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CHUONG 1 CAC LOAI PONG CO SU DUNG TRONG CHUYEN PONG
PIEN

1.1 dong co mét chiéu
1.1.1 phan loai dong co mot chiéu

DPong co dién mot chiéu duge phan loai theo kich tir thanh nhiing loai sau

- kich tir doc lap
- kich tir song song
- kich tir ndi tiép
- kich tir hon hop
1.1.2 phuong trinh can bang sdd ciia dong co

Khi dua mot may dién mot chiéu da kich tir vao ludi dién hinh 1.1 thi trong
cudn phan tng sé chay mot dong dién dong dién nay sé tac dong vai tir truong
sinh ra luc , chiéu cua n6 duoc xac dinh theo quy tic ban tay trai , va tao ra md
men dién tir lam cho rotor quay vai toc do n . Trong cudn day x& xuat hién sdd

cam tng E,= C.®n, & ché d6 qua do ta c6 phuong trinh sau :

_ l“l = Huwdng dong

Hudng sdd

Hinh 1.1 giai thich nguyén 1y déng co dién mot chiéu

U+('eu)+('|—a):iuRt (11)
Hoic U=e, +LaZ* =i, R, (1.2)



& ché do 6n dinh (n = const, 1,= const ) ta co :

U=E;+I, R (1.3)
Két hop c6i cong thirc may phat ta viét .
U=E, £ IR, (1.4)

Trong dau ( - ) cho may phat , ddu (+ ) cho dong co .
1.1.3 dic tinh co ctia dong co mot chiéu

1 déc tinh co cua cua dong co kich tir doc lap va song song
Pic tinh co 1a mdi quan hé ham gita tbe d6 va md men dién tir n = f(M) khi
l«= const.

M

a, sodd ; b, dac tinh co
Hinh 1.2 Bong co dién mot chiéu kich tir song song

Pé tim mdi quan hé nay ta dua vao hinh 1.2 va cic phuong trinh dong kich tir

duogc xac dinh bang .

U . .
l=—% 5 va @=K; i
Ryt
U IR
Taconla: n= -t
Cep Ceo

(1.5)

Rt I, tir biéu thire mo men dién tir thay vao ta c6 .



U MR,
_Ce<P CeCy @2

(1.6)

Do Iy = const nén @ = const ta dugc phuong trinh .
n=ny,—BM (1.7)

Vé mit toan hoc day 1a mot duong thang , song song may dién chi phéi tinh
chat cua may con do cac hién tuong vat 1y , khi tai ting do phan &ng phan tng
1am cho tir thong chinh ctia may giam dic tinh co hoi bién dang . Néu dong co
c6 dién tro diéu chinh & mach phan tng thi gia tri cua hang s6 nhu sau :

B=(Ri+ R 4 )/ Ce Cp ®*
2 dic tinh co cta dong co tich tir ndi tiép
D6 1a mbi quan hé n = f (M) véi U = Uy, Ry = const . so d6 dong co kich tir
ndi tiép biéu dién trén hinh .
Ta c6 cong thic sau :

Nz U=heRe +Rag)_ U M(Re+Ra)

Co @ Co® Co®

(1.8)

Trong may kich tir ni tiép lu = CyvM
a , khi 0<l,<l4,, may chua bao hoa , trong truong hop nay ta cdé &= Kl,
Vay : M= CmKIl,= Cyl, do d61,=C,VM

Thay vao biéu thuc ta 6 :

_ U—cmVM(R¢+Rac) _ U —CmVM(Rt+Rgc)
C.KIy, CoKCnVM CoKCpVM
Hoac :
U R¢4R A
n= _ dc — _B
CoKCnVM  CoK VM
, U ) R:+R
trong do : A= ;B =—+—EL<
C.KCrm CeK

nhu vy , trong pham vi dong tai nho hon hoic bang dong dinh muc , dic tinh c6
dang hypebol

b, khi 1> 4y, : may bao hoa , dac tinh co khong trung vai duong hypebol nira .
Sy thay doi téc do binh thuong d6i véi dong co ndi tiép xac dinh theo biéu thuc :

AN 4, = Nn‘”dm 100%

dm
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Trong d6 N 1a tc d6 quay cua dong co khi tai thay doi tir dinh muc ti 25%

Qua phan tich trén day ta thay dic tinh co ciia dong co kich tir ndi tiép khong
c6 tde do tai . khi tai giam qua muc , tdc d6 dong co tang dot ngot vi vay khong
dugc dé dong co mac ndi tiép lam viéc khong tai , k trong thuc té khong duoc
cho dong co ndi tiép chay bang day cu-roa

Hinh 1.3 dong co dién mot chiéu kich tir ndi tiép a, so @0 b, dic tinh co

% Pic tinh co ctua dong co kich tir hén hop :

AU

0 02514 1 o

a, so do b, dac tinh co ¢, dac tinh co

Hinh 1.4 Dong co dién mot chiéu kich tir hon hop :

Pong co gom hai cudn kich tir : cudn ndi tiép va cudn song song . Pic tinh
co cua dong co gidng nhu dic tinh co cua dong co kich tir ndi tiép hoic song
song phu thudc vao cudn kich tir ndo giit vai trd quyét dinh . O dong co ndi
thuan , sdd cua hai cuon day cung chiéu nhung giit vai trd chil yéu 1 cudn song
song . So sanh dic tinh co ctia dong co kich tir hdn hop vai ni tiép ta thay ¢
dong co kich tir hon hop co toc do khong tai ( khong tai tir thong ndi tiép bang
khéng nhitng tir thong kich tir song song khac khong 1én c6 tc d6 khong tai )
khi dong tai ting 1én , tir thong cudn ndi tiép tac dong , dac tinh mang tinh chat
dong co ndi tiép . Biéu dién dic tinh co n= f(I) cua dong co kich tir song song
(dwong 1), ciia dong co kich tir ndi tiép ( duong 2) , cua dong co kich tir hdn
hop ndi thuan ( dudng 3 ) va dic tinh co cua dong co kich tir ni tiép ndi nguoc
( dudng 4 ) dé chung ta dé so sanh . Con hinh 1.4 ¢ 1 dic tinh co ctia dong co
kich ttr hén hop .



1.1.4 khoi dong dong co mot chiéu

Khoi dong dong co 1a qua trinh dua dong co tir qua trinh nghi (n=0) t61 dong co
lam viéc . chung ta c6 cac phuong phap khéi dong sau :

a, khai dong tryc tiép

day 1a phuong phap déng dong co truc tiép vao ludi dién , khong qua mot thiét
bi phu nao . Dong khai dong duoc xac dinh bang cong thuc :

|kd:U;:tm ( 1.9 )

Vi R; nho 1én Lig 6 gia tri 16n ( 10+ 30) gy . Su ting dong dot ngot 1a xuat

hién tia lra & ¢6 gop , xuat hién xung co hoc va lam sut dién ap ludi . Phudng
phép nay hau nhu khong duoc st dung .
b, khoi dong dung dién tré khoi dong.
Nguoi ta dua vao rotor mot dién tro co kha nang diéu chinh va goi 1a dién tro
khoi dong (hinh 1.5 a ) dong khéi dong bay gio co gia tri :
I = ——4m (1.10)

(R¢+Rka)

bién tro khai dong phai duoc ngat dan ra theo su ting cua toc d6 . Nac khoi

d6ng nhat phai chon sao cho dong phan tmg khong 16n qua va mé men khai
d6ng khong qua nhé . Viéc lva chon s6 nac dién tré dugce trinh bay & cac cach
vé chuyén dong dién . Khi co cung dong phan tng thi dong co kich tir ndi tiép
c6 mo men khaoi dong I6n hon dong co kich tir song song .

Luu ¥ : voi cac dong co kich tir song song thi dong dién tré khoi dong phai noi
sao cho cudn kich tir trong moi thoi gian déu duoc cap dién ap dinh mic , dé
dam bao ® 16n nhat . Néu trong mach kich tir c6 dién tro dién tich thi phai khoi
dong , dé dién tro nay ngdt mach . Trén hinh ( 1.5b) biéu dién dic tinh co cua
dong co 1 chiéu khoi dong dung dién tré khoi dong (khi chuyén tir nac dién tro

nay sang nac dién tré khac toc d6 dong co khong doi ) .
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a, so do b, dac tinh co

Hinh 1.5 Bong co dién mot chiéu kich tir song song
1.1.5 diéu chinh téc d6 dong co mot chiéu
a, taco cac phuong phap diéu chinh téc d6 sau :

- thay dbi dién ap ngudn cap

- thay d6i dién mach roto

- thay d6i tir thong

- diéu chinh tdc d6 bang thay d6i dién ap ngudn nap .

= var , néu M, = const thi tbc do n=var ta

Ta thay khi cho U= var thi ng= CU(D

diéu chinh duoc tbe do dong co . Khi dién ap ngudn cung cap thay doi , cac
dic tinh co song song va&i nhau . Biéu chinh téc do bang thay ddi dién ap
ngudn cap chi diéu chinh dudc theo chiéu giam tdc d6 ( vi mdi cudn day da
duoc thiét ké voi Uy, , khong thé ting dién ap dat 1én cudn day ) . song do
lang diéu chinh Ién , con pham vi diéu chinh hep . ¢ hinh 1.6 ta biéu dién dic

tinh co ciia dong co khi U= var



nﬂ U;=Uo>Us

»

Hinh 1.6 Dic tinh co khi thay doi dién ap ngudn cung cap .

- diéu chinh bang thay d6i dién tré mach 16 to tir (hinh 1.9 ) ta ky hiéu A n
= M(R; +Rg. ) thi khi M = const ma thay d6i Ry thi thay d6i dugc An
( do giam toc d6 ) , tirc 1a thay d6i dugc toc 46 dong co . trén hinh 1.7
biéu dién dic tinh co ctia phuong phap diéu chinh téc do bang thay doi
dién tro roto

n A
R1+R2=0
C
Ry
e
0 >
M. M

Hinh 1.7 Biéu chinh téc do dong co mét chiéu bang phuong phap
thay d6i dién trd mach ro to
Phuong phép diéu chinh toc d6 bang thay doi dién tro mach phan tng co
nhiing wu khuyét diém sau :



