl Laar  Lawr Lases LAIp Las
Wai| Lyjar Loisr Luwer Laip . Ia) B
. Werl—Lera—Lers—LererLep| i o oo o o @8
¥, Lpar—Lpar—Loer—Lgp {HL5 =

trong d6 L 1a ma trin dién cdm 4 x 4, v4i cac pﬁé'n to trén dudng chéo chinh

Lyir Lggy Leey L, 18-ty cam clia-cac cudn day stator ba pha va cudn day kich trrotor, - -

cac phan it khac con lai 14 hé cam giita cac cudn déy.
_Trén thye t&, tir thong méc vong gifta céc cudn diy cha DC cd hai loai: motloai - ——

[atirthong tan chi licn quan dén mdt cudn day nao do chir khong xuyén qua khe hd, -

cdn mot nhom nfta 14 tir théng hd cAm xuyén qua khe ho giita ching, ma loai saula =~
chi yéu. Dién cdm tuong ung vai tir thong tan cia cdc pha stator duge goi 1a dién

2 ’ LIS _ 7 _ ] ’ 1 LY -

trong ty, tir thong tan cna cac pha rotor twong ung véi dién cam tén rotor L, tir
thong hd cam cyc dai moéc vong gilta cac cudn day trén mot pha cia stator, rotor

twong img v6i hd cdm stator L, , hd cdm rotor Z, . Sau khi tinh quy dbi sd vongquin =~ — ~

ms>-
trén nhém cudn diy stator va rotor 1a bing nhau va tir thong hd cam giita cac cudn
L =1L

ddy deu di qua khe hd, tir trd bang nhau, nén ¢6 thé coi L,,= L,,.
Doi voi cudn déy trén mbi pha, tir théng ma né mée vong 13 tong cia tir théng
ho cam-vartir thdng tan, vivay, tucdm clia cac pha stator, rotor la;
Ligy=Lppi=Lec) =1L

L +L,p

LPP = Hmp

(0.6)
(0.7)

+L,

my

Giita hai cudn day khéac nhau chi c6 hd cdm. HS cam lai phén thanh hai loai:
(1) Hd cam giita 3 pha cfia stator 13 ¢6 dinh, nén hd cam nay 13 hing sé;
(2) H6 cam giita mdt pha bit ky cua stator véi cudn dy kich thich cia rotor

thay doi theo chuyén vi goc 0,

Trudc tién nghién ctru loai thtr nhét, bdi vi chénh 1&ch goc pha gitra dudtng truc
cudn day ctia ba pha 1a +/20°, véi didu kién gia thiét tir thong phan bd hinh sin, trj

s6 h& cam 1a: L, cos120" = L,,cos(-120° ) = _é L

ms

. /
' "'"DO'de:'"LAﬁf; =Lyie; =Lejg = Lgyg) = Lejy, = “EL”}.\- (0.8) -
/
LA!;J = LB]p =Ly < _Eme (09)
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Riéng vé loai tht hai, hd cam gifta cac cudn day trén stator voi cudn day trén

rotor, do su khac nhau giita vi tri cdc pha (hinh 2.2), nén 1in luot 13:

S L A— 010 —
Ly, =Lp =L, cos(6+120") (0.11) -
| LC,E=LPC,=LMPCOS(9—{JUQ)7 - (0.12)

Khi dudmg truc cac cudn ddy hai pha ciia rotor va stator tring nhau, trj s6 hd

ms

) e o Is e 1 A e
cam gifia ching 12 lon nhat, vadéla L =1L

Pem c4c biéu thic (0.6), (0.7), (0.8), (0.9), (0.10), (0.11), (0.12) thay vao biéu

n

d6 s6. Pé don gidn ngin gon, c6 thé viét né dudi dang ma trén-khoéi: -

t)[/.f LSS LS I.S
HEE R 019
v i L. L I
| [ | | N L | B i |
. T . . . . T
Trong do: V, =|V/Al Yg '//c;l S l’m g1 oy -
Lms + Lrs - i Lm'r - i Lmv
2 v 2 A - e -
l 1
L": __L L +Lﬂ' - my
&8 2 ms ms g 2 5 (0.14)
_'iLms _iLmv Lm\ +Lr.s' - o T
|2 2™ |
- . -ICOSQ | -'c'os(é—-]ZO-o) - cos(6’+f-200') S
L,=L,=L,|cos(68+120°) cos @ cos(8-120") (0.15)

cos(6—120") cos(0+120") cos@

Piéu cin chii ¥ 13, hai ma trin Khoi L,.L,c6thé doi chd cho nhau, va lién quan

161 vi trf @ cla rotor, phén tir ctia ching 13 bién sb, dé 13 mdt trong nhitng nguyén
nhin 1am cho hé théng phi tuyén. D& 1am cho tham sé tr& thanh hing sb can phai
ding phép bién ddi toa do, vin dé nay s& duge nghién ctu chi tiét & phan sau.
Néu thay phuong trinh tir théng vao phuong trinh dién ap, s& nhin dugc phuong
trinh sau khai trién:
di .dL di .dL

u=Ri+p(Li)=Ri+L—+i—=Ri+L—+wi—
p(L) dar dt

0.16
dt do (0.16)
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Trong d6: s6 hang L% la suc dién ddng ddp mach trong sttc dién ddng cam ing

S ©ordién tﬁ‘(’hUé?C"Sﬁ'C_dféTr'dﬁﬂ'g‘biéﬂ‘ép‘)‘, "S‘(‘Than'g—a)i%l'a"sfrc—di'é'n d6ngquay trong stc

dig¢n d6ng cam Ung dién tl, né ty 1¢ thudn vai tbe do goc w.

2.2.4 Phwoneg trinh chuyén déng

déne dién cd dane:
I f o) v . Lo

Trong trudng hop tdng quat, phuong trinh chuyén dong cia hé théng truyén

Md,=Mc+id—w+2w K

+—0 _ : ©17 . -

Trong d6: M, 13 md men phy tdi (m6 men cdn);
J 1a md men quén tinh ciia hé truyén dong;
D la hé s can md men cén ty 18 véi toe d0 quay;

K 1a hé s0 dan h6i md men quay;
- n, 1480 ddi cyc.

