LOI MO PAU

Ngay nay khi xa hoi ndy cang phat trién , nhu cau sir dung xe 6t6 cling
véi cac phuong tién stir dung cac loai nhién liéu hoa thach tang cao. Nhung
van dé ¢ day 1a ngudn nguyén liéu ndy khéng phai 1a vo tan. Ching ta khai
thac mot cach thiéu to chtc va sir dung chua hop 1y, ding trude nguy co mot
ngay nao do ching sé can Kkiét nhién li¢u hda thach. Do d6 ,ngay nay di cung
su phat trién cua khoa hoc 6td sir dung dong co dién da dan tro 1én phd bién
hon. Trong mot twong lai khong xa nhitng chiéc 6t6 dién s& 1a mot phuong

tién di chuyén s6 mot.

Pong co dién mot co tir thong dao chiéu khdng ¢ gop c6 2 nam cham
vinh ctru cho 6t6 dang duoc su dung rong réi. La loai dong co wu viét dung
cho 6td trong thoi diém hién tai, véi cau triic don gian nhung van dé hoat
dong trén dai tbc do cua dong co rat rong lubn 1a myc tiéu tim hiéu. Vi vay
em dugc bo mén giao cho dé tai:” Tim hiéu déng co dign mét chiéu co tir
théng dao chiéu khong cé gép cé 2 nam cham vinh ciru “

Do an gom 3 chuong:

Chuong 1: Téng quan vé cac loai dong co mot chiéu

Chuong 2: Tim hiéu cac loai may dién mot chiéu khong choi
than c6 tir thong dao chiéu

Chuong 3: Piéu khién-Danh gia-Ung dung dong co mot chiéu
khéng chdi than

Em xin cam on cac thay ¢6 trong bé moén Dién Ty Bong Cong Nghiép
va dic biét 1a thay GS.TSKH Than Ngoc Hoan da hudéng dan nhiét tinh, ciing
véi qué trinh tim hiéu ctaa ban than gitp em hoan thanh ban db an nay

Hai Phong, ngay ... thang... ndm...

Sinh vién



CHUONG 1.

TONG QUAN VE CAC LOAI PONG CO MOT CHIEU

1.1. CAC LOAIPONG CO MOQT CHIEU THONG THUONG

1.1.1. Cau tao chung cia cac loai dong co dién mot chiéu thong thwong

CAu tao cua dong co dién mot chiéu gdm 2 phan chinh 14 phan tinh
(Stator ) va phan dong ( Rotor ).

1.1.1.1. Phén tinh gom c6
a. Cuc tir chinh

Cuc tir chinh 12 phan sinh ra tir truong gdm c6 18i sat va cuon day : Lai
sat cuc tir duoc lam tir céc 14 thép ki thuat hoac thép cacbon day : 0,5 41 mm
duoc ép lai vai nhau va tan chit thanh mot khoi cac cuc tir dugc gan vao vo
may bang céc buléng. Mot cap cuc tir(ddi cuc) gom hai cuc nam - bac dit doi
xang voi nhau qua truc dong co, tuy theo dong co ma dong co co6 thé co
1,2,3,... cac may dién nho cuc tir duoc 1am bang thép khéi. Day quan kich tur
lam bang day dong cd tiét dién tron hodc chit nhat duoc son cach dién va
dugc quan thanh ting cudn. Cac cudn day duoc mac néi tiép véi nhau. Cac

cudn day duoc boc cach dién can than trude khi dit vao céc cuc ti.
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Hinh 1.1. Hinh mat cat caa mot gong tir

b. Cuc tir phu

Cuc tir phy duoc dit gitta cac cuc tir chinh dé cai thién tinh trang doi
chiéu.

Cuc tir phu duoc 1am bang thép khdi trén dit cac cuon day quan. Day
quan cyc tir phu tuong tu nhu day quan cyc tir chinh.
c. Gong tir

Gong tir 1a phan néi tiép cac cuc tir. Pong thoi gong tir 1am vo may | tir
théng mdc vong qua cac cudn day va khép kin sé chay trong mach tir. Trong
may dién 16n gong tir 1am bing thép duc, trong cac may dién nho gong tir 1am
bang thép 14 duoc udn lai thanh hinh tru tron réi han.
d. Cac bo phan khac

- Nap may: Nap may dung dé bao vé céc chi tiét cia may tranh khong
cho céc vat bén ngoai roi vao trong may co6 thé lam hong cudn day, mach
tir...Dong thoi nap may dé cach ly nguoi st dung véi bo phan caa may khi
dong co dang quay, dang c6 dién. Ngoai ra nip may con 1a gia d& 6 bi cua

truc dong co.



- Co cau choi than: Co cu choi than dé dua dong dién tir ngoai vao néu
may 1a dong co va dua dong dién ra néu may la phat dién. Co cau chdi than
gom c6 2 chéi than 1am tir than cacbon thuong 1a hinh chir nhat. Hai chéi than
dugc dung trong hop choi than va ludn ty 1én hai vanh gép nhd2 10 xo. Hop

chéi than ¢ thé thay dbi duoc vi tri sao cho phi hop.
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Hinh 1.2. May dién mot chiéu thong thuong
1.1.1.2. Phan quay
a. L0i sat phan &ng

L&i sat phan Gmg dung dé dan tur, thuong duoc 1am bang ton Silic day
0,5mm c6 phit mot 16p cach dién sau d6 duoc ép lai ¢é giam tén hao do dong
dién xoay Phucd gay Ién. Trén céc 4 thép c6 dap cac rianh dé khi ép lai tao
thanh cac ranh dat cuon day phan tng vao. L6i sat I hinh try tron va duogc ép

cting VAo véi truc tao thanh mot khdi théng nhat.



1.1.2. Céc loai dong co mét chiéu théng thwong
- Pong co mdt chiéu kich tir doc lap

Khi nguén dién mot chiéu co cong sut khong du 16n thi mach dién
phan tmg va mach kich tir mac vao hai ngudn doc lap voi nhau, lac nay dong

co dugce goi la kich tir doc 1ap

Hinh 1.3. So d6 va dic tinh ctia dong co kich tir doc 1ap

- Pong co mdt chiéu kich tir song song

Mach kich tir va rotor duoc mac song song véi nguén dién
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Hinh 1.4. So d6 twong dbi cua dong co kich tir song song




- Pong co mdt chidu kich tir ndi tiép

Mach kich tir dugc mac néi tiép so véi nguodn dién
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Hinh 1.5. So d6 tuong ddi cua dong co kich tir ndi tiép

- Pong co mdt chiéu kich tir hdn hep hay bing nam cham vinh ciru

Két hop ca hai phuwong phép trén.

1.2. CAC LOAI PONG CO DUNG CHO OTO PIEN
1.2.1. Pong co khong dong bd( Induction Motor-1M)

Pong co IM c6 wu diém gid thanh thap, théng dung , dé ché tao. Vai ki
thuat hién nay, hoan toan c6 thé thuc hién cac thuat toan diéu khién vector
tién tién cho dong co IM, dap tng yéu cau cong nghé can thiét. Nhuoc diém
cta dong co IM 1a ¢ hiéu suat thap. Cac hang xe ciia Hoa Ky nhu GM phan
I6n sir dung dong co IM lam dong co truyén dong , 1y do 1a xe & My chu yéu
chay trén duong cao toc, khoang cach dai, duong trong d6 thi ciing rong réi va
thoang. Khi d6 dong co IM sé& phat huy téi da duoc hiéu suat caa minh thi ton
that khong 16n.

O Viét Nam ching ta chi yéu 1a nho hep, déng duc, xe thuong chay &
tbc d6 thap va hay phai dimng d6.Véi ché d6 hoat dong nhu vay, dong co IM
s& phai thuong Xxuyénchay ¢ dudi téc do dinh mac gy hiéu suat thap, han

ché dang ké quang dudng di cho mot 1an nap ac quy.



1.2.2. Pong co tir tré ddng bd( Synchronous Reluctance Motor-SynRM)

Pong co SynRM c6 cdu tric stator gidng dong co xoay chiéu thdng
thuong voi day quan va 16i st tir. Rotor cua dong co duoc thiét ké gdom céc
I6p vat liéu tir tinh va phi tir tinh dan xen nhau nhu hinh 1.6. C4u tric nay
khién cho tir tré doc va tir tré ngang cua dong co khac nhau, sinh ra mémen tir

tro 1am dong co quay

Hinh 1.6. Cau tric dong co tir trg dong bo-SynRM va hai rotor dong co
SynRmva IM

1.2.3. Pong co tir tré thay doi( Switches Reluctance Motor-SRM)

Pong co SRM cd cu tao cua rotor va stator déu c6 dang cuc 16i, trén
stator c6 day quéin twong tu nhu diy quan kich tir cia dong co mot chiéu,
rotor chi 1a mot khoi sat, khdng c6 day quan hay nam cham. Vi cau tao dac
biét nay, SRM rat bén vitng vé co khi, cho phép thiét ké & dai téc do cao, 1én
toi hang chuc nghin vong/phut. Nguyén ly hoat dong cua dong co nhu sau:
cac day quan stator duoc kich tu 1an luot (gan giong dong co budc- stepping
motor), luc tir truong tac dung 1én rotor lam no quay tir vi tri co tur tro 16n
nhat( vi tri 1éch truc) dén vi tri c6 tir tré viing tuyén tinh va viing bao hoa nén

ta c6 thé st dung t6i da kha ning cua vat liéu tir d6, do vay dong co SRm ¢ ti



1& cong suat trén khdi lugng 16n. Sau day 1a hinh anh cua dong co tir tro thay
doi- SRM

Hinh 1.7. C4u tao may dién khdng chéi than (SRM)

Pong co SRM ciing ¢o thé ¢6 nhitng nhugc diém lam han ché kha nang
tng dung cta n6. Nguyén ly van hanh don gian, nhung né lai kho diéu khién
véi chat lwong cao vi nd c6 mémen gon song 16n, dac biét 1a trong thoi gian
chuyén mach. Mat khéc, do ciu tao cuc 161, dong co c6 tinh phi tuyén cao,
gay kho khin cho viéc diéu khién va thiét ké dong co. Nhimng nhuoc diém nay
dang duoc nghién cau, néu khic phuc thanh cong s& mé ra céc hudéng tng
dung rong rai cho SRM, ca trong cong nghiép va linh vuc 6t6 dién. Ban than
cac tac gia dang tién hanh nghién cau vé thiét ké va diéu khién loai don co

nay, cho dén nay c6 nhitng két qua ban dau.
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Hinh 1.8. Puong suc tir tai cac vi tri dién hinh trong qua trinh hoat
dong cua SRM

a: léch truc b: cac cuc goi 1én nhau c: dong truc

1.2.4. Pong co mdt chiéu khong choi than(Brushless DC motor-BLDC

motor)

Pong co BLDC trén thuc té 14 mot loai déng co ddong bd nam cham
vinh ctru. Diém khac biét co ban so véi cac dong co dong bo khac 1a suc
phan khang dién dong (back-EMF) cua dong co c6 dang hinh thang do cau
tric day quan tap trung ( cac loai khes ¢ dang hinh sin do cau tric day quan
phan tan). Dang séng suc phan dién dong hinh thang khién cho dong co
BLDC c¢6 dic tinh co gibng dong co mot chiéu, mat do cong suat, kha ning

sinh mémen cao, hiéu suit cao

Pong co dugc diéu khién dya vao tin hiéu tir cac cam bién Hall céc
dinh vi tri cua rotor nhu hinh dudi. Nhuoc diém co ban ciia dong co BLDC 1a
c6 mémen gon s6ng . Mot rong nhimg phuong phap hiéu qua nhat 1a thuat
toan diéu khién gia vector( Pseudo-vector Control-PVC) dugc dé xuat boi tac
gia Cao Minh va hién nay da di vao tng dung cho thiét bj tro 1ai vo ling cua
cong ty NSK tai Nhat ban.
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Hinh 1.10. Nguyén 1y diéu khién dong co BLDC
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1.2.5. Pong co' dong bd nam cham vinh ciu chim (Interior Permanet
Motor-1PM motor)

DPong co IPM cd nhimg uvu thé gan nhu tuyét ddi trong tng dung 6t0
dién. Dong co nam cham vinh ctru thong thuong c6 nam cham duoc gin trén
bé mat rotor(SPm) véon di co dic tinh diéu khién rat tét. Pong co IPM ¢6 nam
cham chim bén trong rotor, dan t&i sy khac biét giira dién cam doc truc va
dién cam ngang truc, tr do trao kha nang sinh moémen tur tré( Reluctance
Torque) cong thém vao mdmen vén ¢ do nam cham sinh ra ( Magnet
Torque). Piac tinh nay khién dong co IPM c6 kha ning sinh mdmen rét cao,
dic biét phi hop cho 6t6 dién. Mat khac , dong co Ipm c6 phan ang phan ¢ng
manh, dan t&i kha nang giam tir thdng manh, cho phép nang cao ving diéu

chinh téc dd, 1am viéc tot & goc phan tu thi 11 .
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CHUONG 2.