Uu diém : dé thuc hién , vén dau tu it , diéu chinh twong d6i lang tuy nhiéu diéu
chinh pham vi hep va phu thudc vao tai ( tai cang 16n pham vi diéu chinh cang
rong ) , khong thuc hién duoc & ving gan toc d6 khong tai . diéu chinh c6 ton
hao 16n . ngudi ta da chitng minhh rang dé giam 50% tdc do dinh muc thi ton
hao trén dién tré diéu chinh chiém 50% cong xuit dua vao . Bién trg diéu chinh
tbc d0 c6 ché do lam viée lau dai 1én khong dung dién tro khai dong ( 1am viéc
& ché d6 ngan han ) dé lam dién trg diéu chinh tc do .
- diéu chinh tdc d6 bang thay doi tir thong
tir biéu thirc :
= U lyRe
Ce®
Khi M, U= const , ® = var ( thay doi dong dién tir ) thi n ting lén . Thay

vay ,khi giam @ dong dién tro rotor ting nhung khong 1am cho tir s6 biéu thirc
thay d6i nhiéu vi do giam dién ap o R, chi chiém vai % cua dién 4p U néu khi tir
thong @ giam thi d6 sang tang . Xong léu ta cw tiép tuc giam dong kich tir thi toi
mot lac nao do tde do khong dugc ting duoc nita . S& di nhu vdy vi mé men
dién tur ctia dong co cling giam . Phuong phap nay chi dung trong pham vi khi tur
thong giam toc do con tang . Hinh 1.8 biéu dién dic tinh co khi ®= var . Phuong
phap diéu chinh tc d6 bang thay doi tir thong c6 nhing wu khuyét diém sau :

vu diém : diéu chinh tdc do theo chiéu ting ( tir toc d6 dinh muc ) rat lang ,
pham vi diéu chinh rong , t6n hao diéu chinh nhé , d& thyc hién va kinh té
do nhitng vu diém trén phuong phap diéu chinh tdc do bang thay ddi tir thong
thuong dugc ap dung hop véi nhimg phuong phap khac nham ting thém pham
vi diéu chinh
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M. M
Hinh 1.8 Pic tinh co cta dong co mot chiéu kich tir doc 1ap

Cht y : khong duoc giam dong kich tur téi gia tri 0, vi lic nay may chi con tir
du , téc d6 ting qua lén gy nguy hiém cho céac cdu tric co khi ctia dong co .
Thuong nguoi ta thiét ké bo dién tro diéu chinh ché do khong khi nao mach tir
bi ho .

b, hé théng bo bién d6i dong co

Ngay nay do cong nghé dién tir cong xuit phat trién , ngudi ta da san xuat ra
nhitng bo chinh luu cong xuat co cong xuat Ion dam bao cung cip cho dong co
dong mot chiéu cong suit 16n dong thoi co kha ning diéu chinh dién 4p mot
chiéu & 16i ra .

Mt khac may phat dién mot chidu c6 nhuoc diém khi lam viéce ¢ tia lira , nén
ngay nay viéc tao ning luong dong mot chiéu khong ding may phat dién mot
chiéu ma né duogc bién d6i tir dong ning luong xoay chiéu sang bang cac bo
chinh luu dién tir cong xuat . Chinh vi thé di xuat hién cac hé thong chuyén
dong dién dong mot chiéu duogc cap dién tir dong chinh luu dién tir cong xuat va
duoc goi 1a hé théng dongh co — bo bién dbi hinh 1.9 . luc nay bo bién doi dir
vai trd 13 may phat dién mot chiéu cho phép ta diéu chinh dién ap mot chiéu cap
cho dong co , hé thdng nay da thay thé hé théng may phat — dong co cb dién .
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=var P —
| M
0 M =
a, so do b. Pac tinh co khi thay doi toc do

Hinh 1.9 Hé thng chuyén dong dién bo bién d6i — dong co

Pé thay n doi téc do , trong hé thong bo bién d6i — dong co co thé ap dung
phuong phap diéu chinh dién 4p ngudn nap ( thay d6i kich tir may phat ) thay
d6i dién dién tré mach rotor dong co va thay doi tir thong kich tir dong co . Hé
théng cho ta pham vi diéu chinh téc d6 rong , diéu chinh dugc ca hai chiéu tang
va giam , c6 do diéu chinh rat lang .
hé thong nay co tinh chat gibng hé théng may phat dong co nhung ré va do tin
cay cao hon .

1.1.6 him dong co mét chiéu

Ham ching ta noi téi ddy 1a ma bang dién . Trong mot hé théng chuyén dong
dién néu chiéu cia mod men cua dong co 1a ching véi chiéu caa téc do quay ta
c6 ché d6 dong co , con néu chiéu ciia md men va chiéu tdc 46 nguoc ta ¢ ché
do ham .

C6 3 ché do ham .

ham dong nang

ham dong di¢n nguoc
- Ham tra ning luong vé ngudn
1, ham dong nang .

Pé thyuc hién him dong ning , phan tmg dong co dugc ngét khoi ludi
(tiép diém K mé rong , tiép diém K, dong lai ) va nbi qua dién trd ham (hinh
10.0) dién ap bay gio U= 0 do c6 dong ning , dong co van quay theo hudng
cli , dong phan tng duogc xac dinh .
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U-E, _  Ey

R¢ R¢

l,=

nhu vay dong dién ddi chiéu , mé men tao ra do dong dong co ciing doi
chiéu , con téc d6 van theo chiéu cii , dong co 1am viéc ¢ ché d6 ham .
phuong trinh tdc d6 c6 dang .
— M(Rt—Rp)
CoCrpn P2

Trén( hinh 10.0 b ) duwong 2 va 3 biéu dién him & ché d6 dong nang .
phuong phap hdm dong niang thudng duoc st dung dé him dong ning tSi

ding may .
e
—- * A
o g by |k
s DT
. £ ; LK c"—\‘b
¢~; = 1% 34 \3 1
K ’ K b 8 ' A\ ‘
VI ) < el LY D\ © B M M
e\
V ,—\‘."‘"\/ 7N
L
w
a b

Hinh 10.0 Ham dién & dong co dién mot chiéu
a, so d6 ham dong ning b, dic tinh co cia dong co mot chiéu & cac ché do
ham
2, ham dong dién nguoc .

- Pua di¢n tré ham 16n vao mach rotor khi trén truc dong co c6 mot mo
men thé nang . Khi dua dién trg 16n vao mach rotor dong phan tng giam ,
mo men trén trung dong co khong doi lic nay dong co giam cho téi diém
B dit toc do bang khong . Dudi tac dong cua trong lwong ( hang héa )
doéng co quay nguoc , dong khong ddi chiéu , md men khong ddi chiéu
nguoc toc do doi hudng trén dong co lam viéc & ché d¢o6 ham ( doan BC
dic tinh 1 trén hinh 10.0 b ) t6i diém e téc d6 roi hang c6 gia tri khong
doi .

- Doi chiéu dién ap ngudn cung cap .
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C6 phuong phép tha hai thuc hién bang d6i chiéu dién ap ngudn cung
cap , dong rotor bay gid co dang .

_ —U-E, _ U+E,

Y Ri+Rg4c R¢+R g
Trong biéu thirc nay Rg 1a dién tro thém vao dé han ché dong ham . Vi

dong I, ddi chiéu , md men dong co d6i chidu nhung tdc do chwa doi chiéu ,
dong co lam viéc & ché d6 him ndi nguoc . Trén( Hinh 10.0 b ) biéu dién dic
tinh co khi him ndi nguoc ( dudng 4 , doan df ) téi diém D khi téc d6 dong
co n=0, muén dung may phai ngat dong co ra khoi luéi , néu khong dong co
bat dau quay theo hudng nguoc va tang toc do , dong co lam viéc & ché do
dong co véi viéc quay nguoc lai . thuc té phuong phap him nay xay ra & giai
doan dau tién khi doi chiéu téc d6 dong co .

3, hdm tra nang luong vé nguon

Do mét nguyén nhan nao d6 toc do rotor 1on hon tde d khong tai , lic nay E, >

_Ew

Unén:la= <0, dong doi hudéng , m6 men doi hudng , tdc d6 van gitr

t
nguyén chiéu cii , dong co 1am viéc nhu may phat , dwa ning luong vé nguon .
ta goi d6 1a ché do ham tra nang luong vé nguon .
Ché do ham nay rét kinhh té nhung khong ham téi dimg may duoc , chi him
duoc t6i toe do khong tai théi .
4, ton hao va hiéu sut may dién mot chiéu .
Trong may dién mot chiéu cé hai loai ton hao .

- Tén hao chinh

- Tén hao phu

Ton hao chinh gdm : ton hao co ( ton hao 6 bi, ma sat & ¢o gbp , ma sat véi
khong khi ... ) ton hao sat tir (ton hao do tir tré , t6 hao ¢ rang do song bac
cao ... ) ton hao dong trong cudn rotor va stator , trong cudn phu cudn khir
trong mach kich tir , ton hao & dién tré tiép xac ctia choi than hay vanh khuyén .
Tén hao phu : xuat hién trong 13i thép va trong dong , né gdm ton hao dong
xoay chiéu ( dong fucco) , tdn hao ndi can bang , ton hao do phan bb tir trudng
khong déu , do mat do ¢ dong choi khong déu .

1.2 dong co di bo mot pha
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1.2.1 mach tir cia may dién di bd mot pha

bong co di bo mot pha dugc sir dung rong rai trong cong nghiép , trong tu
dong hoa , trong gia dinh , c6 thé néi dong co di bdo mot pha dung & noi chi c6
mét pha nguén dién cung cap .

Gidng nhu dong co di bo 3 pha , dong co di bo mot pha ciing c6 phan tinh
( stato) va phan quay ( rotor ) .
a, CAU tao stato

CAu tao mach tir ciia stato may dién mot pha phu thudc vao phuong phap khai
dong . Néu khoi dong bang try dién thi dong co ¢6 dang nhu hinh 2.1 stato gom

cac 1a thép hinh vanh khian mat trong dtc ranh dé chira day stato.

Stato va o

cudn chinh Cudn

pha

Réto

vong ngén
mach

Hinh 2.1Mat cit caa dong co mot pha hinh 2.2 Pong co mot pha co
Khéi dong dung tur dién vong ngan mat ¢ stato
O stato dat hai cuon day : cudn chinh va cudn khoi dong , dit vudng goc voi

nhau trong khong gian trén chu vi stato .

Néu khoi dong bang vong ngan mach , thi ciu tao stato c6 dang nhu hinh 2.2
mach tir ¢6 cac cuc tir, trén cac cuc tir dat cuon day . Trén mat cuc tir nguoi ta
xé rinh va dit vao d6 mot vong ngan mach bang dong hinh 2.2.

b, rotor ca hai loai khai dong déu 1a rotor ngan mach nhu dong co di bo 3 pha
mach tir gom cac 14 thép c6 duc ranh ghép lai v6i nhau thanh mach tir . Trong

cac ranh nguoi ta d6 nhém vao lam cudn day may dién .
1.2.2 nguyén ly hoat dong

Khi cdp dong dién xoay chiéu mot pha vao cudn ddy stato , s& sinh ra mot
tir truong bién doi ( dap mach ) . voi mot tir truong dap mach , c6 thé phan tich

13



thanh 2 tlr trudng quay cung toc do ( n= 60f/p) nhung nguoc chiéu nhau , ¢6
bién d6 bang nhau va bang nira bién do tir trudng dap mach .
Nhu viy , ¢6 thé coi dong co mot pha gom 2 dong co 3 di bo pha rotor ngan
mach c6 chung truc nhung quay véi 2 chiéu khac nhau . Hai dong co nay tao ta
2 m6 men quay M1 va M 2 ¢6 chiéu nhuoc nhau .

