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LOI MO PAU

May dién ddng bd nam cham vinh ciru 12 thiét bi dién st dung rong réi
trong cong nghiép va co rat nhidu vu diém so vai cac loai dong co khac dang
st dung cho truyén dong dién xoay chiéu. Hon thé nita, dé van hanh tét cac
loai may dién doi hoi phai c6 doi ngt k§ su c6 trinh d6 chuyén mén cao. La
sinh vién nganh dién ty dong cong nghiép, em hiéu duoc vai trd quan trong
cua may dién trong thoi ki cong nghiép hda — hién dai héa nhu ngay nay.
Trong dot tét nghiép nay em dugc thay gido GS.TSKH Than Ngoc Hoan
huéng din do &n tét nghiép véi dé tai: “ Tim hiéu déng co ddng bd nam

cham vinh ctru. Néu cac dia chi &wng dung cia dong co .
Pé tai gom 3 chuong:
Chuong 1. C4u tao va nguyén Iy hoat dong cua dong co dong bo.
Chuong 2. Diéu khién dong co d6ng bd nam cham vinh ciu.

Chuong 3. Dia chi ting dung cia dong co ddng b nam cham

vinh cuu.



CHUONG 1.

CAU TAO VA NGUYEN LY HOAT PONG CUA MAY PIEN
PONG BO.

1.1. KHAI NIEM MAY PIEN PONG BO.

May dién dong bo 1a loai may dién xoay chiéu c6 toc do quay cua rotor
bang téc d6 quay cua tir trudng. Hau hét cac may dién ddong bo 1am viéc nhu
may phat c6 tan s6 50Hz hodc 60Hz. May dién dong bo cling co thé 1am viéc
nhu dong co dong bo cong suat I6n. May dién dong bod con duoc dung lam
may bu dong bo nham cai thién hé sé cong suat caa ludi dién mot xi nghiép

hay mot nha may.

Su khac nhau co ban giita may dién dong bo va khong ddng bo 1a &
phuong phép kich thich tao ra tir trudng chinh cho may. O may dién dong bo
tir truong chinh duoc sinh ra do dong dién mot chiéu chay qua cudn day kich
tir, do d6 may dong bo khdng can lay céng suat phan khang tir lugi dién xoay
chiéu; con may dién khong dong bo phai lay cong suat khang tur lugi dién
xoay chiéu hoic tir tu dién dé tao ra tir trudong chinh (tr treong quay).

1.2. PHAN LOAI MAY PIEN PONG BO.
May dién dong b phan loai theo mach kich tir duoc chia thanh:
- May dién dong bo cd cuon kich tur
Pong co cd cudn kich tir, con dugc goi 1a dong co tir tré thay doi, gom
rotor thép c6 cac rang, kiéu cuc 16i. Chinh cac ring nay s& khoéc rotor Véi
tir trudng stator va 1am rotor quay vai toc doc ddng bo.
- May dién dong bo khdng c6 cudn kich tir (dong co dong bo nam cham
vinh cttu)
Pong co khong c6 cudn kich tir tén goi 1a dong co nam cham vinh ciru

khong choi quét. Thiét ké nay st dung mét rotor c6 chira cac nam cham



vinh citu. Cac nam cham nay c6 thé duoc lap trén bé mit hoic rap & phia

trong. Cac nam cham vinh citu & cac cuc 16i va gitp loai bo sy truot.

1.3. MAY PIEN PONG BQ CO CUQON KICH TU'.
1.3.1. Céu tao.

Hinh 1.1 May dién dong bo co cuon kich tir
% Stato: gdm vo 15 va day quan.

- V6 lam bang thép duc,c6 nhiém vu bdo v¢ mach tir va cung voi tam chan

deé bat chat tat ca cac phan khac vao may. Trén vo c6 gan bién may.

- Ldi stato: duge ché tao hoan toan giéng nhu 101 stato cua may dién di bo

day quan phan mg nhu diy quan 3 pha (stato,hay roto) ciia may dién di bo.

% Roto: néu phan quay 1a phan cam (dit cudn kich tir) thi n6 gdm: 15i va

day quan.Trong truong hop nay roto co6 hai loai: cuc 161 va cyc an.

- Loai cyc 16i: thi truc ngang (q) vudng goc 90 d6 véi truc doc.Day
quan duoc quin xung quanh cyc tir. O may 16n thi trén cuc con xé ranh dé dat
cudn 6n dinh (MF) hay cudn khai dong (PC).0 mdy cuc hién thi tbe do quay

thap (néu cao s& khong dam bao do bén co khi).

- Loai cuc an: nguoi ta x¢é ranh & 2/3 chu vi roto. khi d6 truc cia ranh
16n goi 1a tryc doc (d).Réto cia loai cuc an thuong lam bang thép chat luong
cao dé dam bao luc ly tAm (vi cuc an thudng co sb cip cuc p bang 1 nén vong

day quay 16m) khi toc d6 1on.


https://vi.wikipedia.org/w/index.php?title=Stato&action=edit&redlink=1
https://vi.wikipedia.org/w/index.php?title=Roto&action=edit&redlink=1

Ngoai ra,trén roto con dat vanh trugt va choi than.

- Su phan b6 cam ung tir trong khe khi phu thudc vao hinh dang phan
cudi cia cuc tr.Vay nén khe khi trong may cuc 16i s& duoc ché tao nhu sau:
do rong khe khi s€ dugc sé dugc tang dan theo chiéu rong cia mat cuyc.

- Khe khi ctia may dong bo 16n hon nhiéu so v6i may di bo vi & méy di
bd khe khi phai giam nho dé giam dong khong tai. Khe khi mdy dong bo
khoang 0,5 - Smm.

1.3.2. Nguyén ly hoat dong.

Trén hinh 1.1 biéu dién so d6 may phat dién dong bd 3 pha 2 cuc.
Cudn day phan tng dit ¢ stator con cudn day kich tir dat o rotor. Cudn day

kich tir dugc ndi véi nguon dong mét chiéu qua hé théng choi than.

Pé nhan duoc dién ap 3 pha, trén chu vi stator dat 3 cudn day céch
nhau 120° va dugc ndi sao. Dong dién mot chiéu tao ra tir truong khong ddi.
Bay gid ta gan vao truc roto mot dong co lai va quay véi téc d6 n. Ta duoc
mot tr treong quay tron co tu thong khép kin qua rotor, cuc tur va 16i thép
stator ( hinh 1.1).

Tir thdng cua tir trudng quay cat cac thanh dan phan (ng, 1am xuat hién
trong 3 cudn day 3 sdd:

Ea=Ensinot;
Eg= Esin(ot- 2?” ):
Ec= Ensin(omt+ %7 );
Trong d6 tan sb bién thién cua cac sdd w=2TTf. Néu sb cap cuc la p thi
tan s6 bién thién f ciia dong dién sé Ia:

f=2% Hz (1.1)



Nhan thay tan sb bién thién cua dong dién phu thudc vao toc do quay
cua rotor va s doi cuc.

Néu bay gio tai 3 pha cia may dién bang 3 tai déi xang, s& c6 dong 3
pha ddi xtng.

Theo nguyén Iy tao tir trudng quay nén trong may phat dong bo ldc nay
cling xudt hién tir truong quay ma téc do chinh xéac bang biéu thuc:

nnz%f (1.2)

Thay (1.1) vao (1.2) ta dugc n = ny . Nhu vay, & may dién dong bo, toc do
quay cua rotor va toc do quay cua tir truong bang nhau. Hai tir truong nay &

trang thai nghi vaéi nhau.

1.3.3. Tinh chat cia may dong bé c6 cuén kich tir.
1.3.3.1. So d6 thay thé may dién dong bd co cudn kich tir.

Dé nghién ctru, phan tich cac qua trinh dién tir Xay ra bén trong dong co
va xay dyng cac dic tinh co cua chung, nguoi ta thuong sir dung so d6 thay
thé mot pha véi cac gia thiét sau:

- Ba pha cua dong co 1a d6i xtng, dién 4p ngudn hoan toan hinh sin d6i
Xtng.

- Cé4c thong sé cua dong co 1a khong ddi ( nghia 1a phu thudc vao nhiét
d6, dién tro 12 hiang s, mach tir khéng bdo hoa nén dién khang ciing khong
doi ).

- Dong dién mot chiéu kich tir khong thay doi.

- B6 qua cac hao ton co va hao ton phu.

- B6 qua anh huong cua tir tredng bac cao trong may.

- Khi md ta cac dai lugng dién ap va dong dién ¢ dang cac vectow

phiic, ta 6 phuong trinh dién ap cho mdi pha ctia dong co dong bo nhu

sau.

U=E+I(R +JX) (1.3)



Trong do6 :
U — dién ap pha
E =+2. 7L f. k,N.® - sirc dién dong trong day quan phan ang
| — dong dién chay trong mach phan tng
R — dién tré phan ung
X — dién khang phan tng

Tir phuong trinh (1.3 ) ta c6 so d6 thay thé mot pha cia dong co

déng bo nhu sau.