TIM HIEU CAC LOAI MAY PIEN MQT CHIEU KHONG
CHOI THAN CO TU THONG PAO CHIEU

Vi sy quan tdm ngay cang tang vé bao vé moi truong va bao toan
nang lugng viéc sir dung 6t6 dién (Evs) cho giao thong trén duong la sy quan
tam dic biét. Dé co kha ning két hop truc tiép véi 6t6 dong co dét trong

nguoi ta st dung dong co BLDC.
2.1. TONG QUAN VE PONG CO MOQT CHIEU KHONG CO GOP

Pong co DC khong chéi than-BLDC (Brushles Dc motor) 1a mot dang
dong co déng b tuy nhién dong co BLDC kich tir béng mot loai nam cham
vinh ctru dan trén rotor va ding dong dién DC ba pha cho day quan phan tng
stator.

Ciing giéng nhu dong co dong bd thong thuong, cac cudn diy BLDC
cling dugc dat I¢éch nhau 120 dién trong khong gian cua stator. Cac thanh nam
cham duoc dan chic chin vao than rotor lam nhiém vu kich tir cho dong co.
Pic biét diém khac biét vé hoat dong cua dong co BLDC so véi cac dong co
d6éng bo nam cham vinh ctru khac 1a dong co BLDC bat budc phai co cam
bién vi tri rotor dé cho dong co hoat dong. Nguyén tic diéu khién cua dong co
BLDC 1a xac dinh vi tri rotor dé diéu khién dong dién vao cudn day stator
twong ung, néu khong dong co khong thé ty khdi dong hay thay dbi chiéu
quay. Chinh vi nguyén tic diéu khién dua vao vi tri rotor nhu vdy nén dong
co BLDC doi héi phai ¢6 mot bo diéu khién chuyén dung phdi hop véi cam

bién Hall dé diéu khién dong co.

12
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Hinh 2.1. Céu tao chung ctia may dién mét chiéu khong co gop
2.1.1. Khai quat chung vé ciu tao va céu triic dong co BLDC
- Ciu tao ciia dong co BLDC

Khac véi dong co mot chiéu binh thudng, dong co mot chiéu khong
chéi than BLDC c¢6 phan ung dimg yén nam trén stator va phan cam quay
nam trén rotor.

Stator: bao gdm 15i sit (cac 14 thép ki thuat dién ghép lai v6i nhau) va
day quén, trong cac rinh cua stator dit cudn tmg nhu trong cac ranh phan tng

binh thuong.

Rotor thuong 1a nam cham vinh ctru.
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Hinh 2.2. Ban v& so ¢6 mdy dién mot chiéu khong co gop
- Cau triic ciia dong co BLDC

Nam cham vinh ctru ding dé kich tir ¢6 thé 1a loai nam cham di¢n tir
hodc loai nam chadm hiém nhu: AINiCo, NdFeB, SmCO... Tuy nhién hién nay
nguoi ta thuong sir dung cac loai nam chadm hiém vi chiing c¢6 tir du 16m, tir
tinh it thay ddi khi nhiét do tang, kho bi khu tu... Vi cong nghé ché tao nam
cham ngay cang phat trién manh cac dic tinh tir cia nam cham vinh ciru ngay
cang duoc cai thién, chat luong nam chdm ngay cang tét hon. Piéu nay cho

phép dong co BLDC duoc ché tao va ing dung nhiéu hon.

Theo c4ch dan nam cham vao rotor dong co ta phan thanh hai kiéu
rotor: rotor ¢6 nam cham dan trén bé mit bén ngoai ( rotor-surface-mounted

magnet) va dang rotor nam cham nam bén trong (interior magnets).
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Hinh 2.3. Cac cach bd tri nam cham trén dong co

a,b,c: nam cham dan bé mat ngoai rotor
d,e,f,g: nam cham dat bén trong rotor.
- Nam cham dwgc dit trén rotor cia dong co BLDC

Theo vi tri twong do1 cua rotor doi véi stator ta co hai ki€u dong co:
Pong co rotor nam bén trong ( interior rotor) va dong co rotor nam bén ngoai

(exterior rotor).
- Pong co nam cham dan ngoai bé mit rotor

May dién c6 nam cham vinh curu dan trén bé mit rotor dugc xem nhu
mot dong co cuc tir an.Thiét ké va cdu tric stator va cac cudn day tuong tu
nhu trong cac may dién dong bo truyén théng. Nam cham vinh ctru duoc dit
trén bé mit ca rotor va duoc gan chit vao rotor. Do nam cham c6 d tham tir
rat nho so véi sat cho nén anh hudng cua khe ho khong khi 1én may 1a 16n.
Thong thuong gia thiét khi phan tich may dién dong bd nam cham vinh ctu

thi khe hé khong khi 13 dong dang
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Hinh 2.4. Kiéu rotor nam chadm dan ngoai bé mat.

Trong truong hop cac thanh nam cham dugc gan trén bé mat cia rotor,
su ra ting do tham tir do moi truong bén ngoai 13 1,02-1,2. Ching ¢6 cuong
d6 tir trudng 16n, cho nén c6 thé xem may dién co khe hé khong khi 16n, do
d6 c6 thé bo qua hién twong cuc 16i. Hon nita,do khe hé khong khi 16n, dién
cam ddng bo nho va vi vay cé thé bo qua hién tuwong phan Gng phan timg. Mot
hé qua cta khe hé khong khi 16n 13 hang sé dién cta cudn stator nho. Nam
cham dan nén rotor c6 thé c6 nhiéu hinh dang, dang cung trong hay dang
phang c6 d6 day vai milimet. Nam cham dang cung tao mdt tir théng trong
khe hd khong khi bang phang va momen it dao dong. Ciing c6 thé giam dao

dong ciia mémen bang cach thiét ké stator thich hop.
- Pong co' cO nam cham vinh ctru dat bén trong rotor

bong co loai nay, nam cham dugc dat bén trong cua than rotor, nam
cham c6 thé dugc dit vudng goc nhau hay chéo nhau. May dién c6 nam cham
bén trong rotor cling nhu dong co dong bd cuc 16i . Do cac thanh nam cham
duoc dat bén trong rotor, anh hudng cua khe hd khong khi nho hon nhiéu so
vo1 may dién c¢d cac thanh nam cham dat bén ngoai rotor. Pac tinh nay cho
phép co6 thé van hanh dé dang trong ving tlr truong yéu ma rat khé trong

truong hop nam cham dén & mat ngoai rotor. Do khe h& khong khi 1a khong
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dong dang nén di€u khién phuc tap hon nhiéu so vo1 may di€n ¢6 nam cham
dan & mat ngoai rotor, do mémen tao ra gom ca hai thanh phan: thanh phan co

ban va thanh phan cudng bic.

In Slots

None
Magnotic
Aowr Core

Hinh 2.5. Kiéu rotor nam chAm nam bén trong

Pong co mot chiéu khdng c6 gop hién c6 3 loai thdng dung :

- May dién mot chiéu tir khang dong ngat ( SRM)

- May dién mét chiéu nam cham vinh ciru cyc 16i kép (DSPM)

- Pong co mdt chiéu tir khang bién ddi (VRM)

Chuing ta sé& tim hiéu tiing loai dong co trén.
2.2. PONG CO MOT CHIEU TU KHANG PONG NGAT( SRM)
2.2.1. Giéi thigu

Viéc nghién ciru dong co tir khang dong ngat (SRM)duoc quan tam
trong nhitng nam gan day vi nd co cac wu diém:cau trac don gian tha 151 khi
mac 18i,va rat bén viing vé co khi [1]. Mit khac c6 mot sé han ché nhu kich
tir, diéu khién phuc tap, 6n co khi va dao dong da thic day nghién cau phéi

hop dong co nam cham vinh ctru VA0 ciu trac co ban caa may SRM. Mét loai
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méay méi 13 loai mdy nam cham vinh ctru (DSPMM) [2] dugc dé xuét.Loai
may nay vé co ban c6 clng ciu trdc véi SRM nhung véi nam cham c6 ning
luong cao dit vao lung stato bang sit. Loai may c6 tir thong ddi chidu(FRM)
1a mot loai may méi khong c6 gop 2 nam cham vinh ctu tiép diém duoc dé
Xuat nham muc dich phdi hop cac wu diém cia SRM va PMM trong mot
may.Trong khi FRM khéng phai 1a loai DSPMM dau tién c6 nam cham tinh
két hop véi mot rotor tir khang don gian khong kich tir né xuat hién 1a dau
tién co tir thong ludng cuc va MMF bién doi véi vi tri cia rotor. N6 ciing xuat
hién rang FRM c6 d6 tu cam nhé va vi thé c6 hang sé dién tir nho. Tinh chat
nay da dugc két hop voi ciu trac don gian caa né va quan tinh rotor nho da
lam cho FRM c¢6 stc thu hat hon nhu 14 mot may phét toc d6 cao ma gia
thanh ha. Diéu nay dic biét dugc quan tdm trong cong nghiép 6 t6 dé hudng
t6i mot gidi han nhat dinh cuaa loai may phat xoay chiéu ¢ tir tudng dang vau
nhu giéi han hiéu suat, gigi han kha nang cho dap tng nhanh khi tai ting dot
ngot. Van dé nay da tré thanh van dé duoc quan tam cho xe 6 to dién [3]-[4].
Hinh 2.10 chi ra mat cat ngang cia mot pha may FRM  véi 2 cuc stato va 3
cuc rotor cam tng(tir tré) bién doi. Hai nam cham c6 cuc tir d6i nhau duoc
dat trén méi mat cuc cua stato. Hinh. 2.11 14 tir treong bién doi va dong dién
con Hinh. 2.8 chi ra su bién d6i cua tir thdng pha va MMF véi vi tri rotor.
Luu y rang tir thong moc vong trong bai bao nay duoc vé & dai luong so sanh
trén vong day. nhu vay tur thong pha cé nghia la tir théng moc vong trén
vong(day) trong khi d6 MMF don giam lai duoc tinh bang tich cia pha dong
dién va sb vong trén pha [5]. Su thay ddi tir thong 1a ludng cuc(ly tuong 1a 1a
hinh tam giac) dan toi nhay bac phang hoic hinh thanhg tao ra song MMF.
Dong la dong bién ddi (Iy twong hinh chir nhat). Tir thong tu nhién dao cuc
ciia may dién c6 thé nhin thay rd ¢ Hinh 2.11 va 2.8. Dau cua tir thong dao

cuc cho mdi mot chu ky dién khi rotor dich chuyén mot budc cuc(mot budc

18



cuc rotor). Trén Hinh 2.2 1a ciu tric 2/3 mot pha c6 mot sb bién doi cé kha

nang huéng téi s6 lugng pha va sé luong cuc stao va sé luong cuc rotor

Hinh 2.6. Mit cat cia dong co ciu tao 2/3

2.2.2. Nguyén ly hoat dong

Nguyén ly hoat dong cua loai may nay cé thé giai thich dya vao hinh
2.11 va 2.8. O hinh 2.11(a) 1a mt vi tri can bang trong d6 tir théng xuat hién
boi mot nam cham dang hinh cung bén trong nam giira cuc stato va vi vay
khdng cd tir thdng & phan sét boc stato. Khéng c6 tir théng méc vong véi
cuon day ¢ vi tri nay (point (a) ¢ hinh 2.8). Trong (b), rotor dich di mot goc
30 nguoc chiéu kim dong hd do vay cac cuc caa rotor phi 1én cyc nay hoac
cuc khéac cua nam cham stato, tir thong lic nay di qua cudn day va phan sat tir
phia vo cua stato va tir thong pha dat duoc gié tri cuc dai tai vi tri nay (point
(b) & Hinh 2.8). O (c), rotor lai ¢ vi tri can bang dich di 60 so voi vi tri thi
nhat & day 1an nira tir thong lai khong di qua 16i sét stato va moc vong véi
cudn day (point (c) & Hinh 2.8). Tiép tuc dich di 30 theo hudng nguoc kim
ddéng hd hudng téi vi tri chi ra & (d), & day tir thong lai dat dugc cuc dai ¢
chiéu nguoc lai véi vi tri chi ra & (b) (point (d) ¢ Hinh. 2.8). Sy bién doi
ludng cuc tuyén tinh cua tir thong pha dan téi dang song chix nhat caa MMF.
Khi &p dung dinh luan Faraday ta c6 thé thay tir H.2 Ia
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(c) (d)

Hinh 2.7. Nguyén tac hoat dong ciia may dao nguoc tir thong

EMF dat cuc dai tai (@), cuc dai am tai (c), va zero tai (b) va (d). Dua
trén phan thao luan nay ta quan sat thay nguyén ly hoat dong ciia FRM.