Gia thiét rang dong co c6 chiéu quay theo chiéu kim doéng ho ( quay thuan )

tao ra m6 men M1 c6 d0 truot tinh nhu sau :
_ Nrr—N

Si=

Nt

Mé men déng co .
quay thuan

X m

Mé men tdng

Mé& men dong co
quay nguoc

Hinh 2.3 Pac tinh cua dong co di bo mot pha

Con dong co c6 chidu quay nguoc lai véi do truot tinh theo biéu thuc .
SZ — Nrrt—N — Nrr+N+Npr—Nr1T — 2NtT _ Nrt—N

=2-5
NtT NtT NtT NtT
Do 2 dong co hoat dong trén cting mot truc nén mé men tong co gia tri.
M=M1+M2
Dic tinh M= f(oy) biéu dién trén hinh 2.3 . Tir dic tinh nay ta thay dong
co di bd mot pha khong ¢6 mé men khoi dong ((0n,=0,thiM=0).

1.2.3 khoi dong dong co di bo mot pha

Néu nhu di noéi dong co di bo mot pha khong c6 mé men khoi dong , tai

thoi diém méi dong vao ludi , ta tac dong lén truc dong co mdt mo6 men theo
14



huéng d6 . Bé xac dinh chiéu quay cho dong co ta phai tao ra mé men khoi
dong .
1, khai dong dung vong ngin mach

Ta xé mat cuc tur thanh ranh va dat vao d6 mot vong ngén Mach lam béng
ddng bao ldy mot phan mit cuc ( hinh 2.2 ) . Khi dong co tir trudng cudn day
chinh c6 mot bd phan nho xuyén qua vong ngan mach , do d6 c6 dong cam tng
trong vong day ngin mach , dong dién nay sinh ra tir théng thtr cap téng hop
VGi tir thong ban dau xuyén qua nd 1am cho tr thong xuyén qua vong ngan
mach léch pha so véi tir thong chinh mot goc gan bang 90°  vé khong gian va
thoi gian . Vi vay tir truong tong trong may sé 1a mot tir trudng quay nén c6 md
men khai dong nhu déng co di bo 3 pha . Loai ndy c6 cau tao nhe , ré tién nhu
mo men khéi dong nho chi dung & dong co c6 yéu té khong cao.
2, dung tu dién

Lac nay dong co mot pha ngoai cudn chinh ¢6 thém cudn khoi dong . Cuon

day khoi dong duoc dit vudng goc vai cudn cong tac . Bé nhan duoc dong dién
léch pha 90° vé thoi gian , ta dung thém tu dién mit vao cudn khai dong . Néu
khong dung tu dién ma dung cudn khang thi dong dién sé khong 1éch nhau 90° ,
ta khong coé tir truong quay trong do d6 mé men khaoi dong khong 16n . Vai muc
dich tiét kiém , cudn khoi dong chi dugc ni khi khai dong , khoi dong xong lai
cit ra bang cau dao P tuy nhién trong thuc té didu nay it dung vi cai loi it hon cai

khong loi . Trong nhiéu truong hop nguoi ta dung 2 tu dién mac nhu hinh 2.4 .

S L B &
E ‘[ T
O— r'e G- e &
Hinh 2.4 Chach mac cuon khoi hinh 2.5 Pung hai tu dién khoi
dong
bong cua dong co mot pha di bo mot pha
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Khi khoi dong , hai tu dién mic song song dé ¢o gia tri 1on ( ting md men
khoi dong ) tu dién co gia tri nhd dugc mac thudng truc dé cai thién dic tinh
hoat dong cua dong co .

1.2.4 dong co di bo 3 pha & ché d6 1 pha

DPong co di bo 3 pha khi mat mot pha sé& 1a dong co di bo 1 pha . Tuy nhién
khi dong co 3 pha mat mot pha sé say ra hai tinh huéng sau :

- mat mot pha trude khi dong vao luéi dién , thi khi dong vao ludi dong co
khong quay vi khong c6 md men khoi dong , lic ndy ta s& thay tiéng kéu i
i cua tu truong

- mat mot pha khi dong co dang quay , luc ndy dong co sé tiép tuc quay
nhung dong lam viéc s& 16n vi md men can trén dong co khong déi , trong
khi d6 cong xuat cp vao dong co bi mat mot pha , nén dong phai ting dé
dam bao mo men quay khong ddi . ngudi ta da tinh dé dam bao cong xuat
khi mat mot pha bang cong xuét khi 1am viéc véi 3 pha thi dong tang lén
V3 1an . Néu dong co c6 bao vé mit pha , dong co s& tu ngét khoi ludi .

Trong mot sb trudong hop ngudi ta c6 thé biét dong co 3 pha thanh 1 pha

véi nhimg so d6 nbi mach sau day ( hinh 2.6 ).

| | p
A" 4 1
A L. = C 1 ;
NN T
/,‘ fr"\l {V\TP u_(‘(\ /)’),)I
L_, 2

Hinh 2.6 Cach ndi dong co 3 pha dé duoc dong co mot pha

Dung mot pha cua dong co 3 pha lam cuon khéi dong . Sau khi khoi dong
xong dung cong tic P dé ngat bo phan lam léch pha ra . Cong xuat cua dong co
ba pha bay gid con mot ntra so vai khi lam viéc 3 pha .

Néu ché do dong co khong nang lam , thi tu dién ¢ thé xac dinh bang db thi
dudng tron , xong can nhd rang khi s dung dong co 3 pha lam dong co mot
pha dung tu di¢n méc lién tuc thi cong xuét c6 thé dat 70%- 80% .
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1.3 dong co dong bd
1.3.1 tinh chat dong cua dong co dong bo

Mot may dién déng bo dugc ndi véi ludi dién sau khi hoa dong bd co thé 1am
viéc nhu may phat hodc nhu déng co phu thudc vao tai . Dé giai thich diéu nay
chung ta str dung so dd véc to may dong bo cuc am . Gia thiét rang hoa ddng bo
chinh x4c Ep= Ui ( hinh 3.1 ) . Lic nay may chay khong tai ( e=0 ) khong nhan
vao ciing khong phat ra mot cong xuét ndo , ton hao trong may dién duogc bu dap
boi may lai . Néu tai thoi diém nay ta ting cong xuit may lai ma khong thay doi
dong kich tir thi rotor sé& ting toc 1am goc cong xuat >0 ( hinh 3.1 b ) . O mot
gia tri o, ndo d6 co sy cin bang cong xuat va cong xuat phat , may dong bo lam
viéc on dinh( diém 2) . Tur vi tri dong dién trén so do thi vét to ta thdy may
dién lam viéc nhu may phat , phat ra cong xuét tac dung p, va cong xuat dung
khang Q,. Vi mdy phat ra cong xuét dung khang khong tét 1am cho nén ta phai
tang dong kich tir dé dong tai c6 tinh cam khang , may phat ra cong xuat tac

dung va cong xuat cam khang ( diém 3) .

L,
D
D
4

>

- o)
D)

¥

Hinh 3.1 Kha nang lam viéc cua may dién dong bo
a, chay khong tai b, lam viéc nhu may phat
¢, lam viéc nhu dong co , d, lam viéc nhu may bu
Nhung ciing tai thoi diém xuét phat néu ta ngat may lai , sau d6 tai nd bing mo
men co hoc thi tbc do rotor cham dan lai vi tri 6n dinh (4) tng goc cong suat e;.

Luc nay may lam viéc nhu dong co dong bo nhan tir ludi cong sudt Pyva Q 4
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( cam khang ) . Do nhan tir luéi cong suat cam khang Q, khong phu hop nén ta
phai ting dong kich tir @& may co6 thé co cosg= 1 hoic nhan cong suat dung
khang Qs va cong suat Ps tac dung tng voi diém 5 .

Dé hinh dung dugc anh huong cua kich tir ta xét & ché d6 khong tai . Tai ché
d6 nay néu ta chi ting dong kich tir ( qué kich ) thi may s& phat dong cam khang
( hinh 3.1b), néu giam dong kich tir mdy s& phat dong dung khang ( hinh 3.1e) .
Céc ché do co thé lam viéc ciia may ddng bo biéu dién & hinh 3.2 .

Eo
mAy phat cong Xuét tac dung va cong xuat
phan khang jxI cQ dong co nhhaanj cong suét
tac dung va cam khang
| U

Ma . (e oA IR A A L 2P A A £

ay phat phat cong xuat tac dong co nhan cong xuat
Dung va cong xuat khang I I tac dung va khung khang

Hinh 3.2 Cac kha niang lam viéc cia may dién dong
b
1.3.2 khai dong dong co dong bo

Trudc hét ta hiy xét mot may dién dong bo khong c6 mot thiét bi phu dic biét
nao . Cudn kich tir dugc ndi véi ngudn 1 chiéu , con cudn phan tng duoc ndi

\ RPN \ \ rr LA ~ 60 Y < A \
vao ludi dién 3 pha tao ra tur treong quay vai toc do ng= Tf trong dieu Kién nay

& trong may dong bo xuét hién moé men bién d6i hinh 3.3 .
Mtb:O

IWAVAW,

T

Mo

Hinh 3.3 M6 men may ddng bo khi rotor khéng quay

Chu ky bién ddi cia mé men xac dinh :
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Ty=—=—2 = (1.11)
M Fm p(nttiN) M .
ntt
Trong d6 : n- téc do tirc thoi cua roto , dau “ — “ khi né quay thuan chiéu

quay , con dau “ + “ khi quay nguoc chiéu quay . khi n= 0 thi f,,= f;=50Hz. Mot
mo men bién ddi véi tan s6 nhu vay thi do rotor c6 quan tinh 16n s& khong
chuyén dong . C6 thé noi gon lai 13 may dién dong bo khong c6 moé men khai
dong ( My=0) do d6 ta phai tim cach khéi dong dong co dong bo .

a, khai dong bang may ngoai.

Thuc chat ctia qua trinh nay 13 dong bod héa hay tu dong bo . Ta dung mot
may loai ngoai ( dong co di bo , hoac ddong mot chiéu ... ) quay rotor déng co
dong bo véi toe do can thiét dé hoa véi ludi . Phuong phap nay c6 nhuoc diém
1a can dung mot dong co ngoai 1én tén kém vi vay it duoc dung .

b, phuong phap khai dong di bo

Pay 1a phuwong phép giéng nhu khoi dong dong co di bo . Bé thuc hién duoc
phuong phap nay nguoi ta dat & mat cuc mot cudén day ngan mach 1am bang céac
thanh dong ( ddng thudng hay doéng do ) gibng nhu dong co cua may dién khong
dong bo rotor mat ngan . Néu bo qua cudn kich tir thi khi ndi cudn ddy 3 pha vao
ludi s€ c6 dong 3 pha chay vao va tao ra tur treong quay lam rotor quay nhu may
dién di bo . Khi da dat dugc téc do nhat dinh néu ta cap dong kich tir cho cuon
kich tir thi gitta tir trudng Mot chiéu va tir trudng quay sé tac dong 1én nhau va
tao ra md men c6 bién do tang dan . Chu ky Tm ciia m6é men nay thi do truot
nhd c6 gia tri 16n , néu mé men trong may sinh ra trong may déng bo co thé
gitip cho rotor tang toc dé budc vao dong bo . Cuon day khoi dong cia may co
thé 1a ban than céc 14 thép cuc tir v6i kich thude nhét dinh |, khi tir truong bién
thién trong né s& xuat hién dong xoay va tao ra md men du Ion dé khai dong
may . Dé giam dong khai dong nguoi ta st dung cac phuong phap nhu & may di
bo .