Pbi vai phu tdi m& men khong dbi, D = 0, K = 0, thi:

: =Mc+-:—%ft)—- (0.18)
p

_ Dya vao nguyén Iy bién ddi nang luong di¢n co, nang lugng dién tir trong PC

nhiu cudn day la:

n

P
W =—i'w=—i"Li 0.19
P (0.19)

Coén md men dién tir bing dao ham riéng dbi véi chuyén vi goc 6. clia ning
lugng dién tir trong PC, khi dong dién khong doi chi cd mdt bien 13 chuyén vi géc

0, thay dbi, va 6,=6/n,, vi v@y:
oW

il

g

f=cons(

W,
AJdlr - a n
o0

m

(0.20)

i=const
LAy céng thirc (0.19) thay vio (0.20), ddng thdi xét t&i quan hé cia cong thirc
(0.14) va (0.15) trong ma trén con cua di¢n cam;

s,
0 —L
_ - ] ._-,,. aL . I II‘.. 7 ae S.K ) . . -
M, =3npz %z=5npz 5 ) (0.21)

_L_
v
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2oL =l i i 1, ty biéu thic (0.15) thay vao bicu

5

Laiboivi i’ =

_ thire (0.21) rdi khai trién ta dugc :

M, = in I’ -———aLK” i +i! Lok l “ = -

— R A T e - T R

=—n L J(i. 1 ¥i, I ¥i.1,)5int+F
AP Ll o =—F

F ey

+(igl, +im"]‘D +i, 1, )sin(0+ 2oy« -

(i, Higd ¥, )sin(6—120°)] | - -

Cén phai chira ring, cac cong thirc trén déu 13 tuyén tinh khi gia thiét tir treong
phan-bé-déu trén mach4i-va c6 dang-hinh sin trong khong gian, nhung db thicia —

dong dién mach stator thi khong chiu bat ot diéu kién gid thict rang budc nao, ching 7
c6 thé 12 tuy y. Cong thirc ndy cling c6 thé nhén duge tryc tiép tir cong thie co ban -
khi vat thé dén dién chju lyc trong tir trudmg.

2.2.6 M4 hinh toan hgc DPCDB ba pha S
T Téap hop (0.16), (0.18) va (0.21) [ho#c (0.22)] vao lam mot s& duge md hinh ——
toan hoc nhidu bién sé ca PCDB 3 pha khi chiju tai m6 men khong abi.

u=Ri+L a + wgi
dt .08
M, =Ly Lyep L 42L (0.23) |
- “"27 80—, dt : .
_ _df )
(D) = =— —_——
dt
Heé phuong trinh trén cling ¢ thé viét thanh dang tiéu chuin ciia phuong trinh
trang thai phi tuyén:
L ~L'(R +w@)i + L
dt o0
;
d_C":_”LiT_QEI‘_n_PMC (0.24)
a 2J 08 J
do
—_— =
dt

Xay dung mé hinh todn cho BC2 ¢6 mé hinh vdt Iy nhar hinh 3b ciing thuce hién
tiwong ti nhue cde bude & trén va két qua giong nhur cdc cong thite (0.23) va (0.24).
Chi ¢é khde 1o cde vector dién dp va dong dién co chi s6 2 thay vi chi 56 1 (

. __HI' = I}Z’[AZ- . ME;,_ uE'j_'" Uf;:lva_r?_ = I:IAZ - 132 "icz' IP] )" . T . T T
M5 hinh toan hoc nhidu bién sé ctia PCDB ba pha hinh thanh béi cac phuong
trinh ma tedn: dién ap, tir théng, md men va chuyén dong, c6 thé viét dudi dang (0.23)
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hay (0.24). Do trong md ta toan hoc PC ¢6 ma trdn dién cam twrong dbi phirc tap, kho
sir dung d8 phan tich nén thuomg phai ding phuong phép bién ddi toa 49 dé thay doi
——__m& hinhMd_ hinh BPC AFPM trén hé tga 46 quay. ddng b6 hai pha.

uwong irin t;ll apyv 4] u;nn llu'uug tir lruuug

-Dbi v6i-hé-toa-dd-quay-dong bd chi quy dinh haitrye-d;-¢ -vudng-gée-voi nhau — -

va tde d6 quay, chit khdng quy dinh vi tri tvong dbi ctia hai truc so véi ti trudng quay

Bay g10' ta quy dmh truc d doc theo phuong clia vector tong tir thong rotor ¥,

{(dugc sih mﬁﬁgﬁmongmaymmmmmq ré‘ﬁlﬁ?—%”—vé:
phia nguge kim ddng hd, tirc 12 vudng gbe véi vector ¥, . Nhu vay, toa do quay ddng S s

b6 hai pha véi quy dinh cy thé trén trd thanh hé toa d6 dg dinh hudng tir trudng rotor.

Phuong trinh dién dp va md men ctia PC1 theo dinh hudng tir trudng trén toa
d6 quay ddng bd hai pha:

. di,, 1
um’! = %l.m’l + Lsdl dt - a)squl sqf
di
Rslsql +L ql a;:, + wsLsdlisdI + ws')”p L (025)
3 C
My = Ezp [Wplsql + lsdllsqi(Lsdl - quf)] - - . -

Phuong trinh dién 4p va mé men ctia ctia PC2 theo dinh huéng tir t_ruémg trén
toa d0 quay dong b hai pha:

Upgy = Ry + Ly,

T Wl 215q2

,=Ri

3°sq2

di,,
+L,, dt — 2 o L+ OV, L (0.26)

3 : s
mMZ = -Z-zp [Wplsq2 + Z.sd2lsq2(Lsd2 - quZ)]

Vi ¥, la vector quay voi tbc d dong bd, va do d6: 7, = v, w,=0,tucla:
Li,+LJI, =y, (0.27)
Lmzq+L I, —1//q =0 (0. 28)

Riéng v& phuong trmh md men, Iay (0. 27) (0. 28) thay vao (0 26) s& duoc
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Chuong 3: Mb hinh hoa dong co dbng bd tir thong doc truc

H : ! 4 ~L,{ Lm : Lm :
My =n,L, (i1, - i, ) =n,L, l:lqu + _pTuL_Iq } = 'Z_lqu (0.29)
'p

m P

Quan hé nay tuong doi don gian, hon nita lai T4t pibng v§i phurong trinh mo men

ctia DC mdt chiéu.

228 Xac dinh Iy ddy kéo doc tryc cita DCDB tir thong doe truc kich tir nam
chim vinh ciru - - = M _

T nguyén ly céu tao va 1am viéc cia DCPB kich tir nam chém vinh ciru ¢6 tich

hop & do tir hai dau tryc, ta thdy DC kidu nay c6 hai chirc nang co ban. Thir nhét 13

tao. mdmen quay trén tryc (da xem xét & trén), thir hai 12 tao lyc dly kéo doe truc aé

gitt cho rotor [udn & vi tri danh dinh (gt khe ho khong khi go gitta stator va rotor).
Khi thuc hién chite niing thi hai, PC lam viéc nhu mot nam chim dién phén cyec,
nghia 13 khi khe hé giita stator v6i rotor ting 1én thi s& xuht hién lye twong hd kéo

Totor ve vi tri danh diniT (o).