- Gibéng nhu PMM, hoat dong ctiia FRM trén nguyén ly caa sy thay doi
tir thdng mdc vong cam tng mot EMF lién quan véi dong xoay chiéu cua
phan ang.

- Mic dau tir truong kich tir dugc cung cap béi nam cham vinh ciru tir
thdng méc vong vai cudn day phan tmg duoc diéu bién boi sy thay ddi cua
mach tir cam ng khi rotor quay bang cach d6 mot EMF xoay chiéu duoc

cam ung khdng can nam cham quay..
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Hinh 2.8. Su thay dbi 1y twong cua tir thdng va MMF véi vi tri cia cac
loai may khong chéi than

2.2.3 Thiét ké so bd, phan tich va danh gia thuc nghiém
2.2.3.1. Thiét ké so bd

Thiét ké so bd vé nguyén ly va cau tric mot cia may co tir thong dao
chiéu dé qua gia s6 do thiét ké ta thiy uu diém ciua may. Pa quyét dinh dé
dinh xay dung 2/3 cau tric cia may phat 1 pha gié thanh ré, toc do cao goi 1a
may phét tir thong dao chiéu (FRG), voi mot bo didu chinh dién ap dién to
don gian. Mot stato dong co van ning c6 2 cuc hién c6 dugc bién doi va st
dung dé xay dung mot dong co mdi co rotor 3 cuc tir khang bién doi.

Nhitng khéi nam chdm Sm—Co duoc st dung vai 4 khéi 1am thanh mot
cuc tur don hinh cung 60 d6 (Hinh 2.9).
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Hinh 2.9. Bong co FRG vdi cudn day stator va nam cham vinh ctru

Khe ho khong khi dugc thiéu ké c6 do dai 0.5 mm dé nhan duoc gié tri
hé sd tham tir dat 4.9. Cung cua cuc tir stato va rotor duoc thiét ké 1a 120 va
60 tuong tng. Kich thuoc hinh hoc cua rotor duoc tdi wu bang phan tich nho
phan tir hitu han (FEA). Hinh 2.10 1a kich thudc cua la thép stato va rotor.
Mot théng sb quan trong trong thiét ké loai may tir thong dao chiéu hé s vién
K, hé sb nay la ty sé cua tir thdng moc vong pha cuc dai ciia pha stato ddi
véi tir thdng ctia nam cham (2.1). Mot tinh toan chinh xac 1a can thiét trong

thiét ké ban so bo da dung phan tir hitu han tinh va nhan duoc gia tri K=0,45:

_oph__9Ph _ @ph
Kf om AmBm_AmBr_l_(gurec) (21)
1 Im

Hinh 2.10. Nguyén mau stator va rotor rat mong may FRG
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Sé lugng vong day trén pha,N,;, , tinh theo (2.2), gia tri d6 tinh theo luat
Faraday véi ciu tric 2/3 dong co voi gia thiét rang su bién doi tir thong pha

theo vi tri rotor 1 tuyén tinh:

E=- Ny 2N L (2.2)

3

Hinh 2.11. Nguyén mau may FRG gom co stator, rotor va thiét bi bao
vé hai dau dong co
Truc méi dugce thiét ké cho phu hop véi rotor cia FRG va phan bao vé.
Bang 2.1 da tong hop cac théng s6 co ban cia may thiét ké FRG. Mot sb chi
tiét cu thé nhu tdc d6 may phét, pham vi dién &p dua trén may phat 6 to hién

co.

23



Bang 2.1 Thiét ké thdng s6 k¥ thuat nguyén mau may FRG

Nguyén liéu can Stator Newcor800,day 0.65mm
Nguyén liéu can Rotor Lossil 400/50,day 0.5mm
Vat liéu lam nam cham SmCos

Chiéu dai nam cham 2.45 mm

Tur thong nam cham 085T

buong kinh ngoai Stator 89.10 mm
Puong kinh mat can bén trong 55.30 mm
Puong kinh 16 khoan 50.40 mm

Do rong cua khe ho khong khi 00.50 mm

Chiéu dai ranh 40.00 mm
buong kinh ngoai Rotor 49.40 mm

Do dai cuc Rotor 13.75 mm

C& day dong AWG 23

Dai toc do dong co 900 t¢i 9000 vong/phut
Dai dién ap AC 30V tai 300V
bién ap DC cua diéu khién 14V

2.2.3.2. Bo diéu khién dién tir

Mot bo diéu khién dién tir don gian duoc xay dung, dugc thé hién trong
hinh 2.8, dé c6 dugc dién ap DC dau ra quy dinh tir dién ap AC bién do rong.
N6 bao gém mat chinh luu cau va mot DC to DC chuyén ddi PWM c6 kiém

soat. Toi cung cap bang cho ky thuat thiét ké cho cac may phat dién hoan toan

, hé thong bao gdm maéy phét dién va diéu khién dién tu.
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Hinh 2.12. Bo diéu khién dién tir cho dau ra DC dinh muc

- V.PC-FRM-Chuwong trinh Cad so bd cho thiét ké may tir thong dao

chiéu

Mot chuong trinh CAD cho thiét ké so bd FRM va céc lién quan dén
thiét bi dién tir diéu khién da dwoc phat trién. hinh 2.9 cho thay bién tap mat
cat ngang cua chuong trinh, noi ma may hinh hoc cé thé dugc xem va chinh

stra. NG cho thay mot pha 2/3 cau hinh twong tu nhu hinh 1.1.

£
- naBEEYnaiza
(e REEEBDSLE3EE

TiS..
Foles. .
SLOTS. . f
Argle. . :
SHabae = 7 |
Biako - & |
AS Lol = 548,065 |
Diram) 5(awve) |
Ofuity FCLIDD ‘

Hinh 2.13. Mit cit ngang cua dong co ¢ cau tric 2/3

Chuong trinh ¢6 mét tly chon  phan tich dong luc”, cai ma thiét ké

thuc hién tinh todn va tao ra mot « ban thiét ké du ra” c6 chira mot danh sach
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chi tiét cac thong sé thiét ké. N6 ciing phat ra dau ra dang song, nhu hinh
2.14. Mot sb cau hinh khac c6 thé cho cac may tir thong dao chiéu, chang han
nhu mot 4/6 hoac 6/8 duoc thé hién trong hinh 2.15 va 2.16.

PARAMETERS —
nn. & degross

-
R o,
g A
s “..'.“-.“-P{..":"."
e
5

Rad5H, =
FadA. ..
Radi...
La...

Rad2. ..
Radd. ..
RetaM, .

THS.

D. .

LS. .

Poles. .
SLOTS. .
RHED. .
A e, .
Sifoke =
R¥obke =  6.458
A5 lot = 378,655
Diraw} Slaved
Qruity FORLLY

= sl EEiSnains
FecunEEREfELEEEE

Hinh 2.15. May tir thong dao nguoc c6 cau tric 4/6
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PARANETERS S — —
nn. & degress 1

RadSH.+  4.588

Rad1 24.788
Cap B.588

DetaR.. 22,588

5|

L=
Ll .
mm i

THS., A

s Bl
ILS. . B8
Moles 1]
SLOTS. [
RNSD. . ]
Angle. . (1]
S¥okm - T.HSH
R¥nkn = E.ah8

ASlnt = 273.524
Diraw) Siawe)
Ofuity FCiln)

Hinh 2.16. May tir thong dao nguoc ¢ cau tric 6/8

Chuong trinh nay co ban dong vai tro mot cach nhanh chong va don
gian “ kich thuéc phan mém va bo sung nao khac chinh xac hon nhung k§
thuat phan tich cham hon, chang han nhu cac FEA va FMDT. N6 Cung cap
tdc do tinh todn cao, cuing véi su linh hoat dé danh gia mot loat cac tiy chon

thiét ké va cac thay doi cua thong so.
2.2.3.3. Phan tich va dic tinh

Hinh 2.17 cho thay mét dau ra dién hinh cua cac phép do kiém tra ning
luong d3 duoc chyp trén mot dao dong luu trit Ky thuat s6. St dung cac thu
nghiém kiém tra nang luong, toc dd so véi momen xoan( hinh 2.18). Téc do
so véi nang lugng (hinh 2.19) va tdc d6 so vai hiéu suat ( hinh 2.20) dic tinh

thu duoc.
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Hinh 2.17. Pau ra dién hinh cua cac phép do kiém tra ning lwong cho

thay dién ap tao ra va thay doi cua tir thdng véi tai dién tré o toc d¢6 1000

vong /phat
035 T T T
0.3 g
‘—-?-:"f'—:\—u‘_.,—a——_ .
0.25- e B iy, yape _
‘_\' T
E . — '
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§0'15 e : _?:Fn.?mp :
oil t04AMP
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i i . ! .
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SPEED [RPM]

Hinh 2.18. Téc do may phat so véi cac dic tinh cia mdmen xoan
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Hinh 2.19. Téc do may phat so véi cac da tinh dién
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Hinh 2.20. Téc d6 may phat so véi hiéu suat caa may

Cac thir nghiém ning luong dugc tao tir may mot chiéu khdng choi
than PM, diéu khién dong co may phat dién & téc do khac nhau théng qua mot
bo chuyén doi momen xoin su dung dé do momen xodn va ning luong dau
vao. Dién 4p dau ra hién tai va ning luong duoc do bang cach st dung phan
tich nang luong. Mot tai thuan tro thay doi da duoc st dung dé c6 dugc cac
phép do tai gia tri hién tai khac nhau. Hinh 2.21 cho thiy mét anh chup céc
duong cong nhiét do ting . Cac bai kiém tra duoc thuc hién bang cach chay

may phat dién khong d6i véi tai dién tro trong mot thoi gian dai hop 1y.
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Hinh 2.21. B¢ tang nhiét d6 theo thoi gian tai cac vi tri khac nhau

- B¢ diéu khién dién tir

Hé théng may phat dién hoan chinh bao gdom may va bo diéu khién
dién tur da duoc thir nghiém. Véi muc dich nay , may phat dién da co6 tai , co
va khong c6 diéu khién, st dung tai dién tré khong doi. Két qua duoc thé hién

trong hinh 2.22, cho biét mét hiéu qua tdt cua diéu chinh dién &p trén mot

dai tbc do rong.
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Hinh 2.22. Diéu chinh dién &p trén mot dai toc do rong