R X
}—< Y Y,
1—
|

L

Hinh 1.2. So db thay thé cua dong co dong bo

1.3.3.2. Cac dic tinh ciia may dién dong bé cé cudn kich tir,
Khi ta déng stator dong co dong bo vao ngudn dién xoay chiéu cé tan

s6 f, khong d6i, dong co s& quay vai toc do khong doi 1a toe do dong bo:
m = 2Hf1/p

Trong pham vi moment cho phép M < My, déc tinh co 1a cung tuyét



0 M

max

Hinh 1.3 Pic tinh co cta dong co dong bo
Khi moment vuot qUA tri 6 My thi te do dong co s& mat dong bo.
Trong hé truyén dong dung dong co dong bd ngudi ta con su dung dic tinh
goc: M = fiy,.
Pic tinh goc biéu dién méi quan hé gita moment cua dong co véi goc
Iéch cua vecto dién ap pha ludi dién va vecto suc dién dong cam ung trong

day quan stator do tir truong mot chiéu sinh ra.

Tir phuong trinh ( 1.3) néu bo qua dién tré R cua stator ta co dd thi

vector nhu hinh 1.4

Tur dd thi vector hinh 1.4 ta c6:

U.sind
IL.X

U.cosp = Ecos(p - ) ma cos(e - 0) =

Thay vao phuong trinh trén ta dugc:

Usind
IX

Ucosep = E

EU .
Ulcoso =7.sm¢9



Hinhl1.4 D6 thi vector cuia mach stator dong co dong bo
Vi Ulcoso la céng suat mot pha ciia dong co nén cong suat 3 pha coa
dong co la:
P=32"sin ¢

Moment cua dong co la:

Pay la phuong trinh dic tinh géc cua dong co dong bo . Trén dudng
dic tinh goc ta thay, khi 0 = gthi moment dat cuc dai:

EU
Minax = 3—
max WX

Moment My« dac trung cho kha nang qua tai cia dong co. Khi tai

o , A o A 7, . A A A

nang, goc léch 6 tang, néu 6 > > thi moment lai giam. Bong co dong bo
thuong 1am viéedinh mac véi B4, = 20° + 30°. Hé sb qua tai vé moment:

xMzMM";:‘=2+2,5




Hinh 1.5 Bic tinh gdc caa dong co dong bd

Qua trinh phan tich ¢ trén chi ding véi dong co dong bo cuc an. Vi
dong co dong bo cuc 16i do sy phan bo khe hé khong khi giita rotor va stator
khong déu nén trén may xuat hién moment phan khang phu, phuong trinh dic

tinh goc c6 dang sau:

3UE . 3U%( 1 1.
M = sinf? + - sin 26
@.X 20 | Xy Xy

Puong cong biéu dién M s& la tong caa hai thanh phan:

M]= 3UE Siﬂg
@.X
2
M1=3U : - : sin 26
} 2w Xq X4

Trén do thi dac tinh goc biéu dién My, M, bang cac duong nét dut. Do
V6i may cuc an X4 = X, nén M, = 0 va M = My. Nhung thuong M, rat nho
nén co thé bo qua. Khi d6 dac tinh goc cia dong co cuc 16i va cuc an 1a nhu

nhau.



1.3.3.3. Phan &ng phan #ng ciia may phat dién dong bd.

Nguyén ly 1am viéc cua may phat dién dong b trinh bay trén day 1a
nguyén Iy 1am viéc caa may phat dién dong bo. Khi may dién dong bo ¢ tai,
trong may phat c6 2 tir trudng 12 tir treong Kich tir va tir trudng phan tng,
nam & trang thai nghi véi nhau nén chiing sé tac dong tuong hd véi nhau.

Su tac dong tir truong phan &ng 18n tir truong kich tir goi 1a phan tng
phan ung.

Phan ng phan tng c6 thé lam yéu, lam ting hoac lam bién dang tir
treong chinh.

a. Khi tai thuan tro.

Khi vi tri roto nhu hinh 1.6a, trong cac day dan cua pha A dong dién
dat gia tri cuc dai | = I, sdd cling dat gié tri cuc dai e = E,, Vi tai thuan tro
dong dién va ap trung pha nhau (hinh 1.6b) . Hudng sdd va hudng dong dién
trong cac pha A, B, C cd thé xac dinh theo quy tac ban tay phai con chiéu tur
thong do cac dong dién sinh ra xac dinh bang quy tic vin nat chai. Tir hinh
1.6¢ ta thay rang chiéu tir théng dong tai c6 huéng ngang vai tir thdng chinh

va mang tén la phan ang phan tng ngang.

Hinh 1.6 Phan tng ngang may dién dong bo

Gia tri cuc dai cua tir truong chinh Fo ndm ¢ dudi cac cyc trén tryc d —

d’, con std phan ting phan ng F,, c0 gia trj cuc dai trén truc g — q’. Diéu nay

10



lam cho su phan bé cam ung tir trong khe khi dudi céc cuc tir khong ddi
xtng: mot bén cyc hai tir théng cing chiéu nén cong nhau con bén kia hai tir
thong nguoc chiéu nén trir di nhau. Két qua tir truong chinh bi bién dang: phia
nira cuc duge ting cudng ngugc véi chiéu quay( hinh 1.6¢).
b. Tai thuan cam.

Sdd cam ng trong cac cudn day nhanh pha so véi dong dién mot goc

I1/2. Dong dién trong pha A dat gié tri cuc dai khi gia tri Sdd c6 gia tri zero,

con roto chiém vi tri nhu hinh 1.7a.

Hinh 1.7 Phan ang doc khir tir may dién déng bo

Hudng cua dong trong cac pha A, B, C cung hudng tur théng do no sinh
ra xac dinh nhu phan a. Tt hinh vé& , thay rang chiéu cua tir truong phan ¢ng
huéng doc theo truc cyc. Sy phan bé tir théng nhu vay goi 1a phan wng doc
tryc. Khi tai thuan cam thi chiéu tir théng phan tmg nguoc chidu vai tir truong
chinh nén tir truong chinh bi yéu di, may bi khir ti.
c. Khi tai thuan dung.

Dong dién tai vuot pha so vadi sdd mot goc 2—7 hinh 1.8.

Theo nguyén tic xac dinh chiéu tir truong phan @ng ta thay truc cua tir
truong phan @ng tring vai truc cuc nhung 2 tir trudng ndy cung chiéu nén tir

trudong chinh duoc tro tu.

11



Hinh 1.8 Phan &ng doc tro tir may dién dong bo
d. Khi tai hdn hop.

Tir cac truong hop trude, néu dong tai | tring pha véi sdd E, (¢ = 0) thi
¢ phan ang ngang, con néu ¢ = J_ré—j ta c6 phan tng doc. Khi tai la tong tro

0<@< ;—7 thi phan Gng vira mang tinh chat phan ¢ng ngang, vira mang tinh chat
phan @ng doc tir. Két qua cua phan tng loai ndy vira bi bién dang tir truong
vua bi khu tur.

Tuong tu cho truong hop - ;—7<(p<0 thi phan ¢ng phan ¢ng vira mang
tinh chat phan @ng ngang, vira mang tinh chat doc truc tro tir, do d6 phan tng
vira gay bién dang tir truong vira tro tir.

Tur trudng phan ang phan Gng tong F, c6 thé duoc phan tich thanh 2
thanh phan: phan ing doc F va phan tng ngang F.q nhu sau:

Fad = FaSiNe va Fyq = F,C0S0

Bién d6 séng co ban cua suc tir dong tdng cho may 3 pha c6 dong pha |

O gié tri nhu sau:

_3V2 IW.ked
R

de

12



1.4. PONG CO PONG BQO NAM CHAM VINH CUU.

1.4.1 CAu tao.
/{ Cuc N, S xen ké nhau
r——— Nhoém ; /
A N RN ' Roto 10ng séc¢

s s RN V/:,Eﬁ//;/ ;/;// | —
S N N S N — )
< s 77 Z Pia nam cham vinh cuu

N N
‘\\gj\\\: N /// =

e~ |

(a) (b)

Hinh1.9 C4u tao dong co nam cham vinh ctu

O loai dong co nay cuc tir tao béi nam cham vinh cau bang hop kim
dac biét co do tir du rat I6n (0,5 + 1,5 T) . Cuc tir ¢d dang cuc 16i va dit ¢
réto khoang cach gitra cac cuc c6 dd nhdm kin va toan bo roto 1a mot khéi tru.
Néu dung 1am dong co dién thi can dat day quan mo may kiéu 16ng soc. Vi
khé gia cong ranh trén hop kim nam chdm nén thudng ché tao 1ong soc nhu
dong co khong dong bo va dit hai dia nam cham & hai dau. Véi két cdu nhu
vay s& ton vat liéu hon va thuong ché tao véi cong suat : 30 + 40 W. Trong
truong hop dung nhu may phat khong c6 diy quan mé may, cong suat cd thé
Ién t&i 5+ 10 KW d6i khi dén 100KW.

Pong co ddng bo néi chung, dong co dong bé nam cham vinh ciu noi
riéng 1a nhitng may dién xoay chiéu c6 phan cam dit & roto va phan ung 1a hé
day quan 3 pha dit ¢ stator. Véi dong co dong bd nam cham vinh ctu thi
phan cam dugc kich thich bang nhitng phién nam cham bé tri trén bé mat
hodc dudi bé mit roto. Cac thanh nam cham thudng duoc 1am bang dat hiém
Vi du nhu samariu - cobalt (SmCOs — SmCO;;) hoac Neodymium — ion —
boron (NdFeb) 14 cdc nam cham c6 suat ning lugng cao va tranh dugc hiéu
tng khir tir thuong duoc gén trén bé mat hodc bén trong cua 16i thép roto dé

dat dugc d6 bén co khi cao, nhat 13 khi téc d6 1am viéc cao thi khe ho gitra
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cac thanh nam cham c6 thé dip bang vat liéu dan tir sau d6 boc bang vat liéu
c6 d6 bén cao, vi du nhu soi thay tinh hodc bat bulon I&n céc thanh nam

cham. Ngoai ra con c6 nam cham gém co6 d6 bén cao.