2.4.2.1 Cdc théng s6 co ban khi tinh todn mach tir [2,7]

Dua véo mach tir nhu hinh 2.9, ta c6 thé c6 cac cdng thirc tinh todn céc thong
—w—sbciamach tir nhu sau; -

[

) Hinh 2.5 Mach tix 10t thép chit C
Se=8a=S - Tiét dién mdt cdt: 16i sat, khe hé khong khi hodc duong sikc tiy;
N - 86 vong day,
i — Dong dién tirc thoi;
go— Khe hé khong khi tai vi tri danh dinh;
lp=lc+ i+ 2g0 - Chiéu dai trung binh ctia duong di tir trieong;
w, I Kich thudc mach it

z — Chuyén dich cua 161 thép chiv I

!
- Tt tré ciia mach tir duge xéc dinh la: R = —2 < (0.30)
thHH

T Trong d6i 7, - chidu dai ctd dugng sire; p,,, - 46 dantr ctavat g —— T -

S - dién tich mit cit cha duong si¢
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Chuong 3: M6 hinh héa ddng co dbng b tir théng doc tryc

Va néu chi quan tAm s6 hang thi nhit va thi hai trong cdng thirc chudi trén
thi hé sé tw cam c6 thé dugc 18y xdp xi bang;

- o[ s I -y
9, —
NZ wl

,,,,,,,, _V6i L, 13 dign cam riéng danh nghia: I, =,% B (0.40)
9, S
Thém vio d6, mat @9 tir-thong B trong khe hd khéng khi-co thé duge tinh : .

Nu

po¥_ Nt (0.41)

8 2(g,—2) | | o

- Tinh lyc di¢n tiv theo cong thikc Maxwell: o -
Luc dién tir duge sinh ra do tac déng tuong hd cila tir trudng khe hé khong khi
va bé mit cyc tir dwoc tinh theo cong thirc Maxwell: |

1 = = 1=
F=—|\\{B#n)B, —~—B,n ds 0.42
ﬂaﬂ(")‘SZ“J 042
Trong d6: B .14 vecto tir cdm & khe hé khéng khi & mét cyc tir;

71 1a vecto don vi phap tuyén & mit cyc tir;
S'1a dién tich mit cyce tir tAc dung voi tir trudng;

p, = 47107 H / m 14 tir thim cta khong khi.
Néu tirthAm ctia sét tir rit 16n hon tir thm cta khong khi (phy, > 14,) thicb thé

coi hai vecto (E s va 7)) cung huéng va do d6 (0.42) ¢6 dang don gian hon:
F=—L ps (0.43)
2,
Trong d6: 14 lyc tr tinh bing N;
Bs 1a mét do tir thong tinh bang T hay Wa/m?;
S 1a dién tich cuc tir tinh bing m?,
Dé tién cho tinh toan ta c6 thé st dung cong thirc sau:

_ -8 np2
F=4,0610°BS 0.44)

Vi Bs[T] va S [m?)

Luc dién tir tinh theo (0.44) it sai s6 khi tri s6 khe hé khodng khi tuwong dbi bé.
- Tinh lyc dién tiv theo plivong phdp cin bing ning lepng: '

Khi cho dong dién chay vao cudn day ta c6 phuong trinh ¢én bing dién 4p:

. 3.




Chuong 3: M6 hinh héa dong co déng b6 tir thdng doc truc

u:iR+£iiy—
dt

Nhén hai vé phuong trinh trén voi jdr ta csr

uidt = i*Rat + jdy

(0.45)
Trong d6: wigs 13 nang lugng ngudn eung cip cho cudn day; 2Rdr 13 ning
lwong t8n hao trong cudn day;

id 5‘[1@‘1,néngrlugn—gftirftrtrc‘mgfﬁﬁ'ﬁaﬁl*Ch am dign.
. Quan hé gifta tiy théng m¢o

)¢ vOn
trén-hinh 2.10, V6i haj tredng hop khe h

Pp-xnendkhdng khi khac nhau &;

tlr trudng khi & = 61 = const duogc tinh bing:

> 02, Ning lirong

S
ui J s _"ooabo
ad

(0.46)

& ¥va dong dign ; 1a phi tuyén duge m’inh’hgé" '

Hinh 2.6 Quan hé

~ Khikhe hg| h

Phi tuyén giizq 1y théng mde vo
khéng khi giam tir 1 xubng &

ng ¥'ver dong dien ;- -
ning luong ti trong nam chim di¢n
s€ting: - - -

¥

Wiz = .[-idW: Stseas (0.47)
W
Nang lugng tir khi 5=

W,

W= [idy=s
0

G=const duge tinh bang;

odeo

(0.48)

Viy khi khe he khong khi giam i &, xubng &

nang luong tir trudng s& thay ¢
mot hegng:
AW,u = pd + Wyl? __PV;."? Soado (049)
Seado chinh [3 dién tich tam glac cong phan gach chéo trapg hinh 2.10 V(’r_i_su'
thay d6i nang luong nay sé sinh ra luc di chuyén 15; déng tir &, Xuodng J;
AWL=A=F(5,=§2)=F115 (0.50)
Vay lee-dién ty lam chuyén ddi 16i dong sé 3
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Chuong 3: M6 hinh hoa déng co dong b¢ tir théng doc truc

F=—= lim —=
46 dé

A6 pav) = 460

aw A\ dw
A _D ( #Jz ! (0.51)

Nhu vy, muémtinh_dugelued—i-én—t—tr—b5115 phuong phidp can bing néng lugng,

ta phai bict durgc cic quan hé-¥i)lHchicac5 bang hang sé va phai xac dinh duoc bidu

thirc gidi tich ctia AW, qua dién tich-ectatam gidc Tong bitu dién ning Iuong W, ;

bk N ¥

— - Wurz Wya. DE don gidn vigo tinh.todn, coi quan hé ¥/ I tuyén tinh (tirc 12 b6 qua

tir trés st tir ciia mach tir ur, >> ug) nén da dang tinh duoc dién tich ciia céc hinh:

1 7 a—
W,ul = Soabo =S¥, W.u2 = Sodco =Wl
2 2
SRy S . |
”{HIZ :f‘_*)abcda ___-' E(Wg - W,)(Iz + l),)

Tadit: ¥o= ¥ + AW 4, = i1 + Ai va thay chiing vao bidu thic tinh nang lugng
tur s& duwgce:

!, )
AWﬂ :WM +W#,2—Wﬂ2 =S, =E(I]AW—W]AI)

!