30



2.3. PONG CO MQT CHIEU NAM CHAM VINH CUU CUC LOI KEP

(DSPM)
2.3.1.Gi6i thigu

May nay tich hop wu diém cua ca may PM khéng chdi than va may
dong ngat cam khang(SR) [2], [3]. Tuy nhién né van con chira mot s6 nhugc
diém do gia thanh cua vat liéu 1a nam chdm vinh citu(PM) cao va khdng c6
kha ning diéu khién tir thdng cua PM. Dé lam giam bét van dé nay mot may
dién stato kép cip dién tir 2 phia (SDFDS) duoc trinh bay & [4], trong d6
thay thé vat lieu PM bang cudn day kich tir dc dé dé dang 1am yéu tir thong ¢
cuing téc do cao. Tuy nhién so d6 nay chic chan can moét cudn dy c6 std 16n
dé thuc hién viéc lam yéu tir truong theo yéu cau vi nd da lam giam tai dién
cling nhu mat do cdng suat caa nd. Trong bai ndy mot may dién SDFDS-PM
khong chdi than méi duoc dé xuat may dé khong nhitng giam duoc ca vat liéu
lam PM va std cudn day kich tir ma con dua ra nhimg vu diém caa ving lam
viéc v&i P=const(cu thé dat toi 4 1an tdc do co sé ) may nay rat quan trong

trong céng nghé EV

Stator yoke

Airgap for extra flux path

Armature winding

Stator pole

Rotor pole

Permanent magnet

DC excitation winding

Hinh 2.23. Bé xuat may cau trdc lién két
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2.3.2. CAu tao va nguyén ly hoat dong
2.3.2.1. Cau tao

Hinh 2.23 13 so db cau tric cua may ) SDFDS-PM dé suat, may gém 3
pha stato 6/4(6 cuc stato 4 circ). N6 chira 2 cudn day stato va cuon day 3 pha
phan ang va cudn day kich tir. Cuon day 3 pha phan @ng hoat dong giéng nhu
cuon day ciia may DSPM [3], tuy nhién cudn day kich tir khdng chi lam viéc
nhu 13 mot nam chim ma con nhu mét thiét bi 1am yéu tir trudng hoic 1am téi
uu cong suat. Luu y rang hoat dong yéu tir thong la can thiét khi 6 to tang toc
trén duong tuy nhién viéc diéu khién dé cé hiéu suat téi wu lai 1a ban chat déi

véi EV trong pham vi truyén dong.

Loai cau tric méi nay 1a c6 mot duocng khép kin tir thdng ngoai song
song véi mdi cuc nam cham vinh ctru. Néu nhu std khi hoat dong yéu tur
thong lam cho std cua PM manh 1én thi duong tir thong ngoai sé keo theo
hiéu ung 1am ting tir thdng mdc vong két qua 1a lam tang hiéu ang lam yéu tir

thong
2.3.2.2. Nguyén ly hoat dong

Dudi gia thiét rang hiéu tng dao déng duoc bo qua va do dan tir cua 16i
thép 1a v han, su thay doi tuyén tinh caa tir thong moc vong @, ¢ day gia tri
cuc dai cua ®max xay ra khi cé su trung gitra cuc cua rotor va cuc cua stato
con gia tri cuc tiéu cua tir thdng dmin xay ra khi ching khong tring nhau.
Khi @ ting 1én dong phan ang i Vi gié tri dwong Im duoc cap cho cuon pha
Vi vay no sé€ tao ra mé men duong, tuong tu khi @ giam mot dong am —I,, sé
dugc cap cho cudn pha dé sao cho ciing tao ra mdé men dwong. Nhu vy 2
kha nang m6 men da sinh ra 2 ving dugc sir dung hoan toan. Dang song ly

thuyét caa @ va i tuong ng theo gdc @ biéu dién trén hinh 2.24.
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Hinh 2.24. Ly thuyét tir théng va dang song hién tai

Nhu vay sic phan dién dong E cam tng & khong tai c6 thé di bi giam
di.

d A
E= Nﬁwr ~ Nﬁwr (2.3)

Trong d6 N 1a s vong day ndi tiép cia mdi pha ,AD 1 hiéu ctia Opax
va Opmin ,A0 12 hiéu sb goc gitra vi tri rotor ciia Opma va Opin coOn or_1a toe do

cua rotor .

2.3.3. Phan tich mach tir va tinh chat cia may
2.3.3.1. Phéan tich mach tir

Nhu d3 trinh bay & trén cau tric cia may dién méi 1a ¢6 su dung duong
tir thdng ngodi song song véi mdi mot cuc tir PM. Bé ¢6 thé minh hoa uu
diém cta n6 moét md hinh mach tir tuong dwongduoc sir dung dé phan tich.
Hinh 2.25 1a mach tir twong duong cua may dé xuat khi khong tai cu thé Ia
dong phan ¢ng bang khong. Dua trén mach nay tir thong o khe he khdng khi

co thé biéu dién:
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Fqc(Rs+Rppm)+FpmR
b = dc\hsThRpMm PMAS (24)
g RSRg+RPMRg+RSRPM

Fu

mT'._' Fou l—— [] -

Hinh 2.25. Mach tir tuong duong & ché ¢ khong tai

Trong d6 Fdc la std dc cua cudn day kich tir, FPM la std ctia PM,
RPM-Ia tir khang cua cuc tr PM, Rs-la tir khang cta duong khép tir thong
ngoai con Rg la tur tré cua khe hé khdng khi. Khi khéng co tir thong kich tur
Fdc=0 thi tir thdng & khe ho khong khi cé thé biéu dién nhu sau:

FpmR
(Dgo - 3 (25)
Rng+RpMRg+RstM

Khi std kich tur co gia tri dwong Fy.=Fgc. thi tur thong khe ho khong khi

lai cO gia tri:

O . = Fgc+(Rs+Rpm)+FpyRs (2.6)
g+ RSRg+RPMRg+RSRPM

Tuong tu Khi std kich tir cO gia tri &m Fy=F4.. thi tir thong khe ho
khong khi lai cé gia tri:

o = Fac—(Rs+Rpy)+FpmRs 2.7)

g- RSRg+RPMRg+RSRPM
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Vi (2.5) va (2.6), (2.7) ta sé co:

(o]

D0
ch+ - Rl;g;, FPM (2 8)

Rs

Tuong tu bang st dung (2.5) va (2.7), chling ta nhan duoc:
CDg_

@
ch— = FPM (2 9)

RPM
Rg

Khi ta chon

() =1, <%+> —2 v (c%—) -1
Rpm/ 3"\ @40 Dg0) 2
biéu thirc (2.8) va (2.9) c6 thé viét lai: nhu sau:
FPM
ch+ - (2 10)
Fac- =2 (2.11)

Diéu d6 minh hoa rang su thay doi gap 4 lan tac la (P, /P _)=4, chi
can mot sy thay doi nho Fdc cu thé 1a =25% Fpy khi tir thong ting va khoang
12.5% khi tir thdng yéu di. Ta nhan thdy riang hiéu qua khuéch dai khi tur
thong yéu di dac biét quan trong khi EV can lam viéc & ving toc do cao.
2.3.3.2. Tinh chat cia may

Dé cap nhat tinh chat ciia may dé xuat khi ching ta nhan vao tinh toan
ca tinh bao hoa ciia mach tir, tir thong tan, va phan ang phan tng ta p dung
phan tir hitu han cia may dé xuat cé cac thong sé cho & bang 2.2. Hinh 2.26

chi ra su phan b ciia may dé xuat duéi diéu kién kich tir véi Fpe=0.
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Bang 2.2 Dit liéu thiét ké
Gia tri dién ap 48V
Gia tri dong dién 6.5A
S6 pha 3
S4 cuc cua Stator 6
S6 cuc cua Rotor 4
S6 vong day méi pha 64x2
buong kinh ngoai Stator 166.0 mm
buong kinh trong Stator 81.2 mm
buong kinh ngoai Rotor 80.0 mm
buong kinh trong Rotor 26.0 mm
Chiéu dai cua ranh 80.0 mm

Tu thong ting lén coi Fdc=600A/vONg va khi tir thong yéu véi
Fdc=300A.vong tuong Gng. Dic biét Hinh. 2.26(c) chi ra rang duong tir thong
ngoai du dé tao tir thong moc vong va do d6 hiéu ung khuéch dai cua tur
thong yéu dung nhu ta da tim duoc cac két qua tir phan tich mach tir. khi may
hoat dong khong tai va chay vai toc do khong doi thi tir thdng méc vong tng
véi nhitng vi tri khac nhau cua rotor dudi diéu khién kich tir khac nhau cu thé
600, 0, va 300 A.vong. duoc md phong trén hinh 2.27. N6 ciing cho ta thay
rang ca khi tir thong ting va tir thdng giam hoan toan dat dugc bang diéu
khién dong dc. Cling nhan thay mau mé phong nay hoan toan phi hop vai ly

thuyét chi ra & Hinh. 2.24. khi may hoat dong véi tai dinh mutc cu thé 1a dong
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phan tng 1a 6.5A, thi phan ¢ng phan tng gay nén lam bién dang tir thong
chinh. Tuy nhién do tir cua duong khép kin tir théng phan tng phan ang phan

rng va anh hudng cua no I8n toc d6 1a twong ddi nho.

Hinh 2.26. Phan b tir thdng tai cac ngudng dién ap DC khéc nhau: (a)
Khéng cé kich thich (b) tir thong tang cuong (c) tir thdng suy giam

13 = — G0 A-TUrns
0.25 J = = = ) A-turns
=
£ 024
o
Z 015 4
2
E 0.1 4
(¥
0.05 -
0 -_._-" . -“"-:'T---E.._IlI:..IlIn.:_--
0 120 240 36l

Rotor angle (Elec. degree)

Hinh 2.27. Tir thdng lién két tai cac ngudng dién 4p DC kich thich
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Bing ¢ng dung phuong phap Maxwell mé men phat trién Gng véi vi tri
rotor khi khéng c6 kich tir dong dc ¢ thé méd phong nhu Hinh. 2.28. Ta nhan
thay riang tong moé men gém 2 thanh phan cu thé 1a mé men PM va md men
tir khang. Tuy nhién dic tinh cowcuar may dé xuat véi nhiing dong kich tur
khac nhau md phong trén hinh 2.29. Chung ta c6 thé thay rang pham vi toc d6

c6 thém & rong twong ddi 16n gap 4 1an téc do co ban.

8 = — Total torque
6 4 = = = PMtorque

= = Reluctance torque
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2.4. PONG CO MQT CHIEU TU KHANG BIEN POI( VRM)
2.4.1. Giéi thigu

Pong co tir khang bién d6i (VRM) duoc thuc hién bai 2 ciu tric 1
dang duoc nghién cau tich cuc vao nhitng nim gan day. Viéc tao md men,
dic tinh thiét ké va tinh chat diéu khién da duoc khai théc tét. [1]-[4]. Pac
biét dac tinh tht 18i vén c6 cua may ndy trong s cac tinh chat xtung dang
khac da duoc néu 1én bai cac thanh phan khac cia né da dugc md ta rd rang
va dong co tir khang thay doi da tro thanh mot su dy trit cho khai thac bén
vitng cua dong co [5]. Pong co VRM vé co ban 1a mot 16p chi c6 mot thiét bi
dién tir bién ddi nang luong. Khdng giéng nhu may dién 2 1an kich tir sy thiéu
vang cua cudn day kich tir riéng biét trong cau trac VRM da lam cho ciu tric
don gian va no 1a mot thiét bi c6 do tin cay l1am viéc 16n. Tuy nhién tinh chat
nay ciing 1am ting van d& néu dang vé phia bién doi nang lwong. PAu tién
hoat dong cua tir khang bién d6i can phai sir dung chi mét trong 2 ving tao
md men cd thé, Thé co nghia 1a mé men dong co c6 thé duogc tao ra chi khi
cuc cua rotor di vao ving chiém bai pha cho trudc, tic 1a khi cam khéang cua
dong co ting. Chi c6 mdé men ham dugc tao ra néu pha duoc cap ning luong
trong khi cuc con lai duoc sap thiang hang, vi tri cuc dai cta cam khéang. Viéc

st dung d6ng va sat tir nhu vay nhin chung vé nguyén ly 1a kém trong RVM.