Vi rotor khdng can ngudn kich thich nén dong co loai nay cé thé hoat
d6ng manh mé va dang tin ciy hon. Nhitng dong co ndy c6 cong suat tir 100w
dén 100kw. Momen tbi da ciia may duoc thiét ké khong vuot qua 150%
momen dinh mac.Néu may hoat dong qua momen max thi s& mat tinh déng

bo va s€ hoat dong nhu mot dong co cam tng hodc ngung hoat dong.

Nhiing dong co nay da sd la khoi dong truc tiép. Cong suat va hé sb
cong suat cia mdi dong co dong bd nam cham vinh ctru thuong tot hon 5 dén

10 lan dong co tir tré twong &ng.

* Uu diém

Pong co khong ¢ chdi than hodc vanh truot trén rotor thi khong sinh
ra tia lira dién khi hoat dong, lic nay cong viéc bao dudng choi than dugc bai
trir. Nhitng dong co nay co thé kéo vao déng bo cac tai c6 mic quan tinh Ion

hon quan tinh rotor caa ching nhiéu lan.

Theo két cau cua dong co ta co thé chia dong co déng bo nam cham
vinh ctru thanh 2 loai: Pong co cuc 4n va déng co cuc 161 ma ta xét dudi day

c6 thé thay rd dic diém ciu tao cua ting loai may nay.

1.4.1.1 Pong co ddong bdé nam cham vinh ciru cuc 16i.

Cdu tgo gom 2 phan chinh 1a roto va stato:

* Stato ciia mdy dién déng bo nam cham vinh ctru gom hai bo phan

chinh 1a 16i thép va day quan ngoai ra con ¢ vé may va nap may.

L&i thép stato gom céc 14 thép ky thuat dién (ton silic day 0,5mm) 2

mat dugc phu 16p son cach dién duoc dap ranh bén trong sau d6 duoc ghép lai
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voi nhau tao thanh nhitng hinh try rdng , bén mit trong tao thanh céc ranh
theo hudng truc dé dit day quan . Doc chiéu dai cua 15i thép stator cu cach
khoang 3 -6 cm lai c6 méot khoang thdng gid ngang truc rong 10mm. LG&i thép
stato duogc dit ¢b dinh trong than may . Than may phai duoc thiét ké sao cho
hinh thanh mot hé thdng thong gié 1am mat may tét nhat. Nap may thuong

duogc ché tao bang gang dic, thép tdm hodc nhém dic.

Day quén stator thudng duoc ché tao bang dong c6 tiét dién hinh tron
hoic chir nhat, bé mat dugc pha mét 16p cach dién, duoc quan thanh ting boi
va 16ng vao céc ranh cua 151 thép stator, duoc du néi theo qui luat nhat dinh

tao thanh so d6 hinh sao hoac tam giac.

* Roto may dién cuc 16i thuong c6 toc do quay thap nén duong kinh
roto cé thé Ion trong khi chiéu dai lai nho. Roto thuong 1a dia nhom hay nhyua
tronhj lwong nhe c6 d6 bén cao. Cac nam cham duoc gan chim trong dia nay .
Céac loai may nay thuong dugc goi la may tir truong hudng truc. Loai nay

thuong st dung trong ky thuat robot.

Hinh 1.10 dong co ddng bo nam cham vinh ciru cyc 16i
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1.4.1.2 Pong co ddng bd nam cham vinh ciru cuc an.

* Stator dong co déng bo nam chiam vinh citu cuC an tuong tu nhu
dong co cuc 16i

* Roto ciia may dién cuc an thudng 1am bang thép hop kim chét lwgng
cao, duoc rén bang khdi tru sau d6 gia cong phay ranh dé dat cac thanh nam
cham. Khi cac thanh nam cham an trong rét thi c¢d thé dat duoc cdu tric co
hoc bén vimg hon. Kiéu nay thuong duogc sir dung trong cac dong co cao tdc.
Téc do loai nay thuong cao nén dé han ché luc li tim roto thuong cé dang
hinh trrongs véi ty s6 “chiéu dai/ duong kinh “ 16n. May nay dugc goi 1a may
tur truong hudng kinh, n6 thuong dugc s dung trong cdc may cong cu.

Tuy nhién véi ciu trac nam cham vinh ctru chim, may khong thé duogc
goi la khe hé khong khi déu. Trong trudng hop ndy cac thanh nam cham duoc
Iip bén trong 18i thép roto vé mat vat Ii coi 1a khdng c6 sy thay d6i nao cua
hinh hoc bé mit nam cham . Mdi nam cham duoc boc béi mot mang cuc thép
nén n6 1am mach tir cia may thay doi kha manh , vi do cac mang cuc thép nay
tao ra cac duong dan tir sao cho tir théng cat ngang cac cuc nay va ca khong
gian vudng goc vai tir théng nam cham. Do d6 hiéu ung cuc 16i 1a rd rang va

n6 1am thay d6i co ché san sinh momen cua may dién.

— 2
O 3
—

Hinh 1.11 Pong co ddng b nam cham vinh ciru cuc 4n
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Véi y8u cau caa truyén dong secvo va truyén dong phai ém, do do6 can
phai han ché momen ring va momen dap mach do cac song hai khong gian va
thoi gian sinh ra. Dé dat duoc diéu nay ngudi ta thuong tao hinh cho cac nam
cham , uén nam cham luon chéo theo truc roto, ubn ranh va day quan stattro
két hop véi tinh toan sé rang va kich thudc ctia nam cham . Ky thuat tao ra
cac roto xién 1a kha dat tién va phac tap. Trong diéu Kién binh thuong cua
truyén dong secvo , néu momen diéu hoa ring ¢& 2% momen dinh mic thi ¢6
thé coi la chap nhan dugc . Tuy nhién cd thé han ché duoc da s6 cac momen
diéu hoa rang trong truyén déng dong co dong bod nam cham vinh ciru cap tir
bo bién d6i bang cach sir dung bo bién d6i chat lwgng cao va cac bo diéu
khién c6 chtra cac phan tir do chinh xéac cac théng s6 hoat dong nhu téc do, vi
tri cia dong co.

Trong cic may dién nam cham vinh ciru kinh dién , trén stattor c6 cac
ring , ngdy nay ta c6 thé ché tao stato khong rang . Trong trudng hop ndy day
quin stato dugc ché tao tir bén ngoai sau d6 dugc 16ng vao va dinh vi trong
stato. May dién nhu vay s& khong dap mach o ché do6 thap va ton that s& giam,
tang dugc khong gian hon cho day quan statto nén cé thé sir dung day quan
tiét dién 1on hon va ting dong dinh mac cia may dién do dé ting duoc cong
suat caa may . Nhung khe hd khong khi 16n gay bat loi cho tir théng khe ho
nén phai ché tao roto c6 dudng kinh 16n hon va c6 bé mit nam cham 16n hon.
Pong co dong bd nam cham vinh ciru ¢6 nhiéu Kiéu roto khac nhau. Duéi day

la 3 kiéu thuong gap trong thuc té:
a b C

Hinh 1.12 Cac kiéu rotor may dién déng bo cuc an
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1.4.2. Nguyén ly hoat dong caa dong co PMSM.

PMSM la dong co dong bd nam cham vinh ciru do d6 hoat dong cta nd
nhu sau: khi cdp 3 dong dién hinh sin vao 3 cudn day stator s& xuat hién tur
truong quay vai te do ng = 601/p, trong d6 f- tan sé bién thién caa dong dién,

p — sb doéi cuc.

Do tir truong ciia nam cham vinh ctu 14 tir truong khong doi khéng
quay, su tac dong giira tir trudng quay véi tir truong khong doi tao mé men
dao dong, gia tri trung binh cia mé men nay cé gia tri 0. Bé may dién co thé
lam viéc duoc phai quay nam cham vinh ctu téi toe do bang toc do tir trudng,

Iic nay m6 men trung binh cua dong co sé khéc 0.

Viéc dua nam cham vinh ciru t6i toe do tir trudng 1a phuong phap khoi
doéng dong co dong b thuong ma ta di nghién ciru trude ddy. Do d6 khoi
dong bang may lai ngoai, phuong phap nay dat tién, cong kénh nén rat it khi

str dung. Phuong phap hay dung nhat d6 1a phwong phap khoi dong di bo.

Lac ndy méi dat tai 1én dong co. Nhu vay may déng bo nam cham
vinh ctu ¢6 nam cham quay dong bo véi tir trudng quay, hoic quay vai toc

d6 dong bo.