AW /
Thay vao (0.51) ta duge: =27 _ 1(;dy _  di) (0.52)

s 2\"as Vas)

di
+ Trwong hop: i = const thi d_é- =0, lyc dién tir ¢6 dang:

- ] - ) B .
F :_.jiyi R —— - (0.53)
2 dé
! di
Thay ¥'=Li; L= w?G vao (0.53); F = -2—(z'w 2 £ (0.54)

Cong thire (0.54) diing dé tinh lwe dién tir khi i = consy # {9, co nghia 13 cho
nam cham dién mot chidu. Muén tinh hee theo (0.54) ta phai biét (iw) va bidu thie
gidi tich ciia tir dén voi khe hé G(8).

+ Truong hop ¥'= const, ¥ £ /16) thi % ~ Ovy:

!l di
F=-l1y%
2 75

(0.55)

Diu (-) ¢ (0.55) biéu thj khi ® gidm thi lvc dién 10 ting, Vi ¥= wep, | :% L=wG-

nén thay chiing véo (0.5 5), ta co:
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Chwong 3: M6 hinh héa dgng co ddng b tir théng doc truc

Bude I: Khao sat va tinh toan lye ddy kéo do stator 1 v6i rotor sinh ra, khj dé
c6 thé sit siy dung so dd nhy hinh 2.12a va so @b thay thé nhu hinh 2.13a dé tinh todn B

cdc thong s6 mach tir va lwe day kéo clia stator 1 véirotor . . _ o T

Buoe 2; Khao sét va tinh toan Iyc ddy kéo do stator 2 vé&i rotor-si

c6 thé sir sty dung so @5 nhw hinh 2.12b va so db thay thé nhw hinh 2 13b d3 in

”*’wgﬁdm%h*t&%ilf&dﬂ&}ﬁkéu cua stator 2 voi rofor. -
o o - .
: - ﬂT FT __Pi—-" ¢ .yft’-?dw R(‘fl [e()? y"i_?] >

(b)
Hinh 2 0 §o 3428 41

<2 Se-d6-they-thé-mach tir cia Do dong bg tir théng doc truc NCVC
¥iw, o Tir thong ciia nguon sic tiy Aong Fry, Fa,:

S ¥p: Tir théng cia nguon siic tir dong Fp,,

11, oro: Tir thong cila ngudn siie tiy dong F, khép mach qua stator trdi; S—

—%fz**Wm'*%WﬁEnguén sike tir djng F, khép mach qua stator phai;
Rs1, Rep: Tir tré cuia khe hor khdng khi gitta stator vé rotor,
Rs: Tr tré cia mach tir stator! vg stator2,
Ror-Tie tré ciia mach tir rotor.

--------- -Bude 3: Khao-sat vatinh toan lirc déy kéo do hai stator véi rotor sinh ra, 14p mé
hinh tinh todn lyc déy kéo cho BC va kiém tra tinh chinh Xac ctia mé hinh.
Goikhe ho khong khi danh dinh giita stator va rotor g0, z 12 chuyén djch doc truc
cua rotor, dit & = 280vadi=gp+zva = go—z.
2.4.2.3 Tinh luc ddy kéo ciia stator 1 vdi rotor DC

Theo hinh 2.12a va hinh 2.13a, ¢in ot vao cong thirc (0.44) ta lin lugt tinh
cée thanh phin hre sau:
- Lure dién tir do nam cham vinh ctbu sinh ra: Tt thdng do nam cham vinh ¢y

sinh ra goi 13 tir théng cuc ¥, dwge chia lam haj thanh phin Fp1 va ¥z khép kin qua
khe hé & va 8

l:ypi l//pg Sp Sp
= + "' = __—J.G = __—J. G = —_—
_lﬂ £ WPI e G§1 . GJ2 51 =Ky (5,1 52 = Hy 52

Sll N = —2. — !
Losuyra Yy, =y oW, =, —L
41
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Chwong 3: M6 hinh héa dong co déng bo tir théng doc tryc

1
Fp :Fpl _FP2 = ﬂa ?(W;] -_l//jg) (0.58)
P
_ Thay (0.57) v40 (0.58)ta-duges - — -~ = - - e e — e
)112 ¢2 2 o2 2 s
L /1 AR
F;’ #DS (52 ﬂa,f;p(:sz ILJUSP( 0,. } (059)

B Trong d6: £}, 13 we do nam cham vinh ciru sinh ra [kG]; ¥ 12 t thong cwe
[Wb]; S, 14 dién tich cyc tir tai khe hé khéngkhi[m?. — ~— -~~~

- Luc dien 1t do cugn ddy stator 1 sinh ra: Khi cudn ddy stator 1 ¢4 thanh phin

dong di¢n doc tryc (is) chiy qua s€ sinh tir théng ¥ khép kin quakhe he khéng khi- - -

',g:_; -

Or—+=07-(r thiong fidy khong di qua rotor vi tir tré nam chdm vinh ctu caa rotor .
rat 16n. Gia sit cye tinh cua nguon dién tao nén tiy thoéng ¥} ¢6 chidu nhu trén hinh

11a di tir trai qua phai, ty thdng téng s& la: Vi=Von VWi w,= ¥or +,,. Céc

tir thong ¥, ¥ tac dong Ién rotor theo hai huéng ngwge nhau:

2 2 ' '
F, = %[(wpu Vi) ~(Vor w1 ] (0.60)
P
.,g,;;77fﬁf/fIhay—(—Orsqf)fvz’tof(ﬂ:60)*w‘rl)‘ién*dé’f ta duoc luc déy kéo cua stator 1 véi rotor
Hy 2 ‘52 — 51
Es‘l = _'((// — ZW Wiw (061)
S,\U7 8 é T

~ Khi biéu dién céc'kheihc’r; 8=2g0, 8 =go+ 2, 6_2__= go—zta duge;

R 0.62
s1 S ( V/P ga WP"”IWJ ( )

P -

2.4.2.4 Tinh lc ddy kéo cia stator 2 véi rotor DC

Tuong tu nhwr luc day kéo stator 1 véi rotor, ta cling c¢é cdng thitc x4c dinh luc

day kéo cua stator 2 véi rotor nhyr sau;

H, 2 Z
F.‘!Q = S_j'(lyp g_o - ZWPWZ“’J (063)

2.4.2.5 Xde dinh lyc ddy kéo téng
Luc diy kéo dbi vai rotor bCla: Fy = Fy - F,;

- S p

P

A . .
FZ' : Z&J—Wp[-—lﬂp ; + (W}‘w - WZW)J (064)

- Truong hop tir théng cuc ¥, da biét trude:

42 —




Chuong 3: M6 hinh héa dong co déng bJ tir théng doc truc

Thay (0.36) vao ¥, va ¥ow

trong (0.64) va 14y thanh phén thir nhét cia (0.38)
. thay vao (0.64), ta duoc:

It

1 Z e A
Ty = g—l —Zl//:, ;— + 2':”;:(‘//2“; _,//m)) -

i =0 / (0.65)
——— 2 2 A UJ}
N oV — St
=7 Hpllar—1iz) 2 Yol +’d1lz_ A — —
. o gﬂ — - . o0
2N2 o - - o
- bt k, =2 o T, k=2 ,;‘u 0 wj. Lyc diy kéo duge xde dinh o sau:
gﬂ pgﬂ

o FZ=]_cf(iZd__'ild_).'.i'k.ffiz'd.--_-l'f-d)z_@z ' - —

¥, va lay thanh phén thir nhit cia (0.38) thay vao (0.64), lue ddy kéo cita PC xde
dinh-theocong thire sau:
372 2 3p72 2 : ]
BN SN, HNSN,
L F,= gzp pzp(zdz—-zd,)+2 g3p pzp(zdz—ldj)z+
0 I _H
3Iard Iard 3.4 — 0.67)
- HNE BN N (
E '?—Tz;,z+z;,])zr———#0 ‘"z}Jz-—————%Z"’z;Dzz—ﬂa Jpz;,zj
24 8 o

. phu thuge vao tich sé tha
stator vgi ch-u-yén-—d—ich doc tryc z v phu thudc vao
cong thirc tinh luc nhu say:

ANEN NS N
Fp === gzp plp(ldz“’d;)+2 ’ g}p plp(ldz—ld,)z-l-
0 0
SN2e A2 rrd Tard Ty (0.68)
+ﬂ0 JP pip(idz+idf)22_'/ﬁ‘_pip2—‘!‘lﬂ_2‘£ipz‘?—/_lﬂ2‘°ipzj
gﬂ gﬂ gﬂ gg
I ar2 2 Ias2 2 3ard 3arq
N’S N NS N N N
Dt K, = 20 % 2i K, =20 5l e Y, £i K, =2,
¢ ! 2 P 2 p 3 p 4 74,
gﬂ go gﬂ gﬂ

Bi€u dién gon lai nhy sau:

F, -:K,(z'dg-id,)+K2(z'dg=z'(”)z+K2(z;,2+ir“)zz—Kj,z—K4 Z-K 7 (0.69)

Vi gia trj chuyén dich cua z rit nho (2<0.5 mm), néu bo qua céc th
béc cao.ciia z trong (0.69) thits thu duge cong thire tinh Ire ddy kéo ciia
théng doc truc gidng nhr cong thirc (0.66),

anh phan_
BCHB tiy

2.2.9 M5 hinh togn hoc clia PC AFPM [1,3,4,5,6]
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Chuong 3: M6 hinh héa dong co déng bo tur thong doc truc

Tép hop céac cong thic tinh di¢n dp, mé men (0.25), (0.26), (0.29) va luc day

kéo (0.66) ta dwge md hinh toan hoc BC AFPM nhu sau:

~

sdl = Kslsd] + L.fdl

s i
dt - a).s'quil.rql

— R : L disé! L .
Upgr = 81y + sl 7 i /200 PR AR S QYL
— U, =Ri =+ E’J.-WL*@ Y A A R — — - i
$d 2 3"sd 2 s 2 s 5q2%592 L (070) B
- —_ : 592 . ]
u",q;, = R_’qug t+L ., 7 + ﬁ).s‘rsdzlsd? + QS”IP
_ B J dw _
- my = M +mM2 -—mm-[-—-— - =
e e S z_n dt

Fo=kliy—i,)+ k(G =iy )z~ kyz

So db ciu tric cia dong co ddng bo tir thong doc truc kich tir nam cham vinh

cltu duge x4y dung dua trén cdng thirc (0.70) dugc bidu dién trén hinh 2.14.

-5y

£

a N g‘“’owl
2g° 7777
. 95 ) IFL
Nip,wl I
r " A .
r 5 o
ey Itgqgl 1 , ey T, I — 4’90 F, ms z -
’ L | x=|i+sr, R 7]
\ ¥ |
i, ; 1 )
€ L:d —-_Isq s
. — L R _ — — | J— — (gs — — — S —
- : 0, =@
il 3
sa -2_ZP
M 3 o
2
L)
ej 3
@ =@
),
!
¥ 5
——b”sﬁ isr_l} L-"f.'
ry NE “awl F 1
" 49; % ms
Nl \ Nl
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Hinh 2.10 M6 hinh todn hoc dcfy au cua PCHB tir théng doc truc, kich thich vinh ciru cé

tich hop é tir doc truc
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Chuong 3: M6 hinh héa dong co ddng bo tir thong doc tryc

v sk dung céc 6 d& bing vong bi thy ¢ 3 st-dy
Wg_g_ng;huaﬂgm@ﬂg

23 Két lufin

Chuong nay d4 tién hanh mé ta toan hoc hé théng truyén dong sir dung PCPB

tir thong doc truc kich tir nam chim vinh cin. .B.iéu--déng--l-tr-u V- la-hai-ddutrye khong

5\ A 4 171

O-a6 tu. Khi tam viée, ngoai

s
¥ Al 1
crareter-Pékhicphuc

quay cua truc, s& xudt hién dich chuyén doc tryc b

s a hY
hién twong nay

A mi— A

op mot
bC d3 duge trinh-bay trén day.

ma khéng Tam cho ciu tritc DC trd nén Qﬁng,@nhﬂlémrddéy ditich— -
Xf AIE 1 A~ L] - r A - A L]
0 tir chidn chuyén dong doc tryc cia rotor bang chinh ciu tao dac bift eta

M hinh toén hoc cta BC nhy (0.70) s& duge ding d tién hanh thiét ké didy

khién va sau d6 13 mo  phdng va thuc nghiém nhiam-danh gid dugce tinh dﬁn‘g'dﬁh"ﬁjz‘f _

chinh-xéc-ctamo hinh foan d3 dugc xdy dung. o o -
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Chuong 3: M6 hinh héa déng co déng b tir théng doc tryc