Th 2 VRM hoat dong chinh xac ¢ ché do trong d6 nang luong tir
truong dugc cung cap va no rut khoi tir mot pha cua may tai mot thoi diém.
Khong som hon khi niang luong cua tir truong dugc cap cho may sau do nd
can phai rdt ra rat nhanh tir mdi pha chinh xéac khi d6 cam khang cua pha dat
t6i gia tri cuc dai dé chdng lai sy kéo ning luong tir hé thong co khi tic 1a tao
m6 mem am. Van dé gigi han ndy nam & trong gia tri Ién cua cam khang ngat
gia tri nay chdng lai dong dién giam rat nhanh. Van dé& chuyén mach dong
dién di theo dién khang ngat 16n da lam giam nhiéu kha ning tao md men cua

may VR duoc cap dién boi mot bo bién d6i khdng hoan hao ¢6 gisi han cong
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suat biéu kién. Dic diém nay co thé thay rd khi b xung mot bat loi vao ‘kich
tir bat loi” ma binh thudng da cé voi tat ca cac my co kich tir don dic biét doi
véi may c6 cdng suat nho. Sy kich tir bat loi lién quan ti mét thyuc té rang
cac pha cua may kich tir don khéng phai chi mang thanh phan tao mé men
cua dong dién ma con phai trg gitp thanh phan kich tir thanh phan d6 phuc vu
cho viéc nhidm tir phan 16i thép. Két qua 1a ca cudn day may dién va bo bién
d6i cong suat thuong chiu ap luc rat cao nhin tir goc d6 dong dién va dién &p
két qua la can phai tang dién ap dinh mac doi véi truyén dong nay. Khe ho
khong khi cua may nay can phai giam khi canh tranh véi cac may khac dé day
may nay vao viing bdo hoa Ion. Yéu cau nay da bu dap diéu bat loi wu diém la
gia thanh thap cia VRM thém vao d6 1a 6n va md men dao dong. Pong co tir
khang bién d6i(VRM) dang duoc nghién ciru manh trong thoi gian gan day.
Duéi day trinh bay mét loai dong co 2 cuc 16i nam chdm vinh ciru trong d6
tir truong kich tir duoc cung cap bai mot nam chadm vinh ctru PM dit ¢ stato
hoac rotor; loai dong co méi nay duoc phét trién tir loai dong co di bo dong
tr (homopolar) [Il] va vi vay né dugc goi la dong co nam cham vinh cuu 2
cuc hién (DSPM). Bai bao s€ chi ra boi nhitng nam cham vinh ctru hién dai
trong nhitng may nhu thé. M men tao ra boi dong co nay co thé dugc lam
tang 1én dang ké. Loai méi nay phl hop véi dong co DSPM va c¢6 thé tao tir
truong ddong cAp nam cham quay va nam cham [12], [13]. Bai b4o nay tap
trung vao dong co DSPM véi nam cham tinh trong khi nam cham quay cta

DSPM duoc mé ta trong [14]
2.4.2. Cau tao va nguyén ly hoat dong
2.4.2.1. Cau tao

Hinh 2.30 la mat cat ngang cua dong co DSPM nam cham tinh loai 6/4
cuc. Loai cau tric 3 pha 6/4- cuc 1a mot phat minh don gian nhat cho hoat
dong cua dong co khi doi hoi phai dap Gng tinh chat khai dong . Tuy nhién

loai 2 pha ngay ca loai 1 pha c6 thé duoc chip nhan nhu may phat. D6i V6i
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cac ap dung tc do thap va cao may cd thé duoc ciu tao & dang boi sé sé cuc
vi du loai 12/8 cuc. C6 thé nhan thay rang ro to cia may DSPM rét gidng Voi

rotor loai may dién 3 pha tir khang bién doi.

CAu tric cua stato rat gidng voi stato caa VRM trir truong hop c6 2
miéng caa nam cham duoc dat trong I16i va vi vay n6 hinh thanh duong dan
tir théng chinh cua cudn day stato. DE nhan dugc sy tap trung cao tir thong
trong may nhu thé, may duoc 1am bang nhitng 14 thép can mong. Su thay d6i
nay da xuat hién vat ly mot mat cat ngang c6 dang chir nhat hoic dang qua
bong va n6 cong thém mot chat trong lugng va khong gian chiém bai may
nay.

Tinh chat cao cua vat liéu PM vai tinh chat khir tir tuyén tinh dugc st
dung dé chdng d& hién twong nhidm tir va khir tir caa phan @ng phan tng sao
cho gitr tir thdng gan nhu khong d6i & khe ha khéng khi. Cuc tir hinh cung c6
goc co khi 7/6 radians, va cuc rotor hinh cung dugc chon I6n hon hinh cung

cua stato dé cho phép dong ddi chiéu.

Khi cau triic da dugc chap nhan tir tré ciia khe ho khong khi dugc nhin
boi kich tir cia PM 1a khong d6i doi véi vi tri cua rotor néu ta boé qua ba via vi
vay Vvé ban chat mé men khong dao dong khi khdng tai. Ly tuong su bién doi
cua tir thong moc vong PM dugc coi 1 tuyén tinh va do d6 dang hinh thang

cua EMF s& cam (ing trong moi cuon day stato khi khong tai trong Hinh 2.30.
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Hinh 2.30. Minh hoa cac nguyén tic hoat dong cia dong co DSPM

Khi may c6 tai tir thong ciia PUPU duoc tao ra boi cudn day cong véi
tir théng cua PM. Ta nhan thay mot diéu quan trong 1a do sy c6 mit cia PM
duogc két cau c6 duong tir tro rat lon dbi véi tir thong phan Gng phan tng va
Vi vay né tac dong mot luc 16n toi tir thdng phan tng phan Gng 1am cho tur
thong pupu phai khép kin vong quanh chong 1én mot cap cuc khéc, két qua la
cuodn day tich cuc pha cua stato sé tao ra mot cam wng nho al ¢ ca vi tri trung
va khdng khong tring va cam tng tir I6n nhat xuat hién khi cac cuc tir trong

thuc té chinh xac 1a pha 1én mot nira nhu ¢ Hinh. 2.31. Nguoc lai di voi
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VRM, cam &ng nhoé tring vi tri ndy lai c6 kha niang dao chiéu dong dién rat
nhanh & vi tri tring. Do d6 md men c¢6 thé duoc tao ra bang ap dung dong
duong cho cudn day khi tir théng cam tmg PM tiang 1én va sur dung dong am
khi tir thong giam nhu ¢ Hinh 2.30.
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Hinh 2.31. Dang song hién tai cia dong co DSPM

2.4.2.2. Nguyén ly hoat dong
a. Viéc tao momen trong may DSPM

Cac biéu thac momen xoan bat ngudn dua trén mét mé hinh tuyén tinh
don gian voi muc dich minh hoa. L4 mét su gan dung, su bién doi cua dién
cam cudn day va va tir thbng moc vong gay ra bai PM cua cudn day tich cuc

stato dugc coi 1a mot doan tuyén tinh va chi phu thudéc vao khong gian, thé

43



hién trong hinh 2. Phuong trinh dién ap dau cudi cho mot hoat dong cuon day

stator 1a giai doan sau do:

Hinh 2.32. Mach tuong duong ctia dong co DSPM
v=Ri+e ~e=2¥ (2.12)
dt
Su lién két tir thong ¢, gom cac PM gay ra tir thong lién két ¢, va tur
théng phan ang phan ang lién két (Li)

W = Li +n (2.13)

Do do:

_ 4 _

L=p2+i+8n (214)
dt d

t

di
=L—+ e, +e,,.
dt r-=m

Két qua nay cho thay cac mach twong dwong cua hinh (2.32)
Ngudn dién di vao bat ky caa cac cuon day, bo qua 16 ohmic( dang
thuan tro) va ton that sat ti.

2dL | d¥m

3. P.=ei = lL + — Tt

1. 2 oL | . 0Ym

—( Li%) + { + l—}a)r (2.15)
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Can bang dién cung cép.
d
P =W, +Tw, (2.16)
Do d6, momen xo04n ¢d thé duoc viét nhu 1a tdng cua hai thanh phan.

=120 Wm (2.17)

T
2 a6, a6,

Trong khi trrong nang luong la.
Wy =-Li2. (2.18)

Kiém tra can than (2.17)va(2.18) cho thiy cac tinh ning sau ciia dong
co DSPM:

- Phan tng phan tng c6 truong nang luong Wr, cdi ma dugc phuc hoi
trong thoi gian dao mach 1a rat nho vi gia tri dién cam cua stator nho. Do do,
ty 1é chuyén doi nang luong 1a rat cao.

- B&i vi su bién d6i hinh tam giac cua cudn cam stator, momen xo&n
cudng btc 7. s& nho va cd mot gia tri trung binh bing 0 néu hién tai bién do
duoc giir khong doi trong thoi gian chu ky . Tuy nhién mang momen xoén
cudng buc sé khac khong néu thay doi dong tir hinh chir nhat sang dang song
¢ hinh 1.

- Momen phan tng 7;,,, 46 1a momen xoan thanh phan chiém wu thé,
c6 thé tao ra bang cach ap dung hoic dong duong sang cudn day pha khi ma
tir thong lién két tang 1én(e,, > 0) hodc dong am khi tir thong lién két dang
giam (e, < 0).

RO rang 1a ¢ toc do thip dong co DSPM, vé nguyén tic twong tu nhu
cac dong co PM khong chéi than DC(PM-BLDC) véi 120° gan vudng dong
dang song. Su khéc biét chinh 1a hai 120° dan dong , tir tré duoc vé chung
trong truong hop cua dong co DSPM. Can nhan ra rang mot khoang thoi gian

du gitra hai khoi dong phai duoc cung cap trong thiét ké cia dong co DSPM
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dé dam bao dao ngugc dong. O tdc do cao, dong khdng thé duy tri lién tuc do
qua muac PM cam tng lai EMF. Trong truong hop nay, cac dinh cta dong
trong ntra chu ky dau tién ma dién cam ngdy cang tang va giam nhanh chéng
trong nira chu Ky tha hai chu ky ma dién cam giam dan. Giai doan nay phan
bd khong ddng déu, tuy nhién co ich ké tir khi phat mot sé luong dang ké cua
momen xodn cudng birc ma cudi cling gép phan vao viéc duy tri nang luong
khong ddi cua dong co DSPM. Tan dung hiéu suat dic biét nay cua dong co
DSPM tir PM BLDC dic biét vai hoat dong trén mot pham vi tée do rong.

Piéu tha vi khi so sanh viéc tao ra momen xoan cta dong co DSPM voi
cac VRM thong thuong. Dé hinh dung sy khac biét gitta VRM va dong co
DSPM, sé& rat hitu ich dé xem xét cac tir thdng so voi quy dao hién tai cho ca
hai dong co thé hién trong hinh 2.33. Hai trudng hop duoc thé hién trong dd
thi , mot cho may c6 d6 bao hoa khong dang ké (may nho) va mot cho may co
d6 bao hoa cao( may 16n). Dé tao ra ton that dong giéng nhau trong hai dong
co, dong stator cho dong co DSPM duoc thu gon xudng v2/2 cia VRM.
Momen xodn duoc tao ra trong mot chu ky duoc biéu dién boi cac ving W
cho VRM va 7’ cho may DSPM. Ving W’ 1a r6 rang lén hon nhiéu so véi W
vi thuc té rang: i) Truong nang luong ndy duoc phuc hoi, tugng trung boi
viing R chi c6 mot phan nho trong tong sé trudng nang luong ; ii) goc mo-tit
c6 thé duoc tién t6i gan hon dén vi tri phl hop do dién cam nho gap phai; iii)
hoat dong hai chiéu mang lai moét loi ich I6n dang ké trong viéc tao ra momen
x0an. Gia st tir thong dao dong twong tu, N6 rat rd rang rang dong co DSPM
c6 thé dat duoc 1y tuong gitta V2 toi 2v/2 1an mat do momen xoan caa VRM,
phu thudc vao bao nhiéu SRM bi bat kich tu.
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2.4.2.3. Pieu khién truyén dong cia dong co DSPM

DPong co DSPM linh hoat lién quan dén viéc chuyén d6i lya chon va co
thé hd trg hoic bai mot trong nhitng chuyén d6i cuc don 13 thudng duoc st
dung cho VRM 14 (6) hod bang mét chuyén dbi ludng cuc duoc sit dung cho
dong co PM-BLDC (15). Hinh 5 cho thay céu tric lién két ludng cuc véi mot
duong trung tinh dé thich ung véi diéu chinh dong ma dong phai ¢dao mach

trong chu ky. Truyén dong caa dong co DSPM nhu so d6 hinh 2.34.