Cho téi ltic nay chung ta di boé qua cudn kich tir . Néu cudn kich tir hé mach
thi ¢ thoi ky dau cia qua tinh khoi dong , tir truong quay do rotor tao ra s& quay
S0 Véi rotor mot toc do rat I6n ( ntt- n = sntt ) s& cam ¢ng tong cudn kich tir ho
mot sdd co gia tri rat 16n gay nguy hiém cach dién cudn kich tir va cho ngudi

van hanh . Dé tranh hién tuong qua dién ap ta ndi cudn day qua mot dién tro
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thich hop . Viéc ndi dién tro nay lai tao ra mot hién tugng khac goi 1a hién tuong
Gorgesa. Ban chat hién twong nay nhu sau :

Tir truong quay cua rotor 1am xuat hién dong xoay chiéu & mach kich tir c6
tan s :

f,=R D =y s (1.12)

Dong bién doi nay tao ra mot tir truong bién doi ma theo nguyén tic ta co thé
tach ta lam 2 tir trudng quay bang nhau c6 cung toc d6 nhung chiéu quay ngugc
nhau . Mot tir truong quay cd chiéu quay cung chiéu rotor co tir truong kia
nguoc chiéu ( xem dong co di b mot pha ) . Téc do 2 tir trudng d6 so véi rotor
nhu sau;

Tir trudng cung chiéu quay rotor .

N2q= S (1.13)
Tu trudng nguoc :
N -2 (1.14)
Va so véi stato
tur trudng quay thuan :
Nps = N+ Ngp = Ny (1.15)
Tu truong quay nguoc :
N ps=N+N"3=N—-Ng+N=2N-Ny (1.6)

Ta thay tir truong thuan cé téc do so véi stato khong doi , vay né tao ra mo
men di bo tac dong 1én rotor theo chiéu cuia mé men do cudn khai dong tao ra .

Tur (5.43a) ta thay toc d¢ ciia tir truong nguge n’qs phu thudce vao toc do quay
cua rotor , nd c6 gia tri va hudng thay d6i . Qua phan tich thay rang : & pham vi
0<n< % tur trrong ngugC quay So V4i stato sang trai mé men do no tao ra mot
chiéu sang phai tring voi chidéu mé men di bo va mdé men tao ra boi tir truong
thuan . Khi n=% tir trudng nguoc cé trang thai khong chuyén dong so véi stato

néu trong cudn day khong cam twng mot sdd nao ca va khong tao ra md men
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- Ntt J4 9 \ \ r . ~ s
phu . Khi n >— hudng quay cua tir truong ngugC SO V4i stato s€ nguoc Voi

A Ntt A A 4 : ~ & =X o A
truong hop n < —~ Nén m6 men do no sinh ra s€ ngugc Véi chicu ciia mo men
tao ra do cuon khoi dong va tir truong thuan . Trén hinh 3.4 biéu dién dic tinh
co cua cac loai tir trrong tao ra . Bac tinh mé men do tir truong nguoc tao ra ta

thi Mg =0 khi n <

Ntt
2

¢6 : khi n= == thi Mas > 0 va khi n>== thi Mg, <0 .

Pic tinh khai dong sé 13 tong moé men day . Tir d6 thi ta thdy dic tinh co khoi
dong c6 ving yén ngyua ( hién tuong Gorgesa) . Néu ving yén ngua lén ( do
dong xoay chiéu cudn kich tir 16n ) thi c6 thé xay ra trudng hop moé men khoi
dong nho hon md men cnar hinh 3.4 a , khéi dong khong thanh cong . Bé giam
su tac dong cua tur truong nguoc , ta dua vao cudn kich tir mot dién tro phu co
gia tri khoang 10 lan gia tri dién tré mach kich tir : Ry~ 10 Ry ( hinh 3.5) néu
chon R, 16n qua s€ xuyén thing cach dién , con néu chon R, nhé qué thi khong
giam duoc hién tuwong Gorges, gay dung may khong khoi dong duoc .

Hinh 3.4 Pac tinh mé men khi khoi dong dong co dong bo bang phuong phap
di bo a, mat kich tir bi néi tit b, mach khich tir ni qua mot dién tro .
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Hinh 3.5 So db nbi day khoi dong dong co dong bd bang phuong phap di bo

Nam duoc tinh chat nay cia may dong bo sé c6 loi cho trudng hop dong co di
bo 3 pha day quan bi dit mot pha & roto . Khi dong co di bo 3 pha day quan dut
1 pha & rotor ¢ hién twong gidng nhu truong hop vira nghién cau .
¢, khoi dong bang phuong phap tan s6

Néu ta cip cho stato mot ngudn dién c6 kha nang diéu chinh tan sé , khi tang
dan tan s6 ngudn dién cung cap tir 0 dén tan s6 dong bo , néu mach kich tir cua
dong co cling tang m dén khi dat téc do déng b ta ndi dong co vao ludi va ngét

ngudn cung cap cé tan sb ra khoi dong co .
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CHUONG 2 DPONG CO BLDC
2.1 giéi thiéu chung

Pong co mot chiéu nam cham vinh ciru khong chéi than BLDC tir 1au da
dugc st dung rong rii trong cac hé truyén dong cong suat nho (vai W dén vai
chuc W) nhu trong cac 6 dia quang, quat lam mat trong may tinh cac nhan, thiét
bi vin phong (mdy in , scan...). Trong cac tng dung d6 mach diéu khién duoc
ché tao don gian va c6 do tin cay cao. Cung vai su phat trién ciia cong nghé dién
ttr, cong nghé ché tao vat liéu 1am nam cham vinh ctru ciing ¢ nhitng budc tién
|6n, d3 1am cho nhitng vu diém cua cac hé thdng truyén dong dién st dung dong
co BLDC so véi dong co mot chiéu co co gdp-choi than hay dong co di bo tro
1én 5 rét hon, dac biét 1a & cac hé théng truyén dong di déng sir dung ngudn
dién mot chiéu doc 1ap tir ac qui, pin hay ning luong mat troi. Trong d6 khong
thé khong nhic dén 1a cac hé truyén dong xe kéo trén xe dién voi cong suat tir
vai chuc dén 100kW. Trong cong nghiép, ching con duoc sur dung rong rii
trong cac hé diéu khién servo c6 cong suat dudi 10kW.

Mic du duoc goi 13 dong co mot chiéu nhung thuc chat dong co BLDC thudc
loai dong co xoay chiéu dong bo sir dung nam cham vinh ctru, Pong co déng bod
nam cham vinh ctru 1a nhém dong co xoay chiéu déng b (tuc 14 rotor quay cung
toc do Vai tir truong quay) ¢6 phan cam 1a nam cham vinh ciru. Pong co BLDC
la loai dong co song hinh thang. Chinh suc phan dién dong c6 dang hinh thang
nay moéi 1a yéu to quyét dinh dé xac dinh mot dong co BLDC. Thay cho su
chuyén mach dong phan tng nho cac dong co mot chiéu thong thuong sir dung
chéi than-co gop thi dong co BLDC sir dung chuyén mach dién tir. Do d6 céc
cuén day phan ung dit trén stator nén dé dang dan nhiét tir cac cudn day ra
ngoai vo, cling nhu sir dung cac phuong phap 1am mat cudng buc khac néu can.
Vi vay dong co BLDC c¢6 mat do cong suat 16n hon dong co mét chiéu truyén
théng. Mic du ngudi ta noi rang dic tinh tinh ctia dong co BLDC va dong co
mot chiéu thong thudng 1a hoan toan giéng nhau, nhung thuc té chung c6 nhiing
khac bi¢t dang ké & mot vai khia canh. Khi ndi vé chuc nang cua dong co di¢n,
khong duoc bo qua ¥ nghia ctia diy quan va sy d6i chiéu. Poi chiéu 1a qua trinh
bién ddi dong mot chiéu & dau va thanh dong xoay chiu va phan bd mot cach
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chinh xac dong dién xoay chiéu nay toi mdi day quan ¢ phan ang caa dong co.
O dong co BLDC, nguoi ta sir dung cac thiét bi ban dan nhu transitor, MOSFET,
IGBT.... dé thuc hién d6i chiéu khac véi dong co mot chiéu théng thuong sir
dung c6 gop-choi than.

Uu diém cua dong co BLDC:

- Pic tinh tdc d6/mo6 men tuyén tinh.

- Bap tng dong nhanh do quan tinh nhd.

- Hiéu suat cao do str dung rotor nam cham vinh ciru nén khong cé ton hao
trén rotor.

- Tudi tho cao do khong c6 chuyén mach co khi.

- Khong gay nhiéu khi hoat dong.

- Dai toc do rong.

- Mat do cong suat lon.

- Van hanh nhe nhang (dao dong md men nho) tham chi & toc d6 thap (dé dat
DPuoc diéu khién vi tri mét cach chinh xac).

- M6 men diéu khién duoc & vi tri bang khong.

- Két cu gon.

- Co thé tang toc va giam toc trong thoi gian ngan.

Nhuoc diém caa dong co BLDC:

- Do ddng co duoc kich tir bang nam chdm vinh ctru nén khi ché tao c6 gia
thanh cao.

- Néu dung céc loai nam cham sit tir thi dé bi tir hoa, kha ning tich tir khong
cao, dé bi khir tir va dic tinh tir cla nam cham bi giam khi ting nhiét d6. Pong
co BLDC c¢6 nhitng uu diém vuot troi so véi cac dong co mot chiéu thong
thuong. Khi so sanh hai loai dong co nay vé mit cong nghé hién tai, ta thuong
dé cap toi sy khac nhau hon 1a sy gidng nhau gitra chiing.

2.2 cau tao cia dong co BLDC

Khac véi dong co mét chiéu truyén théng, dong co BLDC sir dung chuyén
mach dién tir thay cho két cau cd gop-choi than dé chuyén mach dong dién cap
cho cac cudn day phan tmg. C6 thé goi d6 1a co cau chuyén mach tinh. Pé lam
dugc diéu d6 phan tmg ciing phai tinh. Nhu vy, vé mit két cdu c6 thé thay rang
dong co BLDC va dong co mot chiéu truyén thdng co su hoan ddi vi tri giira
phan cam va phan ung: phan cam trén rotor va phan ung trén stator.
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2.2.1 cAu tao stator cua dong co BLDC

Stator ctia dong co BLDC gdm cac 14 thép k§ thuat dién mong xép chit cung
Véi cac cudn day duoc dat trong cac khe doc theo mat bén trong cua stator. Két
cau nhu vat tréng giéng nhu trong dong co khong dong bo.