1.4.3. Tinh chat ciia ddng co PMSM.

1.4.3.1. M6 hinh toan caa PMSM.

Stator cua dong co dong b cé cudn day kich tir & rotor gidng nhau. Nam
cham vinh ctru duoc sir dung trong PMSM 14 bién thé cua dat hiém hién dai
Vvéi dién tré suat 16n nén dong cam @ng rotor ¢ thé bo qua. Hon nira khong
cb su khéc biét sic phan dién dong cam (rng bdi nam cham vinh ctru va sac
dién dong cam ng baoi tir trrong do dong kich tur tao ra. Vi vay mo hinh toan
cia PMSM gidng nhu cua loai dong co ddng bo thuong cb cudn kich tir &

rotor. Pé xay dung may dong bd nam cham vinh ctu ta gia thiét nhu sau:
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- B6 qua bao hoa, nd co thé luu y dén khi tinh sy thay doi tham sé
- Sue tur @ong 1a hinh sin
- DOng phu ¢d va hién tugng tur tré bo qua
- Khéng cé dong kich tir dong
- Khdng c6 thanh dan dang 16ng séc & rd to
Véi cac gia thiét d6 phuong trinh stator cau hé truc d,q gan vao rotor caa
PMSM nhu sau:

Ug = Tig + p¥q - o5y (1.4)
Ug =Tig+p¥q+ oty (1.5)
Wy = Lgig + Wy (1.6)
W, = Lgiq (1.7)

Trong d6 Wy, Wq 12 tu thong moc vong truc d, truc g; ug Va uq la dién ap ¢ truc
d va q; ig, iq la dong stator ¢ truc d, q; Ly Lq la cam ting tir cudn stator ¢ truc
d, g; r va o, 1a dién tro cuon day va tan sb bo bién tan; Wy tir thdng nam cham

vinh ctru méc vong vai stator.
Mo men dién tir cO dang:
Me = [ Parq (Lo~ Lo) iaiq  (1.8)
Va phuong trinh dong nang nhu sau:
Me= M, + Boy, + Jpo, (1.9

O day :q — sb doi cuc, M — momen tai, B — hé s6 ma sat, o, — téc do rotor, J-

m6 men quén tinh. Tan sb bo bién tan quan hé vai toc do rotor nhu sau:

®s = Qo (1.10)
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Mo hinh may dién 1a phi tuyén vi né chua tich céac biéu thic chira tich

cac bién trang théi oy, ig, g,

Tong cong suat vao cho may dién biéu dién qua céc bién a, b, ¢ nhu

Sau.
P = Uaia + ubib + Ucic (1.11)
Va biéu dién qua bién d, q nhu sau:
3, . i
P= E( Uglg + Ugig) (1.12)

1.4.3.2. Khéi dong dong co ddng bd nam chadm vinh ciru.

Khdéi déng theo phwong phdp khong dong bé

v " it

d ) - o
R e JO=T
4 T T

Hinh 1.13 Sé fioa maich kich tdg cula fiodng cofioang boa luic mdéd mauy
vOui dadyquaan kich thich nodi taét qua fiieén tréd Ry(a) vag noai thaing

vago mauy kich thich(b).
1. Phan tmg dong co dong bo.
2. Phan ang may kich thich.
3. Day quan kich tir ciia dong co doéng bo.

4. Day quan kich tir cia may kich thich.

20



Cauc fiodng cd fiedn floang bod phaan l6un fieau méa mauy theo
phddng phaup khoang fioang bod. Thoang thédgng cauc fiodng cd fliedn
fioang boda coic loai fieau cou fiaét dady quadn méa mauy. Dady quaan mod
mally cou caau taio kiedu loang souc fiaét trong catc radnh 60 maét cdic, 2

fiadu nodi voui hai vagnh ngaén maich.

Trong moat soa fiodng c6, cauc maét coic baeng theup nguyean khoai
vag fi6dic noai voui nhau 60 hai fiaau baéng hai vogng ngaén maich 60 hai
fiaau rotor cudng cou thea thay thea cho dady quaan ngaén maich dugng trong
viedc mdd mady. OU calc 16601 fiiedn 160n coll thed cho phelp mdimady
troic tieap voui fiedn aup cuda l166ui cauc fiodng c6 floang bod coang suaat
vagi traém vag col khi toui hagng nghin kilowatt. Noai véui calic fiodng co
fioang cb fioang boa coic aan, vieac mol maly theo phddng phatp khoang
fioang bo& cou khou khaén hon, vi dogng fiiedn calm dung 00 16up molng 60
maét ngoagi cula rotor nguyean khoai sed gady noung cuic boa fiaung kea.
Trong tro6eng hoip fiol, fied mdl maly Addic ded dagng, caan hai fiiean aup

culla mauy baeng biean aup t61 ngadu hoaéc cuodn khaung.

Quau trinh mod mauy fiodng cd foang bod baeng phddng phaup
khoang fioang boa cou thea chia thagnh hai giai fioain. Lutic Aaau viedc mod
mauy fiddic thdic hiedn voui i, = 0, dady quaan kich thich Adbic noai taét qua
filedn trod Rt nho tredn hinh. Sau khi fioung caau dao noai daay quaan stator
voui nguoan fiiedn, do tauc duing cuda moment khoang fioang boé rotor sed
quay vag taéng toac fiod fiean gaan toac fiod fioang boé n; cula tég tré0eng
quay. Trong giai fioain nagy, viedc noai dady quaan kich thich voui fiiedn trol
R+ cou tro soéd baéng 10 +12 laan fiedn tréa r, cula badn thadn dady quaan
kich tog lag caan thieat, vi nedu fied dady quaan nagy hol maich sed cou
filedn aup cao, lagm hodng cauch fiiedn cula dady quaan, do luuc baét fiaau

mo0 mauy tdg trobgng quay cuda stator queut nou voui toac fiod fioang boa.
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Cudng caan chuu yu raéng, neau fiem noai ngaén maich dady quaan
kich thich thi sed taio thagnh maich moéat pha cou fiiedn trdd nhol 60 rotor

vag sinh ra moment caln I6un khiedn cho toac fiod quay cuda rotor khoang

A A

nagy cou thea giadi thich nho sau. Dogng fiiedn cou taan soa f, = sf; trong
dady quaan kich thich bo noai ngaén maich sed sinh ra tdg tr6oeng fiadp
maich. Tog tro6eng nagy cou thea phaan tich thagnh hai tog tr6deng quay
n; — n, trong fiou n, lag toac fod tog trodeng quay cula stator vag n lag toac

foa cula rotor.

Hinh 1.14 N66gng cong moamen cuda fiodng co fioang boa mdd mady

khoang fioang bod voui dady quaan kich tég bo noai ngaén maich
T6g trobgng quay thuadn cou toac fod so voui dady quaan phaan tonh:

Nm=n+(N;—n)=ny

nghda lag quay fioang bod voui tog trodgng quay cuda stator. Tauc duing cula
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nou voui tur trodeng quay cuda stator taio nedn moment khoang fioang boa
vag hoa troi voui moment khoang fioang boa do dady quaan mod mauy sinh

ra.

.....

Nng =N — (N1 —N) =2n—-n; = 2n (1-s) — n; = n; (1-2s) vag sinh ra trong dady
quaan phaan ténh dogng fiiedn taan  soa:
f=f;(1-29)

Nho vady khi 0,5 <s < 1, nghda lag toac fiod quay cula rotor n < ny/2 thi t6g
so vOui chieau quay cu(a rotor. Tauc duing cuda nou voui dogng fiiedn phaan
tonh taan soa f° sed sinh ra moment phui cugng daau vag hod troi voui
moment khoang fioang boé do tég trodeng quay thuadn tauc duing voui daay
quaan méd mauy.

A

A

rotor. Tauc
duing cufia nou voui doegng fiiedn phaan tonh taan sod f luuc fiou sinh ra
moment phui traui dadu voui moment khoang fioang boé do t6g trédgng quay

thuaén, do fiou cou tauc duing nhé moment hadm.

Keéat qual lag khi dady quaan kich t6g bo noai ngaén maich, itoang
biedu diedn moment culia fiodng cd trong quat trinh mé0 mauy toang culia
cauc fi6égng 1 vag 2 cou tauc duing nho iddang 3. Rod ragng lag khi moment
calin M trean truic floang cod fiud 16un thi rotor sed lagm viedc 60 fieam A
oung voui toac fiod n = n, / 2 vag khoang thea fiait Ad6ic fiedn toac fiod gaan
toac fiod fioang boé.

Khi rotor fiad quay fiean todc fiod n = n, , cou thea tiedn hagnh giai

23



fioain thou hai cula quau trinh moé0d mauy: fiem noai dady quaan voui fiedn
aup moét chieau cula mauy kich thich. Luuc fiou ngoagi moment khoang
sed cou moment fioang bod phui thuodc vago gouc 6 cugng tauc duing. Do
rotor choa quay fioang bod nean gotic 6 luoan thay fiodi. Khi 0 < 6 < 1800 thi
moment fioang bod sed codng tauc duing véui moment khoang fioang boa
lagm taéng theam toac fiod quay cuda rotor vag nho vady rotor sed figdic loi
vago toac flod fioang bod sau modat quau trinh dao  fiodng.

Kinh nghieam cho bieat, fiea fiam bado cho rotor fiédic fida vago toac

.....

nhaat luuc choa cou dogng fiiedn caan phug hdip voui fiieau kiedn sau:

g < U U4 km Pmu imb

\'.' GD dm 1 tdm

Trong fiou:

km lag naéng l6ic quau tadi 60 chea fiod fioang boé voui dogng fiiedn
kich tég Aonh mouC i,

Pam la@ coang suaat fionh mouc,kW;

ip la@ dogng fiedn kich tég khi fioang bo  dhoau;

.....

noai truic nou, kG.m2.