Power Converter

=N

L=
1l
]

KCurrent Regulation
Controller

Shaft Angle Transducer

DSPM Motor

Hinh 2.34. So d6 truyén dong cua dong co DSPM

Con ¢ tryc truyén dong dé cung cap thdng tin vé vi tri rotor dé kiém
soat dong stato theo cach thong thuong. Diéu khién dong co DSPM 1a tuong
tu clia cac dong co PM-BLDC. Bon gdc phan tu hoat dong dé dang bang céch
thay doi trinh ty dan va phan cuc dong stator. Dudi téc d6 co ban , quy dinh
hién hanh dugc ua chudng dé dat duoc viéc tao ra momen xoin bang phang.
Trén co so toe do, dong co sé& tro thanh dién ap nudi.Kiém soat goc va sau do
s& duoc sir dung dé thuc hién cap ning luong lién tuc trong nhiéu céach thirc

twong tu nhu véi mot VRM .
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2.4.2.4. Phan tich , thiét ké nguyén miu déng co DSPM
- Phan tich tir tinh phi tuyén

Phan tich phan tir hitu han FEA 14 mét c¢ong cu quan trong d6i vi mo
hinh trang thai 6n dinh chinh xac va phan tich hiéu suat caa may DSPM, tinh
toan tir tinh b&o hoa, vién va khir tir. Trong (16) phuong phap phan ti hitu
han dugc ap dung cho viéc tinh toan tir trudng hai chiéu trong mat cat ngang
cua DSPM. Céc dtr liéu giai phap. Cac truong dir liéu giai phap nay sau do
dugc xt ly sé dugc sir dung cho du doan cac dac tinh dong luc va trang thai
6n dinh cta dong co. Kinh nghiém cho thay , tuy nhién nhiing loi ich bang
cach st dung FEA trong may DSPM . trong d6 c6 dang hinh hoc kha don
gian, thuong 1a nho so véi cach tiép can truyén thong hon phan tich mach phi
tuyén (MCA), dac biét 1a cho may nho, noi bio hoa tir tinh khéng phai rat gay
gat (16). No ciing dugc chiing minh rang cho may c6 khung kich c& nho,
khép néi chéo gitra cac tir thdng PM va tir théng phan ang phan tng kha yéu,
do d6 céac thay doi cua tir thong PM lién két va tir thong phan ang phan tng
lien két co thé dugc gia dinh 1a phu thudc vao khong gian duy nhat. Phan tich
mach tir truong phi tuyén duoc &p dung nhu mot su lya chon dé cau tric lién
két nay dé tinh toan tir thong lién két PM va cac thay doi giai doan dién cam
cho cac muc dich cua thiét ké va phan tich dong luong. Dong khong tai phi
tuyén PM mach tir tuong ddi don gian . Tinh toan hé sé tu cam cudn day
stator dya trén tinh toan d¢ tir tham cua khoang cach khdng khi cho mét vi tri

rotor dugc dua ra, ma duoc thiét 1ap t6t(16).
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Hinh 2.35. Bién thé cua tir thong lién két PM(a) va dién cam cudn day
cua dong co DSPM(b)

Anh huong caa ving bao hoa, khi mong muédn ciing ¢ thé dugc dua
vao trong cac tinh toan cua giai doan do tu cam véi sta ddi chat it, dic biét 1a
cho viéc tinh toan do6 tu cam ti da ma cac phan ang phan tng 1a 16n nhat.

Khi don gian hoa hon nira, cac ky thuat duong cong phi hop c6 thé st
dung dé xay dung cac bién thé cua dong lién két PM va tir théng phan tng
phan ung lién két tir cac gia tri tinh toan tai cAc vi tri rotor thong thuong, theo
mot cach tiép can tuong ty nhu dé xuat cua Miller cho VRM(17). Vi tri quan
tam bao gém cac khoog lién két , lién két , ti da va vi tri dién cam toi thiéu,
v.v..Hinh 2.35 thé hién céc bién thé cua mot phan tir tiéu biéu trong ma tran
dién cam L(6,) c6 thé xap xi bang mot ham phan bang phang gan dung(£6,.).

fi(8ry = Lo+ 20

b_(er_e_) ,

0<6,<0
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fz(er) = Linax — C(er - 29)2; 0 < 0, < 26

£3(0,) = fnaxteom o5 X (g, — 26)] + fmaxthem 25 < g, < 30

f1(6,) =L.pm-30<0,<30+6
Trong d6 a, b va ¢ ¢ thé tinh dugc theo tinh lien tuc han ché(rang
buoc)
Sy thay doi lien két tir thong sau d6 c6 thé tinh xap xi bang 1(6,.) gdbm
cac duong parabol va thang.

— (97"_9_) . a)
91(07")_/10 + ba_(er_g) ’ 0597" S 6

92(6,) = Ayar — c(6, —30) ; 0<6,<30
93 = Amax 0<60,<30+6

Trong d6 a, b va ¢ ¢6 thé duoc tinh theo tinh lien tuc han ché(rang
buoc)
- Thiét ké nguyén miu dong co DSPM

Mot dong co nguyén mau DSPM di duoc thiét ké dé hd trg cac ly
thuyét néu trén. Thiét ké cua dong co DSPM duoc dua trén mdi pha twong
duwong nhu hinh 3, véi viéc bao gom cua nhiéu tinh thuc tién[16]. Dé so sanh
c¢6 ¥ nghia cac nguyén mau duoc thiét ké co duong kinh ngoai ciing cua stator
ghép lai nhu 13 mot dong co cam wng c6 song suat 1 ma luc dugc ché tao boi
Marathon Electric Co. Céc cu tric cho ca hai may la cau tric NEMA 145.
Chiéu dai day 1a khac nhau tir cac may cam Gng chu yéu dé chaa cac manh
nam cham d6 1a mot chiéu dai tieu chuan. Khoang cach khong khi da duoc
dit 12 0.5 mm. Nguyén liéu dat hiém ning luong cao Magnequench II d3 duoc
su dung lam nam cham vinh ctiru. Thép ghép I6p s dung la 24 Gauge,
M19AISI 16p.Ty I¢ t6i vu ctia OD/ID duoc xac dinh 1a mot két qua caa mot

t6i uu hoa thiét ké sir dung mot thuat toan 1ap trinh phi tuyén goi 1a 1ap trinh
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tuan tu bac hai phi tuyén , véi ham muc tiéu thiét 1ap dé duoc mat dé6 momen
X0an va mdi don vi dién tich ton that déng bat buoc[16]. Mat do tir théng Ién
va mat do dong cua cudn day lva chon dé dugc gidng nhu nhitng dong co
cam tng Marathon vi du nhu:

B, = 16.5 kG

and J, = 3375 A/in?

Véi lya chon ndy, mdi don vi dién tich ton hao dong trong ca dong co
duoc giir gan nhu gidng nhau dé dit ca hai dong co trong diéu kién 1am mat
gidng nhau.

- Po dién cam

Nhu mot két qua cta cac bai kiém tra thir nghiém, do duoc téi da
khoang céach khdng khi mat do tir thdng ciia may hoan toan duogc tim thay
12.0kG, ma 20% ngan mach gia tri thiét ké cua 15.1kG. Viéc giam nay rd
rang 1a su ton tai cua dudng dan rod ri tir thong trong khu vuc gidi han va
khong gian bén ngoai cua dong co ma di khong duoc biéu dién day du trong
cac chuong trinh thiét ké . Pé bu dap cho tac dong tiéu cuc dén viéc tao ra
momen Xxoan cua may, quan lai dong co véi lan luot cac cudn day stator ting
20%. Day s6 17-AWG sau d6 da duoc su dung thay vi 16-AWG. Vi su thay
d6i nay, mat do dong stator ctia nguyén mau DSPM dong co cao hon cua
dong co Marathon 20%. Do d6 , ton hao ddng sé tang 1én 44%. Tuy nhién, ké
tir khi dong co Marathon bo sung 34% ton hao dong trén rotor( 16 truot), co
vé nhu tong ton hao trén mdi don vi dién tich cho hai may hién nay 1a nhu

nhau.
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Hinh 2.36. Biéu d6 md men xoan tinh cta dong co nguyén mau DSPM

dudi 50% va 100% dong dinh muc

Két qua 1a nhiét d6 tang 1én cua hai may vin nhu nhau.

- Po lwdng momen xoin tinh

Po momen xoén tinh, ngudn cung cip Sorenson DC(DCR 150 -12B)
da duoc sir dung dé cung cip mot dién &p DC hién tai cho hai trong s cac
cudn day pha stotor ni tiép. Mot cam bién do momen xoian Lebow Strain
Gauge (doi 1604) cung vai tin hiéu Conditionerflndicator Daytronic (doi
3278) do momen xo4n tinh cua rotor tai bat ky vi tri nao di bi khda. Hinh
2.36 cho thay cé4c bién dang ciia momen xoan cua dong co rotor dich chuyén
dudi 50%(4.25 A) va 100% (8.5 A) dong tai cua stator. Sy sut giam cua bién
dang momen xoin & hai dau cua khu vuc nay 1a do chong chéo cua stator va
cung cua cuc rotor.

Tir hinh 2.36 , n6 ¢6 thé nhin thay d& dang rang gon momen Xxoan ting
gan nhu binh phuong dong. Khi dong tai day, dinh cua cac momen xoan dat
16% momen xoan trung binh. Ciing c6 thé thay rang khi dong tai day, momen
x0an trung binh 1a 6.0% thiéu cua gi4 tri thiét ké (5.0NM),trong khi dong &
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muc 50%, may cung cap chinh xac 50%momen xoian dinh muc thiét ké.
Nguyén nhan sau day la cho c6 tac dung khir tir cia dong cudn day stator
trong su cO mat cua tir tinh bao hoa, tuong tu nhu tac dung khir tir caa phan
rtng phan &ng trong may DC.
- Cac thir nghiém khong tai

Theo mét thr nghiém khdng tai , bo chuyén ddi dugc tit va dong co
DSPM hoat dong nhd dong co DC nudi bang chuyén d6i Cutler-Hammer
Respondor.EMF lai gay ra trong mdi cudn day stator va truc momen xoan tir
bo chuyén do6i momen xoan co thé ghi lai thong qua bén kénh LeCroy dao
dong ky thuat s6. Hinh cho thay cuon day sau EM va c4c dang séng momen
x0an cia dong co DSPM thir nghiém & 30% toc do dinh mac ma momen
x0an tac thoi co thé duoc nhan biét chinh xac. Co thé thay ring cac EMF
dang song sau co d6 doc nho hon & phan trén, d6 1a do sy khong dong tim
cua rotor. Gia tri dinh ctia EMF sau dat 56.0V ¢ téc do dinh mirc (1800 vong/
phut) dap tng cac gia tri thiét ké.
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Hinh 2.37. Dao dong ctia dong co DSPM tai khong tai
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Hinh 2.37 cho thdy dién &p pha &p dung , dong &p, dong pha, dong
trung tinh va cac ddu momen xoin cua dong co DSPM ¢ 200% téc do dinh
muc, voi ciing mot dong dinh cuc dai yéu cau 1a 8.4A. Su khéc biét trong céc
sang song hién tai ¢ téc d6 cao va toc do thap thé hién rat rd rang, trong khi
dong trung tinh van con twong d6i nho so véi pha( giai doan) hién tai. Co thé
thiy rang momen xoan trung binh dugc duy tri ¢ khoang 4.0N.m 1én dén tc
d6 dinh muc noi ma dong diéu chinh c6 nguy co triét tiéu. O téc do cao hon
tbc do dinh murc , dong co lay dién ap nudi dé van hanh va momen xoan trung
binh giam. Piéu quan trong 1a dé cap dén bo chuyén doi momen xoan khdng
thé phan anh dong luong ctia momen xo04n tao ra cia dong co DSPM tai dau

toc do cao dé ting do bén viing caa hé thong & tdc do cao.

t { 5 ms/div.)
Hinh 2.38. B9 dao dong ciia dong co DSPM tai toc do 3600vong/phut

- ESJiciency, Momen xoin va di¢én ning
Pé danh gia tinh ning momen xoan va cong suat va hiéu qua cua cac
thir nghiém diéu khién dong co DSPM , dong co duoc diéu khién & toc do

khac nhau véi dong cuc dai c6 dinh & mac 8.5A. Céac tha nghiém da duoc
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thuc nghiém dén hai 1an tdc do dinh mac chi do nhitng han ché toc @6 cua
chan dé thir nghiém. Cong suat dau ra duoc danh gia boi két qua do cua toc
d6 va momen xoan. Ning luong dau vao thu dugc bang két qua caa hai nguon
dién 4p va dong DC. Pau vao dong co duoc doc truc tiép tir mot ddng ho dién
ky thuat sé.