Theo truyén thdng cau tao stator cua dong co BLDC ciing giéng nhu cau
tao cua cac dong co cam tmg khac. Tuy nhién, khac véi dong co khong ddng bo,
cac cudn day trén stator ctua dong co BLDC duoc phan bd véi mat do déu nhau
doc theo mat trong cua stator. Sy khac biét nay tao nén stirc phan dién dong dang
hinh thang. Tuy thudc vao s6 cudn day trén stator ta c6 cac loai dong co BLDC
Mot pha, hai pha, ba pha twrong tng c6 mot cudn day, hai cudn day, ba cudn day
trén stator. Trong d6 loai dong co ba pha ba cudn day duogc st dung phd bién hon
ca. Trong dong co mot chiéu truyén théng, thoi diém chuyén mach dong dién
gitta cac cudn ddy phan tmg dugc xac dinh mot cach tu nhién do két cau va su
bé tri phu hop gitta cac cip cuc trén stator va co cau ¢d gop-chdi than. Pong co
BLDC khong c6 co ciu c6 gop-chdi than nén can phai cé cac phan tir va phuong
phap dé xac ding duoc vi tri cia rotor nham dua ra céc tin hiéu diéu khién trinh
tu cap dién cho cac cudn day pha trén stator cho phu hop. Trén hinh 2.1 13 hinh
anh cau tao stato dong bo BLDC.
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Hinh 2.1 Hinh anh cau tao stato may BLDC
a, cudn day dat trong ranh stato , b, ranh cua stato
2.2.2 CAu tao rotor ciia dong co BLDC.
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Rotor ctia dong co BLDC gdm c6 phan 16i bang thép va cac nam chim vinh
ctru dugc gan trén d6 theo cac cach khac nhau. Vé co ban cé hai phuong phap

gan cac nam cham vinh ctru trén 161 cua rotor .
1. Rotor c6 nam chim gan trén bé mat 15

Cac nam cham vinh ctru dugc gén trén bé mit 151 rotor. Két cu nay don
gian trong ché tao nhung khong chic chan nén thudng duogc sir dung trong
pham vi téc d6 trung binh va thap.

Hinh 2.2 Rotor ¢ nam cham gan trén bé mat

2. Rotor c6 nam cham an bén trong 161

Trong 161 rotor c6 cac khe doc truc va céc thanh nam cham vinh ctru duoc
chén vao cac khe nay. Két cau nay khé khin trong viéc ché tao va lip rap, dic
biét 1a v6i cong suét 16n, nhung lai rat chac chan va duoc sir dung trong cac

g dung tc do cao.




Hinh 2.3 Rotor ¢c6 nam cham an bén trong 15

O dong co BLDC, cac nam chdm vinh ctru trén rotor tao ra tir trudng huéng
tam va phan bd déu doc theo khe hd khong khi giita stator va rotor. Dua vao yéu
cau vé mat do tir truong trong rotor,

Chat liéu 1am nam cham thich hop dugc chon twong tng. Nam cham Ferrite
thuong dugc st dung, tuy gia thanh ré nhung mat do tir truong thap. Khi cong
nghé phat trién, nam cham 1am tir hop kim ngay cang phd bién. Trong khi d6 cac
loai nam cham dugc san xuat tir cac hop kim dat hiém. Vat liéu hop kim dat
hiém c6 mat do tir trudng trén don vi thé tich cao va cho phép thu nho kich
thudc cua rotor nhung van dat duoc md men twong umg. Do do, véi cung thé
tich, m6 men cuia rotor c6 nam cham lam tur vat liéu hop kim luén 16n hon nam
cham 1am tir Ferrite. Diéu nay dic biét c6 ich ddi véi cac dong co cong suét lon.
Nam cham duoc san xuat tir vat liéu hop kim hiém c6 gia thanh cao va thuong
chi duoc str dung trong cac ing dung cong nghé cao.

2.3 Cam bién vi tri rotor

Nhu ching ta da biét, d6i chiéu dong dién cin c vao vi tri cta tir thong
rotor. Do d6 van dé xac dinh dwoc vi tri tir thong rotor 1a rat guan trong dé ta
biét dugc cudn day trén stator tiép theo nao s& dugc cap dién theo thr tu cap
dién. Bé xac dinh vj tri tir thong rotor, ta dung céc thiét bi cam bién sau:

- Cam bién Hall.
- Cam bién tir tr& MR (magnetoresistor sensor).
- bén LED hodc transistor quang.
2.3.1. Cam bién Hall

Trong dong co BLDC st dung cam bién vi tri hiéu g Hall. Hiéu tng Hall
duoc E.H.Hall tim ra nim 1879 va dugc mo ta nhu sau: Khi mot day dan dat
trong mot tur truong, tur truong s€ tac dong mat luc 1én cac dién tich dang di
chuyén trong day din dién va c6 khuynh huéng ddy chiing sang mot bén cua
day din. Diéu nay rat d& hinh dung khi ddy dan c6 dang tim mong. Sy tich tu
cac dién tich & mot bén day dan s& lam xuét hién dién ap giira hai mat caa day
dan. Pién ap nay co do 16n ti 1é v4i cuong do tir truong va cuong do dong

dién qua day dan.
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Hinh 2.4 Mb hinh phan tir cam bién hall

Cam bién vi tri rotor c6 nhiém vu cung cap thong tin vé vi tri cua rotor cho
mach diéu khién cap dién cho cac cudn day stator. Can chi y 1a cam bién Hall s&
duoc gan trén stator cia BLDC chi khong phai dit trén rotor .

Viéc gan cam bién Hall trén stator 1a mot qua trinh phirc tap va yéu cau do
chinh xé4c cao. Viéc Iap cam bién Hall trén stator khéng chinh xac s& dan dén
nhitng sai s6 khi xac dinh vi tri cta rotor. Bé khiac phuc diéu nay, mét s6 dong
co ¢ thé duoc dat thém cac nam cham phu trén rotor dé phuc vu cho viéc xéac
dinh vi tri rotor. Cac nam chdm phu nay duocC gan nhu cic nam cham chinh
nhung né nhoé hon va thuong duoc gan trén phan truc rotor nam ngoai cac cudn
day stator dé tién cho viéc hiéu chinh sau nay. Két cdu nhu vay gidng nhu co
Ccau c6 gop-choi than trong dong co mot chiéu truyén thong.

2.3.2 Bo cam bién tir tro MR

Tir thong s& lam thay d6i dién trd mach, véi phuong phap nay ta c6 thé phat

hién chinh x4ac vi tri cua tir thong.
2.3.3 Dung dén LED transistor quang va man chan

Trén hinh 2.5 1a hé théng xac dinh vi tri tir thong dung transistor quang hay

man chan.
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Photo-transistors Photo-transistors PT1
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Revolving shutter
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Hinh 2.5 Thiét bi cam bién vi tri rotor dung quang

Nguyén 1y hoat dong: Mot transistor PT1 & trang thai dan thi hai transistor
con lai 1a PT2 va PT3 ¢ trang thai tac.
Mach dién tir cong suat gom 6 transistor (hinh 2.5) dugc mac thanh cau doi
xung. Ba cudn day stator dugc néi tam gidc. Trén rotor gén mach tao tin hiéu
diéu khién dong co.

e Shutter with six PTs
Irl T3 TrS

c b AAS C
Tr4 Tr6 ™ 3
a, b
hinh 2.6 a, so do nguyén ly b, cach tao man chan va gan cac phan tu

quang
2.4 Chuyén mach dong dién

Nhu ching ta da biét, dong co BLDC hoat dong dua trén qua trinh chuyén
mach dong dién. Pong co BLDC c6 ba cam bién Hall dit trén stator. Khi cac
cucC cua nam cham trén rotor chuyén dong dén vi tri cam bién Hall thi dau ra
ctia cam bién c6 muc logic cao hoic thap, tiy thudc vao cuc N hay S. Dua
vao t0 hop cac tin hiéu logic cua ba cam bién dé xac dinh trinh tu va thoi
diém chuyén mach dong dién gitta cac cudn day pha trén stator.
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Trong qué trinh hoat dong, tai thoi diém chi ¢ hai cuén dy pha duoc cap
dién, cuon day thir ba khong duoc cap dién va viéc chuyén mach dong dién tir
cudn day nay sang cudn day khac s& tao ra tu truong quay va lam cho rotor quay
theo. Nhu vay, tht ty chuyén mach dong dién giita cac cudn day pha phai can cir
vao chiéu quay cua rotor. Thoi diém chuyén mach dong dién tir pha nay sang
pha khac dugc xac dinh sao cho moé men dat gia tri 16n nhat va dap mach mo
men do qua trinh chuyén mach dong dién 1a nho nhat. Dé dat duoc yéu cAu trén,
ta mong mudn cap dién cho cudn ddy vao thoi diém sao cho dong dién tring pha
véi sac dién dong cam g va dong

dién ciing duoc diéu chinh dé dat bién do khong ddi trong khoang c6 do rong
120° dién. Néu khéng trung pha véi st dién dong thi dong dién ciing sé& c6 gia

tri 16n vao gdy thém ton hao trén stator 1am giam hiéu suat cia dong co.

Thot diém chuyen mach Strc &ién dong cam img pha

Rttt et ety |

u\\ g

Dong pha

Hinh 2.7 Sy trung pha gitra suc dién dong cam ung va dong di¢n
Do c6 mdi lién hé gitra strc dién dong cam tng pha va vi tri ctia rotor nén
viéc xac dinh thoi diém cip dién cho cac cudn day pha trén stator con co thé
thuc hién duoc bang viéc xac dinh vi tri caa rotor nho cac cam bién vi tri.

Trén hinh 2.8 biéu dién trinh ty va thoi diém chuyén mach dong dién cua
dong co BLDC. Thoi diém chuyén mach dong dién 1a thoi diém ma mot trong
ba tin hiéu cam bién Hall thay d6i mac logic. Trong mét chu ki dién c6 sau su
chuyén muc logic ctia ba cam bién Hall. Do d6 trinh ty chuyén mach nay goi 1a
trinh tu chuyén mach sau budc cia dong co BLDC.
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Hinh 2.8 Trinh tu va thoi diém chuyén mach dong dién
2.5 Nguyén Iy hoat dong ( diéu khién chuyén dong dong co BLDC

Mach dién tr gdm c6 sau transistor quang ndi véi sau dén LED twong tng
dat & mot man che, trong d6 dién tich che phu ciia man che 1a 180°, nhu vay
tai mot thoi diém ludn chi cé ba phan tir quang duoc chiéu sang va tng Voi
chiing 13 ba transistor dan dién, ba dén LED con lai cua mach dién khong
dugc chiéu sang va duong nhién ba transistor ndi voi chung s& khong dan
dién. Man chan s& duoc gin vao rotor, khi rotor quay, man chin quay theo
lam thay d6i trang thai sang tdi cia dén LED. Hoat dong ctia b chuyén mach

nay gom co sau sector.



2.5.1 biéu khién quay thuan
Sector 1 (hinh 2.9)

E 1§ T_;ﬁ Ts
b

3 o

Hinh 2.9 Hoat dong tai sector 1 caa BLDC dung phan tir quang
O vi tri nay PT6, PT1, PT2 duoc chiéu sang ng Vi no 1a cac transistor T6,
T1, T2 dan dién. Khi T1 dan thi diém a va diém +E s& duoc néi véi nhau, T6

dan thi diém b va diém —E s& duoc ndi v6i nhau, T2 dan thi diém ¢ ciing s& dugc

Man chiin véi 6 PTrg

7

T+

C(0)

ndi véi —E. T hinh v& thay: ib = 0 ( diém b va diém c cing dién thé vi cing nbi
véi —E), ia = ip, ic = -ip (ip 1a dong trong diy dan, coi dong chay dén cuon day
1a duwong, dong tir cudn day chay vé ngudn 13 am).