CHUONG 3 : PIEU KHIEN PCPB TU THONG DQC TRUC
3.1  Ciu tric didu khién vecto dong co AFPM

o 3 CAn tEiie diéu Khién tfmg quat

V& mat c4u trac thi loai déng co AFPM khac hin véi chc dong co dién thong

dung hiénnay, trong cAutric ditn Kgn s€ bao

hai-vong riéng biét1a vong dicu

_khién vi tei rotor doc truc (lwc ddy kéo) va vong didu khién the dd quay (mé men quay)
) cho d6ng co. Chu trite diéu khién thng quét cho dong co AFPM duge-minh hoa nhir -

tran-hinh-2

1123
SR S FEELE Py [ 2 )

. Sensor vi tri doc fruc 4= _ .
- . S o . ~Upere
I . ) . : 3
a1 Uat o Uar u'a tal
ety v | g% N\ [T Ty
_ z ,— = Ua ¢ Up |2 ur tey
R, |4
=1 i:ll ‘iul it 1“11
e 2 51
4 ) M ’_‘
_ P AFPM| (o=
A i“z P-
= . bz | i [y 2_ + =
. : | ) ‘ .
o' b ig2 y 9, a2 NL,
= | .
??%9:% 3 e r u sz umu taz
— wl|- u'qz ',93 M & U b2 '&ﬂ th t
u. B 1 q2 L (‘.‘I 7 uiqrz‘ % H:a—z ’ tu - B
- ) ' Ve us, 'L |
; — — _ I II[)(;Z

Hz:nh 3.1 Cdu tric didu khién vectf;r cua dgng co dé‘ng bé tir théng doc truc

Diéu khién vector ctia ddng co dong bo tir thong doc truc AFPM dugc dua trén
su khai trién dong dién tirc thoi cla stator thanh hai thanh phan: hyc ning doc truc
dugce tao ra boi dong iy (dong dién huéng truc) va mdmen quay dugc tao ra boi dong
i Bing cach ndy, c4u triic diéu khidn cia AFPM tro nén tuong tu nhir cia dong co
mét chiéu,

Su dich chuyén cia rotor tir didm cén béng doc theo tryc z ¢6 thé duge phét
hién bdi cdc cam bién khoang cach. Vj trf thuc ciia truc duoc so sanh véi vi tri dat z*
va su chénh 1éch 13 du vao cho bo didu khién vi trf truc R;. C4c vi tri didu khidn 2*
luén luén dugce thiée lap ¢ dam bao rotor 12 trung diém gilta hai stator. Dau ra cua

b6 dicu khién vj tr truc duoc str dung dé tinh toan dong dién qui chiéy i,. Dong dién .

qui chi€u truc d cho hai cudn day stator i, Va i, co thé duoc tao ra bing cach st
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dung dong bl is va cong hodc trir tuong Gmg ;. Gia trj cua dong bu ¢d thé 13 56

khéng hogic mt gié tri nhé xung quanh khéng.

Tbc dd rotor dugc.tao ratu bo ma-héa- dLch $0-sanh-voi-the- do chudn-va sy

chenh“ 30 b didu khié 46 Ry Dhu ra cita bo did

l’lal cuon ddy stator /'y va g2 sau d6 dugc tinh toan giéng nhu dongige.

Thlet ké diéu khién cho dong co AFPM & t1en hanh theo cac mach vong sau.

. di, .
[u.s'dl = R.S"]"sd T + Lsd 7 d: {GSL.\'qIEsqI’.
i 3.1)
sr,r! Rslsq! + L df + a).sL.rdf sdi + wslr”p N ' o
M6 hinh ciia déng co 2: o
dz
ersa’Z + L.r df - (D L.sqzlsq21 -«
i (3.2)
5q2 Rsl.:cﬂ g2 T::" DL ysigs + oW, - - — — e
- --- --Phuong trinh mé 3 te-dd; - e —
3 . . . o J do
EZP I:y/plsq! + tsdllsqf(l’sd! - qul) + Wplsq.? + lsdzlqu(LsdQ - qu?):l - + Z—E-
(3.3)
Phuong trinh md t4 vi tri:
mZ+F, =k (b, —,)+k (i, ~i,)z—k,z (3.4)

Phuong trinh (3.3) mé ta quan hé cta tde do ddng co v6i cdc thanh phan khac
ciia hé théng. Phurong trinh (3.3) dugce viét laj thanh:

J .
Bl =m,+—d (3.5)

Zp

. Trong d(’):_]J,q.:.[is.q , -E,,;]T-

3 . .
B= Ezp [Wp +lsd:'(Lsd1 _'qu!) Wp + Ist(Lst _qu.?):l
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Suy ra, ta ¢ cdng thirc tinh dao ham téc do quay la:

a')=—ZJi(BI ~m,) . (9)

Tin hiéu didu khién duorc tinh todn de hé théng dat duge the dd mong mubn la:

N1

b Ad T I T
1 =5‘(BB'} 7

_ s 7,p7 —

ythuyét 6n1 dinh Lyapunov Chon ham

Lyapunov cho blen tbe dd (bao gom thanh phan sai ]¢ch toc do) nhu' sau:
Y N S

oy
=]
Il
21|
g
|
8
-

Léy dao ham hai vé phuong trinh trén va str dung (3.6), ta duoc;
V=(0-w,)(0-a,)

(3.8)

- (a)_wr)(%”(m -m,)- co,J

Tir ddy, thé tin higu didu khién (3.7) vao phwong trinh (3.8), ta thu dugc cong

thirc dao ham ctia ham Lyapunov:
V, =-c, (0-a, )2<0

@

De th&y dao ham cua ham Lyapunov ¢6 gi-tri luén nhé hon hoic bing khéng,

i vay thoa min ly thuyet 6n dinh | Lyapunov hay h¢ théng s& n dinh véi tin hiéu.diéu .. —

khlen (3.7) va tbe do quay rotor s& bam theo téc do dit,
Thiét ké mach vong dong dién:

HE phuong trinh (3.1) mé ta quan hé co, dién cda dong co 1, viét lai hé phuong
trinh d6 vé dang:

U,=LI+CI,+D (3.9)

Trong do:

U _[ T. 7 =|:l', i ]T,' _ .
DY u.i'q.':| > 1Lt tad DI_I:O a’.va:ls

Ly 0 R -0l
L‘, = ; C = | i :
— e _0_ __qul a)‘ Lw” . R_‘.

D¢ thuan tién cho viée thiét ké bd didu khién, viét phwong trinh (3.9) duéi dang
céc vector sai léch nhu sau:
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U, =LT,+CL+D,+Li _+CI, ; (3.10)

ir!

Trong do:

I, = [im," i1, | 12 gid tri dong dién dq mong mudn

=4~ -t vector sat téch dong dien dq gitra gid frj thyrc t€ va gig tri mong

- r e - - - l

o —mubn —
Tir phwrong trinh (3.10), suy ra cong thirc sai 1&ch dong nhir sau: L
T=1"(U,~CT,-D,~ L}, ~C1,); B CHT) N N
— Chorrtirhitwdidukindmis ]
. U:=(CE+DJ+LII.H+CIH_K/T:) (3.12) 7
Vi tin higu diéu khién nay, hé théng s& &n dinh dz i4-tei do
mubn.