Neé trainh vieac m60 mally qua hai giai fioain nhd trinh bagy 60 trean,
trong fiou phadi thao tauc tauch dady quaan kich thich khoQi fiiedn trod Ry
vag sau fioll noai mauly kich tog, col thed noai thalng dady quaan voui mauy
Kich t6@ trong suoat quau trinh mod mauy theo s6 fioa trean hinh 1.13b nho
th6dgng gaép gaan fiady. Nho vady, trong dady quaan phaan éung cuda mauy
kich tog sed cou dogng fiiedn xoay chieau nhong fiieau fiou khodng gaay tauc
haii gi. Khi rotor fiait fiean toac fiod quay n = (0,6 + 0,7)n fim , mauy kich
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thich baét fiaau cung caap dogng fiiedn Kich t0g cho fiodng cd fiedn fioang
bod, nhdg fiol mag lulic fiean gaan toac fiod foang boa fioang c6 Adoic keuo
vago toac fiod fioang bod. Caan chuu yu raéng quau trinh méd mauy theo sé
fioa trean hinh 1.13b fidéic thdic hiean trong nhdédng fieau kiedn khou khaén
hon vi fiodng cb fiedn filoang bod fodic kich thich quau sdum, nhé vady sed

taio nedn dogng ngaén maich:

_ (1-s)E,
\/rj +(1-s)"x;

n

Trong fou:

EO lag s.fi.i calim 6ung do dogng fiieédn kich to ite
xd lag fiieédn khaung filoang bo4 doic truic ~ khi  s=0
Do fiou fiodng c6 phadi tadi thedm coang Suaat:

2
Pll = ITl[llr'l.l'

vag keat qual lag trean truic flodng cd fiiedn sed cou thedm moment cadn:

khiean cho quau trinh ketio fiodng c6 vago todc fiod fioang boa gaép khou
khaén hén, vi vady phodng phaup mod mauy filodng ¢ fioang boé theo sb fioa
tredn hinh 1.10b aup duing fidéic toat khi moment cadn trean truic fiodng co
filedn M . = (0,4 + 0,5M fim . Cha khi dady quadn mod mauy fi6dic thieat
ked hoagn hallo méui cho pheup i6dic mél mauy nhoé trean voui M. = Mg
Do cauch m6d mauy nagy fién gialn, hoagn toagn gioang cauch mdéd mauy
culia flodng co fiedn khoang filoang boé neédn ngagy cagng fiddic Gung duing

roang raoi.
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Hinh 1.15 Quan hed U, I, i;, n = f(t) khi m60 mauy fiodng cb fioang
bod 1500kW theo s6 fioa 60 hinh 1.13b.

Hinh 1.15 trinh bagy s6i biean fiodi dogng fiiedn phaan 6ung I, dogng
filedn kich tog it vag toc fiod quay n trong quau trinh mod mauy luuc khoang
tali iodng co fioang boé (Pxm = 1500kW; Usn = 6KV; Ny = 1000vg/ph) troic

tieap voui fiiedn aup fionh mouc theo so6 fioa trean hinh 1.13b.
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1.4.3.3. So sanh giira déng co khong dong b va dong co dong by nam

cham vinh ciu.

98 7 ~ IEC 60034-30, Ed. 2

96 |

IES __.

94 | —1E4Q -

92

90 — —
/’/>/
88 | "
// |
Ge / g | 4-Pole Fixed-Speed Motors I

Nominal Efficiency (%)

/ o ) —e—1E3 Premium Efficiency, SO Hz
84 r A ——1E4 Super Premium Efficiency, SO Hz
82| _~ "l IES m Efficiency, SO Hz
- Orrvmercial 1E4 LSPM, SO H2
88.55 5.5 55

Rated Power (kW)

Hinh 1.16 Muc hiéu suat cia dong co PMSM

Hiéu sudt: Cac tiéu chuan vé hiéu suét cho thay cang vé sau hiéu suat
cia dong co cang duoc nang cao hon rat nhiéu, hiéu suat cia dong co trong
thoi gian toi day co thé dat mac 1E5 viéc ndy sé rat kho khin cho vat lidu
cling nhu cong nghé ché tao dong co khong dong bo(IM). Do d6 dé thuc hién
dugc & muc hiéu suat nhu trén doi hoi phai chuyén doi sang mot dang cong

nghé mai, vi du nhu dong co PMSM.

Pong co dién hiéu suat cao cd thé din dén giam déng ké nang luong
tiéu thu va ddng thoi giam tac dong dén méi trudng thuc day cac tiéu chuan
qudc té mai. C4c tiéu chuan phan loai hiéu suat dong co mai 1én téi IE5 ké ca
d6i voi dong co khai dong truc tiép voi ludi dién va dong co két hop véi bo
bién d6i cdng suat. Pong co PMSM da chang té hiéu suit cao hon dng ké so
véi dong co IM, dic biét & dai cong suat thap. Ngoai ra, hé sb cong suat ciing

cao hon va nhiét do lam viéc mat hon.

Pong co PMSM 1a dong co lai v6i day quan ba pha phan bé trong céc
ranh stator twong tu V6i dy quan dong co IM , ¢6 rotor vai 1ong sd¢c nhdm va
nam cham vinh ctru gan bén trong. Tuy nhién c6 thé khoi dong va ting toc

truc tiép khi néi véi ludi dién ma khong can dén bo diéu khién. Pong co
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PMSM c6 mémen cao, 1am viéc véi toe do ddng bd ¢d dinh va phu hop Véi
cac phu tai c6 mémen quén tinh thap.

Do khong cd ton that nhiét trén 1dng soc nhom ( trong khi d6 thanh
phan nay chiém khoang 20% tng ton that caa dong co IM ), ngoai ra ton that
ddng trén day quén stator chiém phan luong 16n nhat trong tong ton that cua
d6ng co. Thanh phan ton that nay trong dong co PMSM ciing dwoc giam déng
ké so véi dong co IM do giam duoc dong dién tir hda cua dong co, giam dugc
dong dién dau vao cua dong co trén co sd nang cao hé sé coéng suit cose,
nang cao duoc hiéu suit so véi dong co IM c6 hiéu suat 1E3 va c6 kha ning
dat dén hiéu suat IE5.

Hé so cosg: Hé s6 cose cia dong co IM thap dan dén giam kha nang
phan phdi cong suat cua hé thong dién. Diéu ndy din dén tang cac ton that
trén dudng day truyén tai dién. Hé sd cose thap ciing gay ra ton that phu trong
dong co IM. Bén canh d6 khach hang phai tra thém phu phi dé nang cao hé s6
cose néu hé s6 cose cua ho thap hon tiéu chuan cho phép. Nguoc lai dong co
PMSM c6 thé duy tri hé s6 cose cao tham chi xap xi 1 voi dai cong suat 1am
Viéc rong.

Momen va t7 1¢ ¢ong sudt trén don vi thé tich: Do dong co PMSM ¢ st
dung nam cham, nén ndi chung ti I& cong suat trén don vi thé tich va kha nang
sinh momen I6n hon so voi dong co  IM.

Nhiér d6 déng co : Nhiét do trong déng co bi anh hudng do ton that va
tbc do quay. Doi voi dong co PMSM do thanh phan tén that trong rotor khéng
6, nén nhiét do cua dong co PMSM thudng thiap hon khoang 30% so véi
dong co IM cung cong suat. Pay 1a loi thé rat tét dé bao vé nam cham khong
bi khtr tir do nhiét do.

1.5. KET LUAN CHUONG 1.
Chuong nay chil yéu tap trung gidi thiéu mot cach tong quan nhat vé

dong co dong bo nam cham vinh ciru (PCHBBNCVC). N6 nham gilp cho
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ngudi doc ¢ mdt cai nhin khai lwoc nhat vé PCDBNCVC, dong thoi dé tao
diéu kién cho viéc nghién cau vé phuong phap diéu khién & cac chuong sau,
trong chuong nay ciing giéi thiéu mot cach co ban nhét vé cac hé truc, cac
phuong trinh dong hoc cia PCBDBKTNCVC.
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CHUONG 2.

PIEU KHIEN PONG CO PONG BO NAM CHAM VINH
CUU.

2.1. KHAI NIEM

Piéu chinh téc do dong co 1a dung cac bién phap nhan tao dé thay doi
cac thong s6 ngudn nhu dién 4p hay cac thong s6 mach nhu dién tré phy, thay
d6i tir thong Tir d6 tao ra cac dic tinh co méi dé cd nhitng téc do 1am viéc

m&i phit hop voi yéu cau. C6 hai phuwong phap dé diéu chinh téc do dong co:

& Bién do1 cac thong s6 cua by phan co khi tirc 1a bién do6i ty sO truyén

chuyén tiép tur truc dong co dén co cau may san suat.

& Bién doi toc d6 goc cua dong co dién. Phuong phap nay lam giam tinh
phtic tap cta co cu va cai thién duoc dic tinh diéu chinh. Vi vy, ta khao sat

su diéu chinh téc d6 theo phuong phép thu hai.

Ngoai ra can phan biét diéu chinh tdc do véi sy ty dong thay doi toc do khi
phu tai thay d6i cua dong co dién.