Sector 2 (hinh 2.10): Do vay: lac nay ib = 0 do diém b va ¢ ¢6 cung dién thé,
ic = ip, ia = -ipLuc nay dong ic = 0 do diém a va ¢ c6 cung dién ap, ia = ip, ib = -

ip.

| o
o+

Hinh 2.10 Hoat dong tai sector 2 cia BLDC dung phan tir quang
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Luc nay dong ic = 0 do diém a va ¢ c¢6 cung dién ap, ia = ip, ib = -ip.
Sector 3 (hinh 2.11): Liic nay cac dén LED PT6, PT5, PT4 sang dong nghia voi
viéc lan lugt cac transistor T6, TS5, T4 thong. Piém a va b ndi véi diém —E con

diém ¢ duoc ndi véi +E.

<
l_{>.+_

=
S

i

(w3l
T+

o 40

Hinh 2.11 Hoat dong tai sector 3 cia BLDC dung phan tir quang
Ia= 0 do diém a va b cing dién thé, ic = ip, ib = -ip.
Sector 4 (hinh 2.12):Cac dén LED PT5, PT4, PT3 sang , cac transistor T5, T4,
T3 thong, do d6 diém a néi vai —E, b va ¢ duoc ni vai +E.

E|l+

- d

4 4

Hinh 2.12 Hoat dong tai sector 4 cua BLDC dung phan tir quang
Do vay: ltic ndy ib = 0 do diém b va ¢ c6 cung dién thé, ic = ip, ia = -ip
Sector 5 (hinh 2.13): Cac dén LED PT4, PT3, PT2 sang utng Vvéi cac
transistor T4, T3, T2 thong. Khi T4 thong thi diém a ndi v6i —E, T3 va T2 thong,
|an lugt diém b va diém ¢ ni véi +E.
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Hinh 2.13 Hoat dong tai sector 5cia BLDC dung phan tir quang
Luc nay ic = 0 do a va ¢ cing dién thé, ib = ip, ia = -ip
Sector 6 (hinh 2.14): Cac déen LED PT3, PT2, PTI sdng tuong ung cac
transistor T3, T2, T1 thong dan dien.

| |5
'l | |+

{é b LYY C(O)
E) 1
T, T, ) (E) 1y

Hinh 2.14 Hoat dong tai sector 6ctia BLDC ding phan tir quang
Khi T3 va T1 thong, diém b va a ndi v6i +E, T2 thong thi diém ¢ ndi voi —E.
Nhu vay: ia = 0 vi a va b ciing dién thé, ib = ip, ic = -ip.

Bang 1 bang déng md céc transistor chiéu quay thuan.

Vandién ti Tl 12 T3 T4 T T6
sector

1 1 1 0 0 0 1

2 1 0 0 0 1 1

3 0 0 0 1 1 1

4 0 0 1 1 1 0

&) 0 1 1 1 0 0
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2.5.2, biéu khién dong co quay theo chiéu nguoc
Luuy: o phan nay o phan tu tran51stor quang sang thi transistor ndi tu’O’ng
ng lai khong dan , cac transistor ndi Vi cac phan tr khong sang la dan.

Sector 1” (hinh 2.15): Cac phan tir quang PT1, PT2, PT6 thong, cac transistor
T1, T2, T6 tac, T4, TS, T3 thong.

|
l| |+

Hinh 2.15 Hoat dong tai sectol

Luc nay diém a ndi véi —E, diém b va ¢ ndi véi +E. Do d6, ib =0 vi b va ¢ cling

dién thé, ia = -ip, ic = ip.
Sector 2’ (hinh 2.16): Transistor quang PT1, PT2, PT3 thong, c4c transistor T1

T2, T3 khong dan dién, transistor T4, T5, T6 dan dién.

|

[ I

Hinh 2.16: Hoat dong tai sector 2’
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Luc nay diém a va b néi véi —E, ¢ ndi véi +E. Vi vay dong ia =0 vi a va b cling
dién thé, ib = -ip, ic = ip.

Sector 3’ (hinh 2.17): Phan tir quang PT4, PT2, PT3 mé nhung khong dan dién,
cac transistor T1, T5, T6 dan dién.

T ﬁ@g @ 4(E)

=
> c g5 /’).)/
G | e

T, T, T (0) s

Hinh 2.17: Hoat dong tai sector 3’

| -
| |+

Luc nay di€m a va ¢ noi voi +E, b noi véi —E. Dong ic = 0 vi a va ¢ cung dién

the, 1a = ip, con ic = -ip.

Sector 4’ (hinh 2.18): Phan tr quang PT4, PT5, PT3 1am cho cac T4, T5, T3
khong dan dién, cac transistor T1, T2, T6 dan dién. Lic nay diém a ndi vai +E,

diém b va ¢ ndi voi —E, dong ib =0 vi b va ¢ chung dién thé, ia = ip, con ic = -ip.

4

s
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| tm-
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T4 T6

Hinh 2.18: Hoat dong tai sector 4’
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Sector 5> (hinh 2.19): Phan tir quang PT4, PT5, PT6 dugc chiéu sang, cac

transistor T1, T2, T3 dan.

EE

A 3 )

Hinh 2.19: Hoat dong tai sector 5’
Luc nay diém a va b ndi voi +E, diém ¢ ndi v6i —E. Dongia=0viavab

| o

ol |+

cung dién thé, ib = ip, ic = -ip.
Sector 6’ (hinh 2.20): Cac phan tir quang PT1, PT5, PT6 mo nhung cac

transistor T1, TS5, T6 khong dan dién ma cac transistor T4, T2, T3 lai dan dién.

| o
[l | |+

Hinh 2.20: Hoat dong tai sector 6°

Luc nay, diém a va ¢ duoc ndi véi —E, con diém b ndi véi +E. Dong ic =0
do a va ¢ cung dién thé, ib = ip, ia = -ip.
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Bang 2 1a trang thai ddng mo cac transistor khi diéu khién quay nguoc:

Van dién ti T1 T2 T3 T4 T5 T6
sector

OO B WN
O F,IFL,H OO
O O,k O
O OOk
RO OOk k-
R RO OOl
R PP, OOlO

2.6 Phuong trinh sdd va mo men

Bay gio chung ta tim hiéu biéu thitc mé men va sdd cho déng co BLDC .
Pé 1am viéc ndy , Xét mot dong co co hai cuc hinh cung trong 180°, nam
cham vinh cuu, tir thong do no sinh ra la khong doi.

Truc d di qua trung tdm ctia cuc N ¢o 6=0, sé luong vong quay cta cudn
day al-Al 1a W1 (hinh 2.21)

" \id/!;/ ——
Hinh 2.21: M0 ta sy tao mé men dong co BLDC
Tir thong moc vong ciia cudn day al-Al véi s6 vong day W1 duge xac dinh
nhu sau:
Wims= W1 [ B(O)r1ldo (2.1)
Sau khi tich phan:
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Trong d6: Bg la bién d6 cam Gng tir trudng co gia tri khong doi Nhan thay
rang tai tai 6=0 tong tir thong méc vong yl=ymax , khi goc quay 0 ting lén
tir théng w1 giam xudng, téi 0 =n/2, thi y1=0, khi 0>7/2, tir thong y1 d6i dau
va khi 0=r thi y1=-ymax.

Ere '\lenx

Hinh 2.22 Pac tinh tir thong theo goc quay rd to
Phuong trinh t6ng tir thong ¢ dang :
w1(0) =[1- ni/z]wlmax Vi (0<0ST)  (2.2)
dic tinh y,= f (6) biéu dién trén hinh 2.23

I'h J" \!
B :

/ ) s
/ \
. g | jpe—riiiy
| (| | L v‘
[ N—
— ¢ |
]
\ |
l” 1 (0'(¢l.(.f f \1
, A \
\ / - ey i

Hinh 2.23 Mat d6 tir thong tong tir thong
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Cuia cudn day al-Al, a2-A2, sdd ca hai cuon day va tong sdd.

Sdd cua cudon day al —A1 xac dinh nhu sau :

= We
dt de dt e
Thay gia tri y1, tinhhs dao ham nhan duoc:

el = &L _ aprdo _ a1

€1 =-2W]_Bg|r1We

(2.3)

Mat do tur thong , téng tur thong cua day al-Al, a2-A2, sd d ca 2 cudn day cho
& hinh 2.23 . Nhan thay rang sdd c6 dang hinh thang , dinh phang tuc thoi 102°

do tur truong khong hinh sin.

Trén hinh 2.24 biéu dién dong dién, stc dién dong va mdé men ctia dong co

ba pha. Dong phan tmg 1y tuong dang chit nhat, dinh phang c6 goc 1a 120°, sic

dién dong ba pha 1y tuong c6 dang hinh thang, dinh phang 14 120° nira chu ki va

trung pha véi dong dién.

i [ 1 I
4 4 + 4 " + P
g T T T T v v ™
L% Te
-1
E
A\ + ./L_A >
+ + * >
~E,
g [ I
" 4 4 " " + "
T y + * t + * >
L 18
< / \
4 " " i + 3 + : PN
T T + + T T T L2 L2 T o
18 180°
o l I l
" 4 4 + S o2
' + + * > ot
ac .
e / \
4 -1 4 4 % % + b s >
* + + * t * >
\ 5 /V .
5
>
1%

Hinh 2.24 Biéu dién dong dién 3 pha , sdd va m6 men

Bién d6 sdd ¢ dinh phang cia mot cudn day xac dinh nhu sau:

e=2W,,Bglrl.me (2.4)
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Trong d6 Wph 1a s vong day, bién doi di chat it nhan dugc:
ezg W,Bglnrl oe (2.5)
Trong d6 dién tich S=nlrl , tir thong ®=S.Bg=nlr1Bg do 2 pha mac ndi tiép nén
sdd hiéu dung pha:
E=2e (2.6)
Thay vao duogc :
£=

A

NpnBglrl.oe = Kdwe
Trong do6 :
4
K= — N (2.7)
Tiép theo t s& xac dinh phuong trinh mé men cuia dong co BLDC. Pé xé4c dinh

mo men ctia dong co BLDC, truéc hét xac dinh cong suat ctia dong co.
- Cong suat dién ra tac thoi:

Pe = eaia+ebib+eci ( 2. 8 )

Vay mé men ttc thoi duge tinh theo biéu thic:

Pe _ eglgtepiptecic

me = (2.9)

We We
Nhu chung ta da thdy ¢ hinh 2.24, dinh phang dong dién pha trung pha voi
dinh phang stic dién dong cua pha d6 & mdi 60°, ta c6 nhu sau:
+ O giai doan 1 khi ot = (300 - 900) dong dién va strc dién dong cac pha cé gia
tri:
l=1p, 15=-15,ic=0,e,=Ep,ep=-E,e.=0 (2.10)

- M0 men biéu dién bang cong thic:

M.=Pe — eqiqgtepiptecic :Ep1p+o+(—Ep)(—1p) -p 2P Iy
€ We We WE We

(2.11)

+ O giai doan 2 khi ot = (150° — 210°) dong dién va stc dién dong cac

pha c6 gia tri:

1.=0, ip=I,, ic=-1,, €,=0, ep=E,, e.=-E, (2.12)
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M6 men tirc thoi khi d6 duoc tinh bang cong thic

eqigtepipteci Eply,+0+(—Ep)(—1 2P,1

Me=&= ataT€plpTCcle _ Eplp (—Ep)( P): elp (2.13)
We We WE

RS rang rang md men cé gia tri khong thay d6i trong ca chu ky.