Momen xo3n va tiém ning cong suit va hiéu suit dudng cong cua cac
thir nghiém diéu khién dong co DSPM dugc thé hién trong hinh 2.37 va 2.40,
véi momen xoan va cong suat trung binh tgi 1 ma luc. Diéu tha vi dé nha thay
rang ca céng suat dau ra va hiéu qua dat téi dinh cao véi toe do ngay trén toc
d6 dinh muc , noi cat mach két thic va dong co bat dau chon loc momen xoén
cudng buc. Mat khac ¢ tée do thap noi dong hién hanh dugc duy tri boi cat
mach, momen xodn dau ra thap so véi gia tri thiét ké khoang 20%, trong khi

thir nghiém momen xoén tinh chi giam 6.0%.
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Hinh 2.39. Cac dudng cong thé hién kha ning ctia dong co DSPM
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Hinh 2.40. Buong hiéu suat cua dong co DSPM

Sy sut giam trong viéc tao ra momen xoin ¢ toc do danh gia duoc di
kém vai giam hiéu qua vai gia tri thiét ké. Cac yéu to gay ra su khac biét nay
c6 thé gom 3 phan: céc lién két véi dién cam lén, tén that khdng tai twong doi
cao va quan trong hon sy ton tai cua su phan tan dong va tén hao st do cit
mach Vv&i tan s6 cao cua dong cudn day do, tat nhién, mot tinh niang vén co
cua bat ky diéu khién van hanh tir khdi chuyén dbi nang luong viing chéc.

- Kiém tra do ting nhiét do

Mot ther nghiém ting nhiét d6 & toc do danh gia dudi mot nua tai
(Iyx = 4.25A) cling dugc thir nghiém trén dong co DSPM thu nghi¢m. Nhiét
d6 cta vo may, nam cham va 15i do bang cap nhiét Bamant 115, do nhiét do
trong khoang thoi gian 60 phat. Cac dudng cong nhiét ¢ ddi voi vé may va
16i sau d6 duoc dy kién toi diéu kién day tai bang cach nhan nhiét do tiang 1én
bang ti I ton that day tai dén ton that mot phan, xac dinh thir nghiém nay la
1.69. Cac dy bao dudng cong nhiét do ting cho day tai duogc thé hién trong
hinh 2.41. C06 v¢é su gia tang nhiét d6 1a kha binh thuong cho cdc may trong

pham vi nay.
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Hinh 2.41. Dy kién nhiét d6 ting khi dong co du tai

Bang 2.3 tom tat cac chi sd hiéu suat 16n caa dong co nguyén mau so
véi dong co cam ang Marathon 1 ma lyc. Chi tiét thiét ké cia may mau thu
nghiém ( d6 day 151, d6 day cua ring,.v..v) c6 thé tim thay trong[16]. C6 thé
thay rang , véi chi 3/5 chiéu dai day cua may cam tng, dong co hién tai van
con vuot qua C4C Ay cam wng trong Viéc to ram omen xoan, véi hiéu qua cai

thién dang ké.

Ti 1&6 momen xoan dén quan tinh cia dong co DSPM cung rat 4n tuong
duogc ghi trong bang 1. Bé danh gia day du tiém nang cua dong co DSPM, hai
thiét ké du kién khac ciing duoc bao géom. Thiét ké I(DSPM-1) c6 cung chiéu
dai day nhu cua cadc may cam tng, dugc thé hién dé c6 thé tao ra hai lan
momen Xoan nhu tao boi cAc may cam tmg, di kém theo su gia tang hiéu qua

hon ntra.
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Bang 2.3 Thuc hién so sanh gitta dong co cam g va dong co DSPM

bong co DSPM | Bong co cam tng | DSPM-1 | DSPM-1I

Stator OD(mm) 150. | 150. 150. 150.
R&nh(mm) 30 |47.7 47.7 64

Khe ho khong khi(mm) | 0.50 | 0.30 0.50 0.50
Chiéu dai tong thé(mm) [ 48. |82 66 82

Peu-sta(Watts) 72.2 | 114 90.5 109
P1oss(Watts) 101.4 | 232 146 175
Hiéu qua(%) 905 | 75.0 91.1 91.5
Momen xo0in(N-M) 50 |3.96 7.94 9.44
% 126|100 200 248
Momen xo04n/dong(%) 134 | 100 134 134
Momen xo0an/quan tinh(%) | 554 | 100 554 554

Thiét ké 11 (DSPM-II) dugc thiét 1ap dé co chiéu dai tong thé cing(

chiéu dai hon cudn day gigi han) nhu ctia c&c may cam @ng, véi tong chiéu

dai day vuot qua cua cac may cam tng. Sau d6 dong co DSPM c6 thé cung

cap khoang 2.5 1an so v6i momen xoan va ning luong ciia CAC may cam Gng

nam trong cting kich thuéc khung hinh.
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CHUONG 3.

PIEU KHIEN - PANH GIA - UNG DUNG PONG CO
MOT CHIEU KHONG CHOI THAN

3.1. PIEU KHIEN
3.1.1. Pic diém bd diéu khién

Gibng véi cac loai dong co dong bo nam cham vinh ctru thong thudng,
dong co BLDC ciing st dung ngudn dién 3 pha dé tao tir truong quay. Tuy
nhién déng co BLDC str dung dong dién mét chiéu dugc diéu khién bang cac
khoa cong suat dé tao dién ap DC 3 pha léch nhau 120 dé hoat dong, do d6 no
c6 tén goi dong co DC khong chdi than. Gian d6 dong dién ap mot chiéu ba

pha va xoay chiéu 3 pha nhu sau:

Q) (o)
PHASE A PHASE A
wt wt
I\/ | T
| ) ) ll
. | PHASE B :H'PHASEB
I
I wt !!” wt
1 1 T 1
| I\/ _Illll
| | AERET
| | PHASE C ||||||pHASE &
| | LT
/\ wt |l wt

S

240°

Hinh 3.1. Gian do so sanh dang séng sin ba pha va DC ba pha:
(a):song sin
(b):song DC

60



bong co BLDC hoat dong trén nguyén tac xac dinh vi tri rotor va diéu
khién dong dién phan tmg cho phu hop véi vi tri d6. Do d6 dong co BLDC
hoat dong phai co thiét bj xac dinh vi tri rotor nhu Encoder hodc cam bién tir
truong Hall. Cam bién nay s& gt tin hiéu vi tri rotor vé& bo diéu khién dé dong
ngat dong dién DC chay qua cic cudn day cia cac pha tuong Umg véi vi tri
cta rotor luc d6. Pay 1a mot trong nhitng nhuoc diém vé hoat dong va diéu
khién ctia dong co BLDC. Tuy nhién v&i nguyén tic hoat dong nhu véy ta co

thé dé dang diéu khién van toc va vi tri ciia dong co.

Pong co BLDC duge diéu khién bang mot bd diéu khién tuong tng.
Bo diéu khién nay cau tao giébng nhu mot bo nghich luu bap ha thong thuong
tuy nhién dong dién ra 1a dong di¢én khong d6i DC. Tai mét thoi diém hoat
dong bo diéu khién chi cho dong dién DC chay qua hai cuén day cua hai pha
tuong Umg va&i vi tri cua rotor luc do. Pay la khac biét gitra dong co BLDC

vo1 cac dong co dong bd tuong Uing.

+HV DC 4 5
e EF IR | C
Ts T3 T o
y i
‘V ® 4 C
ALY ; A{-(A. )
16 % HA) o
T6 T4 T2 ( - 3
_|1~13 _Jl:[} _JI*I:’{ B "

Hinh 3.2. So d6 khoa va qua trinh déng cit diéu khién dong co BLDC

61



1 523 -3 4 5 =6

T1IT1IT3T3T5T5
T4TeTe T2 T2T4

Hinh 3.3. Gian do dong dién twong tng ba pha cua ddy quén stator

- Cam bién vi tri rotor - Cam bién Hall

Pé xac dinh vi tri rotor c6 thé dung cam bién Hall hodc Encoder. C6
thé dit cac phan tir cam bién bén trong dong co, trén dau truc dong co hay

dung cam bién bén ngoai lap vao truc dong co.

Cam bién hiéu ung Hall (goi tit 1a cam bién Hall) duoc dung trong
dong co BLDC dé xac dinh vj tri cuc nam cham cua rotor. Tin hiéu vi tri nay
1a co so dé bd diéu khién dong cit cac khoa cong suat cap dong DC cho cudn
day stator tuong tmg. Khi dit cam bién Hall trong vung tir truong va c6 mot

dong dién DC chay qua thi s€ c6 mot dién ap sinh ra tai ngo ra ciia cam bién.

Su phan cyuc xuat hién khi cam bién quét qua cac nam cham ciia dong
co. Pién 4p V sinh ra c6 dang tuyén tinh thay doi theo goc 1éch giita cam bién
va tir truong. Chung ta can tin hiéu k¥ thuat sé dé diéu khién c6 dang nhi phan
1/0 do d6 ca cam bién déu duogc ché tao tich hop trong mgt IC dé dang dién ap
ra 1a dang xung vudng. Cac cam bién Hall dit trong dong co 1éch nhau mot
goc 120 do dién hay 60 d6 dién dé xac dinh chinh xac vi tri rotor dé diéu

khién twong g cac pha ctia dong dién phan tng stator.
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Hinh 3.5. Tin hiéu cam bién Hall va dong dién twong tng cac pha.

3.1.2. Cac phwong phap diéu khién dong co BLDC

Dé diéu khién dong co BLDC ¢6 hai phuong phéap chinh: phuong phap
dung cam bién vi tri Hall ( hodc Encoder) va phuong phép diéu khién khong
cam bién (sensorless control). Trong d6 ta c6 hai phuong phap diéu ché dién
ap ra tir bo diéu khién d6 1a dién ap dang song hinh thang va dang séng hinh

sin. Ca hai phuong phap hinh thang va hinh sin déu co thé sir dung cho diéu
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khién c6 cam bién Hall va khong cam bién, trong khi phuong phap khong
cam bién chi dung phuong phap dién ap dang song hinh thang.

- Phuong phéap diéu khién bang tin hiéu cam bién Hall-phwong phap 6
budec.

Phuong phap nay dugc dua trén nguyén 1y hoat dong co ban cua dong
co BLDC dung tin hi¢u dua vé tir cam bién vi tri rotor dé 1am tin hiéu dong
ngat dong dién vao cac cudn day twong ung. Gian d6 xung kich va dong dién
dong ngit tuong umg thé hién & trong biéu d6 vé "tin hiéu cam bién Hall va
dong dién tuong ung cac pha" ¢ trén.

- Piéu khién dong co BLDC dién ap bang cach diéu chinh dién ap ngod
Vao.