2.2. CAC LOAI CAM BIEN PO TOC PQ.

2.2.1. May phat toc.

Mot may phét toc do duogc sir dung dé do téc do quay cua rd to. Bién ap
ra ciia may phat toc ty 18 véi toc do quay cua ro to vi né la mot may phat dc
nhd dugc kich tir bang mot nam cham vinh ctru. Dién &p ra cia may phat tc
thuong c6 gia tri khoang vai von/1000v/p va nd chira su nhap nhay cua dién
4p do c6 sy giéi han cua s cuc cua may DC. Tin hiéu ra ctia may phat téc

cho ¢ dang twong ty nhu von va né rat nhay cam véi nhiéu do luong. Tuy
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nhién & toc do khong dbi dién &p ra s& thay d6i theo nhiét ¢ do tinh chét cua
nam cham. Do nhitng nhugc diém ké trén viéc diéu chinh chinh xac toc do khi
sir dung may phét téc bi han ché va diéu chinh chinh xac téc d6 thuong chi
dat khoang 0,1% tai dinh muc trong toan bo pham vi nhiét do hoat dong. Mac
d0 ¢6 nhitng nhuoc diém trén  nhung méy phét toc van duoc s dung cho
nhitng hé théng truyén dong don gian do tin don gian cua nd va bén viing co

khi va do truc tiép téc d6 khdng can bo xir Iy toe do nao.

2.2.2. Encoder.

Dé do téc do hoic vi tri encoder sé duoc st dung rong réi, nd tao ra
mot chudi xung ¢ tan s6 ty Ié chinh xéac véi toe do. Bo encoder co thé phan
loai nhu sau loai b ma hoa gia tang trong dé cac xung twong tng véi quan hé
vi tri ctia rd to va loai tuyét di trong d6 cac xung ng Véi vi tri tuyét dbi cua
ro to. Pé diéu chinh mdy dién dong bo o day gia tri tuyét doi goc cua rd to
thuong dugce diéu khién nén bo ma hoé tuyét d6i duoc st dung. Tuy nhién
véi sy phat trién cua ki thuat diéu khién cia may dién thi bo ma hoa gia ting
véi hang loat xung phu dang duoc str dung rong rai trong diéu khién may
dong bd & cng nghiép vi tinh hiéu qua vé gia thanh cua né. Dac biét ddi voi
diéu chinh dong co DC hoic di bo & d6 gia tri tuyét doi vi tri khong co y
nghia cho diéu khién nén bé ma hoa gia ting duoc st dung khéng loai trir .
Bo mi hoa gia ting c6 thé duoc phan loai theo nguyén Iy hoat dong thanh loai
tir va loai quang. Sé luong xung cuc dai trén mot vong quay cua bo ma gia
tang (Ppr) thuong nho hon sé xung cua bé ma quang nhung bd ma tir rat bén
viing vai moi trueong va gia thanh ré. Vi vay bo mé tu thuong dugc dung cho
(a) dung cho céc hé truyén dong kéo (xe ltra) khi diéu kién 1am viéc 1a khac
nghiét, (b) &p dung trong nha noi ma gia thanh s& 1a sy lva chon dau tién. Tuy
nhién trong phan nay bé ma quang 1a bo ma duoc st dung rong ri trong tng
dung cdng nghiép s& duoc trinh bay cin k& hon. Tir quan diém diéu khién su

khéc biét giira 2 loai bo ma nay chi la sé xung trén mot vong quay do dé moi
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quan diém trinh bay & day déu &p dung duoc cho ca 2 loai bo ma. Nhu chi ra
& hinh 2.1 bat ké loai bo m 1a tuyét d6i hay gia ting , loai bo ma quang chira
diod phat sang, mot thau kinh hoi tu, mot dia quay voi cac khe ho, mot bo
hip thu anh sang thong thuong né 1a ban dan gidng nhu transitor quang va
mot vi dién tar dé gia cong (xir ly) tin hiéu ra cua transito quang. Xung tur bo
ma di t6i cac dau ra khéng nhiéu khac nhau. O hinh 2.2a khe hd cho ma mau
Xam 4 bit bo ma tuyét d6i duoc tinh bay con & hinh 2.2b cho biét khe hg cua
bo ma gia ting né khong chi tao xung gia ting “A” va “B” ma con ¢6 mot s6
xung phu nhu chi s6 xung “Z”, va “U”, “V”. “W” cho vj tri tuyét ddi cua ro

to.

Rotary Light
Disk” Receiver m
= UL
LED
e Fixed thm
C[mi;ll'::m Siit Transistor Comparator
Moving
Slit

Hinh 2.1 Cu hinh co ban cta bo ma hoa quang hoc

Trong khi bé ma tuyét ddi cho ta vi tri cua ro to & dang bit s6 thi bo ma
gia tang cho ta 2 ludi dang day xung va goi la xung A va xung B trong d6
pha cta diy xung A vuot trudc diy xung B theo huong quay dwong. O bo ma
gia ting moi lién quan vi tri cia ro to cd thé do bang sy tich lily xung , thong
thudng bo mé gia ting cAp xung “Z” xung d6 1a chi s6 xay ra trén mot vong
& vi tri nhat dinh caa r6 to va bang cach tinh sé lugng cac xung cua “A” va
“B” tir xung “Z” thi vi tri tuyét d6i caa rd to c6 thé duoc xac dinh sau khi
xung “Z” xuat hién. Tuy nhién trudc xung “Z” thi vi tri tuyét d6i cua ro to

khong xac dinh dugc, dé giai quyét van dé nay cac xung U,V,W d6i khi duoc
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cung cap do 1a cac xung c6 chu ky cong tac 12 50% va pha cua mdi day xung
la 120° léch nhau.

—
-

- N

-—

(a) (b)

Hinh 2.2 Khe cua bd ma hoa quang hoc

a. Bo ma hoa tuyét d6i bon bit

b. M3 hoda gia tang

Tuy nhién trude xung “Z” thi vi tri tuyét d6i cua ro to khong xac dinh
duogc, dé giai quyét van dé ndy céc xung U,V,W doi khi duoc cung cap d6 1a
cac xung c6 chu ky cdng tac 12 50% va pha cua mdi diy xung la 120° lech
nhau. Tuy nhién vi tri tuyét d6i caa réto khong thé xac dinh chinh xac trong
khoang +30°. Trong rat nhiéu ung dung cong nghiép bo ma gia ting véi s6
luong Ppr Nho hon 8192 duoc sur dung tuy nhién & nhitng tng dung cong
nghiép doi hoi sy chinh xé&c cua tde d6 va vi tri thi bo ma c6 Peg 12 2% duoc
st dung. Mot bd ma ¢6 sé luong Per cao nhu vay c6 thé nhan duoc bang su
noi suy cua hang nghin tin hiéu Ppg dua trén viéc xir ly cac tin hiéu sé. Bang

cach sir dung cac bo ma gia ting t6t nhu thé ndy ngay ca truong hop bing
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thong bo diéu chinh c6 toc d6 nhé hon mot vai vong/phut, mot vai nghin rad/s

cua diéu chinh téc do ciing co thé nhan duoc.

2.2.3. Resolver (b giai ma) thiét bi phan tich.

Bo6 giai ma (thiét bi phan tich) 1a mot loai may dong b tir tro trong d6
tu tré 1a ham cuaa vi tri roto. Loai nay thuong cd 3 cuén day nhu chi ra ¢ Hinh
2.3. Trong d6 mot cudn day ding lam ngudn kich tir cap mot dién &p khdng
d6i hinh sin, cac cudn khac duoc sir dung dé nhan biét vi tri ro to cac cuon
day nay léch pha nhau 90° trong khong gian. Tir dién &p cua 2 cudn day vi tri
tuyét ddi caa ro to c6 thé xac dinh duoc. O hinh 2.3a 1a dang ngoai cua bo
phan tich con cau trdc cua roto va stato biéu dién trén hinh 2.3b S6 luong cuc
ctia bo phan tich co thé 1a s chan bét ky nhung & hinh 2.3a bo phan tich c6 2
cuc dugc mo ta cho don gian dé hiéu.O hinh 2.3c tin hiéu ra theo vi tri cua
roto dugc gidi thiéu .Néu dién ap ¢ (2.1) 1a dién &p gitra c4c cuc R; va R, thi

dién ap ra cé thé dugc mo ta nhu (2.2).

(a)
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Hinh 2.3 Nguyén tic hoat dong cua bo giai ma

a. Hinh dang bén ngoai cua bo giai ma bon cuc
b. So d6 cua mot bo giai ma hai cuc

c. Dién ap kich thich va dién ap dau ra theo vi tri cua rotor
VRrir = Esin ot (21)

V5153 = KEsinwtcos(PP6,) (2.2a)
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Vsy.s4 = = KEsinwtsin(PPO,)  (2.2b)

O day K-ty s6 vong day giira cuon vao va cudn ra va PP 1a sé cap cuc
cta bd giai ma nd bang nua sb cap cuc Va PP cua bo giai ma sé tiém can voi
s6 luong cap cuc cua may dién.Nhu chi ra & (2.2) dién ap ra da chua thong
tin vé roto va giai ma 2 dién &p ra vi tri tuyét ddi caa ro to co thé do luong

duorc.

Do cau tric cua b giai ma giong nhu may dong bo tro khang nén bo
giai ma lam viéc rat bén viing d6i véi cac va dap co khi va cé thé thich nghi
véi diéu kién lam viéc caa méi truong . Vi vay no duoc st dung khé rong rai
nhu mot cam bién do vi tri may dién cho 6 t6 dién nhu 6 to lai hodc 6 to dién.