Cong suét ra c6 thé duge tinh bang cong thirc:
P=Mewe = 2Ei =2 = NyBylry.oe.1== NpnBlrri.oel  (2.14)
Do do :
4
Me=-2- = = NpyBylrry.we.I= K®I (2.15)

M6 men va st dién dong cia dong co dién mot chiéu co dang:
E=K®w®, con Me= K®Iu

Nhu vay biéu thire mé men cua dong co BLDC va dong co dién mot
chiéu binh thuong 13 hoan toan giéng nhau.

2.7 DPac tinh co caa dong co
Xuat phat tir biéu thic
U=RI+L +E=E+RI
Ta c6 dong di¢n:

_U-E _ U-Kdw
K® R

Thay thé vao biéu thirc md men ta rat ra

U R
w=— - ——M
K® (Kd)2 ¢

Day la phuong trinh déc tinh co cia dong co BLDC va dugc V€ nhu sau:
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Hinh 2.25 DPac tinh co dong co BLDC

2.8 M0 hinh toan cia may dién BLDC

Phuong trinh vi phan dién ap ba pha cua dong co BLDC & dang ma tran:

Va R 0 0] /[ia La Lab Lcal[ia ea
Vb =10 R O||ib|+P |Lba Lb Lcb||ib +[eb]
Vc 0 0 Rllic Lca Lcb Lcllic ec

Luu ¥ rang d6 cam g cac pha va hd cam cac pha nhu sau
L.=Ly=L.=Lvalgp=Ly=Ls=M nhé.l’l duoc

Va R 0 0][lia L M M]/Jia ea
vo|=lo o] HW[M ! M] [ib]+[eb
Ve 0 0 RIlic M M Lllic ec
Vi ija+ib+ic=0
Va R 0 0][Jia L—M 0 0 ia ea
Vbl=10 R O0]}]|ib +pl 0 L—M 0 ]lib]+[eb]
VC 0 0 RIlic 0 0 L — Ml1lic ec

Trién khai ra c6 phuong trinh vi phan dién 4p 3 pha statorr may BLDC nhu sau :
V. =Ri;+(L—-M) pi, + e,
Vp = Rip+(L—M) pi, + & (2.16)
V. =Ri+(L - M) pi; + e,
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Hinh 2.26 Dang dong dién va sdd ctia cac pha may BLDC khi chu y
té1 do tu cam cuodn day .
+ anh hudng cta do cam ng
Phan trén da trinh bay nhung khong cht ¥ t&i anh huong caa do ty cam 1én
dang dong dién . sy ton tai ciia cam ¢ng cudn diy da lam dang dong dién boi su
thang duing hon ma c6 dang nhu hinh 2.26 .
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2.9 Piéu khién toc @6 dong co BLDC
Piéu khién dong co BLDC duogc thyc hién bang vong khép kin theo nguyén
tic nhu sau:
- Str dung bo diéu khién PI. Dong I so sanh tinh theo cong thuc:
%= (Kp+ =) (0 *- ) (2.17)

Trong do:

Hé s6 khuéch dai bo diéu chinh Kp va KI;

o*r 1a tbe d6 dic cua rotor ; or 1a tdc do thue do duge trén truc dong co

- Dung bo diéu chinh dai tré.

4 " 4 4 4 4 I 4
T L A\ T T 1 T T 7w

xxxxxxxxxxx

a b

Trén hinh 2.27 La so d6 nguyén ly vong diéu khién dai tré va dic tinh bo
diéu chinh dai tré.

Hoat dong cua hé théng nhu sau: Toc d6 dong co duoc do bang cam bién
téc d6 hoac vi tri, dugce dua vao khau xir Iy. Tinh hiéu ra cia khau xir Iy gom
téc do va goc quay rotor. Tdc d6 quay rotor duge dua vé so sanh vai toe do
dat, con vi tri gbc dua vao bién ap. Sai s6 cua toc do dat va toc do thue duoc
xtr Iy & bo diéu khién PI, tin hiéu ra cta PI dugc dua vao bién 4p cung goc
quay Or, tinh hiéu ra caa bién ap 1 cac dong so sanh i*a, i*b, i*c. Ba tin hiéu
nay duoc dua vao bo diéu chinh dai tré cuing véi ba dong do duoc tir cac pha

cua dong co.
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Hiéu A = i*a - ia phai dugc diéu khién sao cho nam trong pham vi dai tré
BH cho truée. Dong diéu khién phai nam trong dai nay. Dang ba dong dit i*a,
i*b, i*c cho ¢ hinh 2.28. Bo diéu khién dai tré hién dang duoc nghién ctru va
ap dung rong rai.
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Hinh 2.28 Dang 3 dong so sanh dua vao bd diéu chinh dai tré .

Két luan : hién nay dong co khong choi than (BLDC) 1a phuong phap thay thé
don gian va hiéu qua , ¢ nhitng vu diém siéu viét hon so véi cac dong co mot
chiéu c6 6 gop hay dong co di bo phd bién hién nay. Puoc su dung rong dai
trong thyc tién , mac du duoc goi 13 dong co mot chiéu nhung thuc chat dong

co BLDC thudc loai dong co xoay chiéu dong bo st dung nam cham vinh ctu.
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CHUONG 3 PIEU KHIEN KHONG CAM BIEN CUA PONG CO BLDC

3.1 Giei thi¢u

Pong co DC khong chéi than, 1a mot loai dong co dong bd vinh ciru. Bong
co dong bd nam cham vinh ctru duoc phan loai trén co so hinh dang séng
sdd cam tng trong cudn day stato turc 1a hinh sin va hinh thang. Loai hinh sin
duoc goi 1a dong co ddng bo nam cham vinh ctu (PMSM); loai hinh thang
c6 tén dong co DC khong chdi than . nam chdm vinh ciru cua dong co mot
chiéu co6 co gop va dong co khong co gop két hop thanh mot nam cham cinh
ctru (PM) va trudng dién tir tao ra mé-men (hoac luc) dan dén chuyén dong.
Diéu nay duogc thuc hién trong dong co DC bang stato nam chdm vinh ciru
(PM) va phan tng 1a cudn day & réto.

Dong dién trong dong co DC c6 ¢d gdp tu dong chuyén tir vong day nay
sang vong day khac bang mot co gop va choi than dé tao chuyén dong lién
tuc. Trong mot dong co khong choi than, roto két hop cac nam cham va stato
chtra cac cudn day. Nhu tén cho thay khong c6 cac chdi than va do do trong
truong hop nay, chuyén mach dong dién duoc thuc hién bang dién tir Véi
diéu khién bo khuéch dai st dung chat ban dan chuyén mach dong dién
trong cudn day dua trén pha hdi vi tri 6 to.

Vé mit nay, dong co BLDC tuong duong véi dong co mot chiéu co co
gop dao nguoc, trong d6 nam cham quay trong khi cac day dan van dung
yén. Do d6, dong co BLDC thuong sir dung mot trong hai cam bién vi tri
bén trong hodc bén ngoai dé cam nhan vi tri thuc té caa 16 to Dong co DC
khong chéi than nam cham vinh ctiru BLDC c¢6 nhiéu loi thé hon dong co DC
c6 ¢b gop va dong co cam ung.

Mot vai uu diém do 1a:

« Dic tinh co t6t hon so

* B4p img dong nhanh hon
« Hiéu suat cao

« Tudi tho hoat dong lau

« Hoat dong khong gy tiéng on
« Pham vi téc do cao hon
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Ngoai ra, ty I mo-men trén kich thudc ctia dong co cao hon, 1am cho no
hitu ich trong cac ung dung ma noi d6 khong gian va trong luong 1a yéu tb
quan trong.

3.2 Cam bién dung trong déng co mdt chiéu khong choi than

Dé cam nhan vj tri rd to cho viée diéu khién bo khuyeechs dai dién tir cong
suatts dé chuyern mach dong dién, ngudi ta thuong dung cac cam bién sau:
1.Cam bié Hall
2.Cam bién dién tro
3. Cam bién quang
Trong cac loai cam bién trén day thuong dung 1a cam bién quang va cam bién

Hall. Trong diéu khién nguoi ta thuong dung cam bién Hall va cam bién quang,
V€ nguyén ly cua cac cam bién nay da trinh bay ¢ chuong 2. Cam bién Hall ¢o
cau tao ré tién, don gian tuy c6 nhugc diém nhung cling thuong dugc dung.

Pé quay dong co BLDC, cudn day stato can duoc cip ning luong theo trinh
tu. Diéu quan trong 1a biét vi tri r6 to d¢€ biét cudon day nao sé dugc cap nang
luong theo thur tu.

Vi tri 16 to duoc cam nhan bang cach st dung cac cam bién hiéu ung Hall
duoc nhung vao stato. Hau hét cac dong co BLDC c6 ba cam bién Hall dugc
nhing vao stato & dau khong truyén dong cua rd to. Bat cir khi nao cac cuc tir
cta roto di qua gan cac cam bién Hall, chung sé& cho tin hiéu mtc cao hoic thap,
cho biét cuc N hoic S dang di gan cac cam bién.

Dua trén su két hop cua ba tin hiéu cam bién Hall, trinh tu chinh xac c6 thé
duoc xac dinh.

3.3. M6 hinh toan cia dong co BLDC
Cac phuong trinh toan hoc md ta mdi lién hé gitra dién ap stato , dong dién va
sdd ctia dong co cho dudi day:
. d . . .
Vaana|a+E(Laa la + I—ba'b"’ I—ca'c)+ea
. d . . .
Vbn:Rblb*‘E(Lab Io + I—bb'b"' I—cr:lblc)'i'eb

. d . . .
Vcn=R0|c+E(|—ac |a+|—bc |b+|—cc|c)+ec
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Ra=Rb=Rc=R
I—aa = Lbb=L0c= I—s

L —I—ab— ca—Lac—I—bc cb—
Van R O 0 la s
Un|=10 R O} |ib lb + eb
Ucen 0 0 R ic M M L

a L M M d ia €q
ib|+|M L M n ip|+|€b
1 M M L i €c

Van R 0 O
Vn|=(0 R O
Vcen 0 0 R

O day: R-1a dién tré mot pha, duoc gia thiét rang cac pha bang nhau
L s -Do tu cam mét pha, gia thiét rang cac pha bang nhau

M-dé hd cam giva cic pha

ia,ib,ic-dong cac pha cua stato

Sdd tirc thoi cam ung trong cac pha cé dang (1), (2) va (3)

ea=Tf(ON) X m (2)
€= fb(9 r) 7\,p m (2)
ec=f(ON A m 3

O day o m 1a tbc d6 quay co cta 1o t0,0 r -1a vi tri dién cua 16 to (gbc dién).
Trén H 3.1 1a so d6 tuong duong mot dong co BLDC 3 pha trong d6 mot pha
gém mot dién tro R s, mot do tu cam L s va mdt sdd c6 dang hinh thang dugc
mac ndi tiép, ¢ hinh 34.5 1a dang sdd cam tng hinh thang ciia cac phaV an , V
bn,Vcn