Pay 1a phuong phap diéu khién giéng voi diéu khién dong co DC thong
thuong. Tdc do dong co dugc diéu khién bang cach diéu chinh dién ap DC
cung cap cho bo khoa cong suat. Dién ap ngd vao dugc diéu chinh sao cho toc
d6 ngd ra bam sat theo téc do dit cho hé thong. Dé thay d6i chidu quay ta
thay doi cac khoa cong suit sao cho dong dién chay qua cac cudn day cac pha
c6 chiéu nguoc lai. Trong phuong phap ndy cac khoa ban dan chi c6 nhiém vu

dong hodc cat dong dién qua né.
- Picu khién bang phwong phap PWM.

Trén co so diéu khién téc do dong co BLDC bang phuong phap diéu
chinh dién ap vao ta c6 thé ap dung k¥ thuat PWM dé diéu khién toc d6 dong
co. Pay ciing 1a phuong phap duoc str dung rong rii trong diéu khién dién ap
hién nay. Véi phuong phap nay dién ap cung cip cho bd khoéa cong suét
khong doi, tuy nhién dién ap ra khoi bo khoa dén dong co thay doi theo thuat
toan diéu khién. Phuong phap PWM c6 thé dung cho khoa trén, khoa duéi

hay dong thoi ca hai khoa trén va dudi cung luc.
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Hinh 3.6. Gian d6 xung diéu khién PWM kénh trén

Trong khi diéu ché PWM ta c6 thé diéu khién dién 4p ra kiéu song hinh
thang hay kiéu song sin, do d6 phwong phap nidy duoc chia thanh hai k¥
thuat:ky thuat dién ap hinh thang va k¥ thuat dién ap hinh sin.

- Ky thuat dién ap hinh thang

Pay 1a k¥ thuat co ban trong diéu khién dong co BLDC va cac IC
chuyén dung ciing ap dung k¥ thuit nay dé diéu khién. K¥ thuat nay chi doi
hoi cac khoa dong ngit dong bd véi cam bién Hall theo tan s PWM nhét

dinh.

HALL A

" | 60° \

N
‘ N

HALL C

Hinh 3.7. Gian d6 dién ap hinh thang twong tng v6i cam bién Hall.

65



- K¥ thuat dién ap hinh sin

Ky thuat nidy con dojoc goi la diéu khién AC khong choi than
(brushless AC). Ky thuat nay lam giam tiéng on co thé nghe thiy duoc, giam

gon song moémen do dang song dién ap va dong dién ra it bi gon song.

TN

HALL A s N
C 60° . ¢

/ \ TN
HALL B / 5‘ | / FiLh
B o 50% /

HALL C — . /

-
; 2%  50% 98%

Hinh 3.8. Gian d6 diéu ché dién ap hinh sin.

K

- Piéu khién déng co BLDC Kkhéng sit dung cam bién (sensorless

control).

Pay 1a phuong phap st dung cac udc lugng tir thong rotor dé diéu
khién cac khoa dong cit thay cho cam bién Hall truyén théng. Do d6 phuong
phap nay duoc goi 1a phuong phap diéu khién khong cam bién (sensorless
control). Co s& chinh cua diéu khién khong cam bién ddi véi dong co BLDC
1a dya vao thoi diém qua zero cua strc dién dong cam tng trén cac pha cia
dong co. Tuy nhién phuong phap nay chi &p dung dugc phuong phap dién ap
hinh thang. V& co ban c¢6 hai k¥ thuat diéu khién khong cam bién.

- Mot 1a xéc dinh vi tri rotor dya vao stc di¢n dong cua dong co,
phuong phéap nay don gian, dé dang thuc hién va gia thanh ré. Trong dé tai chi
n6i dé cap dén phuong phap nay.
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- Hai 1a u6c luong vi tri dung céac thong sb cua dong co,céc gia tri di¢n
ap va dong dién trén dong co. Phuong phdp nay doi hoi phai tinh toan phuc
tap dé tinh toan cac thong sb.Phuwong phap nay tinh toan phic tap, khé diéu
khién, gia thanh cao.

Phuong phap udc lugng vi tri rotor dwa vao thoi diém qua zero cua stc
dién dong doi ching ta tao ra mot diém trung tinh dé co thé do va bit diém
qua zero cua stc dién dong. Piém trung tinh c6 thé 1a trung tinh hodc trung
tinh 0. Piém trung tinh ao trén 1y thuyét co cung dién thé véi trung tinh that
ctia cac cudn day dau hinh Y. Tuy nhién diém trung tinh khong phai 1 diém
cb dinh. Pién ap cua diém trung tinh c6 thé thay doi tir 0 dén gan dién ap DC
ctia nguon. Trong khi diéu ché PWM, tin hiéu PWM chong chét 1én dién ap
trung tinh, gay ra nhiéu rat 1on trén tin hiéu cam bién. Dé Iy tin hiéu chuan ta
can mach loc nhidu cho cam bién, diéu nay gay tri hodn khong can thiét cho
tin hiéu cam bién.

Dac biét 1a luc dong co khéi dong tin hiéu nhan dugce rat nhoé dan dén
diéu khién khong chinh xac. Do vdy phuong phap nay chi ap dung trong

pham vi toc d0 han ché va c6 dac tinh khéi dong nho.
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Hinh 3.9. Po dién ap cam tmg bang diém trung tinh.
(a):diém trung tinh that

(b):diém trung tinh 4o.
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3.2. UU-NHUQC PIEM CHUNG CUA PONG CO MOT CHIEU
KHONG CHOI THAN
3.2.1. Uu diém

Pong co DC khong chdi than BLDC (Brushles DC motor) ¢ cac uu
diém cia dong co dong bd nam cham vinh ciru nhu: ty 16 momen/quan tinh
16n, ty 1& cong suat trén khdi lugng cao.

Do may dugc kich tir bang nam cham vinh ctru nén giam tén hao dong
va sat trén rotor hiéu suat déng co cao hon.

Pong co kich tir nam cham vinh ciru khong can choi than va vanh truot
nén khong tn chi phi bao tri chdi than. Ta ciing c6 thé thay doi dic tinh dong
co bang cach thay doi dic tinh ctia nam cham kich tir va cach b6 tri nam cham

trén rotor.
Mot sb dic tinh ndi bat ciia dong co BLDC khi hoat dong:

- Mat do tur thong khe ho khong khi 1om.

Ty 1é cong suat/khdi luong may dién cao.

Ty 1é momen/quan tinh 16n (c6 thé ting toc nhanh).

Van hanh nhe nhang (dao dong cia momen nho) tham chi ¢ tbc do

thap (dé dat duoc diéu khién vi tri mot cach chinh xac).

Momen di€u khién dugc & vi tri bang khong.

Van hanh ¢ toc do cao.

C6 thé tang toc va giam tdc trong thoi gian ngan.

Hiéu suat cao.

Két cdu gon.
3.2.2. Nhuoc diém

Do dong co dugce kich tir bang nam cham vinh ctru nén khi ché tao gia
thanh cao do nam cham vinh ciru kha cao nhung voi su phat trién céng nghé

hién nay thi gia thanh nam cham c6 thé giam.
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bong co BLDC dugc diéu khién béng mot bo diéu khién voi dién ngo
ra dang xung vudng va cam bién Hall duoc dit bén trong dong co dé xac dinh
vi trf rotor. Piéu nay lam ting gia thanh dau tu khi st dung dong co BLDC.
Tuy nhién diéu nay cho phép diéu khién tc do va momen dong co dé dang,

chinh xac hon.

Néu dung cac loai nam cham sit tir chiing dé tir hoa nhung kha ning
tich tir khong cao, dé bi khir tir va dic tinh tir cia nam cham bi giam khi ting
nhiét d6. Nhung véi loai nam cham hiém nhu hién nay thi nhugc diém nay da

duoc cai thién dang ké.
3.2.3. Uu diém ciia dong co SRM

Véi cau tric don gian , c6 cuc ca hai phia, Rotor khong can cé thanh

phan kich thich, SRM c¢6 mét s6 uu diémm sau:

- bac tinh 1am viéc: Momen khoi dong 16n hon nhiéu so véi céc loai
dong co khong dong bo. Do yéu cau dong dién chay vao cac cuon day Stator
theo mét chiéu duy nhat gip cho mach cong suat cd ciu tao don gian va tin
cay

- Kich thudc nho hon dang ké so véi cac loai dong co khac, diéu nay
tang hiéu qua st dung vat liéu, giam gia thanh va quan tinh cua hé truyén
dong ciing nho thé ma giam thiéu dang ké.

- Véi cau tao don gian va kich thuéc nho gon, gia thanh cua hé truyén
dong sir dung SRM ciing thap hon so véi cac hé truyén dong sir dung cac loai
dong co khac, va theo do s€ giam duogc gia thanh vat liéu, giam chi phi san
Xuat, van hanh va bao dudng hé thdng.

- Téc do6 16n va kha niang gia téc nhanh, theo tinh toan thi véi nhiing
bo diéu khién chit lwong cao, SRM c6 thé dat duoc toc do tdi da toi 50.000
vong/phut.
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- Do chi cap dién phia stator nén viéc 1am mat déi véi SRM 1a vé ciing
don gian, vi vdy ma SRM c6 thé lam viéc tét trong cac moi truong khac
nghiét.

- DPong co tir khang cd thé duoc cp ngudn bang cach dong vao ngudn
xoay chiéu mot pha hoac ba pha, hodc ¢ thé dong ngat nguén mot chiéu mot
cach doc 1ap va tuan tu va céc cudn day pha Stator, viéc sir dung phuong phap
dong ngat ngudn mot chiéu mot cach doc lap va tuan tu vao ting cap day pha
lam giam 50% s6 luwong cac phan tar chuyén mach cong suat so voi cac bo
nghich luu diéu khién cau trong cac bo diéu khién téc do SRM.

- Mot hé truyén dong su dung SRM védn san c6 tinh 6n dinh cao va
van cd thé hoat dong khi hé truyén dong gap 16i, SRM ¢ thé hoat dong trong
ché do “ limp-home’ bang cach thu nho dic tinh 1am viéc khi mot van cong
suat bj hong. Piéu nay khac hoan toan so véi cac hé truyén dong su dung
dong co khac.

3.3. UNG DUNG CUA PONG CO MQT CHIEU KHONG CHOI THAN

- Céc hé truyén dong dic biét nhu: May nén khi, quat gi6, may bom li
tam( do doi hoi toc do quay l6n).

- Cé&c hé truyén dong khac nhu: Ché bién thirc an, may giit, may hat
bui( doi hoi tinh bén viing, it phai bao dudng).

- Cé&c hé co dién tir( doi hoi kich thude nho do khdng chira thanh phan
kich thich)

- Céc tng dung giao théng van tai( ddi hoi momen khai dong 16n).

- Cac ung dung trong nganh hang khong( doi hoi khdng phat sinh tia
ltra dién, it phai bao dudng, can toc do quay lon).

- Dic biét 1a trong 6t6 , ung dung lam dong co véi tinh bén bi cao hoat

dong trong dai tbc do rong va chi phi bao tri thap.
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KET LUAN
Sau 3 thang nghién ciu va thuc hién d@é tai, dd an da thuc hién duogc

nhirng noi dung sau:

- Tim hiéu tong quan vé céc loai dong co mot chiéu

- Tim hiéu cau tao nguyén ly hoat dong caa dong co mot chiéu khéng
chéi than

- Vén dé diéu khién va danh gia wu-nhuoc diém, ang dung cua dong

co mot chiéu khong chéi than

Tuy nhién do kinh nghiém va kha nang ban than con han ché khi thuc
hién d6 an nén quyén dd an nay chic han khéng tranh khoi nhiing khuyét
diém va thiéu sét. Nhitng thdng tin va tai liéu vé noi dung d6 an con han ché,
tuy vay day 1a mot van dé moi dang nghién ctru, nd 1a mot xu huéng phat
trién trong twong lai khong xa va thuc té, hy vong trong thoi gian toi nhiéu két

qua nghién cau, nhiéu théng tin vé viéc nay sé dugc cong bo.
Em xin tran thanh cam on thay !
Hai Phong ,ngay...thang...nam...2013

Sinh vién

D6 Trung Kién
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