Chitng minh:

w22 Chon ham Lyapunov nhw sau; = . ]
V=37, «

Dao ham 2 vé va st dyng (3.11), ta duoe:
VJ‘ = T.’Tj'[;.’
=1/, (U,~CI,-D,- L,i,, - Cr1,)

Thay tin hiéu diéu khién (3.12) vao phuong trinh dao ham cia ham Lyapunov,
ta duge:

V,=-K,TTT <0
Dao ham cta ham Lyapunov nhé hon hoic bing khong, d6 d6 hé théng én
dinh va gia tri sai léch dong s& tién vé khong (dong dién s& tién dén gid tej dit)

Hodn toan tuong tu nhu xay dung didu khién cho ddng co 1, ta ¢6 tin hiéu diéu
khién dong co 2 la:

U,=(CT,+D,+L,i,, +CI2-K,T,) | (3.13)

3.1.3:2 Digir khién dich chuyén doc truc
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Phuong trinh (3.4) mo t& quan hé vi tri rotor theo céc tham sé hé théng, viét lai

phirong trinh (3.4) thanh: B
e RNERT)

TS AT 7 | =T e

Trongdo: K=k, +kz; Al, =i,,~i,

T L)e thay, trong thuc &, vi tri clia rotor chiu anh huong nhiéu tir ngoai yc the

dong vao rotor, trong phuorng trinh thé hlen bou tham s6 F nhu Ia nhleu md hinh. De e
4y 1én ché ¢ thong, ching ta s& ding bo didu

D>~

khién trurgt nhéy khé ning khang nhleu hiéu qua cta bo dleu khlen nay Cac buoc xay I‘

 khidn nhy sal:

Chon mit trugt:

S=Az+z (3.15)
M3t trugt bao gdm 2 thanh phin 13 vi trf va dao ham vi tri (t6c d6) cia rotor

theo phuong ngang, bd didu khién trugt s& dua 2 tham s nay v& 0 voi didu kién chon

tham s6 A théa mén tiéu chuin n dinh Hurwitz.

Dao ham hai vé phuong trinh (3.15), ta duge:

S':/'Lz'+'z‘=/1é+—]—(KAId—kzz—FL) (3.16)
- -, : - e

7_ Tin hIeu dleu khién cia bd didu khién trwgt gdm 2 thanh phin, thanh phidn-dua - -

trang thai hé thong vé mat truot;

- m oy, 1
al, = K’(—/’LZ)+7<-/C22+EFL (3.17)

Va thanh phén giir trang thai trén mit truot:

al,, = %(—czsign (S)) (3.18)

Do d6, tin hiéu diéu khién cudi cung [ tong hop cuia 2 tin hiéu trén va co cdng

thirc nhu sau:

m b /
LAz —c sign(SY)+—k,z+—F 3.19
K ( z Z gn( )) K 2 K L ( )
‘Twong tw nhu phin 1, ta s& chimg minh tin hiéu didu khin nay Iam hé théngdn - - -

A, =

dinh va dua dugc mit trugt vé trang thai mong mudn. Chon ham Ung vién Lyapunov:
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v,=1s
2

-----—-—---—-—Bao-hﬁm—-h—a—i—vé—vé—s&—dung—ph—lfﬂng--t-ri-nh 3. 1o)yta-duwger - - -

V,=8S

(3.20)

S =S/1z‘+i(KA1d—kzz_FI) S
\ mr J

- Tir phirong trinh trén, thé tin higu didy khidn (3.19) vio (3.20) ta thu duoe:

V, =—c,S.sign(S) <0,

Suy ra, véi tin hi¢u diéu khién (3.19), hé s& bn dinh va dua duge vi tri clia rotor

b
A

[ ve 0.

Tir hai tin hiéu diéu khién (3.7) va (3.19), ta thu duogc tin hiéu dat (Z, L) cho

i L Sl LoV el

dong co 1 va 2. Day chinh 13 vigc diéu khién tuin ty theo phurong phép Backstepping,

- du6i day 1a thuat todn diéu khién cdc dong co 1, 2 theo tin hidu diit dirge duoc timra
tir 2 phin trén.

~o————32 Két qua mé phéng
Dé kiém chiing chit lwong cia céc bd didu khidn da thiét ké ta tién hanh x4y
dyng m6 hinh mo phong hé théng dua trén phin mém Matlab/Simulink.

Noi dung md phéng gdm cé:

7 - Tin hi¢u dat: Tin hiéu d3t téc d6 dang nhiy cp, tin hieu dit chuyén dich doc

truc z'=0.
- Tai tac d0ng: xét trudong hop ddng co khéng tai va ¢b tai, luc doc truc bing 0

va lue doc truc khéc 0.

Thong s6 md phong __
Rs=23Q; Ly =9,6.10H; Ls=8,2.10° H,
Tsq=4,2.10°; T =3,56.10°; W, =0,0126Wh;
Z,=1, g0=1,7.107 m; N = 400;

Mrotor = 0,23 5kg; Jr=0,0000082 kgm?; Ho=4m.107 H/m;
w=710%m; 1=13.107 m; L, =11x10"H;
L,=5x10"H; go=1.75 mm; Ku = 5;

Ki=1; Ko =0,00417; Te=0,1;

TS_C_Q._? Tm 'I_'zT_‘h_ ; 2T°s = Tsa.

3.2.1 M@ phong hé théng voi mach vong ngoai PID, mach vong dong dién PID

3.2.1.1. Cdu trijc md phing
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Céu triic mé phéng ddng co AFPM nhu trén hinh 3.6 bao gom hai kénh diéu
- khién: Toc d6 n va chuyén dich doc truc z: Khi téc d§ quay dinh mirc n = 3000 v/ph,
- ————-ddng co-chay khong tdi va co-ngoai-lyc-tde-dung vaotrue-ddng coFr, # 0
----- P wz
[ 4 - - . e
Umetor1 Umotor1
P [dg1 - o o T
Idgt
Conlroller AFFPN isq2
Hinh 3.2 Cdu triic mo phong dicu khién dong co AFPM
3.2.1.2. Két quad mé phong
: Pap Grng 16c 45 ‘ x 107 Bap (rng dich chuydn dgc trye _
. it A [=—Técds] i e N
3000 F
2500 ( | Yo
. L
g _
S 2000 - 3
2 - - —E - - -
og' oo N
21500 2
LR S L _ _ _ _ __
100C
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ol
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0 0.5 1 L 0.5 1 1.5 2
Time {seconds) Time (seconds)
(a) (b)
Dang &i§a ddng cor 1 Déng dign ddng co 2 --
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7 i
6 i
: af
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24 2
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Sai lgch tbc 46 5107 Sal léch chuydn dich doc lyc

3000F - e e . H . T 4 al- - JET
B 2500 - . - " _1. . _ e
r |

5 2000
& =
2 1500 £
5 N

_ ar
5 1000 |-

[5)
[=]
(=]

-y

[=

0 0.5 1 1.5 ] 0.5 1 1.5 2
R — - Hme-(seconds)- - -~ -- - Ce © = -Time{ssconds)" o

Hinh 3.3 Kéf qua mo phong dong co AFPM
Nhin xét: ) )

- Két qua mb phéng thé hién chinh x4c ban chit vét Iy cia dong co, didu nay

chitng t6 tinh ding d&n cua m6 hinh.