=1 BLDC Motor

1GB _|
Switch

Hinh3.1. So db twong duong ctia dong co BLDC 3 pha
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Hinh 3.2 Dang sdd hinh hang cam ng trong cac pha ctia dong co
Céc vecto khong gia cta suc tir dong (MMF) cua stator, dudi cac pha chuyén

mach khéc nhau cua bién tan dugc hién thi Vi thé, theo so d6 chuyén mach
tuan hoan, ta c6 mot Vecto MMEF stator quay. Néu viéc chuyén mach co thé
duoc ddng bo hoa vai vi tri ro to, thi mdt goc cb dinh giira tir thong stato va tir
thong réto co thé duge duy tri, trong khi ca hai déu quay quanh truc roto. Diéu
nay tuong tu nhu trudng hop cia dong co DC, trong d6 su bé tri chdi than va cd
g6p duy tri mot hudng khong gian ¢ dinh cia tir thong phan tng dugc cin
chinh vai tir thong tir truong kich tir, cling dugc ¢b dinh trong khong gian bang
cach cdu truc. Pay chinh xéac 13 nhitng gi woc trinh ty chuyén d6i bién tan thé
hién trong hinh 3. 2 dat duoc. Cac thoi diém chuyén mach cua cong tic ban dan,
Q1 - Q6 dbi voi song sdd hinh thang dugc thé hién trong hinh. Luu y rang song
sdd dugc dong bo hoa véi roto. Vi vay, chuyén ddi cac pha stator dong bo voi
song sd d 1am chostd ( mmf) cua stato va réto quay dong bd. Do do, bién tan
hoat dong giéng nhu mot ¢6 gop dién tir nhan cac xung logic chuyén doi tir camt
bién vi tr roto. Pay 1a 1y do tai sao mot truyén dong BLDC ciing thudng dugc
goi 14 1a chuyén 1a chuyén mach dién tir dong co (ECM).
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'l..!'rb 'I},T_«
Hinh 3.3 So dd véc to cia std stato dong co BLDC

M6 men c6 dang
— 19m
Ie_J_lt+ 1+ Bony

Phuong trinh chuyén déng c6 dang:

dym _ 1
E—;(Te—Tl-B(Dm)

Trong d6 J-1a md men quan tinh , con B-1a hé s6 ma sat

der _p

at 2 M

Sdd cam tmg khong c6 cac goc nhon, nhu dugc hién thi trong cac ham hinh
thang, nhung dugc lam tron cac canh. Céc sdd la két qua cua Vviéc tinh dao ham
tor thong mdc vong va cac tir thong moc vong 1a ham lién tyc. Ria cling 1a ham
mat do tir thong tron tru cac ,canh khong dot ngot. nhan thay réng sat rang
phuong trinh dién ap pha giong hét véi phuong trinh dién ap phan tng ciia may
dc.
3.4.Piéu khién vong kin ciia truyén dong dong co PM BLDC

Hinh 3.4 1a so dd diéu khién vi tri cho dong co PM BLDC. Béi véi so dd
diéu khién toc d6 nay cam bién vj tri duoc gia dinh 1a may phat tbc va LVDT
(bién ap vi phan tuyén tinh). Nhu d4 thy trong hinh, c6 ba vong; vong lap
ngoai cung dugc goi 1a vong 1ap vi tri, vong 1ap thi hai 1a vong 1ap tde do va
vong 1ap trong cung duoc goi 1a vong 1ap diéu khién dong dién . Vi tri cta réto
duogc so sanh voi gia tri tham chiéu va sai s6 vi tri roto duoc khuéeh dai thong
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qua bo diéu khién PD. Sau d6 dau ra caa bd diéu khién PD dugc st dung 1am
tdc d6 tham

\

PD Controller

t

+
/)’.,-Q Kp

Ky

Current Control Block

Reference
+ Generator
1, by 2

rmm
Regulator

MA

Inverter

BLDC

Sensors

Speed

0,

1 Vacho I
b v B

Angle

1 LYDT I

Hinh.3.4 So do diéu khién vi tri dong co PMBLDC

Cuodng d6 dong dién pha so sanh i p * 1a duong cho ché d6 dong co nhung 4m
cho may phat hoac ham tai sinh. Tin hi€u nay sau d6 dugc kich hoat vdi d phan
cuc thich hop cho céc pha tuong Gng véi su tro gitp ctia dau ra bo giai ma.
Dong pha thuc té bam dong so sanh bang bo diéu khién dong dai tré. Tai bat ky
thoi diém nao, hai dong pha duoc kich hoat, mot dong ¢6 cuc duong va mét
dong khéac véi cuc tinh am. Vi du Ching ta xét thoi gian ché do dong co khi
dong pha pha a duong +i* a va dong dién pha b am -i b * dugc kich hoat béi bo
giai ma. Cac thiét bi Q 1 & pha a va Q 6 & pha b duoc bat dong thoi dé ting + i a
va giam i b twong tmg. Khi dong dién (bang d6 16n) c6 xu hudng vuot qua dai
tré, Q 6 tat, dong dién tu do

Pl

Controller

Reference
generator

-

©,

-dr +filter
dt

Reference
gencerator

1

0,

3

Reference
generator

| S

Hinh 3 .5 So d6 khdi diéu khién téc do dong c6 BLDC
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tén,duqc bat lién tuc ¢ gitra ntra chu k}‘/, dién ap duong tuong ng, trong khi cac
thiét bi phia dudi (Q 4, Q 6 va Q 2 ) cat theo thur tu mot gfﬁc %n/ 3 trong nra chu
Ky dién ap am twong (ng vai Su tro giup cua bo giai ma dé kiém soat dong i* p .
3.5 Cac wng dung djng co

Ung dung dién hinh dong co BLDC tim thay trong moi phan khc cta thi
truong. Cu thé dong co BLDC dugc tng dung trong O 6, thiét bi gia dung, diéu
khién cong nghiép, tu dong hoa, hang khong, v.v.. Hau hét nhirng nhitng ing
dung nay cta dong co BLDC, chiing ta c6 thé phan thanh ba loai chinh:
« Tai khong doi
« Tai trong thay doi
« Ung dung dinh vi
3.5.1 .Cac ung dung c6 tai khong doi

Pay la nhitng loai tng dung ma téc do thay d6i quan trong hon viéc giir do

chinh xac cta toc do & toc do dit. Ngoai ra, tdc do tang tdc va giam tdc khong
thay dbi linh hoat. Trong cac loai tng dung nay, tai duoc két ndi tryc tiép voi
truc dong co.
Vi duy, quat, may bom va may thoi déu thudc cac loai tng dung nay. Céc ung
dung nay doi hoi bo diéu khién chi phi thap, cha yéu hoat dong trong vong 1ap
mo.
3.5. 2 Cac ung dung co tai trong thay doi

Pay la cac loai ung dung ma tai trén dong co thay doi trong mot pham vi toc
d6. Nhitng tng dung c6 thé yéu cau do chinh xac diéu khién toc d6 cao va phan
tingdong tét. Tai gia dinh cac thiét bi nhu , may giit, may sdy va may nén la
nhitng

vi du tét. Trong 6 t6, diéu khién bom nhién liéu, diéu khién bo 1ai dién tu, diéu
khién dong co va diéu khién xe dién 1a nhirg vi du dién hinh trong s nay.
Trong hang khong vii tru, c6 mot sb ung dung, nhu may ly tim, may bom, diéu
khién canh tay robot, diéu khién con quay va v.v..
Cac (g dung nay c6 thé sir dung céc thiét bi phan hoi téc do va co thé chay
trong vong 1ap nira kin hodc trong vong lap kin. Cac irng dung nay st dung thuat
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toan diéu khién nang cao, do d6 lam phuc tap bo diéu khién va 1am ting gia
thanh cta hoan thanh hé thong.
3.5.3 Ung dung dinh vi

Hau hét cac loai tng dung céng nghiép va tu dong hoa thudc thé loai nay. Cac
ing dung trong thé loai nay c6 mot s loai nhu truyén tai dién, c6 thé 1a co khi
banh rang hodc vanh dai hen gio, hoic mot hé théng diéu khién vanh dai don
gian. Trong cac (ng dung nay, phan timg dong toc do va mo-men rat quan trong.
Ngoai ra, cac ung dung ndy c6 thé ddi hoi dao chiéu quay thudng xuyén cua

huéng quay. Mot chu ky dién hinh cua loai chuyén dong dinh vi s& c6 giai doan
tang toc, giai doan toc do khong doi va giai doan giam tdc va pha dinh vi. Tai
trong trén dong co co thé thay doi trong tat ca cac giai doan nay, 1am cho bo
diéu khién phic tap.

Cac hé théng nay chii yéu hoat dong trong vong kin. C6 thé c6 ba vong diéu
khién hoat dong dong thoi: Vong diéu khién mo-men, Vong diéu khién tée do va
Vong diéu khién vi tri. B6 ma hoa quang hoic bo phan giai dong bo duoc su
dung dé do toc d6 thuc té cia dong co. Trong mot s6 truong hop, cac cam bién
tuong tu dugc st dung dé co dugc thong tin vi tri tuong ddi. Mt khac, cac cam
bién vi trf riéng biét co thé dugc sir dung dé c6 duoc vj tri tuyét ddi. May tinh
diéu khién s6 (CNC) 1a mot vi du tot vé diéu nay. Diéu khién qua trinh, diéu
khién may moc va diéu khién bang tai co rat nhiéu ung dung trong danh muc

nay.
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KET LUAN

Sau khoang thoi gian quy dinh dé thuc hién dé tai tét nghiép, véi su nd luc, ¢b
gang tim hiéu cua ban than ciing nhu su chi bao gitip d& tan tinh cua cac giang
vién trong khoa va ban bé cung 16p, dén nay em d hoan thanh kha tét dé tai tét
nghiép ctia minh. Trong dé tai tot nghiép, em da thyc hién dugc nhimg yéu cau
Sau:

- Tim hiéu vé dong co BLDC, dua ra dugc cAu tao cling nhu céc yéu t6 vé
co va dién cua loai dong co nay;

- Tim hiéu va trinh bay dugc nguyén 1y hoat dong, cac dudng dic tinh cua
dong co;

- Pua ra md hinh toan, cac phuong trinh ctia dong co BLDC

- Tim hiéu cac phuwong phap diéu khién chuyén dong ciing nhu diéu khién
toc do dong co.

Tuy nhién do thoi gian c6 han ciing nhu trinh do cta ban than con c6 nhiéu
han ché, thiéu s6t nén em van chua hoan thanh dé tai mot cach xuét sac.

Em rat mong mudn nhan duogc su chi bao, stra chira, dong goép v kién cua cac
thay c6, ban bé trong 16p dé em c6 thé thuc hién, hoan thanh dé tai tot hon ciing
nhu cing ¢b thém kién thac cho ban than. Mot 1an nita em xin chan thanh cam
on sy chi bao, huéng dan tan tinh cia GS.TSKH. Than Ngoc Hoan, cac thay co
trong khoa Dién-Dién tir, ban bé trong 16p da giup d& em rat nhiéu.

Em xin chan thanh cdm on!

Hai Phong, ngay...thang...ndm 2020
Sinh vién thuc hién

TRAN VAN TRUNG
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