Cung véi bd phan tich thi bo bién doi cong suat cing bd giai ma sd
(RDC) c6 thé cung cap vi tri rd to va téc do truc tiép dang s6. Bo phan tich c6
nhiéu wu diém tuy nhién bo phan tich vi tri hoan toan yéu kém néu so sénh
véi bo encoder quang va viéc ap dung cia bo phan tich véi hé thong diéu

chinh téc d6 cao bi han ché.
2.3. CAC PHUONG PHAP PIEU KHIEN PONG CO PMSM.

2.3.1. Piéu khién véc to may PMSM.
Phuong trinh (1.6), (1.7) duoc trinh bay & dang d6 thi hinh 2.4.

Vi rang tir thong moc vong khong d6i nén md men ti Ié thuan vai dong

& truc q. Diéu d6 biéu thi nhu sau:

Trong d6 K¢ = % qQWas
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Hinh 2.4 So @b vector cua diéu khién vector

Phuong trinh mé men gidng véi dong co mot chiéu kich tir doc 1ap va
n6 hoan toan cho phép chuyén PMSM vé phuong trinh twong duong ciia dong
co mot chiéu kich tir doc 1ap. Tuong tu ¢6 thé hiéu dong iy m 14 hién tuong

lam yéu tir thong ¢ khe ho khong khi biéu thic (1.6).

2.3.2. B diéu khién dai tré.

Trong cac phuong phap diéu khién st dung & PMSM can cac bo diéu
khién. Thong thuong ding bo diéu khién dai tré va b diéu khién PWM.
Trudc hét trinh bay bo diéu khién dai tré & PMSM.
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T1 D1 T3 D3 T5 # D5
J_+ /T /N——e2a
Udc C AN e b
_’__ p——o C

T4 D4 T6 D6 T2 D2

Hinh 2.5 Bo bién tan caa PMSM

Mach cong suat diéu khién dong co PMSM & hinh 2.5.Gia thiét dién ap
mach dong mét chiéu loc tét. Sau van T, — T duoc sir dung diéu khién 3 dong

dién 3 pha stator.

Piéu khién nhu sau: Gia tri tac thoi cia dong dién i, va i, chay trong
dong co dugc do, tir ddy dong i, duoc xac dinh, diéu nay loai bo sy can thiét
mot sensor dong dién. Gid tri tac thoi va gia tri dat duoc so sanh véi nhau tao

sai $6.Dé so sanh 2 gié tri dong dién nay str dung so do hinh 2.6.
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Hinh 2.6 B diéu khién dai tré dong dién

Tai hinh 2.6 biéu dién gié tri dong dit i,*. Ngoai ra c6 2 dudng cong
khéc 1a duong cong (i* + Ai)va (i.* - Ai). Ai xac dinh bién do giai tré.
Tinh chat trén cho phép gia tri tic thoi i, virot qua hay nho hon gia tri so sanh

mot dai luong Ai . Logic nay cho ¢ bang 2.1

Bdng 2.1 Logic cua bo diéu khién giai tré

1> I T, T, Vn

>0 la < (i* - AQ) On Off +Uq./2
>0 ia =(i,* + Ai) Off Off +Uq/2(D4 0N)
<0 i =(1* + AQ) Off On -Ugo/2
<0 I, < (i* - Ai) Off Off +Uq/2(D; 0on)
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Tuong ty dung cho 2 pha con lai. Khi T, m& dong i, ting theo chiéu
dwong nén sé& dung pha B hoic pha C 1a dudng khép kin tro vé. Ngay sau khi
T, chuyén tir md sang ngat va khi dong dién chay qua may khong thé dat gia
tri zero ngay lap tac thi diot méc song song vai céc transistor bé xung caa né,
trong truong hop nay T, bat dau din dong pha A, khi diéu ndy xay ra thi dién
4p cua pha A chuyén tir Ugl/2 t6i —Ugd/2 .

Truong hop nguoc lai khi T, chuyén tir mé sang ngit mot qua trinh
twong tu Xay ra ¢ pha khac. Ly do dé goi 1a bo diéu khién dai tré 1a vi sy
chuyén dién ap pha xay ra da giir dong dién trong giai tré do, do d6 dong dién
pha c6 dang gan hinh sin. Khi giai tré cang nho thi dang dong dién cang gidng
hinh sin, tuy nhién giai tré hep lai thi tan sé dong ma cac van 16n, diéu nay bi
han ché boi tan s6 dong mé cac van dién tir cong suat. Tan so dong ngat tang

lam tang ton hao & b bién tan.

2.3.3. B§ diéu chinh PWM.

Piéu khién PWM hién nay dugc sir dung rong réi. Tan suat chuyén doi
thuong duoc gitr khong thay d6i. Chung dua trén nguyén tac so sanh mot lan
séng hinh tam giac cua su mong mudn tan sé chuyén mach va duoc so sanh
vé6i 181 cua tin higu diéu khién. Tin hiéu bao 15i xuat phéat tir tong cua tin hiéu
tham chiéu duoc tao ra trong bo diéu khién va am cua dong dong co thuc té.
So séanh s& dan dén mat tin hiéu diéu khién dién ap di vao cong cua bo bién
d6i ngudn dién ap dé tao ra dau ra mong mudn. Sy kiém soét cua né s& dap
tng theo 16i. Néu Iénh 13i 16n hon dang s6ng tam giac, thi chan bién tan duoc
giir chuyén sang cuc duong (bat trén). Khi I8i Iénh it hon cac dang song tam
giac, bién tan chan duoc chuyén sang tiéu cuc phan cuc (chuyén doi thap
hon). Diéu ndy s& tao ra mot tin hiéu PWM nhu trong hinh 2.7. Bién tan chan

bi budc phai chuyén doi & tan sé song tam giac va tao ra dién ap dau ra ty Ié
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thuan véi 1énh 13i hién tai. Ban chit cua dong san lwgng cd kiém soatbao géom
mot sao chép cua tham chiéu hién tai voi tan sé cao PWM gon chéng 1én

nhau.

Current Error
Saw Tooth

PWM Signal

i
i
.l_

Hinh 2.7 B diéu khién dong PWM

2.3.4. Bién tan.

Ngudn dién &p bién tan Ia thiét bi chuyén doi dién ap DC sang dién &p
AC cua tan sb va cuong do bién ddi. Chung thuong dugc st dung trong cac 6
dia tbc do diéu chinh va duoc dic trung boi mot dang song dién ap. Hinh 2.8
cho thay mot bién tan ngudn dién ap. Tan sb dién ap AC co thé thay doi hoac

lién tuc tuy thudc vao tng dung.
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=

24 Q6 Qz

Vide —

min

Hinh 2.8 B bién tan nguon dién &p ndi véi dong co

Bién tan ba pha bao gém sau cong tic ngudn dugc két ndi nhu trong
hinh 2.8 dén mot ngudn dién 4p DC. Céc thiét bi chuyén mach bién tan phai
duoc lya chon can than duya trén yéu cau van hanh, xép hang va tng dung. C6
mot s thiét bi co sin. Ngay nay va ddy 1a nhiing thyristor, bong ban dan
ludng cuc ndi tiép (BJTS), hiéu tng truong MOS bong ban dan (MOSFET),
bong ban dan ludng cuc cong (IGBT) va cong ngit thyristor (GTO). Danh
sach céc thiét bi voi kha ning chuyén mach twong tng duoc hién thi trong
bang 2.2 MOSFETs va IGBT duoc nganh cdng nghiép ua chudng hon vi gidy

phép hoat dong ctia MOS dat duoc quyén luc cao va kiém soét loi thé.

Trong khi MOSFET duoc coi 1a mot sic manh phd quat thiét bi cho
cac ung dung ning luong thap va dién &p thap, IGBT da chap nhan rong rai
cho dong co 6 dia va cac ung dung khac ¢ mic céng suat thap va trung binh.
Cac thiét bi dién khi duoc sir dung trong cac tng dung 6 dia dong co doi hoi
mot duong dan dong co quy nap dugc cung cap bai diét chéng song song khi

chuyén doi bi tat. Bién tan véi didt twong phan dugc hién thi.
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Bdng 2.2 Danh sach cac thiét bi v6i kha ning chuyén mach tuong tng

Device Power Capability IS.:nes;itu:ll‘liﬂg Speed
BJT Medium Medium
GTO High Low
IGBT Medium Medium

MOSFET Low High
THYRISTOR High Low

2.4. KET LUAN CHUONG 2.

Hién nay cac phuong phap trén da dugc tng dung rong rai trong linh

vuc diéu khién truyén dong dong co xoay chiéu ba pha. Tuy nhién bén canh

nhitng wu diém, cac phuong phap van ton tai nhitng khuyét diém:

- biéu ché d6 rong xung (PWM) trén co s& diéu ché vecter khong gian gay

song hai bac cao.

- biéu khién vecter tua theo tir thdng van gap mot sé han ché: nhay véi su

thay d6i thong sé ciia dong co nhu hang s6 thoi gian rotor va do luong tir

théng khdng chinh xac tai toc d6 thap. Do d6 hiéu suat giam.
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CHUONG 3.

UNG DUNG CUA PONG CO PMSM.

3.1. MO PAU.

Nhu chung ta dd biét, dong co khong ddng bo da dugc wng dung rat
rong rai trong doi séng ciing nhu dwgc ung dung trong cac day chuyén san
xuat cdng nghiép. N6 dugc @ng dung rong rdi va phd bién nhu vay béi tinh

gon nhe va diéu khién linh hoat.