- Két qua md phong ciing thé hién sy phén ly giita didu khién téc d6 va didu

khién djch chuyén doc truc.

- Khi hoat dong khong tai
- Khi &p tai my=0,5Nm, tbc d¢ ddng co bam tbe d6 dat véi dot sut toe do
trén 1200 vong/phut twong dbi 1on.
-7 == Khi ¢6 lgc doc trye t4c dong, qua trinh qué @9 dién ratuong d6i dai.
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Abstract
The axial flux perm

(AFPM motor) using magnet bearings instead of ball-
bearings at both two shaft ends could allow rotational speed
.-of shaft much greater than nominal speed. The paper
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otor—that-adjusts—both—rotation—r
axial rotor position by sliding mode controller. Controlled
system performance is validated through a set of
simulations.

proposes a controller for axial flux permanent magnet
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1. Introduction
Axial flux permanent magnet motor (AFPB) finds its important role in electric drive systems . The motor studied in this
¢ paper is a synchronous motor with permanent magnets attached to the rotor and the two stators with windings on both sides of
the rotor. The AFPB has two degrees of freedom: Rotation and displacement along the rotor axis ], Recent researches target
-~ -mainly on the design problem of ARPM 1%, a number of works looking at control aspect 171, Most of the works-done on.~ -

control of AFPM use linear control technique that may result in limited operating range of the motor.

2, Mathematical Model of AFPM Motor

In terms of structure, the AFPM motor has its own particular specialists, in details, the stator module may include several
types: A single module has one winding set and a dual module has two sets of winding sharing a common core and back-to-
back establistiment. Similarly, a single rofor module includes only one permanent magnet on one side, and in dual module one,
both sides have permanent magnets leaning against each other. When a three-phase voltage is granted to stator coils, different
currents are generated (including current i;) flowing inside, they will interact with the magnetics of rotor to generate torque
(M) and the currents in phase windings (component ia) of stator generate thrust and drag (F) based on the principle of the
electromagnet. Thanks to special structure and above-mentioned operating principle, the rotor of the motor will not generate
axial displacement although both ends of the shaft have magnetic bearings. It allows the absence of additional axial movement
block of the rotor, therefore, the motor structure is being compact. Due to the way of winding roll, the rotational magnetic field
gencrates torques M, and M> on the same direction on the rotor shaft and generates thrust-drag forces /7 and F2 between the
rotor and the stator on opposite direction, The total torque (M=M;+M2) is the summation of the torques but the total force js
the difference of the axial attractive forces (F=F-F3).

The mathematical mode! of AFPM motor was developed in dg coordinate system, as presented as the following.

Mathematical model of motor 1:

di
— H sdl :
Uy = R.rtsd.' + L:r.'.' i a, qu}".\'q.f
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S, =w-o,

(6)
[ The purpose of control signal is driving the system’s state ( in this case is the rotation speed) to the sliding surface, then the B
o _contl:oller_will_dr.i.ve.theslidin-g—sur—fae&te—zero:—-SU-that,—there'are two components of control signal:
g .
Liea is the signal that keep state on the sliding surface. this signal can be compuled by condition: S» =0 p—
From (5) and (6), we obtain:
2y (o 3 _
N 7\ Lageq — P ) _,EL,_,L,,f - B S
AT J .
<=>1,q,q=B’"(BB) {mm+z—_a),,] ) ) S _ L
- e @)

Lo is the signal that drive the sliding surface to zero, this signal can be computed by condition: Sm._S'_,,., <0 o
- From (3), (6) and above condition, we can choose the controL signal as followifigs. .~ —- - ool e L T

B P esion(s,)) - SRR o

. » (8
Where s a positive gain

The final control si is the combination of above signals:

Ly=I, +I

agsw ) N o .

=57 (BBT)" (m +i(a‘1, —c,sign(S, ))]

©) _

Axial Rotor Position Controller
Rewrite the dynamic equation (4) as:

i KA, ~k,z—F, = m3

o Where: K =k1’+k.,z;' al; =i, =i, .
-~ Choose the sliding surface for-axial displacement as:— - — ~  -—-— — -

S =Az+:z

(11)

Where A is a controller’s variable, we will choose A so that the equation (11) guarantees the Hurwitz Stable Standard. The
control signal will drive all components of sliding surface (11) to zero, it means that not only the axial displacement will be
drive to zero, but also it’s differential will not change. Similarly above section, the control signal in this case also has 2
components, and they can be caculated by these following conditions:

S =0 - o
5.8, <0

(12)
From condition (12), we can compute the signal that keep state { axial displacement) on the sliding surface as:
m
Al =—(~A%)+k,z
And we choose the signal that drive sliding surface to zero as:
m
Ajn'm‘ == —Cznﬁ'f:gﬁ-(S') T ’ N - a -’
K ( ) (14)

The final control signal is th_e combination of the signals (13)and (14);

4




4, Simulation Results

Asmmémmmmirea rotate speed 3000 1/m; load 2 N.m added at 2s; external force influencing
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aI, = Al

g

+A4l ..

= %(—/Iz‘ ¢, 5ign(S))+k,z

in rotor added at 3s.
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When load and an external force are applied to the system the control still drive the axial position to the

rotational speed to the desired value.

4. Conclusion

The paper deal with control problem of an axial flux

Fig 6: Control signat of Stator 2

equilibrium and the

permanent magnet motor, and focuses on the SMC controller designing

for the position and speed of an axial flux permanent magnet motor . The motor creates the magnetic field to lift the fmotor

along the shaft and generate rofating torque. The
mathematical model, then a control structure is pr

stability and tracking performance.

motor electro-mechanical relations are analyzed to formulate an accurate
oposed. The system simulation results show that the drive system ensures
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