Tuy nhién, dong co khong déng bo no ciing ton tai nhimg wu nhwgc
diém nhat dinh. Véi cac loai tai doi hoi cong suat Ion, hay trong mot sé tng
dung dic biét nhat dinh... ta can phai s dung téi dong co mot chiéu hoac
dong co doéng bo. Trong nhiing thap nién gan day, dong co dong bo kich tir
nam cham vinh ctru (PCDBKTNCVC) dugc dung rong rai trong cac tng
dung truyén dong diéu chinh téc d6. Cac tng dung pho bién nhat 1a hé truyén
dong servo, vai dai diéu chinh toc d6 rong. So véi dong co khong dong b,
DCDBKTNCVC c6 hiéu suit cao hon, vi khong cé ton hao trong rotor. Dong
dién khong tai bé, cac dic tinh diéu khién it nhay véi su bién thién théng sd
cia dong co. PCPBKTNCVC so véi dong co dién mot chiéu thi don gian
hon, dé& ché tao, 1am viéc tin cay, it phai bao dudng. PCDBKTNCVC con ¢
kha ning lam viéc véi toe do rat cao la - 14 - ving téc dd6 ma truyén dong

dong co mot chiéu kho dat duoc.

Pong co dong bo kich tir NCVC ¢6 uu diém cua ca hai loai dong co
mét chiéu va dong co xoay chiéu khong ddng bo. Ngoai ra tir thong rotor c6
gia tri khong doi, vi vay dong co dong bd nam cham vinh ciru dé dang hon
trong diéu chinh téc do va moment. PCPBKTNCVC duoc tng dung cha yéu
cho cac hé truyén dong cong suit cong suat bé va trung binh. Cac
DCHPBKTNCVC st dung chuyén mach dién tar khéng can chéi than dugc
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ding nhiéu trong cac hé truyén dong dong co dién doi hoi chit lugng cua
truyén dong 1a cao. Hon nira, chat lugng cua dong co ciing ngay cang dugc
nang cao do cdng nghé vat liéu k¥ thuat ciing ngay cang phat trién manh, c6
thé tao ra duoc c4c loai nam cham vinh ctru c6 dic tinh tr tét, va qua trinh

khtr tir theo thoi gian duoc cai thién mot cach dang ké.

3.2. CAC UNG DUNG CUA PMSM.

Do c6 uu diém nho gon dé tiét kiém khong gian. Pién ning tiéu thy it
hon 30% (so v&i dong co dién thong thuong). Khong c6 cd gop va chdi than
nén khong c6 hién tuong tia lira dién nén tGng dung cia PMSM rit rong rai
trong cong nghiép.

- Pong co PMSM cong suat 16n dugc st dung trong cong nghiép luyén
kim, khai thac mo, thiét bi lanh, truyén dong cac may bom, nén khi, quat gio,
robot, qua trinh san xut, 6 to dién, can truc, cu truc & cac cang bién.

- Pong co d6ng bo cong suat nho duoc sir dung trong cac thiét bi nhu

ddng ho dién, dung cu ty ghi, thiét bi lap chuong trinh, may bu dong bé.

- PMSM con dugc st dung trong may thoi khi, may bom nuéc, vanh
dai may, may coéng cu vv. Trong nganh céng nghiép hdéa dau, nganh cong
nghiép nang lugng, nganh céng nghiép giao thdng van tai, nganh cong nghiép

dét may.
3.3. MOT VAI Vi DU UNG DUNG PMSM.
3.3.1. Ung dung cho 6t dién [3].

Pong co nam cham vinh ctru cuc chim c6 nhitng vu thé gin nhu tuyét
dbi trong tng dung cho 6 t6 dién. Pong co nam cham vinh ctru thong thudng
c6 nam cham duoc gan trén bé mit rotor von da c6 dic tinh diéu khién rét tot.
Pong co nam cham vinh ctru cuc chim ¢6 nam chdm dugc gan chim bén trong

rotor (hinh 3.1), dan t6i su khac biét giita dién cam doc truc va dién cam
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ngang truc (hinh 3.2), tor d6 tao kha nang sinh mémen tu trd (Reluctance
Torque) cong thém vao mémen von c¢6 do nam chiam sinh ra (Magnet Torque)
nhu ta thdy trén hinh 3.3. Dic tinh nay khién dong co nam cham vinh ctru cuc
chim ¢6 kha nang sinh momen rat cao, dic biét phu hop cho 6 t6 dién. Mat
khac, dong co nam cham vinh ctru cyc chim c6 phan ung phan tmg manh, dan

t6i kha nang giam tir thong manh, cho phép nang cao ving diéu chinh téc do.

Theo tim hiéu ctia nhom tac gia, dong co nam cham vinh ctru cuc chim
dugc st dung cho xe Nissan Leaf — 6 t6 di¢n duogc biét dén nhiéu nhét hién
nay. Hang Mitsubishi khi gi¢i thiéu mau xe MiEV (Mitsubishi innovative
Electric Vehicle) va MIEV (Mitsubishi In-wheel Electric Vehicle) da khong
cong bd rd loai dong co st dung cho cac mau xe ndy. Tuy nhién, theo phan
doan cila cac tac gia, rat c6 kha nang ho sir dung dong co nam cham vinh ctru
cuc chim, vi mot trong nhitng nha khoa hoc c6 nhiéu nghién clru nhét vé loai

dong co nay, GS. Shigeo Morimoto, da tirng lam viéc cho hang Mitsubishi.

Rotor - Rotor

Stator Stator

Stator Stator

Permanent winding Permanent winding
magnet magnet
Surface mounted permanent Interior permanent magnet
magnet motor (SPM). motor (IPM).

Hinh 3.1 So sanh cau tric ciia dong co nam cham vinh ctru cuc ndi va

nam cham vinh ctru cuc chim.
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Hinh 3.2 Khac vé6i loai nam cham vinh ctru cuc noi, dong co nam

cham vinh ctru cuc chim c6 dién cam doc truc va ngang truc khac nhau.

Torque .~ Net Torque

Magnet Torque

Reluctance Torque

N\
| |
-60° -30° 30 60"
Angle Advance

0‘)‘
Hinh 3.3 Dac tinh sinh mémen cua dong co nam cham vinh ctru cuc

chim .

3.3.2. Ung dung cho may nén khi.
Trang bi vé1 dong co PMSM hi¢u nang cao, so vo1 dong co hiéu nang

cao thong thuong, nod tiét kiém nang luong hon, dac biét voi tdc do quay co

dinh hay thay doi.
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BPdng co va truc vit dugc tich hop truc tiép trong mot cAu trac, giam
thiéu nang lugng tiéu thu truyén dong, dat hi€u qua cao.

bong co cbd thé duoc khoi dong tuc thi sau khi tat; khoi d@ng—ngét
khong lam giam tudi tho dong co; dong khoi dong it hon dong chay day tai
100%.

bong co PMSM 4p dung nam cham vinh ciru NdFeB hi¢u qua cao.
Nam cham khéng méat tic dung & 120°C. Tudi tho hon 15 nim.
Cudn day stato ap dung day dién trang men bén dién hoa bién tan dic biét.
Hiéu qué cach nhiét tdt, tudi tho cao. Pong co ¢d vu diém véi thé tich nho,
chi khoang 1/3 kich ¢& so voi dong co thong thudng, tiét kiém khong gian.

Céach cai dat doc nhat co thé thao dd tirc thi va rat thuan tién.

3.3.3. Ung dung cho dau may toa xe.

Pat duoc hiéu suat cao nho sir dung dong co déng bod voi mot ro-to
nam cham vinh ctru thay cho dong co cam tng (IM) duoc st dung tir trudc
dén nay lam dong co kéo nhiéu toa tau dién . (Hiéu suat caa IM: 90% - 92%
— hiéu suat caa PMSM: 97%). Ngoai ra, it phai bao dudng va tiéng 6n thap
khi str dung trong céng trinh xay dung hoan toan khép kin (trong d6 khong
khi bén ngoai khong duoc dua vao bén trong dé 1am mat) véi PMSM. bién

nang tiéu thu giam hon 50% so v&i dong co cam ung.

a7

Hinh 3.4 Xe toa va dong co str dung cho dau may xe toa
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KET LUAN

Duéi sy huéng dan tan tinh caa GS.TSKH Than Ngoc Hoan, cac thay
co trong khoa Dién- DBién tr trrong Pai hoc Dan lap Hai Phong, su giup do
ctia cac ban va su 16 lyc cua ban than em d3 hoan thanh xong do an tét nghiép
ctia minh. D an da giai quyét nhitng van dé sau:

Gioi thiéu vé cau tao va nguyén ly, tinh chat caa may dién dong bo co
cudn kich tir va dong co dong bd nam cham vinh ciru.

Trinh bay khai quét vé cac phuong phap diéu chinh téc do dong co
d6ng b nam cham vinh cuu.

Néu dugc mot vai tng dung trong thyc tién cia dong co dong bé nam
cham vinh ciru .

Sau mudi hai tuan lam do an, em da hiéu thém nhiéu vé cau tao va
nguyén ly hoat dong caa dong co déng bo, dac biét 1a dong co dong bo nam
cham vinh ctru. Bo6 1a nhitng kinh nghiém quy bau gilp em vitng tin trong
cong viéc sau nay. Mic du da hét sac ¢6 gang nhung dé tai cia em con rat
nhiéu thiéu sot, em mong duoc sy chi bao cua céc thay cé.

Em xin chan thanh cam on!
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